studies considered by the investigators as possibly, probably, or definitely drug related in >1% of patients
treated with either FOSAMAX or placebo are presented in Table 1.

Table 1: Osteoporosis Treatment Studies in Postmenopausal Women
Adverse Reactions Considered Possibly, Probably, or Definitely Drug Related by the
Investigators and Reported in 21% of Patients

United States/Multinational Fracture Intervention Trial
Studies
FOSAMAX" Placebo FOSAMAXT Placebo
Y % % %
(n=196) {n=397) (n=3236) (n=3223)
Gastrointestina!
abdominal pain 8.6 4.8 1.5 1.5
nausez 38 4.0 1.1 1.8
dyspepsia 38 3.5 1.1 1.2
constipation 3t 1.8 0.8 0.2
diarrhea 3.1 1.8 [4X4] 03
fatulence 28 05 0.2 0.3
acid regurgitation 20 4.3 1.1 0.9
esophageal ulcer 1.5 0.0 0.1 0.1
vomiting 1.8 1.5 8.2 0.3
dysphagia 1.0 0.0 a1 0.1
abdominal distention 1.0 08 0.0 0.0
gastritis 0.5 1.3 0.6 0.7
Musculoskeietal
muscuioskeletal
(bane, muscle or
joint) pain 4.1 25 G4 0.3
muscle cramp 0.0 1.0 0.2 0.1
Nervous
System/Psychiatric
headache 28 1.5 0.2 0.2
dizziness o0 1.0 0.0 0.1
Special Senses
tasie serversion 0.5 1.0 3.1 0.0
10 mglcay for thres vears
T 5 mglday for 2 years and 10 mg/day for either 1 or 2 additional years

Rarely, rash and erythema have occurred.

Gastrointestinal Adverse Reactions: One patient treated with FOSAMAX {10 mg/day}, who had a
history of peptic ulcer disease and gastrectomy and who was taking concomitant aspirin, deveioped an
anastomotic ulcer with mild hemarrhage, which was considered drug related. Aspirin and FOSAMAX
were discontinued and the patient recovered. in the Study 1 and Study 2 populations, 49-54% had a
history of gastrointestinal disorders at baseline and 54-83% used nonsteroidal anti-inflammatory drugs or
aspirin at some time during the studies. [See Wamings and Precautions (5.7).]

{ aboratory Test Findings: in doubie-blind,. multicenter. - controlled studies, asymptomatic, mild, and

transient decreases in serum calcium and phosphate ware observed in approximately 18% and 10%,
respectively, of patients taking FOSAMAX versus approximately 12% and 3% of those taking placebo.
However, the incidences of decreases in serum caicium to <8.0 mg/dL (2.0 mMj} and serum phosphate fo
<2.0 mg/dL. (0.65 mM} were similar in both treatment groups.
Weekly Dosing

The safety of FOSAMAX 70 mg once weekly for the treatment of postmenopausai ostecporosis was
assessed in a one-year, double-blind, muiticentar study comparing FOSAMAX 70 mg once waekly and
FOSAMAX 10 mg daily. The overall safety and tolerability profiles of once weekly FOSAMAX 78 mg and
FOSAMAX 10 mg daily were similar. The adverse reactions considered by the investigators as possibly,
probably, or definitely drug related in >1% of patients in either treatment group are presented in Table 2.
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Tabie 2: Ostecporosis Treatment Studies in Postmenopausal Women
Adverse Reactions Considered Possibly, Probably, or Definitely Drag Refated
by the investigators and Reported in >1% of Patients

Once Weekly FOSAMAX FOSAMAX
70 mg 10 mg/day
% %
{(n=518) {n=370)
Gastroinfestinal
ehdcminal pain 37 3.0
dyspepsia 2.7 2.2
acid regurgitation 1.9 2.4
nausea 1.8 24
abdominal distention 1.0 1.4
constipation 0.8 1.8
flaluience 04 1.6
gastritis 0.2 11
gasiric ulcer .00 1.1
Muscuioskaistal ’
musculoskeleial (bore, 28 3.2
muscle, joint) pain
muscle cramp 0.2 1.1

Prevention of Ostecporosis in Postmenopausal Women
Daily Dosing

The safety of FOSAMAX 5 mg/day in postmenopausal women 40-60 vears of age has been evaluated
in three deoubie-blind, placebo-controlled studies involving over 1,400 patients randomized to receive
FOSAMAX for either two or three years. In these studies the overail safety profiles of FOSAMAX
5 mg/day and nlacebo were similar. Discontinuation of therapy due to any clinical adverse event occured
in 7.5% of 642 patients treated with FOSAMAX 5 mg/day and 5.7% of 648 patients {reated with placebo.
Weekiy Dosing

The safety of FOSAMAX 35 mg once weekly compared to FOSAMAX 5 myg dally was svaivated in a
one-year, double-blind, muiticenter study of 723 patients. The overall safety and tolerability profiles of
once weskly FOSAMAX 35 mg and FOSAMAX & mg daily were simiiar.

The adverse reactions from these studies considered by the investigators as possibly, probably, or
definitely drug related in 21% of patients treated with either once weekly FOSAMAX 35 mg, FOSAMAX
5 mg/day or placebo are presented in Table 3.

Table 3: Osteoporosis Prevention Studies in Postmenopausal Women
Adverse Reactions Considered Possibly, Probably, or
Definitely Drug Related by the investigators and
Reported in >1% of Petienis

Two/Thres-Year Studies One-Year Study
i Dnce Weskly
o ‘FOSAMAX  Placeho FOSAMAX  FOSAMAX
§ mglday 5 tg/day 35 mg
Yo % Y %
n=642) {n=648}) {n=3613 n=362}
Gastrointestinal
dyspepsia 1.0 1.4 22 1T
abdominal pain 1.7 34 4.2 22
acid ragurgitalinn 4.4 25 4.2 4.7
nausea 14 14 25 14
diarrhea i1 1.7 1.1 0.6
conslipaiion 0.9 0.5 1.7 0.3
abdominal disteniion 0.z 0.3 1.4 1.1
Musculoskeletal
muscuioskeletal {bone, 0.8 0.2 1.9 2.2
muscle or joini)
pain
7

Reference 1D: 3083184

01502




Concomitant Use with Estrogen/Hormone Replacement Therapy

In two studies {of one and two years’ duration) of postmenopausal osteoporotic wornen {total: n=853),
the safety and tolerability profile of combined treatment with FOSAMAX 10 mg once daily and estrogen +
progestin {n=354) was consistent with those of the individuai treatments.
Osteoporosis in Men

in two placebo-confrolled, double-blind, muiticenter studies in men (a two-year study of FOSAMAX
10 mg/day and a one-year study of once weekly FOSAMAX 70 mg) the rates of discontinuation of
therapy due to any clinical adverse event were 2.7% for FOSAMAX 10 mg/day vs. 10.5% for placebo,
and 6.4% for once weekly FOSAMAX 70 mg vs. 8.8% for placebo. The adverse reactions considered by
the investigators as possibly, probably, or definitely drug related in 22% of patients treated with either
FOSAMAX or placebo are presented in Table 4.

Tabie 4: Ostesporosis Studies in Men
Adverse Reactions Considered Possibly, Probably, or
Definitely Drug Related by the Investigators and
Reported in >2% of Patients

Twao-year Study < Dne-year Siudy
Once Weekiy
FOSAMAX Placebo FOSAMAX 70 mg  Placebo
16 mg/day % %
Yo % (n=109) (n=58)
(n=146}) {n=85)
Gastrointestinal
acid regurgitation 4.1 3.2 0.0 0.0
flaivtence 4.1 1.1 0.0 0.0
gastroesophageal 8.7 Az 2.8 0.0
reflux disease
dyspepsia 34 0.0 2.8 1.7
diarrhea 1.4 1.1 28 0.0
abdominal pain 2.1 1.1 0.8 34
nausea 2.1 6.0 0.0 0.0

Glticocarticoid-induced Osteoporosis

in two, one-year, piacebo-controlled, double-blind, muiticenter studies in patients receiving
glicocorticoid treatment, the overali safety and tolerahility profiles of FOSAMAX 5§ and 10 mg/day were
generaily similar to that of placebo. The adverse reactions considered by the investigators as possibly,
probabiy, or definitely drug related in 21% of patients treated with either FOSAMAX 5 or 10 mg/day or
piacebo are presented in Tabie 5.

Table 5: One-Year Studies in Glucocorticoid-Treated Patients
Adverse Reactions Considered Possibly, Probably, or
Definitely Drug Related by the Investigators and
Reported in 21% of Patients

FOSAMAX FOSAMAX Pigcaba
& mgl/day 5 mg/day.-
% % %
(=157 {n=1613% {n=159
Gastroimestinal
abdominai pain 32 1.9 0.0
acid ragurgitation 2.5 1.9 1.3
constipation 1.3 0.6 [eXt)
melena 1.3 0.0 §.0
nauses 0.8 1.2 a8
diarrhes 3.9 G0 13
Nervous Systemy/Fsychiatic
headache 0.8 0.0 1.3

The overal! safety and tolerabiiity profile in the glucocorticeid-induced osteoporosis popuiation that
continued therapy for the second year of the studies (FOSAMAX: n=147} was consistent with that
observed in the first year.

Paget’s Dissase of Bcne

In clinicai studies (osteoporesis and Paget's disease), adverse events reported in 175 patients taking
FOSAMAX 40 mg/day for 3-12 months were similar to those in postmenopausal women treated with
FOSAMAX 16 mg/day. However, there was an apparent increased incidence of upper gastrointestinal
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adverse reactions In patients taking FOSAMAX 40 mg/day (17.7% FOSAMAX vs. 10.2% placebo). One
case of esophagitis and two cases of gastritis resuited in discontinuation of treatment.

Additienally, musculoskeletai (bone, muscie or joint} pain, which has been described in patients with
Pagetls disease treated with other bisphosphonates, was considered by the investigators as possibly,
probably, or dafinitely drug related in approximately 6% of patients treated with FOSAMAX 40 mg/day
versus approximately 1% of patients treated with placebo, but rarely resuited in discontinuation of
therapy. Discontinuation of therapy due 16 any clinical adverse events occurred in 8.4% of patients with
Paget's disease treated with FOSAMAX 40 mg/day and 2.4% of patients treated with placebo.

6.2 Post-Marketing Experience

The following adverse reactions have been identified during post-approval use of FOSAMAX.
Because these reactions are reported voluntarily from a population of uncertain sizs, it is not always
possible to reliably estimate their frequency or establish a causal relationship to drug sxposure.

Body as a Whole: hypersensitivity reactions inciuding urticaria and rarely angioedema. Transient
symptoms of myalgia, malaise, asthenia and rarely, fever have been reported with FOSAMAX, typically in
association with inifiation of ftreatment. Rarely, symptomatic hypocalcemia has occurred, generally in
association with predisposing conditions. Rarely, peripheral edema. '

Gastrointestinal: esophagitis, esophageal erosions, esophageal uicers, rarely esophageal stricture or
perforation, and oropharyngeal ulceration. Gastric or duodenal ulcers, some severe and with
complications, have also heen reported [see Dosage and Administration (2); Warnings and Precautions
{5.1)].

Localized osteonecresis of the jaw, generally associated with tooth extraction andior local infection
with delayed healing, has been reported rarely fsee Wamings and Precautions (5.4)].

Muscufoskeletai: bone, joint, and/or muscle pain, occasionally severe, and rarely incapacitating [see
Wamings and Precautions {5.3)]; joint swelling; low-energy femoral shaft and subtrochanteric fractures
{see Warnings and Precautions (5.5)].

Nervous System: dizziness and vertigo.

Skin: rash (occasionally with photosensitivity), pruritus, alopecia, rarely severe skin reactions,
including Stevens-Johnson syndrome and toxic epidermal necrolysis.

Special Senses: rarely uveitis, scleritis or episcleritis.

7 DRUG INTERACTIONS

7.1 Calcium Supplements/Antacids

Co-administration of FOSAMAX and calcium, antacids, or oral medications containing multivaient
cations will interfere with absorption of FOSAMAX. Thereiore, patients must wait at least one-half hour
after taking FOSAMAX before taking any other oral medications.
7.2  Aspirin

in clinical studies, the incidence of upper gastrointestinal adverse events was increased in patients
receiving concomitant therapy with daily dosas of FOSAMAX greater than 10 mg and aspirin-containing
products.
7.3 Nonstercidal Anti-inflammatery Brugs

FOSAMAX may be administered to patients taking nonsteroidal anti-inflammatory drugs (NSAIDs). In
a 3-year, conirolled, clinical study (n=2027) during which a majority of patients received concomitant
NSAIDs, the incidence of upper gastrointestinal adverse events was similar in patients taking FOSAMAX
5 or 10 mg/day compared to those taking placebo. However, since NSAID use is associated with
gastrointestinal irritation, caution should be used during concomitant use with FOSAMAX.

3 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Pregnancy Category C:

There are no studies in pregnant women. FOSAMAX should be used during pregnancy only if the
potential benefit justifies the potential risk to the mother and fetus.

Bisphosphonates are incororated into the bone matrix, from which they are graduaily released over
a period of years. The amount of bisphosphonate incorporated into aduit bone, and hence, the amount
available for release back into the systemic circulation, is direcily related to the dose and duration of
bisphosphonate use. There are no data on fetal risk in humans. However, there is a theoretical risk of
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fetal harm, predominantly skeietal, if a woman becomes pregnant after completing a course of
bisphosphonate therapy. The impact of variabies such as fime bstwean cessation of bisphosphonale
tharapy to canception, the particuiar bisphosphonate used; and the route of administration (intravenous
versus oral} on the risk has net been studied.

Reproduction studies in rats showed decreased postimplantation survival and decreased body weight
gain in normal pups at doses less than haif of the recommended clinical dose. Sites of incomplete fetal
ossification were statisticaily significantly increased in rats beginning at aporoximately 3 times the clinical
doss in vertebral (cervical, thoracic, and tumbar), skull, and sternebral bones. No similar fetal effscts were
seen when pregnant rabbits were treated with doses approximately 10 times the clinical dose.

Both total and ionized calcium decreased in pregnant rats at approximately 4 times the clinical dose : :
resulting in delays and failures of defivery. Protracted parturition due to maternal hypocalcamia occurred |
in rate at doses as lpw as one tenth the clinical dose when rats were traated from before mating through [

-gestation. Maternotoxicity (late pregnancy deaths) alss occurred in the female rats lreated at

approximately 4 timas the ciinical dose for varying periods of time ranging from treatment only during pre-
maling to treatment only during early, middle, or fate gestation; these deaths ware lessened but notl
efiminated by cessation of treatment. Calcium supplementation either in the drinking water or by |
minipuimyp coutd not ameliorate the hypocalcemia or prevent maternai and neonatat deaths due to delays ‘
in defivery; intravenous caicium supplementation prevemed matemal, but not fetal deaths.

Exposure muitiples based on surface area, mgim?, were calculated using a 40-mg human daily dosn , !
Animai dose ranged between 1 and 18 mgfkg/day in rats and up lo 40 mg/kg/day in rabbits. i
8.3 Nursing Mothers

Itis not known whether alendronate is excreted in human milk. Because many drugs are excreted in
human milk, caution should be exercised when FOSAMAX is administered to nursing women.

84 Pediatric Use i
© FOSAMAX is not indicated for use in pediatric patients, |

The safety and efficacy of FOSAMAX were examined in a randomized, double-blind, placebo-
controlied two-year study of 139 pediatric patients, aged 4-18 years, with severe osteogenesis imperfecta
(O). One-huyndred-and-nine patients were randomized to 5 mg FOSAMAX daily {weight <40 kg) or 10 mg |
FOSAMAX daily {weight 240 kg) and 30 patients to placebo. The mean baseline lumbar sping BMD Z-
score of the patients was -4.5. The mean change in jumbar spine BMD Z-score from baseline to Month
24 was 1.3 in the FOSAMAX-treated patients and 0.1 in the piacebo-treated patients. Treatment with
FOSAMAX did not reducs the risk of fracture. Sixtean percent of the FOSAMAX patients who sustained a .
radiologicaily-confirmed fracture by Month 12 of the study had delayed fracture healing (callus g
remodeling) or fracture non-union when assessed radiegraphicaily at Month 24 compared with 9% of the ;
placebo-treated patients. In FOSAMAX-treatad patients, bone histomorphometry data obtained at Month 4
24 demonstrated decreased bone turnover and delayed mineralization time; however, there were no i
mineralization defects. There were no statistically significant differences between the FOSAMAX and
placebo groups in reduction of bone pain. The orai picavaiiability in children was similar to that observed
in aduits.

The-overall safety -profile: of FOSAMAX in Ol patients freated for.up to. 24: months was ,generaily !
similar to that of adults with osteoporosis treated with FOSAMAX. However, there was an increased
occurrence of vomiting in Gf patients treated with FOSAMAX compared to placebo. During the 24-month
treatment period, vomiting was cbserved in 32 of 109 (29.4%) patients treated with FQSAMAX and 3 of
30 {10%) patients treated with placebo.

In a pharmacokinetic study, 6 of 24 pediatric Of patients who received a singie oral dose of
FOSAMAX 35 or 70 mg developed fever, flu-like symptoms, and/or mild lymphocyiopenia within 24 to 48
hours after administration. These events, lasting no more than 2 to 3 days and responding to
acetaminophen, are consistent with an acute-phase response that has been reported in patients
receiving bisphosphonates, including FOSAMAX. fSee Adverse Reactions (6.2}.]

8.5 Geriatric Use

Of the patients receiving FOSAMAX in the Fracture Intervention Trial (FIT), 71% (n”‘2302) were
265 years of ags and 17% (n=550) were =75 years of age. Of the patients recsiving FOSAMAX in the
United States and Multinational osteoporesis treatment studies in women, osteoporasis studies in men,
glucocorticoid-induced ostecporosis studies, and Paget's disease studies [see Clinical Siudies {14.1),
(14.3), (14.4), (14.5)], 45%, 54%, 37%, and 70%, respectively, were 65 years of age or over. No overall
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differences in efficacy or safety were observed between these patients and younger patients, but greater
sensilivity of some older individuals cannol be ruled out.
8.6 Renal impairment

FOSAMAX is not recommended for patients with creatinine clearance <35 mUmin. No dosage
adjustment is necessary in patients with creatinine clearance values betwsen 35-80 mLimin [see Dosage
and Administration (2.8} and Clinical Pharmacoiogy (12.3)].
8.7 Hepatic Impairment

As there is evidence that ajendronate is not metabolized or excreted in the bile, no studies were
conducted in patients with hepatic impairment. No dosage adjustment is necessary [see Clinical
FPharmacology (12.3)].

10 OVERDOSAGE

Significant lethality after single oral doses was seen in female rafs and mice at 552 mg/xg
{3256 mg/m?2} and 96€ mg'kg (2898 mg/m?), respectively. In males, these values were slightly higher,
626 and 1280 mgikg, respectivefy. There was no lethality in dogs at oral doses up to 200 mg/kg
{40GC mg/m2).

No specific information is avaitable on the treatmant of overdosage with FOSAMAX. Hypocalcemia,
hypophosphatemia, and upper gastrointestinal adverse events, such as upset stomach, heartburn,
esophagitis, gastritis, or ulcer, may result from orai overdosage. Milk or antacids shouid be given to b;nd
alendronate. Due to the risk of esophageal irritation, vomiting shouid not be induced and the patient
shouid remain fuliy upright.

Dialysis would not be beneficial.

11 DESCRIPTION

FOSAMAX (alendronate sadium) is a bisphosphonate that acts as a specific inhibitor of osteoclast-
meadiated bone resorption. Bisphosphonates are synthstic anaiogs of pyrophosphate that bind to the
hydroxyapatite found in bone.

Alendronate sodium is chemically described as (4-amino-1-hydroxybutyiidene) bisphosphanic acid
monasodium salt trihydrate. ‘

The empirical formuia of alendronate sodium is C H:NNaQ;P,+*3H.0 and its formula weight is
325.12. The structural formula is:

e
CH,

|
CHa

ﬁ CH, O
O =P e G ~P —ONa = 3H,0

o1
OH OH OH

Alendronate sodium is a white, crystalline, nonhygroscopic powder. It is soluble in water, very slightly
soluble in alcohol, and practically insoiubie in chicroform.

FOSAMAX tablets for oral administration contain 6.53, 13.08, 45.68. 52.21 or 91.37mg of
alendronate monosodium salt trikydrate, which is the molar equivalent of 5, 10, 35, 40 and 70 mg,
respectively, of free acid, and the foliowing inactive ingredients: microcrystalline celiviose, anhydrous
lactose, croscarmellose sodium, and magnesium stearate. FGSAMAX 10 mg tablets aisa contain
carnauba wax.

Each bottle of the oral solution contains 91.35 mg of alendronate monosedium salt trihydrate, which
is the molar equivalent to 70 mg of free acid. Each bottle alsc contains the foilowing inactive ingredients:
sodium citrate dihydrate and citric acid anhydrous as buffering agents, scdium saccharin, artificial
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raspberry flavor, and purified water. Added as prsservatives are sodium propylparaben 0.0225% and
sodium butylparaben 0.0075%.

12 CLINICAL PHARMACOLOGY

121 Mechanism of Action

Animat studies have indicatad the following mode of action. At the celiular level, alendronate shows
preferential localization to sites of bone resorption, specificaily under osteoclasts. The osteoclasis adhere
normaily to the bona surface but lack the rufiled border that is indicative of active resorption. Alendronate
does not interfere with osteoclast recruitment or attachment, but it does inhibit osteoclast activity. Studies
in mice on the localization of radicactive [3H]alendronate in bons showed about 10-fold higher uptake on
osteoclast surfacas than on ostecbiast surfaces. Bones examined 6 and 48 days after BHjalendronate
administration in rats and mice, raspectively, showed that normal bone was formed on top of the
alendrenate, which was incorporated inside the matrix. While incorporatad in bone matrix, alendronate is
not pharmaccicgically active. Thus, alendronate must be continuously administered fo suppress
osteoclasts on newly formed resorption surfaces. Histomorphometry in baboons and rats showed that
alendronate treatment reduces bone furnover {i.e., the number of sites at which bone is remodeied). In
addition, bone formation exceads bane rasorption at these ramodaling sites, ieading to progressive gains
in bone mass. :

12.2 Pharmacodynamics

Alendronate is & bisphosphonate that binds fo bone hydroxyapatlite and specifically inhibits the
activity of osteociasts, the bona-resorbing cells. Alendronate reduces bone resorption with no direct effect
on bone formation, although the latter process is uitimately reduced because bone resorption and
formation are coupled during bone turnover.

QOsteoporosis in Postmenopausal Women

Osteoporosis is characterized by low bone mass that leads to an increased risk of fracture. The
diagnosis can be confirmed by the finding of low bone mass, evidence of fracture on x-ray, a history of
osteoporotic fracture, or height loss or kyphosis, indicative of vertebral {spinai) fracture. Osteoporosis
cccurs in both maies and females but is most common among women following the menopause, when
bone turnover increases and the rate of bone resorption exceeds that of bone formation. These changes
result in progressive bone loss and lead to osteoporosis in a significant proportion of women over age 50.
Fractures, usually of the spine, hip, and wrist, are the common consequences. From age 50 to age 90,
the risk of hip fracture in white women increases 50-fold and the risk of vertebral fracture 15- to 30-fold. it
is estimated that approximataly 40% of 50-year-old women will sustain one or more osteoporosis-related
fractures of the spine, hip, or wrist during their remaining lifetimes. Hip fractures, in particular, are
associated with substantial morbidity, disability, and mortality.

Daily oral doses of alendronate (5, 20, and 40 mg for six weeks} in postmencpausal women
produced biochemical changes indicative of dose-dependent inhibition of bone resorption, inciuding
dacreases in urinary calcium and urinary markers of bone collagen degradation (such as
deoxypyridinoiine and cross-linked-N-telopeptides of type-{ coliagen). These bischemical changes-tendad.
to raturn toward baseline values as early as 3 weeks following the discontinuation of therapy with
alendronate and did not differ from placebo after 7 months.

Long-term treatment of osteoporosis with FOSAMAX 10 myg/day (for up to five years) reduced urinary
excration of markars of bone resorption, deoxypyridinoline and cross-linkad N-telopepiides of type |
collagen, by approximately 50% and 70%, respectively, to reach levels simiiar 1o these seen in healthy
premenopausal women, Similar decreasses were seen In patients in osteoporosis prevention stidies who
received FOSAMAX 5 mg/day. The decrease in the rate of bone resorption indicated by these markers
was gvident as early as one month and at three to six months reached a plateau that was maintained for
the entire duration of treatment with FOSAMAX. In ostecporosis treatment studies FOSAMAX 10 mg/day
decreased the markers of bone formation, osteocalcin and bone specific aikaline phosphatase by
approximately 50%, and total serum alkaline phosphatase by approximately 25 to 30% te reach a plateau
after 6 to 12 months. In osteoporosis prevention studies FOSAMAX 5 mgiday decreased osteocalcin and
totai serum alkaline phosphatase by approximataly 40% and 15%, respectively. Similar reductions in the
rate of bone turnover were observed in postmenopausal women during one-year studies with once
weekly FOSAMAX 70 mg for the treatment of osteoporosis and once weekly FOSAMAX 35 mg for the
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prevention of osteoporasis. These data indicate that the rate of bons turnover reached a new steady-
state, despite the progressive increass in the total amount of alendronate deposited within bone.

As a result of inhibition of bone resorption, asvmptomatic reductions in serum calcium and phosphate
concentrations were also obsarved following treatment with FOSAMAX. In the long-term siudies,
reductions from baseline in serum calcium (approximately 2%) and phosphate {approximately 4 to 8%)
were evident the first month after the initiation of FOSAMAX 10 mg. No further decreases in serum
calcium were observad for the five-year duration of treatment; however, serum phosphate returned
toward prestudy levels during years thres through five. Similar reductions were ohserved with FOSAMAX
5 mglday. Inh one-year studiss with once weekly FOSAMAX 35 and 70 mg, similar reductions were
obssrved at 8 and 12 months. The reduction in serum phosphate may reflect not only the positive bone
mineral balance due to FOSAMAX but aiso a decrease in renal phosphate reabsorption.

Osteoporosis in Men

Treatment of men with osteoporosis with FOSAMAX 10 mg/day for two years reduced urinary
excretion of cross-linked N-telopeptides of type | collagen by approximately 60% and bone-specific
alkaline phosphatase by approximately 40%. Similar reductions were obsetved in a one-year study in
men with osteoporosis receiving ance weekly FOSAMAX 70 mg.

Gliicocorticoid-induced Osteoporosis

Sustained use of glucocorticoids is commonly associated with development of osteoporosis and
resulting fractures (especiaily vertebral, hip, and rib). It occurs both in maies and females of all ages.
Osteoporosis ocewrs as a result of inhibited bone formation and increased bone resorption resulting in net
bone loss. Alendronate decreases hone resorption without directly inhibiting bone formation.

In clinical studies of up to two years' duration, FOSAMAX 5 and 10 mg/day reduced cross-linked
N-telopeptides of type | collagen {a marker of bone resorption) by approximately 60% and reduced bone-
specific alkaline phosphatase and totai serum aikaline phosphatase {markers of bone formation) by
approximately 15 to 30% and 8 to 18%, respectively. As a result of inhibition of bone resorption,
FOSAMAX 5 and 10 mg/day induced asympiomatic decreases in serum calcium (approximately 1 to 2%)
and serum phosphate (approximately 1 to 8%).

Paget's Dissase of Bone

Paget's disease of bone is a chronic, focal skeletal disorder characterized by greatly increased and
disorderly bone remodeling. Excessive osteoclastic bone rasorption is followed by osteoblastic new bone
formation, leading to the replacemeant of the normal bone architeciure by disorganized, entarged, and
weakened bone structure.

Clinical manifestations of Paget's disease range from no symptems to severe morbidity due to bone
pain, bone deformity, pathological fractures, and neurological and other complications. Serum alkaline
phosphatase, the most frequently used biochemical index of disease aciivity, provides an objeclive
measure of disease severity and response fo therapy.

FOSAMAX decreases the rale of bone resorption directly, which leads to an indirect decrease in
bone formation. In clinical trials, FOSAMAX 40 mg once dally for six months produced significant
decreases in serum alkaline phosphatase as well as in urinary markers of bone collagen degradation. As
a result of the irhibition of-bene resorption, FOSAMAX induced. generally mild, transient, and
asymptomatic decreases in serum calcium and phosphate.

12.3 Pharmacokinetics
Absorption

Relative to an intravenous reference dose, the mean oral bioavailabiity of alendronate in women was
0.64% for doses ranging from 5§ to 70 mg when administered after an overnight fast and two hours before
a standardized breakfast. Oral bioavailability of the 10 mg tabist in men (0.59%) was similar to that in
wornen when administered after an overnight fast and 2 hours before breakfast.

FOSAMAX 70 mg oral solution and FOSAMAX 70 mg tablet are equally bicavailable.

A study examining the effect of timing of a meal on the bioavailability of alendronate was performad in
49 postmenopausal women. Biocavailability was decreased (by approximately 40%) whan 10mg
alendronate was administered either 0.5 or 1 hour before a standardized breakfast, when compared to
dosing 2 hours before eating. In studies of treatment and prevention of osteoporosis, alendronats was
effective when administered at least 30 minutes before breakfast.

Bioavailability was negligible whether alendronate was administered with or up o two hours after a
standardized breakfast. Concomitant administration of alendronate with coffee or orange juice reduced
bicavailability by approximately 606%. )
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Distribution

Preclinical studies (in male rats) show that alendronate transiently distributes to soft tissues foliowing
1 mglkg intravenous administration but is then rapidly redistributed to bone or axcreted in the urine. The i
mean steady-state volume of distribution, exclusive of bone, is at least 28 L in humans. Concentrations of
drug in plasma Tollowing therapeutic cral doses are too low (less than 5 ng/ml) for analytical detection.
Protein binding in human plasma is approximataly 78%.

Metabolism

There is no evidence that alendronate is metabolized in animals or humans.
Excretion

Following a single infravenous dose of [14Clalendronate, approximately 50% of the radicactivity was
excreted in the urine within 72 hours and little or no radioactivity was recoversd in the feces. Following a
single 10 mg intravenous dose, the renal clearance of alendronats was 71 ml/min (84, 78; 9C%
confidence interval [Cl}), and systemic clearance did not exceed 200 mi/min. Piasma concentrations fell
by more than 95% within 6 hours following intravenous administration. The terminal half-life in humans is
estimated to exceed 10 years, probabiy refiecting release of alendronate from the skeleton. Based on the
above, it is estimated that after 10 years of cral treatment with FOSAMAX (10 mg daily} the amount of
alendronate released daily from the skeleton is approximately 25% of that absorbed from the
gastrointestinal tract.

Specific Popudations

Gender: Bioavailability and the fraction of an intravenous dose excreted in urine were similar in men
and women.

Geriatric: Bioavailability and disposition (urinary excretion} were similar in elderly and younger
patients. No dosage adjustment is necessary in elderly patients.

Race: Pharmacokinetic differences due to race have not been studied.

Renal impairment: Preclinical studies show that, in rats with kidnsay failure, increasing amounts of
drug are present in plasma, kidney, spleen, and tibia. In healthy controis, diug that is not deposited in
bone is rapidly excreted in the urine. No evidence of saturation of bone uptake was found after 3 weeks
dosing with cumulative infravenous doses of 35 mg/kg in young male rats. Although no formal renal
impairment pharmacokinetic study has been conducted in patients, it is likely that, as in animals,
elimination of zlendronate via the kidney will be reduced in patients with impaired renal function.
Therefore, somewhat greater accumulation of alendronate in bone might be expected in patients with
impaired renal function.

No dosage adjustment is necessary for patients with creatinine clearance 35 to 60 mi/min.
FOSAMAX is not recommended for patients with creatinine clearance <35 ml/min due to lack of
experience with alendronate in renal faiiure.

Hepatic impairment: As there is evidence that alendronate is not metabolized or excreted in the biig,
no studies were conducted in patients with hapatic impairment. No dosage adjustment is necessary.

Drug interactions

infravenous ranitidine was shown to double the bioavaiiability of oral alendronate. The clinical
significance of this-increased bicavailability and whether similar increases wiil-occur in patients given oral
H,-antagonists is unknown.

in healthy subjects, oral prednisone (20 mg three times daily for five days) did not produce a clinically
meaningful change in the orail bicavailability of alendronate {a mean increase ranging from 20 tc 44%).

Products containing calcium and other muitivalent cations are likely to interfere with absorption of
alendronate.

13  NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Harderian gland (a retro-orbital giand not present in humans) adenomas were increased in high-dose
female mice {p=0.003} in a 92-wesek oral carcinogenicity study at doses of alendronate of 1, 3, and
10 mg/kg/day (males) or 1, 2, and 5 mgrkg/day (females). These doses are equivaient to approximately
0.1 to 1 imes a maximum recommended daily dose of 40 mg (Paget's disease} based on surface area,
mg/m2. The relevance of this finding to humans is unknown.

Parafollicuiar cell (thyroid) adenomas were increased in high-dose male rats {p=0.003) in a 2-year
oral carcinogenicity study at doses of 1 and 3.75 mg/kg body weighi. These doses are equivalent to
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approximately 0.3 and 1 times a 40 mg human daily dose based on surface area, mg/m2. The reievance
of this finding to humans is unknown.

Alendronate was not genotoxic in the in vitro microbial mutagenssis assay with and without metabotic
activation, in an in vifro mammalian celi mutagenssis assay, in an in vitro aikaline elution assay in rat
hepatocytes, and in an /n vivo chromosomal aberration assay in mice. In an in vitro chromosomal
aberration assay in Chinese hamster cvary cells, however, alendronate gave squivocai results.

Alendronate had no effect on ferfility (male or female) in rats at oral doses up to 5 mglkg/day
{approximately 1 times a 40 mg human daily dose based on surface area, mg/m2),

13.2 Animal Toxicology and/or Pharmacology

The relative inhibitory activities on bone resorption and mineralization of alendronate and stidronate
were compared in the Schenk assay, which is based on histoiogical examination of the epiphyses of
growing rats. In this assay, the iowest dose of alendronate that interfered with bone mineralization
{ieading to osteomalacia) was 8000-fold the antiresorptive dose. The corresponding ratio for etidronate
was one to one. These data suggest that alendronate administered in therapeutic doses is highly unlikely
to induce osteomalacia.

14  CLINICAL STUDIES

14.1 Treatment of Osteoporosis in Postmencpausal Women
Daily Dosing

The efficacy of FOSAMAX 10 mg daily was assessed in four clinical trials. Study 1, a three-year,
muiticenter double-blind, placebo-controlied, US clinical study enrolled 478 patients with a BMD T-score
at or below minus 2.5 with or without a prior vertebrai fracture; Study 2, a three-year, multicenter double
blind placebo controlied Multinational clinical study enroiled 516 patients with a BMD T-score at or below
minus 2.5 with or without a prior vertebrai fracture; Study 3, the Three-Year Study of the Fracture
intervention Trial (FIT) a study which enrolled 2027 postmenopausal patients with at ieast one baseline
vertebral fracture; and Siudy 4, the Four-Year Study of FIT: a study which enrolied 4432 postmenopausal
patients with low bone mass but without a baseline vertebral fracture.
Effect on Fracture Inciderce

To assess the effects of FOSAMAX on the incidence of vertebral fractures {detected by digitized
radiography; approximately one third of these were clinically symptomatic), the U.8. and Muitinational
studies were combined in an analysis that compared placebo to the pooled dosage groups of FOSAMAX
(6 or 10 mg for three vears or 20 mg for two vears followed by 5 mg for one year). There was a
statistically significant reduction in the proportion of patients treated with FOSAMAX experiencing one or
more new vertebral fractures relative to those treated with placebo (3.2% vs. 6.2%; a 48% relative risk
reduction). A reduction in the total number of new vertebral fractures (4.2 vs. 11.3 per 100 patients) was
also observed. In the pooled analysis, patienits who received FOSAMAX had a loss in stature that was
statisticaily significantly less than was observed in those who received placebo (3.0 mm vs. 4.6 mm).

The Fracture intervention Trial {FIT) consisted of two studies in postmenopausal women: the Three-
Year Study of patients whe had at least one-baseline radiographic-vertebrai fracture-and the-Four-Year
Study of patients with low bone mass but without a baseline vertebral fracture. [n both studies of FIT,
96% of randomized patients completed the studies {i.e., had a closeout visit at the scheduied end of the
study); approximately 80% of patients were still taking study medication upon completion.
Fracture Intervention Trial: Three-Year Study (patients with at least one baseline radiographic vertebral
fracture)

This randomized, double-blind, placebo-controlied, 2027-patient study (FOSAMAX, n=1022; placebao,
n=1005) demonstrated that freatment with FOSAMAX resulted in statistically significant reductions in
fracture incidence at three years as shown in Table 6.
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Tabile 6: Effect of FOSAMAX on Fracture Incidence in the Three-Year
Study of FIT
{patients with vertebral fracture at baseline)
Percent of Patients
Absoluie Relative
Reduction Reduction
FOSAMAX Placebo in Fracture  in Fracture

(r=1022) (n=1005)  incidence Risk % i
Patients with: ' |
Vertebral fractures {diagnosed by
X-ray)

>1 new veriebral fracture 7.9 i5.0 71, 47"
22 new veriebral fractures 0.5 4.8 4.4 go!
Clinical (symptomatic) fractures
Any clinicai (symptomatic) 13.8 18.1 43 26"
fracture '
21 clinicat {sympiomatic) 23 5.0 27 54°
vertebral fracture
Hip fracture 1.1 2.2 1.1 5%
Wrist (forearm) fracture 2.2 4.1 1.9 48"

"Number evaluabie for vertebral fractures: FOSAMAKX, n=984; piacebo, n=066
'p<0.001, ¥p=0.007, %p<0.01, Tp<0.05

Furthermore, in this population of patients with baseline vertebra! fracture, treatment with FOSAMAX
significantly reduced the incidence of hospitalizations {25.0% vs. 30.7%).
in the Three-Year Study of FIT, fractures of the hip ccourred in 22 (2.2%) of 1005 patients on placebo

and 11 (1.1%) of 1022 patients on FOSAMAX, p=0.047. Figure 1 displays the cumulative incidence of hip
fractures in this study.

Figure 1:

Cumutative incidence of Hip Fraciures in the
Three-Year Study of FiT
{patients with radiographic vertebratl fracture at baseline)
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Fracture Imtervention Trial: Four-Year Study (patients with low bone mass but without a baseline
radiographic vertebral fracfurs)

This randomized, doubie-blind, placebo-controlled, 4432-patient study (FOSAMAX, n=2214; placebo,
n=2218} further investigated the reduction in fracture incidence due to FOSAMAX. The intent of the study
was to recruit women with osteoporosis, defined as a baseline femoral neck BMD at least two standard
deviations below the mean for young adult women. However, due to subsequent revisions to the
normative values for femoral neck BMD, 31% of patients were found not to meet this entry criterion and
thus this study included both osteopoerotic and non-osteoporotic women. The results are shown in Table 7
for the patients with osteoporosis.
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Table 7: Effect of FOSAMAX on Fracture Incidence in Osteoporotic® Patients in the
Four-Year Study of FIT
{patients without vertebral fracture at baseline)
Percent of Patients
Absolute Relative
Reduction Reduction
FOSAMAX  Placebe inFracture  in Fracture

(n=1545) (n=1521) incidence Risk (%)
Patients with:
Vertebral fractures {diagnosed by
X-ray)T :
21 new vertebral fracture 25 48 23 487
22 new vertebral fractures 0.1 0.8 05 73°
Clinical (sympiomatic) fractures
Any clinicat (sympicmatic) 12.8 18.2 3.3 oo
fracture
21 ciinicat (sympiomatic) 1.0 1.8 0.6 41 15\:5)#
vertebral fracture
Hip fracture 1.0 1.4 0.4 25 (NS)
Wrist (forgarm) fracture 38 3.8 0.4 Ne

"Baseline femorai neck BMD at ieast 2 SD beiow the mean for young adult women
'Nl,mbo' avaluable fo' vertebral fractures: FOSAMAX, n=1426; placebo, n=1428
p<0 001, 5p=0.035, Tp=0.01

“Not s:g'nncant This study was not powsred to detact differences at these sites.

Fracture Resuilts Across Studies

in the Three-Year Study of FIT, FOSAMAX raeduced the percentage of women expe-riunc ng at least
one hew radiographic vertebral fracture from 15.0% to 7.9% {47% relative risk reduction, p<0.001); in the
Four-Year Study of FIT, the percentage was reduced from 3.8% to 2.1% (44% relative risk reduction,
p=0.001}; and in the combined U.S /Muiltinational studies, from 6.2% to 3.2% (48% relative risk reduction,
p=0.034}.

FOSAMAX reduced the percentage of women experiencing multipie {two or more) new vertebral
fractures from 4.2% to 0.6% (“7% reiative risk reduction, p<0.001) in the combined U.S./Multinational
studies and from 4.9% to 0.5% (90% relative risk reduction, p<0.001) in the Three-Year Study of FIT. In
the Four-Year Study of FIT, FOSAMAX reduced the percentage of ostecporotic women expenoncang
muitiple vertebral fractures from 9.6% to 0.1% (78% relative risk reduction, p=0.035).

Thus, FOSAMAX reduced the incidence of radiographic vertebral fracfures in osteoporotic women
whether or not they had a previcus radiographic vertebral fracture.

Effect on Bone Mineral Density

The bone mineral density efiicacy of FOSAMAX 10 mg once daily in postmenopausal women, 44
to 84 years of age, with osteoporosis (lumbar spine bone mineral density [BMD] of at isast 2 standard
deviations below the premenopausal mean) was demonstrated in four double-blind, placebo-controlied
clinical studies of two or three years duration.

Figure 2 shows the mean increases in BMD of the iumbar spme femoral neck, and trochanter in
patients receiving FOSAMAX 10 mg/day relative to placebo-treated patients at three years for each of
thess studies.

Figure 2:
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Deteoporasis Traatmant Studies in Postmenopausal Women

Increase in BME
FOSAMAX 10 mg/day at Three Years
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At three years significant increases in BMD, relative both to baseline and placebo, were ssen at sach
measurement site in each study in patients who received FOSAMAX 10 mg/day. Total body BMD also
incraased significantly in sach study, suggesting that the Increases in bone mass of the spine and hip did
not cccur at the expense of ofher skeletal sifes. Increases in BMD were evident as early as three months
and continued throughout the three years of treatment. {See Figure 3 for lumbar spine results.} in the
two-year extension of these studies, freatment of 147 patients with FOSAMAX 10 mg/day resuited in
continued increassas in BMD at the lumbar spine and trochanter (absolute additional increases between
years 3 and 5: lumbar spine, 0.84%; trochanter, 0.88%). BMD at the femoral nack, forearm and totat body
were maintained. FOSAMAX was similarly effective regardiess of age, race, baseline rate of bone
turnover, and basefine BMD in the range studied (at ieast 2 standard deviations below the
premenopausal mean).

Figure 3:
Osteoporosis Treatment Studies in Postmenopausal Women

Time Course of Effect of FOSAMAX 10 mg/day Versus Placebo:
Lumbar Spine BMD Percent Change From Baseline
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In patients with postmenopausal osteoporosis freatad with FOSAMAX 10 mg/day for one or two
vears, the effacts of treatment withdrawal were assessed. Following discontinuation, there were no
further increases in bone mass and the rates of bone loss were similar to those of the placebo groups.
Bone Hisfology

Bone histology in 270 postmenopausal patlents with osteoporosis treated with FOSAMAX at doses
ranging from 1 to 20 mg/day for one, twa, or three years revealed normal mineralization and structure, as
well as the expecled decrease in bone turnover relative to placebo. These data, togethsr with the normal
bone histology and increased bong strength cbserved in rats and baboons exposed to long-term
alendronate treatment, support the conclusion that bone formed during therapy with FOSAMAX is of
normai quality.
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Effect on Height

FOSAMAX, over a three- or four-yaar period, was associated with statistically significant reductions in
loss of height vs. placebe in patients with and without baseline radiographic vertebral fractures. At the
end of the FIT studies the beiween-treatment group differences were 3.2 mm in the Three-Year Study
and 1.3 mm in the Four-Year Study.

Weekly Dosing

The therapeutic equivalence of once weekly FOSAMAX 70 mg (n=519) and FOSAMAX 10 mg daily
{(n=370) was demonstrated in a one-year, double-blind, multicenter study of postmenopausal wamen with
osteaporosis. In the primary analysis of completers, the mean increases from baseline in iumbar spine
BMD at one year were 5.1% (4.8, 5.4%; 95% Cl) in the 70-mg once-weekly group (n=440} and 5.4% (5.0,
5.8%; 95% Cl} in the 18-mg daily group (n=330). The two treatment groups were aiso similar with regard
to BMD increases at other skeletal sites. The resulis of the intention-to-treat analysis were consistent with
the primary anaiysis of completers.

Concomitant Use with Esirogen/Hormone Replacement Therapy (HRT} )

The effects on BMD of treatment with FOSAMAX 10 mg once daily and conjugated estrogen
(0.625 mgy/day) either alone or in combination were assessed in a wo-year, double-blind, placebo-
controlled study of nysterectormized postmenopausal osteoporotic women {n=425). At two years, the
increases in lumbar spine BMD from baseline were significantly greater with the combination (8.3%) than
with either estrogen or FOSAMAX alone (both 6.0%).

The sffects on BMD when FOSAMAX was added o stable doses (for at ieast one year) of HRT
(estrogen + progestin) were assessed in a one-year, double-blind, placebo-controlied study in
postmenopausal osteoporotic women {n=428). The addition of FOSAMAX 10 mg once daily to HRT
produced, at one year, significantly greater increases in lumbar spine BMD {3.7%) vs. HRT alone {1.1%).

in these studies, significant increases or favorable trends in BMD for combined therapy compared
with HRT alone were seen at the fotai hip, femoral neck, and frochanter. No significant effect was seen
for totat body BMD.

Histomorphometric studies of transiliac biopsies in 92 subjects showsd normal bone architecture.
Compared to placebe there was a 98% suppression of bone turnover {as assessed by mineralizing
surface) after 18 months of combined treatment with FOSAMAX and HRT, 84% on FOSAMAX alone, and
78% on HRT alone. The long-term effects of combined FOSAMAX and HRT on fracture occurrence and
fracture healing have not been studied.

14.2 Prevention of Osfeoporosis in Postmenopausal Women
Baily Dosing

Prevention of bone loss was demonstrated in two doubie-blind, piacebo-controlled studies of
postmenopausal women 40-60 years of age. One thousand six hundred nine patients (FOSAMAX
5 mgiday; n=498) who were at least six months postmenopatsal were entered into a fwo-year study
without regard to their baseline BMD. In the other study, 447 patients (FOSAMAX 5 mg/day; n=88), who
were between six months and three years posimenopause, were ireated for up fo three years. in the
placebo-ireated patients BMD losses of approximately 1% per year were seen at the spine, hip (femoral
neck and trochanter) and total body. In contrast, FOSAMAX 5 mg/day prevented tone loss in-the majority
of patients and induced significant increases in mean bone mass at each of these sites (see Figure 4}. In
addition, FOSAMAX 5 mg/day reduced the rate of bone loss at the forearm by approximately haif relative
to placebo. FOSAMAX 5 mg/day was similarly effective in this population regardless of age, time since
menopause, race and baseline rate of bone turnover,

Figure 4:
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Osteoporosis Prevention Studies in Postmenopausal Women
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Bone Histology

Boene histoiogy was normal in the 28 patients biopsied at the end of three years who received
FOSAMAX at doses of up to 10 mg/day.
Weekiv Dosing

The therapeutic equivaience of once weekly FOSAMAX 35 mg (n=362) and FOSAMAX & mg daily
{n=361) was damonstrated in a one-year, double-blind, muiticenter study of posimenopausal women
without osteoporosis. in the primary analysis of completers, the mean increases from baseline in lumbar
spine BMD at one year wers 2.9% (2.6, 3.2%; 95% CI) in the 35-mg once-weekiy group {n=307) and
3.2% (2.9, 3.5%; 895% Ci) in the 5-mg daily group {n=298). The two treatment groups were also similar
with regard to BMD increases at other skeletal sites. The results of the intention-fo-treat analysis were
consistent with the primary analysis of completers.
14.3 Treatment {o Increase Bone Mass in Men with Osteoporosis

The efficacy of FOSAMAX in men with hypogonadal or idiopathic osteoporosis was demonstrated in
fwao clinical studies.
Daily Dosing

A two-year, double-blind, placebo-controfied, multicenter study of FOSAMAX 10 mg once daily
enrclled a totat of 241 men between the ages of 31 and 87 {mean, 63). All patients in the frial had either a
BMD T-score <-2 at the femoral neck and <-1 at the lumbar sping, or a baseiine osteoporotic fracture and
a BMD T-score <-1 at the femoral neck. At two years, the mean increases relative to placebo in BMD in
men receiving FOSAMAX 10 mg/day were significant at the foliowing sites: iumbar spine, $.3%; femeral
neck, 2.6%; trochanter, 3.1%; and total body, 1.6%. Treatment with FOSAMAX also reduced height loss
(FOSAMAX, -0.6 mm vs. placebo, -2.4 mmj.
Weekly Bosing

A oneg-year, doubie-blind, placebo-controlied, multicenter study of once weekly FOSAMAX 70 mg-

enrolled a total of 167 men between the ages of 38 and 91 {mean, 66). Patients in the study had either a
BMD T-score -2 at the femoral neck and -1 at the iumbar spine, or a BMD T-score <-2 at the lumbar
spine and s-1 at the femoral neck, or a baseline osteoporotic fracture and a BMD T-score £-1 at the
femoral neck. At one year, the mean increases relative 1o placebo in BMD in men receiving FOSAMAX
70 mg onhce weekly were sighificant at the following sites: lumbar spine, 2.8%; femoral neck, 1.9%;
trochantar, 2.0%; and total bedy, 1.2%. These increases in BMD were similar to those saen at one vear in
the 10 mg once-deily study.

In both studies, BMD responses were similar regardiess of age (265 years vs. <65 years}, gonadal
function {baseline testosterone <9 ng/dL vs. 29 ng/dL), or baseline BMD (femoral neck and lumbar spine
T-score £-2.5 vs. >-2.5),

14.4 Treatment of Glucocorticoid-Induced Osteoporosis

The efiicacy of FOSAMAX & and 10 mg once daijly in men and women receiving glucocorticoids (at
least 7.5 mg/day of prednisone or equivalent) was demonstrated in two, one-year, double-blind,
randomized, placebo-controiled, multicenter studiss of virtually identical design, one performed in the
United States and the other in 15 different countries (Multinationai [which also included FOSAMAX
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2.5 mgiday]). These studies enrolled 232 and 328 patients, respectively, befween the ages of 17 and
83 with a variety of glucocorticoid-requiring diseases. Patients received suppiemental calcium and vitamin
D. Figure 5 shows the mean increases relative to placebo in BMD of the lumbar spine, femoral neck, and
trochanter in patients receiving FOSAMAX 5 mg/day for each siudy.

Figure 5:
Studies in Glucacerticaid - Trested Patients
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After one year, significant increases reiative to placebo in BMD were seen in the combined studies at
each of these sites in patients who received FOSAMAX 5 mg/day. In the placebo-treated patients, a
significant decrease in BMD occurred at the femoral neck (-1.2%), and smailer decreases were seen at
the umbar spine and trochanter. Total body BMD was maintained with FOSAMAX 5 mg/day. The
increases in BMD with FOSAMAX 10 mg/day were similar to those with FOSAMAX 5 mg/day in all ‘
patients except for posimenopausal women not receiving estrogen therapy. In these women, the i
increases (relative to placebo} with FOSAMAX 10 mg/day were greater than those with FOSAMAX
5 mgiday at the iumbar spine (4.1% vs. 1.6%) and trochanter {2.8% vs. 1.7%), but not at other sites.
FOSAMAX was effective regardless of dose or duration of glucocorticoid use. In addition, FOSAMAX was
simiiarly effective regardless of age (<65 vs. =65 years), race (Caucasian vs. other races), gender,
underlying disease, baseline BMD, baseline bone turnover, and use with a variety of common
medications.

Bene histology was normal in the 49 patients biopsied at the end of cne year who received
FOSAMAX at doses.of up to 10 mg/day.

Of the original 560 patients in these studies, 208 patients who remained on at least 7.5 mg/day of
prednisons or equivalent continued info a one-vear double-blind extension. After two vears of freatment,
spine BMD increased by 3.7% and 5.0% relative to placebo with FOSAMAX 5§ and 10 mg/day,
respectively. Significant increases in BMD (reiative to placebe) were also observed at the femorai neck,
trochanter, and fotal body.

After one year, 2.3% of patients treated with FOSAMAX 5 or 10 mg/day {pooled) vs. 3.7% of those
treated with placebo experienced a new vertebral fracture (not significant). However, in the popuiation
studied for two years, freatment with FCSAMAX (pocled dosage groups: 5 or 18 mg for two vears or
2.5 mg for one year foliowed by 10 myg for one year) significantly reduced the incidence of patients with a
new vertebral fracture (FOSAMAX 0.7% vs. placebe 6.8%).

14.5 Treatment of Paget's Disease of Bone

The efficacy of FOSAMAX 40 mg once daily for six months was demonstrated in two double-blind
clinical studies of male and female patienis with moderate to severe Paget's disease {alkaline
phosphatase at [east twice the upper limit of normai): a placebo-controlied, muitinational study and a U.S.
comparative study with etidronate discdium 400 mg/day. Figure 6 shows the mean percent changes from
baseline in serum alkaline phosphatase for up to six months of randomized treatment.
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Figure 8:
Studies in Pagat's Disease of Bone
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At six months the suppression in alkaline phosphatase in patients treated with FOSAMAX was
significantly greater than that achieved with etidronate and contrasted with the complete lack of response ‘
in piacebo-treated patients. Response (defined as either normalization of serum alkaline phosphatase or }
decrease from baseline >60%) occurred in approximately 85% of patients treated with FOSAMAX in the \
combined studies vs. 30% in the efidronate group and 0% in the placebo group. FOSAMAX was similarly
effective regardless of age, gender, race, prior use of other bisphosphonates, or baseline alkaline |
phosphatase within the range studied (at least twice the upper limit of normal). :
Bone histology was evaluated in 33 patients with Paget's disease treated with FOSAMAX 40 mg/day ‘
for 6 months. As in patients treated for osteoporosis [see Cifnical Studfes (14.1)], FOSAMAX did not
impair mineralization, and the expected decrease in the rate of bone tumover was observed. Normal }
lamellar bone was produced duting treatment with FOSAMAX, even where preexisting bone was woven i
and disorganized. Overall, bong histology data support the concliision that bone formed during treatment
with FOSAMAX is of nommal quality.

16 HOW SUPPLIED/STORAGE AND HANDLING

How Supplied-
No. 3759 — Tablets FOSAMAX, 5 mg, are white, round, uncoated fablets with an outline of a bone
image on one side and code MRK 825 on the other:
« NBC 0006-0925-31 unit-of-use bottias of 30
o RNDC 0008-0925-58 unit-of-use botties of 100.
No. 3797 — Tablets FOSAMAX, 10 mg, are white, oval, wax-polishad tablets with code MRK on one
side and 936 on the other:
: s NDC 0006-0938-31 unit-of-use boitias of 30
» NDC 0006-0936-58 unit-of-use bottles of 100
« NDC 0006-0938-28 unif dose packages of 100
+ NDC 0008-0938-82 bottles of 1,000. )
No. 3813 — Tablets FOSAMAX, 35 mg, are white, oval, uncoated tablets with code 77 on one side
and a bene imags on the other:
« NDC 0006-0077-44 unit-of-use blister package of 4
« NDC 0006-0077-21 unit dose packages of 20.
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No. 8457 — Tabiets FOSAMAX, 40 myg, are white, triangular-shaped, uncoated tablets with code
MSD 212 on one side and FOSAMAX on the other:
o NDC 0006-0212-31 unit-of-use botiles of 30.
No. 3814 — Tablets FOSAMAX, 70 mg, are white, ovai, uncoated tablets with code 31 on one side
and ar outline of a bone image on the other:
« NDC 0006-0031-44 unit-of-use blister package of 4
e NDC 0006-0031-21 unit dose packages of 20.
No. 3833 — Oral Solution FOSAMAX, 70 mg, is a clear, colorless solution with a raspberry flavor:
e NBC 0006-3833-34 unit-of-use cartons of 4 singie-dose botlles containing 75 mlL each.
Storage
FOSAMAX Tablets:
Store in a well-closed container at room temperature, 15-30°C (538-86°F).
FOSAMAX Qral Solution:
Store at 25°C (77°F)}, axcurst fons permltted to 15-30°C (59-86°F). [See USP Controlled Room
Temperature.} Do not freeze. i

17  PATIENT COUNSELING INFORMATION
See FDA-approved patient labeling (Medication Guide).

Physicians should insiruct their patients to read the Medication Guide before starting therapy with
FOSAMAX and to reread it each fime the prescription is renswed.
17.1 Osteoporosis Recommendations, Including Calcium and Vitamin D Supplementation

Patients shouid be instructed to take supplemental caldum and vitamin D, if daily dietary intake is
inadequate. Weight-bearing exercise should be considered along with the modification of certain
behavioral factors, such as cigarette smoking and/or. excessive. alcohol consumption, if these factors
exist.

17.2 Dosing Instructions

Patients should be instructed that the expected benefits of FOSAMAX may only be obtained when it
is taker with plain water the first thing upon arising for the day at least 30 minutes before the first food,
beverage, or medication of the day. Even dosing with orange juice or coffee has been shown to markedly
reduce the absorption of FOSAMAX {see Clinical Pharmacology (12.3)].

Patients should not chew or suck on the tabiet because of a potential for oropharyngeal uiceration.
To facilitate delivery to the stormach and thus reduce the potential for esophagsal irritation, patients
should be instructed to swaliow sach tabiet of FOSAMAX with a full glass of water (6-8 0z). ao facilitate
gastric emptying, patients shouid drink at least 2 oz (a quarter of a cup) of water aﬁer taking FOSAMAX
oral solution.

Patients should be instructed not to lie down for at least 30 minutes and until after thelr first food of
the day.

Patients should be specifically-instructed not to take FOSAMAX at bedtime or before arising for the
day. Patients should be informed that failure to foliow these instructions may increase their risk of
esophageal problems.

Patiants should be insfructed that if they develop symptoms of esophageal disease (such as difficulty
or pain upon swailowing, retrosternal pain or new or worsening heartburn) they should stop taking
FOSAMAX and consult their physician.

Patients should be instructed that if they miss a dose of once weekly FOSAMAX, they should take
one dose on the moring after they remember, They should not take two doses on the same day but
should return fo taking one dose once a week, as originally schaduled on their chosen day.

Merch Skarp & Sohms Corp,, 3 subsidiary of

€3 MERCK & CO,INC,, Whitehouse Station, NJ 08989, USA
Copyright © 1998, 1987, 2000, 2010, 2012 Merck Sharp & Dohme Corp., a subsidiary of Merck & Ce.,

Inc.
All rights reserved.
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7. Bonefos Product Monograph, Part IIl: Consumer Information Bonefos® clodronate
disodium, pages 25-28, revised September 22, 2011, available at http://www bayer.ca/files/
BONEFOS-PM-ENG-PT3-22SEP2011-147998.pdf (“Bonefos monograph”)
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PART [il: CONSUMER INFORMATION

BONEFOS®
ciodronate disodinm

This leaflet is part IH of a three-part "Product Monograph"
published when BONEFOS was approved for sale in Canada
and is designed specifically for consumers. This leaflet is a
summary and will pot tell vou everything ahout BONEFOS.
Contact vour doctor or pharmacist if you have any questions
about the drug.

What the medication is used for:

BONEFOS is used:

e  for the management of hypercaleemia due to malignancy
{high blood caleinm in adult patients who bave cancer},
and

e  as an adjunct in the management of osteolytic bone
metastases (bose destruction when cancer cells bave
spread to the bone)

What it does:

BONEFOS belongs to a group of medicines called
bisphosphenates. BONEFOS binds tightly to bone and blocks
the function of cells which re-abserb bone. This strengthens the
bones, and thus helps to relieve bone pain and prevent future
problems with your bones {such as fractures). It also prevents
the release of teo much calcium into the blood (hypercalcemia).

When it should not be ussed:

You should not take BONEFOS if any of the following
conditions apply to you.

e Youhave severe kidney discase.

You have severe stomach or bowel problems.

You are pregnant or byeastfeeding.

You are being treated with another bisphosphonate.

® You have an allergy to bisphosphonates, clodronate
disodium, or to 4ny ingredient in the formulation or
commponent of the container of BONEFOS.

&« & ®

YWhat the medicinal ingredient is:

Clodronate disedium

What the imporiant nonmedicinal ingredients are:

Capsules: calcium stearate, colloidal ashydrous silica, gelatin,
iron oxide (red and yellow), lactose, talc, titanium dioxide,

Solution for injection: sodium hydroxide, water for injection.

What desage formos it corges in:

Capsules: Bach yellow BONEFOS capsule contains 400 mg of
clodronate disodium. BONEFOS capsules are provided in
plastic bottles containing 120 capsules.

Solution for Injection: BONEFOS solution for injection is
availeble in 5 mL glass ampoules containing anbydrons
clodronate disodium 60 mg/ml. The solution must be diloted
prior to infusion.

BEFORE starting treatment with BONEFOS talk to your dostor
if:

o  you suffer from kidney problems, as your dose may neec
to be redoced.

*  you have stomach or bowel probieras.

vou are pregnant or planning to become pregnait.

BONEFOS should not he givea during pregnancy.

e  you are breast-feeding. Mothers being treated with
BONEFOS should not breast-feed their children.

s  you have ever had an allergic reaction to BONEFOS {or
simnilar medicines called bisphosphonates) or any other
ingredients of the drug or components of the container,

»  youare presenily taking another bisphosphonate.

e you bave any dental problems or any dental procedures
planned in the future.

QOsteonecrosis (pronounced OSS-tee-oh-ne-KRO-sis) of the
jaw, a rare condition that involves the loss ot breakdown of the
jaw bone, has heen reported in patients with cancer receiving
hisphosphenates. It is not known what role, if any, these
medications played in its development. The majority of the
cases were associated with dental procedures. Other possible
factors that may increase the tisk of osteonecrosis of the jaw
include:

chemotherapy;

radiation therapy;

steroid therapy {eg, cortisone);
underlying cancer;

anemia (low red bloed cell count);

s infection; and

e poor dental health or poor oral hygiene.

e © 8 © @

If any of these risk factors applies to you, you should have a
dental exan: prior to starting treatment with BONEFOS. Be
sure 1o tell your dentist about your cancer diagnosis and
treatments.

Unusual fractures of fhe thigh bone have been reported with the
use of bisphosphonates.

BONEFOS Product Monograph

01521

Page 25 of 28



Contact your doctor if you feel any pain, weakness or
discomfort in your thigh, hip or groin as this may be an early
sign of a possible fracture of the thigh bane.

“Visual (ocular) disturbances have been reported with
bisphosphonate therapy. These include inflammation, infection,
and/or irritation of the eye. Patients with visual disturbances
other than uncomplicated conjunctivitis should be referred to an
ephtalmelogist for evaloation. Contast your doctor if you
experience mflammation, infection and/or wrnitation of the eye.

The effect of BONEFOS on the ability to drive or use machines
is not known.

Since there is no clinical experience i children, BONEFOS is
only recommended for use in adult patient

Before you start treatment with BONEFOS, be sure to tell your
doctor about any other prescription or over-the-counter
medicines that you are using or intend to use.

Medicines that may inferact with BONEFOS include:

¢ nonsteroidal anti-inflammatory drugs (NSAIDs), especially
diclofenac;

»  other bisphosphonates,
other calcium-reducing agents, inclnding corticosterotids,
phosphate, calcitonin, mithramyein or loop diuretics
(eg, furosenside);

e aminoglycoside antibiotics;

e gsiramustine phosphate;

e antacids; and

= dietary supplements containing calcium, iron, magnesimm
or ahumimim.

BONEFOS capsules should be taken on an empty stomach,
with a glass of plain water, at ieast 2 hours before or after food,
becaunse food may decrease the amount of BONEFOS absorbed
by the body.

BONEFOS capsules should never be taken with milk or food
containing calcium or other divalent cations because they
interfere with the absorption of BONEFQS.

Usual doge:

Your doctor will determine the appropriate dose for you.
Follow the dosing mstructions exactly and ask your doctor or
pharmacist if you are not sure.

BONEFOS for Injection:

e 309 mg/day is given as a stow infsion mto a vein.

BONEFQS Capstiles:

s  Hypercalcemia due o malignancy: 1600 mg to 2400 mg
(four to six capsules) daily. Maximum daily dose is
3200 mg (cight capsules). The daily dose can be taken
opee, or in two divided doses.

«  Osteolytic bone metasiasis due to malignancy: starting
dose of 1600 mg (four capsules) daily. Maximum daily
dose is 3200 mg (cight capsules).

BONEFOS capsules are to be taken on an empty stomach, with
a glass of plain water, at least two hours before or after food or
any other oral dings.

BONEFOS capsules should be swallowed whole.

You will need to drnk enough flnd or be bydrated during
treatment with BONEFOS.

Overdose:

If you think you have taken or given more BONEFOS than you
should, contact your dostor or 2 poison control centre
immediately.

Missed Bose;

1f a dose of this medication has been missed, it should be taken
as soon as possible. However, if'it is almost time for the next
dose, skip the missed dose and go back to your regular dosing
schedule.

Do not double dose.

Like all medicines, BONEFOS may have, in addition to its
beneficial effects, some unwanted effects.

The following side effect has been reported very commonly:

e increased fransmminases (2 group of liver enzymes) within
normal range

The follewing side effects have been reported commonty:

® nausea,

s  vomitng;

«  stomach pain;

e  diarrhea; and

» increased liver enzyme levels more than twice the normal
range without impaired liver function

The following side effects have been reported rarely:

e low blood calcium levels with symptoms {eg, muscle
CTAITDS OF SPAsmS);

¢ increased serun parathyroid hormone (2 hormone of the
small glands adjacent to the thyroid gland) assoctated with
decreased serum calcium;

BONEFOS Product Monograph
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e increased blood alkaline phosphatase levels (in paticnts
with metastatic disease, this may also be due to liver and
bone disease); and

s skin rash due to drug-related allergy.

The following side effects were reported during postmarket
gxperience:

e severe kidney darnage (especiaily after rapid intravenous
infusion of high doses of clodronate);

s airway constriction {due to a hypersensitivity reaction or in
patients with acetylsalicylic acid-sensitive asthma);

e allergic skin reactions and overactivity of the parathyroid
glands which contre the amount of calcium in the bload;

e isolated cases of kidney failure, in rare cases with fatal
outcome, have been reported, especially when NSAIDs,
most componly diclofenac, were used at the same time;

«  severe bone, joint, and/or muscle pain (the onset of
symptoms varied from days to several months after starting
BONEFQOS).

Osteonecrosis of the jaw has also been reported during post-

market experience in some cancer patients receiving

bisphosphonates. However, it is not known what role, if any,
these medications play in its development (see WARNINGS

AND PRECAUTIONS). Symptoms of osteonecrosis of the

jaw may include: ’

pain, swelling or infection of the gums;
loosening of teeth;

poor healing of the gums; and

numbness or the feeling of heaviness in the jaw.

e & & ©®

If vou experience any of these or other dental syraptoras, tell
both your oncologist and your destist inmmediately.

Sympten / Effect Talk with your
doctor
~Omly i Inalt
if cases
severe
Abponnal thigh bone v
fractures
Inflammation, infection v
aud/or imitation of the eye

This is not a complete list of side effects. For any unexpected
effects while taking RONEFOS, contact your doctor or
pharmacist.

BONEFOS should be stored at room temperature (between.
13°C and 30°C). Keep cut of reach of children.

To meniter drug safety, Health Canada through the
Canada Vigilance Program collects infermation on serivas
and unexpected side effects of drugs. If you suspect you
have had a serions or unexpected reaction to this drug you
may netify Canada Vigilance or Bayer Ine.:

Canada Vigilance Program:

You can report any suspected adverse reactions associated
with the use of heath products to the Canada Vigilance
Program by one of the following 3 ways:

Call toll-free at 1-860-234-2345
Complete a Canada Vigilance Reporting Form and:
e Fax toll-free to 1-866-678-6789, or
e Mailto: Canada Vigilance Program
Health Canada
Postal Locator 6701E
Ottawa, ON K1A 0K9
Postage paid labels, Canada Vigilance Reporting Form and
the adverse reaction reporting guidelines are available on the
MedEffect™ Canada Web site at

NOTE: Should you require information related to the
management of side effects, please contact your health
professional. The Canada Vigilance Program does not
provide medical advice.

Baver Inc.

You can report any suspected adverse reactions associated
with the nse of health products to Bayer Inc. by:

s Toll-free telephone: 1-808-265-7382
e  E-mail: canada.medinfo@bayer.com
¢ Regular Mail:  Bayer Inc.
77 Belficld Road
Toronto, Ontario
MOW 1G6
Canada
NOTE: Should you require information related to the
management of the side effect, please contact your healthcare
professional. Bayer Inc. does not provide medical advice.

For more information, please contact your health professional
or phanmacist first, or Bayer Medical Information at 1-860-263-
7382 or Canada. medinfo@bayer.com.
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A
This docwment plus the full Product Monograph, prepared for
health professionals, can be found at btip:/www.bayer.ca or by
contacting the Sponscr at the above mentioned phane nunber
and email address.

This leaflet was prepared by:

Bayer Inc.

77 Belfield Road
Toronto, Ontario
MOW 1GH
Canada

Last revised: September 22, 2011
© 2011, Bayer Inc,

® BONEFOS is a registered trademark of Bayer AG, used
under license by Bayer Inc.
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8. Leonard et al, Safety Profile of Zoledronic acid in a novel oral formulation, Poster !
presentation at AACR-NCI-EORTC Molecular Targets & Cancer Therapeutics Conference,
Background section (November 2009) (“Leonard 2009”).

01525



SAFETY PROFILE OF ZOLEDRONIC ACID IN A NOVEL ORAL FORMULATION
Thomas W. Leonard, RPh, PHDY, John 8. Fox, PhDZ Catherine McHugh, M8C 2, Kieran Madigan, BSc?, Angela Waish, MSc?
*ierrion Pharmacesticals ELE, Wilmington, HC, USA
Iterrion Pharmasenticals fretand Lid, Dubiin, freland

BACKGROUND

Zoledronic acid is a bisphosphonate used-in the freatment of bone-metastases. Bisphosphonates. are synthetic
analogs of pyrophosphate that bind to the hydroxyapatite found in bone, decreasing bone resorption by reducing
osteoclastic activily. Studies have demonsirated that zoledronic acid reduces the incidence of skeletal-related
events (SREs}) in metastatic bone cancer. A reduction in levels of markers of bone metabolism, particularly urinary
NTX, has been shown to be predictive of a reduction in SREs.{1] Orazol Tablets 20 mg (MER-101, zoledronic acid)
dosed once-a-week have been shown to deliver doses systemically equal fo zoledronic infusions 4 mg dosed every
4 weeks. Once-a-week therapy with the 20 mg fablet has also heen shown o reduce urinary NTX and serum CTX
levels o an extent greater than or equal o the reduction achieved with Zometa IV infusion 4 mg administered every
4 weeks.[2]

Zoledronic acid has a molecular weight of 290.1 with an empirical formula CsHyoN2O7P2.H20. The structural formula
is:
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All bisphosphonates, including zoledronic acid, have poor oral bioavailability. This has limited their use in oncological
therapies to intravenous infusion fo achieve the doses required for efficacy. The local gastric irritation that occurs
with existing oral bisphosphonates is also an important consideration in oncological indications, as & can result in
advarse reactions in the Gl tract, including esophageal erosions and ulceration.

Crazol (MER-104, Zoledronic Acid}
g Aweekly tablet providing an equivalent systemic dose fo a regimen of 4 mg IV Infusion every 4 weeks
1 Provides an improvement in administration profile:
% Lower systemic dose taken more frequently
% Less potential for renal damage due to the reduced Cy 5
» Ability fo easily modify fraquency and dose
» More frequent exposure of metastatic cells to plasma levels of drug

% Enteric coating efiminates potential for stomach and esophageal complications associated with other
bisphosphonates

< Enhanced absorption in the intestines:
#» Decreases overall Gl drug load {which has further potential to decrease Gl side effects)
# Enables delivery of an oncological dose

Gastrointestinal Permeation Enhancement Technology (GIPET@Y)
Oral platform technology for poorly absorbed compounds based on food grade excipients
Physical mixtures of enhancer system and drug in a fablet form
Facilitates safe absorption:
% Very little effect on the GIT
+ Primary mechanism of mixed micelles te improve transcellular absorption
{1 Classified as food substance:
< Reviewed by EU Scientific Committee for Food and determined ‘safe in use’, and the FAOMWHO Joint
Expert Committee of Food Additives, with no limit on infake
4 Lsted in the US CFR as a direct food additive with no limit on intake
1. Successfully applied to poorly absorbed compounds across several physical/chemical categories

oon

Three studies Rave beer condlicted on GIPET-enhanced Orazol tablets) two clinical pharmacolbgy (CP)
stﬂdi&s and ‘a Phase 2 study' i pahfmts with metastanc prostate. canve:
stereﬁ inthe first CF trial and four dases in ‘the Séﬁﬂfid trial. The refer
_ma infusion of zoledronic a njection.  The Phase 2 smdy lasted for' 8 weeks, and used 4 mg:of
izoledmnic aeid mfusion as the coniral,

Two di}se*s af_i}, Zoi were

llS:mrgHaCammMEﬁ«!M PO Tabiets to Inansneis Zémst ot Pamg‘asmezm

Siidcinomett |
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MER-101-01 STUDY ’

1 Phase 1, single dose, randomized, open label, 3-way crossover study
% The study population was 13 postmenopausal women with osteoporosis
Cbjective
2 To compare absorpfion of 2 investigational oral dosage forms of zoledronic acid to the market product 1V
infusion

Treatments and Method
0 Three treatment arms:

% MER-101 Tablet 10 mg

% MER-101 Tablet 20 mg

< Zomefa IV infusion 1 mg
Fasting 10.5 hours prior to dosing until 4 hours post-dose
7 Day interval between doses
Bioavailability was determined from urinary excretion of zoledronic acid over 48 hours; assayed via LC/MS/MS
Medical history and physical examinations were conducted
Ch emistry hematology, and urinalysis iabs were obtained at screening, at check-in, and post study
Vital signs were obtained prior {o dosing in each period
Safety Results
1 A tolal of 13 subjects vere enrolled; 12 subjects completed all 3 treatment penods
{1 No SAEs were reported during the study
21 There were 50 AEs reported by 12 subjects, as follows:

oooon
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' ' . MER-101-02 STUDY '

& Single dose, randomized, S-way crossover study, fasted and fed condions
% The study enrolied 30 postenopausal women
# 28 subjects had evaluable data
> 23 subjects completed all ieatment ams
Chjpctive )
0O Todetemine the effect of fond on sheorption of zeledronic acid
& To evaluate a nighttime dosing regimen:
3 Tocompare the relative bicavsilability of beo strengihs of MER-1DY Tablets 15 mg and 20 mg fo Zometa IV
1 mg infusion
Treatments and Method
0 TFive trealment amas:
% MER-10¥ Tablste 15 my orally after an ovemight fast, FDA stendardized braskfast 30 mimstes post-dosing
% MER-101 Tablets 20 mg orafly after an ovemnight fast, FDA standardized breakfast 30 minutes post-desing
% MER-101 Teblets 20 mg orally immedisiely following FDA standandized hreakfast )
+ MER-101 Tablets 20 mg orally at badtime after a 4-hoar fast following supper. Breakfast 10.5 hours post
dosing
4+ Fometz IV nfusad infravenously {1 mg in 100 mb sterile 0.9% Sodiom Chiofide, USP) over 15 minutes after
an pvernight fast, FDA standardized breakfast 30 minutes post-dosing
7 Uay washoutinlerval bebween treatment anns
Medical history and physical examinations were conducted prior to enroliment
Chemisiry, hamatofogy, and arinatysis labs were obiained prior fo enrollment and post study
Yital signs were obiained prior fo dosing each pedod
Subjerts wers confined io the facility fom evening before dosing undl after 38-hour blood eolizction
- Blood sampies were coliected pre-dose and at intervals over 36 hours affer dosing in each period
Binavaflability was assessed by the appearancs of unchanged drug in serum coliscied at intervals overa 38-
heur pedod after administration of drug
Rafety Resulls
O 103 AE=2 were reported over the Sweeks by 23 of 30 subjects:
< 24 nccurred after Treatmient &
% 16 oceurred after Treatment B
2 11 ocourred after Treatment ©
% 22 occurred after Treatment D
# 30 occumed affer Treatment £
91 AEs were considered “mild* and resolved spontancously by end of study
10 AEs were considered “mild® and resolved with reatment
2 AEs were considered “mild” and hed not rescived by end of study
Most frequently reported AE for Treatment A was diamhea (3 subjects)
Maost frequently reported AF for Treainvent B was back pain {3 subjects)
Mest frequently reposted AEs for Trestment C wers blorred vision (1), constipation {1}, vomiting {1}, pain {13,
decreased blood pressure (1}, incressed blood pressure {1}, back pain (1), joint swelling {1}, pain in extremity
{1}, headache {1}, and soamnolence {13
Most frequantly reporfed AEs for Treatment D wers pain: {3), and decreased blood pressure 33
Mosi frequently reported AE= for Trestment E were nausea {3}, and headachs (3}
The eral iablet was very well toleraled (4 trestment arms were oral}
Ho SAEs were reporied in this study

gaopoog

gopaeon

nagQ
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MER-101-03 STUDY &

1 Phase 2, multi-center, 8 week study
 Study popuiation was 30 male bisphosphonate-naive, hormone-refractory prostate cancer patients with
bone metastases
Objective
a To examine pharmacodynamic effects of 2 different regimens of MER-101 Tablets 20 mg versus Zometa IV
infusion 4 mg once-monthly therapy on biomarkers of bone metabolism
7l To assess pain and performance status via Brief Paln index (BP1) short form and ECOG, and analgesic use
11 A PK substudy was conducted in a limited number of pafients (N=4} on Day 28
O To assess safely profiles of two MER-101 20 mg regimens vs Zometa IV 4 mg infusion
Treatments and Method
i1 Three treatment cohorts:
% CohortA:  Zometa IV infusion 4 mg, 15-minute infusion, Day 0 and Day 28
% CohortB: MER-101 Tablets 20 mg orally on Days 0, 7, 14, 21, 28, 35, 42, and 49 (weekly regimen}
% CohortC: MER-101 Tablets 20 mg orally on Days 0, 1, 2, 3. 28, 35, 42, and 49 {{oading dose}
1 Medical history and physical examinations were performed at screening and PE was repeated at Day 56
1 Safety labs were obtained on Day 0 and Day 56 (hematology, chemistry, and urinalysis)
{1 Repeat serum creatinine levels were obtained on Day 21 in preparation for dosing on Day 28
21 Vital signs were parformed and blomarkers (urine NTX, serum CTX, serum bone-specific alkaline phosphatase.
and serum calcium) were drawn at Baseline and on Days 0,7, 14, 21, 28, 35,42, 49, and 56
Safely Resulis
{1 AFEs were reporied by 18 of 30 enrolled patients during the study (60%)
The greatest proportion of AEs per treatment cohort was in Cohort A (75%), compared fo Cohont B {(46%). and
Cohort C (64%)
The greatest incidence of patients with AEs suspected o be related to study drug occurred in Cohort A (50%;)
Fever was experienced by 4 patients in Cohort A (50%), following study drug adminisiration, which lasted up to
72 hours
% All fevers reported were suspected to be related to study drug

&

%+ Fever is part of the Acuts Phase Reaction associated with zoledronic acid IV infusion

There was no fever {Acute Phase Reaction) reported in CohortB

In Cohort C, 1 patient (9%} experienced fever that was suspected to be related to study drug
% This event occurred on Day 2 of the four day loading dose and was resolved on Day 4

co oo
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The most common classification of adverse events reported was muscuioskeletal and connective tissue
disorders, which were reporied by 3 of 30 patients
Musculoskeletal-related adverse gvents were reported by 3 patients in Cohort A (38%), 2 patients in Cohort B

" (18%), and 4 patients in Cohort C (36%)

Bone pain was the most commoniy reported musculoskeletal AE in 7 of 9 patients (73%)
The incidence of bone pain reported by patients in Cohort A (38%) was twice that of patients in Cohort B or
Cohort C {18% in each}
Two patients-had AEs resulting in discontinuation from the study
%+ 1in Cohort A {13%) due to bone pain
<+ 1 in Cohort C {8%) which was considered an SAE due to hospitalization {musculoskeletal pain in the region
of ribs and stemum)
No AEs resuited in death
The most common AEs attributed o therapy were those associated with the Acute Phase Reaction

MER-101-03 Patients Experiencing 2 1 AE by Relationship to Study Drug
(Safety Population) :

2 (25%)
4(36%)
4 (36%)
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9. Cullen et. al, MER-101 A bioavailability study of various GIPET formulations in beagle dogs
with intraduodenal cannulae, Poster presentation at AAPS (November 2007) (“Cullen”).
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MER-101: A Bioavailability Study of Various GIPET™ Formulations in Beagle Dogs
with Intraduodenal Cannulae

Alan Cullen, Catherine McHugh, Orlagh Feeney, Thomas Leonard
Abstract T3147 - AAPS, November 2007

!
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GIPET™

o

< Is based on GRAS—Iisted proprietary penetration enhancers.

++ No chemical or physical alteration of the drug molecule is involved.

*

% Enteric coating eliminates esophageal reflux issues.

OBJECTIVE

To determine the bioavailability of zoledronic acid from solutions of zoledronic acid in a GIPET ™I

(Gastrointestinal Permeation Enhancement Technology systems) matrix administered directly to the
duodena of beagle dogs. '
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Zometa® Single dose

GIPET™]| (high dose form. ) ‘ ~ Single dose

GIPET™ | (low dose form. 1) Single dose

Unenhanced Single dose

RESULTS

Approximately half (0.78mg) of the administered IV dose was excreted in the urine over the 24-hour
period-with-a CV of 19.72%. Refer to Table 2 and Figure-1. '

The data indicate that the absolute bioavailability of a GIPET™ | enhanced formulation administered via
solution to the duodenum of the dog is approximately 7 — 10%. Refer to Table 2.

The CV for the higher'GIPETTM I dose (59.2%) was approximately half of that with the lower dose
- (117.6%).

The lower dose of GIPET™ | had less variability than the unenhanced formulation, which was 149.8%.

No clinical adverse events were observed as a result of the dosing.
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7 ABSTRACT

The present invention relates to a method of enhancing the
bioavailability of a piperidinoalkanol antihistamine in a
patient which comprises co-administering to said patient an
effective antihistaminic amount of said piperidinoalkanol
and an effective p-glycoprotein inhibiting amount of a
p-glycoprotein inhibitor.

30 Claims, No Drawings
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METHOD OF ENHANCING ‘
BIOAVAILABILITY OF FEXOFENADINE
AND ITS DERIVATIVES

This is a continuation application which is a continuation
of application Ser. No. 09/129,713 filed Aug. 5, 1998 now
abandoned which claims priority of U.S. Provisional Appli-
cation Ser. No. 60/090,103 filed Aug. 14, 1997.

BACKGROUND

The term “multidrug resistance” (MDR) describes the
phenomenon whereby certain cancerous tumor cells develop
a resistance to broad classes of cytotoxic agents when
exposed to an individual cytotoxic agent. In other words,
after a certain period of treatment with a cytotoxic agent
which initially shows efficacy in controlling the growth of
the tumor, the tumor develops a resistance not only to the
specific agent to which the tumor was exposed, but also to
broad classes of structurally and functionally unrelated
agents. It has recently been found that MDR tumor cells over
express a particular membrane glycoprotein known as
p-glycoprotein (“p” for permeability). This p-glycoprotein is
a member of the superfamily of ATP-binding cassette (ABC)
transporters. It is thought that the exposure of the MDR
tumor cells to a cytotoxic agent causes the induction of this
p-glycoprotein which mediates a reverse transport system
located on the tumor cell membrane that pumps the cyto-
toxic agent, as well as the other broad classes of cytotoxic
agents, out of the tumor cell thus providing mutiple drug
resistance for the cell.

P-glycoprotein is not just found in tumor cells. It is also
expressed in a variety of normal, non-cancerous, epithelial
and endothelial cells including in ‘such tissues as the
adreneal cortex, in the brush border of the proximal renal
tubule epithelium, on the lumenal surface of biliary
hepatocytes, in pancreatic ductules, and in the mucosa of the
small and large intestine. For purposes of describing the
present invention, the presence of p-glycoprotein in the
small and large intestine is of particular interest.

When substances are ingested, they are mixed with diges-
tive substances secreted by the body and are ultimately
combined in a mixture in the lumen of the intestine. The
lumen of the intestine is in contact with certain special
epithelial cells which form the mucosa of the intestine or the
intestinal wall. Nutrients and other substances present in the
intestinal lumen passively-diffuse into these intestinal epi=
thelial cells and later diffuse into the portal circulation which
carries the nutrients via the blood stream on to the liver.
Thus, nutrients and other substances are absorbed into the
body and become bioavailable for use by other tissues in the
body.

The intestinal epithelial cells, however, do not just operate
as a vehicle for passive diffusion of nutrients and other
ingested substances. In addition, there are various active
trapsport mechanisms located in the outer membrane of the
epithelial cells which actively transport various nutrients and
other substances into the cell. It is now thought that one of
the active transport mechanisms present in the intestinal
epithelial cells is p-glycoprotein transport mechanism which
facilitates the reverse transport of substances, which have
diffused or have been transported inside the cell, back into
the lumen of the intestine. It has been speculated that the
p-glycoprotein present in the intestinal epithelial cells may
function as a protective reverse pump which prevents toxic
substances which have been ingested and diffused or traps-
ported into the epithelial cell from being absorbed into the
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circulatory system and becoming bioavailable. One of the
unfortunate aspects of the function of the p-glycoprotein in
the intestinal cell however is that it can also function to
prevent bioavailability of substances which are beneficial,
such as certain drugs which happen to be substates for the
p-glycoprotein reverse transport system.

It has now been found that, surprisingly, the antihista-
mines of the present invention are coincidentally also tar-
geted by the p-glycoprotein reverse transport system in
intestinal epiothelial cells and therefore- are not fully bio-
available. The present invention successfully provides a
method for enhancing the bioavailablilty of these antihista-
mines.

SUMMARY IF THE INVENTION

The present invention relates to a method of enhancing
the bioavailability of a piperidinoalkanol antihistamine of
Formula I

Formula I

T ?H CH,
cnﬁmc;—w—cpx—@—*—com&
CHj,

wherein

R is hydrogen or C,—C; alkyl,

or a pharmaceutically acceptable salt or an individual
optical isomer thereof, in a patient which comprises
co-administering to said patient an effective antihista-
minic amount of said piperidinoalkanol and an effective
p-glycoprotein inhibiting amount of a p-glycoprotein
inhibitor. The present invention further relates to a
method of treating allergic reactions in a patient, which
comprises co-administering to said patient an effective
antihistaminic amount of antihistamine of Formula I
and an effective p-glycoprotein inhibiting amount of a
p-glycoprotein inhibitor. The present invention also
relates composition comprising an effective antihista-
minic amount of a piperidinoalkanol antihistamine of
Formula I and an effective p-glycoprotein inhibiting
amount of a p-glycoprotein inhibitor.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a method of enhancing
bioavailability of a piperidinoalkanol antihistamine of For-
mula I
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Formula I
|O OH |O
T CI)H CH;
CHZCHQG{I—CH—©—~7COOR
CHj
wherein

R is hydrogen or C,—C; alkyl,

or a pharmaceutically acceptable salt or an individual

optical isomer thereof.

As used herein, the term “C,—Cg alkyl” refers to a
saturated hydrocarbyl radical of straight or branched chain
configuration of from 1 to 6 carbon atoms. Specifically
included within the scope of the term “C,—Cg alkyl” are the
hydrocarbyl radicals methyl, ethyl, propyl, isopropyl, butyl,
sec-butyl, isobutyl, tert-butyl, pentyl, hexyl, and the like.
One skilled in the art would immediately recognize and
appreciate that the compounds of Formula I possess a chiral
center and as such exist in stereoisomeric forms. The present
invention applies to the racemic mixture of these stereoiso-
meric forms as well as to the isolated individual stereoiso-
mers. The individual stereoisomers can be isolated from the
racemic mixture by separation techniques which are well
known and appreciated in the art including chromatographic
methods and selective crystallization techniques. ‘

The compounds of Formula I may exist in their free form
or as pharmaceutically acceptable salts. Pharmaceutically
acceptable salts of the compounds of Formula I are those of
any suitable inorganic or organic acid. Examples of suitable
inorganic acids include hydrochloric, hydrobromic, sulfuric,
and phosphoric acids. Examples of suitable organic acids
include carboxylic acids, such as, acetic, propionic, glycolic,
lactic, pyruvic, malonic, succinic, fumaric, malic, tartaric,
citric, cyclamic, ascorbic, maleic, hydroxymaleic,
dihydroxymaleic, benzoic, phenylacetic, 4-aminobenzoic,
4-hydroxybenzoic,-anthranillic,- cinnamic, - salicylic,
4-aminosalicylic, 2-phenoxybenzoic, 2-acetoxybenzoic,
mandelic acid, and sulfonic acids, such as, methanesulfonic,
cthanesulfonic, and B-hydroxyethanesulfonic acid. Non-
toxic salts of the compounds of Formula I formed with
inorganic or organic bases are also included within the scope
of this invention and include, for example, those of alkali
earth metals, for example, calcium and magnesium, light
metals of group IIIA, for example, aluminum, organic
amines, such as, primary, secondary or tertiary amines, for
example, cyclohexylamine, ethylamine, pyridine,
methylaminoethanol, and piperazine. The salts of com-
pounds of Formula I may be prepared by conventional
means as, for example, by treating a compound of Formula
I with an appropriate acid or base. The preferred pharma-
ceutically acceptable salt for compounds of Formula I is the
hydrochloric acid salt.

Compounds of Formula I may be prepared as described in
U.S. Pat. No. 4,254,129, which is hereby incorporated by
reference in its entirety.

The preferred compound of Formula I is the compound
(#£)-4-[1-bydroxy-4-[4-(hydroxydiphenylmethyl)-1-
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4
piperidinyl]-butyl]-a,a-dimethyl benzeneacetic acid, which
1s also known as fexofenadine, and its individual stereoiso-
mers. Fexofenadine, as the hydrochloric acid salt, has been
recently approved by the United States Food and Drug
Administration (FDA) for use as the active ingredient in the
antihistamine known as Allegra™. Allegra is indicated for
the treatment of seasonal allergic rhinitis with recommended
dosing at 60 mg B.I.D.

The present invention provides a method of enhancing
bioavailability of the compounds of Formula I. The
co-administration of an effective antihistaminic amount of a
compound of Fromula I along with an effective
p-glycoprotein inhibiting amount of a p-glycoprotein inhibi-
tor provides an enhanced bioavailability for the compounds
of Formula I. Bioavailability of a drug is defined as the
degree to which a drug becomes available to the target tissue
after administration and is conveniently measured as the
total amount of drug available systemically. Typically, bio-
availability is assessed by measuring the drug concentration
in the blood at various points of tinie after administration of
the drug and then integrating the values obtained over time
to yield the total amount of drug circulating in the blood.
This measurement, called the Area Under the Curve (AUC),
is a direct measurement of the bioavailability of the drug.
Alternatively, bioavailability may be assessed for fexofena-
dine by measuring total urine output of fexofenadine, since
it is known that fexofenadine is not significantly metabo-
lized after oral administration.

The present invention provides for an enhancement of the
bioavailability of the drug of Formula I by co-administration
of a p-glycoprotein inhibitor. By co-administration of a
compound of Formula I and a p-glycoprotein inhibitor, the
total amount of the compound of Formula Iis increased over
that which would otherwise circulate in the blood in the
absence of the p-glycoprotein inhibitor. Thus,
co-administration in accordance with the present invention
will cause an increase in the AUC of the compound of
Formula I over that seen with administration of the com-
pound of Formula I alone.

As used herein, the term “patient” refers to a mammal,
such as, for example, a human, mouse, rat, dog, cat, and the
like, which is in need of treatment for an allergic reaction.
As used herein, the term “allergic reaction” refers to a
histamine-mediated allergic disease, such as, for example,
seasonal allergic rhinitis, idiopathic urticaria, and the like.
Such diseases are generally distinguished by an allergen

triggered release. of histamine from storage cells in tissues.

The released histamine binds certain H,-histimine receptors
which results in the manifestation of the well known allergic
symptioms such as sneezing, itching skin, itching eyes,
rhinorrhea, etc. An antihistamine, such as the compounds of
Formula I, will block manifestation of the allergic symptoms
caused by release of histamine by blocking the H;-histamine
receptors in various tissues in the body, such as in the skin,
lungs or the nasal mucosa. Antihistamines, such as the
compounds of Formula I, are thus well known and effective
treatment for allergic reactions in patients.

Enhancement of bioavailability of a compound of For-
mula I will provide for a more efficient and effective
treatment of the patient since, for a given dose, more
compound will be available at the tissue sites at which the
antihistamine blocks H,-histamine receptors than in the
absence of this enhanced bioavailability.

Administration of the compound of Formula I refers to
oral administration. The compound of Formula I may be
administered orally in any convenient dosage form
including, for example, capsule, tahlet, liquid, suspension,
and the like.
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An effective antihistaminic amount of a compound of
Formula 1 is that amount which is effective in providing an
antihistaminic effect in a patient. An effective antihistaminic
amount will vary between about 1 mg to about 600 mg of a
compound of Formula 1 as a daily dose depending upon the
type of discase to be treated, the degree of severity of the
disease, the species of patient to be treated, the dosage
regimen, and other factors which are all well within the
abilities of one of ordinary skill in the medical arts to
evaluate and assess. A preferred amount bowever will typi-
cally be from about 10 mg to about 240 mg, a more preferred
amount will typically be from about 20 mg to about 180 mg,
and a further preferred amount will typically be from about
40 mg to about 120 mg. The most preferred amount of a
compound of Formula 1 will be 60 mg or 120 mg. The above
amounts of a compound of Formula I can be administered
from once to multiple times per day. Typically, doses will be
administered on a regimen requiring one, two or three doses
per day with one and two being the preferred. The more
preferred doseage and regimen will be 40 mg twice per day,
60 mg twice per day, 80 mg twice per day, 80 mg once daily,
120 mg once daily, and 180 mg once daily with the most
preferred being 60 mg twice per day and 120 mg once daily.

As used herein, the term “p-glycoprotein inhibitor” refers
to organic compounds which inhibit the activity of the
p-glycoprotein mediated active transport system present in
the gut. This transport system actively transports drugs
which have been absorbed from the intestinal lumen and into
the gut epithelium back out into the lumen. Inhibition of this
p-glycoprotein mediated active transport system will cause
less drug to be transported back into the lumen and will thus
increase the net drug transport across the gut epithelium and
will increase the amount of drug ultimately available in the
blood.

Various p-glycoprotein inhibitors are well known and
appreciated in the art. These include, water soluble vitamin
E; polyethylene glycol; poloxamers including Pluronic
F-68; Polyethylene oxide; polyoxyethylene castor oil
derivatives including Cremophor EL and Cremophor RH 40;
Chrysin, (+)-Taxifolin; Naringenin; Diosmin; Quercetin;
and the like.

Polyethylene glycols (PEGs) are liquid and solid poly-
mers of the general formula HOCH,CH,),,OH, where n is
greater than or equal to 4, having various average molecular
weights ranging from about 200 to about 20000. PEGs are
also ‘known- as a-hydro-w-hydroxypoly-(oxy-1,2-
ethanediyl)polyethylene glycols. For example, PEG 200is a
polyethylene glycol wherein the average value of nis 4 and
the average molecular weight is from about 190 to about
210. PEG 400 is a polyethylene glycol wherein the average
value of n is between 8.2 and 9.1 and the average molecular
weight is from about 380 to about 420. Likeéwise, PEG 600,
PEG 1500 and PEG 4000 have average values of n of
12.5-13.9, 29-36 and 68-84, respectively, and average
molecular weights of 570-630, 13001600 and 30003700,
respectively, and PEG 1000, PEG 6000 and PEG 8000 have
average molecular weights of 950-1050, 5400-6600, and
70009000, respectively. Polyethylene glycols of varying
average molecular weight of from 200 to 20000 are well
known and appreciated in the art of pharmaceutical science
and are readily available.

The preferred polyethylene glycols for use in the instant
invention are polyethylene glycols having an average
molecular weight of from about 200 to about 20,000. The
more preferred polyethylene glycols have an average
molecular weight of from about 200 to about 8000. More
specifically, the more preferred polyethylene glycols for use
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in the present invention are PEG 200, PEG 400, PEG 600,
PEG 1000, PEG 1450, PEG 1500, PEG 4000, PEG 4600,
and PEG 8000. The most preferred polyethylene glycols for
use in the instant invention is PEG 400, PEG 1000, PEG
1450, PEG 4600 and PEG 8000.

Polysorbate 80 is an oleate ester of sorbitol and its
anhydrides copolymerized with approximately 20 moles of
ethylene oxide for each mole of sorbitol and sorbitol anhy-
drdes. Polysorbate 80 is made up of sorbitan momno-9-
octadecanoate poly(oxy-1,2-ethandiyl) derivatives. Polysor-
bate 80, also known as Tween 80, is well known and
appreciated in the pharmaceutical arts and is readily avail-
able.

Water-soluble vitamin E, also known as d-a-tocopheryl
polyethylene glycol 1000 succinate [TPGS], is a water-
soluble derivative of natural-source vitamin E. TPGS may
be prepared by the esterification of the acid group of
crystalline d-a-tocopheryl acid succinate by polyethylene
glycol 1000. This product is well known and appreciated in
the pharmaceutical arts and is readily available. For
example, a water-soluble vitamin E product is available
commercially from Eastman Corporation as Vitamin E
TPGS.

Naringenin is the bioflavonoid compound 2,3-dihydro-5,
7-dihydroxy-2-(4-hydroxyphenyl) -4H-1-benzopyran-4-one
and is also known as 4',5,7-trihydroxyflavanone. Naringenin
is the aglucon of naringen which is a natural product found
in the fruit and rind of grapefruit. Naringenin is readily
available to the public from commercial sources.

Quercetin is the bioflavonoid compound 2-(3,4-
dihydroxyphenyl)-3,5,7-trihydroxy -4H-1-benzopyran-4-
one and is also known as 3,3',4',5,7-pentahydroxyflavone.
Quercetin is the aglucon of quercitrin, of rutin and of other
glycosides. Quercetin is readily available to the public from
commercial sources.

Diosmin is the naturally occurring flavonic glycoside
compound 7-[6-0-6-deoxy-a-L-mannopyranosyl)-f-D-
glucopyranosyl]oxy]-5-hydroxy-2-(3-hydroxy-4-
methoxyphenyl)-4H-1-benzopyran-4-one. Diosmin can be
isolated from varous plant sources including citrus fruits.
Diosmin is readily available to the public from commercial
sources.

Chrysin is the naturally occurring compound 5,7-
dihydroxy-2-phenyl-4H-1-benzopyran-4-one which can be
isolated from varous plant sources. Chrysin is readily
available to the public from commercial sources.

Poloxamers are o-hydro-w-hydroxypoly(oxyethylene)
poly(oxypropylene). poly(oxyethylene) block copolymers.
Poloxamers are a series of closely related block copolymers
of ethylene oxide and propylene oxide conforming to the
general formula HO(C,H,O ),(C,Hs0),(C,H,0),H. For
example, poloxamer 124 is a liquid with “a” being 12, “b”
being 20, and having an average molecular weight of from
about 2090 to about 2360; poloxamer 188 is a solid with “a”
being 80, “b” being 27, and having an average molecular
weight of from about 7680 to about 9510; poloxamer 237 is
a solid with “a” being 64, “b” being 37, and having an
average molecular weight of from about 6840 to about 8830;
poloxamer 338 is a solid with “a” being 141, “b” being 44,
and having an average molecular weight of from about
12700 to about 17400; and poloxamer 407 is a solid with “a”
being 101, “b” being 56, and having an average molecular
weight of from about 9840 to about 14600. Poloxamers are
well known and appreciated in the pharmaceutical arts and
are readily available commercially. For example, Pluronic
F-68 is a commercially available poloxamer from BASF
Corp. The preferred poloxamers for use in the present
invention are those such as poloxamer 188, Pluronic F-68,
and the like.
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Polyoxyethylene castor oil derivatives are a series of
materials obtained by reacting varying amounts of ethylene
oxide with either castor oil or hydrogenated castor oil. These
polyoxyethylene castor oil derivatives are well known and
appreciated in the pharmaceutical arts and several different
types of material are commercially available, including the
Cremophors available from BASF Corporation. Polyoxy-
ethylene castor oil derivatives are complex mixtures of
various hydrophobic and hydrophilic components. For
example, in polyoxyl 35 castor oil (also known as Cremo-
phor EL), the hydrophobic constituents comprise about 83%
of the total mixture, the main component being glycerol
polyethylene glycol ricinoleate. Other hydrophobic constitu-
ents include fatty acid esters of polyethylene glycol along
with some unchanged castor oil. The hydrophilic part of
polyoxyl 35 castor oil (17%) consists of polyethylene gly-
cols and glyceryl ethoxylates.

In polyoxyl 40 hydrogenated castor oil (Cremophor RH
40) approximately 75% of the components of the mixture
are hydrophobic. These comprise mainly fatty acid esters of
glycerol polyethylene glycol and fatty acid esters of poly-
ethylene glycol. The hydrophilic portion consists of poly-
ethylene glycols and glycerol ethoxylates. The preferred
polyoxyethylene castor oil derivatives for use in the present
invention are polyoxyl 35 castor oil, such as Cremophor EL,
and polyoxyl 40 hydrogenated castor oil, such as Cremophor
RH 40. Cremophor EL and Cremophor RH 40 are commer-
cially available from BASF Corporation.

Polyethylene oxide is a nonionic homopolymer of ethyl-
ene oxide conforming to the general formula (OCH,CH,),,
in which n represents the average number of oxyethylene
groups. Polyethylene oxides are available in various grades
which are well known and appreciated by those in the
pharmaceutical arts and several different types of material
are commercially available. The preferred grade of polyeth-
ylene oxide is NF and the like which are commercially
available.

(+)-Taxifolin is (2R-trans)-2-(3,4-dihydroxyphenyl)-2,3-
dihydro-3,5,7-trihydroxy-4H-1-benzopyran-4-one. Other
common names for (+)-taxifolin are (+)-dihydroquercetin;
33, 4', 5,7-pentahydroxy-flavanone; diquertin; taxifoliol;
and distylin. (+)-Taxifolin is well know and appreciated in
the art of pharmaceutical arts and is readily available com-
mercially.

The preferred p-glycoprotein inhibitor for use in the
present invention are -water -soluble -vitamin- E, such as
vitamin E TPGS, and the polyethylene glycols. Of the
polyethylene glycols, the most preferred p-glycoprotein
inhibitors are PEG 400, PEG 1000, PEG 1450, PEG 4600
and PEG 8000.

Administration of a p-glycoprotein inhibitor may be by
any route by which the p-glycoprotein inhibitor will be
bioavailable in effective amounts including oral and
parenteral routes. Although oral administration is preferred,
the p-glycoprotein inhibitors may also be administered
intravenously, topically, subcutaneously, intranasally,
rectally, intramuscularly, or by other parenteral routes. When
administered orally, the p-glycoprotein inhibitor may be
administered in any convenient dosage form including, for
example, capsule, tablet, liquid, suspension, and the like.

An effective p-glycoprotein inhibiting amount of a
p-glycoprotein inhibitor is that amount which is effective in
providing inhibition of the activity of the p-glycoprotein
mediated active transport system present in the gut. An
effective p-glycoprotein inhibiting amount will vary
between about 5 mg to about 1000 mg of p-glycoprotein
inhibitor as a daily dose depending upon the particular
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p-glycoprotein inhibitor selected, the species of patient to be
treated, the dosage regimen, and other factors which are all
well within the abilities of one of ordinary skill in the
medical arts to evaluate and assess. A preferred amount
however will typically be from about 50 mg to about 500
mg, and a more preferred amount will typically be from
about 100 mg to about 500 mg. The above amounts of a
p-glycoprotein inhibitor can be administered from once to
multiple times per day. Typically for oral dosing, doses will
be administered on a regimen requiring one, two or three
doses per day with one and two being the preferred.

Where water soluble vitamin E or a polyethylene glycol
is selected as the p-glycoprotein inhibitor, a preferred
amount will typically be from about 5 mg to about 1000 mg,
a more preferred amount will typically be from about 50 mg
to about 500 mg, and a further preferred amount will
typically be from about 100 mg to about 500 mg. The most
preferred amount of water soluble vitamin E or a polyeth-
ylene glycol will be from about 200 mg to about 500 mg.
The above amounts of water soluble vitamin E or polyeth-
ylene glycol can be administered from once to multiple
times per day. Typically, doses will be administered on a
regimen requiring one, two or three doses per day with one
and two being preferred.

As used herein, the term “co-administration” refers to
administration to a patient of both a compound of Formula
I and a p-glycoprotein inhibitor so that the pharmacologic
effect of the p-glycoprotein inhibitor in inhibiting
p-glycoprotein mediated transport in the gut is manifest at
the time at which the compound of Formula I is being
absorbed from the gut. Of course, the compound of Formula
I and the p-glycoprotein inhibitor may be administered at
different times or concurrently. For example, the
p-glycoprotein inhibitor may be administered to the patient
at a time prior to administration of the compound of Formula
I so as to pre-treat the patient in preparation for dosing with
the compound of Formula I. Furthermore, it may be conve-
nient for a patient to be pre-treated with the p-glycoprotein
inhibitor so as to achieve steady state levels of
p-glycoprotein inhibitor prior to administration of the first
dose of the compound of Formula I. It is also contemplated
that the compound of Formula I and the p-glycoprotein
inhibitor may be administered essentially concurrently
either in separate dosage forms or in the same oral dosage
form.

The -present invention further.contemplates that the com-
pound of Formula I and the p-glycoprotein inhibitor may be
administered in separate dosage forms or in the same
combination oral dosage form. Co-administration of the
compound of Formula I and the p-glycoprotein inhibitor
may conveniently be accomplished by oral administration of
a combination dosage form containing both the compound
of Formula I and the p-glycoprotein inhibitor.

Thus, an additional embodiment of the present invention
is a combination pharmaceutical composition for oral
administration comprising an effective antihistaminic
amount of a compound of Formula I (the antihistamine) and
an effective p-glycoprotein inhibiting amount of a
p-glycoprotein inhibitor (the inhibitor). This combination
oral dosage form may provide for immediate release of both
the compound of Formula I and the p-glycoprotein inhibitor
or may provide for sustained release of one or both of the
compound of Formula I and the p-glycoprotein inhibitor.
One skilled in the art would readily be able to determine the
appropriate properties of the combination dosage form so as
to achieve the desired effect of co-administration of the
compound of Formula I and the p-glycoprotein inhibitor.
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The antihistamine and the inhibitor may be administered
alone or in the form of a pharmaceutical composition in
admixture or otherwise in association with one or more
pharmaceutically acceptable carriers or excipients, the pro-
portion and nature of which are determined by the solubility
and chemical properties of the antihistamine and inhibitior
selected, the dosage regimen desired and standard pharma-
ceutical practice. The antihistamines, while effective
themselves, may be formulated and administered in the form
of their pharmaceutically acceptable acid addition salts, such
as the hydrochloride, for purposes of stability, convenience
of cystallization, increased solubility and the like. One form
of the pharmaceutical composition according to the present
invention is a combination pharmaceutical composition
where both the antihistamine and the inhibitor are present in
the same dosage form.

The pharmaceutical composition may be prepared in a
manner well known and appreciated in the pharmaceutical
art. The carrier or excipient is pharmacologically inert and
may be a solid, semi-solid, or liquid material which can
serve as a vehicle or medium for the antihistamine and the
inhibitor. Suitable carriers and excipients are well known in
the art. The pharmaceutical compositon may be adapted for
oral administration in the form of a tablet, capsule, liquid,
syrup, wafer, chewing gum, suspension, or the like. These
preparations may contain at least 4% of active ingredient,
i.e., the percent by weight of the antihistamine and the
inhibitor, but may conveniently be varied depending upon
the particular form so that the active ingredients make up
from about 4% to about 70% of the weight of the unit dosage
form.

Tablets, pills, capsules, and the like may contain ome or
more of the following carriers or excipients: binders such as
microcrystalline cellulose, gum tragacanth or gelatin;
excipients such as starch or lactose; surfactants such as
polysorbate 80, and the like; disintegrating agents such as
alginic acid, Primogel™, corn starch, sodium bicarbonate,
calcium bicarbonate and the like; lubricants such as mag-
nesium stearate or Sterotex™; glidants such as colloidal
silicon dioxide; sweetening agents such as sucrose or sac-
charin; flavoring agent such as peppermint, methyl salicylate
or orange flavoring. Capsules'may contain, in.addition to the
ingredients listed -above for tablets, a liquid carrier such as
polyethylene glycol or a fatty oil. Tablets and capsules may
contain other various carriers and excipients which modify
the physical form of the dosage unit, for example, as
coatings. Thus, tablets may be coated with sugar, shellac, or
other enteric coating agents. A syrup may contain, in addi-
tion to the active ingredients, sterile water, sucrose as a
sweetening agent, preservatives, dyes, and colorings and
flavors. Materials used in preparing these various composi-
tions should be pharmaceutically pure and non-toxic in the
amounts used.

For purposes of parenteral administration, the inmhibitor
may be incorporated into a solution or suspension. These
preparations should contain at least 0.1% of the active
ingredient but may be varied from about 0.1% to about 50%
by weight thereof. The amount of the inhibitor should be
adjusted in such compositions so that an a suitable dosage
will be obtained upon administration.

The solutions or suspensions may also include one or
more of the following adjuvants: sterile diluents such as
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water, saline, fixed oils, polyethylene glycols, glycerine,
propylene glycols or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl paraben; antioxi-
dants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylene diaminetetraacetic acid; buffers such
as acetates, citrates or phosphates; agents for the adjustment
of tonicity such as sodium chloride or dextrose. The
parenteral preparations may be enclosed in ampules, dispos-
able syringes or multiple dosage vials made of glass or
plastic.

More particularly, the combination pharmaceutical com-
position may be in the form of a tablet, a capsule, a liquid,
a suspension, a syrup, and the like. The combination phar-
maceutical composition, including in tablet form, may be a
simple admixture of the antibistamine, the inhibitor, and any
necessary and appropriate carriers and excipients.
Alternatively, the composition may be in the form of an
admixture of various heterogeneous pellets, beads or other
heterogeneous particles which provide an appropriate for-
mulation. In addition, the pharmaceutical composition may
be in the form of a multiple compression tablet such as a
multilayered tablet or a compression-coated tablet.

Combination pharmaceutical compositions made up of
heterogeneous pellets, beads or particles (hereinafter
referred to as “heterogeneous pellets”), or made up of
multiple compression tablets, are useful for administration
of pharmaceutical compositions which provide for different
release characteristics for the antihistamine and inhibitor.
For example, these compositions may provide for an imme-
diate release of the inhibitor and a sustained release of the
antihistamine, or vice versa. These compositions are pre-
pared according to standard techniques which are well
known and appreciated in the art such as those described in
U.S. Pat. No. 4,996,061 which is hereby incorporated by
reference in its entirety.

The following examples illustrate a particularly preferred
embodiment of the present invention. These examples are
illustrative only and are not intended to limit the scope of the
invention in any way.

EXAMPLE 1

Effect of PEG 400 on the Bioavailabilty of Fexofenadine in
the Dog

The effect of polyethylene glycol 400 (PEG 400) on the
bioavailability of fexofenadine was determined in two
fasted, male beagle dogs. Treatment A consisted of oral
administration of one 120 mg fexofenadine hydrochloride
sustained release (SR) tablet, and treatment B consisted of
oral administration of one SR tablet together with a capsule
with 0.5 mL PEG 400 given at -1, 0, 2, 4, 6, and 8 hours
before and after the SR tablet. Treatment A was given 10 or
17 days prior to Treatment B. The plasma concentrations of
fexofenadine were analyzed to determine relative bioavail-
ability of fexofenadine with and without concomitant treat-
ment with PEG 400.

A mean 2-fold increase in plasma concentrations (Table I)
occurred when PEG 400 was co-administered with fex-
ofenadine. This doubling of fexofenadine biocavailability is
also shown in FIG. 1, which illustrates the increase in mean
plasma concentrations produced during co-administration.
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TABLE I

12

TABLE II

Plasma Concentrations of Fexofenadine in Dogs Given a 120 mg
Fexofenadine SR Tablet Dose Alone or with 0.5 mL PEG-400 Capsule
Doses

Fexofenadine Concentration (ng/mL)

Dose Time Dog Number
Condition ’ (Hours) 7645 3181 Mean
Fexofenadine Alone 0 0 0 0
05 19293 221.88 207.41
1 52396 1196.64 860.30
1.5 748.57 1537.07 1142.82
2 1617.8 2088.09 1852.95
3 231621 1865.81 2091.01
5 2364.18 793.03 1578.61
7 117093 276.88 723.91
9 880.07 184.32 532.20
12 350.02 91.25 220.64
14 274.33 69.49 171.91
22 110.33 28.95 69.64
24 97.87 34.68 66.28
Fexofenadine 0 0 0 0
+ PEG-400 0.5 783.93 154.38 469.16
1 5866.28 687.3 3276.79
1.5 7574.3 820.16 4197.23
2 10116.53  1277.5 5697.02
3 9794.6 3736.69 6765.65
5 479446  1342.66 3068.56
7 1400.87 565.14 983.01
9 890.27 240.76 565.52
12 585.41 139.86 362.64
14 293.91 82.72 188.32
22 108.74 59.66 84.20
24 93.73 51.54 72.64
EXAMPLE 2

Effect of Water Suluble Vitamin E on the Bioavailability of
Fexofenadine in the Dog

The effect. of water soluble-vitamin: E. (d-a:tocopheryl
polyethylene glycol succinate) on the bioavailability of
fexofenadine was determined in two fasted, male beagle
dogs in two-way crossover experimental design. Treatment
A consisted of oral administration of an aqueous solution of
a 1 mg/kg dose of '*C-labeled fexofenadine alone, and
Treatment B consisted of oral administration of an aqueous
solution of the same dose of **C-labeled fexofenadine and a
10 1U/Kg dose of water soluble vitamin E. Treatments were
given in the opposing order of a crossover design in the two
dogs, and a on week washout period occurred between
treatments. The radjoactivity in plasma and urine was ana-
lyzed and is known to represent unchanged fexofenadine in
the dog. The results showed a 50% increase in plasma **C
AUC occurred when water soluble vitamin E was
co-administered with *C fexofenadine (Table II). That is,
the bioavailability of fexofenadine was increased 50% by
water soluble vitamin E. FIG. 2 illustrates the increase in
mean plasma concentrations caused by co-administration of
water soluble vitamin E.
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Plasma Concentrations of [**C]Fexofenadine in Dogs Given a 1 mg/kg
[*4C]Fexofenadine Oral Solution Dose Alone or with 10 IU/kg Water

Soluble Vitamin E
[**C]Fexofenadine Concentration
(ng equiv/mL)
Dose Time Dog Number
Condition (Hours) 7645 3181 Mean
Fexofenadine Alone 0 0 0 0
0.5 509 829 669
1 546 673 609.5
15 815 743 779
2 924 559 741.5
3 882 386 634
5 330 128 229
7 155 81 118
9 82 54 68
12 40 26 33
14 33 18 25.5
22 15 5 10
24 9 8 8.5
Fexofenadine 0 0 0 . 0
+ WS Vit E 0.5 853 1472 1162.5 .
1 1721 1098 1409.5
15 1974 805 1389.5
2 1515 572 1043.5
3 1104 558 831
5 230 257 243.5
7 163 120 1415
9 90 73 81.5
12 51 40 ©455
14 48 31 39.5
22 14 1 12.5
24 10 13 1.5

The increase in absorption and bioavailability of fex-
ofenadine that occurred with concomitant administration of
water soluble vitamin E was also evident from the urinary
excretion of **C fexofenadine in urine, which increased a
mean of 3-fold (Table 1I).

TABLE III

Percent of [1*C]Fexofenadine Excreted in Urine of Dogs Given a 1 mg/kg
Oral [**C]Fexofenadine Hydrochloride Dose Without or With Water
Soluble Vitamin E Excipient.

Without Excipient ~ With Excipient
Dog Number (% Dose) (% Dose) Ratio
7645 2.38 9.88 42
3181 2.80 - 479 17
Mean 2.59 734 3.0
EXAMPLE 3

Effect of PEG 1000 on the Bioavailabilty of Fexofenadine in
the Dog

The effect of polyethylene glycol 1000 (PEG 1000) on the
biocavailability of fexofenadine was determined in two
fasted, male beagle dogs. Treatment A consisted of oral
administration of one 120 mg fexofenadine hydrochloride
sustained release (SR) tablet, and treatment B consisted of
oral administration of one SR tablet together with a capsule
containing 0.5 g PEG 1000 dissolved in 2.5 mL water given
at -1, -0.1, and 4 hours before and after the SR tablet.
Treatment A was given two months prior to Treatment B.
The plasma concentrations of fexofenadine were analyzed to
determine relative bioavailability of fexofenadine with and
without concomitant treatment with PEG 1000.




US 6,451,815 B1

13

A mean 2-fold increase in plasma concentrations [AUC
(0-241) values calculated from the concentrations shown in
Table IV] occurred when PEG 1000 was co-administered
with fexofenadine. The peak concentration was increased a
mean of 3-fold. This increased bioavailability in the pres-
ence of PEG 1000 is evident in the graph of mean plasma
fexofenadine concentrations (FIG. 3).

TABLE 1V

Plasma Concentrations of Fexofenadine in Dogs Given a 120 mg
Fexofenadine SR Tablet Dose Alone or with 0.5 g PEG-1000 Capsule
Solution Doses

Fexofenadine Concentration (ng/ml.

Dose Time Dog Number
Condition (Hours) 7645 3181 Mean
Fexofenadine Alone 0 0 0 0
05 192.93 221.88 207.41
1 523.96 1196.64 860.30 .
) 1.5 748.57 1537.07 1142.82
2 1617.8 2088.09 1852.95
3 2316.21 1865.81 2091.01
5 2364.18 793.03 1578.61
7 1170.93 276.88 723.91
9 880.07 184.32 532.20
12 350.02 91.25 220.64
14 274.33 69.49 171.91
22 110.33 28.95 69.64
24 97.87 34.68 66.28
Fexofenadine 0 0 0 0
+ PEG-1000 0.5 15.28 147.24 81.31
i 669.27 473.48 571.38
1.5 1133.02 1687.98 1410.50
2 4541.31 3963.22 4252.27
3 7695.42 559532 6645.37
5 3398.34 2035.32 2716.83
7 1320.73 857.89 1089.31
9 784.42 3771 580.76
12 315.74 202.89 259.32
24 109.69 112.75 111.22

We claim:
1. A method for enhancing bioavailability of a piperidi-
noalkanol antihistamine of the formula

OH

h|1 c|;H CH;
CH,CH,CH;— crl—@—if COOR
CH,

wherein
R is hydrogen or C,—C; alkyl,
or a pharmaceutically acceptable salt or an individual
optical isomer thereof, in a patient which compnses
co-administering to said patient an effective antihista-
minic amount of said piperidinoalkanol antihistamine
and an effective p-glycoprotein inhibiting amount of a
p-glycoprotein inhibitor.
2. A method of claim 1 wherein the antihistamine is
fexofenadine, or a pharmaceutically acceptable salt thereof.
3. A method of claim 2 wherein the p-glycoprotein
inhibitor is selected from the group consisting of water
soluble vitamin E and polyethylene glycols.
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4. A method of claim 3 wherein the p-glycoprotein
inhibitor is water soluble vitamin E or is selected from the
group consisting of PEG 400, PEG 1000, PEG 1450, PEG
4600 and PEG 8000.

5. A method of claim 4 wherein the p-glycoprotein
inhibitor is water soluble vitamin E.

6. A method of claim 4 wherein the p-glycoprotein
inhibitor is PEG 1000.

7. A method of treating allergic reactions in a patient
which comprises co-administering to said patient an effec-
tive antihistaminic amount of a piperidinoalkanol antihista-
mine of the formula

oH
T clm CH,
CHoCHCHy— m~©+ COOR

CHs

wherein
R is hydrogen or C,—C; alkyl,
or a pharmaceutically acceptable salt or an individual
optical isomer thereof, and an effective p-glycoprotein
inhibiting amount of a p-glycoprotein inhibitor.

8. A method of claim 7 wherein the antihistamine is
fexofenadine, or a pharmaceutically acceptable salt thereof.

9. A method of claim 8 wherein the p-glycoprotein
inhibitor is selected from the group consisting of water
soluble vitamin E and polyethylene glycols.

10. A method of claim 9 wherein the p-glycoprotein
inhibitor is. water soluble vitamin E or is seclected from the
group consisting of PEG 400, PEG 1000, PEG 1450, PEG
4600 and PEG 8000.

11. A method of claim 10 wherein the p-glycoprotein
inhibitor is water soluble vitamin E.

12. A method of claim 10 wherein the p-glycoprotein
inhibitor is PEG 1000.

13. A pharmaceutical composition comprising an effective
antihistaminic amount of a piperidinoalkanol antihistamine
of the formula

OH

i N L
cmcmcm—cr{@—'»com{
CH3

wherein
R is hydrogen or C,—C; alkyl,
or a pharmaceutically acceptable salt or an individual
optical isomer thereof, and an effective p-glycoprotein
inhibiting amount of a p-glycoprotein inhibitor.
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14. A composition of claim 13 wherein the antihistamine
is fexofenadine, or a pharmaceutically acceptable salt
thereof.

15. A composition of claim 14 wherein the p-glycoprotein
inhibitor is selected from the group conmsisting of water
soluble vitamin E and polyethylene glycols.

16. A composition of claim 15 wherein the p-glycoprotein
inhibitor is water soluble vitamin E or is selected from the
group consisting of PEG 400, PEG 1000, PEG 1450, PEG
4600 and PEG 8000.

17. A composition of claim 16 wherein the p-glycoprotein
inhibitor is water soluble vitamin E.

18. A composition of claim 16 wherein the p-glycoprotein
inhibitor is PEG 1000. .

19. The use of a composition in the manufacture of a
medicament for enhancing bioavailability of a piperidinoal-
kanol antihistamine of the formula

T CI)H CH;
CH,CH,CHy— CHAQ—’— COOR
i CH;

wherein
R is hydrogen or C,—C; alkyl,
or a pharmaceutically acceptable salt or an individual
optical isomer thereof, wherein said composition com-
prises an effective antihistaminic amount of said pip-
eridinoalkanol antihistamine and an effective
p-glycoprotein inhibiting amount of a p-glycoprotein
inhibitor.
20. A use of claim 19 wherein the antihistamine is
fexofenadine, or a pharmaceutically acceptable salt thereof.
21. Auuse of claim 20 wherein the p-glycoprotein inhibitor
is selected from the group consisting of water soluble
vitamin E and polyethylene glycols.
22. A use of claim 21 wherein the p-glycoprotein inhibitor
_1s water soluble. vitamin E or is. selected . from. the group
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consisting of PEG 400, PEG 1000, PEG 1450, PEG 4600
and PEG 8000.

23. Ause of claim 22 wherein the p-glycoprotein inhibitor
is water soluble vitamin E.

24. Ause of claim 22 wherein the p-glycoprotein inhibitor
is PEG 1000.

25. The use of a composition in the mamfacture of a
medicament allergic reactions in a patient wherein said
composition comprises an effective antihistaminic amount
of a piperidinoalkano] antihistamine of the formula

T (l)H CH,
CH,CH,CHy— m—@—'—oooa
CH,

wherein
R is hydrogen or C;~C; alkyl,
or a pharmaceutically acceptable salt or an individual
optical isomer thereof, and an effective p-glycoprotein
inhibiting amount of a p-glycoprotein inhibitor.

26. A use of claim 25 wherein the antihistamine is
fexofenadine, or a pharmaceutically acceptable salt thereof.

27. Ause of claim 26 wherein the p-glycoprotein inhibitor
is selected from the group consisting of water soluble
vitamin E and polyethylene glycols.

28. Ause of claim 27 wherein the p-glycoprotein inhibitor
is water soluble vitamin E or is selected from the group
copsisting of PEG 400, PEG 1000, PEG 1450, PEG 4600
and PEG 8000.

29. Ause of claim 28 wherein the p-glycoprotein inhibitor
is water soluble vitamin E.

30. Ause of claim 28 wherein the p-glycoprotein inhibitor
is PEG 1000.
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Previous in vivo studies using PEG 400 showed an enhancement in the bioavailability of ranitidine. This i
study investigated the effect of PEG 200, 300 and 400 on ranitidine transport across Caco-2 cells. The effect ‘
of PEG polymers (20%, v/v) on the bi-directional flux of 3H-ranitidine across Caco-2 cell monolayers was :
measured. The concentration dependence of PEG 400 effects on ranitidine transport was also studied. A
specific screen for P-glycoprotein (P-gp) activity was used to test for an interaction between PEG and P-
Keywords: &p- In the absence of PEG, ranitidir}e tra_nspgrt showed over 5-fold greater flux across CaFo—Z monolayers
Permeabiiity in the secretory than the absorptive direction; efflux ratio 5.38. PEG 300 and 400 significantly reduced ‘f
Caco-2 this efflux ratio (p<0.05), whereas PEG 200 had no effect (p>0.05). In concordance, PEG 300 and 400

Excipients showed an interaction with the P-gp transporter, whereas PEG 200 did not. Interestingly, with PEG 400
H, antagonists a non-linear concentration dependence was seen for the inhibition of the efflux ratio of ranitidine, with
Ranitidine a maxima at 1%, v/v (p<0.05). The inhibition of ranitidirie efflux by PEG 300 and 400 which interact with

P-glycoprotein P-gp provides a mechanism that may account for the observations of ranitidine absorption enhancement

by PEG 400 in vivo.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Many drugs undergo absorption in the small intestine and
although it has a large surface area of around 120 m?, the residence
time can be short here. A dosage form will spend anaverage of 3-4 h
in the small intestine (Davis et al., 1986), but this can be very vari-
able (Fadda et al., 2009) and as low as 30 min (Davis et al., 1986).

Drug absorption can occur-through simultaneous passive diffusion:-

and active mechanisms, involving transcellular and paracellular
routes. The paracellular route is controlled by tight junctions, and
the transcellular route is influenced by cellular machinery (plasma
membrane channels, carriers, exchangers and efflux transporters).
Ranitidine is an H, receptor antagonist that has an absorption
window in the small intestine, but poor absorption in the colon
(Williams et al., 1992). The bioavailability of ranitidine has been
shown to be improved in male subjects by the administration of
low dose PEG 400 (Schulze et al., 2003; Ashiru et al., 2008). At
high doses, however, the improvement in bioavailability was not
observed. It is currently unknown whether the diminished effect
at higher doses is due to the tendency of PEG to accelerate small
intestinal transit (Basit et al., 2001; Schulze et al., 2003) or absolu-
tion of the PEG 400 absorption-enhancing mechanism.

* Corresponding author. Tel.: +44 20 7848 4787, fax: +44 20 7848 4800.
E-mail address: nilesh.patel@kcl.ac.uk (N. Patel).

0378-5173/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2011.02.059

It has been reported that ranitidine is primarily transported
across Caco-2 cells via the paracellular route (Gan et al., 1993;
Collett et al., 1996). However, more recent studies have suggested
that paracellular transport accounts for 60% of the absorptive trans-
port whilst transcellular processes, including transporters such as
human organic cation transporter 1 [OCT], account for the other 40%
(Bourdet et al., 2006; Bourdet and Thakker, 2006). The absorption
of ranitidine-is also_affected:-byefflux transporters. P-glycoprotein
(P-gp), multidrug resistance-associated protein 1 and 2 (MRP 1,
MRP 2)and breast cancer resistance protein (BCRP) expel drug into
the lumen of the intestine and many drugs are substrates of these
transporters; consequently the bioavailability and pharmacokinet-
ics of these drugs are controlled by the expression of these carriers.
The efflux protein P-gp has been implicated in intestinal ranitidine
transport (Collett et al., 1999) whilst cimetidine (another H; antag-
onist) has been identified as both aP-gp and BCRP substrate (Collett
et al., 1999; Pavek et al., 2005).

PEG 300 and 400 are commonly used pharmaceutical excipients
employed to enhance the solubility of drugs and there is evidence
that PEG can inhibit efflux transporters (Hugger et al., 2002a). One
group have reported a dose-dependent inhibition of P-gp in excised
rat intestine in the presence of PEG 400 (Johnson et al., 2002). PEG
300 and PEG 400 have also been shown to inhibit P-gp in Caco 2
cells (Rege et al., 2001). Based upon our own in vivo observations
on ranitidine bioavailability (Ashiru et al., 2008), we hypothesise
that low molecular weight PEGs can improve ranitidine transport
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by way of P-gp inhibition in a concentration-dependent manner.
Therefore, the aim of this study was to investigate the effect of PEG
400 and its lower molecular weight analogues (PEG 200 and 300)
on ranitidine transport using the Caco-2 epithelial cell model.

2. Materials and methods
2.1. Materials

The PREDEASY ATPase Kit containing human P-gp membranes
from Sf9 insect cells, was obtained from Tebu-bio (Peterbor-
ough, UK). Caco-2 cells (human adenocarcinoma cell line) were
obtained from the European Collection of Cell Cultures (ECACC)
(Wiltshire, UK). Dulbecco’s modified Eagle’s medium (DMEM),
foetal bovine serum, non-essential amino acids, L-glutamine,
0.25% trypsin-EDTA, gentamicin (50 mg/ml), Hanks’ Balanced Salt
Solution (HBSS), 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic
acid (HEPES), polyoxyethylene glycol (PEG) 200, 300 and 400
were purchased from Sigma-Aldrich (Dorset, UK). Ranitidine
(99.9% purity) was obtained from Zhongnuo Pharmaceutical Co.,
Ltd. (China). Transwell® Corning Costar Corporation (12-well,
1.13cm? surface area, 0.4pm pore size) and 162cm? flasks
were obtained from Fisher (Leicestershire, UK). 14C-mannitol
(specific activity=61 mCi/mmol) was purchased from Amer-
sham Biosciences (Buckinghamshire, UK). 3H-ranitidine (specific
activity = 2.5 Ci/mmol) was purchased from Moravek, CA, USA. Scin-
tillation Cocktail (Emulsifier) was obtained from Perkin Elmer
(Buckinghamshire, UK).

2.2. Methods

2.2.1. P-gp ATPase activity

ATPase activity of ranitidine and PEG 400 and its two lower
molecular weight analogues (200 and 300) were measured using
the PREDEASY ATPase Kit as per manufacturers’ instructions.
Briefly, the P-gp containing membrane was diluted with assay
mix (50mM Mops-Tris, pH 7.0; 50 mM KCl; 5mM sodium azide;
2mM DTT; 0.1 mM EGTA-Tris, pH 7.0; 1mM ouabainin distilled
water). Diluted membrane solution (40 pl) was loaded into the
wells of a 96-well plate. Test compounds PEG 200, 300 and 400
were dissolved in DMSO to produce 300 uM solutions. From these
solutions 1 .l was taken and added to the membrane suspension.
The same volume of DMSO was added to the control wells and
the reaction mixtures pre-incubated at 37 °C for 20 min. The reac-
tion was started by the addition of 10 pl- ATP-(magnesium salt)
solution'and stopped 10 min later by the addition of 100l devel-
oper solution. After 2 min 100 p] of blocker solution was added
to the wells and then further incubated for 30 min at 37 °C before
reading the absorbance at 610 nm in a microplate spectrophotome-
ter. The drug stimulated ATPase activity (nmol/min/mg of protein)
was determined as the difference between the amounts of inor-
ganic phosphate released from ATP in the absence and presence
of vanadate. Phosphate standards were prepared in each plate
and verapamil served as a positive control. Drug-stimulated P-gp
ATPase activity was reported as fold-stimulation relative to the
basal P-gp ATPase activity in the absence of drug (DMSO control).
A compound was classified as an activator if the fold-stimulation
was greater than 2-fold over the DMSO control.

2.2.2. Caco-2 cell culture

222.1. Cell maintenance. Caco-2 cells (passages 25-55) were
grown and maintained in culture as previously described (Hidalgo
et al.,, 1989). Briefly, cells were grown in 162 cm? cell culture flasks
and subcultured weekly on achieving 80-90% confluency. Cell cul-
ture growth medium was Dulbecco's modified Eagle's medium
(DMEM), supplemented with 10% (v/v) foetal bovine serum, 1%
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(v/v)non-essential aminoacids, 1% (v/v)L-glutamine, and 0.1% (v/v)
gentamicin (50 mg/ml). Cells were maintained in an incubator at
37°C with humidified environment of 95% and 5% CO,. Medium
was changed every 2-3 days.

2.2.2.2. Growth of cell monolayers. For the transport studies, cells
were seeded at a density of 60,000 cells/cm? onto Transwell® poly-
carbonate membranes with a 12 mm diameter, pore size of 0.4 pm
and a surface area of 1.13cm?2. Cells grown on Transwell® mem-
branes were maintained by providing 0.5 ml of culture medium to
the apical (A) compartment and 1.5 ml to the basolateral (B) com-
partment. Medium was replaced every 2--3 days until the cells were
ready for the permeability experiments (days 21-28).

2.2.2.3. Transepithelial electrical readings (TER). The integrity of the
cell monolayers during the growth phase was monitored by taking
TER readings using an EVOM™ epithelial voltohmmeter (World
Precision Instruments, Hertfordshire, UK). The resistance of the
monolayer was determined by subtracting the total resistance
(membrane support and cell monolayer) from the membrane sup-
portresistance. All cells were used at TER greater than 700 Q cm?.

2.2.3. Transport studies

All transport studies were performed on Transwell® grown Caco
2 cells maintained in culture for 21-28 days. Before performing
the transport studies the TER was measured to ensure cell mono-
Iayer integrity. The cell culture medium was then removed and
washed three times with pre-warmed transport buffer (HBSS with
HEPES, pH 7.4) prior to the start of the experiment. In all bidirec-
tional transport studies, either HBSS or PEG dissolved in HBSS were
present on both sides of the Caco-2 cell monolayers. This was done
to maintain osmotic pressure for the duration of the study as the
PEG solutions are hyperosmotic (Rege et al,, 2001; Hugger et al.,
2002a). The integrity of the monolayer during the experiment was
confirmed by concomitant addition of C-mannitol to all the test
solutions.

In the absorptive (A-to-B) transport studies, 1.5ml of HBSS or
PEGs dissolved in HBSS at 20% (v/v), was added to each receiver (B)
compartment. Into the donor (A) compartment was added 0.5 ml
of HBSS or PEGs dissolved in HBSS, spiked with 4C-mannitol and
3H-ranitidine (along with cold ranitidine to a total concentration of
0.1 mM). For the secretory (B-to-A) transport studies, 1.5 ml mix-
ture of radiolabeled mannitol and ranitidine (total concentration
0.1 mM) were added to the basolateral chamber instead. The trans-
port-study was:performed under:stirring .conditions-at a speed-of
50rpm (Gyrotory Shaker Model G2, New Brunswick Scientific Co.,
UK). At 30 min intervals (0, 30, 50,90, 120, 150 and 180 min), 100 p.l
samples were removed from the receiver compartment and each
compartment was appropriately replenished with HBSS or HBSS
containing PEGs. The amount of radiolabeled solute transported
across the Caco 2 cell monolayers was determined using a Beckman
Coulter LS6500 liquid scintillation counter (Buckinghamshire, UK).
The apparent permeability coefficients (Papp; cm/s) for the radi-
olabeled solute were determined in the absorptive and secretory
direction using the equation:

oo (3) ()

where dQ/dt s the flux across the monolayer, A is the surface area of
the Transwell® membrane (1.13cm?), and Co is the original donor
concentration of the radiolabeled solute.

The efflux ratio was determined by dividing the Papp in the B-
to-A direction by the Papp in the A-to-B direction. An efflux ratio
greater than one indicates predominance of secretory transport
suggesting the presence of an efflux transporter.
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Table 1 X
The apparent permeability values for 1#C mannitol across Caco-2 cell monolayers in
the presence of PEG 200, 300 and 400 (20%, v/v).2

Table 3
Effects of PEG 200, 300 and 400 (20%, v/v) on *H-ranitidine transport across Caco-2
cell monolayers.? h

Excipient (% v/v) Mannitol Papp (cm/s x1076)
0 0.75 £ 0.05
PEG 200 0.86 + 0.05
PEG 300 0.93 +0.01
PEG 400 095 + 0.06

3 The bidirectional transport of 1#C-mannitol (specific activity - 0.61 Ci/mmol)

was examined across Caco-2 cell monolayers in the absence (no PEG, only HBSS):

and presence of 20% (v/v) PEG 200, 300 or 400 on both sides of the Caco-2 cell
monolayers (grown 21-28 days; n=3); experiment performed in triplicate with
3 replicates per variable on each occasion. Samples (100 pI) were taken from the
receiver compartments every 30 min for 3h and each receiver compartment was
replenished with the appropriate transport buffer solution (HBSS or PEG in HBSS).
The apparent permeability coefficients (Papp) for 14C-mannitol were calculated as
described in Section 2.

2.24. Statistics

All values were expressed as mean + SD. Cell culture data are
the mean of three separate experiments with replicates of n=3 on
each occasion. Statistical evaluation of data was performed with
SPSS® (version 15.0, SPSS Inc., Chicago, IL, USA). Data were com-
pared using either t-test or one-way analysis of variance (ANOVA).
In all cases, a difference was considered significant at p < 0.05.

3. Results

3.1. Effect of PEG on mannitol flux and transepithelial electrical
resistance (TER)

Before investigating the effects of PEG on the transport of raniti-
dine across Caco-2 cell monolayers, it was important to determine
whether PEG affects cell monolayer integrity. In these studies, TER
measurements and mannitol transport were used to test cellular
integrity in the presence of a 20% (v/v) PEG 200, 300 and 400 over
a 180 min period. The results showed that the average transport of
mannitol in the control monolayers (0.75+0.05 x 10-6 cm/s) and
in those treated with PEG 200, 300, 400 were not significantly dif-
ferent from each other (Table 1; p>0.05). Changes in TER were not
considered significant (p>0.05) compared to control for all PEGs.
TER values in the presence of PEG were typically >700 Q cm?.

3.2. Effect of ranitidine and PEG on P-gp ATPase activity

The interaction between ranitidine and the PEG analogues on P-
gp was investigated using a P-gp ATPase activity kit. Of these, only
PEG 200 fell below the ATPase stimulation ratio of 2 (Table 2). The
other compounds were shown to stimulate P-gp ATPase activity
(ratio above 2).

Table 2 R
Effect of ranitidine and PEG analogues on ATPase activity; screen for P-gp
interaction.? :

Compound ATPase assay ATPase
ratio activatorfinteraction
with P-gp (Y/N)
Ranitidine 4.15 Y
PEG 200 0.53 N
PEG 300 3.71 Y
PEG 400 3.06 Y

3 Drug-stimulated Pgp ATPase activity was reported as fold-stimulation relative
to the basal Pgp ATPase activity in the absence of drug (DMSO control). A compound
is classified as an activator if the fold-stimulation was greater than 2-fold over the
DMSO control (Polli et al., 2001).

Excipient Papp (cm/s Papp (cmfs . Papp(B-to-
x1076) A-to-B x1078) B-to-A A)[Papp(A-to-B)

0 1.06 + 0.01 572+ 02 538

PEG 200 1.07 + 0.08 540 + 0.65 5.05

PEG 300 2.26 + 0.09 5.63 + 0.70 249

PEG 400 1.51 £ 0.05 591+ 0.1 39

a The bidirectional transport of 3H-ranitidine (concentration 0.1 mM; specific
activity - 2.5 Cifmmol) was examined across Caco-2 cell monolayers in the absence
(no PEG, only HBSS) and presence of 20% (v/v) PEG 200, 300 or 400 on both sides
of the Caco-2 cell monolayers (grown 2128 days; n =3); experiment performed in
triplicate with 3 replicates per variable on each occasion. Samples (100 pi) were
taken from the receiver compartments every 30 min for 3 h and each receiver com-
partment was replenished with the appropriate transport buffer solution (HBSS or
PEG in HBSS). The apparent permeability coefficients (Papp) for *H-ranitidine were
calculated as described in Section 2.

3.3. Effect of PEG analogues on the bidirectional transport of
ranitidine

The Papp values for the absorptive and secretory transport of
3H-ranitidine across Caco-2 cell monolayers in the absence and
presence of 20% (v/v) of PEG 200, 300 and 400 are shown in Table 3.
The results show that in the absence of PEG (control monolayers),
ranitidine exhibited polarised secretory transport (an efflux ratio
significantly above 1). In the presence of PEG 300 and 400 (but not
PEG 200), the efflux ratio decreased compared to control, although
not to alevel where efflux is totally abolished, i.e. a ratio of 1. The
lowestefflux ratio value was 2.49 for PEG 300; there was anincrease
in absorptive transport of ranitidine in the presence of PEG 300 and
400, whilst secretory transport remained largely unaffected.

3.4. Effect of PEG 400 concentration on the transport of ranitidine

The Papp for the permeation of 3H-ranitidine across Caco-2 cell
monolayers in the absorptive and secretory directions in the pres-
ence of various concentrations of PEG 400 are shown in Fig. 1. In
the presence of PEG 400 there is predominance of secretory trans-
port of PEG 400 at all concentrations, except for 1% (v/v) where the
efflux ratio was at its lowest value of 1.2 (Fig. 2). At concentrations
up to 1% (v/v) there was a progressive reduction in secretory and
concomitant increase in absorptive transport of ranitidine. At PEG
400 concentrations between 1% (v/v) and 20% (v/v), the inhibition

‘of secretory. transport became progressively- weaker. All the con--

centrations of PEG 400 tested had a significant effect on the efflux
ratio compared to control (ANOVA, p<0.05).

&
5

B Ahsorptive

Papp{cem/s]x 1%

FUE I T
N

O Secretory

o

PEG 400 {%6v/]

Fig. 1. Effects of different concentrations of PEG 400 on the bidirectional transport
of3H-ranitidine across Caco-2 cell monolayers (mean % SD, n=3). Open bars indicate
transport in the secretory direction, closed bars indicate transport in the absorptive
direction.
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Fig. 2. Effects of different concentrations of PEG 400 on the efflux ratio (Papp secre-
tory/Papp absorptive) of >H-ranitidine across Caco-2 cell monolayers.

4. Discussion

The bioavailability of ranitidine in male subjects is improved by .

the administration of low dose — 1% PEG 400 (Schulze et al., 2003;
Ashiru et al.,, 2008). The mechanism for this effect is unknown and
the present study investigated whether PEG of different molecular
weights produces similar effects in vitro, and if so how these are
mediated. .

PEGs are amphiphilic, non-micelle forming hydrophilic poly-
mers that are considered inert and safe (up to 40%, v/v) for use
as pharmaceutical excipients. In this study we verified that PEG
does not influence paracellular transport by demonstrating that
the permeability of mannitol, a hydrophilic paracellular marker,
was unchanged in the presence or absence of PEG 200, 300 or 400
at 20% (v/v). The mannitol Papp ~1 x 10-8 cm/s in the presence or
absence of PEG was similar to that observed by Rege et al.(2001). As
PEG solutions increase osmolalityin comparison to standard Caco-2
assay media, the potential to affect drug flux by movement of water
across the cell layer was negated by placing PEG in both donor and
receiver chambers of the diffusion apparatus to avoid generating
a hyperosmotic gradient. The mannitol Papp and TER data confirm
that the osmotic pressure did not affect Caco-2 monolayer integrity
(Inokuchi et al., 2009).

PEG 300 has no influence on the passive transport of drugs in
vitro (Hugger et al., 2002a), but there are reports that certain PEG
analogues such as PEG 400, PEG 2000 and p-a-tocopherol polyethy-
lene glycol 1000 succinate (TPGS) can affect the P-gp transporter
(Johnson et al., 2002; Hugger et al., 2002a,b; Shen et al., 2006;

Yamagata et al., 2007; Mudra and Borchardt, 2010) although the -

precise mechanisms by which this occurs remain elusive. Raniti-
dine is generally regarded to be a substrate for P-gp (Gan et al.,
1993; Takamatsu et al., 2001; Bourdet et al., 2006), although Polli
et al. (2001) classified ranitidine as a non-substrate. This dispar-
ity in defining a compound as a P-gp substrate, or an inhibitor, is
not uncommon and can result from different assay sensitivities or
inter-laboratory variation in the assays for P-gp transporter—drug
interaction. Our data for Caco-2 cell monolayer efflux and P-gp
ATPase activity indicate that ranitidine is a P-gp substrate. How-
ever, itis noted that the P-gp ATPase assay does not distinguish P-gp
substrates from inhibitors and does not measure transport directly.
In our studies PEG 300 and 400 stimulated P-gp ATPase and had the
ability to inhibit ranitidine efflux in Caco-2 cells, whereas PEG 200
had no effect in either assay. PEG 300 and 400 (20%, v/v) reduced
the ranitidine efflux ratio of ~5.5, principally through an increase
in absorptive flux. PEG of similar and larger molecular weight (PEG
400, 2000 and 20,000) have been reported to inhibit the polarised
" efflux of rhodamine 123 when used at concentrations between 0.1
and 20% (v/v or w/v) (Shen et al., 2006).
The effect of PEG 400 concentration on ranitidine efflux ratio
was parabolic with a maximum effect of complete inhibition of

efflux at 1% (v/v). The reason for the reduced effectiveness at
concentrations greater than 1% (v/v) PEG 400 is unclear, but inter-
estingly the concentration effect of PEG 400 on ranitidine transport
in vitro was similar to the concentration-dependency observed pre-
viously for the enhancement of bioavailability of ranitidine in vivo
(Ashiru et al., 2008). At higher concentrations of PEG 400 there may
be competition for the paracellular route between ranitidine and
PEG itself. The paracellular route has been reported to contribute
60% of ranitidine flux under certain conditions (Bourdet et al., 2006)
and the existence of a saturable paracellular transport pathway has
been postulated. PEG has been used as a marker of paracellular per-
meability (Kim, 1996; Watson et al., 2001; Linnankoski et al., 2010),
albeit some reports question its suitability as a paracellular marker
as it exhibits higher permeability compared to other markers of
comparable molecular weight (Artursson et al., 1993; Igbal et al.,
1993). In this study we did not monitor PEG transport.

The mechanism by which PEG reduces Pgp ATPase activity may
involve blocking the binding site or direct interaction of PEG with
allosteric sites in the P-gp pump, which have been shown to be
present (Dey et al., 1997; Maki et al., 2003). PEG 300 has been
reported to inhibit P-gp by alteration of the polar head group
regions thus altering membrane fluidity and affecting P-gp activ-
ity (Hugger et al., 2002a). Altered membrane fluidity as a result of
osmotically-driven water transfer across the mucosa was also sug-
gested to explain the concentration dependent reduction in digoxin
efflux in the rat intestine by PEG 400 (Johnson et al., 2002).

5. Conclusion

These in vitro data correspond to results from the in vivo study
in showing that PEG 400 at lower doses enhances the transport of
ranitidine. The observation that both ranitidine and PEG interact
with P-gp and the efflux of ranitidine in Caco-2 cells is inhibited by
PEG 400 suggest that transporter inhibition may be the absorption-

_enhancing mechanism. Although the mechanism of action for the

unusual PEG 400 concentration effect on ranitidine transport was
not elucidated conclusively, the effect of PEG on drug transport at
concentrations relevant for drug formulation was demonstrated.
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INTRODUCTION

Drugs with limited aqueous solubility such as hydrochloro-
thiazide (HCT) have a potential for low bioavailability. Several
methods which proved to increase the in-vitro release rate of
drugs with a low aqueous solubility were tested in-vivo on their
ability to increase the bioavailability of the drug. Reduction of
the drug particle size (1-3), incorporation of the drug into solid
dispersions (4-8) and complexation with cyclodextrins (2,9-10)
proved to be suitable methods for increasing the gastrointestinal
absorption of drugs with a low aqueous solubility. Vervaet et
al. (11) demonstrated that the incorporation of a liquid solubi-
liser into microcrystalline cellulose pellets enabled the enhance-
ment of the in-vitro release rate of HCT. The aim of this study
is to evaluate the effect of PEG 400 on the pharmacokinetic
parameters of HCT after oral administration of microcrystalline
cellulose pellets loaded with HCT and polyethylene glycol 400.

MATERIALS AND METHODS

Materials

Hydrochlorothiazide (HCT)(Ludeco, Brussels, Belgium)
was used as a model drug. Polyethylene glycol 400 (PEG
400)(a-Pharma, Vichte, Belgium) was used as a solubilising
agent, while microcrystalline cellulose (Avicel PH101®)}FMC
Wallington, Little Island, Cork, Ireland) was chosen as_a filler
and the pellet forming agent. Demineralized water was used
as granulation liquid, next to PEG 400.

Formulations

Two pellet formulations were tested in vivo. Type [-pellets
consisted of a mixture of HCT and microcrystalline cellulose
(ratio: 3.5/96.5; w/w), while PEG 400 was added to form Type
I-pellets (HCT/PEG 400/Avicel PHI01®—ratio: 3.5/20/76.5;
w/wiw). A conventional HCT tablet (Esidrex® 25 mg, Ciba,
Basel, Switzerland) was used as the reference formulation.

! Laboratory of Pharmaceutical Technology, University of Gent, Harel-
bekestraat 72, B-9000 Gent, Belgium.

2To whom correspondence should be addressed. (e-mail: jeanpaul.
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Technical Note

Preparation of the Pellets

The pellets were prepared using the method described by
Vervaet et al. (11). The granulation liquid, which was added
to the microcrystalline cellulose/HCT mixture, was pure demin-
eralized water in the case of Type I-pellets, while a mixture of
demineralized water and PEG 400 was used for Type [I-pellets.
The batch size of both formulations was 1 kg. After drying the
pellets for 48 h at 30°C in a ventilated oven (Heraus, Oberdorf,
Germany), the 800-900 wm sieve fraction was isolated.

Dissolution Testing

A dissolution test was performed, using the method
described by Vervaet et al. (11), on the HCT tablet and on hard
gelatin capsules filled with an amount of Type I- and II-pellets
(800-900 pm fraction), equivalent to 25 mg of HCT.

Bioavailability Testing

Eight healthy Caucasian male volunteers, aged 19 to 45
years and weighing between 72 and 112 kg, participated in the
study after giving informed consent. The physical state of all
volunteers was examined before they were allowed to partici-
pate in the study. The subjects had to refrain from taking any
other drugs for one week prior to and during the study. Each
volunteer was given, in a randomized cross-over study, an oral
dose of 50 mg HCT on 3 occasions, once administered as two
Esidrex® 25 mg tablets and twice as a two hard gelatin capsule
filled with pellets (Type I or I[)(800-900 pm fraction). The
washout period between the sessions was 1 week (HCT half-
life: 5 h). All doses were administered with 200 ml of water
at 8 a.m. after overnight fasting. A standard breakfast was given
2 h after administration of the dosage form. A lunch was taken
at 12 a.m. No consumption of alcoholic beverages and nicotine
was permitted from 12 h before until 24 h after drug intake.

Venous blood samples were collected into glass tubes
immediately before and at various time intervals after drug
administration. Serum was separated from the blood cells by
centrifugation and stored at —20°C until analysis.

Chromémgraphy

HCT serumconcentrations-were ‘determined-using a- RP-
C18 column (250 X 4 mm — 5 pm)(LiChrospher® 100, Merck,
Darmstadt, Germany) equipped with a precolumn (RP-C18 —
4 X 4 mm — 5 pm). Both were kept at a constant temperature
of 40°C. The mobile phase was 0.2 M phosphate buffer (pH
7.5)/tetrahydrofuran/acetonitrile (85/10/5; v/v/v). The flow rate
was 1 mL/min. The detector wavelength was set at 273 nm.

Hydroflumethiazide (Sigma Chemical Co., St. Louis, MO,
USA) was used as the internal standard. 500 uL serum, 100 pL
1.25 pg/ml hydroflumethiazide and 5 mL methyl fert-butylether
(Sigma Chemical Co., St. Louis, MO, USA) were pipetted
into borosilicate glass tubes. After 2 min vortexing and 5 min
centrifuging at 2700g, the organic phase was transferred into
a new borosilicate glass tube and evaporated until completety
dry under a pitrogen stream. The residue was dissolved in 200
uL water, followed by the addition of 3 mL toluene (Vel N.V.
Leuven, Belgium). The bulk of the toluene layer was discarded
after 2 min of vortexing and 10 min centrifuging at 2700 g.
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Another 3 mL toluene was added, this mixture was again vor-
texed and centrifuged followed by the removal of the toluene
layer. After evaporation of the water fraction under a nitrogen
stream, the residue was dissolved in 200 pL mobile phase. A
100 pL aliquot of the homogenized solution was injected into
the HPLC system.

HPLC Validation

The HCT recovery (10-1000 ng/ml range) varied between
87.5 and 91.5 %, while 93.5% of the internal standard was
recovered. The method was linear between 0 and 1000 ng
HCT/mL (22 = 0.99987 *+ 0.00011)}(n = 10). The within-day
variability was 0.59~5.01% in the 10-1000 ng/ml range, while
the intra-day variability for the same concentration range was
determined at 0.68—5.89%. The detection and quantification
limit in serum were 3.3 and 11.2 ng/ml, respectively.

Pharmacokinetic - Analysis

The Cpax and ., values were determined from the individ-
nal serum concentration—time profiles, while the AUCg.24p
was calculated using the MW/Pharm software package (v. 3.0;
Mediware 1987-1991, Utrecht, The Netherlands). The Wil-
coxon signed ranked test for paired observations (12) was used
to evaluate the pharmacokinetic parameters.

RESULTS AND DISCUSSION

The bioavailability of three HCT formulations was evalu-
ated: a commercially available tablet (Esidrex® 25 mg) and two
hard gelatin capsules, one filled with Type I-pellets containing a
mixture of HCT and microcrystalline cellulose, while the other
capsule contained microcrystalline cellulose pellets to which
20% (w/w) polyethylene glycol 400 was added (Type Li-pellets).

Fig. 1 shows the in-vitro release profiles of the different
formulations. The incorporation of PEG 400 into the pellet
formulation showed a dramatic increase of the in-vitro release
rate (tsoe value of 120 and 7 min for Type I- and II-pellets,

80 |
60

40 1

HCT released (%)

20 |

a~ "

0 30 60 90 120 150 180 210

Time (min)
Fig. 1. Dissolution profile of formulations containing 25 mg of HCT.
M: tablet formulation (Esidrex® 25 mg) @: Type I-pellets (HCT/
microcrystalline cellulose 3.5/96.5 (w/w)) A: Type Il-pellets (HCT/
polyethylene glycol 400/microcrystalline cellulose 3.5/20/76.5 (w/w)).
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Fig. 2. Mean serum concentration—time profiles (£SD; n = 8)
obtained after intake of an oral dose of 50 mg HCT. H: tablet formula-
tion (Esidrex® 25 mg) @: Type I-pellets (HCT/microcrystalline cellu-
lose 3.5/96.5 (w/w)) A: Type II-pellets (HCT/polyethylene glycol 400/
microcrystalline cellulose 3.5/20/76.5 (w/w)).

respectively) due to the solubilising effect of PEG 400 (11).
Both the tablet and the Type II-pellet formulation showed simi-
lar dissolution profiles for HCT.

The mean HCT serum concentration vs. time profiles are
presented in Fig. 2. The pharmacokinetic parameters of the
different formulations are shown in Table L The C,,,, values
were significantly different (p < 0.01; Wilcoxon signed ranked
test) between all formulations. The t,,. values of the tablet and
the Type I-pellet formulation were not significantly different,
while the Type Il-pellets showed a significantly shorter tnqy
value (p < 0.01; Wilcoxon signed ranked test) in comparison
to Type I-pellets and the tablet formulation. The calculated
AUC 24, values were significantly higher (p = 0.01; Wilcoxon
signed ranked test) for the tablet compared to Type I-pellets
and for Type Il-pellets compared to Type I-pellets. The low
relative bioavailability (Fy) of the Type I-pellets (70.4%) com-
pared to the HCT tablet is in accordance with previous results
(13), where a F,, of 36.4% was found for HCT when adminis-
tered as microcrystalline cellulose based pellets compared to a
50 mg HCT tablet. The reduced absorption of HCT was due

“to the-absorption' window of HCT inthe gastro-intestinal tract,

Table I. Mean Bioavailability Parameters (= SD; n = 8) After Admin-

istration of an Oral Dose of 50 mg HCT, Once Administered as Two

Esidrex® 25 mg Tablets and Twice as a Two Hard Gelatin Capsule
Filled with Pellets

Tablet Type I-petlets  Type II-pellets

Crax (ng/ml) 180.2 + 42.1 105.9 = 24.2¢ 254.5 + 36.04°
tmax (MiN) 165 = 64 195 =36 83 = 3]ab

AUC_24n 76.5 £ 15.8 53.0 = 12.8¢  86.7 * 19.5°
(ng.h/ml)
Ee (%) 704 £ 13.8  117.3 * 349

“ Significantly different from tablet (p < 0.0l; Wilcoxon signed
ranked test).

b Significantly different from Type I-pellets (p < 0.01; Wilcoxon signed
ranked test).
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the major part being absorbed in the duodenum and the upper
part of the jejunum (14). As the slow in-vitro dissolution rate
from Type I-pellets indicated (Fig. 1) only part of the HCT
was made available for absorption in the upper parts of the
gastro-intestinal tract. This was confirmed by Herman et al.
(13) who found a high fecal HCT concentration and little
of the total dose remaining in the excreted intact pellets,
indicating that most of the drug was released from the micro-
crystalline cellulose pellets in the lower parts of the gastro-
intestinal tract.

The higher bioavailability after administration of the tablet,
compared to the Type I-pellets, was due to the tablet disintegra-
tion, exposing the HCT-crystals to the gastro-intestinal liquids,

whereas these liquids had to penetrate the inert microcrystalline -

cellulose matrix (15) of Type I-pellets to wet and dissolve the
drug crystals. ’

The improvement of the absorption parameters from Type
II-pellet compared to the tablet formulation (the mean C,y
value increased from 180.2 to 254.5 ng/ml, while the mean
tmax Shifted from 165 to 83 min) is to be attributed to the
fact that HCT was solubilised in the pellets (11) whereas
the drug crystals still had to dissolve when a tablet was
administered.

From the results presented it can be concluded that—when
formulating a drug with a low aqueous solubility—micro-
crystalline cellulose pellets loaded with polyethylene glycol
400 yielded a higher bioavailability compared to pellets without
PEG 400. The PEG 400 loaded pellets showed only a signifi-
cantly higher absorption rate in comparison to a disintegrating
tablet forrhulation.

Vervaet and Remon
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BIOAVAILABILITY AND EROSIVE ACTIVITY OF SOME NON-STERO-
IDAL ANTI-INFLAMMATORY DRUGE SOLID-DISPERSIONS.

E.M, Ramadan, A.G.H. Abd El-Gawad and A.T. HNouh

Faculty of Pharmacy, Mansoura University, Mansoura, Egypt.

ABSTRACT

Solid Aispersions of mefenamic acid, azapro-
pazone, glafenine and floctafenine were prepared
with PVP Kgs and PEG 6000 in a ratio of 1:1 w/w.
Bioavailability and erosive activity of these
drugs were investigated using their solid dispe-
rsions. The obtained results revealed that the
coprecivitate of such druas with PVP enhances
their bioavailability and signifiecantly inhibits
the ylecerogenic effeect oFf the drugs under inve-
stigation. However, solid dispersions with PEG
enhance biogvaitability @ but slightly reduce
their aastric ulceration. '

INTRODUCTINN

The anti-inflammatory analgesics are often used for long
course treatment in patients with chronic and disabling condi-
tions. Most of them cause pgastrointestinal toxicity such as
peptic ulceration and haemorrhage. A large number of new anti-
inflammatory analgesics have been introduced and although their
relative efficacy and safety remains to be established, there

is evidence that some may nroduce toxic effects.

Mefenamic acid, azapropazone, glafenine and floctafenine
are anti-inflammatory drugs of different chemical structures

D s . 1
that have poor solubilities in water . The gastrointestinal
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complaints were the most symptoms encountered with medications

of these drugsl’z.

Polyvinyl Pyrrolidone (PVP) and Polyethylene Glycol (PEG)
are widely used in the preparation of solid dispersions of
insoluble drugs which are applicable in many pharmaceutical pre-
parations. These facts together with the problems encountered
with the poor biloavailability of the above mentioned drugs
predomenate our investigation to formulate such drugs in solid

dispersion with eithér PVP or PEG,

The surface and histological examination of the gastrointe-
stinal tract of rats fed on these drugs either untreated or in

a s0lid dispersion were also of interest to be investigated.
EXPERIMENTAL

1- Material and Equipment

Mefenamic acid (E1-Nile Co. for Pharmaéeuticals, Caire, Egvpt); aza=ro-
propazone. ( Siepgfried, Zofinen, Switzerland); glafenine and floctafenine
(Menphis Chem. Co. Cairo, Egypt). Formalin , sodium chloride, ethyl alco-
hol, eosin, methyl alcohol, chloroform, hematoxylin, xylol, hard paraffin,
PEG 6000 and PVP K (analytical grades - Prolabo, France), Perkin-Elmer

25
505 Spectrophotometer and Aminco -~ Bowman Spectrorhotofluorometer,

Solid dispersions of each drug in a ratio of 1:1 w/w with PVP or PEG
wére prepared by solvent and fusion methods for PVP K25 and PEG 6000 respe-
ctivelys. In the solvent method, drug-PVP physical mixture was dissolved
in an organic solvent then evaporzting off the later over a water bath,
Methyl alcohol was used to prepare the coprecipitates of azapropazone and

mefenamic acid while chloroform was chosen to prepare those of glafenine

1
and floctafenine sccording to the solubility of drugs under investigation .

01565



32

Bioavailability and Erozive Activity of some Non-Steroidal
Anti-Inflammatory Drugs Solid-Dispversions.

In the fusion method, each drug was mixed with PEG 6000 in a ratio of 3.4
w/w. The mixtures were carefully heated on electric hot plate till cop-
plete melting of PEG, then suddenly cooled in ice bath with continuous
stirring. The coprecipitates and the frozen masses were scratched ang
stored in a desiccator overnight then pulverized, seived and the fractions

of 45—63me were collected.

Adult male rabbits (2-2,25 Kg) were fasted for 24 hr, while watey
was allowed freely. The animals were divided into 4 groups each of 6 rj_
bbits. Each group was separately fed with untreated drug‘and its soljg
dispersion or coprecipitate in a crossover desién. All the administereqg
medications had a particle diameter of 45-63 um and were filled in a harg
gelatin capsule in a dose of 50 mg Kg_l. Blood samples were collected ¢
certain time intervals from the congested aural vein into glass tubes anpg

drug concentrations were determined,

Blood samples were taken into heparinized tubes, then centrifu-
zed at 9000 rpm for 10 minutes. The plasma was assaved spectrophotome-
trically for the total mefenamic acid (parent drug and metabolites, Ifree
and conjugated) by the method of Glazko4

b) Azapropazone:

Serum was separated from the collected blood samples. The con-

centration of azapropazone was determined spectrophotometrically as des-
5
cribed ,

¢) Glafenine and Floctafenine:

Floctafenine and elafenine have nearly similar chemical structu-

6
resl. Thus, the spectrophotometric method reported by Mallein et al
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for assessment of glafenine was adopted to determine both glafenine and
fioctafenine in heparinized blood samples. The method involves the trea-
tment of serum with n-butanol saturated with concentrated ammonia solu-
tion and the butanolic extract was measured spectrophotometrically at

360 nm, The assay was developed for analysing blood samples for both drugs

. . 7
and itwwas checked for its accuracy for floctafenine ,

Male albino rats of 200-250 g weight were randomly divided into 12 gro-
ups each of three rats. All animals were fasted 24 hr before experiments
but had free access to water, Each three groubs received the drug, drug-
PVP coprecipitate and drug-PEG solid dispersion. The drugs and their solid
dispersions were given ih a dose of 20 me for floctafenine and glafenine,
The doses of mefenamic acid and azapropazoné were 10 mg of each, All drugs
doses were given as suspension in one ml water by means of stainless steel
canula, Seven hours after dosing, the animals were killed, stomach was ex-
cised, opened out along the lesser curvature and the contents were washed
out with 0,9% w/v aqueous sodium chloride solution. Each stomach was stre-
tched out and examined for the presence of ulcerations, fixed in 10% forma-
lin solution. The tissues were processed by the usual paraffin method,se-
ctioned of 5 um, stained by hematoxylin and eosin stainsﬁ and examined micr-

oscopically.
RESTILTS AND DISCUSSIONS

a) Bioavailabilityv Study

The blood plasma concentrations at different time inter-
vals for mefenamic acid, glafenine and floctafenine and the se-
rum concentrations of azapropazone are given in Figures 1 a,c,d

and b resrectively. Area under blood data curves (AUCS) was
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calculated from blood concentrations up to 12 hrs by trapozo-
idal rule and the values were summarized in Table 1. The obta-
ined data showed that PVP and PEG enhanced the bioavailability
of the investigated drures from their solid disnersions. The

blood level profiles were almost parallel to the untreated drug.

The peak time of blood concentrations was not affected by
the type of polymer and the technique of dispersion used, howe-

ver, the peak heightwas increased (Table 1).

The maximum blood concentrations (Table 1 and Figure 1)
were in the following order : PVP copbrecipitate > PEG solid
dispersion > untreated drug. Statistical analysis of the obta-
ined data using Student 't' test9 revealed that a highly signi-
ficant difference existed between coprecipitates and untreated
drugs., These data indicated that the mean blood drug concentra-
tions over 0-12 hour interval were affected by the type of poly-

mer and method of its incorporation with drue.

The increase in bioavailabilitv of the tested drugs from
their solid dispersions may be due to particle size effect and
the increase in the wettability of drugs during dissolution.

"

This results are in agreement with the previously repvorted data .

2- Gastric Ulcerogenic activity:

The rats which received untreated drues exhibited a consid-
erable mortality within 7 hours and gastrointestinal haemorhage
was established to be the cause of death, but no mortality was
identified for those animals given the solid dispersions (Ta-
ble 2). The oral administration of the selected drugs either
untreated or in solid dispersion to rats showed guitely diffe-
rent effects on the gastric mucosa. Focal erosions in the cor-

pous and body with evidence of bleeding in or around the eroded
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areas after administration of the untreated drugs occurred.

Sowme lesions were seen from the serosal surface as small bro-

wn éreas. No erosions were evident after dosing of solid dis-
rersions but there was extensive sloughing of the mucous layer
The erosions were clearly visible to the naked eye and were ge-
nerally focal or extended lengthwise down the mucosa. No damage
occurred in the middle of the greater curvature in the fore-sto-
mach. Most of the damage occurred in the middle of the greater
curvature in the corpus with occasional damage in the antrum

and pylours.

The microscopic examination of stomachs of all groups sho-
wed stricking abnormalities (Figs. 2-13). Extensive damage oc-
curred, and the damaged cells in the mucosa below erosions sta-
ined poorly in stomach of rats receiving untreated mefenamic
acid, azapropazone, glafenine and floctafenine (Figs. 2, 5, 8

and 11).

The solid dispersions of the tested .drugs with either PVP
or PEG seemed to decrease the ulcerogeni¢ effects of all drugs
(Figs, 2-13). The figures indicate that PVP inhibits the ulce-
rogenicity of azapropazone, glafenine and floctafenine (Figs. 7,
10, and 13). A typical gastric mucosa with normal gastric pits
and oxyntic cells were observed in the stomach of rats receiving
PVP coprecipitates of azapropazone, glafenine and floctafenine.
However, mefenamic acid-PVP showed damaged and erosion area Ww
which are still less delterious than untreated drugs (Figs. 2

and 4) .

The oral administration of the tested drugs in the form of
s0lid dispersion with PEG inhibits their ulcerogenic activities
to certain extent with different variances (Figs. 3, 6, 9, and

12) . Enlargement of the area between damaged and undamaged

Thiz matorial wwese coeind
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cells (Fig. 3) was found in animals receiving mefanamic acid-
PEG solid dispersions, However, there is a sharp distinction
between damaged and undamaged cells (Fig. 6) for azapropazonew
PEG solid dispersion, Mesnwhile, few cells have been slougheqg
away but the remainder had been clearly either damaged severely
in the erodded area or remained intact as in case of glafenine.
PEG (Fig. 9). The damage is confined to the superfacial muco.
sal cells occurred and the internal cytoplasm of the superfa-
cial mucous cells distrupted as a consequence of discharging
large number of mucous granules (Fig. 9). In contrast the ga<
stric mucosa of the rats receiving floctatenine-PEG solid dis-
persion showed absence of any ulceration in the mucosal surface,
Only inflammatory infiltrate, consisted of eosinophils, lymophg.
cytes and plasma cells was found (Fig. 12).

It is noteworthy that the used anti-inflammatories induce
peptic ulceration and bleeding when administered orally, which

is in agreement with the reported findingsl’?.

Several mechanisma have been proposed to account for the de-
0-=15
velopment of gastric damage 10'19_ Among these explanations ig

the direct physical damage by the drug particles and loss of the
11

protective mucous layer10 and acidity influence of the drugs
Many attempts were renorted to inhibit these ulcerogeniq activi-
ties utilizing different routes of administration, microencapsu-
lation and different dosage formsls—lg. In this study, it was
found that coprecipitation of such drugs with PVP inhibits these
peptic ulceration, In addition, the dispersion of such drugs
with PEG decreased this effect. The drug may be in the molecular
form (coprecipitate) or in very fine crystalline particles thet

convyed with PEG (solid dispersion), and consequently enhance-

ment in the dissolution and absorption of such drugs may oceurss.

Thic matrarialwas cnnisd
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Accordingly, the time of contact of such drugs with the muco-

sal surface is decreased, and hence their local effects may be

inhibited. In conclusion solid dispersions and coprecipitates

of the tested drugs with PVP and PEG can be recommended in the

oral therapy with NSAID.

Thir ramtncialwme cnainad

01571



Erosive Activity of some Non—Steroidal

Anti—Inflammatory Drugs Solid—-Dispersions.:

Bioavailability and

Table 1: Blood level® dats of 7abbits administered different NSAID untreated and as solid dispersions.

Drug Mefenanic acid Azapropazone Glafenine Flocta fenine

 Untreated?VP  PEG PP PEG ted VP PEGgE VP PEC
Form ntreate ot 5.4 Untreated ) Untreated coppt. sﬁd£§U§§reated coppt. S.d

-

Peak hight §2 89 60 1160 1220 1150 5,33 15T.05 120,15 664 83,75
gg/l $3.20 #3517 £3,00 604 2 #0501 6.3 5,0 302 6.7

pe?}‘jr;}i‘“e 20 20 20 30 30 30 20 20 w0 0 10 220

T ke t ‘ i
AUCO_]2 324,75 324 369 7497 - 8187 - 7761 769.69 999.84 862.33‘ 401,93 532,86 465,85
pg/nl.hr H14LT #1630 #1407 #1270 0.5 216,20 #1530 #2204 2177 48,02 19,7 48,3

Tt

Average of 6 rabbits for each treatment.
Standard deviation (plasma or serun)

- >

Insignificant difference (P>0.05)

**. Significant difference (P<0.1)

*** Very high significant difference (P<0.001) on comparing with untreated drug by student's  t-test «
COppt. = coprecipitate

§.d. = solid dispersions.
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Table 2: Mortality rate of rats administered different NSAID

untreated and as solid dispersion.

Drug ‘Mefenamic Azapropa- Glafenine Floctafenine

Form .
acid zone

Mortality
time (hr) A B C A B C A B C A B C

2 1 - - 1 - - . - - 1 - -
4 1 - - 1 - - 2 - - 1 - -
7 1. - - - - - 1 - -1 -
*
Total 3 - - 2 - - 3 - - 3 -~ -

* . Number of died animals.
A : Untreated drug.
3 : PVP corecipitate.

C : PEG solid dispersion.

Thim entmria v it
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at after oral administration of

Fig. 2: Gastric mucosa of ar }
& E.X 100). }

10 mg untreated mefenamic acid (Hx.

Fig. 3: Gastric mucoesa of a rat after oral administration of

20 mg mefenamic acid-PEG solid dispersion

(Hx & E.X 100).
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Fig. 4: Gastric mucosa of a rat after oral administration of

20 mg mefenamic acid-PVP coprecipitate (Hx & E.X 100).

o2

Fig. 5: Gastric mucosa of a rat after oral administration of

10 mg untreated azapropazone (Hx. & E.X 100).

Thic matarial wac ronizAd
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A.G.H.

Gastric mucosa of a rat after oral administration of

6:

Fig.

spersion (Hx & E.X 100).

PEG solid di

20 mg azapropazone

Gastric mucosa of a rat after oral administration of

7:

Fig.

20 mg azapropazone-PVD coprecipitate (Hx & E.X 100).

Thir mememrinl wime i

01577



Bioavailability and Erosive Ac

ty of some Non-Steroidal
Anti-Inflammatory Druge Solid- e

Gastric mucosa of a rat after oral administration of
20 mg untreated glafenine (Hx. & E.X 100).

Fi1

JQ

9: Gastric mucosa of a.rat after oral administration of
40 mg glafenine-PEG solid dispersion (Hx. & E.X 100).
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Fig. 12: Gastric mucosa of a rat after oral administration
of 40 mg floctafenine-PEG solid dispersion
(Hx & E.X 100).

Fieg. 13: Gastric mucosa of a rat after oral administration of

40 mg floctafenine-PVP coprecipitate (Hx & E.X 100).
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SCIENTIFIC DISCUSSION
1. Introduction

The adult form of Paget’s disease of the bone (PDB) is a common condition with a strong genetic
component, characterised by focal increases in bone turnover, involving one or more bones throughout
the skeleton. In affected areas, excessive osteoclastic bone resorption is followed by disorganised bone
formation resulting in low-quality (woven) bone of reduced mechanical integrity. The cited prevalence
of PDB varies considerably by geographic area and criteria for diagnosis. A positive family history
increases the risk markedly, but the exact mode of inheritance remains to be established.

‘While the majority of patients remain asymptomatic, active PDB is associated with bone pain and risk
of bone deformity, pathological fracture, osteoarthritis, and deafness. There is also a small but defined
risk of the development of osteosarcoma. The activity of PDB is reflected in serum and urine levels of
biochemical markers of bone turnover. Currently available literature does not provide any clear
evidence that any marker is superior to serum total alkaline phosphatase (SAP) for sensitivity or
specificity.

Pharmacological therapy of PDB aims to reduce bone turnover and is currently based on the use of
second- or third-generation bisphosphonates. It should be noted that none of the treatments used in
PDB have been shown to prevent complications such as deafness, fracture or deformity, or alter the
natural history of the disease.

The Applicant Novartis Europharm Ltd submitted a complete stand-alone application for Marketing
Authorisation for Aclasta for the proposed indication of “Treatment of Paget’s disease of the bone”.
The active substance of Aclasta, zoledronic acid (zoledronate)is a nitrogen-containing bisphosphonate
with a mode of action involving inhibition of the enzymatic activity of faresyl diphosphate synthase
(FPP synthase). Inhibition of FPP synthase is considered a main mechanism by which osteoclast
activity is inhibited and apoptosis is promoted. Zoledronic acid, has been previously approved within
the EU as Zometa (EMEA/H/C/336) for the treatment of malignancy-induced hypercalcaemia and
prevention of skeletal-related events in patients with advanced malignancies involving bone. In the
oncology indications, zoledronic acid is given repeatedly as an intravenous infusion of 4 mg over at
least 15 minutes every 3-4 weeks. For Paget’s disease, on the other hand, zoledronic acid is proposed
to be given as a single intravenous infusion of 5 mg to induce a long-lasting biochemical remission.
The Applicant uses a separate invented name and label for the benign indication to avoid any potential
confusion between the different doses and dosing interval, compared with the oncology indications.

2. Quality aspects

Introduction

Aclasta contains zoledronic acid as the active substance. It is presented as a clear, colourless aqueous
solution for infusion containing 5.33 mg /100 ml of zoledronic acid monohydrate, which is equivalent
to 5 mg /100 mi of anhydrous zoledronic acid.

Other ingredients include mannitol, sodium citrate and water for injections. The container is a plastic
vial with rubber stopper and aluminium with flip off component. An overfill is filled to the vials to
permit withdrawal of the labelled amount of zoledronic acid.

Drug Substance

The active substance is identical to the one used for the centrally authorised product Zometa, powder
and solvent for solution for infusion (EMEA/H/C/336). The details of the manufacturing process,
purification, specifications and stability have already been assessed for the above-mentioned
application and are briefly summarised below.

The chemical name of zoledronic acid is (1-hydroxy-2-imidazol-1-ylphosphonoethyl) phosphonic
acid.
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The active substance does not contain any chiral centers and thus it does not exhibit any optical
isomers. The monohydrate form of zoledronic acid was selected, because of its good chemical and
physical stability in the solid state at ambient temperature. The structure of the active substance has
been confirmed using an array of suitable methods.

. Manufacture
The active substance is synthesised by multiple steps and purified. The levels of the impurities are
supported by the results of toxicological studies and appropriate specifications have been set.

. Specification

The active substance specification is in accordance with the one accepted for the powder for solution
for infusion formulation.

Drug Product

. Pharmaceutical Development

Due to the poor absorption of zoledronic acid after oral administration the pharmaceutical
development was aimed at developing a parenteral formulation. In order to facilitate the
administration to patients by health professionals a “ready to infuse-solution” was found more safe
and easy to use. The excipients used are mannitol and water for injection. The amount of excipients
has been optimised to develop an isotonic solution and a stable buffering system for zoledronic acid.
All excipients used in the product are of non-animal origin and comply with their corresponding
European Pharmacopoeia monographs.

The immediate packaging materials are commonly used for these types of formulations and are made
from the same material as the one used for Zometa 4 mg/5ml concentrate for infusion (plastic
colourless vials with bromobutyl rubber stoppers).

. Manufacture of the Product

The manufacturing process is a standard process for these kind of formulations and sterilisation is
performed in line with the requirements of the Ph.Eur. All critical process parameters have been
identified and controlled by appropriate in process controls. The validation report from production
scale batches demonstrates that the process is reproducible and provides a drug product that complies
with the in-process and finished product specifications.

. Product Specification

The specification for the finished product at release and shelf life includes tests for appearance,
identification, assay, pH, impurities, particulate matter, degradation products, bacterial endotoxins
and sterility. All tests included in the specification have been satisfactorily described and validated.
Batch analysis data from 6 batches have been presented. All batches met the test-limits-as-defined in:
the release specification and test methodology valid at the time of batch release.

. Stability of the Product
Stability studies were carried out according to ICH requirements.

In all cases the stability results presented were satisfactory and support the proposed shelf life for the
commercially packaged product under the conditions specified in the SPC.

Discussion on chemical, pharmaceutical and biological aspects

The quality of Aclasta is adequately established. In general, satisfactory chemical and pharmaceutical
documentation has been submitted for marketing authorization. There are no major deviations from
EU and ICH requirements.

The active substance is the same as the one used in the already centrally authorised product Zometa,
powder and solvent for solution for infusion (EMEA/H/C/336). It is well characterised and
documented. The excipients are commonly used in these types of formulations and comply with Ph.
Eur. requirements. The packaging material is commonly used and well documented. The
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manufacturing process of the finished product is a standard process that has been adequately
described. Stability tests indicate that the product under ICH guidelines conditions is chemically stable
for the proposed shelf life.

3. Non-clinical aspects

Introduction

Pivotal non-clinical pharmacology and toxicology studies, conducted between 1987 and 2004, were in
accordance with principles of GLP.

Pharmacology

. Primary pharmacodynamics (in vitro/in vivo)

In cultures of freshly isolated rabbit and human osteoclasts zoledronic acid (10-100 pM) induced
morphological features similar to apoptosis and caspase-3-like activation. Osteoclastogenesis was
inhibited in a dose-dependent manner with an ICs, of 15 nM in vitro in cultures of murine bone
marrow cells stimulated to form osteoclasts by addition of macrophage-colony stimulating factor and
ligand for the receptor activator NF-kB (RANKL).

Zoledronic acid also inhibited proliferation of human foetal osteoblastic cell line (hlFOB) with an ICsq
of 40 pPM. In cultures of primary human trabecular osteoblasts, zoledronic acid increased

osteoprotegerin, a decoy receptor that binds to RANKL and inhibits interaction with RANK, inhibiting
osteoclastogenesis.

Inhibition of bone loss was investigated in ovariectomised (OVX) estrogen-deficient rats and monkeys.
Efficacy and bone safety of zoledronic acid were evaluated in a 12-month study in the rat and in a 16-
month study in the rhesus monkey. Treatment started immediately after ovariectomization in both
studies and subcutaneous doses of up to 12.5 pg/kg/week were used. The cumulative doses were 390
Hg/kg in rat and 862.5 pg/kg in monkey, as compared with an approximately 100 pg/kg human yearly
dose. A higher skeletal tumover in rat and possibly in monkey could result in that drug exposure in
bones in OVX animals might not have reached human exposure levels. These issues as well as
potential indications of “frozen bone™, were discussed during CHMP scientific advice procedures. It
was concluded that the available studies plus an 8-month study in O VX rats (see below), together with
clinical data could be accepted as sufficient for addressing bone safety in non-oncology indications.

Parameters assessed in the 12- and 16-month studies included bone mass, bone mechanics, bone
histomorphometry and biochemical markers of bone metabolism. In the rat, a dose of 1.5 pg/kg/week
often resulted in full efficacy as determined by the parameters studied. Bone mechanical parameters,
femoral neck fracture, femur 3-point bending and vertebra compression were dose-dependently
increased by zoledronic acid towards levels in.intact controls.

Comparable effects were noted in monkey, but mechanical parameters did not attain statistical
significance. Histomorphometry of vertebral cancellous bone showed that zoledronic acid increased
trabecular area, trabecular pumber, node number in comparison with OVX control, while trabecular
separation ‘was decreased. Bone formation rate and mineral apposition rate were decreased dose-
dependently by zoledronic acid. In monkey, ovariectomization had no remarkable effect on
histomorphometric parameters of cancellous bone in the vertebra, radius and femur at week 69.
Cancellous bone structure was not affected by zoledronic acid, but the activation frequency and bone
formation rate were decreased at all doses, while mineral apposition rate was decreased at the high
dose (12.5 pg/kg/week), only. In cortical bone, zoledronic acid had no effect on mineral apposition
rate or on total Haversian bone. Porosity and bone formation rate were decreased by zoledronic acid in
cortical bone of femoral shaft.

An 8-month study in OVX rats given a single iv injection of 0.8, 4, 20, 100 or 500 pg/kg of zoledronic
acid or 200 pg/kg of alendronate 4 days prior to ovariectomy was conducted to evaluate the duration
. of a bone protective effect. Zoledronic acid dose-dependently reduced plasma osteocalcin. At week
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32, levels were suppressed in the 100 and 500 wg/kg groups, only. Bone mineral density analysis of
the proximal tibial metaphysis indicated that zoledronic acid from 20 pg/kg protected completely
against bone loss up to 24 weeks. Alendronate had a similar but weaker effect. Analysis of cortical and
cancellous bone separately showed that 4 Lg/kg partially protected against cortical thinning up to 12
weeks and against cancellous bone loss for at least 32 weeks. Histomorphometric parameters in
cancellous bone of the proximal tibia were not affected by zoledronic acid up to doses of 20 pg/kg,
while the two higher doses decreased bone formation to 45 and 21%, respectively, of the sham control
level. Zoledronic acid dose-dependently prevented loss of cancellous bone of proximal tibia as
indicated by 3D-uCT images at week 32. Zoledronic acid prevented loss of strength of femoral
metaphysis and diaphysis with effects at 20 pg/kg generally comparable with 200 pgkg of
alendronate. High doses of zoledronic acid 100-500 pg/kg tended to increase bone strength above
sham control levels.

In a study in male 7-week old rats with bone histomorphometry assessed using static and dynamic
parameters, mineralised bone tissue was increased dose-dependently by zoledronic acid. There was a
dose-dependent decrease in the osteoid perimeter in the cancellous bone. The significance of the
osteoid changes is unclear but could result from a decrease in the activation frequency of new
remodelling bone units. Retardation of longitudinal bone growth was reported but apparently not
related to a mineralisation disturbance of the growth plate.

Mineralisation parameters in monkey indicated that a continued loss of bone density (humerus and
vertebra) occurred in both intact control and OVX control and was counteracted in OVX animals by
doses 22.5 pg/kg. Reduction of the central and distal radius bone mineral density was prevented by
zoledronic acid in OVX at 12.5 pug/kg/week. Zoledronic acid dose-dependently increased carbonate
content, reduced serum calcium at week 26 at the high dose and increased parathyroid hormone (PTH)
at week 52. Femoral neck stiffness was dose-dependently increased and activation frequency of new
remodelling sites decreased. No evidence of a mineralising defect, no osteoid accumulation, and no
woven bone was reported. The decline of bone mineral density (BMD) of the distal and central radius
in both OVX and control groups was unexpected and could not be explained, however, it was
prevented by doses of 12.5 ug/kg/week. Additionally, zoledronic acid dose-dependently decreased
levels of biochemical markers of osteoblastic bone formation (alkaline phosphatase, osteocalcin) and
of osteoclastic bone resorption (N-telopeptide, pyridinoline), compared with OVX control. In general,
similar effects were seen in both rat and monkey.

. Safety pharmacology

Safety pharmacology studies of zoledronic acid covered major organ systems such as the
cardiovascular and autonomic, respiratory, gastrointestinal and renal systems, and no remarkable
effects were reported.

. Pharmacodynamic drug interactions
No studies were submitted.

Pharmacokinetics

The pharmacokinetics of zoledronic acid has been studied in rat and dog. No data are available for
rabbit and mouse, species used in reproduction toxicity and safety pharmacology studies. The
compound does not seem to be metabolised and, in view of the low tolerability in rabbits, the lack of
data in the rabbit is not considered a significant problem for the interpretation of data.

. Absorption- Bioavailability

The primary parameters characterised indicate that the pharmacokinetics of zoledronic acid are overall
similar to other bisphosphonates. In rats exposure was comparable after intravenous and subcutaneous
doses with negligible gender differences.

. Distribution

Distribution studies in rat showed, as expected, that most of the dose was taken up by bone with tibia
having the highest levels followed by vertebra and cranium. Initially about 60% of the dose is taken up
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in the bones and 40% still remains in bone after 1 year. The apparent half-life of zoledronic acid in
bone appears to be over 360 days. Quantitative analysis showed that, with the exception of long-term
retention in bone, transient high levels were also observed in kidney and spleen.

After repeated intravenous doses of 0.15 mg/kg in rat, accumulation was evident both in bone and soft
tissue. Steady-state levels were not attained after 16 days of daily dosing. Accumulation in soft tissues
was, however, more than 2 orders of magnitude lower than in bone and declined with an apparent half-
life of 150 to 200 days after treatment had stopped. In a 3-month study in rats given subcutaneous
doses of 0.1 mg/kg/day, no accumulation in plasma was recorded.

. Metabolism (in vitro/in vivo)
Zoledronic acid is not metabolised. There is no evidence of metabolites circulating in plasma or being
excreted in urine.

. Excretion

Zoledronic acid is primarily excreted unchanged through the kidneys after intravenous administration
with less than 3% in the feces in rat and dog. Most of the radioactivity was excreted during the first 24
hours (renal plus fecal 33% of dose in rats and 23% in dogs) after which excretion proceeded at low
rates so that approximately 60% of the dose was excreted after 12 months. No true elimination of
radioactivity could be determined from selected bones such as tibia.

Toxicology

. Single dose toxicity

In single dose toxicity studies in rats, a minimum lethal dose of 8 mg/kg was identified after
intravenous bolus injection. The cause of death at high single doses quite likely involved cardiac
and/or renal effects.

. Repeat dose toxicity (with toxicokinetics) ‘

The toxicity of zoledronic acid after repeated doses was investigated in rat and dog in studies up to 1
year using subcutaneous and intravenous (bolus or infusion) administration routes and various dosing
schedules. The toxicological profile of zoledronic acid showed similarities with that of other
bisphosphonates. The most common -effects in toxicity studies were increased primary spongiosa in
the metaphyses of long bones (non-proliferative hyperostosis) in growing animals, a finding reflecting
pharmacological antiresorptive activity. At high doses, effects.possibly irritant, in organs such as GI-
tract (haemorrhage, erosions, also after iv administration), liver (hepatocellular necrosis, haemorrhage,
inflammation), spleen (inflammation, haemorrhage), lungs (inflammatory lesions) were reported, as
well as irritation at injection sites. Effects, possibly secondary to poor physical condition, were noted
in lymphoid organs and reproductive tract. Renal effects were seen in rat and dog studies and were
characterised by renal -tubular necrosis/regeneration and inflammation with increased blood urea
nitrogen (BUN) and creatinine values. Effects on renal function and integrity seemed to occur at
decreasing doses with increasing study duration. In rat studies, males. appeared more sensitive than
females. Recently bisphosphonates have been associated with a potential to cause eye disorders in
clinical use. Ophthalmological examinations in preclinical studies did not however indicate any
untoward ocular effects.

Renal effects in rats (tubular necrosis, regeneration, hyaline casts, focal tubular basophilia) were
reported in 10-day iv bolus (6 mg/kg/d), 2-week iv (3.2 mg/kg/d), 10-day sc (0.6 mg/kg/d) and 12-
month sc (0.003 mg/kg/d) studies. No kidney effects were reported in the 13-week sc rat study at the
high dose of 0.1 mg/kg/d. Renal effects in dogs (e.g. tubular degeneration/necrosis, inflammation,
increase in connective tissue, cellular casts, tubular basophilia and urothelial hyperplasia) were noted
in 3-month iv (0.2 mg/kg/d), 13-week iv infusion (0.25 mg/kg/3x week), 26-week iv infusion (0.25
mg/kg/3x week) and 26/52~week iv bolus (0.1 mg/kg/every 2% o 3 day) studies. In dog, kidney
effects seemed to develop after cumulative doses of 2.2 g/kg both after injection and infusion. Renal
effects appeared reversible after a 26 weeks recovery period. In a 26-week intravenous infusion study
in dogs with administration every third week, kidney effects were recorded in all groups after 9 doses
0f 0.25 mg/kg, A renal NOEL of 0.25 mg/kg after 3 doses was proposed.
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The dog studies indicate that infusion time is one factor that is involved in the expression of kidney
toxicity, such that a shortening of the infusion time appeared to be coupled to less adverse renal
effects. Furthermore, local kinetics of zoledronic acid in the kidney may influence potential for renal
toxicity. The reason for the differences in the potential of zoledronic acid to cause kidney toxicity in
various rat studies is not clear. Zoledronic acid used in malignancy indications that involve daily
dosing may have sigpificant renal toxicity. Although the current indication entails a single dose
therapeutic regimen, a slow release of zoledronic acid from bone after a single dose and elimination
via kidneys may represent a situation comparable to local repeated low exposure. However it is likely,
that the exposure will be low enough for kidney toxicity not to be manifested in the time periods in
question.

In rat studies, common clinical chemistry changes included elevated alanine aminotransferase
(ALAT), aspartate aminotransferase (ASAT), cholinesterase, 0.2, f§ globulin levels, increased alkaline
phosphatase (AP), creatinine, BUN and Mg. After subcutaneous administration of doses over 0.6
mg/kg reduced erythrocytic parameters, increased granculocytic and coagulation parameters were
noted. In a rat 1-month subcutaneous toxicity study, doses of 0.2 mg/kg increased white blood cells
(WBC), decreased Ca, P, AP and AP liver isozymes. All changes were reversible except for AP.
Increased levels of creatinine kinase were noted from 0.02 mg/kg/d. Histopathological target organs
included Gl-tract (gastric mucosal degeneration, multifocal necrosis of glandular epithelium), liver
(degeneration, increased hepatocyte and Kupffer cell mitosis, periportal hepatocellular hypertrophy,
phagocytic activity), adrenal (hypertrophy), spleen (clear macrophages, lymphocytolysis), lymph
nodes (lymphocytolysis), thymus (lymphocytolysis, clear macrophages) and lung (increased cellular
infiltration). Vasculitis and cellulitis fasciitis at the injection site were described. Skeletal muscle
lesions in the thigh muscle were reported at doses over 0.06 mg/kg.

In view of the thymus lymphocytosis, increases of macrophages in spleen, lymph nodes, thymus
atrophy, duodenum inflammation reported in a number of toxicity studies, the Applicant presented an
evaluation and discussion on possible immunotoxic effects of zoledronic acid. The review of data, also
considering dosing regimens in relation to the once yearly intended in clinical therapy, did not indicate
any unexpected immunotoxicity. Bisphosphonates in the clinic are however known to have the
potential to cause an acute-phase reaction.

In a 3-month subcutaneous toxicity study at doses >0.03 mg/kg/day, broken/shortened incisors were
noted in males during the recovery period. Bisphosphonates have been reported to produce
mineralisation defects specifically in rat incisor dentine. There was a non dose-dependent lengthening
of metaphyseal primary spongiosa, increased metaphyseal bone diameters in femur and tibia (non-
reversible) and a compensatory bone marrow hypercellularity. In a 6/12-month subcutaneous study,
testicular atrophy was reported in the 0.01 mg/kg group at 12 months with changes showing
reversibility. Examination: of tibia-from selected rats showed that mineralised-tissue at the distal border
changed to primary spongiosa. The changes were paralleled by a strong reduction in bone formation at
the cellular and tissue levels. The effects were consistent with inhibition of bone resorption and
consequent reduction of bone turnover, related to the pharmacological effect of zoledronic acid.

In dog studies, common clinical chemistry changes included elevated activated partial thromboplastin
time (APTT), creatinine kinase, increased ASAT, ALAT, lactate and glutamate dehydrogenase, Mg
and decreased erythrocytic parameters, AP bone isozyme activity and albumin levels. At doses over
0.02 mg/kg P, Ca and K were decreased. Increases in urea, bilirubin, total lipids, cholesterol,
triglycerides and total protein were findings in several studies. Ihjection site lesions (cellulitis,
phlebitis) were present in most studies. Stomach changes (gastric inflammation, mineralisation,
ulceration, atrophy, oedema), bone changes (increased mesenchymatous tissue and/or bone deposition
in medullary cavities of femur, sternum, rib) and slight mineralisation in the bone marrow were noted.
The bone findings were not reversible and the effects were in part ascribed to the pharmacological
activity of zoledronic acid. In a 26/52-week study, testicular changes, focal atrophy, degeneration and
mineralisation of the seminiferous tubules were noted in some dogs at doses of 0.03 mg/kg at the end
of 26 weeks, only.
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Bone physical chemistry, morphometry and mechanical properties were studied in dogs after 6, 12
months treatment and following a 6-month recovery period. Physical chemistry parameters indicated a
shift towards greater mineralisation between 6 and 12 months. At 12 months, the mineralisation
profile in vertebrae had shifted towards higher densities. This was not noted in the femur, probably
due to lower turnover in cortical bone. Tetracycline labelling was inadequate to assess dynamic
parameters. At 6 and 12 months no difference in the structural parameters such as bone volume,
trabecular thickness, cortical areas, cortical thickness were reported with regard to the proximal tibial
side. Osteoid surface and volumes were decreased consistent with decreased bone turnover. Osteoid
thickness and osteoid volume were not increased, indicative of the absence of mineralisation defect.
Bone formation resumed after the 6-month recovery period, suggesting reversibility. Biomechanics
indicated a significant increase in density and mechanical properties of trabecular bone with
zoledronic acid treatment, prominent at 0.03 mg/kg. Cortical bone density and mechanical properties
of cortical or trabecular bone structures were not affected. After 12 months, there was a trend towards
an increase in density and mechanical properties of trabecular core. A significant increase in density
and mechanical properties of whole vertebrae was also evident. The NOEL for bone safety was
considered to be 0.1 mg/kg when given on altemating days for 16 weeks and then every 3rd day
through week 52.

Interspecies comparisons were based on renal NOAEL in various studies, and for comparison a human
systemic exposure of 1001 ngxhour/ml after 5 mg was used. Based on AUC afier a single dose
margins of exposure in dog studies was <1 to 3-fold higher than human exposure, while based on
cumulative AUC values, exposure multiples of 4 tol2 were obtained. In rat studies corresponding
values ranged from 1 to 9 based on cumulative AUC, and <1 to 4 based on AUC values after a single
dose. Exposure multiples based on Cmax values were generally higher for rat, but lower for dog.

. Genotoxicity in vitro and in vivo
Zoledronic acid was assessed for genotoxic potential in a standard battery of tests. There was no
indication of the compound having genotoxic activity either in vitro or in vivo.

. Carcinogenicity

Long-term carcinogenicity studies in mouse and rat by oral gavage at doses up to 2.0 mg/kg/day
showed an increased incidence of Harderian gland tumours in male mice, but the increase was within
historical control limits since the Harderian gland tumours have no human correlate, such that the
clinical relevance of this observation is limited.

. Reproductive and developmental studies

The reproductive toxicity of zoledronic acid was studied in rat and rabbit. The fertility and early
embryonic developmental study was terminated early due to deaths/sacrifices linked to difficulties at
parturition (dystocia) observed at doses as low as 0.01 mg/kg; effects partly ascribed to the calcium
depleting effects of the compound. Toxicity. was also evident irembryo/foetal development studies in
rat. A marked increase in pre and post implantation loss, increased resorptions and a decreased number
of viable foetuses was recorded at 0.6 mg/kg. In the second rat study foetal weights were decreased at
doses over 0.2 mg/kg and post implantation increased at 0.4 mg/kg. Zoledronic acid was teratogenic in
rat at doses =0.2 mg/kg with malformations such as cleft palate, displaced ventricle and dilatation of
major vessels, dilated lateral brain ventricles, thickening or curving of the clavicle, humerus and ulna.
The teratogenicity was considered a direct effect and not a consequence of maternal toxicity although
evident.

Zoledronic acid was not well tolerated in rabbits and in a dose range finding study in pregnant rabbits
doses over 0.2 mg/kg resulted in severe clinical signs, body weight loss and animals had to be
sacrificed. In a second study doses over 0.01 mg/kg caused maternal toxicity. Signs of hypocalcaemia
were recorded. Overall, the compound did not appear to be teratogenic in rabbits since the incidence
of malformations was comparable in all groups.

No prenatal and postnatal development study was conducted as the findings in the fertility and early
embryonic development study indicated this would not be meaningful. In general, effects noted in the
studies were not unexpected. These observations have been adequately reflected in the SPC.
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. Local tolerance
Similar to other bisphosphonates, zoledronic acid had local irritating effects upon subcutaneous or
intravenous administration.

Ecotoxicity/environmental risk assessment
The potential for ecotoxicity, risk to the environment has been addressed in separate reports.
Calculated predicted environmental concentrations do not indicate any cause for immediate concern.

Discussion on the non-clinical aspects

There are no validated animal models of Paget’s disease. The etiology of the disease is unknown
although it appears to be generally accepted that abnormal osteoclasts are central to the
pathophysiology. As well as inhibiting bone resorption, zoledronic acid had less marked inhibitory
effects on osteoblasts and decreased bone formation in vivo. Thus, inhibition of bone resorption and
bone formation may occur concomitantly, but effects were dose-dependent with some maintenance of
function and bone formation, although at levels lower than in controls.

Studies in estrogen-deficient animals indicated that bone mass was maintained and reduction of bone
mechanic parameters of femur, tibia and vertebra in rat were dose-dependently prevented by
zoledronic acid, and the effects were evident only when starting treatment prior to induction of bone
loss. A study in which zoledronic acid treatment of OVX rats was initiated 8 weeks after ovariectomy
demonstrated that the compound does not exert a “curative” effect. Animal bone studies generally
showed expected effects with no significant undesirable changes occurring at relevant doses. Taken
together the studies available for zoledronic acid are considered sufficient from the preclinical point of
view.

In a case with a compound such as zoledronic acid subject to rapid sequestration and retention in bone,
the clinical relevance of animal models used in toxicology studies would not seem appropriately
assessed using conventional methods based on e.g. metabolite comparisons and exposure levels.
Considering excretion routes and distribution pattern, the species used seem generally relevant.

Data from the toxicology programme indicated that the most frequent effect induced by zoledronic
acid was an increase in primary spongiosa in the metaphyses related to the pharmacological activity in
addition to adverse effects that were primarily directed at the kidney, liver and gastrointestinal tract.

4. Clinical aspects

Introduction
The clinical study programme is summarised in the Table below.

Table ~-Summary.-of all studiesin-Paget's disease-

Study  Study objective, Treated Study Medication, Type of
No. population Patients Duration Dosing scheme control
Large efficacy trial (completed)

2305 Ph I, double-bling, 178 6 months 1x5mgZol active
randomized (single 15 min iv infusion) control
safety/efficacy trial in 30 mg risedronate/day (2 months)

Paget's disease

2304 Ph |ll, double-blind, 171 6 months 1 x5 mg Zol active
randomized (single 15 min iv infusion) control
safety/efficacy trial in 30 mg risedronate/day (2 months)

Paget's disease
Large dose-ranging trial

002 Ph II, double-blind, 176 3 months 1x 50, 100, 200, 400 pg Zol placebo
randomized dose-~ 1 x placebo control
ranging trial in Paget's (60 min iv infusion)
disease

Small dose-ranging trial

001 Ph I, open, rising dose 16 2 weeks 1x 24, 72, 216, 400 ug Zol no
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trial in Paget's disease (60 min iv infusion) control

All clinical trials were GCP-compliant as claimed by the company.

. Pharmacokinetics ]
Pharmacokinetic data are mainly from previous studies in cancer patients. There are no specific
pharmacokinetic data for patients with Paget’s disease, but the disease state is not expected to affect
the pharmacokinetics and conclusions from previous studies can be extrapolated to the present
application.

. Absorption
Not applicable

. Distribution

At the end of infusion, plasma concentrations showed a rapid, multiphasic decline reaching < 1% of
peak levels after 24 hours. Thereafter, low plasma levels persisted over a long period (< 0.1% of peak
levels at day 29 after a 16 mg dose). The initial rapid decline is suggested to reflect the combined
processes of binding and uptake in bone and renal elimination. The persisting, low levels thereafter
reflect the slow re-distribution from bone. The long-term binding of zoledronic acid to bone is the
rationale for the single-dose administration proposed for Paget’s disease of the bone.

In vitro, "*C-zoledronic acid in blood showed no major affinity for red blood cells. Plasma protein
binding was moderate (approximately 56%) and did not vary with concentration. Animal data and the
low recovery of *C-zoledronic acid in humans indicate that most of the drug is bound to bone tissue.

. Elimination

Study 506, with *C-zoledronic acid, indicated no metabolism in humans. The compound was
primarily eliminated unchanged via renal excretion, but recovery of radioactivity was low. Most of the
recovered radioactivity was excreted within 24 hours after end of infusion (29%). After 72 hours, 32%
was recovered and at later timepoints the concentrations in urine were generally below the detection
limit. In a pooled data set of 64 patients from studies J0O01, 503 and 506, the CLg of zoledronic acid
represented 75+33% of the estimated creatinine clearance (CLcr), which averaged 84 mi/min. The
renal and total plasma clearances of zoledronic acid were strongly correlated to CLcr.

In preclinical studies, less than 5% of a dose was excreted in faeces.

Due to the slow re-distribution of zoledronic acid from bone, which may be dependent on bone re-
modelling, the terminal t1/2 could not be adequately determined. A t1/2 y of 146 hours was estimated
from the population pharmacokinetic analysis, but was thought likely to be an underestimation. The
AUC area under the curve 0-24 hours (AUCy-24hous) Was therefore used for estimation of key

-pharmacokinetic parameters.

In a new study no. 1101 in 10 cancer patients, the half-life after a single 4 mg dose was estimated to be
198 hours. Cumulative excretion of drug in urine after 24 hours was 32.6% of the dose. Plasma
clearance was 4.85 L/hr and CLg 2.44 L/hr. Thus, CLg was about 50% of the total clearance and the
remainder is likel y to be binding to bone.

] Dose proportionality and time dependencies

The AUC-24 hour Was dose proportional between doses of 2 and 16 mg. According to the population
pharmacokinetic analysis, the predicted plasma clearance at doses 2, 8 and 16 mg was 108%, 92% and
79%, respectively, of the clearance at a 4 mg dose. Thus, clearance appeared to decrease slightly with
increasing doses.

There was no significant accumulation in plasma at multiple doses given every 28 days. The
AUCp-24howss at later doses was 1.13-fold higher than after the first dose. Assessment of time-

dependency was not considered to be important for the present application, since only a single dose is
recommended.
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. Special populations

Impaired renal function

The exposure was about 30-40% higher in patients with mild to moderate impairment. In a population
pharmacokinetic analysis, CLy in patients with CLcr of 20, 50 and 140 ml/min was estimated to be
37%, 72% and 149%, respectively, of that for a patient with CLcr of 80 ml/min. No dose adjustment is
considered necessary at mild to moderate impairment while due to paucity of data, zoledronic acid is
not recommended to patients with severe renal impairment.

Impaired liver function

No study was performed in patients with hepatic impairment, as zoledronic acid is not metabolised in
the liver nor excreted via bile, and hepatic impairment is therefore not expected to affect the
pharmacokinetics of the compound.

Gender, Race, Weight and Age

In the population pharmacokinetic analysis on the pooled data set of 64 patients from three studies,
there were no effects of gender, race, body weight or age that would warrant specific dose
adjustments.

Children
No data are available, and Aclasta is not recommended in children and adolescents.

. Pharmacokinetic interaction studies
Previously submitted studies indicated no inhibition of hepatic enzymes in vitro by zoledronic acid
(CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2CI19, CYP2D6, CYP2EL, CYP3A4/5 or CYP4A9/11).

No in vivo interaction studies have been performed, since zoledronic acid is not metabolised, and
shows no potential for inhibition of cytochrome P450 enzymes.

Induction was not discussed, but has not been identified as a problem for other bisphosphonates and,
moreover, would not be expected to occur at a single dose administration.

The risk for pharmacokinetic drug-drug interactions is expected to be low.

Pharmacodynamics

. Mechanism of action

Like other bisphosphonates, zoledronic acid inhibits bone resorption by osteoclasts and, secondarily,
bone turnover by binding to bone surfaces, especially in areas of high bone turnover. As demonstrated
in the Zometa dossier, zoledronic acid reduces the osteoclastic hyperactivity of lytic or blastic bone
lesions.

. Primary and secondary pharmacology

Preclinical and clinical data showed that zoledronic acid has potent bisphosphonate effects on bone
turnover, which should make it potentially useful for the indication treatment of PDB. The clinical
studies submitted in Paget’s disease provided additional information concerning pharmacodynamics in
this population and separate PK/PD studies were not considered necessary. Relevant biomarkers for
studying the efficacy of zoledronic acid were chosen.

Combined data from PDB studies 2304 and 2305 showed that the median levels of serum and urine
resorption markers C-telopeptide (CTx) were decreased to within normative ranges by 10 days of
dosing.

Bone histomorphometry data from a limited number of M6 bone biopsies obtained within trial 2304
demonstrated the expected reduction in bone turnover with an anti-resorptive agent. Osteoblast
function as evaluated by fractional mineralising surfaces indicated continued bone turnover with
zoledronic acid. No mineralisation defects were evident and the mineral apposition rate was also
unchanged relative to placebo. Qualitative assessment indicated no evidence of abnormal bone quality.
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Additional histomorphometric data will be made available from the poét menopausal osteoporosis
programme (POP) studies with zoledronic acid 5 mg annually.

Clinical efficacy

U Dose response studies :

The two early dose-ranging trials 001, 002 contributed little data of interest. The studies showed no
clinically relevant efficacy to reduce bone markers at doses under 200 pg. Although signs of efficacy
were noted with the highest dose of 400 pg (47% reduction of serum alkaline phosphatase at 3
months), this extrapolates to changes that are considerably less than the >75% reduction of SAP
excess or SAP normalisation, which is required to meet the definition of a clinical responder.

The dose selected for the pivotal PDB trials is the same as that being evaluated for once yearly
administration within the ongoing POP for zoledronic acid. It could be noted that the CHMP, during
scientific advice, expressed reservations whether this would be the optimal dose for POP and that it
might carry an unnecessary risk of over-suppression of bone turnover in POP. Whether this argument
is of relevance for (extralesional) bone safety in PDB remains speculative. It may be relevant to note
that the 5 mg dose recommended for PDB is substantially less than the annual cumulative dose
administered in the majority of oncology patients.

In summary, the choice of dose of zoledronic acid in Paget’s disease has not been properly justified by
dose-response or other preparatory studies. Nevertheless, the benefit/risk of the proposed regimen has
been assessed from the two available controlled studies in the target population, and in addition some
safety data from the ongoing POP trials.

U Main studies

Two largely identical Phase III studies (2305, 2304) have been performed in support of the indication
for the treatment of PDB;-focusing on effects on alkaline phosphatases over six months of a single
dose of 5 mg zoledronic acid and aiming to demonstrate non-inferiority of this regimen vs. an
approved regimen of risedronate 30 mg g.d., dosed during 60 days.

Studies 2305 and 2304
METHODS

Study Participants

Trials 2305, 2304 enrolled male and female patients >30 years with a confirmed diagnosis of PDB and
serum alkaline phosphatases (SAP) at baseline 22xULN. The minimum washout periods for prior
calcitonin and bisphosphonate therapy were set at 90 and 180 days, respectively. Patients with
calculated GFR <30 ml/min or urine protein 22+ were excluded from participation.

Demographic and baseline disease characteristics are summarised in the tables below. The trials
enrolled similar populations
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Table

Baseline demographic characteristics trials 2305, 2304 (ITT population)

Study 2304 Study 2305
Zoledronic acid Risedronate Zoledronic acid Risedronate
(N=90) (N=92)
(N=82) (N=93)
Sex —n (%)
Male 62 (68.9) 61 (74.4) 62 (67.4) 57 (61.3)
Female 28 (31.1) 21 (25.6) 30 (32.6) 36 (38.7)
Race —n (%)
Caucasian 84 (93.3) 80 (97.6) 84 (91.3) 84 (90.3)
Black 6(6.7) 2(24) 3(3.3) 3(3.2)
Other 0 (0.0) 0 (0.0) 5(5.4) 6 (6.5)
Age (years)
Mean (SD) 70.4 (10.25) 72.1(9.91) 71.3(9.42) 68.2 (11.15)
Median 72.0 74.0 72.5 70.0
Range 42.0-94.0 44.0-87.0 45.0-92.0 34.0-88.0
Age — n (%)
<65 years 25 (27.8) 17 (20.7) 21(22.8) 29 (31.2)
265 years 65 (72.2) 65 (79.3) 71(71.2) 64 (68.8)
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Table Baseline disease characteristics trials 2305, 2304 (ITT population)

Study 2304 Study 2305
Zoledronic Risedronate Zoledronic Risedronate
acid acid
(N=90) (N=82) (N=92) (N=93)
Baseline SAP (U/L)
Mean (SD) 4245 (335.35) 423.0(267.35) 431.0(308.11) 427.4(348.56)
Median 329.0 321.0 3425 301.0
Range 229.0-28220 214.0-1971.0 230.0-23380 222.0-2377.0
Baseline SAP - n (%)
< 3xULN 47 (52.2) 45 (54.9) 46 (50.0) 56 (60.2)
= 3xULN 43 (47.8) 37 (45.1) 46 (50.0) 36 (38.7)
Missing 0(0.0) 0(0.0) 0 (0.0) 1(1.1)
Creatinine clearance at baseline
(mL/min)
Mean (SD) 86.8 (36.51) 84.5 (36.34) 84.2 (28.75) 89.2 (30.26)
Median 77.7 79.2 81.6 88.2
Range 30.6-217.8 29.4 -228.0 (36.0 - 180.0) (34.2- 192.6)
Creatinine clearance at baseline ~ n
(%)
< 30 mL/min 0 (0.0) 1 (1.2) 0(0.0) 0(0.0)
30 to < 40 mL/min 3 (3.3) 2 (2.4) 2(2.2) 1(1.1)
40 to 50 mL/min 10 (11.1) 7 (8.5) 8(8.7) 9(9.7)
> 50 miL/min 77 (85.6) 72 (87.8) 82 (83.1) 83 (89.2)
Last Paget’s disease therapy before
randomisation - n (%)
Bisphosphonates 39 (43.3) 39 (47.6) 50 (54.3) 52 (55.9)
Oral 23 (25.6) 28 (34.1) 33 (35.9) 35 (37.6)
\% 13 (14.4) 10 (12.2) 14 (15.2) 16 (17.2)
Clodronate 3 (3.3) 1 (1.2) 3(3.3) 1(1.1)
Other 2 (2.2) 2 (2.4) 6 (6.5) 5(5.4)
None 49 (54.4) 41 (50.0) 36 (39.1) 36 (38.7)
Washout for bisphosphonates
-n (%)
<180 days 1 (1.1) 0 (0.0) 2(2.2) 2(2.2)
180-to < 365 days 4 (44) 1 (1.2) 5(5.4) 3(3.2)
2365 days 34 (37.8) 38 (46.3) 43 (4627) 47 (50.5)

Additional baseline disease characteristics of interest were presented by the Applicant. The
distribution with respect to the proportion of patients with polyostotic/monostotic disease is consistent
with the characteristics of the general population with Paget’s disease.

Treatments
A single dose of zoledronic acid 5 mg given as an infusion over 15 min (followed by risedronate

placebo) vs. risedronate 30 mg q.d. for 60 days. The regimen for risedronate is that approved
throughout Europe. :

All patients were supplemented with calcium and multivitamins, including vitamin D.
Objectives

The primary objective was to show non-inferiority of zoledronic acid relative to risedronate with
respect to the primary efficacy variable, proportion of responders at six months. See also below
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(statistical methods). The objective was considered to be acceptable by the CHMP during scientific
advice.

Outcomes/endpoints

The primary efficacy variable was the proportion of patients who achieved therapeutic response,
defined as normalisation of SAP or at least 75% reduction from baseline of excess SAP at the end of
six months.

Sccondazy efficacy variables included (log transformed values for bone markers)
Relative change in SAP at D28

= Relative change in serum and urine CTx at D10

* Time to first therapeutic response

*  Proportion of patients achieving SAP normalisation at D28

= Change in pain scores (BPI-SF) over time

Exploratory analyses included
*  Proportions of patients who achieved SAP normalisation at D 10, 63, 91, 182

Sample size :

Sample size calculations were based on the non-inferiority criterion of -0.16 for the primary efficacy
variable. This margin is argued to maintain at least 75% of the effect of risedronate vs. etidronate. See
also below (statistical methods).

Randomisation and blinding (masking)
The two main efficacy trials 2304 and 2305 were carried out double-blinded and randomized.
Standard tools (IVRS) and procedures were used.

Statistical methods

The following analysis sets were defined: ITT (all randomised), MITT (randomised patients with
baseline and at least one post baseline SAP determination) Safety (all patients who received at least
one dose of study drug) and PP (exclusion of all major protocol violations).

Missing data were handled as follows:
For the proportion of patients who achieved therapeutic response and the proportion who achieved
SAP normalisation, LOCF was used. No imputation was used for other efficacy parameters.

According to the SAP, non-infertority of zoledronic acid vs. risedronate could be concluded if a A of
greater than —0.16 (two-sided 95% CI) was observed. In addition, and as a pre-planned strategy to test
superiority of zoledronic acid, between-treatment difference in the proportion of patients who
achieved. therapeutic response.at_six months was.evaluated by logistic.regression with.treatment and
baseline SAP (<3xULN or 23xULN) as explanatory variables

A closed testing procedure was used for secondary efficacy claims (CTx at D10, SAP change at D28,
SAP normalisation at D28, BPI-SF, time to first therapeutic response).

RESULTS
Patient disposition is given in the Table below.
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Table

Subject disposition trials 2305, 2304 (ITT population)

Study 2304 Study 2305
Zoledronic acid Risedronate Zoledronic acid Risedronate
n (%) n (%) n (%) n (%)

Total no. of patients - n(%)

Randomized 90 (100) 82 (100) 92 (100) 93 (100)

Completed 86 (95.6) 76 (92.7) 85 (92.4) 89 (95.7)
Discontinuations — n(%)

Total 4(4.4) 6(7.3) 7(7.6) 4(4.3)
Primary reason

Adverse event 2(22) 2(24) 1(1.1) 0(0.0)

Protocol violations 1(1.1) 0(0.0) 3(3.3) 2(2.2)

Patient withdrew consent 1(1.1) 2(24) 3(3.3) 2(22)

Lost to follow up 0(0.0) 2(24) 0(0.0) 0(0.0

Numbers analysed

The analysis populations are summarised in the Table below.

Table Patients in analysis populations by treatment, trial 2305 and 2304
Zoledronic acid Risedronate
5 mg single IV infusion 30 mg/day x 60 days
n (%) n (%)
2304 2305 2304 2305

ITT 90 (100) 92 (100) 82 (100) 93 (100)
MITT 88 (97.8) 88 (95.7) 82 (100) 89 (95.7)
PP 75 (83.3) 69 (75.0) 67 (81.7) 81 (87.1)
Safety 89 (98.9) 88 (95.7) 82 (100) 90 (96.8)

The lower fraction included in PP (zoledronic acid) was explained by lower compliance to oral

placebo.

Qutcomes and estimation

Primary efficacy data are given in the Table below. The primary efficacy variable was the proportion
of patients who achieved therapeutic response at 6 months. A therapeutic response was-defined. as.the
normalization of SAP or a reduction of at least 75% from baseline (Visit 1) in SAP excess (difference
between measured level and midpoint to the normal range).
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Table Proportion of patients with therapeutic response at 6 months, trials 2305, 2304

(MITT population)
Treatment N  Proportion Difference Odds ratio p-value *
95% CI 95% CI

2305

Zoledronic acid 88 0.95 0.20(0.09, 0.31) 7.13(2.56, 25.41) < 0.0001
Risedronate 89 0.75 — — —
2304

Zoledronic acid 88 0.97 0.23 (0.12, 0.35) 10.37 (3.40, 45.21) < 0.0001
Risedronate 82 0.73 - -— —

! Difference of zoledronic acid minus risedronate.
2 Odds ratio of zoledronic acid over risedronate and its 95% Cl is based on the logistic regression model.
3 p-value given by the likelihood ratio test for the treatment comparison in the logistic regression model.

The lower limit of the one-sided 97.5% CI for the difference between the treatment groups was greater
than —0.16 in both studies 2305 and 2304, meeting the non-inferiority criterion. When testing for
superiority, the lower limit of the CI was greater than 0, indicating that zoledronic acid had a
significantly higher proportion of patients who achieved therapeutic response compared to risedronate
(20% higher). The results of the 95% CI were confirmed by the statistically significant treatment
effect in the logistic regression model from both studies (all p<0.001), and odds ratio of 7.13 (95% CI:
2.56, 25.41) in Study 2305, and odds ratio of 10.37 (95% CI: 3.40, 45.21) in Study 2304. Consistent,
statistically significant results were shown in the PP-population.

The relevant variable proportion of subjects with SAP normalisation was tested as a secondary
variable at D28 (2305: zoledronic acid 0.09, risedronate 0.01, p<0.01; 2304: zoledronic acid0.06,
risedronate 0, p<0.01).

Data for SAP normalisation at six months (tested as exploratory variable) are summarised below.

Table Proportion of subjects with SAP normalisation at 6 months (MITT population)

Treatment N Proportion Difference Odds ratio p-value
(%) (95% Cl) (95% Cl)

2305

Zoledronic acid 88 0.89 (89%) 0.32 (0.19, 0.46) < 0.0001

Risedronate 89 0.56 (56%)

2304 .

Zoledronic acid 88 0.89 (89%) 0.29 (0.15, 0.43) < 0.0001

Risedronate 82 0.60 (60%)

Findings for serum and urine CTx (secondary variables) and serum PINP (exploratory) were
consistent with those for SAP.

Time to first therapeutic response (secondary variable) was significantly shorter with zoledronic acid,
compared with risedronate (62.7 vs. 108.2 days (ITT), risk ratio 3.31 [2.28;4.81]) in Study 2305 and
(62.7 vs. 103.1 (ITT), risk ratio [2.54, 5.58]) in Study 2304.

BPI-SF scores declined over time on study in both treatment arms in both trials, without significant
differences or trends to superiority of zoledronic acid. In the pooled results, a similar decrease in pain

severity and pain interference scores relative to baseline were observed over 6 months for Aclasta and
risedronate.

Experience with retreatment is non-existent.
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Ancillary analyses
Subgroup analyses for key efficacy variables were performed for

* Baseline SAP <3xULN or 23xULN

* Race

= Sex

» Last PDB therapy (oral bisphosphonate, IV bisphosphonate, clodronate, others, none)
* Washout period for bisphosphonates (<180, 180 to <365, 2365D)

= Age (<65, 65-74, 275 years)

The findings for the primary efficacy criterion in these subgroup analyses were very similar between
trials 2305 and 2304.

The findings for the primary efficacy criterion for the combined trials are summarised in the tables
below.

Table Proportion of patients who achieved therapeutic response at 6 months by demographic factor -
combined active-controlled studies (MITT population)

Zoledronic acid Risedronate
Subgroup n/N (Proportion) n/N (Proportion)
Age
< 65 years 45/45 (1.00) 37/45 (0.82)
65-74 years 62/64 (0.97) 46/59 (0.78)
275 years 62/67 (0.93) 44/67 (0.66)
Sex
Female 1171121 0.97) . 86/116 (0.74)
Male 52/55 (0.95) 41/55 (0.75)
Race
Caucasian 158/163 (0.97) 120/161 (0.75)
Black 7/8 (0.88) : 1/4 (0.25)
Other 4/5 (0.80) 6/6 (1.00)

Table Proportion of patients who achieved therapeutic response at 6 months by disease factors —
combined active-controlled studies (MITT population)

Zoledronic acid Risedronate

Subgroup n/N (Proportion) n/N (Proportion)
Baseline-SAP )

< 3xULN 87/90 (0.97) 74/99 (0.75)

2 3xULN 82/86 (0.95) 53/72 (0.74)
Last Paget’s therapy

Oral bisphos. 53/55 (0.96) 33/60 (0.55)

IV bisphos. 22/25 (0.88) 21/26 (0.81)

Clodronate 6/6 (1.00) 212 (1.00)

Others 8/8 : (1.00) 6/7 (0.86)

None 80/82 (0.98) 65/76 (0.86)
Washout for bisphosphonates

< 180 days 3/3 (1.00) 1/2 (0.50)

180-<365 days 8/8 (1.00) 2/4 (0.50)

2 365 days 70/75 (0.93) 53/82 (0.65)

When the baseline SAP > 3xULN category is divided into two groups (3-6 XULN, >6xULN) the
therapeutic response rate remains consistent across the zoledronic acid subgroups with 96% and 93%
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of the patients in the two subgroups achieving therapeutic response compared to a 95% therapeutic
response rate in the overall group. ’

U Clinical studies in special populations
There were no studies performed in special populations.

. Analysis performed across trials (pooled analyses and meta-analysis)
None

. Supportive studies
None

. Discussion on clinical efficacy

The pivotal clinical trials were performed essentially in accordance with CHMP scientific advice. The
study samples are considered reasonably representative of the intended target population, although of
mild to moderate average disease severity. Short-term efficacy on the accepted surrogate variable SAP
is robust with 95% response rate for the primary responder criterion, consistent over subgroups and
corroborated by findings for other bone turnover markers. The attainment of 89% response rate for
SAP normalisation at six months is also reassuring, is significantly superior to what was achieved with
the approved comparator risedronate, and appears to be considerably in excess of what has been
published for other bisphonates.

In the primary efficacy analysis (MITT), zoledronic acid was clearly superior to risedronate in both
trials (proportions of responders 2305: 0.95 vs.0.75; OR 7.13 [2.56; 25.41]; 2304: 0.97 vs. 0.73, OR
10.37 [3.40; 45.2]). This -was consistent in PP analysis. Normalisation of SAP at six months
(exploratory) was noted in the proportions 0.89 vs. 0.56 and 0.89 vs. 0.60 in the two studies. Changes
in SAP corroborated those for serum and urine CTx. Findings in subgroups (demographics, baseline
disease severity, prior bisphosphonate exposure yes/no) were consistent vyith the primary analysis.

Time to first therapeutic response was shorter with zoledronic acid, compared with risedronate in both
trials.

There was no difference between treatments regarding response in BPI-SF pain scores in either study.

The lack of radiographic data is acknowledged as a deficiency, but such data has not been requested in
other applications for this indication.

Follow-up data in responders are currently being collected in extensions to both trials for patients who
were classified as therapeutic responders at the end of the 6-month core study. Data for a median
follow-up of 18 months from time of dosing were-made available-in response to CHMP Day 120 List
of Questions (D120 LOQ). In this analysis, 141/143 zoledronic acid-treated patients maintained their
therapeutic response, compared with 71/107 of the risedronate-treated patients. Additional long-term
data will be reported to the CHMP post-marketing.

There is currently no actual experience of retreatment with zoledronic acid in PDB.

Clinical safety

. Patient exposure

Taking into account data supplied in the response to CHMP D120 LOQ, the safety assessment
considered data obtained in approximately 541 patients with PDB: 157 patients in early-phase trials
who received doses less than 5 mg zoledronic acid (24-400 pg), 177 patients in trial 2305 and 2304
who received 5 mg of zoledronic acid, 172 patients who received the active comparator, risedronate,
and 35 patients in early phase studies who received placebo.

Pooled data from the four trials in the target population constituted the major safety population.
Further, post-marketing data for Zometa in oncology indications were taken into account.
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. Adverse events (AE)

Adverse events (25%) in the major safety population are summarised per System Organ Class (80C)

in the Table below.

Table Adverse events overall and by body system (> 5% patients in any group)
(Paget's disease, safety population)

Phase Il studies

Phase 1/l studies

Zoledronic acid Risedronate Zoledronic acid Placebo
5mg <5 mg (24400 pg)
n (%) n (%) n (%) n (%)
Patients studied
Total no. studied 177 (100.0) 172 (100.0) 157 (100.0) 35 (100.0)
Total no. with an AE 146 (82.5) 133 (77.3) 120 (76.4) 29 (82.9)
System organ class
General disorders & 69 (39.0) 35(20.3) 43 (27.4) 9(25.7)
administrat. site conditions
Musculoskeletal & 66 (37.3) 55 (32.0) 71 (45.2) 7 (48.6)
connective tissue disorders
Nervous system disorders 51 (28.8) 35 (20.3) 32(20.4) 9 (25.7)
Gastrointestinal disorders 50 (28.2) 41 (23.8) 20 (12.7) 6(17.1)
Infections & infestations 50 (28.2) 46 (26.7) 31 (19.7) 6 (17.1)
Respiratory,  thoracic & 19 (10.7) 18 (10.5) 16 (10.2) 3(8.6)
mediastinal disorders
Injury, poisoning & 17 (9.6) 21 (12.2) 9 (5.7) 1(2.9)
procedural complications
Metabolism &  nutrition 7(9.6) 0(5.8) 5(3.2) 0 (0.0)
disorders
Skin & subcutaneous tissue 15 (8.5) 13 (7.6) 15 (9.6) 3(8.6)
disorders
Investigations 11 (6.2) 9(5.2) 14 (8.9) 1(2.9)
Renal & urinary disorders 10 (5.6) 12 (7.0) 6 (3.8) 1(2.9)
Eye disorders 8 (4.5) 3(1.7) 9(5.7) 0 (0.0)
Vascular disorders 8 (4.5) 5(2.9) 5(3.2) 4 (11.4)
Psychiatric disorders 5(2.8) 8 (4.7) 5(3.2) 2 (5.7)
Studies : 2304, 2305, 001, 002
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A tabulation of the most frequent AEs suspected to be drug-related (investigator’s assessment) in the

PDB population is given below.

Table Most frequent AEs (2% patients in any group) suspected to be drug related

(Paget's disease, safety population)

Phase lll studies

Phase I/l studies

Zoledronic acid Risedronate Zoledronic acid Placebo
5mg <5 mg (24-400 ug)
n (%) n (%) n (%) n (%)
Patients studied
Total no. studied 177 (100) 172 (100) 157 (100) 35 (100)
Total no. with an AE 92 (52.0) 43 (25.0) 65 (41.4) 16 (45.7)
Adverse events
Flu-like symptoms 16 (9.0) 9(5.2) 4(2.5) 0 (0.0)
Pyrexia 13 (7.3) 1(0.6) 3(1.9) 0(0.0)
Rigors 13 (7.3) 1(0.6) 4(2.5) 0(0.0)
Headache 12 (6.8) 6 (3.5) 7 (4.5) 2(5.7)
Myalgia 11(6.2) 6 (3.5) 3(1.9) 0(0.0)
Nausea 10 (5.6) 3(1.7) 6 (3.8) 1(2.9)
Bone pain 9 (5.1) 2(1.2) 8 (5.1) 2(5.7)
Fatigue 9 (5.1) 3(1.7) 12 (7.6) 0 (0.0
Arthralgia 7 (4.0) 3(1.7) 16 (10.2) 3(8.6)
Lethargy 7 (4.0) 1(0.6) 1(0.6) 1(2.9)
Influenza 6 (3.4) 0(0.0) 0(0.0) 0 (0.0)
Pain 6 (3.4) 4(2.3) 2(1.3) 0(0.0)
Hypocalcemia 5(2.8) 1(0.6) 0(0.0) 0(0.0)
Asthenia 4(2.3) 1(0.6) 2(1.3) 0 (0.0)
Diarrhea 4 (2.3) 0(0.0) 1(0.6) 1(2.9)
Dyspepsia 4(2.3) 4(2.3) 0(0.0) 0 (0.0
Dyspnea 4(2.3) 0(0.0) 1(0.6) 0(0.0)
Back pain 3(1.7) 2(1.2) 13 (8.3) 1(2.9)
Paraesthesia 2(1.1) 0(0.0) 3(1.9) 1(2.9)
Body temperature increased 1(0.6) 2(1.2) 4(2.5) 0(0.0)
Hot flush 1(0.6) 0(0.0) 1(0.6) 2(5.7)
Night sweats 1(0.6) 0 (0.0) 0(0.0) 1(2.9)
Chest wall pain 0(0.0) 0(0.0) 2(1.3) 1(2.9)
Flushing 0(0.0) 0(0.0) 2(1.3) 1(2.9)
Injection site. reaction 0 (0.0) 0(0.0) 0(0.0) 1(2.9)
Muscle cramp 0 (0.0) 1(0.6) 4(2.5) 0 (0.0
Edema peripheral 0(0.0) 0(0.0) 1(0.6) 1(2.9)
Pain in extremity 0(0.0) 2(1.2) 11 (7.0) 3(8.6)

Studies : 2304, 2305, 001, 002

Generally, the AE profile appears to be that expected with an IV bisphosphonate and also consistent
with findings in other trials of zoledronic acid in benign conditions (0041, 0041E1, 2201). Flu-like
symptoms, headache and fatigue frequently occurred within the first 3 days of administering
zoledronic acid. The majority of these symptoms resolved within 4 days of the event onset.
majority of the patients (95/177) in the zoledronic acid 5 mg group reported their adverse events in the
first 3 days after initiating study drug. Thereafter, more adverse events were reported in the

risedronate group.

20/24

01604

©EMEA 2005




Adverse events of special interest
Renal adverse events

Renal abnormality was defined as a serum creatinine rise of > 0.5 mg/dL from baseline, or a > 2+
protein value by dip-stick. In the original submission, there were no events of raised serum creatinine
at D9-11 post infusion in the PDB population (protocol-defined analysis) and only one episode of
transient, asymptomatic proteinuria. In study 2304 there were no renal adverse events associated with
deterioration of renal function or renal abnormalities reported for zoledronic acid. For risedronate,
there were three adverse events that met the definition of deterioration of renal function. An overview
of clinical renal AEs in the major safety population is given in the Table below.

Table Renal adverse events (Paget's disease, safety population)

Phase lll studies Phase I/l studies
Zoledronic acid  Risedronate Zoledronic acid Placebo
5mg <5 mg (24-400ug)

Patients studied
Total no. studied 177 (100.0) 172 (100.0) 157 (100.0) 35 (100.0)
No. with renal AEs 2(1.1) 3(1.7) 0 0
Adverse event
Creatinine clearance decreased 1(0.6) 0(0.0) - -
Urinary retention 1(0.6) 0(0.0) - -
Hematuria 0(0.0) 2(1.2) - -
Renal impairment 0 (0.0) 1(0.6) - -

Studies: 2304, 2305, 001, 002
A subject with multiple occurrences within an AE is counted only once in the AE category.

The two events reported with zoledronic acid 5 mg relate to one case of protocol-defined increase in
serum creatinine occurring at six months post administration, and one case of urinary retention,
respectively.

Available data in the PDB population create no specific concern regarding renal safety of IV
zoledronic acid. Renal adverse events will be specifically monitored post-marketing.

Upper gastrointestinal adverse events

In the PDB safety database, there was no marked difference between zoledronic acid and risedronate
regarding reporting rates for upper gastrointestinal AEs (18.6% and 16.3%, respectively).

Upveitis/iritis/scleritis
There were no reports of these events in the PDB population.

Osteonecrosis of the maxillofacial region

This has recently been highlighted in the literature as a complication of pamidronate and zoledronic
acid when used in oncology indications. No events of this type are reported in the current dossier.
Post-marketing surveillance is considered to be necessary.

Bone safety
Available data create no specific concerns (see section on Pharmacodynamics).

. Serious adverse event/deaths/other significant events ‘ ‘

The only SAEs assessed as potentially related involved one report of cerebrovascular accident,
occurring 69 days post administration of 5 mg zoledronic acid in study 2305, and one report of ECG
changes 9 days following 100 pg of zoledronic acid in trial 002.

SAEs suspected to be drug-related in other completed trials in benign indications included isolated
cases of flu-like symptoms.
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Table Serious adverse events (excluding death) (Paget's disease, trials 2305, 2304)

Patient |dentity AgelSex Preferred term Day of onset Relation to drug
zoledronic acid 5 mg (study 2304)
0303/00125 71M Embolic stroke 114 Not suspected
0604/00095 75/M Peripheral ischemia 125 Not suspected
Sympathectomy 131 Not suspected
Leg amputation 157 Not suspected
0401/00037 79/F Arthritis 2 Suspected
0504/00117 53/M Cellulitis orbital 132 Not suspected
0507/00046 76/M Difficulty in walking 3 Not suspected
Spinal column stenosis 3 Not suspected
Asthenia 3 Suspected
Risedronate (study 2304)
0303/00272 73M Lower limb fracture 19 Not suspected
0107/00252 76/M Dysphagia 60 Not suspected
0605/00190 79/F Abdominal pain upper 101 Suspected
0605/00199 81/F Renal impaiment 173 Not suspected
Lower resp. tract infection 173 Not suspected
Confusional state 173 Not suspected
Urinary tract infection 173 Not suspected
Staphylococcal infection 224 Not suspected
0401/00118 77M Acute coronary syndrome 73 Not suspected
0401/00157 72IM Hepatic cyst 154 Not suspected
Pyrexia 154 Not suspected
Rigors 154 Not suspected
0504/0065 52/F Hypocalcemia 12 Suspected
0507/0136 87/F Abdominal pain 80 Not suspected
Constipation 80 Not suspected
Abdominal Pain 88 Not suspected
Back pain 88 Not suspected
zoledronic acid 5 mg (study 2305)
0104/00250 77M Femur fracture 98 Not suspected
0305/00058 83/M Back pain 93 Not suspected
Cerebrovascular accident 93 Suspected
' Spinal fracture 93 Not suspected
0308/00369 77/F Asthma 101 Not suspected
Dyspnea 101 Not suspected
Enterobacter sepsis 157 Not suspected
0501/00137 76/F Escherichia infection 104 Not suspected
Risedronate (study 2305)
0254/00054 73M Chest pain 54 Not suspected
0455/00295 52/F Endometrial hyperplasia 95 Not suspected
0601/00187 83/F Humerus fracture 84 Not suspected

No unexpected signal has been created by these data.

In the major safety population (all patients with PDB given > 1 dose of study drug) there was a total of
four deaths, all occurring in trial 002 using sub-therapeutic doses of zoledronic acid, and none
assessed to be related to study drug.

. Laboratory findings

Clinically notable hypocalcaemia (serum calcium <1.87 mmol/l) or AE of hypocalcaemia was
reported in 8/177 patients in studies 2305 and 2304 following zoledronic acid 5 mg and with serum
calcium nadir usually occurring before or by D10 post injection. Truly symptomatic hypocalcaemia
was reported in two patients, both of which showed non-compliance with calcium and vitamin D
supplementation.
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. Safety in special populations
No specificities regarding the AE profile were noted in predefined subgroups or in relation to specific
concomitant drug intake. N

. Safety related to drug-drug interactions and other interactions

As noted in the section on pharmacokinetics, the potential for pharmacokinetic drug — drug
interactions is low. No specific dynamic interactions of concern are foreseen apart from those related
to known class effects.

° Discontinuation due to adverse events
There was only one discontinuation due to AE in the major safety population. Corresponding data
from the finalised trials in benign indications are unremarkable.

. Post marketing experience :

The data available refers to zoledronic acid as Zometa, indicated in oncology patients. As already
discussed, dosage regimens for zoledronic acid and co-morbidity spectrum are quite different in the
oncology setting compared with for the currently sought indication. Apart from the recently identified
issue of maxillofacial osteonecrosis, the safety experience with Zometa is not considered to have
raised unexpected concerns.

. Discussion on clinical safety

The main adverse effects of zoledronic acid by intravenous infusion are flu-like symptoms in the first
3 days following administration. These symptoms occur very commonly, are usually transient and
resolve spontaneously within 2-4 days. Bone pain, arthralgia, myalgia, fever, and hypocalcaemia have
also been observed commonly. All of these symptoms have been reported previously with other
bisphosphonates.

The occurrence of symptomatic hypocalcaemia with zoledronic acid despite vitamin D and calcium
supplementation created concern in the primary assessment. In response to CHMP D120 LOQ, the
applicant provided additional data and discussion on this issue. In the pivotal trials, transient
hypocalcaemia, usually with the nadir at or before D10 post injection was noted in eight patients
treated with zoledronic acid. The two cases with the lowest serum calcium values were truly
symptomatic and were associated with non-compliance with calcium and vitamin D supplementation.
The wording in the SPC of sections 4.2 and 4.4 has been strengthened, in order to emphasise the
importance of adequate calcium supplementation post infusion; this approach should ensure
manageable safety in clinical practice. Hypocalcaemia is targeted for focused surveillance within
PSURSs.

Based on preclinical and clinical data, there is a concern for renal toxicity of IV bisphosphonates.
Monitoring of renal function was performed 9-11 days following the-initial dose in pivotal trials, and
such monitoring is also specified per protocol in ongoing trials in non-malignant indications. No renal
abnormalities (increase in serum creatinine or proteinuria >2+) occurred due to zoledronic acid
infusion in the PDB population. Due to the concern for potential renal events, individuals with
creatinine clearance below 30 ml/min were excluded from the trials. ‘The exclusion of patients with
severe renal impairment has been reflected in the SPC. Renal toxicity is targeted for focused
surveillance within PSURs.

Events of iritis/uveitis/scleritis were not seen in the PDB population so far, but are, appropriately,
listed in the SPC as occurring with bisphosphonate therapy. This area will also be focused on in
PSURs.

The limited amount of (extralesional) bone safety data available was discussed in the
pharmacodynamic section. Additional biopsy data from POP trials will be reported to the CHMP. The
specific bone safety issue of maxillofacial osteonecrosis, highlighted for pamidronate and zoledronic
acid in oncology indications has so far not been reported in pop-malignant mdlcatlons Targeted
surveillance within PSURSs is considered necessary.
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5. Overall conclusions, benefit/risk assessment and recommendation

Quality

The quality of the product is considered to be acceptable when used in accordance with the conditions
defined in the SPC. Physicochemical and biological aspects relevant to the uniform clinical
performance of the product have been investigated and are controlled in a satisfactory way. There are
no unresolved quality issues, which have a negative impact on the Benefit/Risk balance of the product.

Non-clinical pharmacology and toxicology

Overall, the primary pharmacodynamic studies provided adequate evidence that zoledronic acid had
inhibitory effects on osteoclasts inhibiting bone resorption and as well as reducing bone turnover. The
general safety pharmacology studies showed no remarkable effects. The pharmacokinetics of
zoledronic acid has been studied in rat and dog. The findings revealed in the toxicology programme
have been adequately reflected in the SPC.

Efficacy

The pivotal clinical trials were performed in accordance with CHMP scientific advice and in an
acceptable sample of the patient population. Short-term efficacy on the accepted surrogate variable
SAP is robust. The attainment of replicated 89% response rate for SAP normalisation at six months is
reassuring, is significantly superior to what was achieved with the approved comparator risedronate,
and also appears to be considerably in excess of what has been published for other bisphosphonates.
Follow-up data are still preliminary, as regards to maintenance of long-term response.

Safety

The updated safety database has been adequately presented. Hypocalcaemia appears to occur more
frequently in patieﬁts receiving 1.v. zoledronic acid compared with oral risedronate, even if usually
mild and without clinically significant consequences. Hypocalcaemia is included in the SPC as a
common side effect for Aclasta. Renal adverse events and osteonecrosis of the maxillofacial region
will be specifically monitored post-marketing.

Benefit/risk assessment

Aclasta (zoledronic acid) is the first i.v. bisphosphonate proposed for the treatment of Paget’s disease
in the EU. Zoledronic acid is a potent bisphosphonate. The dose claimed i1s poorly substantiated.
However, efficacy on usually accepted intermediary endpoints was demonstrated to be superior to that
of an approved regimen of oral risedronate in two adequate climcal trials, and the safety profile is
considered to be manageable within the restrictions imposed by the agreed SPC.

Data on maintenance of effect after a single dose are preliminary. The available data on long-term
efficacy/safety and their limitations have been pointed out in the SPC. The Applicant intends to collect
further data from the ongoing extension program in order to define these parameters. These data will
be reported to CHMP when the 2-year follow up data is available.

Overall, and taking into account the commitments to provision of additional efficacy and safety data
post-marketing, the benefit/risk balance is acceptable.

Recommendation
Based on the CHMP review of data on quality, safety and efficacy, the CHMP considered by a

unanimous decision that the benefit/risk ratio of Aclasta in the treatment of Paget’s disease of bone
was favourable and therefore recommended the granting of the marketing authorisation.
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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe the differences between oral and i.v. bisphosphonate therapy in terms of safety and side effects.

2. Explain the renal effects of long-term i.v. bisphosphonate treatment.

3. Discuss the importance of patient compliance in long-term disease management.

ABSTRACT

Patients with advanced cancers—particularly breast
and prostate cancers—are at high risk for bone metasta-
sis, leading to accelerated bone resorption and clinically
significant skeletal morbidity. Bisphosphonates are
effective inhibitors of bone resorption and reduce the
risk of skeletal complications in patients with bone
metastases. The standard routes of administration for
bisphosphonates used in clinical practice are either oral
or. i.v. infusion..Oral administration of bisphosphonates
is complicated by poor bioavailability (generally <5%)
and poor gastrointestinal tolerability. First-generation
bisphosphonates, such as clodronate (Bonefos®; Anthra
Pharmaceuticals; Princeton, NJ), must be administered
at high oral doses (1,600-3,200 mg/day) to achieve thera-
peutic effects, which leads to poor tolerability and com-
pliance with oral dosing regimens. Infusion of
bisphosphonates is associated with dose- and infusion-
rate-dependent effects on renal function. In particular,
high bisphosphonate doses (e.g., 1,500 mg clodronate)

can cause severe renal toxicity unless infused slowly
over many hours. In contrast, the newer, more potent
bisphosphonates effectively inhibit bone resorption at
micromolar concentrations, and the small doses
required can be administered via relatively short i.v.
infusions without adversely affecting renal function.
Zoledronic acid (Zometa®; Novartis Pharmacenticals
Corp.; East Hanover, NJ) is a new generation bisphos-
phonate, and the recommended dose of 4 mg can be
safely infused over 15 minutes. The 90-mg dose of
pamidronate (Aredia®; Novartis Pharmaceuticals
Corp.) and the 6-mg dose of ibandronate (Bondronat®;
Hoffmann-La Roche Inc.; Nutley, NJ) require 1- to 4-
hour infusions. Intravenous bisphosphonates require
less frequent dosing (once a month) and are generally
well tolerated with long-term use in patients with bone
metastases. Zoledronic acid has demonstrated the
broadest clinical activity in patients with bone metas-
tases. The Oncologist 2004,;9(suppl 4):28-37
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INTRODUCTION

Bisphosphonates are potent inhibitors of osteoclast-
mediated bone resorption and are effective in the treatment of
malignant bone disease [1]. Intravenous bisphosphonates are
the current standard of care for the treatment of hypercal-
cemia of malignancy (HCM) and for the prevention of skele-
tal complications associated with bone metastases. Currently,
zoledronic acid (Zometa®; Novartis Pharmaceuticals Corp.;
East Hanover, NJ) (4 mg via a 15-minute infusion) and
pamidronate (Aredia®; Novartis Pharmaceuticals Corp.)
(90 mg via a 2-hour infusion) are the only agents recom-
mended by the American Society of Clinical Oncology
(ASCO) for the treatment of bone lesions from breast cancer
and multiple myeloma [2]. Furthermore, zoledronic acid is
approved by both the U.S. Food and Drug Administration
and the European Agency for the Evaluation of Medicinal
Products for the prevention of skeletal complications in
patients with multiple myeloma or bone metastases sec-
ondary to a variety of solid tumors, including breast, prostate,
and lung cancer [3].

Bisphosphonates have undergone considerable evolu-
tion since the early 1970s, and the potency of these com-
pounds has been steadily improved with each successive
generation [4]. The first-generation bisphosphonates;
etidronate (Didronel®; Procter and Gamble Pharmaceuticals,
Inc.; Cincinnati, OH) and clodronate (Bonefos®; Anthra
Pharmaceuticals; Princeton, NJ)—which lack a nitrogen
atom—require relatively high molar concentrations to
achieve clinical activity. Etidronate and clodronate also have
low therapeutic ratios. Therefore, at the high doses required to
effectively inhibit bone resorption, etidronate has the potential
to adversely affect bone mineralization and may cause osteo-
malacia [5]. The 1.v. infusion of etidronate and clodronate has
also been associated with acute renal failure {6]. Therapeutic
doses of -etidronate .and clodronate: must. be infused_slowly
over many hours with careful monitoring of serum creatinine
to ensure renal safety. The first nitrogen-containing bisphos-
phonates, pamidronate and alendronate (Fosamax®; Merck
and Company, Inc.; West Point, PA), were developed in the
early 1980s and were found to be 10- to 100-fold more potent
inhibitors of bone resorption than etidronate and clodronate
{7, 8]. Ibandronate (Bondronat®, Hoffmann-La Roche Inc.;
Nutley, NJ) was subsequently developed and shown to be
approximately . 10-fold more potent than pamidronate.
Zoledronic acid and risedronate (Actonel®; Proctor and
Gamble Pharmaceuticals, Inc.) are members of the newest
generation of bisphosphonates that contain heterocyclic side
chains. Zoledronic acid is unique in that it contains two nitro-
gen atoms, and it has been shown to be 40- to 850-fold more
potent than pamidronate in various preclinical models of
osteoclast-mediated bone resorption [7].

29

The development of highly potent nitrogen-containing
bisphosphonates improved the convenience of 1.v. adminis-
tration because it allowed infusion times to be dramatically
shortened. Infusion of all bisphosphonates is associated with
dose- and infusion-rate-dependent effects on renal function
as evidenced by increases in serum creatinine [9, 10].
Therefore, the more potent agents, which achieve therapeutic
activity at micromolar concentrations, require lower doses
and shorter infusion times. Zoledronic acid has the shortest
approved infusion time of any bisphosphonate (15 minutes),
compared with the 1-4 hours required for pamidronate and
ibandronate. In addition, zoledronic acid (4 mg) is unique
among other bisphosphonates because it effectively reduces
the incidence and delays the onset of skeletal complications
in patients with osteolytic, mixed, and osteoblastic bone
lesions from a wide range of primary malignancies, includ-
ing multiple myeloma, breast, prostate, and lung cancer, as
well as a variety of other solid tamors [11-15].

Bisphosphonates used to treat malignant bone disease are
administered either orally or via an i.v. infusion. Each route
has it advantages and disadvantages, and this review focuses
on those issues. Although daily oral bisphosphonate therapy
can be administered at home and may seem more convenient
than i.v. administration for the patient, oral bisphosphonate
therapy appears to be less effective and may not be any more
convenient than monthly infusions [16-18]. Oral bisphospho-
nates are less effective for the treatment of HCM (i.e., less
rapid and sustained normalization of serum calcium) and
appear to have limited activity in patients with bone metas-
tases compared with iv. therapy [16, 17] (reviewed by
Coleman [19]). Furthermore, the oral administration of bis-
phosphonates is limited by poor bioavailability (<5%) and
gastrointestinal (G) toxicities (primarily esophagitis and diar-
rhea) [16, 18, 20]. Because of poor Gl tolerability, compliance

‘with oral bisphosphonate therapy is also an-issue, and many

patients require dose adjustments or discontinue therapy as a
result, which can adversely affect efficacy. Therefore, in line
with the updated ASCO guidelines on bisphosphonate ther-
apy in breast cancer and multiple myeloma [2], as well as con-
sensus guidelines and recommendations for bisphosphonate
therapy in prostate cancer [21-23] and lung cancer {24], most
physicians prefer i.v. bisphosphonates for the treatment of
malignant bone disease, wherein strict compliance with the
regimen is critical to achieve maximum therapeutic benefit.

SAFETY PROFILE OF BISPHOSPHONATE THERAPY
Both the i.v. and oral administration of bisphosphonates
are associated with adverse events, but the safety profile
varies somewhat depending on the route of administration.
Intravenous administration is associated with mild-to-mod-
erate flu-like symptoms following the initial infusions,
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whereas oral administration is associated with a significant
incidence of GI adverse events. Oral administration is gen-
erally not associated with adverse effects on renal function,
whereas renal function can be affected by i.v. administra-
tion. However, when bisphosphonates are administered at
the recommended doses and infusion rates, the incidence of
elevated serum creatinine is generally low (<10%), and
severe renal adverse events are rare.

Intravenous Bisphosphonates

In general, the i.v. administration of bisphosphonates is
well tolerated with a predictable and manageable side-
effect profile that may include acute-phase responses, fluc-
tuations in serum ion levels (calcium, magnesium, and
phosphorus), and occasional elevations in serum creatinine
[9, 10]. However, i.v. bisphosphonates are associated with
a low incidence of serious adverse events. In addition, there
are no known interactions between bisphosphonates and
anticancer agents. Self-limiting, transient, acute-phase reac-
tions resulting in mild to moderate flu-like symptoms have
been reported in approximately one-third of patients—pri-
marily after the first infusion [9]. These reactions occur
with similar frequencies among patients treated with all i.v.
bisphosphonates and are characterized by transient low-
grade fever, fatigue, arthralgia or myalgia, nausea, and
increased bone pain. In the comparative phase III trial of
4 mg zoledronic acid versus 90 mg pamidronate in patients
with breast cancer or multiple myeloma, the most common
adverse events in both treatment groups were mild to mod-
erate bone pain, nausea, fatigue, and fever, and these events
occurred with similar frequencies in both treatment groups
(Table 1) [11, 12]. In a recent study of i.v. ibandronate (2 or
6 mg) in patients with breast cancer, serious adverse events
related to the study drug included bone pain, lung edema,

n of patients (%)
Zoledronic acid Pamidronate

Adverse event (4 mg) (n =563) (90 mg) (n =556)
Bone pain 325 (58) 316 (57)
Nausca 270 (48) 266 (48)
Fatigue 241 (43) 240 (43)
Fever 213 (38) 172(31)
Vomiting 187 (33) 183 (33)
Anemia 181 (32) 175 (32)
Myalgia 153 (27) 143 (26)
Adapted with permission from Rosen et al. [12].

Safety of Bisphosphonates and Patient Compliance

and asthenia [25]. Intravenous bisphosphonates are also
associated with a slightly higher incidence of mild anemia
[13] and with serum electrolyte imbalances. The latter can
be minimized with administration of vitamin D and calcium
(500 mg/day) supplements [11, 13]. Ibandronate has also
been associated with lymphocytosis [9].

Recently, retrospective case studies have reported an
association between long-term bisphosphonate therapy and
osteonecrosis of the jaws [26-28]. The incidence of
osteonecrosis was very rare, occurring in <1 in
10,000 patients receiving i.v. bisphosphonate therapy since
2001. Historically, the risk of developing osteonecrosis (at
any site) is four times higher in cancer patients than in the
normal population and has multiple risk factors, including
previous/concomitant chemotherapy, steroid therapy, or
radiation therapy, as well as trauma, infection, and a history
of dental procedures [29]. Therefore, it is recommended
that physicians assess the dental status of patients before
administration of bisphosphonate therapy, avoid invasive
dental procedures in patients receiving bisphosphonate
therapy, and monitor patients for good oral hygiene and the
occurrence of jaw osteonecrosis. Importantly, a causal rela-
tionship between bisphosphonate use and osteonecrosis has
not been established, and it is unclear as to why this condi-
tion develops preferentially in the jawbones. Furthermore,
cases of osteonecrosis in patients receiving bisphospho-
nates have only been observed since 2001, indicating that
new concomitant anticancer therapies could be contributing
to the development of the disease.

Renal Effects of i.v. Bisphosphonates

All i.v. bisphosphonates are associated with dose- and
infusion-rate-dependent effects on renal function [6, 9,
30]. Therefore, bisphosphonates should always be infused
at the-recommended-doses and-schedules,-and renal func--
tion should be monitored. Doses of pamidronate higher
than the recommended 90 mg have been associated with a
higher risk of ncphrotoi(icity [31]. In addition, the infusion
time for zoledronic acid was lengthened from 5 to 15 min-
utes and the 8-mg dose was discontinued because of renal
safety concerns [11, 13, 14]. Patients receiving long-term
bisphosphonate therapy may experience a rise in serum cre-
atinine. In general, however, clinically significant serum
creatinine increases are rare among patients treated withi.v.
bisphosphonates.

The long-term safety of zoledronic acid was investi-
gated in three large clinical trials involving more than
3,000 cancer patients with multiple myeloma, breast can-
cer, prostate cancer, and lung cancer or other solid tumors
[12, 13, 32]. These trials used prospectively applied con-
servative criteria to evaluate notable serum creatinine
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increases after bisphosphonate infusion (defined as an
increase >0.5 mg/dl for patients with normal baseline serum
creatinine levels [<1.4 mg/dl], an increase >1.0 mg/dl for
patients with abnormal baseline serum creatinine levels, or
>2 times the baseline value). Importantly, changes in serum
creatinine were defined according to baseline measure-
ments. After 2 years of monthly infusions, overall renal
safety was similar for patients with breast cancer and mul-
tiple myeloma who were treated with either zoledronic acid
or pamidronate [12]. More importantly, the renal safety
profile of zoledronic acid was not significantly different
than that of placebo in patients with prostate cancer or lung
cancer and other solid tumors [13, 32].

In the comparative trial in patients with multiple
myeloma or breast cancer, Kaplan-Meier estimates of time
to first notable serum creatinine increase (Fig. 1) demon-
strated comparable risks for decreased renal function (risk
ratio = 1.057; p = 0.839) for patients treated with zoledronic
acid (4 mg via a 15-minute infusion) or pamidronate (90 mg
via a 2-hour infusion) [12]. Furthermore, among patients with
breast cancer receiving 4 mg zoledronic acid via a 15-minute
infusion (n = 181), there were no National Cancer Institute
Common Toxicity Criteria (CTC) grade 3 or 4 serum creati-
nine increases, and the percentage of patients receiving zole-
dronic acid who experienced a notable serum creatinine
increase was similar to that of pamidronate (9.4% versus
6.5% for pamidronate) (Table 2) [33]. The long-term safety of
zoledronic acid and pamidronate has also been demonstrated
beyond 2 years of therapy. A subset analysis in 22 patients
with multiple myeloma or breast cancer who received iv.
zoledronic acid or pamidronate therapy for a median of
3.6 years (range 2.2-6 years) showed no clinically relevant
changes in complete blood cell count, platelet count, calcium
analysis, electrolyte analysis, or kidney function tests, thus

- demonstrating that prolonged: bisphosphonate therapy is well

tolerated [34]. The renal safety of long-term zoledronic acid
was confirmed by a recent analysis performed at our institu-
tion; 53 patients with breast cancer (44), multiple myeloma
(7), or other tumor types (2) were treated with i.v. bisphos-
phonates for a median of 30 months (range 244+ to

124+ months), with CTC grade 1 renal toxicity observed in

7.5% of patients. ‘
Recently, the renal safety profile of i.v. ibandronate
(6 mg via a 1- to' 2-hour infusion every 3-4 weeks) in
patients with breast cancer was reported, and it was similar
to that of zoledronic acid in the breast cancer subset [23,
35]. In a post-hoc analysis nsing the same criteria defined
in the zoledronic acid trials, 6% of patients receiving either
ibandronate or placebo experienced a notable increase in
serum creatinine after 2 years of therapy (Table 2) [35]. The
incidences of clinically significant renal adverse events
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Figure 1. Kaplan-Meier estimates of time to first notable serum cre-
atinine increase in patients with multiple myeloma or breast cancer
with bone metastases receiving 4 mg zoledronic acid or 90 mg
pamidronate and Andersen-Gill multiple event analysis of the risk
of elevated serum creatinine between treatment groups. *After siart
of study drug.

nof Patients with

Treatment patients an increase (%)
Zoledronic acid [33]

(4 mg over 15 minutes) 181 94
Pamidronate '

(90 mg over 2 hours) 184 65
Ibandronate [35]

(6 mg over 1 hour) 152 6
Placebo o158 6

*Notable serum creatinine increase defined as an increase of >0.5
mg/dl for patients with baseline serum creatinine levels <1.4 mg/dl,
an increase of 21.0 mg/dl for patients with baseline serum creatinine
levels >1.4 mg/dl, or any increase >2 times the baseline value.

were also similar between the ibandronate and placebo
groups (4.5% for ibandronate versus 4.0% for placebo), and
none of these were considered serious adverse events [36].
However, the percentage of patients experiencing a
decrease in creatinine clearance was twofold higher in the
ibandronate group (2.6% versus 1.3% for placebo).
Zoledronic acid (4 mg via a 15-minute infusion) has
also demonstrated a favorable renal safety profile when
compared with placebo in two long-term, randomized trials
[13, 32, 37]. In a stody of 643 men with advanced prostate
cancer, Kaplan-Meier estimates of time to first notable
serum creatinine increase (Fig. 2) demonstrated comparable
risks of elevated serum creatinine for patients treated with
zoledronic acid and those given placebo for 24 months (risk
ratio = 1.137; p = 0.752) [37]. Similarly, in a study in patients
with lung cancer or other solid tumors, the incidences of
serum creatinine increases in patients with non-small cell
lung cancer were similar in the zoledronic acid and placebo
groups after 21 months of treatment (p = 0.920) [38]. Only
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Figure 2. Kaplan-Meier estimates of time to first notable serum cre-
afinine increase in patients with prostate cancer and bone metas-
tases receiving 4 mg zoledronic acid or placebo and Andersen-Gill
multiple event analysis of the risk of elevated serum creatinine
between treatment groups. *After start of study drug.

one pafient in each treatment group had a grade 3 serum
creatinine increase, and no patient experienced a grade 4
increase.

Because of the potential for decreased renal function,
guidelines for the long-term use of i.v. bisphosphonates in
patients with malignant bone disease recommend that serum
creatinine levels be monitored before each infusion [2]. In
addition, the prescribing information for pamidronate, zole-
dronic acid, and ibandronate recommends monitoring serum
creatinine or creatinine clearance [10, 39, 40]. If a patient
receiving zoledronic acid or pamidronate has a notable serum
creatinine increase, as defined in the zoledronic acid trials,
infusion of the next dose should be withheld until serum cre-
atinine returns to within 10% of baseline. Moreover, zole-
dronic acid and pamidronate are not recommended for
patients with baseline serum creatinine levels >3.0 mg/dl
unless the clinical benefit outweighs the risk [10, 39]. Infusion
of ibandronate at a lower dose (2 mg) is recommended for
patients with creatinine clearance <30 ml/minute; however,
there is no evidence that this dose has clinical activity-[25,
40]. In general, the use of i.v. bisphosphonates in patients
with significantly impaired renal function is not recom-
mended. Otherwise, i.v. bisphosphonates may be used in
patients at risk for decreased renal function as long as serum
creatinine is closely monitored. In particular, patients with
multiple myeloma are at increased risk of renal failure
because of the nature of their disease and use of nephrotoxic
chemotherapy. Increasing the infusion time and addition
of hydration therapy may be appropriate in some clinical
situations to reduce the risk.

Oral Bisphosphonates

Oral bisphosphonates, including clodronate and iban-
dronate, are used for the treatment of bone metastases in
patients with advanced breast cancer. However, bisphos-
phonates are poorly absorbed in the GI tract (<5% of the

Safety of Bisphosphonates and Patient Compliance

oral dose is typically absorbed) and can cause esophagitis
and other GI adverse events [41]. Because of their low
bicavailability, high oral doses may be required. This is
particularly problematic for clodronate, which is one of the
least potent bisphosphonates available. Consequently,
patients must swallow several large tablets or capsules. In
addition, oral bisphosphonates must be administered on an
empty stomach to improve bioavailability. The typical daily
dosing regimen specifies that the tablets be taken on an
empty stomach with 6-8 ounces of water, and patients must
fast and remain upright for at least 30 minutes to avoid epi-
gastric pain. If not taken properly, oral bisphosphonates can
cause a high incidence of GI adverse events, including
esophagitis, mucositis, nausea, vomiting, and diarrhea, and
may exacerbate the side effects of anticancer therapy.
Evidence of GI toxicity associated with oral bisphos-
phonate therapy is available from studies of clodronate and
ibandronate in cancer patients and in postmenopausal
women with osteoporosis. In a long-term trial of oral clo-
dronate (1,600 mg/day for 2 years) in patients with breast
cancer, Gl adverse events were significantly more common
for patients receiving oral clodronate than for those receiv-
ing placebo (Table 3) [42, 43]. Although the overall inci-
dences of adverse events were similar in the two treatment
groups, the incidence of GI adverse events was signifi-
cantly higher among patients treated with clodronate (57%
versus 45% for placebo; p < 0.05). The incidence of upper
GI adverse events was only slightly higher in the clodronate
group (22% for clodronate versus 19% for placebo) [43], but
diarrhea was significantly more common in the clodronate
group, particularly during the treatment perod (15% versus
1%; p < 0.05). In a pooled analysis of two recent trials of oral
ibandronate in breast cancer patients with bone metastases,

n of patients (%)
Adverse Clodronate Placebo
event (1,600 mg/day) (n = 538) (n=541)
GI system disorders” 307 (57.1) 245 (45.3)
Upper GI [43] 120 (223) 104 (19.3)
Diarthea* 81 (15.1) 37(68)
Nausea 120 (22.3) 126 233)
Dyspepsia 56 (104) 4909.1)
Vomiting 60 (11.2) 530.8) -
Abdominal pain 39(72) 27(5.0)
*Statistically significant difference between groups (p < 0.05).
Modified with permission from Amla et al. [42).

01615

#107 ‘p 1sn8ny uo 3seng £q /310°ssexdpsureyde-1sidojoouoayy//:dpy woly papeo[umoq



Conte, Guarnen

patients receiving ibandronate (50 mg/day) were twice as
likely to experience treatment-related GI adverse events,
including abdominal pain, dyspepsia, nausea, and esophagitis,
than those receiving placebo (Table 4) [44]. A randomized
trial of oral ibandronate in 240 postmenopausal women with
osteoporosis also demonstrated that diarrhea was more com-
mon in patients receiving ibandronate than in those receiving
placebo (10% and 11% for two different schedules of iban-
dronate versus 1% for placebo) [45, 46]. In addition, a higher
percentage of patients in the daily ibandronate group experi-
enced constipation than in the placebo group (6% versus 0%).

CoMPLIANCE WITH ORAL BISPHOSPHONATE
THERAPY .

A major issue with the use of oral bisphosphonate therapy
is patient compliance with the dosing regimen. Compliance
with oral medication is influenced by a variety of factors,
including age, disease type and duration, lifestyle, treatment
regimen, and tolerability [47, 48]. In addition, compliance
rates reported from well-controlled clinical trials might be
higher than those observed in “real-world” situations. Oral
medications that elicit GI or other side effects that signifi-
cantly affect quality of life are Jess likely to be taken than
treatment regimens without major side effects. In addition,
when the adverse events associated with an oral therapy can
be directly attributed to the drug—for example, if adverse
events occur in close temporal proximity to dosing—patients
are less likely to comply. Oral bisphosphonate therapy has
been associated with a fairly high rate of noncompliance and
early study withdrawal because of its complicated treatment
regimen and high rate of GI adverse events [40, 49-52].

The global rate of noncompliance with long-term oral
~ bisphosphonate therapy for osteoporosis has been reported
as >50% [53]. However, there are limited data on the rate of
noncompliance with oral-bisphosphonate therapy among
patients with bone metastases from advanced cancer, which
also involves chronic dosing. The only available data
regarding compliance with oral bisphosphonate therapy in
patients with bone metastases are from clinical trials of oral

33
n of patients (%)

Adverse Ibandronate Placebo

event (50 mg/day) (n = 287) (n=277)

GI system disorder 42 (14.6) 21 (7.6)
Abdominal pain 6(2.1) 2(0.7)
Dyspepsia 20 (7.0) 13 (47
Nausea 10(3.5) 4(1.4)
Esophagitis 6.1 2007

Data from Body et al. [44].

clodronate conducted in Europe. Because clodronate has a
low potency and thus requires high doses to achieve thera-
peutic concentrations, treatment with oral clodronate
(1,600 mg/day) is further complicated by the large tablets
that are difficult for many patients to swallow. Although
there are no studies that were specifically designed to eval-
uate compliance, several studies have reported data on com-
pliance. In a clinical trial of oral clodronate in breast cancer
patients with bone metastases (n = 173), compliance was
evaluated in 78% of patients in the clodronate group who
survived longer than 6 months. Of these, 74% were partially
or fully compliant (i.e., self-administered the stdy medica-
tion during part or all of the study, respectively) and 26%
were completely noncompliant with the oral regimen [49].
In addition, 16% of patients receiving clodronate and 18%
of patients receiving placebo reported difficulty swallowing
the capsules. In another study of oral clodronate in patients
with metastatic bone pain (n = 55), overall compliance was
reported as >90%, but a number of patients withdrew pre-
maturely because of difficulty swallowing the capsules [50].

Another-way to assess noncompliance.is to examine the
reasons for study termination and the extent to which bis-
phosphonate-related adverse events contribute to early with-
drawal (Table 5). In the study cited above in 173 patients
with breast cancer, 34% of patients in the clodronate group

Study n Study drug (n)
Paterson et al. [49] 173 Clodronate (85)
Robertson et al. [50] 55 Clodronate (27)
Kristensen et al. [51] 100 Clodronate (49)
Atula et al. [42] 1,079 Clodronate (538)
Coleman et al. [52] 110 Tbandronate (77)

Patients discontinuing Most common reasons for
study drug (%) discontinuing study drug
34 Early noncompliance (22%)
37 Difficulty swallowing capsules (11%)
35 Gl adverse events (14%)
NR Gl adverse events (11%)
NR GI adverse events (8%)

Abbreviation: NR = not reported.

01616

$107 b 1sn3ny uo 3sand £q /Gro°ssaxdpaureydre 1si3oroouoayy/-dyy WOy popeojumMo




34

discontinued the study drug, including 22% of patients who
withdrew because of early noncompliance (i.e., <6 weeks)
[49]. A recent randomized trial of oral clodronate in the
adjuvant setting for the prevention of bone metastasis in
patients with breast cancer demonstrated higher incidences
of GI adverse events and early study discontinuation due to
adverse events in the clodronate group than in the placebo
group [42]. In that large, multicenter trial, 1,079 patients
were randomized to receive either oral clodronate (1,600
mg/day) or placebo for 2 years. GI adverse events resulted
in early study withdrawal for 6.3% of patients in the clo-
dronate group and for 3.9% of patients in the placebo group.
Two additional studies have also reported high rates of study
discontinuation among breast cancer patients receiving oral
clodronate for the treatment of bone metastases [50, 51]. In
one study involving 100 patients, 35% of patients discontin-
ved the study drug, and 14% of patients treated with clo-
dronate discontinued treatment because of GI adverse events
(primarily nausea and diarrhea) [51]. In a study involving
55 patients, 37% of patients receiving oral clodronate with-
drew from the study, and difficulty swallowing the capsules
was reported to contribute to study withdrawal in 11% of
patients [50]. These studies suggest that as many as one-
third of patients may not receive the full benefit of oral clo-
dronate either because of early withdrawal or
noncompliance.

A high rate of early study withdrawal due to GI adverse
events was also reported in a study of oral ibandronate in
patients with metastatic bone disease [52]. That study
involved 110 patients with bone metastases secondary to a
variety of cancers, who received either oral ibandronate at
doses ranging from 5-50 mg/day or placebo; 8% of patients
discontinued within 1 month because of GI intolerability.
During the first month of treatment, a dose-dependent inci-

_dence of GI adverse events was reported; 50%. of patients

treated with the 50-mg ibandronate dose experienced GI
toxicity compared with 30% of patients in the placebo
group. Notably, one patient treated with the 20-mg iban-
dronate dose developed radiographically confirmed
esophageal ulceration. Similarly, in a pooled analysis of
two recent trials of oral ibandronate (50 mg/day for up to
96 weeks) in breast cancer patients with bone metastases
" (n=1564), 10% of patients receiving ibandronate withdrew
from the study because of adverse events [44].
Noncompliance can also adversely affect treatment out-
come. If the dosing regimen for oral bisphosphonates is not
followed and patients ingest food or beverages other than
water within 30 minutes of taking a bisphosphonate,
absorption will be further reduced resulting in decreased
efficacy. In the case of oral ibandronate, patients must not
ingest food for =1 hour after taking the drug to maintain effi-

Safety of Bisphosphonates and Patient Compliance

cacy. A study of oral ibandronate therapy for postmenopausal
osteoporosis investigated the effects of a 30-minute versus
60-minute postdose fasting period [54]. That study demon-
strated that oral ibandronate was approximately half as
effective, based on measurements of lumbar spine bone
mineral density (BMD), when patients ate within 30 min-
utes of taking the drug compared with the group that waited
2] hour before eating. However, the greater efficacy
observed in the 60-minute fasting group was accompanied
by a bigher incidence of GI adverse events. In particular,
the incidence of dyspepsia was more than twofold higher in
the 60-minute fasting group (8.5% versus 3.7%).

Other studies assessing compliance with oral bisphos-
phonate therapy for osteoporosis have demonstrated that
noncompliance can lead to reduced clinical efficacy and
increases in the burden of disease. For example, the
IMPACT study evaluated the effect of compliance on the
efficacy of oral risedronate therapy in postmenopausal
women with osteoporosis (n = 2,302) [55]. That study used
bone resorption markers (urinary N-telopeptide and serum
C-telopeptide) and changes in BMD to assess efficacy, and
changes from baseline measurements were related to com-
pliance using a proportional hazards model. The results
showed a correlation between compliance with therapy and
improvements in these clinical parameters. For example, at
week 22 of treatment, C-telopeptide levels showed a reduc-
tion of >50% in 60% of compliant patients versus only
approximately 20% of noncompliant patients. Therefore,
noncompliance to oral bisphosphonate therapy can have
significant effects on clinical outcomes.

Noncompliance with oral therapies can also have
important health-economic implications. Although studies
of the health-economic effects of noncompliance are lim-
ited, the available evidence suggests that noncompliance

can result-in. increased” morbidity-and burden-of - disease,

which increases health care costs. The increased health care
costs stem from more frequent physician visits, diagnostic
testing, hospital admissions, and longer hospital stays for
patients who do not comply with their treatment regimen
[47]. These increases in the economic burden of disease are
unfortunate given that effective therapies exist, but patients
are not receiving the full bepefit of those available treat-
ments. Noncompliance may also result in erroneous effi-
cacy conclusions from clinical trials. An evaluation of the
effect of noncompliance on efficacy and cost-effectiveness
revealed that noncompliance always resulted in reduced
efficacy, whereas the economic effects of noncompliance
varied significantly among trials depending on the therapeu-
tic agent and the disease being treated [56]. Among 22 clin-
ical trials examined, the majority of the evaluations assumed
that noncompliance with the dosing regimen altered the
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effectiveness of the investigational drug. However, most
studies did not include any measures of compliance.
Therefore, it is not possible to assess the magnitude of the
effect of noncompliance on efficacy conclusions. In the
studies examined, noncompliance also clearly affected the
cost of treating the disease; however, the impact on cost
was variable.

CONCLUSIONS

Intravenous bisphosphonates are the standard of care for
the treatment of HCM and the prevention of skeletal compli-
cations resulting from bone metastases. The i.v. administra-
tion of bisphosphonates is generally safe and well tolerated
with long-term use, and the development of highly potent,
new-generation bisphosphonates has greatly improved the
safety and convenience of i.v. infusion. With these newer
agents, the risk of decreased renal function is low when used
at the recommended doses and infusion times, but serum cre-
atinine monitoring is recommended. Oral bisphosphonates
are also used for the treatment of bone metastases. Although
oral bisphosphonates can be self-administered at home, the
treatment regimens for these agents are complicated, and oral
therapy can result in GI adverse events—one reason for

35

patient noncompliance. The level of compliance with oral
treatment regimens has not been extensively monitored in
clinical trials; thus, it is difficult to fully evaluate the conse-
quences of noncompliance. However, noncompliance has
been shown to reduce clinical efficacy and may increase
health care costs. In general, i.v. administration of bisphos-
phonates appears to be more effective in patients with HCM
(i-e., more rapid onset of action) and for the prevention of
skeletal complications. Furthermore, i.v. bisphosphonate
therapy ensures full compliance, and monthly infusions—
although they may require travel to an infusion center—may
be more convenient than daily oral therapy for many
patients. Moreover, home infusion of zoledronic acid by
specialized care personnel is becoming increasingly popular
in some European countries, making i.v. bisphosphonate
therapy a favorable treatment option. For all these reasons,
i.v. bisphosphonates should be the treatment of choice in
patients with malignant bone disease.
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INTRAVENOUS ZOLEDRONIC ACID IN POSTMENOPAUSAL WOMEN
WITH LOW BONE MINERAL DENSITY
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JEAN-MARC Kaurman, M.D., PH.D., PHILPPE JAEGER, M.D., JEAN-JACQUES Bopy, M.D., PH.D.,
AND PIERRE J. MEUNIER, M.D.

ABSTRACT

Background Bisphosphonates are effective agents
for the management of osteoporosis. Their low bio-
availability and low potency necessitate frequent ad-
ministration on an empty stomach, which may reduce
compliance. Gastrointestinal intolerance limits maxi-
mal dosing. Although intermittent intravenous treat-
ments have been used, the optimal doses and dosing
interval have not been systematically explored.

Methods - We studied the effects of five regimens of
zoledronic acid, the most potent bisphosphonate, on
bone turnover and density in 351 postmenopausal
women with fow bone mineral density in a one-year,
randomized, double-blind, placebo-controlled trial.
Women received placebo or intravenous zoledronic
acid in doses of 0.25 mg, 0.5 mg, or 1 mg at three-
month intervals. In addition, one group received a to-
tal annual dose of 4 mg as a single dose, and another
received two doses of 2 mg each, six months apart.
Lumbar-spine bone mineral density was the primary
end point.

Results There were similar increases in bone min-
eral density in all the zoledronic acid groups to values
for the spine that were 4.3 to 5.1 percent higher than
those in the placebo group (P<0.001) and values for
the femoral neck that were 3.1 to 3.5 percent higher
than those in the placebo group (P<0.001). Biochem-
ical markers of bone resorption were significantly sup-
pressed throughout the study in all zoledronic acid
groups. Myalgia and pyrexia occurred more common-
ly in the zoledronic acid groups, but treatment-relat-
ed dropout rates were similar to that in the placebo
group.

Conclusions —-Zoledronic acid infusions-given at in-
tervals of up to one year produce effects on bone turn-
over and bone density as great as those achieved with
daily oral dosing with bisphosphonates with proven
efficacy against fractures, suggesting that an annual
infusion of zoledronic acid might be an effective treat-
ment for postmenopausal osteoporosis. (N Engl J Med
2002;346:653-61.)

Copyright © 2002 Massachusetts Medical Society.

RAL bisphosphonates are widely used for

treating osteoporosis and have been shown

to increase bone mineral density and de-

crease the rate of fracture.l.2 However, they
do have limitations related to long-term compliance,
gastrointestinal intolerance, and poor and variable ab-
sorption from the gastrointestinal tract. Intermittent
intravenous administration of bisphosphonates might
address some of these problems and has been shown
to be effective in the treatment of malignant hypercal-
cemia and Paget’s disease and to reduce the rate of
skeletal complications in patients with breast carcino-
ma or multple myeloma. Evidence suggests that intra-
venous bisphosphonates increase bone mineral density
in patients with osteoporosis, but most relevant studies
have been small, unblinded, and short-term and have
not systematically examined the effects of the dose
and dosing interval on changes in bone mineral den-
sity and markers of bone turnover.3-6 '
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Zoledronic acid is the most potent bisphosphonate
that has been studied in clinical trials to date.” It is su-
perior to pamidronate in the treatment of cancer-
related hypercalcemia.® Because it has high potency,
only small doses are required for the inhibition of bone
resorption, and long dosing intervals may be used. We
undertook a phase 2 study to examine the effect of in-
travenous zoledronic acid on bone density and bone
turnover in postmenopausal women with low bone
density and to assess the effects of varying the total
dose administered and the dosing interval.

METHODS
Study Subjects

A total of 351 postmenopausal women 45 to 80 years of age were
studied at 24 centers in 10 countries. Tn all the women, menopause
had occurred. at least five years previously, either naturally or as the
result of bilateral oophorectomy. All women had a bone mineral
density at the lumbar spine (L1 to L4) that was at least 2.0 SD
below the mean value for young adults (a T score lower than —2)
and had no more than one vertebral fracture at screening. The date
of onset of menopause was defined as the date of oophorectomy
when applicable or as 12 months after the cessation of menses in
women over 50 years of age and 18 months after the cessation of
menses in women between 45 and 49 years of age. Major criteria
for exclusion included systemic estrogen treatment within the pre-
vious three months, evidence of secondary osteoporosis, clinical or
laboratory evidence of hepatic or renal disease, disorders of the par-
athyroid or thyroid glands, a serum 25-hydroxyvitamin D concen-
tration of 15 ng per milliliter (37 nmol per liter) or less, a history of
cancer, previous treatment with bisphosphonates or fluoride, and
current therapy with any other drug known to affect the skeleton.
The protocol was approved by the ethics committee at each center,
and all the women gave written informed consent. Thirty-five wom-
en withdrew from the study, most commonly for personal reasons
(in the case of 15 women) or because of adverse events (14 wom-
en). Thus, 316 women completed the study.

Treatment

All women received a calcium supplement (1 g per day). At study
entry the women were randomly assigned to receive one of six treat-
ment regimens in a double-blind fashion. Three groups received
zoledronic acid by intravenous infusion every three months, one
group at a dose of 0.25 mg, one at a dose of 0.5 mg, and one at
a dose of 1 mg. Two other groups received a total dose of 4 mg
of zoledronic acid— one group receiving a single-4-mg infusion
at the beginning of the trial and the other group receiving two
doses of 2 mg each, one at base line and the other at six months.
Thus, there were three groups that received a total dose of 4 mg
in one year. The sixth group received only placebo (saline). To main-
tain blinding, all women received an intravenous infusion of either
zoledronic acid or placebo every three months. All infusions were
20 ml in volume and were infused over a period of five minutes.
A dose of 4 mg given in this way produces a mean (£SD) peak
serum concentration of zoledronic acid of 393100 ng per mil-
liliter. Infusions were prepared at each center by a pharmacist who
had no contact with the patients and were labeled with the subject’s
study number and supplied to the study personnel.

Bone Density Measurement

The bone mineral density of the lumbar spine, the nondominant
proximal femur and forearm, and the total body were measured
by dual-energy x-ray absorptiometry at base line and at 6, 9, and
12 months with the use of Hologic QDR (Hologic, Waltham,
Mass.) or Lunar (Madison, Wis.) instruments. Data were converted

to Hologic-equivalent values by the method of Hui et al.? A cen-
tral laboratory (Institut fiir Punktionsanalyse, Hamburg, Germany)
was responsible for the supervision of quality control for these meas-
urements and notified investigators if any patient had a decrease in
bone density of more than 5 percent from the base-line values.

Markers of Bone Turnover

Measurement of biochemical markers was performed in a central
laboratory with the use of established methods. For serum bone-
specific alkaline phosphatase, the Tandem-MP Ostase assay was used
(Hybritech, Liege, Belgium). Serum osteocalcin was measured with
the N-MID one-step enzyme-linked immunosorbent assay (Oste-
ometer, Herlev, Denmark). Urinary type I collagen cross-linked
N-telopeptide was measured with the Osteomark assay (Ostex, Se-
attle). Serum type I collagen C-telopeptide was measured with the
CrossLaps assay (Osteometer).

Statistical Analysis

The necessary sample size was calculated as the number of pa-
tients needed to detect a difference between the zoledronic acid
groups and the placebo group of at least 4 percent in the degree of
change in lumbar-spine bone mineral density from base line to 12
months. Bonferroni’s correction was used to adjust for multiple
comparisons in order to ensure an overall nominal significance level
of 0.05. Given a noncentral t distribution with a type I error of
0.025, a power of 80 percent, a two-sided alternative, and a standard
deviation of 5.7 percent, we calculated that 40 patients were need-
ed in each treatment group in order to allow detection of a differ-
ence of 4 percent. To allow for a possible 15 percent dropout rate,
a total sample size of 290 was selected.

All analyses were performed according to the intention-to-treat
principle with the use of all available data from all patients who re-
ceived study drug. Missing values were not imputed or replaced.
Analysis of covariance was performed (with the Proc Mixed pro-
cedure of SAS software [SAS Insttute, Cary, N.C.]) to estimate dif-
ferences between the treatment groups. The statistical fixed-effects
model considered center and treatment as main variables. In addi-
tion, the base-line values, if measured, were used as covariates. The
analyses were repeated with the last observation carried forward
and produced essentially the same results (data not shown).

For the primary variable, adjustment for multiple comparisons
berween placebo and the active doses of zoledronic acid was per-
formed at a one-sided alpha level of 0.025, according to the meth-
od of Marcus et al.'® For secondary variables, pairwise comparisons
were investigated in the exploratory analysis (unadjusted for mul-
tiple comparisons). The pairwise comparisons were tested at a two-
sided level of significance of 0.05. In addition to the P value for the
comparisons between treatment-groups, estimates-of the differences
and associated 95 percent confidence intervals were calculated.

The protocol was designed and developed by the sponsor and
submitted to the investigators for comments and amendments. The
final protocol was then accepted by the investigators and submitted
to the ethics review committees of their institutions for approval.
Data management and statistical analysis were performed by the
sponsor. Interpretation of the data and preparation of the manu-
script were performed by a publication committee that included
three academic researchers who were investigators in the trial (Drs.
Reid, Brown, and Burckhardt) and Dr. Trechsel, the author of the
study protocol, as a representative of the sponsor. These authors
had full and unfettered access to the dataand take full responsibility
for the completeness and accuracy of the reported data. The study
sponsor placed no limits on statements made in the final paper.

RESULTS
Study Subjects

The base-line characteristics of the women who
participated in the study are summarized in Table 1.
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All but two women were white, and none had ver-
tebral fractures at study entry.

Bone Mineral Density

Mean bone-mineral-density values in the lumbar
spine corresponded to a T score of —2.9. All groups
receiving zoledronic acid regimens had a progressive
increase in bone mineral density in the lumbar spine
throughout the 12-month study period, although the
rate of increase tended to slow in the second half of
the study (Fig. 1A). Throughout the study, the values
for lumbar-spine bone mineral density achieved with

-all zoledronic acid regimens were significantly higher

than those in the placebo group (P<<0.001), and there
were no significant differences among the zoledronic
acid groups. At 12 months, the mean lumbar-spine
bone mineral density in the groups receiving zoledron-
ic acid was 4.3 to 5.1 percent higher than the mean
value in the placebo group, which remained stable.
The bone mineral density in the femoral neck also in-
creased progressively throughour the study period; all

. zoledronic acid groups had similar increases to values

that were significantly higher than those in the pla-
cebo group (differences of 3.1 to 3.5 percent at 12
months, P<0.001) (Fig. 1B). The femoral-neck bone
mineral density declined by 0.4 percent in the place-
bo group.

Bone mineral density at the distal radius respond-
ed to zoledronic acid treatment to a lesser extent, re-

sulting in differences from the placebo group of 0.8
to 1.6 percent at 12 months (data not shown); in the
placebo group, distal radial bone mineral density de-
creased by 0.8 percent. All zoledronic acid regimens
except the four doses of 0.25 mg each resulted in dis-
tal radial bone mineral density that was significantly
greater than that in the placebo group (P=<0.05 for all
comparisons). The results for total-body bone mineral
density were similar (data not shown). At 12 months,
the differences in total-body bone mineral density be-
tween the zoledronic acid groups and the placebo
group ranged from 0.9 percent to 1.3 percent and
were significant (P<<0.03 for all comparisons) for all
regimens except the four doses of 0.5 mg each.

Markers of Bone Turnover

Markers of bone resorption reached a nadir at one
month (median decreases of 65 to 83 percent in serum

C-telopeptide and 50 to 69 percent in the urinary

N-telopeptide:creatinine ratio), whereas there were
no significant changes in the placebo group (Fig. 2).
The decrease in markers of resorption tended to be
dose-dependent, particularly at three months — a pat-
tern that is consistent with previous reports that high-
er doses of bisphosphonates increase the duration of
action of the drug.!* We do not have full documenta-
tion of the immediate reductions in bone resorption
after each infusion, because most samples were ob-
tained only every three months. The suppression of

TABLE 1. BASE-LINE CITARACTERISTICS.*

Praceso
Group
CHARACTERISTIC ZoLEpRONIC Acip GRDUPS {N=59)
4x0.25 mg - 4X0.5 mg 4X1 mg 2X2 mg 1X4 mg
(N=60) (N=58) (N=53) (N=61) (N=60)
No. of women completing the study 51 52 48 S5 53 57
Age (yr) 64*6 64+7 65%7 63%7 65x7 64*6
Weight (kg) 60+10 62+10 6149 63+13 62=11 63*10
Height (cm) 158x6 158+6 158+6 159+6 159+6 1606
Urinary N-telopeptide:creatinine 48+32 56*43 4521 4627 48+24 45*26
ratiot ) .
Serum C-telopeptide (nmol /liter) 55%2.8 5.3%22 4.7+1.8 4.8*1.9 S.1+19 4.8+1.8
Serum bone-spedfic alkaline 17+8 18+6 155 155 15+6 16+7
phosphatase (ug/liter)
Serum osteocalcin (pg/liter) 26x10 24x11 26%9 22+10 24*11 24*13
Bone mineral density (g/cm2)}t
Lumbar spine 0.74x0.06 0.72+0.08 0.73*0.06 0.73x0.07 0.73=0.08 0.74*0.07
Femur 0.70*+0.09 0.71%0.11 0.71x0.09 0.72+0.09 0.74*0.11 0.71*0.08
Radial 0.43+0.05 0.43+0.06 0.43*0.06 043*0.06 043*0.06 043+0.06
Total body 0.90%0.09 0.90+0.10 0.90%0.09 0.90%0.09 0.90+0.09 0.88+0.08

*Plus—minus values ar¢ means =SD.

tN-telopeptide was measured in nanomoles, and creatinine in millimoles.

}Data have been converted to Hologic-equivalent values.
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Figure 1. Effects of Various Regimens of Zoledronic Acid and Placebo on Bone Mineral Density in the
Lumbar Spine (Panel A) and the Femoral Neck (Panel B) in Postmenopausal Women with Low Bone

Mineral Density.

The curves show the mean changes from base line in the placebo group and the groups receiving
zoledronic acid in four doses of 0.25 mg each, four doses of 0.5 mg each, four doses of 1 mg each,
two doses of 2 mg each, and one dose of 4 mg. Achieved density with all regimens of zoledronic acid
was significantly higher than that with placebo, and there were no significant differences among the
zoledronic acid groups. T bars-represent-standard-errors.

resorption was maintained at 12 months. At 12
months, the zoledronic acid regimens were associated
with decreases of 49 to 52 percent in serum C-telo-

peptide (as compared with a decrease of 8 percent in -

the placebo group) and decreases of 54 to 65 per-
cent in the ratio of urinary N-telopeptide to creati-
nine (as compared with an increase of 3 percent in
the placebo group). All zoledronic acid groups had
values for these markers of resorption that were sig-
nificantly different from those in the placebo group
(P<0.01 for all comparisons), but there were no sig-
nificant differences among the zoledronic acid groups.
Bone-specific alkaline phosphatase and osteocalcin,

which are serum markers of bone formation, showed
similar responses, but there was no sharp decrease ap-
parent at one month (Fig. 3). Again, suppression per-
sisted at 12 months with all doses (P<<0.001).

Bone Biopsies

A 7.5-mm transiliac biopsy specimen was obtained
from 43 women and double-labeled with tetracycline.
Of these specimens, 27 were complete and suitable for
histomorphometric analysis. The sections were unde-
calcified and stained with Goldner’s trichrome, except
for tetracycline measurements, which were made on
unstained sections. Women treated with zoledronic
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Figure 2. Effects of Various Regimens of Zoledronic Acid and Placebo on Biochemical Markers of Bone

Resorption. -

The ratio of N-telopeptide of type | collagen (in nanomoles) to creatinine (in millimoles) was measured
in urine (Panel A). C-telopeptide was measured in serum (Panel B). The curves show the mean changes
from base line in-the-placebo group.and the groups receiving zoledronic acid in four doses of 0.25 mg
each, four doses of 0.5 mg each, four doses of 1 mg each, two doses of 2 mg each, and one dose of
4 mg. Beginning at one month, the effects of all regimens were significantly different from those of

placebo. The I bars represent standard errors.

acid at any dose had significantly lower proportions
of mineralizing surfaces, rates of bone formation, ad-
justed mineral apposition rates, and activation frequen-
cies than the women in the placebo group (differences
of 71 percent to 84 percent, P<<0.05); there were non-
significant differences in the proportion of eroded sur-
face (39 percent lower than that in the placebo group,
P<0.06) and in eroded volume (48 percent lower, P<
0.07). No change was noted in cortical bone thickness
or porosity; cancellous bone volume; trabecular thick-
ness, separation, or number; wall width of trabecular

bone packets; number of nodes per volume of tissue;
or osteoid maturation time. No dose effect was found
with respect to any of these factors. No evidence of os-
teomalacia was found, either by qualitative assessment
or on the basis of such quantitative measures as osteoid
thickness and volume or the mineral apposition rate.
No other qualitative abnormalities were apparent.

Fractures

Spinal radiographs at base line and one year showed
no vertebral fractures during the study. No nonver-
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Figure 3. Effects of Various Regimens of Zoledronic Acid and Placebo on Serum Markers of Bone For-

mation.

The curves show the mean changes from base line in serum osteocalcin (Panel A) and serum bone-
specific alkaline phosphatase (Panel B) in the placebo group and the groups receiving zoledronic acid
in four doses of 0.25 mg each, four doses of 0.5 mg each, four doses of 1 mg each, two doses of 2 mg
each, and one dose of 4 mg. Beginning at three months, the serum concentrations with all regimens
of zoledronic-acid-were significantly lower than base-line values. The I bars represent standard.errors.

tebral fractures occurred in the group receiving four
doses of 0.25 mg of zoledronic acid; two nonverte-
bral fractures occurred in the group receiving four
doses of 1 mg of zoledronic acid; and one nonverte-
bral fracture occurred in each of the other groups.

Safety

Mean serum calcium concentrations in the zole-
dronic acid groups declined significantly (P<0.05 for
all comparisons), by approximately 0.08 mmol per li-
ter, between base line and one month but were simi-
lar to those in the placebo group from three months

onward. Serum phosphate concentrations in the zole-
dronic acid groups bad decreased by 0.06 to 0.12
mmol per liter at one month and generally remained
about 0.05 mmol per liter below those in the placebo
group throughout the study period, although they did
not differ significantly from those in the placebo group
at one year. Intact parathyroid hormone was measured
in serum at base line and 12 months. There were no
significant differences among the groups at the 12-
month follow-up, although the mean value was about
30 percent higher than the base-line value in the wom-
en in the group receiving four doses of 1 mg of zole-
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dronic acid, possibly because sampling was performed
only three months after the last dose had been admin-
istered in this group.

The rates of adverse events were similar in all the
active-treatment groups (Table 2). However, treat-
ment-related adverse events were significantly more
common in the zoledronic acid groups than in the pla-
cebo group (rates of 45 to 67 percent vs. 27 percent;
data not shown). In the zoledronic acid groups, most
adverse events were instances of musculoskeletal pain,
nausea, or fever, most of which were rated as mild.
Most occurred the first time the drug was adminis-
tered. Five women withdrew from the study because
of drug-related adverse events, all of which were reac-
tions after the first infusion of zoledronic acid. These
withdrawals were not dose-related; two occurred in
women who were receiving the lowest dose and two
in women receiving the highest dose. There was no
evidence of adverse effects on renal function with any
of these regimens. Overall, the proportions of wom-
en who withdrew from the study because of adverse
events were similar in all groups. Symptoms at the in-
fusion site were uncommon in all groups (e.g., report-
ed in no patients receiving a single 4-mg dose of
zoledronic acid and in two patients receiving placebo).
Iritis did not develop in any patients, and the occur-
rence of any eye disorder was uncommon (¢.g., report-
ed in two patients receiving a single 4-mg dose of zole-
dronic acid and in nine patients receiving placebo).

DISCUSSION

Intermittent intravenous administration of the po-
tent bisphosphonate zoledronic acid results in chang-
es in biochemical markers of bone turnover and in

bone mineral density that are similar to those observed

with daily oral bisphosphonate therapy. Thus, the re-
ductions in markers at one year in the present study
are similar to those seen with 5 mg of risedronate per
day,}? 2.5 to 5 mg of ibandronate per day,!? and 10 mg
of alendronate per day.!#16 Zoledronic acid increases
spinal bone mineral density at 12 months to 5 percent
above values found in patients receiving placebo —
an increase similar to that achieved with a daily 10-mg
dose of alendronate (5 percent),” a daily 5-mg dose
of risedronate (3 percent),'2 or a daily 150-mg dose of
pamidronate (5 percent).!® Intravenous zoledronic acid
also produced results similar to those of the oral reg-
imens at the femoral neck (alendronate, 3 percent in-
crease in bone density; risedronate, 2 percent; pami-
dronate, 3 percent) and in the total body (alendronate,
1.5 percent increase; pamidronate, 1 percent).

Our study assessed longer intervals between doses
than have been assessed by previous studies of inter-
mittent bisphosphonate therapy. Etidronate has been
used for many years in two-week oral courses admin-
istered at three-month intervals.!®20 There is also ev-
idence that intravenous pamidronate? or ibandronate,*
given every three months, has beneficial effects on
bone density in women with postmenopausal osteo-
porosis. The disappointing data on fractures from a
recent study of intermittent ibandronate therapy (1 mg
intravenously every three months)?! has been inter-
preted as indicating that a dosing interval of three
months is too long. However, this ibandronate regi-
men did not stably suppress markers of bone resorp-
tion; a substantial maximal suppression of C-telopep-
tide excretion (by 50 percent) was rapidly offset, so
that the level before the next dose was only 10 to 20
percent below that in the placebo group.* As a result,
the changes in bone density (increases of 2.9 percent

“TABLE-2. ADVERSE EVENTS.*

PLAcero Group

VARIABLE ZoLebroNic Acib GROUPS {N=59}
4X0.25 mg 4X05 mg 4X1mg 2X2mg 1X4 mg
(N=60) (N=58) (N=53) (N=61) (N=60)
Adverse events — no. 236 236 255 271 269 210
‘Women with an adverse
event — no. (%)
Any 52(87) 50 (86) 50 (94) 56 (92) 54 (90) 45 (76)
Myalgia 12 (20) 6(10) 7 (13) 10 (16) 6(10) 1(2)
Pyrexia 6 (10) 5(9) 7 (13) 12 (20) 9 (15) 2(3)
Arthralgia 9 (15) 8(14) 9(17) 15(25) 5(8) 9 (15)
Influenza-like illness 1(2) 4(7) 2(4) 10(16) 9(15) 4(7)
Nausea 3(5) 4(7) 5(9) 6(10) 8(13) 3(5)
Any leading to with- 4(7) 2 (3) 2 (4) 2(3) 3(5) 1(2)
drawal from study
Any serious 4(7) 4 (7) 7 (13) 5(8) 6 (10) 3 (5)

*Data are for all adverse eveuts in cach category, not just those classified as drug-related.
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in the spine at 12 months* or to 4 percent higher
than the spinal bone mineral density in the placebo
group at 3 years2') were smaller than those found in
our study; this effect is consistent with the moderate
effect of this dose of ibandronate on the incidence of
vertebral fracture (a 26 percent reduction at 3 years).
Our data indicate that much longer dosing intervals
are compatible with efficacy (in terms of both suppres-
sion of bone turnover and increase in bone density)
if the dose of bisphosphonate is sufficiently large. In-
deed, the present study does not establish a maximal
dosing interval, since turnover remained suppressed
at 12 months. Thus, it is possible that a longer inter-
val between doses could be effective, particularly if
larger doses of zoledronic acid were used.

How a single infusion of zoledronic acid suppresses
bone turnover for so long remains to be determined.
Prolonged suppression is not the result of the per-
sistence of the drug in the circulation, given that by
24 hours after administration, drug levels are less than
1 percent of the postadministration peak and 40 per-
cent of the dose has been excreted in the urine. The
balance of the dose is presumably bound to bone and
is slowly released back into the circulation, giving rise
to a 167-hour terminal half-life in plasma. It has been
thought that bisphosphonates are located exclusively
on osteoclastic surfaces?? and that short-term exposure
inhibits activity in a single generation of basic multi-
cellular units in bone. The life span of the basic mul-
ticellular unit (about three months) then determines
the duration of action of the drug. However, evidence
suggests that bisphosphonates are also deposited on
osteoblastic and resting bone surfaces and remain there
for the long term.? The existence of such deposits
would provide a possible explanation for our results,
since residue from a single dose could interfere with
the future development of basic multicellular units
at these surfaces. It is also possible that direct effects
on existing basic multicellular units and osteocytes+25
result in reduced formation of succeeding basic mul-
ticellular units.

Zoledronic acid was generally well tolerated, and
the rate of retention of subjects in the study was high.
The adverse events that were more common in wom-
en receiving zoledronic acid are those that have oc-
curred previously in patients receiving intravenous
aminobisphosphonates and are transient. Infrequent
doses may increase tolerance of these side effects.

The inclusion of a placebo group in this study per-
mits quantification of the size of the therapeutic effect
and facilitates comparison of the present data with
those from other studies. We believe this use of a pla-
cebo is ethical, since the bone density used as a crite-
rion for entry (a T score of less than —2) is higher than
that required at the participating centers for a diagno-
sis of osteoporosis and would certainly not be consid-

ered to be a threshold for therapeutic intervention
at these centers. Thus, the study was conducted in a
low-risk population — a characterization supported
by the fact that no spinal fractures occurred during the
study period. Only one sixth of these low-risk subjects
received placebo, and they received it for a maximum
of 12 months, after which all women received active
therapy.

Osteoporosis has been regarded as requiring daily
therapy, and maintaining compliance with daily reg-
imens for a predominantly asymptomatic condition has
been a major problem.26:?” Administration of treat-
ment at intervals of 6 to 12 months or more is likely
to be much more acceptable to patients and could re-
duce costs. A greater proportion of the at-risk popu-
lation might take advantage of prophylaxis against os-
teoporosis if an intermittent regimen were used, and
the rate of fractures might therefore decrease. How-
ever, studies that demonstrate an effect on the rate
of fractures are needed before any recommendation
can be made.

Supported by a grant from Novartis Pharma.
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CROSS REFERENCE TO RELATED
APPLICATION

{0001] This application claims priority to PCT Interna-
tional Application No. PCT/US2010/043916, filed Jul. 30,
2010, and U.S. Application No. 61/230,234, filed Jul. 31,
2009, which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This disclosure pertains to new molecular com-
plexes of zoledronic acid suitable for drug delivery as well as
methods for their preparation and pharmaceutical composi-
tions.

BACKGROUND OF THE INVENTION

[0003] Zoledronic acid is known as (1-hydroxy-2-imida-
zol-1-yl-1-phosphono-ethyl)phosphonic  acid. Zoledronic
acid is depicted by the following chemical structure:

O

N

HO)Z
HO\ b /OH

P
HO/ \\O O{{ \\O

Zoledronic acid is a third generation bisphosphonate which
far exceeds the previous generations in terms of efficacy and
is used predominately for indications of osteoporosis or
tumor induced hypercalcemia (TIH). It was originally devel-
oped by Novartis and marketed in a monohydrate form under
the Zometa® and Reclast® brand names. Zoledronic acid
was first approved in 2000 for the treatment of TIH in Canada.
Itwas later approved for use in the US in 2001 for indications
of TIH and in 2007 for osteoporosis and Paget’s disease.
Clinical. trials have also been conducted or are-on-going
exploring the use of zoledronic acid in neoadjuvant or adju-
vant cancer therapy, Coleman, et al., British J Cancer 2010;
102(7):1099-1105, Gnant, et al., New England J. Medicine.
2009, 360 (17):679-691 and Davies, et al. J Clinical Oncol-
ogy, 2010, 28(7s): Abstract 8021. Zoledronic acid is admin-
istered as an intravenous (IV) dose of 4 mg over 15 minutes
for TIH and 5 mg over 15 minutes for osteoporosis.

[0004] Zoledronic acid is sparingly soluble in water and 0.1
N HCI solution but is freely soluble in 0.1 N NaOH.
Zoledronic acid is practically insoluble in many organic sol-
vents.

[0005] Various efforts have been taken to generate novel
oral formulations of zoledronic acid through crystallization
and metal salt formation to improve its aqueous solubility,
permeability, and subsequent oral bioavailability. A crystal-
line trihydrate was disclosed in U.S. Patent application 2006/
0178439 Al and world patent application WO2007/032808.
Seven hydrated forms, an amorphous form, three monoso-
dium salts, and eleven disodium salts with varying degrees of
hydration of zoledronic acid were also disclosed in the world
patent application WO2005/005447 A2. Zoledronate metal
salts including Na*, Mg?*, Zn>* were reported in the monthly

Jul. 26, 2012

issued joumal Drugs of the Future (Sorbera et al, 25(3), Drugs
of the Future, (2000)). Zoledronate, zoledronic, or zoledronic
salt represents the ionic form of zoledronic acid. A recently
filed patent application (W0O2008/064849 A1) from Novartis
disclosed additional metal salts including two Ca®* salts, two
Zn** salts, one Mg?* salt, as well as a mono and trihydrate, an
amorphous form, and an anhydrous form.

[0006] The low oral bioavailability of zoledronic acid,
which is <1% of the oral dose, can be attributed to poor
permeability in the gastrointestinal (GI) tract. It was also
noted that insoluble metal complexes were formed in the
upper intestines, most commonly with calcium. Zoledronic
acid has also been shown to cause severe Gl irritation both in
the stomach and in the intestines. In some cases the irritation
was so severe that medical treatment was required. Recent
activity concerning the development of oral formulations has
led to the use of medium chain fatty acids to enhance the
drug’s low permeability as disclosed in the US 2007/0134319
Al and US 2007/0196464 patent applications. Modified
amino acid carriers, but not pure proteinogenic amino acids,
bave also been employed to improve the absorption of the
drug as shown in the WO 2007/093226 Al application.
[0007] In general, sparingly water soluble, provides sub-
stantial challenges for drug development of parenteral formu-
lations due to the amount of solvent needed to dissolve the
drug which could render it more suitable for infusion. Typi-
cally, the greater the volume needed to be administered
parenterally to a patient, the longer the infusion time, the
higher the likelihood of a vehicle-related adverse effect, the
more expensive the product, and the less likelihood that the
formulation will be found acceptable by the patient. By
improving the aqueous solubility of the drug the volume of
solvent needed for reconstitution can therefore be dramati-
cally reduced rendering it suitable for injection rather than
infusion.

[0008] Due to the fact that zoledronic acid is only available
asa parenteral dosage form (infusion over at least 15 minutes)
there is a clear need to develop novel forms of zoledronic acid
that can be included in an oral dosage form particularly as the
use of orally administered drugs are becoming more wide
spread in many therapeutic areas including the treatment of
cancer. The upward trend in the use of oral drugs will continue
especially in light of the goal to decrease the overall cost of
bealthcare. Thus, there is an opportunity to create oral dosage
forms of IV drugs only where oral dosage forms do not yet
exist due to their poor aqueous solubility and/or poor perme-
ability providing a clear clinical benefit for patients. In addi-
tion, opportunity is also provided to improve the solubility of
sparingly water soluble drugs by creating molecular com-
plexes of such drugs with standard (proteinogenic) amino
acids that can subsequently be incorporated in dosage forms
for a variety of drug delivery systems.

[0009] The development of oral forms of zoledronic acid to
enhance the aqueous solubility or permeability has thus far
been problematic. However, by using the novel approach of
generating molecular complexes of zoledronic acid with stan-
dard amino acids there is an opportunity provided to improve
the solubility and/or permeability resulting in a new dosage
form suitable administration to humans.

SUMMARY OF THE INVENTION

~[0010] The present disclosure is directed towards generat-

ing new molecular complexes of zoledraonic acid that have the
therapeutic efficacy of zoledronic acid but also improved
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aqueous solubility, rate of dissolution, and improved bio-
availability. One aspect of the present disclosure relates to
novel molecular complexes of zoledronic acid. In addition,
the disclosure further includes methods for the preparation of
such complexes. The disclosure further includes composi-
tions of molecular complexes of zoledronic acid suitable for
incorporation in a pharmaceutical dosage form. Specific
molecular complexes pertaining to the disclosure include, but
are not limited to, complexes of zoledronic acid with nicoti-
namide, adenine, glycine, and optical isomers of asparagine,
histidine, argenine, and proline; D or L-asparagine, DL-as-
paragine, D or L-histidine, DL-histidine, D or L-arginine,
DL-arginine, D or L-proline and DL-proline. Variants of the
disclosed zoledronic acid forms in the text, including those
described by the examples, will be readily apparent to the
person of ordinary skill in the art having the present disclo-
sure, and such variants are considered to be a part of the
current invention.

[0011] The foregoing and other features and advantages of
the disclosed technology will become more apparent from the
following detailed description. Such description is meant to
be illustrative, and pot limiting, of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] In general, the active pharmaceutical ingredient
(AP]) in pharmaceutical compositions can be prepared in a
variety of different forms. Such compounds can be prepared
50 as to have a variety of different chemical forms including
chemical derivatives, solvates, hydrates, cocrystal salts, etc.
The API can also have different physical forms. For example,
they may be amorphous or they may have different crystalline
polymorphs or may exist in different solvated or hydrated
states. The discovery of new forms of an API may provide the
opportunity to improve the pharmacokinetic performance of
a pharmaceutical product. Additiopaily, pharmaceutical coc-
rystallization can expand the array of resources available for
designing, for example, a pharmaceutical dosage form of a
drug with a targeted release profile or other desired charac-
teristics.

[0013] The physical form of the API has been shown to
have a.substantial impact upon its physicochemical proper-
ties. For example, crystalline polymorphs typically have dif-
ferent aqueous solubility from one another, such that a more
thermodynamically stable polymorph is less soluble than a
less thermodynamically stable polymorph. In addition to
water solubility, pharmaceutical polymorphs can also differ
in properties such as rate of dissolution, shelf-life, bioavail-
ability, morphology, vapor pressure, density, color, and com-
pressibility. Accordingly, it is desirable to enhance the prop-
erties of an API by forming molecular complexes withrespect
to aqueous solubility, rate of dissolution, bioavailability,
Cmax, Tmax, physicochemical stability, down-stream pro-
cessibility (e.g. flowability compressibility, degree of brittle-
ness, particle size manipulation), crystallization of amor-
phous compounds, decrease in polymorphic form diversity,
toxicity, taste, production costs, and manufacturing methods.
[0014] During the development of drugs for oral delivery, it
is frequently advantageous to have novel forms of such drug
materials that possess improved properties, including
increased aqueous solubility and stability. It is also desirable
in general to increase the dissolution rate of such solid forms,
and potentially increase their bioavailability. This also applies
to the development of novel forms of zoledronic acid which,
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when administered orally to a subject could achieve greater or
similar bioavailabilities and pharmacokinetic (PK) profiles
when compared to an IV or other formulations on a dose-for-
dose basis.

[0015] Novel solution complexes of zoledronic acid in the
present invention could give rise to improved properties of
zoledronic acid. For example, a new form of zoledronic acid
is particularly advantageous if it can improve the aqueous
solubility and subsequent bioavailability of orally delivered
zoledronic acid. A number of novel zoledronic acid forms
have been synthesized, characterized, and disclosed herein.
The aqueous solubility of zoledronic acid is low but has been
dramatically increased in this invention up to greater than 350
mg/ml through creating new molecular complexes with coc-
rystal formers including such as nicotinamide, amino acids,
and in particular with adenine, glycine, L-asparagine, DL-
asparagine, L-histidine, DL-histidine, L-arginine, DL-argin-
ine, L-proline, DL-proline. The techniques and approaches
set forth in the present disclosure can further be used by the
person of ordinary skill in the art to prepare obvious variants
thereof, said variants are considered to be part of the inventive
disclosure.

[0016] Accordingly, a first aspect of the present invention
includes aqueous solution complexes of zoledronic acid with
amino acids, including but not limited to adenine, glycine,
and optical isomers of asparagine, histidine, argenine and
proline. Preferred amino acids include but are not limited to
nicotinamide, adenine, glycine, L-asparagine, DL-aspar-
agie, L-histidine, DL-histidine, L-arginine, DL-arginine,
L-proline, and DL-proline suitable for coformulation in an
oral dosage form, as a solution, suspension, or a solution in
capsules ether incorporated in a gel structure or polymer
matrix. These pharmaceutical formulations contain a thera-
peutically effective amount of at least one solution complex
of zoledronic acid according to the invention and at least one
pharmaceutically acceptable carrier, (also known in the art as
a pharmaceutically acceptable excipient). The novel molecu-
lar complexes of zoledronic acid are therapeutically useful for
the treatment and/or prevention of disease states associated
with osteoporosis, tumor induced hypercalcemia (TIH), or
Paget’s disease as discussed above. Accordingly, the inven-

-tion also relates to methods of treatment using novel molecu-

lar complexes of zoledronic-acid of the invention or a phar-
maceutical formulation containing them. The pharmaceutical
formulations geperally contain about 1% to about 99% by
weight of at least one novel molecular complex of zoledronic
acid of the invention and 99% to 1% by weight of a suitable
pharmaceutical excipient.

[0017] Another aspect of the invention includes improving
the aqueous solubility of zoledronic acid to greater than 350
mg/ml, through creating new molecular complexes with L-
and DL-histidine.

[0018] Another aspect of the invention includes improving
the aqueous solubility of zoledronic acid to greater than 235
mg/ml, through creating new molecular complexes with L-
and DL-arginine.

[0019] Another aspect of the invention includes improving
the aqueous solubility of zoledronic acid to greater than 50
mg/ml, through creating new molecular complexes with L-
and DL-asparagine.

[0020] Another aspect of the invention where the solution
complexes of zoledronic acid with amino acids. Solution
complexes of zoledronic acid and optical isomers of aspar-
agine, histidine, arginine and proline; L-asparagine, DL-as-
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paragine, L-histidine, DL-histidine, L-arginine, DL-arginine,
L-proline, and DL-proline were physically stable and did not
form any suspension or create precipitates when examined by
the naked eye after being left standing at room temperature on
the bench in screw cap vials for one year.

[0021] Another aspect of the invention provides complexes
of zoledronic acid and optical isomers of asparagine, histi-
dine, arginine and proline; L-asparagine, DL-asparagine,
L-lysine, DL-lysine, nicotinamide, adenine, glycine, L-histi-
dine, DL-histidine, L-arginine, DL-arginine, L-proline, and
DL-proline suijtable for a pharmaceutical formulation than
can be delivered parenterally to the human body.

[0022] Another aspect of the invention provides a method
for increasing the aqueous solubility of a bisphosphonic acid
or bisphosphonates by dissolving a bisphosphonic acid or
bisphosphonate in an aqueous solvent in the presence of an
amino acid such as those discussed above. The bisphosphonic
acid may be, for example, zoledronic acid, clodronic acid,
tiludronic acid, pamidronic acid, alendronic acid, residronic
acid ibandronic acid or other bisphosphonic acids known in
the art.

EXAMPLES

[0023] The following examples illustrate the invention
without intending to limit the scope of the invention.

[0024] Zoledronic acid as a starting material used in all
experiments in this disclosure was supplied by Farmkemi
Limited (Wuhan Pharma Chemical Co.), China with purity of
ca. 90% and was purified further via recrystallization from
hot water. All other pure chemicals (Analytical Grade) were
supplied by Sigma-Aldrich and used without further purifi-
cation.

Example 1
Preparation of a Solution of Zoledronic Acid:L-His-
tidine
[0025] 7.8 mg of zoledronic acid and 9.5 mg of L-histidine

were mixture and dissolved in 0.05 ml water. The solution
containing the complex was stored in a screw cap vial.

Example 2

Preparation of a Solution of Zoledronic: DL-Histi-
dine Complex
[0026] 17.8 mg of zoledronic acid and 9.5 mg of DL-histi-
dine were mixed and dissolved in 0.05 ml water. The solution
containing the complex was stored in a screw cap vial for
subsequent analysis and use.

Example 3

Preparation of a Solution of Zoledronic:L-Arginine
Complex
[0027] 5.6 mgofzoledronic acid and 21.4 mg of L-arginine
were mixed and dissolved in 0.15 ml water. The solution
containing the complex was stored in a screw cap vial for
subsequent analysis and use.

Example 4

Preparation of a Solution of Zoledronic:DL-Arginine
Complex

[0028] 35.6 mg of zoledronic acid and 21.4 mg of DL-
arginine were mixed and dissolved in 0.15 ml water. The
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solution containing the complex was stored in a screw cap vial
for subsequent analysis and use.

Example 5

Preparation of a Solution of Zoledronic: L-Aspar-
agine Complex

[0029] 50mgofzoledronic acid and 23 mg of L-asparagine
were dissolved in 1 ml water. The solution containing the
complex was stored in a screw cap vial for subsequent analy-
sis and use. :

Example 6

Preparation of a Solution of Zoledronic:DL-Aspar-
agine Complex

[0030] 50 mg of zoledronic acid and 26 mg of DL-aspar-
agine monohydrate were dissolved in 1 m] water. The solution
containing the complex was stored in a screw cap vial for
subsequent analysis and use.

Example 7

Preparation of a Solution of Zoledronic:L-Proline
Complex

[0031] Approximately 11 mg of zoledronic acid and
approximately 9 mgof L-proline were mixed and dissolved in
1 m] water. The solution containing the complex was stored in
a screw cap vial for subsequent analysis and use.

Example 8

Preparation of a Solution of Zoledronic:DL-Proline
Complex

[0032] Approximately 11 mg of zoledronic acid and
approximately 9 mg of DL-proline were mixed and dissolved
in 1 ml water. The solution containing the complex was stored
in a screw cap vial for subsequent analysis and use.

1-17. (canceled)

18. A solution complex of a bisphosphonic acid or bispho-
sphonate comprising a bisphosphonic acid or bisphosphonate
with a cofonmer to improve the aqueous solubility of the
bisphosphonic acid or-bisphosphonate:

19. A solution complex of claim 18 where the bisphospho-
nic acid is zoledronic acid.

20. A solution complex of claim 18 wherein the coformer is
an amino acid.

21. A solution complex of claim 19 wherein the coformer is
an amino acid is selected from the group consisting of gly-
cine, adenine, asparagine, histidine, arginine and proline.

22. A solution complex of claim 20, wherein the amino acid
is selected from the group consisting of L-asparagine, DL-
asparagine, L-histidine, DL-histidine, L-arginine, DL-argin-
ine, L-proline, and DL-proline.

23. A solution complex of claim 21, wherein the complex
is:

a solution complex of zoledronic acid and L-histidine hav-
ing an aqueous solubility of zoledronic acid to greater
than 350 mg/ml,

a solution complex of zoledronic acid and DL-histidine
having an aqueous solubility of zoledronic acid to
greater than 350 mg/ml,

a solution complex of zoledronic acid and L-arginine hav-
ing an aqueous solubility of zoledronic acid to greater
than 235 mg/ml,

01636




US 2012/0190647 Al

a solution complex of zoledronic acid and DL-arginine
having an aqueous solubility of zoledronic acid to
greater than 235 mg/ml,

a solution complex of zoledronic acid and L-asparagine
having an aqueous solubility of zoledronic acid to
greater than 50 mg/ml, or

a solution complex of zoledronic acid and DL-asparagine
having an aqueous solubility of zoledronic acid to
greater than 50 mg/ml.

24. A molecular complex of zoledronic acid comprising
zoledronic acid and an amino acid selected from the group
consisting of asparagine, histidine, arginine and proline.

25. A molecular complex of claim 24, wherein the amino
acid is selected from the group consisting of L-asparagine,
DL-asparagine, L-histidine, DL-histidine, L-arginine, DL-
arginine, L-proline, and DL-proline.

26. A pharmaceutical composition comprising a complex
of claim 18 and a pharmaceutically acceptable carrier.

27. A pharmaceutical composition of claim 24, wherein the
composition is a parenteral composition.

28. A pharmaceutical composition of claim 24, wherein the
composition is an oral dosage form.

29. A method for the treatment and/or prevention of disease
states associated with osteoporosis, tumor induced hypercal-
cemia (T1H), or Paget’s disease comprising the step ofadmin-
istering to a patient in need thereof a therapeutically effective
amount of a pharmaceutical composition of claim 26.

30. A method for the treatment and/or preventionofdisease
states associated with osteoporosis, tumor induced hypercal-
cemia (TIH), or Paget’s disease, adjuvant or neoadjuvant
cancer therapies comprising the step of administering to a
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patient in need thereof a therapeutically effective amount of a
complex according to claim 18. }

31. A method for increasing the aqueous solubility of
zoledronic acid comprising the step of:

dissolving zoledronic acid in an aqueous solvent in the

presence of an amino acid.

32. A method of claim 31, wherein the amino acid is
selected from the group consisting of glycine, adenine, aspar-
agine, histidine, arginine and proline.

33. A method of claim 32, wherein the amino acid is
selected from the group consisting of L-asparagine, DL-as-
paragine, L-histidine, DL-histidine, L-arginine, DL-arginine,
L-proline, and DL-proline and wherein the amino acid forms
a solution complex with the zoledronic acid.

34. A method of claim 31, wherein the aqueous solvent is
water.

35. A method for increasing the aqueous solubility of a
bisphosphonic acid or bisphosphonate comprising the step of:

dissolving a bisphosphonic acid or bisphosphonate in an

aqueous solvent in the presence of an amino acid.

36. A pharmaceutical composition comprising a complex
of claim 23 and a pharmaceutically acceptable carrier.

37. A method for the treatment and/or prevention of disease
states associated with osteoporosis, tumor induced hypercal-
cemia (TIH), or Paget’s disease, adjuvant or neoadjuvant
cancer therapies comprising the step of administering to a
patient in need thereof a therapeutically effective amount ofa
complex according to claim 23.

38. A method of claim 32, wherein the aqueous solvent is
water.
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Abstract: Osteoporosis is a major health concern, which results in the increased risk of
fractures. There is a high risk for the first or consecutive fractures leading to considerable
morbidity and debilitating consequences if osteoporosis is untreated. Currently, bisphosphonates
are the mainstay of treatment for osteoporosis though long-term persistence and adherence to
bisphosphonates, especially those taken orally, remain Jow. This medication noncompliance
has serious consequences on osteoporotic patients as it is associated with a significantly higher
fracture risk. Intravenous (IV) zoledronic acid (ZOL), developed to increase compliance by
overcoming the frequent and burdensome dosing requirements of oral bisphosphonates, is the
first and the only once-yearly bisphosphonate globally approved for use in the treatment of up
to 6 indications of osteoporosis. Several clinical studies have documented that a single infusion
of IV ZOL resulted in decreased bone turnover and improved bone density for at least 12
months post infusion. This article traces the development of ZOL’s climical utility and evaluates
its patient preference by collating data from all major clinical trials, studying the efficacy and
safety of ZOL in the treatment of osteoporosis and other benign bone disorders.

Keywords: bisphosphonates, patient preference, efficacy, safety, Paget’s disease

Introduction

Osteoporosis

Osteoporosis, a chronic disease that affects an estimated 200 million people
worldwide, is characterized by decreased bone mass, as well as weakened bones,
withranincreased risk of fractures. Often diagnosed late and subsequent to a fracture,
it leads to significant morbidity and mortality.}? Osteoporosis can be classified into
2 forms: primary and secondary. Primary osteoporosis results from cumulative
bone loss as people age and go through changes in their sex hormones. Secondary
osteoporosis results from a variety of medical conditions, diseases, or use of certain
medications that adversely affect skeletal health.> The World Health Organization
(WHO) defines osteoporosis as a bone mineral density (BMD) with a T-score of =2.5
standard deviations below the gender-specific young adult mean (ie, T-score < -2.5),
as measured by dual energy X-ray absorptiometry (DXA). However, total fracture
risk reflects both BMD-dependent and BMD-independent risk factors, and the new
WHO absolute fracture risk algorithm takes into account BMD, age, smoking, alcohol
intake, personal or parental history of fracture, body mass index, corticosteroid use,
and rheumatoid arthritis to predict individual patients 10-year probability of sustaining
osteoporotic fractures.>
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Bisphosphonates

Bisphosphonates, which inhibit osteoclastic activity, are
the most commonly used medications for the treatment of
osteoporosis.”® Several formulations of bisphosphonates are
currently available. Alendronate (ALN), risedronate (RIS),
and ibandronate are oral bisphosphonates that have been
widely used for the treatment of postmenopausal osteoporosis
(PMO). These bisphosphonates were originally approved
as a once-daily formulation. However, low adherence to
daily therapy coupled with recognition of the long skeletal
retention of these bisphosphonates led to the evolution of less-
frequently-dosed but bioequivalent formulations.>'® Current
bisphosphonate regimens include once-weekly ALN or RIS,
once- or twice-monthly ibandronate and RIS, quarterly intra-
venous (IV) ibandronate, and once-yearly IV ZOL.?

Zoledronic acid

Zoledronic acid (ZOL) (Aclasta®/Reclast®; Novartis Pharma
AG, Basel, Switzerland), a third-generation bisphosphonate
available as an IV formulation (5 mg given once-yearly,
recommended with daily supplementation of 500-1,200 mg
elemental calcium plus 400-800 U of vitamin D), is approved
globally for up to 6 indications.

i. Treatment of PMO in women to reduce the incidence
of hip, vertebral, and nonvertebral fractures and to
increase BMD

ii. Prevention of clinical fractures after hip fracture in men
and women

iii. Treatment of osteoporosis in men
iv. Treatment and prevention of glucocorticoid-induced
osteoporosis (GIO)

v. Prevention of PMO (in the United States)

vi. Treatment of Paget’s disease of bone

In May 2009, ZOL was approved. by the US Food and
Drug Administration for use, once every 2 years to prevent
osteoporosis in postmenopausal women with osteopenia
in the United States.!! ZOL (Zometa®; Novartis Pharma
AG, Basel, Switzerland) is also approved for the treatment
of hypercalcemia of malignancy (HCM) and advanced
malignancies involving bone."?

This article traces the development of ZOLs clinical util-
ity by collating data from all major clinical trials, studying

" the efficacy and safety of ZOL in the treatment of primary

and secondary osteoporosis and other benign bone disorders.
This article also reviews the patient preferences for differ-
ent osteoporosis medications with a special focus on ZOL.
The pharmacology and mechanism of action of ZOL are

not reviewed in this article as both have been extensively
reviewed previously.!* 2

Studies evaluating the therapeutic
utility of ZOL

Clinical studies

Treatment of PMO

The clinical utility of ZOL in the treatment of PMO was
evaluated in 3 randomized and 2 open-label trials.

Early studies of ZOL

The potential of IV ZOL in the treatment of PMO was
initially assessed by Reid et al*® in a placebo-controlled,
dose-ranging, 1-year study. This phase II study randomized
351 postmenopausal women aged 45-80 years to receive
placebo or one of the following 5 ZOL regimens: 0.25 mg,
0.5 mg, or 1 mg at 3-month intervals; a single 4-mg dose; or
2 doses of 2 mg administered 6 months apart. Mean lumbar
spine and femoral neck BMD was, on average, 4.3%—5.1%
(P < 0.001) and 3.1%-3.5% (P < 0.001), respectively,
higher in all the ZOL treatment groups vs the placebo group
at the end of the study period. Significant decreases in bone
turn over markers (BTMs) were also observed at the end
of the study (49%—52% decrease in serum type I collagen
C telopeptide [CTx] with ZOL vs 8% decrease in CTx
with placebo; P < 0.01). These results indicated that ZOL
infusions given even at intervals of up to 1 year produce
similar effects on bone turnover and bone density as those
achieved with daily oral dosing with bisphosphonates of
proven efficacy against fractures.

The above 1-year trial had 2 consecutive, open-label,
2-year extension phases. The objective of these extension
studies was to assess the long-term efficacy and safety
of prolonged use of ZOL. for a further 4 years. A total of
119 women who completed the 1-year core study entered
the next phase. Majority of the patients who entered the
first extension study received 1 mg ZOL every 3 months
(total annual dose, 4 mg), and others with 0.5 mg ZOL
every 3 months (total annual dose, 2 mg). Patients who
entered the second extension study received either calcium
only or ZOL 4 mg. All patients entering the active treatment
arm of the second extension had previously received ZOL
4 mg per year during core and extension 1 studies. Patients
received treatment for 2, 3, or 5 years. Study results showed
that BMD increased in all 3 subgroups by the end of the
5-year study period in lumbar spine (6.4%—9%), proximal
ferur (4.9%—5.5%), distal radius (2.2%—3%), and total body
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(3.6%—5%), whereas BTMs decreased. However, there was
an insufficient reduction in BTMs and moreover levels of
alkaline phosphatase and CTx increased from month 24
onwards in patients treated for up to 5 years.?

The long duration of the study allowed trends to be
identified regarding the degree of reduction in bone modeling
achieved by ZOL and suitability of 4 mg as a total annual
dose. The results showed that ZOL 4 mg once-yearly
increased BMD and was effective in reducing BTMs over
5 years. However, detailed analysis of BTM changes sug-
gested that the 4-mg dose caused insufficient reduction in
remodeling activity and may not suffice to maintain the sup-
pression of bone resorption.?® This upward trend in BTMs,
leading to insufficient reduction of bone turnover to keep
stable reduction in remodeling activity, was similar to a
previous trial in which an IV bisphosphonate (ibandronate)
was underdosed.?” Therefore, the authors concluded that the
same mechanism could also play a role in this study and to
achieve a more pronounced suppression of bone turnover,
a higher IV dose of ZOL might be required.?

The health outcomes and reduced
incidence with zoledronic acid once
yearly-pivotal fracture trial

The Health Outcomes and Reduced Incidence with Zole-
dronic Acid Once Yearly-Pivotal Fracture Trial HORIZON-
PFT) was a large, international, multicenter, randomized,
double-blind, placebo-controlled trial of 3 years duration
in which 7,765 patients with PMO were randomized to
receive either a 15-minute IV infusion of ZOL (5 mg) or
placebo.? This study showed that ZOL significantly reduced
morphometric vertebral, clinical vertebral, hip, and nonver-
tebral fractures by 70%, 77%, 41%, and 25%, respectively
(Table 1). The3-year risk reduction-(70%) in the incidence
of the vertebral fractures with ZOL exceeded the reduction
previously observed for oral bisphosphonates and other
therapeutic interventions.”®>° Assessment of bone structure
and microarchitecture was also performed in a subgroup
of patients. Overall, the findings from the study indicated
preservation of trabecular bone structure in the ZOL group
at 3 years.*

First head-to-head study

of ZOL vs ALN
The first head-to-head study involving ZOL and ALN was
conducted by McClung et al.*” This noninferiority 12-month

trial included postmenopausal women (age, 45-79 years)
treated with ALN for at least 1 year prior to randomization.
A total of 225 patients were randomized (1:1) to receive
either a single IV infusion of ZOL 5 mg plus oral placebo or
a weekly 70 mg ALN plus a single IV infusion of placebo.
The study showed that single-infusion ZOL maintained
BMD for 12 months, following the switch from oral ALN in
women with osteoporosis (Table 1). At the end of the study
period, the ZOL group experienced a 0.12% (standard error
[SE] = 0.273) increase from baseline in lumbar spine BMD
compared with the ALN group that had a 0.828% (standard
error {SE] = 0.288) increase from baseline (95% confidence
interval {CI], —1.491 to 0.075). The authors concluded that
patients can be switched from oral ALN to ZOL infusion with
maintenance of therapeutic effect for at least 12 months.

Effect on bone resorption markers
Saag et al®® investigated the onset of action and effects on
bone resorption markers of a single-infusion ZOL vs weekly
oral ALN. The 24-week trial randomized (1:1) 128 postmeno-
pausal women aged 45-79 years to receive either a single IV
infusion of ZOL 5 mg plus oral placebo or a weekly oral 70
mg ALN plus a single IV infusion of placebo. The primary
end point was the change in N-telopeptide of type I collagen
(NTx) at week 1 from baseline. A significantly lower mean
urine NTx value was seen in the ZOL group compared with
the ALN group at week 1 (15.2 nmol BCE [bone collagen
equivalents]/mmol creatinine and 35.5 nmol BCE/mmol
creatinine, respectively; P < 0.0001). Overall, ZOL caused
a greater and more rapid reduction in BTMs compared with
weekly ALN (Table 1). Moreover, results from this study
also showed that the majority of patients were more satisfied
with the annual ZOL infusion (59.8%), were more willing
to take it. for-a long_period_of time (68.0%),-and felt that
the annual infusion was more convenient than once-weekly
therapy (66.4%).

Prevention of PMO
ZOL is also approved for the prevention of PMO. The recom-
mended regimen is a 5-mg IV infusion once every 2 years
over no less than 15 minutes. Data from a 2-year, randomized,
multicenter, double-blind clinical study (n = 581) showed
that ZOL significantly increased BMD at lumbar spine and
total hip compared with placebo at month 24 for osteopenic
women in early and late menopause.>

In another 2-year study in a volunteer sample of
50 postmenopausal women with osteopenia treated with
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ZOL or placebo,*® ZOL decreased mean levels of each
of 4 BTMs by at least 38% (range, 38%-45%) for the
duration of the study (P < 0.0001). After 2 years, BMD
was higher in the ZOL group than in the placebo group at
an average of 5.7% (95% CI, 4.0-7.4) at the lumbar spine,
3.9% (2.2-5.7) at the proximal femur, and 1.7% (0.8-2.5) at
the total body (P < 0.0001 for each skeletal site). Moreover,
between-group differences in BTM and BMD were similar
at 12 and 24 months.*

Hip fractures
Hip fractures are associated with increased morbidity,
functional decline, and death in older adults.” Mortality is
increased with reported rates of 15%-25% in the year follow-
ing hip fracture.*** The clinical efficacy of ZOL in patients
with a recent, low-trauma hip fracture was investigated in a
large, randomized, double-blind, placebo-controlled, mul-
ticenter 5-year study known as the HORIZON-Recurrent
Fracture Trial (HORIZON-RFT) (n=2127), which is the only
trial ever conducted to study the risk of fracture incidence in
patients who have already sustained a hip fracture, in which
the median duration of follow-up was 1.9 years.* Patients
included in the HORIZON-RFT study were men or women
aged =50 years, who had a low-trauma hip fracture surgically
repaired within the previous 90 days.* Patients were random-
ized (1:1) to receive IV infusions of ZOL 5 mg or placebo
once-yearly. The primary measure of efficacy was new clinical
fracture (excluding toe, finger, and facial bone fractures, and
those occurring in abnormal bone) over the duration of the
study. Secondary efficacy measures included new hip fracture,
nonvertebral fracture, and vertebral fracture and the change in
BMD in the nonfractured hip (measured annually with DXA);
and prespecified safety end points, including death.

Data from the study showed that once-yearly ZOL 5 mg
IV was effective in reducing the risk of fractures develop-
ing in patients who recently had a low-trauma hip fracture
(Table 1).#* ZOL significantly (P = 0.001) reduced the risk
of any new clinical fracture by 35% relative to placebo, with
8.6% of ZOL and 13.9% of placebo recipients experiencing
such fractures at 2 years. ZOL also reduced the risk of most
secondary end point fractures. After 2 years of treatient, the
risk of nonvertebral (7.6% ZOL vs 10.7% placebo recipients)
and vertebral fractures (1.7% ZOL vs 3.8% placebo recipi-
ents) were also significantly reduced (P < 0.05) by 27% and
46% with ZOL relative to placebo, although the treatment
groups did not significantly differ in terms of hip fracture
risk (2.0% ZOL vs 3.5% placebo recipients).*

BMD at both the total hip and the femoral neck improved
significantly (P < 0.001) with ZOL relative to placebo after
12, 24, and 36 months of treatment. Moreover, clinically
relevant losses of BMD (based on prespecified measures of
bone safety) were observed in 2.4% ZOL vs 11.9% placebo
recipients.”

A significant reduction in all-cause mortality in patients
treated with ZOL was also observed: 9.6% patients in the
ZOL group and 13.3% patients in the placebo group died,
a 28% reduction in deaths from any cause in the ZOL
group (P =0.01).2

Post hoc analysis of the HORIZON-RFT study to examine
whether the timing of the first infusion had any relationship
to fracture and mortality benefit showed that patients infused
2-12 weeks after hip fracture, showed significant reduction
in clinical vertebral fractures, nonvertebral fractures, and
hip fractures, as well as all-cause mortality (first trial ever
to show a significant reduction in mortality after using an
antiosteoporosis medication).* )

Male osteoporosis

Male osteoporosis is an important public health issue and
remains largely undertreated in general practice. Moreover,
even though men experience fewer osteoporotic fractures
than women, they have higher mortality after fracture.* Two
analyses provide evidence for the efficacy of ZOL in the
treatment of osteoporosis in men, and based on these studies,
ZOL was approved in the European Union (EU).

Data analyzed from the male subpopulation of the 3-year
HORIZON-RFT trial® showed that ZOL was significantly
more effective than placebo in increasing total hip BMD
in men at 12, 24, and 36 months and in increasing femoral
neck BMD at 24 and 36 months.*é Though the study was not
powered to show a reduction.in clinical fractures in.men, the
2-year cumulative clinical fracture event rates were 7.45%
and 8.7% for ZOL and placebo, respectively (Kaplan—Meier
estimates).“¢ Moreover, the study showed that men experi-
enced greater absolute mortality benefit than women (6.4%
vs 2.8%), although they had a similar reduction in the risk
of death.*

A 2-year study randomizing 302 hypogonadal men to
annual ZOL 5 mg IV or weekly oral ALN 70 mg demon-
strated that the ZOL group had 6.1% increase in lumbar spine
BMD compared with the ALN group that had 6.2% increase
at 24 months. At month 12 relative to baseline ZOL and ALN
reduced serum CTx by 52% and 57%, urine NTx by 54% and
59%, serum N-terminal propeptide of type I collagen (P1NP)
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by 51% and 56%, serum bone-specific alkaline phosphatase
(BSAP) by 22% and 25%, respectively (Table1). The majority
of subjects preferred once-yearly IV infusion of ZOL 5 mg
over once-a-week oral 70 mg ALN.*

Pediatric osteoporosis

The use of bisphosphonates in children with osteogenesis
imperfecta is well established. Most of the reports in children
are almost exclusively on IV pamidronate,* although
successful treatment with the oral bisphosphonates, such as
ALN,1 has also been reported.

In arecently published study in children with osteogenesis
imperfecta, patients were switched to ZOL (0.04-0.05 mg/kg
every 4 months) for a mean of 3.4 years after pamidronate
therapy (1 mg/kg per dose every 2 months) for a mean
of 3.75 years. Results from the study showed that ZOL
appeared to be similarly effective as pamidronate in
improving vertebral BMD and in reducing fracture rates
implying that ZOL may be considered a potential alternative
to pamidronate infusions in this patient group.*

Geriatric osteoporosis
Osteoporosis is for the most part a disease of the aged.
Intravenous bisphosphonates are an option in the elderly
who cannot tolerate or may have difficulty adhering to
oral bisphosphonate therapy. Once-yearly infusion of
ZOL may significantly improve adherence, especially in a
geriatric population. Post hoc analysis of pooled data from
HORIZON-PFT? and HORIZON-RFT* determining the
efficacy of ZOL in osteoporotic postmenopausal women
aged =75 years has shown that once-yearly ZOL treatment
over 3 years significantly reduced the risk of any clini-
cal fracture, clinical vertebral and nonvertebral fractures
(Tablel). These findings provide evidence of the efficacy
of once-yearly ZOL 5 mg IV in osteoporosis patients of
- advanced age.> /
Glucocorticoid-induced
osteoporosis
Persistent use of glucocorticoids is a major cause for second-
ary osteoporosis, leading to bone loss and increased fracture
risk.>5% This increased risk is apparent in some patients
within 3 months of starting glucocorticoids.* Prevention
and treatment of GIO has been established with bisphospho-
nates.*® Recently once-yearly ZOL 5 mg has been approved
for the prevention and treatment of osteoporosis caused by
long-term use of glucocorticoids.

The approval for the GIO indication for men and women is
based on the study showing that annual ZOL 5 mg IV is more
effective in treating bone loss than daily oral RIS in patients
with GIO. The study investigated both the prevention and the
treatment of GIO in 833 men and women (288 prevention
vs 545 treatment subgroups).” Over 1 year, ZOL produced
significantly greater increases in BMD of the lumbar spine,
femoral neck, trochanter, and total hip than RIS. The increase
in BMD with ZOL was evident at 6 months, and ZOL was .
better than RIS at 12 months (Tablel).

Thalassemia-induced osteoporosis
Osteoporosis is an important cause of morbidity in beta-
thalassemia patients. In a study by Otrock et al,*® 18 thalassemia
patients with osteoporosis were given ZOL 4 mg IV every
3 months over a period of 12 months. Patients on ZOL had a
significant increase in their lumbar spine, femoral neck, tro-
chanter, and total hip BMD measurements over thé 12-month
period. Patients in the control group did not have any significant
change in BMD measurements. There was a significant change
in the levels of osteocalcin and bone alkaline phosphatase
(BAP) and also a significant decrease in the number of painful
sites (bone pain) experienced by the patients.*!

In another study, 66 thalassemia patients with osteoporosis
were randomized (1:1:1) to receive ZOL 4 mg I'V, every 6 or
3 months, or to receive placebo every 3 months, for a period
of 1 year. BMD of the lumbar spine, femoral neck, and
wrist was determined before and 12 months after treatment.
Patients treated with ZOL 4 mg IV every 6 months had no
change in BMD; however, there was an increase in BMD
with ZOL 4 mg IV given every 3 months. Both regimens of
ZOL reduced pain.®? BMD remained higher than baseline
after 24 months of stopping ZOL treatment.®

Overall, the data from the above studies suggest that ZOL
may be an effective option for the treatment of osteoporosis
in thalassemia patients.%*-%

Localized transient osteoporosis

Localized transient osteoporosis (LTO; bone marrow edema)
is an increasingly diagnosed condition characterized by
acute onset of disabling bone pain, which typically occurs
at a single skeletal site. Although its etiology is unknown,
LTO has been linked to pregnancy and prolonged periods
of exercise but with absence of previous trauma or surgical
history, as in algodystrophy. Current treatment options are
limited in number and provide inadequate efficacy except
recent positive experience with IV bisphosphonates.
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A study by Ringe et al* in 8 patients with LTO showed
that ZOL was highly effective in reducing pain, measured
by visual analog scale (VAS 1-10). Pain scores decreased
from 9.4 (at baseline) to 0.4. BMD was restored with an
average increase in the lumbar spine of 4.1% after 6 months
of treatment and in the affected and unaffected hip area by
9.4% and 3.0%, respectively (difference 6.4%, P < 0.01),
improving mobility and quality of life (QoL) in patients with
LTO of the hip.

Paget’s disease

Paget’s disease of bone is characterized by a dramatic increase
inbone turnover (both formation and resorption) at one or more
skeletal sites.5* The bone pain, skeletal deformity, pathologic
fractures, secondary arthritis, neurologic complications, and
deafness that may accompany this disease contribute to its
substantial morbidity. Bisphosphonate therapy is the most
commonly used treatment for Paget’s disease.5

In 2005, Reid and colleagues® published results ofa piv-
otal study comparing ZOL with RIS in patients with Paget’s
disease. The paper combined 2 identical, double-blinded,
randomized controlled trials, comparing ZOL with RIS. In the
6-month trial, patients received either a single IV infusion of
ZOL 5 mg (177 patients) or a daily 30 mg RIS for 2 months
(172 patients). The primary end point was normalization or a
75% reduction of serum alkaline phosphatase (SAP) levels in
6 months. A pain scale, gait, and QoL measures were assessed
as well. At the completion of this study, a greater number of
patients treated with ZOL (96%) achieved the primary end
point compared to those treated with RIS (74%, P < 0.001).
Further, ZOL provided patients with a significantly shorter
median time to first therapeutic response (64 days ZOL Vs
89 days RIS, P < 0.001).

In patients with Paget’s disease-of bone, normalization
of SAP correlates with a longer duration of biochemical
remission. SAP levels were normalized in more patients in
the ZOL-treated group (88.6%) than in the RIS-treated group
(57.9%), P < 0.001. Bone turnover markers, including serum
NTx and serum -CTx, measuring osteoblast function (bone
formation) and urinary a-CTx measuring osteoclast function
(bone resorption) were all suppressed into the normal range
earlier and more consistently in patients treated with ZOL,
P < 0.001 (Table 1).

At amedian 0f 190 days following the formal trial, only
0.9% of patients on ZOL showed evidence of recurrent dis-
ease activity by biochemical markers comipared with 25.6% of
patients on RIS, P < 0.001. Although the study was designed
to demonstrate the noninferiority of ZOL compared to RIS

in the treatment of Paget’s disease, the authors concluded
that “ZOL appeared to be superior in terms of the degree of
disease suppression, the rate of onset of effect and (on the
basis of preliminary data) the persistence of these effects
beyond the six-month trial period.” In addition, there was a
trend toward improved QoL in patients treated with ZOL.

In a follow-up extension trial of the above study published
by Hosking et al,% 152 patients who had been treated with
ZOL and 115 patients who had been treated with RIS were
followed for 18 months to determine the length of remission
and durability of bone suppression. A sustained therapeutic
response was noted in 98% of those treated with ZOL vs
57% of those treated with RIS (Table 1).

ZOL in oncology

Skeletal complications contribute substantially to the burden
of disease in patients with bone metastases from solid tumors
and in patients with multiple myeloma. Bone metastases are
the most common cause of cancer-related pain and often
require palliative therapy. ZOL is widely used as palliative
therapy in patients with bone metastases secondary to a wide
range of solid tumors, including prostate cancer, lung cancer,
and renal cell carcinoma.®’ '

ZOL received approval for the treatment of bone metas-
tases secondary to all solid tumor types and bone lesions
from multiple myeloma based on the results of 3 large,
randomized, phase III clinical trials enrolling more than
3,000 patients.

These trials demonstrated that ZOL (4 mg via 15-minute
IV infusion, every 3—4 Weéks) effectively reduced the
incidence of skeletal complications associated with malignant
bone disease for patients with breast cancer, multiple
myeloma, prostate cancer, or solid tumors other than breast
or prostate cancer.®"! The primary efficacy end point in all
3 trials was the proportion of patients who experienced at
least 1 skeletal-related event (SRE), defined as a pathologic
fracture, spinal cord compression, radiotherapy to bone,
or surgery to bone. Change in antineoplastic therapy to
palliate bone pain was also included as an SRE only in the
trial evaluating patients with prostate cancer. HCM was
included as an SRE in the analysis of secondary end points.
The results of these 3 international trials demonstrate that
ZOL has significant and durable clinical benefit in reduc-
ing skeletal complications for patients with malignant bone
involvement from multiple myeloma and a variety of solid
tumors, including breast, prostate, and lung cancers.®*7"
ZOL is also being studied for the prevention of aromatase
inhibitor-associated bone loss in women receiving adjuvant
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hormonal therapy for early-stage breast cancer and also for
the prevention of bone loss during androgen-deprivation
therapy.’”

Safety and tolerability of ZOL

in osteoporosis and Paget’s disease
Data from several clinical trials have demonstrated
that IV ZOL is generally well tolerated in patients with
osteoporosis?®?” and Paget’s disease.®% In the present
section, clinically significant adverse events (AEs) associ-
ated with the use of ZOL in osteoporosis are discussed.
Tolerability data of ZOL vs placebo, ALN, and RIS is also
evaluated.

Clinically significant AEs associated
with ZOL

Acute-phase reactions

The most common AEs observed with ZOL are acute-phase
reactions, usually characterized by flu-like symptoms,
headache, pyrexia, arthralgia, and myalgia. Most of these
symptoms occur within the first 3 days after infusion and
tend to resolve within several days after administration
(Table 2).287

Hypocalcemia

The incidence of hypocalcemia (a serum calcium level
<2.075 mmol/L) with ZOL has been reported in some
studies, although in most cases it was asymptomatic and
transient.?®3%365 However, in patients with low normal
calcium at onset, it is recommend to start with the regular
calcium/vitamin D supplementation before the infusion
of ZOL.

‘Renal function

Evaluation of the renal safety of once-yearly ZOL 5 mg in
several studies has shown that administration of ZOL was not
associated with any long-term detrimental effects on renal
function. Generally, the renal effects were short term, mild,
and transient.?®*° A minimal infusion time of ZOL of 15
minutes, however, is mandatory to avoid an impairment of
renal function.

Cardiovascular: atrial fibrillation

Individual studies of ZOL have found an increased incidence
of atrial fibrillation (AF); however, larger epidemiological
studies have found no increased risk of AF in patients
receiving bisphosphonate treatment.

The only study in the HORIZON clinical trial program
where AF was significantly increased as serious AE (SAE)
was the HORIZON-PFT study; AF, as SAE, was found to
be more frequent in patients who received ZOL compared
with placebo (1.3% ZOL vs 0.5% placebo; P < 0.001).%
Of the 50 events that occurred in patients receiving ZOL,
47 (94%) occurred >30 days after infusion, when ZOL was
no longer detectable in systemic circulation. Furthermore,
electrocardiograms performed on a subset of 559 patients
before and 9-11 days after treatment found no differences
between the treatment groups. '

In the HORIZON-RFT study, which included an older
patient population with more comorbidities compared with
other osteoporosis trials, the incidence of serious AF was
similar with ZOL and placebo (1.0% ZOL vs 1.2% placebo).*?
‘When ZOL was compared with RIS in patients with GIO, no
serious AF was reported in either of the treatment arms.*

Osteonecrosis of the jaw

In patients receiving high cumulative doses of IV bispho-
sphonates to prevent SRE associated with bone metastases
or HCM, cases of osteonecrosis of the jaw (ONJ) have been
reported. As most of these patients were also receiving
cytotoxic chemotherapy or corticosteroids, it is difficuit to
determine the true impact of bisphosphonate treatment on
risk of ONIJ. In patients receiving lower cumulative doses
of bisphosphonates for treatment of osteoporosis, very rare
cases of ONJ have been reported.

The safety data from the HORIZON-PFT study showed
that of the 7,714 patients in the study, there were only 2 cases
of possible ONJ: one in a patient receiving ZOL and other ina
patient receiving placebo. Both patients experienced delayed
healing associated with infection, and both conditions were
resolved after antibiotic therapy or debridement. In several
other studies with ZOL for the treatment of osteoporosis and
Paget’s disease, no cases of ONJ were reported.*>%%

Overall, the incidence of ONJ in osteoporotic patients
receiving ZOL is very low, and this can be managed with no
special treatment beyond routine dental care.” ‘

Tolerability

ZOL vs placebo

Data from the HORIZON trials show that ZOL was generally
well tolerated, and there was no significant difference between
the ZOL and placebo groups in terms of number of patients
who had SAEs, or discontinued follow-up due to an AE. In
the HORIZON-PFT study, the number of patients with AEs
was significantly higher in the ZOL group (95.5% ZOL vs
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Table | Summary of key efficacy data for ZOL in the treatment of osteoporosis and Paget's disease

Study No. of patients,

N

Study design Intervention

Key efficacy results

Black et a”® 7,765
(HORIZON-PFT)

Lyles etal® 2,127
(HORIZON-RFT)

McClung et al*” 225

Saag et al*® 128

Reid et al*® 833
(GIO trial)

Reid et al*® 357
(Paget’s disease-
core studies)

Hosking et al® 267
(Paget’s disease-
extension study)

3-year, randomized, double-blind, placebo- ZOL 5 mg;
controlled clinical trial in postmenopausal placebo

osteoporosis patients

Multicenter, randomized, double-blind, ZOL 5 mg;
placebo-controlled, parallel-group 5-year placebo
trial in patients who had already sustained hip

fracture; median follow-up was 1.9 years

I-year, double-blind, double-dummy study in ZOL 5 mg;

postmenopausal osteoporosis patients ALN 70 mg

24-week, multicenter, randomized,
double-blind, double-dummy, active-
controlled trial in postmenopausal

ZOL 5 mg;
ALN 70 mg

osteoporosis patients

| -year, multinational, multicenter,
randomized, double-biind, double-dummy,
stratified, active-controlled clinical trial in the
prevention and in the treatment of GIO

ZOL 5 mg
RIS 30 mg

2 identical, 6-month, randomized, ZOL 5 mg;

double-blind, active-controlled trials RIS 30 mg

in patients with Paget's disease

Eligible patients from both core studies ZOL 5 mg;

reexamined 24 months after treatment RIS 30 mg

¢ 70% reduction in morphometric
vertebral fractures over 3 years

® 41% reduction in hip fractures over
3 years

® 25% reduction in nonvertebral
fractures over 3 years

® 28% reduction in mortality after hip
fracture

® 35% risk reduction of all new clinical
fractures

® 46% risk reduction of all new clinical

vertebral fractures and 27% risk

reduction in new nonvertebral

fractures

ZOL improved BMD at total hip and

femoral neck

ZOL demonstrated fracture

prevention across all patients, even

those at highest risk of fracture

Lumbar spine BMD remained stable

with both treatments at |2 months

78.7% of patients preferred a once-

a-year infusion to weekly oral

therapy at the end of study

Significantly greater relative change
in urine NTx values at week | with
ZOL vs ALN

ZOL group had significantly lower

mean urine NTx values throughout
the 24-week study vs the ALN group
ZOL caused greater and more rapid
reduction in BTMs compared with
weekly ALN

ZOL demonstrated superior BMD

increase at |12 months compared
with oral daily RIS in both
subpopulations

ZOL significandy decreased levels
of B-CTx and PiINP compared with
-oral daily RIS in both the prevention

and the treatment subpopulations

84% of all patients preferred annual
IV over daily oral pills

96% of patients achieved therapeutic
response® with ZOL vs 74% with RIS
at 6 months

88.6% of patients achieved normal

alkaline phosphatase with ZOL vs

57.9% with RIS

ZOL produced significantly greater
reductions in alkaline phosphatase

than RIS

98% of those given ZOL maintained
therapeutic response® vs 57% of
those given RIS at 24 months

(Continued)
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Table | (Continued) '

Study No. of patients, Study design Intervention  Key efficacy results
N

Boonen et al® 3,887 A post hoc subgroup analysis of pooled data ZOL 5 mg; e At 3 years, incidence of any clinical,

(geriatric from the HORIZON-PFT and placebo vertebral and non-vertebral fracture

osteoporosis) HORIZON-RFT. was significantly lower in ZOL
group compared with placebo group
(10.8% vs 16.6%, 1.1% vs 3.7%, and
9.9% vs 13.7%, respectively).

Orwoll et al® 302 Multicenter, double-blind, active-controlled, ZOL 5 mg; & ZOL increased BMD at lumbar

(male parallel-group study for 24 months in ALN 70 mg spine, total hip, femoral neck, and

osteoporosis) hypogonadal men trochanter and was noninferior to
ALN at 24 months.

e At month 12, the median changes
from the baseline of markers for
bone resorption B-CTx, urine NTx
and PINP formation, serum BSAP
were comparable between ZOL and

ALN groups.

Note: *“Therapeutic response defined as normalization of alkaline phosphate or =75% decrease in excess alkaline phosphatase.

Abbreviations: ZOL, zoledronic acid; HORIZON-PFT, The Health Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly-Pivotal Fracture Trial; HORIZON-
RFT, HORIZON-Recurrent Fracture Trial; BMD: bone mineral density; ALN, alendronate; NTx, N-telopeptide of type | collagen; BTM, bone turnover markers; GIO,
glucocorticoid-induced osteoporosis; B-CTx, beta-serum type | collagen C telopeptide; PINP, serum N-terminal propeptide of type I collagen; RIS, risedronate; BSAP,

bone-specific alkaline phosphatase.

93.9% placebo; P = 0.002), driven primarily by larger number
of AEs associated with postdose symptoms.?® However, in
the HORIZON-RFT study, the difference in the number of
AEs between both groups was not significant (82.3% ZOL
vs 80.6% placebo).”

The incidence of death was significantly lower in ZOL
than that in placebo recipients in the HORIZON-RFT study
(9.6% ZOL vs 13.3% placebo; P = 0.01), but not in the
HORIZON-PFT study (3.4% ZOL vs 2.9% placebo).284

The tolerability profile of ZOL was generally similar to
that of placebo with regard to most cardiovascular-related
AEs, and no long-term renal toxicity was associated with
ZOL in patients from either the HORIZON-PFT or the
HORIZON-RFT study.?*#

ZOL vs ALN

The overall incidence of AEs in recipients of ZOL 5 mg IV
(once-yearly) was generally similar to that seen in recipients
of oral ALN 70 mg once-weekly in a comparative trial of
1-year duration (86.7% vs 80.4%).3” No patient died during
the course of the study. Treatment-emergent SAEs were
reported in 10.6% of ZOL recipients compared with 9.8%
of ALN recipients; no SAEs were considered to be study
drug related. Only 3.5% ZOL recipients and 0.9% ALN
recipients discontinued treatment because of AEs. Within the
first 3 days of initial drug administration, treatment-emergent
AEs occurred in 36.3% of ZOL recipients compared with
21.4% of ALN recipients (Table 2). Three or more days after
initial administration, the incidence of treatment-emergent

AFEs was broadly similar in ZOL and ALN recipients (77.9%
vs 73.2% of patients).*’

Safety results from a study by Saag et al® showed that
a comparable proportion of patients reported AEs in each
treatment group (ZOL 5 mg, 91.3%; ALN 70 mg, 86.4%).
Transient, flu-like symptoms were the most common AEs in
the ZOL group and resulted in a higher frequency of AEs in the
group during the first 3 days of treatment (Table 2). After 3 days,
AE rates were similar in both groups (79.7% ZOL vs 78.0%
ALN). There were no deaths during this study. SAEs occurred
in 2 patients in the ZOL group (osteoarthritis, chest pain) and 3
patiehts in the ALN group (1 patella fracture, 2 osteoarthritis).
None were considered related to the treatment.

ZOL vs RIS
Safety data from a comparative trial of 1-year duration that
tested the effectiveness of once-yearly IV ZOL 5 mg vs daily
oralRIS 30 mg, for the prevention and treatment of GIO,
showed that the overall incidence of SAFs was similar between
the ZOL and RIS groups, but AEs were more common with
ZOL than with RIS largely as a result of transient, flu-like
symptoms during the first 3 days after infusion (Table 2).%

In the treatment subgroup, the most frequently reported
SAE for patients tested with ZOL and RIS was worsening
rheumatoid arthritis, which was judged to be severe in 2%
of patients in each drug group.

In the prevention subgroup, the most frequently
reported SAE was pyrexia, which was judged to be severe
in 1% of patients in each drug group. No signifcant
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differences were recorded between the drug groups in
either the treatment or the prevention subgroups within
the cardiac disorders.”® In the treatment subgroup, the
incidence of death was comparable between ZOL and
RIS, (1% ZOL vs 1% RIS). However, in the prevention
subgroup, it was slightly higher in the ZOL vs RIS groups
(1% ZOL vs 0% RIS).

In a study by Reid et al*® comparing ZOL with RIS in
patients with Paget’s disease, the number of patients with
AEs (146 ZOL vs 133 RIS; Table 2) and SAEs (9 ZOL vs
11 RIS) were similar in the 2 groups. In the first 3 days, the
ZOL group had twice the number of AEs as compared to the
RIS group (P < 0.001), and these were principally the flu-like
symptoms, known to occur in association with the IV use of
nitrogen-containing bisphosphonates (Table 2). Subsequently,
the rates of AEs were similar in the 2 groups. The frequen-
cies of gastrointestinal and renal or urinary disorders were

similar in the 2 groups. An 18-month extension of the study
showed that death rates and SAEs were similar between
ZOL and RIS.%¢

Patient considerations

and treatment preference

Several large clinical trials have shown the efficacy of
bisphosphonates in the treatment of osteoporosis. However,
the long-term treatment with bisphosphonates is required
for optimal and sustained benefit. Therefore, compliance
and adherence to prescribed medication are needed for an
evaluable therapeutic benefit to patients.”

In the treatment of osteoporosis, nonadherence to bis-
phosphonate therapy correlates with reduced gains in BMD
and lower reductions in the levels of BTMs.””7® In addition,
nonadherence leads to an increased incidence of secondary
complications associated with fractures, such as pain,

Table 2 Summary of five most frequently reported AEs after first infusion of ZOL in the treatment of osteoporosis and Paget's disease

compared with placebo, ALN and RIS

Study Intervention N Any AE, Five typical AEs within 3 days of initial dosing®
n (%)
Pyrexia, Myalgia, Influenza-like Headache, Arthralgia,
n (%) n (%) symptoms, n (%) n (%)
n (%)

ZOL vs placebo
Reid et al® ZoL

4x0.25 mg 60 52 (87) 6(10) 12 (20) 1 (2) Not reported 9 (15)

4x05mg 58 50 (86) 50) 6 (10) 4@7) 8(14)

4x | mg 53 50 (94) 7(13) 7(13) 2 (4) 9(17)

2x2mg 6l 56 (92) 12 (20) 10 (16) 10 (16) 15 (25)

1 x4 mg 60 54 (90) 9 (15) 6 (10) 9 (15) 5(8)

Placebo 59 45 (76) 2 (3) I (2) 4 Not reported 9 (15)
Black et al”® ZOL 5 mg 3862 3688 (95.5) 621 (16.1) 365 (9.5) 301 (7.8) 273 (7.1) 245 (6.3)
(HORIZON-PFT)  Placebo 3852 3616(93.9) 79(2.1) 66 (1.7) 61 (1.6) 90 (2.3) 76 (2.0)
Lyles-et-al® ZOL 5-mg - 1054 - -867 (82:3)  73(6.9) 333.1) 6 (0.6) 16(1.5) 3333.1)
(HORIZON-RFT)  Placebo 1057 852 (80.6) 9(0.9) 9(0.9) 3(0.3) 9 (0.9) 23(2.2)
ZOLvs ALN
McClung et al*’ ZOL 5 mg 113 98 (86.7) Not reported  Notreported  Not reported 14 (12.4) 6(5.3)

ALN 70 mg 112 90 (80.4) Not reported  Notreported  Notreported 7 (6.3) 1(0.9)
Saag et al® ZOoL 69 63 (91.3) 4(5.8) 8(11.6) 13 (18.8) 5(2) 5(7.2)

ALN 70 mg 59 51 (86.4) 1 (1.7) 1 (1.7) 3(5.1) 7(11.9) 4 (6.8)
ZOL vs RIS
Reid et al*® ZOL 5 mg 177 146 (82.5) 13 (7.3) 13 (7.3) 17 (9.6) 12 (6.8) Not reported

RIS 30 mg 172 133 (77.3) I (0.6) 6(3.5) 740 7(4.1) Not reported
Reid et al* ZOL 5mg 272 211 (78) 32 (12) 29 (11) 15 (6) 13 (5) 32(12)
(Treatment group) RIS 30 mg 273 186 (68) 12 (4) 6(2) 3() 5(2) 21 (8)
Reid et al”? ZOL 5 mg 144 111 (77) 21 (15) 9 (6) 10 (7) 9 (6) 9 (6)
(Prevention group) RIS 30 mg 144 93 (65) 3(2) 8 (6) 1(1) 5(3) 10 (7)

Note: *The 5 symptoms listed were the most frequently cited in Black et al™® and other studies.
Abbreviations: AE, adverse event; ZOL, zoledronic acid; ALN, alendronate; RIS, risedronate; N, number of patients; HORIZON-PFT, The Health Outcomes and Reduced
fncidence with Zoledronic Acid Once Yearly-Pivotal Fracture Trial; HORIZON-RFT, HORIZON-Recurrent Fracture Trial.
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nosocomial infections, and pulmonary thromboembolism,
and hence to a decreased QoL.”-#

Reasons for the suboptimal
adherence to earlier developed
bisphosphonates

The main reasons patients cite for not continuing to take

their osteoporosis medication are the stringent dosing -

schedule, AEs, not feeling that treatment is working, and not
believing that they have a disease that needs to be treated.”
The commonest reasons were the strict dosing requirements
for oral bisphosphonates (fasting overnight or for at least 6
hours prior to taking the medication and 30-60 min after
administration) and posture (staying upright for 30-60
minutes after taking the medication), which can be inconve-
nient and often not feasible in the daily routine. The second

" most common reason for discontinuation of therapy is side
effects. The main complaints with oral bisphosphonates are
upper gastrointestinal irritation, dyspepsia, nausea, upper
abdominal pain, vomiting, and gastroesophageal reflux.
Finally, as patients often have no symptoms until they suffer
a fracture, they do not feel that treatment is worth taking
or do not believe they have a disease that needs treatment.
They may consider the pill a burden and the inconvenience
of the dosing requirements to be unnecessary.”

Evolution of dosing regimens

to overcome nonadherence

Initially, all the studies for oral bisphosphonates (ALN,
RIS, and ibandronate), which showed antifracture efficacy,
were conducted using a daily regimen.?%38 However,

the burdensome dosing requirements needed for gastro-

intestinal- protection with daily oral bisphosphonates led. "

to the development of less-frequent oral regimens. As the
half-life of bone-bound bisphosphonates is long, weekly
dosing of bisphosphonates is possible; moreover, they
remain at resorption sites longer than the 2-week lifespan
of individual osteoclasts.®® Weekly oral ALN and RIS
achieved approval based on comparisons with. the respec-
tive daily regimens.®*3° Weekly oral ibandronate has also
shown noninferior efficacy to the daily regimen® but has not
been marketed. Bisphosphonate pharmacology also makes
possible monthly, intermittent, quarterly, or yearly dosing.
To improve adherence and persistence, these extended inter-
val regimens were developed. Monthly oral ibandronate,
the first approved monthly bisphosphonate regimen, was

supported by comparison trials with the daily regimen and
is in use since 2005.*%” An intermittent oral RIS regimen
(2 consecutive days monthly) was approved in April 2007,%
and a once-monthly RIS dosing regimen was approved in
April 2008.%

Intravenous bisphosphonate regimens do not require
stringent dosing requirements as oral bisphosphonates, and
therefore, it provides alternative options for osteoporosis
patients unable to take oral bisphosphonates. Quarterly IV
ibandronate injection (3 mg/3 months) became, in 2006,

. the first TV bisphosphonate to be approved for PMO in the

United States and in the EU. Quarterly IV ibandronate has
shown efficacy in PMO with a similar safety profile to the
monthly oral regimen.® This was followed by once-yearly
ZOL 5 mg IV, which. is approved globally for up to 6 indica-
tions in osteoporosis. It provides the greatest extended dos-
ing interval and reduces concerns about oral administration,
gastrointestinal intolerance, and bioavailability. The efficacy
and safety of ZOL have been demonstrated from several large
randomized trials.2837:3843

Patient preference for once-yearly
ZOL dosing

A once-yearly IV ZOL has been preferred by a majority
of trial outpatients in 2 separate trials, who switched to
ZOL from weekly oral ALN.”3 McClung et al®’ reported

that 79% of patients preferred an annual infusion of ZOL

vs weekly oral ALN. Similarly, Saag et al*® reported that
a majority of patients (66%) preferred for annual ZOL vs
weekly ALN. Moreover, patients who cannot tolerate or
do not prefer oral dosing may opt for yearly IV infusion
of ZOL.% Intravenous regimens may also be particularly
advantageous for elderly patients residing in long-term
care facilities or those with-impairments affecting- self-
management of medication.”!

Optimizing the dosing interval

for ZOL

Optimizing the dosing interval for ZOL is important. It is
likely that even less frequent administration of ZOL will

become more acceptable to patients and hence associated .

with greater adherence to long-term therapy. It has been
demonstrated that the duration of antiresorptive action of a
smgle 5-mg dose of ZOL exceeds 12 months, and it would
be worth evaluating the antifracture efficacy of ZOL with a
dosing interval of more than 12 months.*?
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of osteoporosis

In randomized clinical trials, ZOL 5 mg has been proven to
be effective in reducing the risk of vertebral, nonvertebral
and hip fractures, and to be generally well tolerated in
PMO.® ZOL is the only bisphosphonate to have demon-
strated significant risk reduction at all major osteoporotic
fracture sites. The 70% relative risk reduction in vertebral
fracture at 3 years demonstrated by once-yearly ZOL
5 mg® is numerically greater than the relative risk reduc-
tions shown by ALN (44%)% or RIS (49%).”* ZOL 5 mg
has also been shown to be effective in the prevention of
clinical fracture in patients (male and female) who have
previously experienced a low-trauma hip fracture.** ZOL
5 mg is the only agent with demonstrated efficacy in this
indication. ZOL is also significantly more effective than
RIS in preventing and treating GIO.*® Most recently, the
efficacy of ZOL in treating osteoporosis in men has also
been demonstrated.*”*8 The formulation and administration
regimen of ZOL 5 mg ensures year-long effectiveness. Thus,
it presents an attractive alternative to other daily, weekly,
or monthly bisphosphonate therapies. Moreover, several
studies are underway to determine the efficacy of ZOL
compared with other bisphosphonates, ie, ZOL is being
compared with pamidronate in heart- and lung-transplant-
related osteopenia and osteoporosis, with ALN in heart and
liver transplantations and with ALN in kidney and kidney/
pancreas transplantations.”

Conclusions
The main aim of treatment in osteoporosis is to reduce the risk
- of fractures, thereby reducing fracture-associated morbidity
and mortality. A once-yearly administration of ZOL 5 mg has
the potential to help meet this-main clinical need-of patients
with osteoporosis because clinical evidence suggests that it
is more effective than oral bisphosphonates in reducing the
risk of vertebral and hip fractures, and it improves compliance
through provision of medication over the entire 1-year period
in a formulation that is well tolerated.

Review criteria

Searches were performed using PubMed to find material
published in English between 2000 and 2009. We used the
search terms zoledronic acid, bisphosphonates, osteoporosis,
secondary osteoporosis, clinical utility, adherence, patient
preference, and Paget’s disease to find full-text articles and
abstracts. Reference lists from various articles were also
searched for further sources.

Abbreviations

AE, adverse event; AF, atrial fibrillation; ALN, alendronate;
BAP, bone alkaline phosphatase; BCE, bone collagen
equivalents; BMD, bone mineral density; BSAP, bone specific
alkaline phosphatase; BTMs, bone turn over markers; CTx,
Serum type I collagen C telopeptide; DXA, dual energy X-ray
absorptiometry; EU, European Union; GIO, glucocorticoid-
induced osteoporosis; HCM, hypercalcemia of malignancy;
HORIZON-PFT, The Health Outcomes and Reduced Inci-
dence with Zoledronic Acid Once Yearly-Pivotal Fracture
Trial, HORIZON-RFT, The Health Outcomes and Reduced
Incidence with Zoledronic Acid Once Yearly-Recurrent
Fracture Trial; IV, intravenous; LTO, localized transient
osteoporosis; NTx, N-telopeptide of type I collagen; ONJ,
osteonecrosis of the jaw; P1NP, serum N-terminal propeptide
oftype I collagen; PMO, postmenopausal osteoporosis; QoL,
quality of life; RIS, risedronate; SAE, serious adverse event;
SAP, serum alkaline phosphatase; SE, standard error; SRE,
skeletal-related event; US, United States of America; VAS,
visual analog scale; WHO, World Health Organization; ZOL,
zoledronic acid.
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Drugs

Ovangs ook Preface

Food ard Drug Administyation
Center for Drug Evaluation and Reseurch

ﬁppmveﬂ Bruy Products with Th 4 DY
Z2nd Editios

PREFACE
oved Drig Preducts with Therapeustiv Equivalence Bvaiwations {the Ust, commoniy known as the Orangs Book), iden
afety and effectivenzss by the Food and Drug Administration ’LDA‘ under the Federat Foad
he mar(’ tan'\rowd o'\iy nr‘. the basis of safety {covered by the anguing Drug Efficacy S um Implementation [DEST]
s ieg -G Phencb: 1} are not included in this publi The main aiterion for
fat has not been withdraven for Sdfc_w or afficacy SIS,

tifies drug products
Drug, and Cosmetic Act {the Act). Dmﬁs on
eview [e. g.. Dunnataiﬁ Taaid:. and Lit

1..cepe dLﬂ\

of any cthrent v ‘{.vz,uidt(.({ judicial means against a drug prode addition, the List “ai ations
for approved multisource cts. These evasluations bave been :‘parcd oy serve as public infor ad

and phanmadists

to p omote puo - education in the area of drug product selection and to foster con
equivalencs syaluations in

sublicetion a 2 FDA actions affecting the legal status of products unocr the Act.

Backgreund of the Publication, To contain dry stz virtuaily ewary state has adopted faws and/cr regulations that entourage the substitution of drug croducts.

These state laws generally require either that substitution be limited to drugs on a spedfic iist (the acmt: = formuiary app"oa:h‘ or that it be perrritted for all drugs

except these prohitited by ar fist (the nagative formutary a ch} Because of the n of reguests in the iate ‘les wn assistance in preparmg

both positive qnd negative formutaries, it became appasrent that FDA could not serve the nesds of each state on an individual be aiso recngnized that
o

mant cf hea;ih AR O

providing a singie list basad on commwn ariteria would be prefarabie to Lvd%»::ttnq drusg products on the basis of differing de m\, and critenia in varios.

laws, As @ result, on May 31, 1978, the Commissionar of the Food and Drug Ag...wﬂreb n sent 3 letter (o officials of =ach state stating FOA's intent to p

of afi p iption drug prnducts that are soproved by FDA for safety and affectiveness, along with therapeutic equivalence determinations for multisource
e smqi 05 profducts,

Th List was distriibuted 85 3 pro;,u.;s,s- o January XU"’Q It included only cutrently markated prescription driug products approved by FDA through new drug
tions {(NDAS) and abbraviab ~ations {ANDAS)Y under the provisions of Section 305 of the Act,

ons in the List reflect FDA's apphication of specific ariteda to the multisourc
Act. These evaluations are presented in the form of code letters that §

M

B &

The thevapeulic equiva;
under Section 505 of ¢
appears in the Introdsuct

e prescription drug products on the List approved
ate the basis for the evaluation made, An explanation of Hhe ood:

A complete discussion of the back@round and basis of FDA's therapeutic equivalence evaluation policy was published in the Federal Reg
{44 2332). The final rule, which includes FDA's rasponses to the public comments on the propasal, was published in the Federal Regi
FR 72582). The first publication, October 1680, of the final version of the List incomporated appropriate correcti
wcluded the new approvais and rmade appropriate changes in data.

er on January 12, 1579
er on Octoker 31, 1980 {48
ns and additions, Exch subsequent edition has

On Septernber 24, 1984, the Presinent signed inte law the Drug Price Competition and Patert Term Restoration Ach {1984 Amendments), The 1884 Arvendments
require that FDA, among ather things, make publicly svailable 5 list of approved drug products with menthly supplersents, The Agproved Drug Producis with
Therapeutic Eguivalonce Evaiisations publication and its raonthly Cumnulative Supplements satisly this meguirermnent, lhe Addendum® to this puh;caticn idenyfles
drugs that gualify under the 1924 Amendments for pericds of exciusivity 1-:1Lrvng which ANDAs or apDhLannns describad in Saction S05{b){2) of the Act fer those
dsugs may not be submitted for a spedfied peried of tme and, i aliowsd to be submitted, would be tentatively approved) and movides patent information concerning
tha fisted drugs which also may defay the approval of .-\N')As or Section S05(bY(2) applications. The Addendurm® also provides additions! information that may be
helpful to those submitting a new drug agplication o ¢ /

The Pq(_ni\; intends to use this publication to further its ob)'cct'wc of obtaining input and « «:mer, ra *he pabm_ tion itself and refated Agency procedures. Tharelore,
if you have comments on how the publication can he irnroved, ph ion of Labeling and Frogram Support HFD-510, Cffice of
Generic Orugs, Center for Drug rion and Research, 7 Conynents received are publicly svailzhie o the extent
allowabie under the Fraedom of Informstion regulations,

Stsndish Pl

. Raod ».!!e, M 2(’6

INTROBUCTION
Content and Exclusion

2
pes
3

The List is composad of four parts: {1} apgroved presoiption drug products with therapeutic eguivaience evaluations; {2} approver over-the-counter {GTC) g
products for those drugs that may net be marketed without NDAS or ANDAS use they sra not Coversy ng OTC monographs; {3 drug rsmdm.r W srh
approval Under Section 505 of the Act administered by the Center for Biolug vajuation and Rage a:‘cn, and (4) & curnulative fist of approved products that have
never heen marketed, are for exportation,.are for military use, have baen atineed from markating, or have had their aoprgvak withdrawn for ot than safaty
or efficacy reasons s b .mzer‘t to-being giscontinued from marksting, [Noter Newly approved pro&uqc are added {o-parts 3, 2,00 3 of the List, depending on the
g preseripton or OTC) or apnmvdi a tbn:w, uniess the Orange Book staff is otherwise notiiad betore oqu cation. ]
e (f no trade narne exists) and by spelicant
2t compendial names or Urited States Adupted Namzs (USAN) a
% a_sgkran?s as sbhreviated in this publication; in addition, a Hist of uniform terms is provided. An
Adaend.rm‘ contains dru and exriusmt) formation for the Prescription, OTC, Discontinues Drug Froduck Usts, and for the Drug Froduds with Approvat
under Section S0% of the Adminiskered by the Center for Bicingics Evaluation and Rasearch. “'he publication may inciude additional information that the Sgends
desms approgriate © éisse inate,
Prior o the 6th Edition, the pub e
Biotogics | sation snd Research bee
garr—ri prescription drug
upAE oA date Bst of 3l marketed drug prod
are reguired,

e {holder of
S

1 sistered by the Center fo
= of the publication was 1o provide informatinn o states rega nr: F"‘A‘s recommendation ss to which
stes for drug praduct selection. The 1984 Amendments reguired the Agency o begin publishing an

ji as prescription, that have been approved for sefely and =fficacy and for which new drug applic

Under the 1584 Amendments, some drig products ars given tentative approvals. The Agency will not
hov er, they are availablz al ANDA Apmma!s . When the tati
the Agency will st the drug product and the final approvat date i

Distributors or repackagers of products on the
of supply from one approved manisfaciurer o
handling the products.

Therapeutic Equivalence-Related Terms

inciude drug products with tentative approval in the sk
e approval becomes a fulf approvat thiough a subseguent action letter to the application hob
tha appropriate approved drug prociuct list.

their scurce
of repackager

when they s
not possibie to maintain complete information linking product approyval with the distributor

f are not identified. Recsuse distributors or repackagers are not reguired to notify FDA

another, it is

Pharmaceutical Equivaients

are of the same dossge
form; voute of au‘miniszratio:‘

aily & u,vaié drag

Dy nm""ds are considersd -’)narn\aos tzca: eqa.-iva:mts i they contair the ssme active ingredient{s)
enlrs " (‘hEL‘Y(ﬂaZPpbxidE hydrachloride, Smaq capsules). Phe

prc in the same dosage form and o meet the same of compendial or
{i =C\: ristics such as <h pe sconng configuration, release mechanisms, pacxag‘ng, excipi

e

nctuding t.o%w:, flavors, preserua‘*xves £Xpira .fw hm«, and, Wﬁ' W certain Himity, labeting

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/ucm079... 3/6/2014
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Pharmaceutical Alfernatives. Drug products are considered pharmaceutica! alternatives if they contain
astars, or complexes of that meisty, or are different desage forms or strengths {e.g., tetracycline hydrochioride, 250mg "'pswes vs. tetracycline phosphate complex,
250mg capsuies; guinidine suliate, 200mg tablets vs. guinidine suifate, 200myg capsules). Data are genetaily ﬂ.o. availzbie for FDA to make the detersnination of
tablet to {2 bisequivalenca. Different dosage forms and strengths within a preduct fine by a single manufacturer are thus pharmaceutical sitemalives, as are
extendead- ra}eme products when tompared with irrmediate-relzase oF standard-relesse formulali of the same active ingredient.

the samr: theyapeutic rmolety, but are different saits,

Therapeutic Equivalents. Drug products are considered to be therapautic squivaients oaly if they are pharmaceutical eguivalents and if they can be expectad o
have the same dinical effect and safety profile when administered to patients under the conditions specified in the iabeling.

FOA classifies as therapeutically equivalent these products that meet the following general criteriar (13 they are approved #s safe and effective; (2} they are
pharmaceutical equivalents in that they {(a; contain igentical amounts of the same ackive drug ;ngrﬂd‘e it in the same dosage form and route cfnvm.n tion, and
{b) meet compendial or cther applicable standards of strength, L,uvht'y, v, and identity; {3) they are bioequ 'ab- i in that (2) they do not mese it a krown or
potentiat D*oa:umarence problem, and they maet an acceptable in vitro ndard, or \b\ if they do ;‘.\:“smt such @ v or potentizt probier are shown 1o
meet an appropriate blosguivaience standzrd; (4) they are adequately labels manufactured i Lgnmir noe with Current u(,od Z\‘*am »(a Gueing Practice
reguiations, The cencept of therapeutic equivalonce, as used fo deveiop the fist, anp!, es to drug products containing the same 2 e ¢ .—m(’ uoes n:;(
erempass a comparison of Gifferent therapeutic agents used for the same coadition (e.q., vbu,aso i Vs, naproxen for the lreatment of pe
the List repackaged and/or distrl than the application hotder is considered to be therapeuticaily squivalent re the aopi
if the appiicstion helder's drug product is single source o coded as non-aquivalent (s.g., BN). Also, distributors or repa
product are considerad to bave the same code as the application holder, Therapautic equivaiencs detesminations are not meo mr [H¢E poru‘m off»-e ei .nd-s:dn.iuns
FDA considers drug producis to be 1he:apcutxc—‘xi y equivalent if they meet the [} cutiined zbove, even &
such as shape, scering configuration, =< chandsms, packaging, ex {including colors ﬂavo.s b
fabeling {e.g., the pres erce of 5 per c rvhar at] storage conditi

it may be appropriate for U a particular brand be dis,
that products dassified as t ua;k F 8G B bt‘ m%txfute:\ with the full expect:
safety profile 85 the presoribed praduct,

Bivavail ab:... Th'" ter m mean:, Ahe rate nnd €
stte of action.
extent tc which the activ 7grecie=nt active maiety bpwmos 3 Eabie at ti“.e

Bioeguivalent Drug Products. This term describes pharmaceutical equivaiznt or alternative prediscts that display comparaisie bioava
stmitar ex enta o
bioequivalent:

fough th cy m ay differ in certain other charscaristics
piration date/time and minor aspects of
ant in the o ’i:‘ of @ par‘v ui 4 p ent,

the active i (.redie Ror odbw_ 1) xoiety is absorbed f
Hability may be a

tiity when studied under
an: ref&rf-n.:e! sted drug” shiall be considerad

53

5. Section 505 ({8} B) of the Act esu’abes one set of conditions under which  te

the rate and extent of absorption of the test drug do naol show a significant differance fis he rate and extent of absorstion of the reference drug when administerea
at the same malar dose of the therapeutic ingredient under similar experimentat conditions in either a single dose or mmuikiple doses; or

the extent of absorption of the test drug does not shiow a significant d'FFe e from the exteng af zbsarption of the referance drug when administered at the same
motar dose af the therspeutic in, ent unger similar experimental o nie doses and the difference from the referernce drug in

is reflectzgd in its pmpos#d .ab--i.rxg is ncf essential to the attainment of eff
aity insignificant for the drug,

sbsarpiion of the drug is intentional
dared m

the rate of
chronic use, and is €6

ve body drug concentrations on

Whare these above methods are not applicable {e.9., for d'uq orcducts that are not intended 0 be absorbed into the bicodstre
methods to demanstrate bioequivaience may be appropri
Binequs
vivo biosvailab

, other in vvo or in vitro test

imes be demonstrated asang an in vitro biceguivatence ndan, especially when such an /) vitre test has been correlated with humen in
fity data. In other situations, binequivalence may sometimss be d cnstrated through comparative clinicsl iriais or pharmacodynamic studies,
Statistical Criteria for Bineguivaience

tUnder the Drug Price Campetition and Patent Term Restoration Act of &f
deraonstrating that the deug product is bicequivalent to the plonesy {innn
products” are therapautically equ-\.d!em and, thnrcfn. e, zr':-\r\hanqpab,e

, manufacturers seeking approval to market a g-:nu;c drug product must submit data
53 drug product, A major grerrise underfying the 1984 law js thet bioequivakent drug

ct and becomes avaitable at the site
snce from two of msre

hs:a’apeutia ingredient is absorbed from a diug prod
tiorn {F B ] osmatic Adt, section 5 (8}, uivalence refers to ecuivalent release of the sar
drisg px oducts or formulations, T 10 an equivalent rate ar ~d extent of absorption from these formulations. Underiying the concept of bineguivaience is the
thest hdt if a drug pi aduct con drug substance that is chemically identical and is defivered 16 the n a; the same rate and extent as ancther drug
nt and can be substtuted for that drag product. Methods usad to define hi eace can be found in . fuce (13
¥ studies, (23 pharmacadynamic (PR) studies, {3) comparakive cinicat trials, and (1} i «\4:tm 3 mte‘: The choioe r;i' study used is baged un the
deug and the abitity of the study design to <o mgnrp srug deliversd to that site by the two produds.
va!e;.(t‘ ’P\ 5tbdy is conducted » scover study design in a Fns i
ige TTOSSOVEl gie doses of the test and
d over tme. Pharmacs *-d:cn,.
under the pi

ber of volu
aferance drug pro
ing ;ﬂ.' nd extent of diug absu!
he ast measured concen on {AUT{Q
tent of absorption; and the ma ), for = prioin. C
the :\o)‘y, and a paraliel study design may be use . Altprnate study mathods, such as #i-v
dynamic end omtﬁ, are used for drug products whers p sma contentrations are not useful {0 determing ded
ch-as-inhalers, nass) sprays and topica! produrts spplied to the skinj.

0 36 adulks,

2 and biood or
tically, The FX
-t3) and
over studies may

inf}, for &
jong haif]

{ALC{D-
Ao

the s rc of ackivity {su

cal raethodoingy for mnalyzing these hicequivalence studies is called the wr fwne ~.1 e&:r—tett pmc&dur@
The first of the two or: ded teste determines whether a generic pr a brand-name product (v
bivavailable. The second of the 'wn ona-sided tests determines wh e\her 2 brand ATE Dro LH:.’, whers substitutes for a genert
binas raiiabie‘ F c-d on *h; e off:)p-. medical ‘xaerrs‘ a difference of greater tna.- 20 for Parh of the above tests was determingd to
this is expressed 55 a Hmit of tests {reference-produrt average of 80
qestes tJ‘roda*t average of 80% for the second "at!smraé teft Bv convention, all data is expressad
© 2V ersge "55}) snse ’AU\Z :mo ‘,...a") f*i- Lest/ﬂcae‘erenfe sc the fimit exprassad in the second statistical test is {reciprowat o{ 80%).
icai reasons, & Cata is log-transformad prior W conducting s?a( stical testing.  In practice, these stati asts 2 rrigd oot using an anatysis of
dure (ANOVAS and calculating 5 50% confid § Y c\harma” Kinetic pararmeter (Cmax anr‘ AUE,. 1 e confidence interval for both
3 C and Cmax, must be en tes Gled above. Because the mean of the study data lies in the
_rvaf, th an of the data is usually dlose to 100% (a tesi/reference ratic of 1), Diferent stati criteria are sometimes used
rated throy ;Jh comparative clinical trials pharmmac advrc-rmc studies, or comparative in-vitro methodoiogy.
bed above similtaneousty control for both, differ
1 the popislati estimated. This pra

sations are tested with this °‘=bsh st

ot is

PRAMZCG
'er»ter of the

5 in the avar, age rasr; orica between tast and reference as wel

r ] {normat velusteer or patient)
ir paramets and Cmax} of the twn producis and on a . The width uf the 90% caonfidence
tzon in r:art of the within-subject variability of the test and reference r:mducts n tha biveguivalence study, A teaf produck with nno differences in th
when comparad 0 the reference might st fall o pass the bi a if the vadability of ane or both products is high and the
study has insufficient statistical power {i.e., insuffident number o <ub3<-'-t-=‘ Likew sa, a test product with low variability may pass the bloeguivaiens
, when there are somewhat larger differences in xh" average

This system of a
reference product.
,r»r_éude 24 tsioequiva

m the
two SUTVeys to qunnti‘v the L survey
iications d' ring 1985 and 19 b bntwmen rcfercncn and genaric
rd survey inciuded 127 bicequivaience ﬂcud‘e& su mitted t0 the agency inn 273 ARDAs
N, and Cmax. The observad average differenc ’h,\erAn the reference and gerie
), g + 4.26% {50 3.72} for Cmax (JAVA. e, 1, 1899, Vel. 282, No, 213

és:-pmvad in
produchs were +
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¢ Is the protection of the patient against approval of prodiicts that are not biveguivalent. The current praciice o
grificance ensures that there is no mere than a 5% chance that 3 generic product that is not truly equivaten

The prirmary concern from the regulatory point of vi
carrying out hwo one-sidet sts at the 0.05 level of
the reference will be approved,
Referance Listed Brug {RLD)
ce listed drug (2% CFR J14

A refa
ANDA,

S

S#a)(3)} means the listed drug idertified by FDA 8s the drug product uporn which

generic viers!
var:at:on could res

ug product, a product not des ignated as J‘lC r(,fcrem_(_ fisted d nc mt
e_crrpecmo... A fm wishing o market a generic version of a fisted drug tha

ssitde stqufﬁn* \-"ana ons ameng wnem arugs and ch. .ernrj name rou::.*eun'f Suck
fisted drugs. However, in sorme instances whan fsted porovad for a single
hown to be bicequivaient w0 the refs ren ca Histed drua iy be sh dad from generd

ot designated as the reference list ¢ y ©
Citizen Petition procedure {see 21 CFR 16.25(2) and CFR 10.320}. When the Citizen Patition is approvad, the second fisted drug will be dasignated 3 as R
veference Hsted drug and the petitioner may ﬁu.)fﬂ‘t an A.)Lrevra‘"d New Drug Application Ghing the designated ref efl drug. Therapeutic Fg IVa/E'?L»
Evaluations Codes’ S ineeting nece: wiivalence reguirements explains the 4B ABZ, 4B2, ABE3cading systam for multiscurce drug products fisted
unger the same heading with twe refersnce § drugs.
I addition, there are two situstions in which two lsted drugs thet have been shown to be ticequivatent tn gach other may bobh be designated as ref
drugs. The i nation gocurs when the in vivo determination of binequival i ident and s waiver of the in vitre methodalogy, Th

1

nice listed
ncs listed drug

is xdew el by l symbol “4" in the Prescription snd Over-the-Counter (OTC} Drig Product Lists, These identified reference listed drugs represent the bast
juggment. of the on of ﬁiaeqv i The Prescription and OTC Drug Prodisct Lists identify reference drugs for oral dosage tabies,

<d, contact the

ophthaimi
Division of

otics, ang topical products. 1t is recotamendad that a firm planning to conduct an it vivo waim of Hoeguivalance wiil be request
icensivatence, Dfce of Generic Drugs, to confirm the sppropriate reference listed dry

General Policies and Legal Status

.

The List Containg pt

nformation and advice. It does not mandate the drug prcn-ntg which may be

ancther, nor does it, conversely, mandate fh:‘ p.o ucta that should be svaided, s forkhy FDA'S tions of *'h., mera v;‘lﬂr‘c
cf drug products that have been a =L advice 1o the public, i {0 the states regarding drag p roGuct se "cmon, ‘F'nesr.
avaluations do not constitute de{eﬂnmatians ny nroduc* isin vro ation of the At or that any product is prefersbie to any othar, Therap equivalence
evaluations aye a scientific judgment bssad upen avidena ic substitution may invelve socisl and economic policy administered hy tha states, intendad to

reduce th © of dregs to consumars, 1o the extent that the § drug .)rariu\.u approved under Sechion 505 of the adt, it sets forth information that the
Agency is xequ-refj to publich snid that the public is entitied 1o under the Freedom of Information AQt. Exclusion of a drug product fram the List does not necessarily
mean that the drug product is either in violation of Section 505 of the Act, or that such a produd is not safe or effective, or that such a product is not therapecticaily
zquivalent to other drug products, Rather, the exchision is based on the fact that FDA has not evsluated the safety, effectiveness, and quality of the drug product.
Practitioner/User Responsibilities

Frofessionaf care and judament should be exercised in using the List. Evsivatons of therapeutic eguivalence for prescription
and medics! evaluations by FDA. Products evaiuated as therageutically equivalent can be expedted; in the judgment of FDA, o have
uﬁmeﬂm m theiy pouer.t,ai for adver: ~e affacts der the mnﬁitio::.s of .e.r @beling, However, these products may giffer 1

Y Srns; packaging, ex t ¢ favors, pe vatives), expiration dste/b s
J p.ouuds wxih such differe ‘.ces are suh Lx{melt for each n*her, there is a mlt"nunl for nauent o0 ramc-m due 1o (Jsfﬂﬂ{e- RS in Loinr or q‘aapr— ef t’*b:ets
2 a given dose ¢ he proper scoring configuration is not available, or decreased patient acceptance of ¢
of ﬂavo.. Me:e miay alse be better ’abs-xt‘, of une py aduct over another under sdverse storage condittons, oF allergic readtions In rare cases due te a ﬂi-
preservative ingredient, as wall as ncEs i cost o the patient,

@ ased on scientific
chr r.a' effect and no

ha'acten: icg such as

instances,

FDA evaius
care and wit T tc ;ndivéduai patients. In t
e tmpGrnan :e = a Py "f a par patient, the physician's spedifi
es and labealing ri:r. @ of the different produds, pe
s substituted for another.

il sng and dispensing such produdts with dus
i product, other than its active ingredient,
Cists st alse be familiar with the expiration
ents are properiy advised when o

;uﬂany f\ T recon:

'tuterx products

wroduct

Muftisaurce and si ::gle~scurc.e drug products. FDA has evaluated for therapeutic Pquiv enca onty mulhi sourtp prescription drug products approved under

Section 505 of the Act, which in most instances means Hhose pharmaceutical equivalents For such products, 2
therapautic equivalence code s induded and, in addition, progduct vormation is highlig ted -n ho-- fare and ! deri=r1er‘ Theose praducts with approved appiications
that are single-sowrce (f.e., there is pnly one approves product svailable for that active ingradient, desage form, raute of adiministration, and strength} are also
included on the List, but no therapewtic eguivalence code is included with such products. Any drug producr in the List repackaged and/or distributed by other than
the application holder is considerad to be therapeuticaly valpnt to the applicstion holder's drug product even if the application ho.dev drug product is singls
source or codaed as non- 9quivalent {=.q., BN}, Also, aitheugh net identified in the List, distvibitors or repackagers of an application holder's drig product arg
considersd to have the same Code as the appication heider, The details of these rodeu and the paticies underlying them are discussed In Therapeutic Equivalence
Evaluatiens Codes®,

Products on the Ust are identified by the names of the halders of approved applicatians {applicants) who may nof nec ity e the trer
of the product. The applicant may ha ave had its product manufactured by a contract manufactirer 3nd may simply be distributing the preduct for which it has
obtained appreval, In most instances, howevar, the manufacturer of the preduct is aisn the applicant. The name of the manufacturer is permitted by reguiation to
appear on the iabel, even when the manu,fa turer is net the marketer.

A’thcuoif\ the products on the List are igentified by the tames of the appiica
cation of rhe mgi cant difficuit. The Agency belisves, ba:

the tist are, in s

&

nts, droumstances, such as changing corporate ewnership, have sometimes mads
2 on conkinuing document review and ¢ o*nﬂ':mcet,v:m with firms, that the appiicant designations on

To refate Srm nany
whether the agplica
applicant's narme may i

the following should be noted: the applicant’'s name always sppears on the List, This applies
Fran e on me Form F DA 356h in the spplication) {s the markeher (firm narme in largest letters on the fzbel) or not. Howaver, the
ppear on the label of the preduct.

If the applicant is the ma . Hs name appears on the List 2nd on the {abel; if the spplicant is not marketer, and the agency is aware of & corporate
relationship {e.g.; atween the applicant and the miarketer, the name of the spplicant appears on the Lﬁt and beth firm nameas may appear of
the label. Rrms with O Honships displayed w Appendix 8. X there is m; known corperate refationship between the applicant and the marketer,
the applicant’s name apn a-'s on the iuw however, unless the applicant is the rmanufacturer, packager, or distributor, the applicant’'s name may not appear on the
abel, In this case, the praciitioner, from iabeling alone, will not be abie 1o reiate the marketed product to an applicant cited is the List, ang hence to 2 spad

approved drug product. In such (:qvea, to assure thah the product in guestion is tha subject of an approved application, the firm namad cn the label should be
contactad, -
o refate trade name {propriatary name, information on # prodect label to that on the Lst, the following should be noted: if the applicant is the marketer, its name

,.p‘ oars on the LISt and on the label; i the Agemy s aware of a corporate relationship betwaen the applicant and the marketer,
of the drug product {established drug n ne trade name exisis) appesrs on the Uist. If 2 corporate relationship e
rarketer and both firme sre distrituting the drisg produdt, the FDA reserves the right to ~Je(cct the trade name of either
appear on the List, If the na knows corporste relationship between the applicant and the markebar, the esta

the irade name {preprietary name)}
between an application holder and
the marketer ar the applicaticn aoider to
hed drug nams appears on the List.
Every product on the List is cub-ectat aif t;mes 1o regedatory sctivn.  From tme to time, approved products may be f";u in vielstion of one or more
provisions of the Act. In such ¢ witl commence appropriate enforcement action to comrect the viol n, if necessary, u) su: r)ng
ot from the market by vohantary !e(,c\iv, se:mr other enforcement actions, Such regu;afo adtions are, however, indepandent of £
the List, in criterion Yor inclusion of 2 product is that it has an agplicadon with ect»ve approval that has not besn withdraws
efficacy reasons, FDA bei'ew es that retention of a violative product on the List witl not have any sig ..La..t adverse health consequences, because ot Sther e
rmechianisime ave available to the Agency to pravent the proguct's adiual marketing. FDA may hma'e“ change a produdct’s 1 eutic equivalence rating i
circumstances giving rise to the violation change or otherwise call into question the data upen which the Agency’s assessment of whether a product meets the o
for therapeutic equivalence was mada.

Therapeutic Equivalence Evaluations Codes
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The coding system for therapeutic squivalence evaluations is construciad to aflow users to de I
product as ‘saraaeutr'*nv eguivalent to other pharma 3 aivalent products {first letter. and
evatuations {secand Jetter), Wwith few exceptions, the therapeutic equiva

The two basic -?teguries o which multisource drugs have been placed are ind

¢ has evaluates a particular appravex i
ation on the basiz of FDA's

ated by tha first letter as faiiow;:

A Drug products that FDA considers to be therapeutically equivalent’® to othar pharmaceutically equivaient products, i.2., drug products for which;
(1) there are no known or suspectad bivequivalence problems. These are gesignated AR, AN, A0, AP, or AT, depending on the dosage formy or

(2‘ actual or potential biceguivalence problems have heen resolved with adequate in vive and/or jn vitra evidence supporting bisaguivalence. Thess are designated

B Drug products that FDA ai this time, considers NOT to be therapeuticaily eguivalent to other pharmaceutically equivalent products, i.a.,

drug progucts for which aciual or potendal bioenuivalence problems hav

% heen resolved by adequate evidence of biceguivalence.  Often the problem is with
sperific dosage forms rather than with the active mgredxe:‘ts These are

ssignated BC, BD, H: BN, B2, BR, 88, BT, BX, or £*.

Ingividual drug products have been evalusted as therapautically eguivalent to the reference product in actordance with the definitions and palicies outlined baiow:

A" CODES

Prug products that are considered to be therapeutically equivalent to othar pharmaseutically eguivsient products.
"&" producis are these Yor which actual or potentiai bioequivalente problems have been r
b-) cu«v fence, D u’: pm ucts d: gnat“d with

sojved with adequatle in vivo and/or in vitro avidence sunposting
han "A" code fa»l u*ﬁd.,r onz of fwe main policlas:
2 issue Is known or suspected, the information nerersaw to show bineguivalen e
Ey equiv-,! produ‘ s is o ¢ oS Af-evident basad on other data in the application for some dosages forms {e.g., soiutions
bO’)d ral dosage f'“ms by & sh g ¢ in vitro dissolution standard is met, A therapeutically equivalent rating is assigned such
mnc. 35 lhe ¢ & tured in ac.,ardance with Current Good Manufactisring Practive regulations and meet the other reguivements of their approved
xxh? e are deszgnated AI\ Ab, ARG, AP, or AT, depending on the dosage form, as described bels or
drug produces \nta‘-ning active ingradients or dosage forms that haves been identified by
~195'/‘ drug p -ad (-3 rmsaoe form ¢ entir-g a potential biogquivaience preblem, o
iific evidence establishin
esignated as AB}.
wceutically equivalent produd
0 25 te deal apprepriately with situations that reguire professional jusgme
There may b bui:ng differances arvong pharmaceutically sguivalent products that reguire athention on the past of the health professional. For example,
pharmaceuticaily equivalent powdezrs o be rex rutcd fer administration as ora! or injectabla ‘Iqmd( may vary with respect to their expiration time or storage
onditions after reconstitution. An FDA evaiua ot producis are therapeutically equivalent is agpizubie onty when each produrt is recanstituted, stored, an
useu_: under the onditiens specified in the labaling of that product.

ving actual or potential bicequivalence i
evatuation of therapautic equivalence is assigned to

problems,
pharmaces
bicequivatence c: the prvcut: to ] <e=e-ﬂ=d refen "‘ﬂ\,L pmdacf (‘theﬁe produtts ar
There are some general principles that may affect the substitution of phy

should be abzit to thesa principles

dispensers of drugs

The Agency will use notes in this publication fo poirt out spes ax situations such as potential differences between bwo dn
bicequivalent and otherwise I)!Vlup\_uh aily equivalent, when they should be brought to the sttention of health professk

Description of Speciail Situations™®

@ bean evajuated as
s >r9 contained in

For exsinple, in rare instances,
mzy he dus to patent or exdiu

ere may be variatdons among ther cuticaliy aeguivatent products in thelr use or In condiB
s associated with such LL..“ When such variations may, in the Agency’s opinion, a

ns of adrninistration. Such differences
et prescribing or substitution decisions

by health professionals, a note will be added 1o Description of Special Situativns™,

Also, sccasionally a situation may arise in which changes in a listed drug prod
the substitutabiiity of already approved generic versions of that product that w
changes in the listed drug produs ered by the Agancy to have a significent irpact on therapeutic eguival > change the therapeutic
equivaience ratings for other versions ¢ fthE\ drug product uniess the manufacturers of those other versions of the product provide 2 onal infermation Lo assure
eguivalence under the changed conditions, Pending receipt of the additionat data, the Agency may add a note o Description of Special Situations™, or, in rare cases

e an impact on

fier its moproval (Jor exampls, a ¢ E )
= the listed prom <t Whan such

ere rated by the Agency as theray

hay even change the therspeutic equivalence rating.
ne cases (8.9 ® S wf Dextrose 5 "v iy Plastic Container and Plasma-Lyted 148 and Dextrose 5% in Pisstic Container), cc<e$y related products ars liste
taining the gy ewhat different smounts, I determining which of these producis ave pharmace: ity equivalent, the Agens

onsiderad produets ko be g:-har
D:ﬁerem saits and este

!ent with tab

sled strengths of an a--ared;em d‘df 0 not vary by mere than i%,
atlves. For the pu pose of this publication, such products are not
i ust where pha rm.;reuhc,m siternatives are svaluated or coded with regard t6 therapeutic
equivalence, Anhycmuc and hydratad entities, as well as different poltymorphs, are considered pharmaceuticat equwa nts and mist meet the sai
- where necessary, as i the case of ampiciliin/ampiciliin trihydrate, their equiva € 18 supported by appropriate bicavailabi sequivalence stud
The cndes in this book sre not intended to ude health care professicnals fror conver
equivaients using srcepted professionat praciize.
Wwhere package size variztions have therapauticimplications; products s¢ packaged have net been considered o ,uham acoutical
condracaptives are supphied in 21-tablet and 28-tablet packets; the 28-tablat packets contain 7 placebo or i
regarded as pharmaceutically equivalent; thus, v are not designated as therapeutically eguivaient,
Praservatives may differ among some therapsuticaly equivalent drug products. Differences in preserv:
evaluation of therspautic equivaience axcept in cases where these components may influence bicequivalence or routes of adrinistration.
Thez specific 5 s svaluated as therapentivally equivalent and the palides underlying these sub-rodes follow:
AA Products in conventional dosage forms not prasenting biveguivalence probi
Products coded as AA contain active ingredients snd dosage torms that are not regardes as presenting either actual or potential bicequiva
quaslity o standards issues, However, all orai dcaaoe forms must, nonethet mesat an apprep 2 i vitre bicequivatence st
i order ¢ be approved.
AR, AB1, ABZ, AB3... Preducts meeting nec Y bi fval e requirements
Mutisousce drug produnts histad pader the same heading {i e., identics active ingredients
strength {see Therapeutic .v/a.f-nce-!?mate.l :erm_., Pharmaceytical Egl
In et am f the AB code to make
ted drug of the
= ab k:\‘l:u. two potential refe

2 standards and.

g phiafmace:

“:c
@
Z
2
o
g
A
9]
2
2
=
o
a
)
z
=]
":
i
1Y
3
a1}
[
B
&
8

and other inactive ingredients

B-codes for those d

ce probdems or drug
dard that is accel i ¢

{5}, dosage form, and route!s) of administr
ivalenis**) generally wili be codad AB if a study is sul
e character code (Lo, ABL, AH2, AB3, etc.).
gnated under E‘ne 32!’“(’ neading. 3 d driigs
afent to cach other. If 3 study pmitted that
ame thr ca-charscter code as the reference listed drug it was
ease tabiets, sre listed under the active ingredient nifedipine. These

denmnstra’tr_s ¢
comparad agains

drug products, fisted unde\ the e c drug pr roduchs deemed by FDA to be b;ocqnwa:e:‘.t 0 Adxar® CC and
=d 15 g AB2, respectively. The generic drug producis

tioequivaient to Procardia XUE would be assigned a rating of AB2. {The assigrnent of ar
ot Y Even though drug products of distributors and/or renackagers are not included in the
sn Lh-, application helder's drug product if the appfication iu,!tf 5 drug product is rated either with a0 AB or three
coded as AB under 3 heading are considered therapsutically equivalent anly to other drugs coded ss AR under
- code under & heading are Considered therapeutically equivaient only to other drugs coded with the same three-

- “.ararfer foda or i
gt heading, Drugs o
character code under

at sadiiig
AN Selutions and powilers for aerosclization
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Uncartainty regarding the th
tended f or aerosolization that are marketed for use in any of sever:

5 and powders
1e" s arz cc;nsxd--rnd "o be nhormaceutsca!zy ar Y valent and are
coded AN, Those products that are compatibie only with a specific defivery systemn or those products that are pzcuged in and with & specific dellvery system are
coded BN, uniess they have met an appropriate biseguivalence standard. Solulions or suspensior m Wil be codad AN if the
bipequivalence standard is basad upon i vitre methodology, if biceguivalence nesds to be dun-\nst:a ed by in vive mbthoowocy then the drug groducts will be code
AB.

AD Injectable of solutions

he act
ingredient. Ix‘.jectabié il sotutions are mere = considar ».J o ae ph macr_utzca!ly an" erapeuacahv equi vaient s.xn!y wh r t?’ae active ingredient, its concentra
and the type of off used as 3 vihidde are all identical.

AP Injectasble aguacus soluticns ang, in cartsin instances, infravenous non-aqusﬂus solutions
Tt st 3} p’oc‘hcts uﬂd i

hould be noted that even though injectable {parentaral)

Taportant
differences among t 1@ products in the gene ral category, I _,echb: X

_ iabeled f t routes of admi i e
Preservs Injectab ) e | 50, 1 el o sterte s ns ready for injection
are ph } alternati AP) 3'0 Ld\,h uther aven if these pharmascautical aIternati frug

preducts are designed to pmd c»_ t‘xo same concentration falz injection and are ssnm%ariy iz ;ﬂi%, Consistent with accepted professional practic
vaspensibiiy of the pr ber, dispenser, or individual administaring the product to be familiar with & product’s [abeling Lo assurs that it is given only
of administration stated in the labeiin

riain commonly used large volume xntravencns progucs in glass
sodium chioride injection $.5%) since these products are on the m
parenterat produds under approved ND/ When packaged in piasti
Approval then depends on, among other things, the extant of the available safety data involving the spe:
parenteral products are manufactured under simitar standards, regardiess of whel they are packaged in ptastic. Thus, FDA has no 7 1o helieve
the packaging condainer of large volure parenteral drug o sroducts that are pharmacevtically equivalent would have d!!‘y' affect on thf;ir theva peur L:ivalez
The sirength of parenteral drugs preducts is defined as the totsl drug content of the container. Until recently the strength of liguid parent

Qrange Book have not been ucp-ayv-d The concentraticn of the liquid parentaral drug product in the Orangs Beok has been shown as xmg/mz The ammmt (.f dy
pasecdar oF freeze powder in 3 container has always been identified as the strength.

, sextrese injection 536, dextrose njectior
S ':ut published conditions for marketing such
equire approved appiications prior to marketin

5 comaor;»nt oFt L proguct. Al am voline

- O
ey
i'#]
o
F:
s 3
3 =
[As
5
..T
]

With the fin as a listed drug ent that the farmat of the

flzaticn of the Waxman-Hateh amendments that rhs"‘dPr”Ed h strengih of a drug produc B 2vid

Orangs B \.& ehou! be changed to reflect zach strengih of @ parenteral solution. To this end the OGD ha‘ ried to df'spidy the ftr.ﬂ_ngti* of il new 3 p,,rv\,'«tk of
parel Pravicusly we wauld have displayed only the cnnce:’t“t‘w ] ap;jroved pdrcnfsrai sofutic  this drug product had a 20 mi
and 60 mi =% nta ner approved the twoe products would be shown as 1Gm [/ 20mi (50mg/mi} and 3Gm / 60mi (b.’)mg/mé‘.

T- TS ara 3 variety of topical -ﬂos‘g forms availabie for dermatoiogic, ophthaimic, otic, rectal, and vaginal ad
25, sofut Even though different topica! dosage forms may conk
tvatent. Therefore, they are not considered tharapeut:
saga form for which r of in vive bio
vatence, are considered therapeuts
s of bmequ valence, indduding afl post- 1962 non-selution topical drug produ
and BT in the absence of such data.

ton, inciuding creams, gels, otiens, olls,

me active ingre sdient and powency, thass

Hy equivatent. All so nd DEST diug products
valence has bean granted and for which chemistry and
fvalent and coded AT, Pharmasreutically equivalent topicat
1s, are coded AB when supposted by adzquaste bicaguivaiea

g the same s
manufaciuring proce: ces are adeguate © oemor »:1
products that ratie Gliest
da

"B" CODES

Drug products that FRA, at this time, considers not to be therapeutically eguivalent to nther pharmaceutically equivalent products,

"8" products, for which actual or potential boeguivalence probiems s-a\fe not bee
specific dosage forms rather than with the sciive ingredients. Drug produds desigrated with a "B" code fall under one of thres main pof

{1} the drug produ ntain sciive ingredients or are manufactured in dosage furme that have been identified by the Agency as having docismented hicequivalancs
problems or a significant potentiat for such problems ang for which no adequate studies demonstrating bioequivalence have been subivitted to FDA; or

{2} the guatity standards are insdenuate or FDA has an i icient basis to determinge therapeutic eguivalence; or

{3) the drug products are under reguiatory review.

resolved by adequate evidence of bivequivalence, often have a froblers with

LIesT

The specific cuding definitions and policies for the "B sub-codes are as follows:
8% Drug products requising further FPRA tnw
Tag code B¥

stigation and review to determinz therapeutic aguivalence

igned to products pravicusly assigned an & or B code when FDA recaives new information that raises a significant
equivaience n bz resolved only through furd Agency investigation and/or review of datas and information subimitied by the appiice h B¥ code
that the Agency will take ro po i regarding the & equivalznce of the produdt until the Agency completes its invastigation and rev x-aw,

BC Extended-release dosage forms {(capsules, injectablies snd tablats)

Extended-refease ta rmuizbed it such 2 manner as to make the contained medicarment avatiable aver an extended period of time
Although bicavaiabiity studies hovn bean conducted or these dnsage forms, they may be rubjeri o b
extended-release products for the same active in ent rarely smploy the same
releass gosage forms containin ] t e saine act ient in eguat strength to be therapeutically equivatent "rsins< equ:v al
rate and extent has heen speci ca’iv demonsta h approgriate Diceguivaience studies. tendad-release produd
ot been submitted are roded BE, white Jw;& 'cr whx..h such data are avaitable have heen coded AR,

BD Active ingredients and dosage forms with documenteg biosguivalence problams

The BD code denotes products containing active ingradients with known bioeguivalence problems and for which adeauase st
demonstrating bicequivalence. Where studies showing bicequivaience have been subraitted, the produdt has been coded AB.
BE Delayed-reicase oral dusage forms

Where the drug may be destroyerd o inactivated by the g
< intendad to defzy the release of the me

egarding therapeutic
grifieg

a\:ai]abi?itv

e data have

or which such hioeauivale

ithed to FODA

stric juice or where it roay Fritate the gasinc mucosa, the use of “emerc” coatings
o unil the tablet has passed throsgh the stermach. Drug products i delayed-red
containing the same active ingredients are sab et O svr,n»w -"-t ufﬁ:rﬁm es in absorption. Unless ctharwise specifically anted, the Agency consider
refesse products contalning the same acive ingr i biveguivi probiem and codes th rn)ducts BE ¢
studies showing bicesuivatence. I aderguate in vive siudzeq havn derr-ansna ed the hicerquivatence of specific delayed- re(ease producis, §
BR Products in aevoscl-nehulizer drug delivery systems
This code applies to druy solutions or powders that ars mal rkacd ooy asa co ponent of, O as corpatibl h, a specific drug delivery sy . There ray, for
example, be stgnificant differe in the dose of drug and particle sive det i by different pmc‘ur,is of this type. Therefore, the does not consider differ
meterad aovesat dosage fo containing the san : st»ength‘ to be thesapeulically equivalent unless the drug products meet an
appropriate Jmec..mv ence standsrd, such products sre coded kB
BP Active ingradients and desage forms with potential bicequivalencs: problems
FDA's hipequivalance reguiations {21 CFR 3206.33) contain criterla and procedures for otinrmm! g whether a specific active ingradient in 3 specific dosage form has a
pc*entzai for ca g a bloeguivaience problem. It is FUA's policy o consic Nt freetn iteria 35 having a potential bicequivalence problem sven
v the shsence of pasitive dats demonstraling ineguivalence,  Pharmaceuticatly equivatent ontsining these ingredients in oval dosage Yorms are cuded BR
untul adequate it vivo bi quv:newa; fdata sre subimitted, such products sre roded A8, [njectabie suspensions cont ive ingr edaﬂwt <uspent‘e« an

i2ining an ac
aguenus or cleaginous vehicla have alse been coded BP. (njectable suspensions are subject {o blosquivslence problems becsuse rences in partcie si

Such

2 17 va
h products are cagded Al
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polymorphic structure of the suspended active ingradient, or the suspension formulation can significantly affect the rate of release and absorplion. FDA does not
consider pharmacautical equivalants of these products bioeguivalent without sdequate evidence of bioeguivalence, such products would be coded AR,

B8R Supposa\anee or enemas that deliver drugs for systemic absorption

The absorpiion of active ingredi nnts from suppositories o enemas that are mhnd d ok ﬂa\'e a
effect) can vary significantly from product to product. Therefors, FDA consi
vive evidence of btoequ;va!en"e is avaiiable. In those cases whe'e invivo &
products are coded BR.

88 Products having drug standard deficiencies

If the drug standards for an active ingredient §
aceutical or therapeutic equivalence, ail i sg p‘ uaud.> (,-
a wide variation in pharmacciogically active components of thn ad'xve:
tive ingredient in that dousage form are coded BS,

systemic effect (as nct from suppositories administered for focal
y equivalent systernic suppositories or enemas bivequi
dva lzblc the product is coded AB. If such evidence is not svaila

8Y Topical products with bineguivalience issuss
This code applies mainly to post-1862 dermaty 'ogu\_‘ ophthalric, clic, rectal, and vaginai nmda *9 i’\r looxra. administral lm;. rm_l wents, gets,
icticns, pastes, and sprays, as well 35 suppositori ed for systernic drug 2 st performance
Bug that are not bigequivalent o other pharmad guivaient products or that |
BX Brug products for which the data are insufficient to determine therapeutic pm..-va!ence
he code BX is assighed to spedific drug products for which the data that have been reviewed by the Agency are insufficient o d
under the policies stated in t ccument. In thes:
that there is adeguate inform n o miake 3 full au

rmine therapas
e situafions, the drug products are presumed o be theraspeutically inequivalent until the Agency
on of therapeutic equivalence.

Description of Special Situations
Certain drugs Ested in the Orangs Book present spedal situations that merit furthe

iscussion, Followingis a ption of these spedal situations:

Amine Acid and Protein Mydroiysate Infections. Thes e products giffer in the amount and kinds of amino adds they contain and, therefore, are not considered

pharmsc {equivalents. ¢ eason, these products are not con ed therapeutically eguivalent. AL the same time, the Agency believes tha

appropriate o point out that W rrogen balance is the sole therapeutic objective and individual amino acid contant s not s consideration, phar

alternatives with the same tota unt of nitrogen content may be considered therapeuticaily equivalent,

Foltitrapin Alfs and Seata. on available deta derived from physico-chemical test

Saviscon®@. Ga

magnesium trisi , Were rewewed by ¢

hﬁwever, the tablet failed to pass the ant
tiveness, A full NDA with

is

o bicassay, follitropin alfe and folfitropin beta are indistinguishable.
The active ingredients in oradiuct,
te be safe and effective ingredients {(
the AuPncy nerefore, pisted the tablﬁ-
ion L ., @03 Approve: A on Deczmber 8, 1983, wavxsan y in
21 hr- _;w: r:ropem s of the »nact ive ingradients, sodium ra{bona te ans’) aigﬂ,c acld ﬂ“refcre, ait ANDAs
s ingredients sodium bicarbenate and aiginic
to be substituted for sodium bicarbenate or alginic acid or if dif

uminum bydroxide and
ory 1) hy that Pansf

B
I,

eﬁed‘n :.-g prclrju"t i uxr‘="P 1t inac]
ingradients are to be used.

Levothyroxine Sodiurs. B e there are muitipie r
conducted studies to establish their dn
three character YE codes may be poter
therapeutic equivslence evaluations for fevo

Hve .gredients =

nt pronort.orx:, o, these

isted drugs of levathyroxine sodium teblets ang some reference listed drigs' spenscrs have

ce to other reference fisted dr ugs, FOA has oe‘wrminud that its usual practice of assigning twe o7

t inadequate for these drug preducts. Accordingly, FDA provides the following explanation ang chart of
wroxine scda-:m drig products.

Levothyroxing Sodium (Mylaa ANDA 76187}, tablets have been de(ermined o be therspeutically equivalent to correspending strengths of Unithroid {Jerome Stevens
RDA 021210) tablets.

Levo-T (Alara NDA 0213423, Levothyroxine Sodium (Mylan ANDA 76187), Unithroid (JerGrre Steverns NDA §21210) and Levothyroxine Sodivsrn {Merck KGAA ANDA
76752 tablets have been determined to be therapeutically acuivalent o corresponding strengths of Synthrald {Abbolt NDA 021402) tablets.

Levo-T {Alara NDA 021342), Unithroid {Jerome Stevens NDA 021210), Lavothyroxine Sodiure (Mylan ANDA 076187 and Levathyroxine Sodium {Parck KGAA ANDA
76752 tatﬂe‘rs hiave besn determined to be therapeutically equivalent to carrespending strengths of Levoxyl o Pharms NDA 021301} takdets,
Xine Sedicm (Mylan ANDA 76187 ; tablets have been determined to be tharapeutilly aquivalent to corresponding strengths of Levothy

oid {Lioyd NDA

nes TE codes for all 0.025mg produdts.
BiHe A‘>+nur\nb& T€ code. More than one

Othes product streng
de may apply to

ts may he similsr, Therapeutic equiva
e producks. One common TE code in

ce has been established betwesn products that
cates therapeutic equivalence between

preducts.
e Product
frade Name Appiicant Patency YE Codedppi No No

UNITRIGID ARL 21210 001
LEVOTHYROXINE AB1 76187 203
SCDIUM

LEVOXYL KING PHARMS ARt 231301 003
SYNTHROID ABBOTY A 23402 202
LEVO-T ALARA PHARM ABt 21347 001
SYNTHROID ABBOTT ARZ 21402 8301
LEVOTHYROXINE MYLAN AB2 78187 905
SODIUM

LEVO-T ALARA PRARM g oz5MG AB2 501
UNITHROID STEVENS 3 002545 A2 1113
LEVOTHYROMINE MERCK KGAA Q.O25MG ABZ 001
SODIUM

EEVOXYL ING PHARMS  0,025MG 483 21 201
LEVQ-T ALARA FHARM  g.o2sMG AR 2% Q01
UNITHROID STEVENS 2 4.025MG AB3 A Y Qo1
LEVOTHYROXINE MYLAN 0.025MG B3 7 001

M
LEVOTHYRONXINE MERC

KGAA 0.025MG AB3 76752 001

SODIUM
LEVOTHROID L.OYD D.025MG AB4 2iiia (20X
EVOTHYRGK! FIVLAR 0.025MG AB4  FEIBF GOL

DOIUM
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Patent Castificatinn (s} Reference Listed Drug based upon 3 suitaBility peé‘rtmn. A abby
(R0} approved pursy an" to a suitabiity petition must demonstrate that the p Jroducﬁ ;, bipequivalent i the RE
riification men: wx. "~ tte t‘n' i for the approved suitabili t ppu.éon
andfor exdusivity, 2.g. @ oqu RLD tha!
vive determination of bioequ
Waired ex::!’uvévity IF % new drug apoli (F's ) submitted under section S50} of the Fed“r"i Food, Drug, and Cosmatic Act (Act) qualifies Tor exclusivity
3} and & '15131\5 {3), the Ty & n tusivity Section of the Orange Book. If a drug product hes received this
axciu ’vsty, ine FDA w-l, delay the approvai 2ofa bv:" b)} 25 application ad new drug acrv’ ication (ANDA) under on 505(3) of the Act undit the
mp‘ra'im of the exclusivity. {f the xq‘~" r‘mq :b miss protectad by one or mmore ¢ aten' the approval date for the SC5{b}{2) m sication or ANDA will be determined
Orange Book. However, the ho! of the NDA v walver i3 e 5 Lo any or &l SO5(hY2) and ANDA
If an NDA sponsor waivers its fi(_:ht 0 the exclusivity protection, quast d SOR(L}2)Y or ANDA applications may
An MDA for which the holder has waived its exclusivity as to sl BOS(b){2) and ARDA applications wili be
Crange Book and be referred ko this sectinn, The applicant referancing this listed drug should tndicsta in
that the holder of ad drug has waived its exclusivity.

Therapeutic Equivalence Code Change for a Drug Entity

jected whe
valenee may be granted.

0 determination c-.‘ ‘meuu%lmce of the i qma, RLD is s f e«nder\ qr-d rhe Wi

appixcaﬁon: et
be a*m 3 i

the exc =L.5;\;:ty statemes

se to a potition or on s own initiative, it is considering a change in the therapeutic equivalence code fon

a rrweo‘ eralty ocerr when the Agency becomes aware of now s fic wformation affecting the & aw—a neiitic
equivaience {e.y concerming the a nt or the dosage form) ¥
conceriing 2 ssngie r‘rug a'o"un v ca‘:ngc» used when a char utic equivalence code is under mnc.d 2

drug products Yound in the Prescripiion Drug Product i ¢ enlily and desage form
does not present a bloequivalen: prohi-:-m {e.q.. AR} o a cme signifying a bioeguivalence prof
change of a particular product cpde {e.g., 2 rha: from BP ko AB or from &B to BX),

Before making a charge in a therapautic equivalence cede for an entive category of drugs, the Agency will announce in the Introduction that it is rof‘sadu.r'q the
change, and will invite comment. Comments, along with scientific dat L he Director, Oivision of E‘zoequwa enca, Office of Generic Drugs, Center for
Orug Evaluation and Rerear\h, {MPN-2) HFD-650, 7620 Standish Place, Rockvilie, MD 20855, The comiment period will genarally be 8G days in length, and the
closing dake for comments will be listed in the description of the proposed change for each drug entity,

The most usafut type of s 1ie data subraission s an in vive Blosvaiatility/bi
subhmissions should present 2 it d réptian of the anslytical procedu aguipmant c.&ed & validation of the anatytical methodology, including L.ue 5
curve, & description of the method aloutating resuits, and a !’ the pharmacokinetic and statistical modefs used in a,rzaiy;mq the data. Anecdotal or
testimonial information is the least useful ta the Agency, and such submissions are discouraged. (opies of supporting reports published in the scientific titerature or
unpublished material, however, are welcome.

nge may be from the cod
. BF), or vice versa, This pry

mifying d\a t the rJ'ug
s does not apply to a

fudy conducted on batches of Ehe subject drug products.

Change of the Therapeutic Equivalence Evaluation for a Single Product
The aforerszntioned procedure doss na
rasult of the submission of a bice

apply to a change in a single drug nr'cu_u"t code. For ex
sivalence study ardinarily witl not be the subject of noti
A8 o BX {e.g., a5 & result of new information raising a significant guestion as to t i
o pro he pubtic with the Agency's most current information refated o they
aotice and oppartunity. for the spplicent to be heard. The puuli»:ation in tht Fede;a.' Re

a change in 5 product’s code from A8 to BXifth
Discontinued Section

Those drug products in the Discontinued Section of the Dra
safety eff”acy reasons have “**Fedaral Register determ
product strangth. Those drug products are only reflective ofc izen pctitmnr apcmv»d cgnc«e 199.;. The
Saction of the Orangs Book shewid avoid the submission of s uitiple citizen pebitions for the sa

pie, a change in 5 single drug product's code from BP o ABas a
and comment. Likewiss, a change in & single drug product’s code f from
ence) doss not reguire notice and ¢

ivaience may require a changs in @ drug p s code prior to any forma
e of 2 proposal to withdraw spproval 1fa drug product will crdinarily resul

he products were not withdrawn for

ar eff acy rw.vo 5% X folie S
2 Discontinued
drug product. FR no vts'"e; no longer anp can‘ are removed from the
Annuat BEdiion (.e., thera is a currently marketed fafer 't’nl“ tisted Drug and oo appiicable patent or exclusiity)

eroducts that have current and removed nol tates. The

Grange Book Query*” in the manih they becams ez’T‘ec'(i\-'“,

Generally, appraved products are added to the Discontinued Section of the Orangs Book whan the apolicant holder notifies the Drange Book T of the preducts’ not
marketed status. Products soay slso be added if annuat reports indicate the product is no lenger maskated or other Agency administrative action {e.g., Withdraws! of
an Application}. Changes to the Orange Book are not affectad by the drug registration snd | g reguirements of Section 51C of the Act.
Changes to the Qrange Book

Every eifart is made to ensure the Annuat Edition is current and accurate. Applicant holders ars
changes or oxrections. Piease inform the 0OBS when preducts are no ioniger marketed. A n of the Orangs Boel staff o inctude the new! ppmved pmd=
in the Discontirued Drug Product Lisk rather than gjl‘t: 1 2or3cfthe L)sf {as discussed in Saction 1.1} must ocour by the ¢ d of the month in
anpm\:ed to ensure that the product is nnt included in the “actve” portions of the next published Cra Book update
an be contacted by email at drugprodums@cuervfda.gov, Send Changes by FAX: 240-274-8%74; mail to:

F-uA,ia,_DE R Grange Book S
Office of Generie Brugs, b
7620 Standish Place
Rockville , MD 20835-2773

Safety or Effectivenass Detarmi
updated pedodically throughout the vear. Notices issued during the year are adided to the

£

aquested o inform the FOA Urange Book Stat¥ (OB3) of any
&

Availabiiity of the Edition

Commending with the 25th edition, the Annual Edition and current monthly Cumulative Supplements are available in a Portable Document Format (PDF) at the
home page, htip://www.accessdata. fda.gov/scripts/cder/ob/ default.cfm?®, by dlicking on the Puldicatio . The POF annual format duplicates previous paper
rsions axcept for the Crphan Products Designations and Approvals List, ‘An ennual subscription of the PDLF firmat may be obtal from the U.S. Government
ting Office, 866-512-1300.

HOW TO USE THE DRUG PRODUCT LISTS

Key Sections for Using the Drug Product Lists
is publication tontains Hlustrations, along with Drig Product Lists, indices, and fists of abbreviations and terms which facilitete their use,

Iustrations, The snnotated Drug Product tration, ses ‘Ie\'xon 2.2, snd the Therapeutic Equivalence Evaluations 11
offered to provide firther cladification. These depict the format found in the Prescription Drug Product Ust {the only Hst in which therapey
cades sre displayed).

Lrug Product Lists, Drug Produ The fregeription and OTC Drug froduct Hsts, srranged alphsbetically by active ingredient(s :f 1, contain product
identification informakion {active ingredients, dosage ferms, routes of administration, product names, application belders, strengths) for single and multiple ingredi
orug products. Also shovn are the appiication number and drug product number (FDA internal © er data use only) and approval dat:
approved on or after January 1, 1982 . The application number preceded by "W" is a New Drug Mg:.z ation (NDA} or commuonly the innova
number preceded by an "A" is 3n Abbreviated New Drug Application {ANDA or commeniy the generic).

The Discontinued Product List, arranged alphabetically by active ingred
N NUEMdEr),

are
aguivalence evaluation

en
for those drug products
sri. The application

fentds}, condain product ientification information {dosage form, product name, strength, and

app HI)
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E is avatiable from more than one source (mullisouree), a therapeutic equiv:
valent to one or more products or to an appropriate
n bold font for emphasis.

ctive ingredient headl s for multiple ingredient (combination} drug prodisct:
akes precedence over United States Pharmacepeia official monograph order (f.e
inforriation i3heled as Reserping, Hydrachlorothiazide and Hydralazine Hydrod! ande appesrs under the active ingredient ding Hy
Jvdrochiorothiazide; Reserpine, A cr&‘s%"efe! ence 1o the product information (for prescription and OTC products) appears for each additional
apuct. Far combination drug o , the lent strengths are sep i colons and appear in the same ralative sequence
lerding. Available strengths of the #osage form from an applicant appear an sepsrats lines,

Yo use the Drug Product Lists, determine by alphabeticat ord—t the ingredient under which
necessary. Then, find the :nq ent in the applicable Drug Product List, Proceed to the dos
ingredient heading only. Therapeutic equivalence or mequ.vssle"re for pres

it e nce code will appear in front of the a,apiécaﬂi“ S fiEme. i? a
product is therapsul rence, it will be designated with a code beginring with "A” and the entry will be

underiined and pri

);

e arrdnged alphabetically. For purposes of this pubdicatior
erping, Hydralazine Hydrochioside, Hydrochiorol

. this aiphiabetical smt
Y. For 9\3mp!e, prodisc

P

arine Hydroch

s

active ingred cnf in the
the ingredients in the

o

product information is fisted, using the Product Name lrxdax if
forrn and route of a istration and compare produch:
phion products is determinad on the basis of the therapewtic equivasienca code:
within thal sped ?:C Gossge fonm and route hea > Drug Product List, Discontinued Urug Product tisy, and Diug Products with Approvast under Section 205
of the Act Adrministered by the Center for >sza-octcs Eva(ua- ion and earch List have thair data arvanged itardy.
The Discontinuad Drug Product List contains approved produ C'to that have naver besn markated, have be=n discorntinued frosm rar -<wng, are f
or hzve had thelr approv wil‘hdrawn for cther E‘ian 53 i o being discontinued from marketing. % hi
12th Cumulative Supnlement of the 315t Edition List have been aufied to the Die Drug Product List sppearing in the 32nd Edition.  In additt
umg products that are not in the commergat dhtrbutznn nnet .9, approved drug prioducts in spolications for export only are also listed in the |
Section of the Grange Book.

3 eppm"ﬂd
neinued

PATENT AND EXCLUSIVITY INFORMATION ADDENBLIM

under the Drug Price Cornpetition and Pstent Term Restoration Act (1984 amendmants) for perinds of exclusivity, during
which ablreviated ons (ANDAs) and appiication esu.bno in s “ct- i1 SL. Wb 2} of the Federat Food, Drug, @ Cos-'neiec Art {the Act) for those
drug products may, i some instances, not be submitted or madk -4, and grovides patent informats products,
Those drugs that have gualified for Orphan Druo Exct Act and those drugs that have qualified ﬁ\r Padi a( ric Exclusiviby
ta Section S0SA ars also included in th I+l S order by active in euiem na foflowed the trade name. Active
ingredient headﬂqc for muitipie ingradient u.mntsmatzon Srug ,)rcd ks are arranged a:phab._ ally. For an on of & Fcud?s used in the Addendum,
Pab—n* an ty Tarms Secti Exclusivity prevents the subwmission or effective approval of ANDAS ur d

¥t does not prevent the submission or approval of a second SO5{b) 1} applicstion except in the csse of Orphan Drisg &
exc!us;vity ars

This Addendum iderdifies drugs th

{1} A new drug sppheation approved after September 24, 1984, for & drug product all active ingradients (including any ester or salt of the active ingredient) rﬁ w.‘nf.‘
had never heen approved in any other new drug application under Section 50% (k) of the Act, No subsequent ANDA or apolicati

the Act for the same drug may be submitted for 3 period of five yaars from the date of approval of the original application, except that such an a i
subimitted after four vesrs if it contains a cerbification that a patent daiming the drug is invalid or will not be infringed by the product for which approval is sought.
approved after September 24, 1984, for a drug product containing an active ingreds
poroved in an eadier new drug apptication and that ncludes reports of pa;
ust have been conducted or sponsorad by the applicant and must have been essential to & pamvai 3 “19 ar;p.xcdtaon ¥ these requiral 1S are met,
the opproval 3 subseguant ANDA or an app n destribed in Section SOB{L}{2) of the Act rnay nit be made effective fur the seme drug or use, if for a new
indication, befors the expiration of Hiree years from the date of approvat of the original application. 1f an applicant has exuus.\ ity for a new application or SC5{L){ 2}
application for the drug progduct with indications or tse, this does not predude the a;)provai of an ANDA or SG5(bY 2} a n not coveres by the exclusivity.

(3} A mf:piement 0 @ new drug application aining a previously approved active ingr nt including ¥ of the active ingredient}
approved after September 24, 1864, thal contains repcr‘s of rew ciinical investigations (other than bicavailabil yidies) e sential 1o the approvat of the
supplernent and conducted ov sponsored by the applicant. The approval of a squent ANDA o5 SO5(0){(2) ap; hange approved in the supplement
may nat be made effective for three years from the date of approval of the original supplement.
rmation be filed witt wily submitted Section 505{b} drug appi
I o? patent information o the Ageney. Sffcr,t-ve August 18, 2003, th-> nfo!
> with the Fifing of 5n BDA, Amendment or Sug ",

iant: (n Jud:’m any ester oF sait of that active
0“hei than bigavailabifity studies). Sud

ons. No NDa may be appreved after September 24, 1984,
mation must be filed using FUA Form 3524a “Fatent | “-forma%.on

without the submis
Suberitd

Effertive August 18, 2003, upon approval of anr application, patent infermation for purpeses of listing iny the Qvange Book must be sub:
days of approval on FDA Form 3542 “Patent Informations Suhmitied Upon and Aftes APDFO ol of 3n NDA or Supplernent”. Patent inform.
apolications of on patents beyond the scope of the Act (e, process or manufschuy patents) witl not be published. FIA form 2542 wi
the purposes of this publication

The patents that FDA regards as covered by the statutory provisions for submission of pat»:-nt information are: patents that 'a‘
product patents which induds formudation/; sition patents) use patents for a particular approved indication or methad of u
patants as detalled on FOA Form 3542, This infarmation, as provided by the sponsor on FDA form 3542, will be published as dnscnb o &
A requirement for submission of patent information o FDA for certain old antibictics became effective (ctober 7, 2008 under section 4{b)}{1) of the QL At A
guidanos for industry on this subjact is avaiab 2 Upen approval, patent nurabers and ex| ion dates, in addition to certain other information on appropriste
patents daiming drug products that are the suo;ect of approved applications, be published on a daily basis in the Electronic Orange Book,

htbp:/fwww.a ¢ bdefauit.oin'®. The Addendun 5 patant and exclusivity informa: up to January of the E
Cumutative \;uppleme- s o %he annual edition list patent and exclusivity infonmation changes since the snnus! Edition Addendum, S$ince all
#re subject to changes, additions, or deletions, the Hectronic Orange ook, updated daily, should be o
infarmation.

itted to the agancy within 30
29 On unapproved
fie the only form used for

,; drug
in other

Hion year, The monthiy
parte of this publication
nsutted for the most recent patent ang excusivity
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frwenw . fda.gov/Drugs/DevelopmentApprovalPracess/uam79068.htm# Section%201.7, %20 TharapeuticY Z0Equivalence %
20Evaluations%e20Ccdas

o,

9, http:/fwww. ds, gov/Drugs/DevelopmentAnprovalProcess/uim 72068, him# Therapeutich 20Fauivalents

10, htkpy/iw

wiefde.gov/Drugs/DevelopmentAgprovalProcess/ucm07 9068 . him# 1.8% 20005

#1.8

ription % 2001% 20S periai%20S uations

11, hitn:/fwww. fda.gov/Drugs/DeveloprantApprovalProcess/uamGr 8068, it 20Description % 200 fie 208 pacial it 205 uations

um79068.htm#1.8%20Description e 20cf%205peciaite 205ibuations

12, bttp//www fidz . gov/Drugs/ DevelopmentApprovaiProcs

13, by fwww. fds.gov/Drugs/ DevelopmentApprovalProcessucm 79068, htm# Therape utic% 20Equivalence-Relsted % iQTerms

14, htip:/fwww. fd2,.gov/Orugs/InformationOnDrugs/Approved Drugs/ Approved DrugProductswithTherapauticEguivalenceEvaiuationsOrangeRook/uem1 13198 |

15, hitp://www.accessdaia. Wa.gov/soripts/ cder/obfdefauit.cfm

16, hitp://www,.accessdata, ida.gov/scripts/cder/ob/defauit.ofm

17, http:/fwww.accessdata fa.gov/scripts/ cderfob/faatink.ofm
18. htio://www. fda.govidewninads/ Drugs/ GuidanceCompiianceReguiatery Information/ Guidances AUCMGE0573. pdf

cfm

ov/scripts/cderfob/defauit

.00V seripts/ cder/ob/defautt.ofm

=)

hitp://www.fda.gov/Drugs/DevelopmentApprovalProcess/ucm079... 3/6,

01666

2014




21. U.5. Publication No. 2011/0028435 (“Hanna”).

01667




LR ML L

United States

US 20110028435A1

1%
(&9
(2 Patent Application Publication o Pub No.: US 2011/0028435 Al
HANNA et ak @3) Pub. Date: Feb. 3, 2811
(54) CRYSTALLIZATION METHOD AND filed on Dec. 18, 2009, provisional application Mo.
BIGAVATLABILITY £17402,110, filed on Feb. 6, 2014, provisional applica-
. ) . N fion No. 61/312,879, filed on Mar 11, 2019, provi-
(75) Inventors: Mugen HANNA, Lutz, FL (US); sional appheation No. 61/318,503, filed on Mar. 29,
Ning Shan, Tampa, FL (UB); 2010, provisional application No. §61/359,544, filed on
Miranda Cheney, Tampa, FL (US); Jun. 29, 2010.
David Weyns, Tamps, FL (IS}
?z:g‘}mmid K. Houck, Oakmont, PA Publication Classification
o (51) Imt CL
Conespondence Address: AGIK 35675 (2006.01)
JA. Lindeman & Co. PLLC CO7F 8/6506 (2006.01)
3190 Fairview Park Drive, Suite 48¢ AGIP I%10 (2006.01)
Falls Church, VA 22042 {US) ASIP 3/14 (2006.01)
. . . e s g < AGLP 3584 (2006.01)
(73} Assignee: Tﬂf§R ;‘;L&RNL&C ELD TICALS, AGIP 1508 (2006.81)
INC., Pitisbuigh, PA (US)
(52) UL Clh v, 514783, 5487112; 514794
(21 Appl.Nos 12/847,568
(22) Filed: Ful. 39, 2019 57 ABSTRACT
, ™ " - Preparatiorn, in-vitro and in vive characterization of novel
Related US. Application Data forms of (1-hydroxy-2-imidazol-1-yi-1-phosphono-ethy?)
(60} Provisional apphcation No. 61/230,222, filed on Tul. phosphonic acid, suitable for phanmacentical compositions in

31, 2009, provisional application No. 61/288,036,

drug deftvery systems for humans.

01668




US2611/6028435 Al

Feb. 3,2011 Sheet 1 of 39

Patent Application Publication

1°D14
|[edg - Bisy -2

Oy GE gc 52 e Sl 01 8
(TSSO JOUPRP SRS R S S S S S
,wsi{ L e e Y Y ¥ e ¢

rmw L m i #\
L # -
u

.r/\(,\a\s. Y 5_}_\. i(., ) ﬁ)&é .\. j\ .. o \1.&) L.,/ }?.?45)) P, .,\l)ﬁ..\« s

MHN % Y i 1

r
i

# - 0001
Y i
mm |
ﬂ - G0SL
_ﬂ_
iy " .} i o ) Mg o e
4 %é} \“,\: S m Vi \J ,\,}{ _{ :_\ an %f Eé J i Séas, sl  oooz
Y o _w i :
«. H
« - 0052

01669

{(SIUncD) Ui



Patent Application Publication Feb. 3, 2011 Sheet 2039 US 2011/0028435 Al

<
-
iy
o
o
-
T
o
K=
wy
—
o
O
S
o
S &= o4
o O )
W froonod
o a8
; o
> O
; o
T [40]
% -
//// o
S O
< e
E/’ ap)
=
1 o
i ! i ¥ H ' i M i ! { ' { ' { [)
o o N v B o o) o oo st
< () oo} P w To T N <5
-

% 1

01670




US 2011/0028435 Al

Feb. 3,2011 Sheet 3 of 39

Patent Application Publication

ov 5¢€

3 }

£ Dl
QeSS - BBy -7
0c Ge 0¢ mr

_ § ) § I § ]

A

Gl 1%}

} £ i

< c:

V£

N

AP
{

194

c
0

RTIYARY g),_., PV _\

: |

!
_ i

|

I
i

T, & gy .?.J e %.%} s, ?a\. A Y W e I 0

wcow
- 002
- 00€
- 00V
- 006

\:};‘z 5 33}\;?_} AR TAT ;%z;?i} :,%isr?éisii 009

: L
!

I

M

% - 004
~ (308
~ 006
- 000L
- 001

,\14 ,Ji}w ﬂl .................................. - 0021

- 0081
00
- 005
- 009}
- 0041

(s3unog) ur

01671



Patent Application Publication

Feb. 3, 2011 Sheet 4 of 39

B ! ¥ ¢ i ¥ { ¢ ,;55{}0

01672

30

4000 3500 3000 2500 2000

1000 500

US 2011/0028435 Al
R
B
= <t
S
(s




US 2011/0028435 Al

Feb. 3, 2011 Sheet 50139

Patent Application Publication

Oy

ge

3

o€

i 3

S DId

oleds-elel ¢
s 0z st

{ 3 i [

Ob g
i ]

y
1z

y

1594

.

by mersctmrmnepmney

W

pory \,<%.1173,‘>.\>>?.{_..#

e

1

|

T
|

Ny s FasYaY, AT P IIN  p de . e
[y TR 4,".2, o YW at4%.<§§g,<Jﬁ( -

|

[t b s, s(/.ﬁ.,(\i},\/ _\\J\/\,,\?.\()\Jq&}; _

{

w.
m

i : {

,%

A A A VA A Y (i

PR VRNP I

Vad

LA £y
[}

|

N

|

m

- 0

- 00%
- 0001
- 0061
- 0002
- 0052
- 000¢
- 0068
- 000t
- 0061
- 0008
- 00569
~ 0008
- 0059
- 0004
- 00GL
- 0008
- 0068

0006

(syunony) ur

01673



Patent Application Publication Feb. 3,2011 Sheet 6 of 39 US 2011/6628435 AX

FIG. 6

4000 3500 3000 2500 2000 1500 1000 500
cm-1

01674



Lin (Counts)

G910

9000 -
8500 - |
8000 - [

i

7500 -
7000 ] 4 M F
65@(} err g phsrind »«" ‘\Mnm/\w \ﬁ/\ Juu\ A f'\z’\mw »,U,; »Jv'\4 A s P AN,
6000 -
5500 - o
] i I bohon
5000+ ] TN TR G
45 OQ ""*/WNJI W At L/ Lt \’MJ’»&J "M«M.“M ’»"/! Wy ‘.,.z[ \*WJ ‘VLJ' ‘\J/ Uh“ﬁ/‘w’h.,.I‘v‘wf\/‘wi“""”\"”wwf«f\/ﬂ Wy e
4000 ~ i
3500 - %
3000 - j ) Z3
2500 ~ M%wmmmﬁa"‘h" e ) \u-\» me, S }‘ ’\: t, ,l\jm AT \r"i‘f\./\“f"’\x,..,ﬂﬁj\'\n
2000 |
1500 { ?
1000 - 'i
500 - i P L 21
O Fommmrsmmmred VA A MNP M Al
7 ? 7 i ¥ T q g T ¥ 1 T T ¥

5 10 15 20 25 30 35 40
2-1heta-Scale

§

FIG. 7

wopeIngRg uoneyjddy juoieg

6L 39 L1908 (10T ¢ 984

IV SEPRTI6G/TI0T 80



Patent Application Publication Feb. 3,2811 Sheet 8of38 US 2011/6028435 A1

FIG. 8

4000 3500 3000 2500 2000 1500 1000 500
cm-1

01676



US 2011/6028435 A1

Sheet 9 of 3%

Feb. 3, 2011

Patent Application Publication

6 "Dld

Qesg-elel -2

ey \./
,

4

O

al !\4<.. \1}7.\ ﬁ!«( Y
|

H

44 o Fr ey e Y ATV T T , ?71:15: it

[ V7

3‘)) \\)\:\ T e, \a/\. . - kNI
v W .s % , | }q. ; 3 j% _Sx Vi w\s‘s.

a
H ﬂ
Mﬁ

WA BN A Y Y ,t: R,

q m 1 ;

%ﬁ%,325§

y

;

Pal e e ??1;, [

- 000y

e, . e

(sjunoojur

01677



Patent Application Publication

Feb. 3,2011 Sheet 1001 3%

......

40 -
20+

YL

01678

4000 35@0 3000 2500 2000 1500

1000 500

US 2011/6028435 Al

1

cm

FIG. 10




US 2011/0628435 Al

Sheet 11 of 39

Feb. 3, 2611

Patent Application Publication

117DId

81B0g-ElRYL-7
O % ¢ Ge 0¢ Gl
1

2 i 3 3 : i : § 3

gi
i

4

g

. {:...1..!.'\..;5 \.dwsJ. ?«l...ex\r

y / \ VW

z Y

<<ﬁ{<?>§wﬁéf3ﬁﬁ%;
i f_ ., i i ' i

WN . |
|

i

pot e iy o
2 1 &J I \,w).\ A J ;“3{42}\
¥

__,
r__

14

{ I

et )

ﬁsr)d\r},. A AV VA VAl VAt D\t:ﬁi}:i%ii»l.!).
4

e b s

o N [ AR 70

r

g 7‘)._, oY N

,,\f,?;f}si,g\i; A " N \é.( M \\}_ >,.p Nz\.\,‘/ﬁa%;., TR
{ Y Yaf x« 1 | \. < T i LY |
| :‘ ,__ {

ki

f

i
i

ﬁrp\}....a?f.. ....(__37 \g{{(!c\#fif\. S

4

I
<

-~ 000/
~ 0054
- 0008
- 0068

0006

(sunoDjui

01679



Patent Application Publication Feb. 3, 2011 Sheet120f3¢  US2011/0828435 Al

FIG. 12

4000 3500 3000 2500 2000 1500 1000 500
cm-1

50 -
40

%l

01680



US 2611/0028435 Al

Sheet 13 0f 39

Feb, 3, 2011

Patent Application Publication

)4

ge

i

¢l 'OI4

SlEVG-EIRY -2
0g Ge 74 mr

4, M 5, — (] m L

Gl 5

s H s }

WN

{
1994

]

b

TR >}?:{¥> wf,s TaanTa Watana

‘1\.:715\\4 ,rx \(({)\11 [ ey ;)P)\S. T ,\e(‘J o,

Y
.

&

{ Q r: !

72/3. e
|

|

y
[

i R 6\;},} - I 5)&.], }._ m}j 2%35 Z/rk

:i v w
; ._\ §
ﬁ .
,

i
t

ATy

R e e
(Fiaaaad™ wsi .5.5

ﬁ
|

AR T T, BV, .,}Si}.l{;} &\‘é:x{‘x;\,{ii&g.(ﬁ.‘, L™ k\c.mzs.\dzai.??isﬂ).?{!!,})ﬁ et
%
\d

oy ki R Ry
\ \f}\ 4

y

- 00¢

- 0001
- 00G1E
- 0002
- D0%E
- 000€
- 00GE
- 000V
- 004y
- 0008
- 0SS
- 0008
- 0059
~ 0002
- 0084
- 0008

0ogg

(sunogjur

01681



Patent Application Publication Feb. 3,2011 Sheet 14 0f39  US 2011/0028435 Al

4000 3500 3000 2500 2000 1500 1000 500
cm-1
FIG. 14

]

~
{

T

100 -
90 +
80 4
70 -
60 -
50

%L

01682




of 3% US2011/0628435 Al

5

Feb. 3, 2011 Sheet d

FPatent Application Pablication

ST 'DId

esul-¢

19 0g ¢ 74 i Ok G
i § P } i : 1 i } i
YT J<f?<<xfiﬁﬁ :Etﬁi%)%i???l§?3iﬁ\3;Jﬁ?ﬁ§i¥iﬁ§§‘ﬂ:©
b2 % - 006
WW% T Jﬁﬁéwﬂf ?l .< ,,3,3 71435 o Eig?ﬂiéi%w 0001
| - 005 |
ﬂ .
l)ﬁﬁ)w_?)m J> Q, } _\ 4)% i i QDON
uLoj eyde N _ f - 00GZ
Yy L< 000€
UL} ewiebd N - 00GE
v 000t
}\éﬁi,\<¢?{>< Mﬂﬁﬂ{ﬂ % 54?%§s>>\§33iz¥>ﬁ
Qﬁ % ﬁ i *~ WAuQmWW
- 0004

(syunop)ur

01683



Patent Application Publicatien

Feb. 3, 2011

Sheet 16 039

80 -

70 -

60 -
50

1%

01684

40 4
30+

US 2011/00628435 A1

4000 3500 3000 2500 2000 1500 1000 500
cm-1
FIG. 16




U8 2811/6628435 Al

Sheet 17 of 39

Feb. 3, 2011

Patent Application Publication

L1 D4

S[edg - B8y L-¢

oF ¢ 0€ 5z 0z G1 oL g
: } : § i I 3 ] X H 3 i i i
VT f\{.,_/.? ...... J (Y \%i,,\? pal NI e 0
%
¥ | | ﬂ :
A
| - 00G
Rkl 2?6 4 " A s:d}, Jﬁp Y Jj _R.tjzﬁuc_é W a,xfi%s%i;
.,w ! ”

=

*

Py

;(1

o N o VY xﬁf

O

H

vy

-~ 0001

— 0061

000z

(sunog) ui

01685



Patent Application Publication

Feb. 3,20i1 Sheet 1806139

e

% 1

01686

40600 3500!3000 2500 2000 1500 1000 500

US 2011/0028438 Al

cm -1
FIG. 18




/8910

Lin {Counts)

2600 -
2400 -
2200 -
2000 -
1800 -
1600 -
1400 -
1200 -
1000 -
800
600 -
400 -
200 -

of

0 ~f

ﬁn

i

v,

|

I

|

|

I

i\

A TRPRGIPRT WAL R RVISIENY oW

i

;}

j

el

e N Vi A JQUWJ

h
\ [ 4
Pty \»ww/ﬂ Nyl

MWV/A [N L‘" Ltnshune!

|

|

i

Tt et

it

i
o

It

Pl A
W o

I

i
T . L

; poA
L /\qquﬂ"xv,‘v,’ in/ Al

|

] i
i a1 i it

Al 1) W
‘L!"L,.,r\ﬁw’ \j V ‘\.,J ‘Mkv/\' k]\‘W\‘;-.v./

ﬁ

ook

\

o

3
AR W Ao h
N AT A

Lot

|

it
i

|

i
i

|

l N
oot

|

A

A \\ H [11 ) ;
LJ “\..J LWAVETLY S \,-*\‘-‘-,~7‘%’&/\%’?""“’%&«%’*?4/‘\'“:%*»»'\»«

‘\ 4 | ‘5 4 i i y
[ Lmtd \"‘»-J \&’».uf/ L’w«/f\; Y % A"V»WM/ ;

P

G

23

]

A

Z1

4
A

5 10

t
15

* i

20

¥

1 T

25

2-Theta-Scale

FIG. 19

30

T

35

40

soprygng vonexpddy useg

6CI0 6T 139YS  1107°¢C 934

IV SEP8700/1T0T 80



Patent Application Publicatien Feb. 3, 2011 Sheet 20 0f 39 US 20611/6028435 Al

L
=]
w2
L’
O
o
h
<
O
w0
=
<O
O
o
O
L A <
: I\
-’ .
S E
O -
N by
o
O
o
o
O
N
e
<p]
o
O
L] L] ! T E v ! ] i i E 1] i D
L < o o < o =
1)) 0 P & ] <t

100 -

%l

01688



US 2811/0628435 Al

Feb. 3, 2011 Sheet 21 of 39

Patent Application Publication

12 D4

SIEOG-BI8Y -

oy ¢ 0g *74 G2 Gi g
: i : i : i ; i . i ;
AV e .}xl..‘,«(\(\:t:)r)}“m\ :\f<.l...}._ ﬁ ....... \ v x\/;\/?\\.(l/\\(\,\.l)r\i\l T\ A G
i % 5
L2
w -~ 0001
é)<3<$\\...l...<;\§,\) A ,,# N\{/‘\/J". %\.\)s,)i\s\ .,\\\,\.,—.\\;c}é}.,.p_\?g\\?}sf,&?J)\/_ P e {\;\%}7{5&}??}»?7.&{:
f - 0002
194 ]
AT AAN YTV o0os
¥ | i
3] N
P i tn oy pee i B — 000%
VA Y .}\),_ ?\ ' /ﬂ ﬂ )_ i JJ} o }\3,,_ \.\%\“/\ﬁ?%.j \»y\i\?is{fxf/f
Q ¥ ] i \ -
ps T < ; { )
- 0009
— D009

{siunony) ur

01689



Patent Application Publication Feb. 3, 2011 Sheet220f3%  US 2011/0028435 Al

500

2000 1500 1000
FIG. 22

2500

3000

T
3500

4000

100 -

01690




US 2011/0628435 A

Sheet 23 of 3¢

Feb. 3, 2011

Patent Application Publication

¢C DId

sjeLE-Bigy L -¢

0y ge 0¢ 1514 0z Gi Ol G
3 3 3 ] f _ 3 £ 3 H s o i i
LY ,<é.,_<?\§:fﬁ_ ..\J\ AT )<< TN :SJ/ ?55 ::::::::: - 0
i
LZ : | "
-~ 0001}
o ,\,..jié/_ i Ajﬂ ﬂé\ﬁ J 2 a ’ Qa y éﬁf Jijﬁi.,si: W <<fis§.§1 ((((( ~4
MWN * — 0002
zi{sﬁ;iéis&?&ii<§%ﬁj%€3{gK N;w r,ﬁAéizéiffasia.%ﬁéJﬁﬁ1§§é.J\éis.0¢om
9 | " 1
TNV P \,ﬁ z\.,J .\:),_ \s} Y \\ f}, [Ny s ol [ b A - ooy
e { B yoY v ‘ | '
! iy
M ~ 300G

{(s|uUnoDj ur

01691



Patent Application Publication Feb. 3,2011 Sheet 24 0f3% TS 2811/0028435 Al

i
500

T

|
2000 1500 1000
FIG. 24

2500

3000

3500

4900

100 ~
g
44 —
30

01692




US 2011/0628435 Al

Sheet 25 of 39

Feb. 3, 2011

Patent Application Publication

$C 'DId

sjedg-elsy -2

Oy Se 0e 114 be Gi o_f nw
2 m 1 m 2, m 1] m L} m 3, 3,
TN T i \JI\J/, VAT Y ARV At Vit P TR A R R O
V J;\ie/{il Mj é,:\ (\ e e J,:__f\
f | -
LZ d
} - 0001
)_‘N ;,\\S?,....,\(,.&és\ﬁ.ﬁ\ t.(sﬁ ﬁa,?\,f..i A .J/\/\:i.!/\ ,Sﬂé 1\..{)\ ™ y _s.x.,<<1<<<f{\x/.,_ase)«x}i%%}a],\fs
1 i i .4“
» — 0002
€7 | -
e VA Ve VA Y \ (7
l | / | Foooe
3 * i
e . | o00p
aad )S\.)—_n W 12 N ,.\\,. Jﬁ}fiaﬂ_ N (' 1<5H.\ A )J /M\Lw@i,}s})# _\\)“ \zé«xs.%:(«f}( lﬁ:‘/
MU ¥ m % Q \T
@ — 0009
00098

(swnog) ur

01693



Patent Application Publication

Feb. 3,2011 Sheet 26 of 39

US 2011/0828435 Al

FIG. 26

100 —

01694



Patent Application Publication Feb. 3,2011 Sheet270f3%  US 2011/6028435 At

# &
™
o L O e
GO 9O Q - S
LK I
3880 ©
L T
- o o~ 2 02 Q
CIRCIRCERORRG - = o~
A B O £ R
FlO
& o [
© o 2 9 9 o o o
L s o e T |
Hn Qo woo v o W
¢ MmN N e
(-juy/Bu) uoBIIUSIUOD BWISEl

01695




Patent Application Publication Feb. 3, 2011 Sheet280f3%9  US 2011/0028435 Al

<t
< P
P
&P
&0 &
O OF
¥ ¢ T
3
[l (L] =
P 2
o o
e .
)
paiona]
ok
t [ i 1 f <
-] < (-] - o & L) <&
- - - <O < (-] <O
P (0] W <t o N Sl
{(uyBu) uoneIIUSIUOD BUISE]d

01696




Patent Application Publication Feb.3,2011 Sheet29of3%  US 2011/0628435 Al

SR
& o
t |
) = ™
3 o
- =
oo A o
o ) =
¥ ¢ N g ?E
= ©
m

{ 1 i ¥ ¥ o)
cOo o000 o0 o o
W o N O 0w o N
= Ao b =

)
&
e,
)]
=
&
&
%
o
oot
o
@O
L3
9
o
(%)
3]
=
&
i
ik

01697




Patent Application Publication Feb. 3, 2011 Sheet 30739

¥ &
2 2
& O
t B
s o~ g
o 0 O e
LI S
& 5)} ™
d = = -
&) W) &
I

900
800
700
600
500
400
300
200
100

(wyBu) vopenuasuOD BLISE]d

01698

US 2011/0628435 A1
T~
—
&
o
s
& o
E =
b -
o
o




Patent Application Publication Feb. 3,2011 Sheet310f3%  US 2011/0028435 A%

-~(G14  -~(G15

(316 G117 (18
2
Time (hour}

(519 =e (G20

(52

FI1G. 31

{uyBu) UOPRUBDUOD BUISElJ

01699




Patent Application Publcation Feb. 3, 2011 Sheet 32 of 3¢

(52 (G115 (16

=+=G18 =G19

900

=
o O
-
—

800 ~
700
600 -
500 -
400 -
300
200

(MuyBu) UoIIBIIUBDUDD BUISElI

US 2011/0028435 AL

.

o

o

=

2 €

E 8

f= .
7
o’
[
I

01700




s tmmm e e —— R

Patent Application Publication Feb. 33,2011 Sheet330f39%  US 2611/06028435 A1

o)
Qi-
¥
<¥
N = «© -
o . S i
® & A <
~ —d -
! ' i
& * ® &
! i i
L ON
o
= [as w o
© & g S
- wead nd o)
: ¢
toor I
: ® )
o & G
td fro E;
B O
i =
i
i ON
‘ T
i
- 00
<t
¢ oeeif 4 T TR
N P > . 2 D
oD o O D (@]
uw O 0 o N O
g <t M 0NN
{(uy/Bu) uoneUsoUCY WS

01701




FPatent Application Publication Feb. 3, 2011 Sheei 34 of 39 US 2011/06028435 Al

) w0
o )
@ D
3 o
H i
* ®
H i
o o}
o ()]
@ @
i ol
i }
& ¥
i b A
- < o 0
o) @] b .
@ D e} W,
ot - £ e
& )l\’ ol
! &
E....,
/{‘,
P
X 4 %
P . )
% T
o ,M
O v it .ol
o T o T oo B oo T o S oo
T N v S T B o B Y B e
o~ L S0 T 45 TN A VN &

(uyBu) uoRBRIUSOUCT) WSS

01702




Patent Applicaﬁon Publication Feb, 3, 2011 Sheet 35 of 39 US 2011/0028435 Al

& 3
o
=
2
= Ry LY
[so R N Py o
o Oy - .
& ® © & =
O S == ]
! ¢ }"' L
E {s f
P
~— o
P~ D e ®
Ch Oh On 0
@ @ @ [
-4l -y
oyod
'
(w/Bu) uonERUSsUDT) WIS

01703



US2011/0028435 Al

Feb. 3,2011 Sheet 36 of 39

Patent Application Publication

9¢ DI

{anoy) swiiy

£ 087 anggom

ZL Baew— 1} Be7--w--

oLBe7 ~e- gBET.

g BaT- g

L B8 e |

002

nog

ooel

{Tuwy/Bu) UoHBAUSOUDT) WSS

01704



Patent Application Publication Feb. 3, 2011 Sheet 37 of 39

U5 2011/0628435 Al

o

&
o ®
B &
= &
o 2
1] fs
o 2
- f
@ &
= e
& )
: &
e e
Q. 2.
;.
o o
fn} ]
g ]

2 ® 8 ® 8
© i < o o

{s5) Asmigepeaeolg jeiQ

FIG. 37

01705




Patent Application Publication Feb.3,2011 Shect 38039  US2011/06028435 A1

j g
< 0 © P~
bl Sl S sl v -
ol e Mo Mo N
O QDD
SN R (R N R
: : } f
v s X %
i : | I 9]
k4
=
-
o
L2
R o' )
a [
Q Y‘
WE o
b
£
gp
i o
-
JuyBu) uoRBRUSIUOD WNIeg

01706



Patent Application Publication Feb. 3, 2011 Sheet 390139  US2011/0028435 Al

# <
<t WD © M '
A Sl e M S e
DD
O DD DO
worod  woed ok ol s o
. ‘ i i
¢ o X Jf
t . i i
=
3
o
5 Nf"_‘, .
o (o)
E U
=R
//
= | <=
// A
,ﬁf ;
. 3{’/ 5&
e
%_f__m_“ﬂ—«—:‘*& -
T |
e o
(o T s B e D o s N e
o O Q QO
O M~ QW <t N
(wyBu) uonBRUSOUCD WSS

01707




US 2011/0028435 Al

CRYSTALLIZATEON METHOD AND
BIOAVAILARIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

{9061] This application clairas priority to U.S. application
631/238,222, filed Jul. 31, 2089; to 11.S. application 61/288,
36, filed Dec. 18, 2009; to U S, application 61/362,118, filed
Feb. 6, 2810; to U.S. application 61/312,879, filed Mar. 11,
2010, to U.S. application 61/318,503, filed Mar. 29, 2816;
and to U.S. application 61/359,544, filed Jun. 29, 2819; each
of which is incorporated herein by reference.

FIELD OF THE INVENTION

{0802} This disclosure pertaing © improvement of the
aqueons sobubility and permeability of poorly permeable and
sparingly water soluble drug cormpounds through generating
novel crystafline forms of such drugs. The novel forms
include but are not Runited to cocrystals, salts, hydrates, sol-
vates, solvates of salts, and mixtures thereof. Methods for the
preparation and pharmaceutical compositions suitable for

. drug delwvery systems that include one or more of these new

{orms are disclosed,
BACKGROUND OF THE INVENTION

{0063] Many Biopharmaceutic Classification  System
(BCS) class I or IV drugs suffer from the Jack of gastrointes-
tipai (GI) tract membrage permeability leading 1o poor oral
bicavailability. Different strafegies have been implemented to
improve the permeability and subsequently the orai bicavail-
ability of such drugs. For example, the U.S. patent application
20068068618 describes a formulation method for improving
the permeability of drugs and subsequently increasing their
bicavailability by granudation of the physical solid mixture of
the drug with one or more amine acids, at least one inter-
gramular hydrophalic pelymer, and an additional immediate
release excipient. Another application WO 206682009 Al
disclosed the increase of the oral bioavailability for poorty
permeable drugs such as bisphosphonates; risedronate 25 one
of those drmgs was mixed with a chelating agent such as
ethylenediaminetetrancetate (EITA) and other excipients to
make an oral dosage form. Yet appther application, WO
2667893226 Al, describes a method for improving the bio-
availability of ibandronate by generating a physical mixture
of the drug together with a modified amino acid {acylation or
sulphonation of the amino group with phenvl or cyclohexyl)
and other excipients. Another application WO 2003007916
Al reports a gastric retention system to improve the bicavail-
ability of a poorly permeable drug, alendronate, which was
orally formulated with vitamin I3 and released an hour after
the immediate release of vitamin 2. WO 2006080786 dis-
closes yet apother method to improve the permeability and
binavailability of alendronate, & poorly permeable bisphos-
phonate, by mixing it witha biccompatible cationic polymer
{i.e. water soluble chitosan} with up o a 10:1 weight xatic of
the chitosan to the drug, while the resulting mixture can be
formulated into a solid or liquid oral dosage form. A further
method of improving permeability of drug materials was
discussed i the VLS. patent application 2087/814319 A1,
where an oral dosage form was formulated by a powder
wixture of a bisphosphonic acid {e.g. zoledronic acid)
together with an inactive ingredient {either an ester of a
medign chain fatty acid or a lipophilic polyethylene giycol
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ester). A similar approachwas disclosedinthe US appheation
207/0238707 A 1 where a medinm length fatty acid or its
derivative (6-28 carbon atom fatty acid chain) was physically
mixed with a poorly permeable drug {e.g. zoledronic acid) in
a capsule that was enterically coated.

{0864] Zoledronic acid, known as (1-hydwxy-2-imidazol-
i-y}-1-phosphono-ethy!)phosphonic acid, is depicted by the
following chemical structure:

N{?
HO \

HO X O

P

ENAY

HO ¢ OH O

Zoledrouic acid is a third generation bisphosphonate which
far exceeds the previous generations in terms of efficacy and
is used predominately for indications of usteoporosis, Paget’s
disease, hypercalcemia, and inhibition of bone metastasis. It
was originally developed by Novartis and marketed as the
moenohydrate under the brand names Zometa® and Reclast®.
Zoledronic acid was first approved in 200¢ for the treatment
of hypercalcemnia in Canada. It was later approved for vse in
the US for hypercalcenna in 2001, for multiple myeloma and
bone metastases from solid wmors i 2002, and for
osteoporosis and Paget’s disease t 2007. Clinical triels have
also been conducted or are on-geing exploring the use of
zoledronic acid in neoadjuvaat or adjuvant cancer therapy,
Coleman, et al., British J Cancer 2010; 182(7):1859-1185,
Guant, et al,, New England I. Medicine. 2009, 360 (17):675-
691 and Davies, et al. § Clinical Cneology, 2610, 28(7s):
Abstract 8821, Zoledronic acid is administered as an intrave-
nous (IV) dose of 4 mg over 15 minutes for hypercalcemia of
malignancy, multiple myeloma, and bone metastases from
solidtumors, whitean IV dose 6 5 mp over 15 minutes is used
for osteoporosis and Paget’s disease.

{8805]  Zoledronic acid is sparingly soluble in water and 8.1
N_HCI solution . but is. freely. soluble_in 8.1"'N NaOH."
Zoledronie acid is practically inscluble in varions organic
solvents.

{0806} Much effort has been taken to generate novel oral
formulations of zoledronic acid through crystallization and
metal salt formation to improve its aguecus solubility, per-
meability, and subsequent oral biocavailability. A crystalline
trihydrate was disciosed tuthe U.S. Patent application 2006/
9178439 Al and world patent application WO2047/3328688.
Seven hydrated forms, an amorphous form, three monoso-
dium salfs, and eleven disodium saits with varying degrees of
hydration of zoledronic acid were also disclosed in the patent
application WO2005/005447 A2, Zoledronate metal salts
including Na*, Mg, Zn** were reporied in the jowrnal of
Drugs of the Puture (Sorbera et al, 25{3), Drugs of the Future,
(288%)). Zoledronate, 2o0ledronic, or zoledronic salt repre-
sents the ionic form of zoledronic acid. Patent application
WO2008/864%849 Al from Novartis disclosed additional
metal salts including two Ca® salts, two 7’ salts, one Mg?*
sait, as well as a monohydrate, a tnhydrate, an amorphous
form, and an anhydrous form.

f6087]  Accerding to the US Food and Drog Administration
(FDA) Summary Basis of Approval (SBA) for zoledronic
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acid, the poor oral bicavailability (approximately 1%), is
partially due to its poor permeability in the GI tract. 1t was
also noted that insoluble metal complexes were formedin the
upper intestines, most comanonly with caleium. Zeledronic
acid has also heen shown to cause severe gasiric and infestinal
irritations.

{8088] Al of the shove attempts {0 improve the oral bie-
availability of zoledronic acid were either focnsed on improv-
ing the aqueous solubility by generating novel solid formms, or
by mixing the drug with an inactive ingredient that has
enhanced Gl tract permeability. The improvement of agueous
solubility failed to improve the bioavailability of zoledronic
acid, since the formation of inscluble zoledronate calcium
complexes is malikely to be prevented. On the other hand,
powder mixteres of the poordy permeable drug with ipactive
permeability enhancers improved the hioavailability of the
drug. This approact of mixing different materials with dif-
ferent particle sizes and size distributions could resuli 10 a
peor blend/physical mixture uniformity. Constituents of the
mixture could also segregate during transporfation or with
shaking and vibration. Additionally, the powder blends
Tequive rigorous batch-to-batch consistency to enswre the um-
formity of the blend batches.

[6869]  To the best of the igventors’ knowledge, no attempt
has been made prior to this invention towards a deliberate
molecular design to create a molecwdar complex of the drug
and additional component(s) (coformer(s)) in a single crys-
talhine structure. The benefit of such design can lead to the
elimination of alf the batch to batch blend uniformity and
particle segregation problams that powder blends often suffer
from. Tn addition, this invention simplifies the manufacturing

~of the solid dosage form {comprised of drug and excipient)

such that the final solid dosage form s, inone embodiment, a
powder of the molecular complex.

[0016] Additionally, the resulting wolecular complexes
possess very different physicochemical properties compared
to the parent drng, coformer or theis physical mixture. These
properiies inclnde but are not limited to melting point, ther-
mal and eleciricat conductivity, aguecus solubility, rate of
dissolution and permeability across.the (1 tract membrane.
The permeability improvement conld result in the enhance-
ment of the oral broavailability of the BCS class 1] and TV’
drugs. This is the first time that the concept of & melecular
complex by desipgn was employed to kuprove the permeabil-
ity and subsequent bioavaikability of a poordy permeable drug
such as zoledronic acid. The mechanisms behind the perme-
ability enhancement, however, are not fully nnderstosd.
0613} The upward trend in the use of oral drugs continues
especially i light of the goal to decrease the overall cost of
healtheare. Crally administered drugs are becoming more
preferred in various therapeutic aveas including cancess.
Clearly, there is an opportunity to create oral dosage forms of
IV drugs where oral dosage forms do not yet exist due 1o their
poor agueous sofubility and/or poor permeability providing a
clear cligical benefit for patients. Given the fact that
zoledronic acid is only approved for 1V administration, there
is a need to develop av oral dosage form of zoledronic acid.
By using phammaceuntically eptable andfor approved
coformers to hydrogen bond with zoledronic acid, novel
molecular complexes {e.g. cocrystals, salts, solvates, and
mixtures thereof) with improve solubility asnd/or permeabil-

¢
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ity can be created. These novel molecular complexes couldbe
nsed tn the development of an oral dosage form for zoledronic
acid.

SUMMARY OF THE INVENTION

[0832] The present discloswre is directed towards generat-
ing new formas of zoledronic acid, which have the therapeutic
efficacy of zoledronic acid discussed above, with improved
agueous solubility, rate of dissolution, anddos improved per-
meability and thus enhanced bicavailabifity. One aspect of the
present disclosure includes novel molecular complexes of
zoledronic acid that includes cocrystals, salts, and solvates
{e.gz. bydrates and mixed solvates as well as solvates of salts),
and mixtures containing such materials, In addition, the dis-
closure further includes methods for the preparation of such
complexes.

f0013] The disclosure farther includes compositions of
molecular complexes of zoledrondc acid suitable for incorpo-
ration in a pharmaceutical dosage form. Specific molecular
compiexes pertaimng to the disclosure include, but are not
timited to, complexes of zeledronic acid with sodium, ammo-
nium, amoma, L-iysine, DL-lysine, nicotinamide, adenine,
and glycine. Obvious variants of the disclosed zoledronic
acid forms in the disclosure, inchuding those described by the
drawings and exampies, will be readily apparent to the person
of ordinary skifl in the art having the present disclosure and
such variants are considered 1o be a part of the current inven-
ton.

{60314} The disclogure also inchudes results of an in vivo
study of parent (pure) zoledronic acid and selected zoledronic
acid complexes prepaved by the methods of the invention in
ratand dog models. The drug concentrations in therat plasma
and dog serum samples along with the pharmacokinetic (PK)
profiles are also inchuded.

{0015] The foregoing and other features and advantages of
the disclosed technology will becomemore apparent froru the
following detailed description, which proceeds with refer-
exce to the accompanying drawings. Such description is
meant {o be illustrative, but not limiting, of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

0016] FPIG. 1 shows PXRD  diffractograms  of:
{A=zoledronic acid, sodium zoledronic salt and water com-
plex), (B=Na(l), {Zi=Zoledronic acid mounchydrate),
{Z3=Zoledronic acid trihydrate).

{6617] FIG. 21§ an PTIR spectrum of a complex comptis-
ing zoledronic acid, sodivm zoledronic salt, and water.
{0018] FIG. 3 shows PXRD diffractograms  of:
(C=ammomum zoledronic salt and water complex),
{(Zi=Zoledronic acid monchydrate), and (Z3=Zoledronic
acid tribydate).

f60319] FIG. 4 is an FTIR spectrum of amswonium
zoledronde salt and water complex.,

{6828 FIG. S shows PXRD  diffractograms  of
(D=zoledronic, 1-lysine, and water complex), (B=L-ysine),
(Z1=Zeledronic acid monohyvdrate), and {Z3=Zoledronic
acid rihydrate).

{062%] FIG. 6 is an FTIR spectrum of zoledronic, L-iysine,
and water complex.

{0622} FIG. 7 shows PXRD  diffractograms  of:
~zoledronic, DL-lysine, and water complex), (G=DL-
vsine), (Z1=Zoledronic acid mouvohydrate), and
(Z3=Zoledronic acid tribydrate).
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{80623} TIG. 8 is an FTIR spectrum of zoledronic, DE-
ysine, and water complex.

{G024] FIG. ¢ shows PXRD  diffractograms  oft
(Hi=zoledronic acid, zoledronic, DL-lysine, ethanol, and
water conplex), {G=DL-lysine), (7 I=Zcledronic acid rone-
hydrate), { Z3=Foledronic acid trihydrate).

{6025] FIG. 16 is an FTIR spectrum of zoledronic acid,
zoledronic, DL-fysine, ethancl, and water complex.

{6026] FIG. 11 shows PXRD diffractogeams oft
{(I=zoledromic, micotinamide, and water complex),
(F=nicotinamide), {Z1=Zoledronic acid monohydrate), and
Zoledronic acid tithydrate).

16627} FIG. 121s an FTIR spectum of zoledronic, micoti-
nanride, and water complex.

{8028 FIG. 13 shows PXRD diffractograms  of:
{K=zoledronic, adenine, and water complex), (L=adenme),
{Z1=Zoledronic acid monohydrate), (Z3=Zoledronic acid iri-
hyduate).
{8029}
and water complex.

{6036} FIG. 18 shows PXRD diffractograms of:
(M=zoledronic  and glycine complex), (N=glycine),
(Z1=Zoledronic acid monchydrate), and (Z3=Z¢ledronic

acid trihydrate).
{#8331} FIG. 16 is an FTIR spectrum of zoledronic and

glycine complex.
{6832} FIG. 17 shows PXRD  diffaciograms  off
(O=zoledronic dimmmonia water coraplex), (Z1=Zoledronic
acid monohydrate}, and (73=Zoledronic acid trihydrate),
{6033} FIG. 18isan FTIR spectnun of zoledronic diamamo-
mia water complex.
{6634] FIG. 19 shows PXRD diffractograms of:
(P=20ledronic, D -lysive, and water complex), (G=DIE.-
iysine), (Zl=Zoledropic acid monohydrate), and
oledronic acid tribydraie).

FIG. 28 is an FTIR spectrum of zoledromic, DE-

{6835]
iysine, and water complex.

I

{0836} 21 shows PXRD diffractogramss  of:
{R=zoledronic, DL-iysine, and water complex), (G=DL-
lysine), (Z1=Zoledmmic acid wonchvdrate), and
{Z3=7oledronic acid trihydrate).

{8937} FIG. 22 is'an FTIR spectivim of zoledronic, DE.-
Iysine, and water complex.

{8038} FIG. 23 shows PXRD  diffractograms  of
(R=goledronic, I .-lysine, and water complex), {G=DL-
fvsine), (Zl=Zoledromic acid monohydrate), and
(Z3~Zoledronic acid trihydrate).

f00397 FIG. 24 is an FTIR spectrum of zoledronic, DL~
lysine, and water complex.

f0046] FIG. 25 shows PXRD diffraclograms of
(Czoledronic, L-lysine, and water complex), (E=I-lysine),
(Zi=Zoledmnic acid monchydrate), and (Z3=Zoledronic
acid triydraie).

[6041] FIG. 26 is an FTIR spectrum of zoledronic,
{-lysine, and water complex.

[6042} FIG. 27 shows the 24 br rat plasma PK profile of
parent zoledronic acid and zojedronic acid complexes deliv-
ered via IV, oral, and intraducdenal (ID) routes.

{6043] FIG. 28 shows the 4 hir rat plasma PK. profile of
parent zoledronic acid and zoledropic acid complexes deliv-
ered orally.

{6044} FIG. 29 shows the 4 br rat plasma PX profile of
parent zoledwonic acid and zoledronic acid coruplexes deliv-

ered 1T

FiG. 3415 an FTIR spectium of zoledronic, adenine, .

3
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{8645}) PIG. 30 shows the 24 by mt plasma PK profile of
parent zoledropic acid and zoledronic acid complexes deliv-
ered by ora
{6846) FIG. 31 shows the 4 hr rat plasma PXK profile of
parent zoledronic acid and zoledronic acid complexes deliv-
ered ovally.

{6847} FIG. 32 shows the 4 bir rat plasma PK profile of
parent zoledronic acid and selected zoledronic acid com-
plexes delivered crally.

{0048} FIG. 33 shows the dog serum P profile of parent
zoledronic acid and zoledronic acid complexes delivered IV
and orally.

{8849% FIG. 34 shows the 4 hr dog serum PK profile of
parent zoledronic acid aud zoledronic acid complexes deliv-
ered IV and omlly.

18859] FIG. 35 shows the dog serum FK profile of parent
zoledronic acid and zoledronic acid complexes delivered IV
and omlly; enteric and non-enteric coated capsules.

{0651} FIG. 36 shows the 6 hr dog serum PK profile of
parent zoledmonic acid and zoledronic acid complexes deliv-
ered IV and orally; enteric and non-enteric coated capsules.

[0052] FIG. 37 shows the dog PK data for the enteric and
non-enteric coated hard gelatin capsules.

{0053} FIG. 38 shows the 24 hr dog serum PK profile of
zoledronic acid complexes delivered 1V and orally.

{00654] FIG. 3¢ shows the 4 br dog serum PK profile of
zoledronic acid complexes delivered 1V and orally.

DETATUED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

{0055} In general, active pharmaceutical ingredients
(APIs)in the pharmaceurical compositions can be prepared in
a variety of different forms including prodrugs, amorphous
forms, solvates, hydrates, cocrystals, salts and polymorphs.
wery of novel AP forms may provide an opportu-
nity to improve the performance characteristics of 2 pharma-
ceutical product. Additionally, discovery of drug forms
expands the array of rescuices available for designing phar-
maceutical dosage forms with targeted release profiles or
other desired chamcteristics.

{056} A specific chamcteristic that can be targeted
includes the crystal form_of_an APL The alteration. of the
crystal form of a given API would result in the modification of
the physical properties of the target molecule, For example,
vartous polymorphs of a given API extibit different aqueous
solubility, while the thermodynamically stable polymorph
would exhibit a lower sciubility than the meta-stable poly-
morph. In addition, phamaceutical polymorphs can also dif-
fer in properties such as mte of dissolution, shelf life, hio-
availability, morphology, vapor pressure, deusity, color, and
compressibility. Accordingly, it is desirable to enhance the
properties of an API by forming molecular complexes such as
acoerystal, a salt, a solvate or hydrate withrespect to aquecus
solubility, rate of disschution, bicavailability, Crmax, Tmax,
physicochemical stability, down-stream processibility (e.g.
flowability compressibility, degree of brittleness, particle size
manipulation), decrease i polymorphic form diversity, tox-
icity, taste, production costs, and manufacturing methods.
[0857] In the development of orally delivered drugs, it is
cften advantageous to have nove] crystal forms of such drugs
that possess improved properties, including increased aque-
ous solubility and stability. In many cases, the dissolution rate
ingrease of drugs is desired as it would potentially increase
their bioavailability. This aiso applies to the development of
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noved forms of zoledronic acid which, when administered
orally to a subject could achieve a greater or similar bioavail-
ability and PK profile when compared to an IV or other
formulations on & dose-for-dose basis.
{0858] Cocrysials, salts, sojvates asd bydrates of
zoledronic acid of the present invention could give rise to
improved properties of zoledronic acid. For example, a new
form of zoledronic acid is particularly advantageous if it can
improve the bicavailability of orafly delivered zoledronic
acid. A number of novel zoledronic acid forms have been
synthesized, characterized, and disclosed herein. Of particu-
lar inferest are the zoledronic acid apd the standard aming
acids since they have indicated edhanced permeability com-
pared with other nnolecular complexes of zoledronic acid. The
mechanism of enbanced permeability of these complexes is
not yet tnderstood and, while not to be hound by this expla-
nation, it is possible that they moderate the formation of the
inscluble Ca** zoledronate sajt resulting in more zoledronic
acid to be absorbed paracelinlarty through the tight junctions.
1t must be stressed that this is 2 possible mechanism of
enhanced permeability.
[0059] Schewmatic dagrams for zoledronic acid:aming acid
complexes {a zoledronic acidilysine complex and 2
zoledronic acid:glycine complex, two embodiments of the
invention) are shown below. The disgrams show a molecular
structure of the complex and possible interactions between
the constituents of the complex which is different from the
physical mix of the constitnents.

{80681 1. Zoledromic acid: lysine complex

{0061] 2. Zoledronic acid: glycine coraplex

These represent one of the arrangements that mofecules ofthe
drug and the standard amine acids coformers conld interact to
form a stable complex that even when stressed thermally at
elevated relative humidity {RH) environment bave not dis~

- played any signs of deteriomtion or disintegration to its origi-

nal copstituents. Such stability can be attributed o the bydro~
gen bonding {dashed line in the box) in these molecular
complexes. Whea packing in a crystal structure these corn-
plexes have very different morphologies to that of its con-
stituents or their physical mix as indicated by their powder
X-ray diffraction (PXRD) patterns and therefore would pos-
sess different, unprediciable physicochemical properiies.

[0062} Thepresent invention provides anew crysial formof
zoledronie acid 1n the form of zoledrouic acid, sodium zoleds-
onate and water complex, characterized by an X-ray powder
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diffraction pattern baving strong peaks at ahout 8.1, 13.3,
21.5, 24.6, and 25.520.2 degrees two-theta.

[6663)  The present iavention provides a new crystal form of
zoledronic acid in the form of ammoninm zoledronic salt and
water coraplex, characterized by an X-ray powder diffraction
pattern having strong peaks at about 11.0, 14.6, 154, 19.9,
and 29.420.2 degrees two-theta.

[8864] The presentinvention provides anew crystal formof
zoledronic a¢id in the forrn of zoledronic, L-fysine, and water
complex, characterized by an X-ray powder diffraction pat-
tern having strong peaks at 2bout 9.0, 14.4, 18.1, 26.8, and
29.620.2 degrees two-ibeta.

[8865] The presentinvention provides a new crysial formof
zoledronic acid in the form of wiedronic, DL-lysi
water complex, characierized by an X-my powder diffraction
pattern baving strong peaks atabout 9.1, 14.7, 18.0,21.2, and
26.0+0.2 degrees two-theta.

[0666] The presentinvention provides a new crystal formof
zoledrogic acid in the form of zoledronic acid, zoledronic,
DE-iysine, ethanol, and water complex, characierized by an
H-ray powder diffraction pattern having strong peaks atabout
8.8,0.7,17.6, 23.1, and 26.5x0.2 degrees two-theta.

[8667] The presentinvention provides 2 new crystal form of
zoledmnic acid in the form of zoledvonic acid, nicotinamide,
and water complex, characterized by an Xoray powder dif-
fraction pattern having stropg peaks atabout 13.1,15.2, 21.0,
23.9, and 26.5£0.2 degrees two-theta,

{0068] The present invention provides anew crysial form of
zoledronic acid inthe form of zeledronic, adenine, and water
complex, characterized by an X-ray powder diffraction pat-
tern having strong peaks at about 13.6, 15.9, 19.7, 27.9, and
29.520.2 degrees two-theta.

{0064} The present invention provides anew crystal form of
zoledronic acid in the form of zoledrouic and glycine coms-
plex, characterized by an X-ray powder difiraction pattern
having strong peaks at abow 102, 17.8, 199, 22,9, and
28.120.2 degrees two-theta.

[8476] Thepresentinvention provides a new crysial form of
zoledronic acid in the form of zoledmnic diammonia water
coraplex, characterized by an X-ray powder diffraction pat-
tern having strong peaks at about 12.2, 13.0, 14.1, 17.1, and
19.3:0.2 degrees two-theta.

[8071] The present vention provides a new crystal form of
zoledronic acid in the form. of zoledwaic, DL-lysine, and
water conaplex, characterized by an X-way powder diffraction
patiern having strong peaks atabout 83, 11.8,12.3,15.8, and
20.8x0.2 deprees two-theta.

[8672] The present invention provides 2 new crystal form of
zoledronic acid in the forrn of zoledronic acid, L-lysine, and
water complex, characterized by an X-ray powder diffraction
pattern having strong peaks at about 9.5, 10.7, 143, 21 4,
23.520.2 degiees two-theta.

[8073] The present invention provides a new crystal form of
zoledronic acid in the form of zoledronic, DL-lysine, and
water complex, characterized by an Xy powder diffraction
pattern having strong peaks at about 9.7, 10.8, 14.4, 18.9,
21.4x0.2 degrees two-theta.

{0674 The present invention provides rat plasma or dog
serum concentration levels and FK profiles of IV, omily and
1D delivered zoledronic acid parent compound versus com-
plexes of zoledronic acid created using the method of this
invention.

[0875]  Accordingly, in a fiest aspect, the present invention
includes complexes of zoledronic acid with sodum, ammo-
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s, ammomsa, L-lysine, DL-lysine, nicotinamide, adenine
and glycine which are capable of complexing in the solid-
state, for example, through dry or solvent-drop grinding (Hig-
uid assisted grinding), heating or solvent evaporation of their
sofution in single or mixed solvent systems, shary suspen-
stog, supercritical fuids or other techniques knowa to a per-
son skilled i the art.

{8076] Another aspect of the invention provides zoledronic
and nicotinarnide complex by dissolving both compounds in
water:ethylacetate {1:1 v/v) and allowing the scivent mix-
tures to evaporate to form crystailine material.

{8877 Another aspect of the invention provides zoledronic
and glycine solid complex from dissolving both compounds
in water, and aliowing the sclvent to evaporate to form crys-
talline material.

{8078] Axother aspectofthe invention provides complexes
of zoledropic acid and sodium, aamoerium, anmonia,
L-lysine, I¥L-lysine, nicotinamide, adenine and glycine suit-
able for a pharmaceutical formudation than can be delivered
orally to the human body. The pharmaceutical formulation

coniains a therapewtically effective amount of at least oue of

the novel molecular complexes of zoledrone acid according
io the invention and at least one pharmaceutically acceptable
carrier, (also known in the art as a pharmaceutically accept-
ableexcipient). The novel molecular complexes of zokedronic
acid are therapeutically useful for the weatment and/or pre-
vention of disease states associated with osteoporasis, hyper-
caicemia {T1H}), cancer induced bone metastasis, Paget’s dis-
case or adjuvant or neoadjuvant therapies, discussed above.
{0079] The invention also relates to methods of treatment
using povel molecular complexes of zoledronic acid of the
mvention or a pharmaceutical formulation coptaining them.
A pharmaceutical formulation of the invention may be in any
pharmaceutical form which contains a novel molecular com-
plex of zoledronic acid according to the invention. The phar-
maceutical formuiation may be, for example, a tablet, cap-
sule, Bquid suspension, injectable, suppository, topical, or
transdermal. The pharmacentical formulations generally con-
tain about 1% to about 95% by weight of at least one novel
molecular complex of zoledronic acid of the invention and
9% 1o 1% by weight ofa suitable pharmaceutical excipient.
{8080} Complexes of zoledronic acid and sodium, ammo-
nimm, ammoenia, L-lvsine, D -lysine, nicotinamide, adenine,
and glycine have beer observed by their PXRD patterns and
FTIR spectra.

{8081] Another aspect of the invention provides in-vivo
data in rats concerning the oral bicavailability of zoledronic
acid delivered orally and intraduodenally.

[6082] Another aspectofthe lnvention provides PK profiles
of the parent compound delivered by different routes; IV, oral
and 1D,

{8083] Another aspect of the inwvention provides modified
oral bioavailability values of novel zoledronic acid com-
plexes prepared by the method of invention, compared with
the orally delivered parent compeound.

[3084] Another aspect of the invention provides the addi-
tion of excess at least one coformer to the zoledronic acid
cornplexes, which may be the same as the coformer in the
complex, a different coformer, or a mixture thereof.

{0085] Another aspect of the invention provides a method
where the excess cocrystal formers consist of standard amino
acuds,

(]
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{0886] Another aspect of the jnvention provides modified
PK profiles of zoledronic acid complexes withexcess coorys-
1al formers, compared with that of the orally delivered parent
compound.

{8087} Another aspect of the invention provides improved
aqueous solubility of novel zoledrosic acid complexes com-
pared with the parent compousnd.

{6888} Another aspect of the inveniion provides modified
aral bioavailability values of novel zoledronic acid com-
plexes with excess cocrystal formers, compared with the
orally delivered parent cornpound.

{66891 Anocther aspect of the nvention provides in vivo
data in dogs concerning the oral bioavailabihty of zoledronic
acid delivered IV or orally.

[#099]  Another aspect of the invention provides modified
oral bioavailability values in dogs of novel zoledsonic acid
complexes prepared by the method of wvention delivered in
gelatin capsules compared with the orally defivered parent
componnd.

[0691]  Another aspect of the invention provides modified
ora} bioavailability values in dogs of novel zoledronic acid
complexes prepared by the method of invention delivered in
enteric coated gel capsules compared with that of the pareat
compoeund.

{8692] Another aspect of the invention provides substantial
improvement in oral bivavailability values in dogs of novet
zoledronic acid complexes with excess cocrystal formers pre-
paved by the method of invention delivered 1n hard gelatin
capsules.

{0893] Another aspect of the invention provides slight
improvement in oral bicavailability values for zoledronic acid
in dogs via zoledronic acid and novel zoledronic acid com-
plexes orally delivered through enteric coated capsules.
{0694]  Another aspect of the invention provides a reduced
oral bioavailability values for zoledronic acid in dogs via
novel zoledronic acid complexes with excess physical mix of
coformer.

f0095]  Another aspect of the invention provides a molecu-
lar complex comprising a bisphosphonic acid or salt thereof
and at least ope coformer, wherein the bicavailability of the
bisphosphonic acid or salt thereof from the molecular com-

plex is greater than the bioavailability of the bisphosphonic._.

acid-or salt thereof without the coforwer. The bisphosphonic
acid may be, for example, zoledronic acid, clodronic acid,
tiledronic acid, pamidronic acid, alendronic acid, residronic
acid ibandronic acid or other bisphosphonic acids known in
the art.

[0096]  Another aspect of the invention provides a method
for enhancing the bioavailabiliy or permeability of s bispho-
sphomic acid comprising the step of administering to a patient
in need thereof a therapeuticaily effective of a bisphosphonic
acid in the form of a molecular complex.

{0897} The technigues and approaches set forth in the
present disclosure can further be used by the person of ordi-
pary skill in the art to prepare vanants thereof, said vartants
are considered to be part of the inveniive disclosure.

EXAMPLES

[1698] The following examples illustrate the mvention
without intending to Limit the scope of the invention.

f3899] Zoledronic acid as a starting material used in all
exdperiments in rthis disclosure was supplied by Farmkemi
Limited (Wuhan Pharma Chemical Co.), China with parity of
ca. 98% and was purified further via recrystallization from
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water. Alf other pure chemicals (Analytical Grade) were sup-
plied by Sigma-Aldrich and used without further pusification.
[6180] Futeric coating of gelatin capsules was contracted
outto AzoPharma, Hollywood, Fla., USA. A 10% w/w coai-
ing solution of Budragit LI100-55, and triethyl citrate, 9.0%
and 0.91 wiw % respectively, in punified water and acetone
was used in the Vector LDCS pan coater 1o achicve 3 uniform
ocoating layer on the capsules. The coating uniformity and
fupctiogality for duodenal delivery was tested by 2 hr disso-
Tution in simulated gastric flud stirred at 75 rpm and 37° C.
All capsules remained closed for the duation of this test.

Solid Phase Characterization

[8101] Analytical techuiques wsed o observe the crystal-
Live forms nclude powder K-ray diffraction (PXRD) and
Fourter transform infrared spectroscopy (FTIR ). The particu-
lar methodology used in such analytical techniques shonid be
viewad as Hlustrative, and not lmiting in the context of data
collection. For example, the particular mstramentation used
o collect data may vary; routine operator error or calibration
standards may vary; sample preparation method may vary
{(for example, the nse of the KBr disk or Nujol ol technigue
for FTIR analysis).

[6142] Fourer Transform FTIR Spectroscopy (FTIR):
FTIR analysis was performed on a Perkin Elmer Spectrum
100 FTIR spectrometer eqguipped with a solid-state ATR
accessory.

[6183] Powder X-Ray Difftaction (PXRD): All zoledronic
acid molecuolar complex products wer observed by a D-8
Bruker X-ray Powder Diffractometer using Cu Ko (A=1.
540562 A3, 40KV, 40 mA, The data were collected over an
angular range 0 3° 16 40° 28 in continuous scanmode atroom
temperature using a step size of 0.05° 28 and a scan speed of
6.17%/min.

Example 1

Preparation of Zoledronic Acid, Sodium Zoledronic
Sait, and Water Complex

[0104] 200 mgofzoledrenic acid was shurried with 180 mg
of sedinm chlonde in 1 mL of 1:1 ethanol:water overnight.
The material was fltered and rinsed. The particulate materia
was gathered and stored mn 3 screw cap vial for subsequent
analysis. The material was characterized by PXRD and FTIR
corresponding to FIG. 1 and FIG. 2, respectively.

Bxample 2

Preparation of Ammonium Zoledropnic Salt and
Water Complex

{8145] 300mgofzoledronic acid was shurried in 7N ammo-
nia i methanol overnight. The material was fitered and
rinsed. The particulate material was dissolved in water and
left to evaporate at ambiest conditions to oblain colorless
plates after 1 week. The material was characteri zed by PXRD
and FTIR corresponding to FE3. ¥ and FIG. 4, respectively.

Exawple 3

Preparation of Zoledronic, L-Lysine, and Water
Complex

{8166] 200 mp of zoledvonic acid and 54 mg of L-lysine
were shuried in 2 ml of tetrahydrofuran and 200 pl of water
overnight. The solids gathered after filtration were dried and

]
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stored in @ screw cap vials for subsequent analysis. The mate-
rial was characterized by PXRD and FTIR corresponding to
FIG. 5 and FIG. 6, respectively.

Example 4

Preparation of Zeledronic, DL-Lysine, and Water
Complex

{01877 204 mg of zoledronic acid and 59 mg of DL-lysine
were shurried 1 2 mE of tetrahydrofuran and 200 ul of water
overnight. The solids gatheved afler Altration were dried and
stored ina screw cap vials for subseqguent analysis. The mate-
rial was characterized by PXRI and FTIR comresponding to
FIG. 7 and FIG. 8 respectively.

Exawmple 5

Preparation of Zoledronic Acid, Zoledropic, DL-
Lysine, Erhauol, and Water Complex

[0168] 103 mg of zoledronic acid and 54 mg of DL-lysine
were dissolved in 400 pA of water, capped and stirred over-
pight. The next day 0.25 ml of ethanol was added drop wise.
The vial was capped with 3 screw cap vial and afier 1 day
crystais appeared and were filtered off. The material was
stored for subsequent amlysis. The material was character-
ized by PXRD and FTIR corresponding to FIG. Y and FIG. 18
respectively.

Exampie 6

Preparation of Zeledronic, Nicotinamide, and Water
Complex by Scivent-Drop Grinding

{03891 99 mg of zoledronic acid was grovnd with 44 mg of
nicotinamide and 46 pt of water was added to the solid mix-
ture. The solids gathered afier grinding were stored in screw
cap vials for subsegquent analysis. The material was charac-
texized by FXRD and FTIR corresponding to FIG. 13 and
FIG. 12, respectively.

Exampie 7

Preparation of Zoledronic, Nicotinamide, and Water
Complex from Solution Crystallization

[0116] 25 mg of zoledronic acid and 138 mg of nicotina-
ruide were dissolved in 2mi of a water:ethylacetate vix (1:1
viv). The solution was ther allowed to stand for several hours
to effect the slow evaporstion of solvent. The solids gathered
were characterized and produced very similar PXRD and
FTIR patterns to that of Example 7 product.

Example 8

Preparation of Zoledronic, Adeniuve, and Water Com-
plex by Solvent-Drop Grinding

{0111} 96 mg of zoledronic acid was gronnd with 65 mg of
adenine and 60 pL of water was added to the solid mixture.
The solids gathered after grinding were stored in screw cap
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vials for subsequent apalysis. The material was characterized
by PXRD and FTIR corresponding to FIG. 13 and FIG. 14,
respectively.

Exampie 9

Preparation of Zoledronic, Adenine, and Water Com-
plex from Solution Slusry
{#332} 99 mgofzoledronic acid and 54 mgof adenine were

shurried in 2 mi, of a water:ethagol mix (1:1 v/v) overnight.
The solids gathered after filtration were dried, characterized

and produced very simifar PXRD and FTIR patterns to that of

Example 8 product.

Example 10
Preparation of Zoledronic and Glycine Complex

{8113} 178 mg of zoledronic acid and 45 mg of glycine
were shurried in 2 i of water overnight. The solids gathered
after filiration were djed and stored in a screw cap vials for
subsequent analysis. The material was characterized by
PXRD and FTIR corresponding to FIG. 15 and FIG. 16,
respectively.

Exzample 11

Preparation of Zoledropic Diammonia Water Com-
plex

{8114} 1.5 gof zoledronic acid was shurried in 7N ammonia
inmtethanot overnight. The material was Sitered and vinsed.
The particuiate material was dissolved in water with medinm
heat and left to evaporate at ambient conditions to obtain
colorless biocks afier 1 day. The material was characterized
by PXRI and FTIR comesponding to FIG. 17 and FIG. 18,
respectively.

Bxample 12

Preparation of Zoledronic, DL-Lysine, and Water
Complex

[0185] 200 g of zoledronic acid and 102 mg of DL-lysine
were shiried in 2 mL of tetrahydrofiwan and 400 yi of water
avernight. The solids gathered-after filivation were dried and
stored i a sevew cap vials for subseguent avalysis, The mate-
tal was characterized hy PXRD and FTIR cowrespounding to
FIG. 19 and FIG. 28 respectively.

Example 13

Preparation of Zoledronic, DL+Lysine, and Water
Complex

[6116} 1 gofzoledronicacid and 283 mg of ML.-lysine were
shurried in 80 mi, of etrabydrofuras and 8 ml. of water
overnight. The solids gathered after filtration were dried and
stored in a screw cap vials for subsequent apalysis. Themate-
rial was characterized by PXRD and FTIR comespoading to
FIG. 21 and FIG. 22 sespectively.

Example 14

Preparation of Zolednic, DL-Lysine, and Water
Complez by Antisolven: Method
[6117] This complex can-also he prepared by the antisol-
vent method by dissolving 1 g of zoledronic acid and 283 mg
of DL-ysine in 5 mL of hot water and adding 40 mU of
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ethanol as an antisolvent stiwed overnight. Sirilar PXRD and
FTIR profles were obtained as shown in FIGS. 23 and 24
respectively.

Example 15

Preparation of Zoledronic, L-Lysine, and Water
Complex

[#118] 1 g of zoledronic acid and 255 wg of L-lysine were
dissolved in 60 ml. of hot water. 100 mEL of ethanol was then
added as an autiseivent. The solids gathered after filtration
were dried and stored in a screw cap vials for subsequent
analysis. The material was characterized by PXRD and FTTR
corresponding to PIG. 25 and FIG. 26 respectively.

Example 15
The Animal PK Studies

[0119] These studies were conducted on vats and dogs as
they are suitable animal models for zoledvanic acid. This can
be attributed to the fact that both animals have historically
been used in the safety evaluation and PK screening siudies
and are recommended by appropriate regulatory agencies. In
addition, rats and dogs have aisc been established as appro-
priate species for assessing the absorption of bisphosphonate
drugs mchiding zoledronic acid.
[0120] Pure zoledronic acid and zoledronic acid complexes
prepared by the methods in this invention were defivered to
the rats and dogs throngh 1V or oral routes. Additional tests
included I administration in rats and administeation of
enteric coated capsules in dogs. All compounds delivered
were well tolerated by the animals with ne adverse events or
phivsical abnommalities noticed.
[6121] Test Subjects: 8-week male Sprague-Dawley Rats
{217-259 grams) were obtained from Hilltop Lab Apimals,
Scottdale, Pa. TSA. Surgical catheters (jugular vein and
inteaduodenn) were implanted fo the animals prior o the
study. Beagle dogs from Marshall Farms, NUY., USA, weigh-
ing from (9-12 kg) were used in this study. Surgical catheters
(juguiar vein) were suplanted prior to the study.
181221 Housing: Rats were individually housed in stainless
steel cages o prevent catheter exteriorization. Acclimation
{Pre-dose Phase} was for 1 day. Dogs were already inthe test
facility {Absorption Systems Inc., 1JSA) and did not need
acclimation.
{8123] Environment: Bavironmental contros for the ani-
mal room were set to maintain 18 to 26° ., a relative humid-
ity of 30 30 70%, 2 minionnn of 10 air changes/bour, and a
12-honr light/Y 2-hour dark cycle. The hght/dark cyele could
be interrupted for study-related activities.
[0124] Diet For rats, wafer and certified Rodent Diet
#8728C (Havdan Teklad) were provided. For dogs, water and
the standard dog chow diet were given twice daily (every 12
hours).
[0125] Fasting: All test amimals were fasted ovemight
before 1V, oral, or I admimstration of zoledronic acid or
zoledronic acid complexes.
{9126 Routes of Rat Dosing: Zoledrepic acid and 3ts com-
plex formulations were aduinistered through IV, orat and .
The doses administered to all study rats were measured as
zoledronic acid, not as the complex form contained in the
suspension:

{0127] 1. IV Administration: the dose of zoledmnic acid

for IV administration was 0.5 mg/kg. The dose of each
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rat was calculated on a per rat basis {(not on an average
weight of all the rats in the lot).

{128] ii. Oral gavage administration: solid suspensions
were adminstered. The dose of each rat was calculated
on a perrat basis {nof on an average weight of ali the rats
in the lot}. For solid suspensions, animals were admin-
istered 5 mp/kg of zoledromic acid or 5 mglkg of
zoledrenic acid in zoledronic acid complexes contained
in a suspension of PEG 400.

{0129 . Duodenal cannuja administration: solid sus-
pensions were administered. The dose of each rat was
calculated on 2 per rat basis (5ot on an average weight of
ajl the rats in the lot). For solid suspensions, animals
were admuistered 3 mgkg of zoledronic acid or §
mg/lkg of zoledronic acid in zoledronic acid complexes
contained in a suspension of PEG 400.

{0130] Routes of DogDosing: Zoledronic acid and its com-
plex formulations were admipistered IV aud orally. The doses
administered to all study dogs were measured as zoledronic
acid in each complex, not
the powder in the gelatin capsule or in solution for IV:

the complex form contained in

{0131] i TV Admimistration: The dose volume of each
dog was adjusted based upon the average weight of the
dog.

[6132) i Oral administration: zoledronic acid and jts
equivalent of zoledronic acid complex formulations
were adoinistered through size 0 gelatin capsules based
on the average weight of the dogs.

[0133] iii. Oral adnunistrstion with enterie coated cap-
sujes: zoledronic acid and its eguivalent of zoledronic

- acid complex formulations were administered through
size {} enteric coated gelatin capsules based on the aver-
age weight of the dogs.
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{8134} iv. Oral admipistration of the molecular com-
plexes with additional coformers: physical mixtares of
zoledronic actd complexes with additional coformers
were admimistered through size § gelatin capsales based
on the average weight of the dogs.

f(3135) Groups: Two major groups of animals were selecte
for the siudy.
{0336] Growp 1, rats that contained four subgroups
(¥-IV) where the resuits of each dala point on the PK
profile graphs was the average drug concentration in the

plasma of 3 rats.

{6337}  Growp 2, dog P study comtained three groups
with subgroups (A, B, C, 13, E andF) where the results of
each data point on the PK profile graphs was the average
drug concentration in the serum of 5 dogs.

§0138)  Details of Group § RatDosing ;
{01391 Group | (IV administvation). Group menbers, des-
ignated 1V doses are listed below

Group # 1 Desigration #ofrats Dose* Dose volhnme
Gi Zoledronic 3 .5 ma/kg 3 mL
Acid

IV comparator group, was conducted to calculate MAT {(mean
absorption time) and ka (absorption rate constant) for the oral
groups.

{0140 Group H (oraf gavage ) Group designations and oral
doses are listed below:

Grow #of Dose volume
#11 Designation Rats Dose® mLdkg Compound
G2 Zoladronic Acid 3 Smpfkg 1mb Zaledronic acid
in PEG400
G3 Solid suspension 3 Snogkg 1mbL Zoledronic and glycine
in PEG40D equivaleat complex
GA Solid suspension 3 Smglkg s Zoledrenic,
in PEG40D egrivalent nicotinamide, and-water:
complex
G5 3 Smgkg 1ml Zotedronic acid, sodius
equivalent zoledronic salt, and
waler compiex
G6 Solid suspension 3 Smglkg  1mL Zoledwunic, L-lysine, and
in PEG4G0 equivalent water complex
G7 Solid suspension 3 Smpkg iImbL Zoledronic, DL-tysiue,
in PEGA00 aquivaient and water complex
{0143] Group I (ID administration): Group designating
and oral doses are listed bejow:
Doge
Group #of volume
#17 Designation wmis  Dose?* mi/kg Compound
GR Zoledronic Acid 3 Smgkg 1mlL  Zoledronic acid
bl 400
G9 Solid suspension 3 ASmgleg  ImL  Zeledronic and glyoine
in PEG400 egiivalent complex
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~contined
Dose

Group #af volume

#11 Designation mts  Dose® widkg  Compound

GG Soiid suspension 3 Smgltg  ImL  Zoledroniec, nicotinamide,
in PEG400 equivalent and water compiex

il Solid suspeasion 3 Smgkg 1ml  Zoledronic acid, sodium
in PEGACH equivalest zoledronis salt, and water

cormplex

Gi2 Solid suspeasion 3 1wk Zaledroxic, L-lysine, and
in PEG400 water complex

Gi3 Solid suspension 3 lwl  Zoledrosic, DN-lysine, sad

in PEG400

water complex

{6142] Group 1V (oral gavage): Group designations and
oral doses are listed below:

Excess
cofomnner
Group #of Dose Excess amount
$IV Compound s Dose vofume/kg coformer wgke
Gig Zoledronic snd 3 Smghkg 1ml Glyeine 45
glycine complex, equivalent
soiid suspension
iz PEGA400
G135 Zoledzaic and 3 Smgkg 1mL Glycize 25
glycine complex, cquivalent
solid suspeusion
in PEG400
G186 Zoledronw md 3 Smgkg 1ml Glyeine s
i k equivaleat
o7 3 Imglks tmL Di-lysine 3932
lvsine, and water aquivaient monokydrate P
complex, soltd
suspension i
PEG400
(538 Zoledramic, DE- 3 1 mL DI -iysine 28.08
- lvsine, and water equivaient monokydrate
X, sokid
“SuspRusicn
PREG400
G519 Zoledronic, DE- 3 Swgkg  1mbl 5.62
lysine, and water equivalent morohydrate
complex, solid
G20 Ziledramic, DL- 3 Swogkg  1mb 'z 'z
Jvsine, and water cquivalent:

complex, sciid

{8143} Ratblood sample collection, handling and analysis:
Blooed (approx. 300 pll per sample) sawples were withdrawn
from each of3 animals in Group I (TV adminisiration) at eight
() time points: 5Smin, 15min, 30min, 1hr, 2hr,4 br, 8 by, and
24 hrs, after imtial adminisiration of zoledronic acid or its
complexes, into EDTA plasma tubes. Plasma was collected
after centrtfugation at 13,000 rpm for 5 min at 4° . and
immediately frozen and stored at ~60 1o -80° C. 111} analysis.

{0144] Samples were thawed on the day ofanalysis and the
amount of zoledrenic acid in the samples was guantified by
analyzed by LC/MS/MS method.

f6145] Details of Group 2 dog dosing: Prior to dosing, all
dogs received a 20 mi dose of citrc acid (24 mg/ml. in water)
to fower the pH of their stomach. After dosing capsules or TV,
all dogs received additional 6.25 mi citric acid solution (24
mg/ml. in water) as a rinse.
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{8146] Group A, (IV administration). Group members, des-
ignated TV doses are listed below:

Group #A Designation  # of fasted Dogs  Dose* Dose volume
Tegi Zoledronic 5 08 wgkg  1mlig
Ac

TV comparator group, was conducted to calculate MAT (mean
absorption time) and ka (absorption rate constant) for the oral
groups.

{8147} Group B {oral administration): Group designations
and oral doses are listed below:
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{63149} Group D, (1S min IV infusion): Group members,
designated IV doses are listed below:

# of fasted Dosing solution
Group # D Desigpation  Dogs (9-12 kg} Dose® copcentration
Leg 13 5 0.183 mglkg 0.3 mgiml
g

Dose of
componnd G
Dosing e gelatin

Dosing Solution

Group # B Compound  Route capsules Cone. wg/ml.
Leg2 Zojedwonic  oral 5 mp/kg 5 na

acid equivaient
Leg3 Zoledronic o} 5 mplkg 3 nis.

and pglycine equivatent

coroplex
Leg4 Zoledronic, oml 5 rog/kg 5 wa

DL-fysine, equivalent

and water

complex
Leg s Zoledrowic,  oral 5 mglkg k) nia

L-tysine, cquivaient

aud water

complex
leg 6 Zoledropic,  oml 3 mg/kg S na

DIL-fysine, equivalent

and water

complex
{0148} Group C {oral administeation): Group designations
and oral deses are Hsted below:

Dose of
#of sompoad in Excess
Ciraup fostad Dosing  the gelatin Excsss coformer
#C Componund Dogs (9-12kg) Route  capsiles coformer amount
Leg7  Zoledrows acid 5 nral 36.0 rag; entexic . n/a a2
monokydrate coated capsules

Leg&  Zoledronic and 3 oral 670 mp; enteric w/a ns.

glyciue complex coated capsiles
Leg®  Zoledronic, DL- 5 omi . B7.7mg

iysine, and

wates complex

Leg 10 Zoledronic, DL- s oral 87.7 mg; enteric
fysine, and cogtad capsules
water complex

Legll Zoledronic, DL- 5 ora} 834.2 mg

iysine, and
water complex
Legl2  Zoledrowic, DL~

w

ot} 87.7 mg; enteric
lysine, sod coated capsules
water complex

DL-lysize 2948 mg
monohydrate

DL-lysize 943 mg
menohydrate

Dl-lysine 948 mg
menohydrate

wa n/a
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[0150] Group E, (oral administration): Group members,
designated IV doses are listed below:
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#of Troge of compound. tixoess
Grroup fasted Dosing in the gelatin Bxcess coformer
# Compound Dogs (-12 kg) Route capsules coformer janteing
Leg 4 Zoledronic, DL- 2.1 oral 354img DL-Jysine 123.8 g
lysine, and wonobyduate

water complex
Leg 1S Zoledronic and 5 ora} 67.0mg
glvcine coraplex

Leg 16 Zoledron: 5 oral BT 7 mg
lysine, and
water compiex

Leg 17 Zoledronic, DL- 2.1 oral 35.4mg

lysine, xad
water conplex

204.8 mg

DL~ 1}/s~im3 4.8 mg
mouohydrate
DL-lysine 294.8 mg

{8153) Group ¥ (i5 min IV infusion). Group members,
designated IV doses are Hsted below:

# of fasted Dosiug solution
Group #F Designation  Dogs (5-12 kg) Dose* concentiation
Leg 18 Ioledmmnic 5 0.2 mwkg 0.3 mg/wl
Acid 1V infasion

{08152] After initial adwinistration of zoledronic acid or its
coraplexes, blood (approx. 2.5 xal per sample) was with-
drawn from each of 5 animals in Group A (1V administration)
at 15 time points: Pre-dose{0), 2, 5, 18, 15,30, 45 min, 1, 1.5,
2.4,6,8,24 and 48 hrs and at 13 time points for Group BB (oral
administration): Pre-dose (0), 5, 10, 15,30, 45 min, 1, 1.5, 2,
4, 6,8, and 24 hus. Blood samples were placed without the use
ofan anticoagaiant and allowed to 53t at roow temyperature for
approximately 30 minutes. Samples were then centrifoped at
a temperature of 4° C., at a speed of 13,000 rpm, for 5
minutes. Sexum was collected and split into two aliquots and
stored frozen (~-80° C.) 1ill avalysis. Samples were thawed on
the day of analysis and processed using analytical provedires
for zoledropic acid containing an LOMSEMS analysis
method.

[8153] Ammal PK Studies Results

[0154] Ratstudy: The results of the first rat sindy are sum-
warized in Tabje 1; the concentrations (ng/ml) of zoledronic
acid in the plasma samples are the average values of the
analytical results of 3 rats. In addition, the PX prodiles of the
iV, oral and ID groups are shown in FIG. 27. The profiles of
oral and ID groups are shown in FIGS. 28 and 29. It suggests
that some zoledronic acid complexes have iwmproved oral
bicavailability compared with that of the parent zoledronic
acid. The complexes with improved bicavailability were fur-
thertestedina second rat P study inwhich excess coformers
were added to the zoledrouic acid compleres and then admia-
istered to mis by oral gavage. The resulis of this second study
are summarnzed 16 Table 2 and their PK profiles are shown in
PIGS. 38, 31 and 32. These figures show iaproved bloavail-
abilities of several zoledwonic acid complexes with excess
coformers.

{9155 Dog study: The results of the first dog study are
suommarized 1 Table 3. The concentrations (ng/ml} of

zoledronic acid ave the average values of the analytical results
of 5 dogs. The PK profiles ofthe IV and oral groups ave shown
i FIGS. 33 and 34 which represent the first four hours of the
48 hr PX profife. These results and FIG. 34 suggest that maost
it not all zoledronic acid complexes have achieved mmproved
oral bioavailability compared to that of the parent zoledronic
acid delivered orally.

{0156] The results of the second dog study are snmmarized
1 Table 4; the concentrations (ug/ml) of zoledronic scid
shown are the average values of the apalytical results of §
dogs. The PK profiles of the TV and oral groups are shown in
FIGS. 35 and 36. FIG. 36 represents the first 6 hours of the 24
howr PK profile. These results and FIG. 35 sugpest that most
if not all zoledronic acid complexes have achieved improved
ora} bioavailability compared with that of the parent
zoledronie acid delivered orally. Specifically, there was a
significant improvement i zoledeonic acid bioavatlability for
the novel =oledronic acid complexes with excess amino acid
coformer (Leg 11, FIG. 37) compared fo that of the parent
drug. The results have also shown that there was improverent
w the bicavatlability of the enterically coated capsules cora-
pared with the son-enterically coated capsules (FIG. 37, Legs
7T ant 2, Legs 8and 3, Legs 12 and 4), but swrprsingly the
bioavailability was significantly altered when excess amino
acid coformer was added to form a physical mixtuse to the
enterically coated capsules (FIG. 37, Legs 9 and i0). The
reason behind it is oot fully understood.

[63157] Theresults have shown that there is a slight increase
in the oral bivavailability of zoledronic acid from the enteric
coated capsules filled with neat (i.e. with no excess coformer)
zoledronic acid aming acid complex. Therefore, it is expected
that the excess cofonmer with the novel zoledronic acid com-
plexes would also lead to increased bioavailability when
delivered in enterically coated capsules. Surpnisingly, when
excess coformer was added to the zoledronic acid, the bio-
availability of the enferically coated capsules was lower than
that of the non-enterically coated capsules. This suggests that
a physical powder mixture of the molecular complex and
excess coformer might decrease the bicavarlability when
delivered to the duodenum.

{0158} The analyucal results of the thurd dog study are
shown in Table 5, which contains averaged data from five
dogs. The PK profiles of the TV and oral groups are shown in
FIGS. 38 and 39. F1G. 3% represents the first 4 hours of the 24
hour PX. profile.
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TABLE i

12

Rot plasma corcentrations for pure woledronic acid and 2oiedronic 2eid complexes

f detivery,
Average
plasma
concentration
Daosing Time of 3 Rats
Ceoup # Complex Route  Vehicie (howr) (ngfinl.)
Gi Zoledroaic scid w Water G.083333 3254.05
625 1950.82
6.5 112878
1 40428
2 112.68
4 3046
®
24
G2 Zoledronic acid 3¢ 25
0.5
2
4
R
24
G3 Foledrovic and ghycine 20 PEG 0.28
somplex 400 0.5 435.38
3 206,88
4 12.78
8 1.4a
24 Q.60
it Zoledromic, sicotinamide, PO PEG 400 0,28 434.61
and water complex 0.5 304.54
N 122.35
4 7.68
3 1.82
24 6.0
Gs Zoledronic acid, sodinm PO PRG 400 0.25 27247
zoledronic salt, and water 0.5 280.20
complex 1 17139
4 13.42
8 178
24 0.00
G6 Zoledrenie, L 0 PEG 025 258.43
and water com 403 0.5 295.82
i 18495
4 2870
& 3.27
24
G7 Zoledronic, DLAysinve, PO PEG 0,25
and - water compiex 460 Q.5
i
4 14.57
8 LX)
24 2,00
G Zoledrouic acid i PEG 0.25 148,67
400 0.5 10952
i 7.36
4
8
24
&9 Zaledrenic and glycine w PEG 025
complex 400 i
4
3
24
(1o Zoledronic, nicctinaraide, IR PEG 0.25
and water complex 400 1
4
8
2%
Gil Zaladrenic acid, sodinm i>) PEG 0.25
zoledronic salt, and water 400 1
compiex 4
&
24
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TABLE 1-coutinued

13

Rat plasima concentrations for pure zoledronic acid and zoledsonic acid complexes

i delivery.
Average
plasma
concentration
Desing Time of 3 Rats
Group # Complex Reute  Velicle (hour) (ngfral)
Gi2 Zoledronic, L-lysing, aed ~ ID PEG 0.25
water complex 400 i
4
3
24
Gi3 Zoledrowie, Dl-lysine, b FEG 0.25
and waier compiex 400 1
4
38
24
TARLE 2
Rat plasma coacentrations fos zoledronic acid complexes with excess coformers,
delivered by omi gavage
Average
plasma
concentration
Tirae of 3 Rats
Croup# Complex Dosing Route  Vehicle {kows) (ng/mL}
Gid Zoledropic and glycize PG PEG 0.0333333
compiex and 45 mgikg 400 0.0833333
glycine 0.1666567
Gs Zoledronic and glysive  PCr PEG
omplex aud 25 mgrky 400
shycine X
0.5
.00
Lt Zoledronic and glycive PO 60.03
complex and 5 mg/tg
ghveine
4
24
G17 Zeoledeonic, DL-lysine, PO PEG 0.0333333
and wster cormplex and 400 0.0833333
32.32 mg/kg Dl-lysine 02666667
i ydrate 0.25
Q.5
2
4
24
Gig Zoledronic, DL-lysine, PO PEG
and water complex and 400

28.08 mg/kg DL-lysine
mono bydrate

N

N O
i

56667

42,07
300.84
100.56

01720
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TABLE 2-continued

Rat plasma concentrations for zoledronic acid compiexes with excess coformers, :
delivered by ol gavage

Average
plasma
concentration
Time of 3 Rats
Group # Complex Dostog Roste  Vehicle (hour) {ng/mL)

G198 Zoledronic, Dl-lysine, PO PEG
and water cosnplex and 400
5.62 mgikp DL-lysine
monohydrate
Q.00
G20 Zpledvonic, Diysine, PO PEG 10333
aud water complex 406 ¢ 35218
0.1666667 475.33
0.25 305.48
0.5 431.4%
i 22456
2 65.95
4 14.96
; 4 0.00 :
TABLES
Dog serum concentrations for puse zoledronic acid and zoledronic acid complexes
vis different soutes of dediverv (IV awd oral).

Aversge
seTum
concantration
“Time of 5 degs
Leg # Complex Dosing Route  Vehicle {bour) {ng/ml)
1 0.05 mg/kg Zotedronic W Salise 0 0.0
acid solution (10333 41344
00833 311.68
4.1667 22857
0.25 17863
0.5 11111
0.75 7591
1 y
LS
2
4
8
24
43 B
2 56.0mgZoledrenicacid, PO iy 0
wnnohydeate capside 0.0833
0.1667
0.25
0.5
0.75
1
1.5
2
4
2
24
3 §7.0 mg Zoledronic and 0 /e 0
glyeine complex capsuie 0.0833
0.3667
.25
Qs
0.75 206.14
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TABLE 3-coutinued

Feb. 3, 2011

Dig serom concentrations for pure zoledronic acid snd zoledronic sotd complexes
erent routes of delivery TV and ozal).

Average

sarum
concentration
Time of 5 dogs
Leg # Complex Diosing Route  Vehicle  (hour) {ng/mL)

4 §7.7 mg Zoledronic, DL- PG n/a
}ysine, and water complex
capsuie
5 B7.7 mg Zoledronic, L- PO n/a
lysine, sud water complex 0.0833
capsuie 0.1667
0.25 10.06
0.5 188,52
2.7 34528
1 31897
1.5 18077
Z 108.23
4 2331
8 873
2y
6 B4.2mg Zoledronic, DL~ PO nia 0
fysine, sud water complex 0.0833
capsule Q.1667
025
0.5
0.75
1
15
2
4
8
24
TABLY 4

oacentrations for pure zoledromic 2cid and zoledronic acid complexes
0t toutes of delivery IV and oral; enteric and non-enteric coated
Relatin capeuies.

Average

serursy
concenteation

Time of 5 dogs

Leg # Complex Dosing Rouwte  Vehicle  (hour) {ng/mL)
7 56.0 mg Zoledronic acid B3 n/p. Q Q.00
monchydrate enteric 0.1667 .00
coated capsuie (.25 .00
0.5 .00
0.75 6.00
1 S.34
1.3 85.13
2 10837
4 107.84
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TABLE 4-continued

Diog serum concentraticos
via different routes of de

r puge zoledvonic arid and zoledronic acid complexes
ery [V and ogl; entenc and non-enteris coated
gelatin capsules,

Average
serwm
concantration
Tiwme of § dogs
Leg# Complex Dosing Route  Vebicle  (hour) (gmi}
]
3
4
8 §7.0 mg Zoledronic and PC nfa Q
glycine complex entexin 0.1667
coated copsule 0.25
.5
.75
1
1.5 20897
2 274.53
4 1t
§
3
24
Q8 877 mg Zoledronic, DL- PO nfa @
{ysiue, and water complex (.0833

h 294.8 myg D-lysioe

monolydrate capsuie 12043
G 364.58
[ 487,59
1 499,6¢
1.5 36!
2 254,72
4 52.22
[ 16.61
24
10 &7.7 mg Zoledrouic, DL PO wa &
lysine, and water complex 0.1687
with 294.8 mg DY-ysine 0.23
mouohydrate enteric G5
coated capsule 0,73
i
Z
4
5
&
13 84,2 mg Zoledronic, DL~ PO ' ]
tysiue, 2nd waker compiex 01687
with 294.8 mg XM ~tysine 5
monabydrate capsile 0.5
. 75
H
i5
2
4
4]
&
24
12 87.7 mg Zoledronic, DL~ PO nla 0

fysine, and water complex
enteric coated capsule

01723
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TABLE 4-continued

Dog sermm concentrations for pure zoledronic acid and zoledronic acid cornpl

via different routes of deliv:

TV and oral; entenic and non-enteric coated
gelalin capsules,

Average
seruin
concentzation
. Time of 5 dogs
Leg# Complex Dosiug Route  Vehicle  (aonr} {ng/ml.}
mg'kg Zaledronic v Saline 0

sofution  0.0833
03,1667

TABLES

Dog serum conceniraticns for pure zoledronic seid and zoledronic acid complexes

via different routes of delivery IV snd orai).

s
o

Average
senun
LONCERIation
Time of 5 dngs
Dosivg Reute  Vehisle  (hour) {ng/ml)
>dronic, Dl- PO nia ]
¢ 30833
0.3667
DL-lysine monchydrate 0.25
gelatin capswde [US)
075
1
1.5
2
4
3
24
67.0 mg Zoledionic and PO na 0
Ay plex, with 0.0833
284.8 mg DL-lysine 0.1667
{atin .25 55.58
capsule (8] 225.41
078 23495
1 22151
1.5 204.50
2 117.22
4 1779
3 3.4
24 0.77
87.7 mg Zoiedronic, 1~ PO nla Q
lysine, and water 0.0833
complex, with 254.8 mg 0.16a7
DL-tysine monchydrate 0.28
geiatin capsule 05
078
1
1.5
2 300.81
4 3.38
8 35
24 1.48
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TABLE S-continued
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Dog semum concentrsfions for pure zoledronic

via differout moutes of delivery (IV and oral).

sid and zoledromic acid compiexes

Leg# Complex Dosing Rouke

"fime
Vabicle  (hour)

Average
serm
concentration
of S dogs
{ogiml}

5.4 mg Zoledronie, DL~ PG
2, and watex
coinpiex, with 294.8
DL-lysine monchydiate
gelatin capsule

n/a 0
Q0833
Q667
0.25
0.8

18 0.12 mp/kg Zoledonic IV Saline
actd sofution

0.0¢
0.00
1347
5004
146,62
137.24
116.38
66.70
44,94
8.87
1.58
0.21
.06

71715
301790
392,35
322.84
20178
132.86
2322
6908
38.38
9.14
3.24
1.21

TABLE 6

Aguecus sohubility of zoledronic acid (ZA) and novel
zoledromic acid complexes at room temp

Compound Come. mg/mi,  mMob/L (complex)
14 3

ZA monchydrate 1.57 541
ZA: Giycine 1185 34.25
iue dibvdrate 8.22 18.09

ine dibydmte 6.85 15.08

ine monchydrate 139 31.86

1. A molecular complex comprising a bisphosphonic acid
or sait thereof and at least one coformer, wherein the bicavaij-
ability of the bisphosphosic acid or salt thereol from the
molecular complex is greater than the bioavailability of the
‘bisphosphouic acid or salt thereof without the coformer.

2. A molecular complex of claim 1, wherein the bisphos-
phopic acid is selected from the group consisting of
zoledronic acid, clodronic acid, tiindronic acid, pamidronic
acid, alerdronic acid, residronic acid and tbandrogic acid.

3. A molecular complex of claim I, wherein at least one
coformer is an anine acid.

4. A melecular complex of clams 1, wherein the bisphos-
phonic acid is zoledvonic acid and at least one coformer ts an
amig acid.

5. A wolecular complex of claim 1, wherein at least one
coformer is lysine.

6. A composition comprising amolecular complex ef claim
1 and an excess amount of at least one coformer.

7. A composition of claim &, wherein the excess coformer
is present in an amount up 100x the mass of the molecular
complex.

8. A phannaceutical composition comprising a composi-
tion of claim 7 and 2 phaumacentically accoptable excipient,

9. A pharmaceutical composition comprising 2 composi-
ton of claim 6 and a phammacentically acceptable excipient.

16. A phavmacentical composition of ¢laim 8§ wherein the

-pharmacewtical copyposition is-aworal dosage form.

11, A phamuacentical composition of claim 9, wherein the
phaunaceutical composition is au oral dosage form.

12. A molecular complex of claim 1, wherein themolecular
complex is crystailine.

13. A method for enhancing the bicavailabilty or perme-
ability of a bisphosphonic acid or salt thereof comprising the
step of administering to a patient in need thereof a therapeu-
tically effective amount of a bisphospbonic acid tn the fonu of
3 molecuiar complex according to claim 1.

14. A method for enbancing the bicavailabiliy or penme-
ability of a bisphosphonic acid or salt thereof comprising the
step of administering to a patient in peed thereof a therapeu-
neally effective amount of s bisphosphoxnic acid 1o the form of
a comiposition according of claim 5.

15. A method for enhancing the bicavailabilty or perme-
ahility of 2 bisphosphonic acid or salt thereof comprising the
step of administering to a patient in need thereof a therapeu-
tically effective amount of a bisphosphenic acid in the foxm of
3 composition according of claim 6.

16. A method for the treatment and/or prevention of disease
states associated with osteoporosis, hypercalcemia, cancer
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induced bone metastasis, Paget’s disease or adjuvant or nec-
adinvant cancer therapies comprising the step of administer-
ing to a patient n need thereof a therapeutically effective
amaownt of 2 bisphosphonic acid or sait thereof in the form of
a composition according of claim 5.

17. A method for the treatment and/or prevention of disease
states associgted with osteoporosis, hypercalcemia, cancer
induced bore metastasis, Paget’s disease or adjuvant or neo-
adjuvant cancer therapies comprising the step of administer-
ing to a patient in need thereof 8 therapeutically effective
amonat of a bisphosphonic acid or salt thereof in the fom of
a composition according of claim 6.

18, A crystalline form of zoledronic acid comprising
zoledronic acid, water, and 3 compownd selected from
L-lysine; DL-lysine; nicotinawide; adenine, and a zoledsome
acid salt.

19, A crystafline form of zoledronic acid according to
claim 18, wherein the aystalline forw is

a crystailine zoledromic acid, sodium zoledronate and
water complex characterized by an X-ray powder dif-
fraction patiern having peaks at about 8.1, 13.3, 21.5,
24.6, anud 25.6x0.2. degrees two-theta;

a crystalline smmonium zoledronic acid salt and water
complex characterized by an X-ray powder diffraction
pattern. baving strong peaks at abont 11.0, 14.6, 15.4,
19.9, and 29.420.2 degrees two-theta;

a zoledronic diammoma waler complex characterized by
an X-ray powder diffraction paitern having strong peaks
at about 12.2, 13.0, 14.1, 17.1, and 19.320.2 degrees
two-thets;

a crystafiine zoledronic acid, L-lysine, and water complex
characterized by an X-ray powder diffraction pattern
having peaks at about 9.0, 14.4, 18.1,26.0, and 29.6+0.2
degrees two-theta;

acrysiafiive zoledrome acid, L-tysine, and water complex
charactetized by an X-ray powder diffraction pattern
having peaks at abowt 9.6, 10.7, 143, 21.4, 23.5=0.2
deprees two-theta;

a crysiailine zoledronic acid DL-lysine and water complex
characterized by an X-ray powder diffraction paitern
having peaks atabout8.3,11.8,12.3, 15.8, and 20.8=0.2
degreestwo-theta;

a erystalling zeledronic acid, DL-lysine, and water com-
plex characterized by an Xway powder diffraction pat-
fern having peaks at about 9.1, 14.7, 18.0, 21.2, and
26.020.2 degrees two-thela;

a crystalline zoledronic acid, DL-lysine, and water com-
plex characterized by an Xay powder diffraction pat-
fern having peaks atabout 9.7, 10.8,14 4, 18.9, 21 420.2
deprees two-theta;

a crystaliine zoledronie acid, zoledronic, DL-lysiue, etha-
nol, aud water complex characterized by an X-ray pow-

Feb. 3, 2011

der diffraction patiern haviag peaks at about 8.8, 9.7,
17.6,23.1, and 26.520.2 deprees two-theta;

a crystailine zoledronic acid, adenine, and water complex
characterized by an X-ray powder diffraction patiern
having peaks at ahout 13.6, 15.9, 19.7, 27.9, and
29.520.2 degrees two-thets; or

acrystalline zoledronic acid, nicotinamide, and water com-
plex characterized by an X-ray powder diffrection pat-

tern having strong peaks at about
and 26.5x0.2 degrees two-theta.

26. A crystalline form of zoledromic acid comprising
zoledronic acid and glycine.

21. A molecular complex of zoledronic acid comprising
zoledronic acid and glycine.

22. A crystalline form of zoledromie acid according to
claim 26, wherein the crystalline form s a crystalline
zoledropic acid and plyecine complex charactenzed by an
K-ray powder diffraction pattemn having peaks at about 1002,
17.8,19.9,22.9, and 28,1202 degrees two-theta,

23. A molecular compiex of zoledvonic acid compristag
zoledronic acid, water, and a compound selected fiom
E-lysine; D,{-ysine; nicotnamide; ademine; and 2
zoledrome acid salt or comprising zoledronic acid and gly-
cine.

24. A molecular complex of zoledronic acid
claim 23 selected from the group consisting o

2 zoledronic acid, sodium zoledronaic and water complex,

au ammoniuim. Zoledrowic acid salt and water complex,

a zoledronic diammonia water complex,

a zoledropic acid, L-iysine, and water complex,

a zoledronic acid DL-lysine and water complex,

a zoledvonic acid, zoledwonic, DEL-lysine, ethanol, and

water complex,

a zoledronie acid, adenine, and water complex,

a zoledrome acid, nicotinamide, and water complex, or

a zoledronic acid glycine complex.

25. A motecular complex com prising zoledronic acid and
lysine.

26. A crystalline form compiising zoledronic acid and
lvsine.

27. A pharmaceutical composition comprising a complex
ofclaim 18 and a pharmaceutically acceptable excipient.

-28..A. pharmaceutical composition according to claim 27,
wherein. thecomposition is 2 aral-solid-dosage form.

28. A method for the treatment and/or prevention of disease
states associated with osteoporosis, hypercalcemia, cancer
induced bone metastasis, Paget’s disease or adjuvant or neo-
adjuvant cancer therapies comprising the step of administer-
ing to a patient in need thereof & therapeutically effective
amount of a pharmaceunticai composition according to claim
Z7.

28. {canceled)

1,152,210, 239,

according to
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BACKGROUND

{8062] Bisphosphonate compounds are potent intiibitors of
osteoclast activity, and are used chinicatly to treat bone-re-
Iated conditions such as osteoporosis and Pager’s disease of
bone; and cancerrelated conditions including multiple
myeloma, and bone metastases from solid tumors. They gen-
erally have low oral bivavailability.

SUMMARY

{0863} Tt has been discovered that oral dosage forms of
bisphosphonate compounds, such as zoledronic acid, can be
used o treat or alleviate pain or refated conditions.

{8804} Some embodiments include 2 method of enhancing
the oral bioavailability of zoledronic acid comprising orally
administering a dosage form containing zoledronic acid in the
disodium salt form.

[8005) Some embodiments include a dosage form compris-
g zoledronic acid in the disodivm salt form, whewin the
bicavailability, in 2 mammal, of zoledronic scid in the diso-
divan salt form is greater than the bioavailability of zoledronic
acid in the diacid form would be in the same dosage form.
{8066} - Some embodiments include 2 dosage form compris-
ing zoledronic acid in the disodium salt form, wherem the
dosage form contains an amount of zoledronic acid in the
disodiurg salt form that provides an area under the plasma
concentration curve of zoledronic acid of about 4 ng h/mlto
ahout 2800 ngh/inl to a buwan being o which the dosage
form is administered.

{9987} Some embodiments include a dosage form compris-
ing zoledronic acid in the disodium salt form, wherein the
disodiunrn salt form is present in a lower molar amount than
would be present if the zoledronic acid were in the diacid
form; and wherein the zoledwnic acid in the disodiwm salt
form has an improved binavailability as compated o the
zoledronic acid in the diacid form to the extent that the lower
molar anountof the disodimm salt in the dosage form does not
reduce the amount of zoledronic acid delivered to the plasma
of a mammal.

{00881  Although an oral dosage forrn with echanced bio-
availability withrespectio the bisphosphonate compound can
be used, the treatment can also be effective using an omal
dosage form that includes 2 bisphosphonate compound, such
2s zoledwonic acid, wherein the bicavailability of the bispbo-
sphonate is unenhanced, or is substantially unephanced.
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{6903] Some embodiments include a method of relieving
inflammatory pain comprising administering an oral dosage
form containing zoledronic acid (o s mammal in need thereof,
wherein the mammal experiences significant pain relief more
than 3 howrs after administration of the dosage form.

{#618] Some embodiments incjude a method of relieving
pain associated with an arthritis comprising administering an
oral dosage form containing zoledromc acid to 8 human being
in need thereof.

{8931} Some embodiments include a wmethod of treating
complex regional pain syndrome comprising administering
anoral dosage forra containing zoledrontc acid to a mammal
in need thereof.

[6632] Some embodiments include an oral dosage form
comprising zoledronic acid, wherein the oral bloavailabilty
of zoledrorde acid is substantally unenhanced. For example,
in sowe embodiments, the oral bicavailability in the dosage
forma is about 0.01% o about 4%.

{8613] Some embodiments include a pharmaceutical prod-
nct comprising move than ore wnit of an oral dosage form
described herein. In some emboediments, each unit of the oral
dosage form contains szhout 1 my to abowt 50 wg of
zoledronic acid.

[0614] Some embodiments include 4 method of relieving
mffammatory pain cowmprising administering an oral dosage
fomm containing zoledronic acid to a mammal inneed thereof.
[0015]  In some embodiments, the mammal receives a total
monthly dose of zoledronic acid that is about 800 mg/m® or
fess.

{0816} In some embodiments, the dosage form contains
about 10 mg/m?® to about 20 mg/m* based upon the body
surface area of the mammal.

{0617 Some embodiments inciude a method of relieving
inflammatory  pain  comprising  orally  administering
zoledronic scid to 8 mamimal in need thereof.

{0018] In some embodiments, about 300 mg/m? to about
600 mg/m” of zoledronic acid is administered per month,
based upon the body surface area of the mammal.

{6019} Insomeembodiments, sbout S0mg/m? 1o about 500
mp/m” of zoledronic acid is administered per month, based
upon the bedy surface area of the mammal.

BRIEF DESCRIPTION OF DRAWINGS

[0628] FIG. 1153 plot of pain compression thresholds ina
rat mnde} of inflaamatory pain using three different doses of
zoledronic acid. Measurements were taken at baseline (BL}
and at various time points after dosing on the days indicated.
[8621] FIG. 2A s 2 graph depicting reversal of arthritis pain
for two different doses of zoledronic acid in a rat modet of
arthritis pain.

{0822 FIG. 28 1s a graph depicting pain thresholds for two
different doses of zoledrouic acid in 3 rat model of arthritis
pain.

{8623} FIG. 5is 2 graph summarizing the resnlts for vehicle
and zoledronic acid treated rats in a rat mode! of complex
regional pain syadrome.

[9824] FIG. 4 depicts hindpaw pain thresholds for vehicle
and zoledronic acid treated rats in 3 rat mode] of complex
regional pam syndrome.

[D425] FIG. 5 depicts weight bearing for vehicle and
zoledronic acid treated rats in a rat model] of complex regional
pain syndrome,
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{6626] FIG. 6 depicts paw thickness change for vehicle and
zoledronic acid weated xats in a rat model of complex regionat
pain syndrome.

{8827} FIG. 7 depicts the agueous sohubility of disodium
zoledronate tetrahydrate as comparad to the diacid form of
zoledrorie acid,

{86281 FIG. § depicts the plasma concemmation of
zoledronic acid in dogs over time after administration of 150
g of the disodinr salt form of zoledronic acid and the diacid
form of zoledroxic acid.

[602%] FIG. 9 depicts thie compressibility of dosage forms
containing zoledronic actd in the disodivm salt form as com~
pared 1o the diacid form.

DETAILED DESCRIPTION

{8038] Bisphosphonate compounds such as pamidronate or
pamidronic acid, neridronate or neridronic acid, olpadronate
or clpadronic acid, alendronate or alendronic acid, incade-
onate or incacdonic acid, tbandropate or ibandronic acid,
risedronate or risedronic acid, zoledronate or zoledronic acid,
efidronate or etidronic acid, clodronate or clodronic acid,
tiludronate or tiludronic acid, ete., may beused for a number
of medical purposes, such as treatinent of undesirable condi-
tions or disesses, inchuding pain relief. This may be accom-
plished in many instances by administration of oral dosage
forms. Generally, an oral dosage form compnsing & bispho-
sphonate such as zoledronic acid is admiristered orally tc a
manimal, such as a human being, at least once, to treat a
isease or condition, or to relieve pan.
[6021] Theterm “ireating” or “treatment” broadly includes
any kind of treatiment activity, including the diaguosis, cure,
mitigation, or prevention of disease in wan or other animals,
or any activity that otherwise affects the structure or any
function of the body of man or other animals.
{6032} An oral dosage form of a bisphosphonste such as
zoledronic acid may be used to treat, or provide relief of, any
type of pain including, but not limited o, inflammatory paig,
arthritis pain, complex regional pain syndrome, fumbosacral
pain, nousculoskeletal pain, neuropathic pain, chronic pain,
cancer-related pain, acute pain, postoperative pain, ete. In
some insisnces, pain relief may be palliative, or pain refief
may be provided independent of tmproverment of the disease
or condition or the underlying cause of the disease or condi-
tion. For example, although the underdying disease may not
improve, Or iay continue to progress, anindividual suffering
from the disease may expertence pain relief. Insome embodi-
ments, enhanced bioavaiiability of the zoledrouic acid may be
achieved in treating one of these conditions by administering
a dosage form compising soledronic acid in the form of a
disodinmn salt. This may allow a reduced molar amount of the
disodiur salt to be used as compared o what would be used
wilk the diacid form.
{60331 Insome embodiments, the manmual being weated is
not suffering from bone metastasis. Tn some embodiments,
the mammal being wreated is not suffering from cancer. In
some embodiments, the mammal being treated is not suffer-
ing from osteoporosis.
[8834) For example, zoledronic acid or ancther bisphos-
phonate may be administered orally to relieve musculoskel-
etal pain inchuding tow back pain, and pain associated with
rheumatoid arthritis, juvenile rheumatoid arthritis, ostecar-
thritis, erosive ostecarthritis, sero-negative {(non-rheumatoid)
arthropathies, non-articular rhewraatism, peri-articnlar disor-
ders, axial spondyioarthritis inclading ankylosing spondyli-

3]
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s, Paget’s disease, fibrous dysplasia, SAPHO syndrome,
transient osteoarthritis of the bip, vertebral crush fracrures,
asteoporosis, ete. In some embodiments, enhanced bicavail-
ability of the zoledronic acid may be achieved intreating one
of these conditions by admivistering a dosage form compris-
ing zoledronic acid in the form of a disodinm salt. This may
allow a reduced molar amount of the disodium salt to be used
as compared to what would be used with the diacid form.

[6835]) Tn some embodiments, zoledrordc acid or another
bisphosphonate may be administered orally to relieve
nevropathic pain, including diabetic peripheral neuropathy,
post-herpetic newralgia, trigennnal nevralgia, monoradiculo-
pathies, phanion: limb pain, and central pain, Gther causes of
newropathic pain include cancer-related pain, Jumbar nerve
motcompression, spinal cord infury, post-stroke pain, central
muidtiple sclerosis pain, HiV-associsted neuropathy, and
radio-therapy or chemo-therapy associated nevropathy. In
some embodiments, ephanced Dbicavailability of the
zoledroric acid may be achieved in treating one of these
condifions by administering a dosage form comprising
zoledronic acid in the form of a disodiurn salt. This may allow
a reduced molar amount of the disodium salt to be used as
compared to what would be used with the diacid form.

{3036f In some embodiments, zoledronic acid or another
bisphosphonate may be administered orally o relieve inflam-
malory pain including musculoskeletal pain, arthritis paig,
and complex regional pain syndrome. In some embodiments,
ephanced bioavailability of the zoledropic acid may be
achieved i freating one of these conditions by administering
a dosage forma compusing zoledronic acid in the form of a
disodimm salt. This may allow a reduced molar amount of the
disodinm salt to be used as compared to what would be used
with the diacid form.

{6837} Examples of muscujoskeletal paininclude fow back
ain;, and pain dated with vertebral crush frachures,
fibrous dysplasia, osteogenests imperfecta, Paget’s disease of
bone, transient osteoporosis, and transient osteoporosts ofthe
hip.
{0038] Arthritis refers to inflamumatory joint diseases that
can be associated with pain. Examples of arthuitis pain
inchede pain sssociated with osteoarthritis, ergsive osteoar-
thritis, rheumatoid arthnitis, juvenile rheumatoid arthritis,
sero-negative {(non-theumatoid) arthropathies, non-articular
rhenmatism, peri-arficular disorders, neuropathic arthro-
paties including Charcot’s foot, axial spondyloarthriiis
e fuding ankylosing spondylitls, and SAPHO syndrome.

{063%] In some embodiments, a humean being that is treated
for arthritis by an oral dosage form of zoledrogic acid has an
age of about 10 years to about 90 years, about 20 yeass to
about & years, about 30 years to about 75 years old, about 40
years (3 about 7 years, about 1 year to sbout 16 years, or
aboui 8§ years 1o about 95 years.

{0844]  In some embodiments, a human being that is treated
for artiwitis by an oral dosage form of zoledronic acid has
suffered from the arthritis for at least 1 month, at least 2
months, af least § months, or at Jeast | year.

{08411 In some embodiments, the arthritis affects, a kaee,
an elbow, a wrist, 2 shoulder, or a hip.

{8842} In some embodiments, zoledronic acid or another
bisphosphonate may be administered orally to relieve com-
plex regiopal pain syndrome, such as complex regional pain
syndrome type 1 {CRPS-1}, complex regional pain syndrome
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type 11 (CRPS8-11), CRFS-NOS, or another type of CRPS.
CRPS is a type of inflammatory pain. CRPS can also have a
neuropathic component.

{8043} Complex regional pain syndiome is a debilitating
pain syndrome. It is characterized by severe pain in a hub
accompanied by edema, and antonomic, moter and sensory
changes.

[0044] Withrespecttouse of oral zoledronic acid for rebiev-
ing pain associated with an inflarmatory condition, velief of
paincan be shori-tenn, e.g. for a period of hours after admin-
istration of the dosage form, andfor relief of pain can be
Jong-termm, e.g. lasting for days, weeks, or even mouths after
oral administration of zoledronic acid. In some embodiments,
a mammal, sich as a human being, experiences significant
pain relief at Jeast about 3 howrs, at least about 6 bours, at least
about 12 hours, at least about 24 hours, at Jeast about 48 howrs,
at least about one week, at least about 2 weeks, or at least
about 3 weeks after administration of an oral dosage form
comprising zoledronic acid. In some embodiments, a mam-
mal, such as a human being, experiences significant pain
refief during at least part of the time from about 3 hours o
about 2 weeks, about 3 hours to aboul 3 weeks, about 3 hours
to about 24 hours, about 6 hours 10 about 2 weeks, or about 6
houys to about 24 hours, abowt 3 days to about 2 weeks, about
6 daysto about 2 weeks, afier administrationofanoral dosage
form comprising zoledronic acid.

{0045] With respect to the treatment of any condition
recited herein, in some enbodiments a first oral dosage form
comprising zoledronic acid is administered and a second oral
dosage form comprising oral zoledronic acidis administered.
Thetiming ofthe administation of the two dosage formas may
be such that, with respect o the fust oral dosage forw, the
second oral dosage with respect to the first oral dosage form,
the second oral dosage form is administered at 5xT,,.. or
greater {e.g, if T, ., 15 1 hour, at 5 hours or later), at least
10xT,, ., 0r greater, at least about 15xT,, . or greater, ai least
abowt 20T, or greater, at least about S0xT,, , or greater, or
atleastabout 200xT, , or greater, wherein T, isthetime of
maximum piasma concentration for the fvst oral dosage
{00456] Some ewmbodiments include trestwent of 2 cond-
tion recited herein, such as inflammatory padn, arthuitis, or
complexregionalpain syndrome; wherein thetreatment com-
prises either: administering only one dosage form 1o 2 mam-
mal totreat the condition, or administering a first dosage form
to the mammal, followed by administering a second dosage
form to the mammal. If two or more dosage forms are admin-
istered, the second cral dosage form is administered before
the maximum pain relieving effect of the first oral dosage
form 3s achieved, or before a peak in the paia relieving effect
of the first oral dosage form is experienced by a mammal,
receiving the dosage forma. In some embodiments, the second
oral dosage form is admimstered before an observable pain
reljeving effect is achieved. In some embodiments, the second
dosage form is administered about 12 hours to about 60 days,
about 24 howrs to about 28 days, about 24 hours to about 7
days, about 24 houts 1o about 14 days, or about 24 hours to
about 21 days, after the first dosage form is administered.
{9047 Some embodiments include ireatment of a condi-
tion. recited herein, such as inflapunatory pain, asthritis, or
complex regional pain syndrome, wherein the treatment com-
prises administering a first dosage form to the mammal, fol-
lowed by administering a second dosage form to the mammal,
wherein the second dosage form is administered after the
maximum pain relieving effect of the first oral dosage formis
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achieved, and the second oral dosage fomn is administered
while the mammal s 561} expertiencing pain refief from the
first oral dosage form, or while the pain relieving effect from
the first oral dosage form is observable. In some embodi-
ments, the second dosage form is administered about 12 hours
to about 60 days, about 24 hours to about 28 days, about 24
hours 1o about 7 days, about 24 hours to about 14 days, or
about 24 hours 10 about 21 days, after the first dosage form s
administered.

[0848] Zoledwonic acid or another bisphosphonate may
also be administered orafly 1o relieve cancer-related pain,
inchnding pain associated with multiple myeloma and bone
metastases from solid tumors. In some embodiments,
zoledronic acid is used to treal pain that is not cancer-related
pain. For exawple, zoledronic acid may be wsed to treat pain
ihatis not associated with musltiple myeloma, bone metastasis
from solid tamors, hypercalcemia of malignancy, giant cel}
tmor of bone, blood cancers or leukemias, or solid tumors or
cancers. In some embodiments, enhanced bicavailabifity of
the zoledronic ackd may be achieved in treating one of these
conditions by administering a dosage form comprising
zoledronic acidin the form of a disodium salt. This may allow
a reduced molar amount of the disodium sait 1o be used as
compared fo what would be used with the diacid form.
[8049] lIn addition to relieving pain, oral adiministration of
zoladronic acid or another bisphosphonate may also be useful
to {reat diseases or conditions that may or may not inchude a
pain component. For exawple, zoledronic acid or angther
bisphosphonate may be useful to treat any of the pain condi-
tious or types of conditions listed above, inchuding treatwent
that does not simply relieve the pain of those conditions, and
treatiment that is carried out in such a way that the condition s
treated without pain relief occurring. In addition to any pain
relief zoledronic acid or another bisphosphonate way or may
not provide, zoledronic acid or another bisphosphonates may
be used 10 freat a disesse or condition such as a metabolic
disease or condition; an inflaramatery disease or condition,
including an inflammatory disease or condition that is not
associated with pain; a cancer disease or condition; a neuro-
logical disease or condition; ete. In some ambodiments,
enhanced bioavailability of the zoledronic acid may be

- achieved in treating one of these conditions by administering

a dosage form comyprising zoledronic acid in the form of a
disodivem salt. This may aliow areduced molar amount ofthe
disodium salt 1o be nsed as compared to what would be used
with the diacid form.

[0058] In some embodiments, oral adwinistration of
zoledronic acid or another bisphosphonate may also be useful
to treat cowplex regional pain syndrome, rhemmatoid arthg-
tis, ostecarthritis, erosive ostecarthuritis, axial spondyloarthei-
tis including ankylosing spondylitis, acute vertebral crush
fractare, fibrous dysplasia, SAPHO syndrome, osteoporosis,
transient 0steoporosis, or transient osteoporosis of the hip. In
some embodiments, enhanced bioavailabiiity of the
zoledronic acid may be achieved in treating one of these
conditions by administering a dosage form comprising
zoledronic acid inthe form of a disodimmsalt. This may aliow
a reduced mofar amount of the disodium salt 1o be used as
compared 1o what would be used with the diacid form.
[8053] In some ewbodiments, oral adnmunistration of
zoledronic acid or another bisphosphonate may also be nseful
to freat hypercalcemia of malignancy, muliiple myeloma,
bone metastases from solid tumors, Paget’s disease of bone,
giaut cell tumor of bone, biood cancers or leukemies, or solid
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tumors or cancers. In some embodiments, enhanced binavail-
ability of the zoledronic acid may be achieved in treating one
of these conditions by administering a dosage form compris-
ing zeledronic acid in the form of a disodivm sait. This may
allow areduced molar amount of the disodivm salt to be used
as ceanpared 1o what would be used with the diacid form.
[0052)  Zoledronic acid has the structure shown below, and
is also referred to as zoledronate.

)
— llon
N} \w Nom
N 0K
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o

Zoledronic acid

{6053}  Unless otherwise indicated, any reference to a com-
pound herein, such as zoledronic acid, by structure, name, or
any other means, includes pharmacentically acceptable salts,
such as the disodimm sait; alternate solid forms, suchas poly-
morphs, solvates, hydrates, etc.; tastowmers; or any other
chenncal species that may repidly convert to a compound
deseribed herein under conditions in which the compounds
are used as described herein,

{#054] In some embodiments, zoledronic acid is aduinis-
teredin a dosage form comprising a salt form, such as a salt of
a diasion of zoledromic acid In some embodiments,
zoledronic acid is adroinistered in a dosage form corprising
a disodium salt fomm of zoledronic acid. In some ewbodi-
ments, zoledronic acid Is administerad in a sodium salt form,
such as & monosodim salt, a disodium salt, a trisodium salt,
etc. In some circumstances, use of the disoding salt may be
desirable. For example, the disodium salt is much more
soluble in water than the diacid form. As a result, in some
processes, the disodinm salt can be easier to work with than
the diacid form. Additionally, the sodium salt may be more
bicavailable and/or move rapidly absorbed when taken orally
as compared to the diacid form.

{0855} - The oral bioavailability of zoledromicacid may be
enhanced by orally adwinistering the zoledronic acid in the
disodium salt form. For example, the bioavailability of
zoledronic acid may be mproved by at Jeast about 10%, at
least about 20%, at least about 30%, at least about 50%,
and/or up to abowt 100%, or up to about 200%, as compared
to administration of zoledronic acid in the diacid form.
{8056} Because of the bmproved bioavailability of the diso-
diumn salt a dosage form may contain, or a mammal, such as a
human being, may receive, on a molar basts, less of the
disodium salt form of zoledronic acid than would otherwise
be administered of the dacid form of zoledronic acid. For
example, a dosage form may contain, or 3 mamma] may
receive, at least abowt 10 mole % less, at least about 20 mole
% less, at least about 40 mole % Jess, atleast about 50 mole %
iess, and/for up to about 80 mole % less or 95 mole % less, of
the disodinm salt form as compared the amount of the diacid
form of zoledvonic acid that wonld otherwise be adminis-
tered, such as a molar amount that would be administered of
zoledronic acid in the diacid form in order to achieve the same
plasma levels of zoledronic acid.

{0057} Insome embodiraents, a dosage form coutains, or 2
mammal (such as a human being) is adnunistered, aa amount
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of the disodnum salt form, o a molar basis, thathas a value of
about 8.8n, 1o about 1.2n, or about §.90, to about 1.in,,
wherein:

g (b))

wherein b is the bioavailahility of the diacid form, b, is the
bivavailability of the discdium salt form, andn, 13 the niunber
of moles of the diacid that would be administered in a dosage
form containing the diacid form of zoledronic acid For
example, if the diacid form has a bicavailability (b,) of 3.1
and the disodium salt fonm has a bioavailabity (b)) of 0.015,
and adosage form would nonnally contain 0,001 moles ofthe
diacid, n, would be (0.01/0.015)0.001 woles), or about
.00067 moles. In some embodiments, the disodium salt is
administered in an amount that has a value of about n .
{6058] With respect to oral dosage forms cowprising a
reduced molar amount of the disodium sait of zoledronic acid
as compared fo the diacid form of zoledronic acid, in some
embodiments, the bivavailability of the zoledronic acidin the
disodium salt form is sufficiently high that, if the dmyg is
administered to a mammal, at Jeast as much zoledronic acidis
present in the biood of the mamumal as would be present if
zoledronic acid were administered in the diacid form.
{80591 With respect to oral dosage forms comprising the
disodinm salt form of zoledronic acid, in some embodiments,
the disedium sait form Is present in a lower molar amount
than would be present if the zoledronic acid were in the dacid
form; and the zoledronic acid in the disodinm sakt form has an
improved bivavailability as compared to the zoledrome acid
in the dhacid form to the extent that the lower molar amount of
the disodium salt in the dosage form does not reduce the
amount of zoledsonic acid delivered to the plasma of a mam-
mal.

{6860] In scme embodiments, the zoledronic acid in the
disodium sait form is present in an amount such that the oral
dosage form provides an area under the plasma concentration
curve of zoledronic acid of abont 4 ng-h/ml to about 2000
ng-himi, to the mammal each time the zoledronic acid in the
disodinm sait s administered.

60611 In some embodiments, the zoledronic acid in the
disodinn salt form is present in. an amount such that the oral

-dosage form provides anarea under the plasma concentration

curve of zoledronic acid of about 100 ng-h/mb, to about 2600
gk, about 100 ngh/ml to about 1000 ng-h/ml., about
300 pg-b/ml to sbout 1600 ng-b/mL, orabout 500 ng-h/mlto
about 700 ng-b/ml. in the mamrmal to which the dosage form
is administered. This amount may be suitable for administra-
tion of the oral dosage form about every 3 to 4 weeks.
[0062] In some embodiments, the zoledronic acid in the
disodium salt form is present W an amount such that the oral
dosage form provides an area under the plasma concentration
curve of zoledronic acid of about 20 ngWmk. to about 700
ngh/mi, about 50 ng-h/ml to about 500 agh/ml, or about
100 ng-Wmi. to about 200 ng-h/mi, in the mammal to which
the dosage form is administered. This amount reay be suitable
for weekly adminisiration of the oral dosage, or for adminis-
wation of 3 to 5 individual dosages dusing & month. The
incividual dosages could be given at vegular intesvals, given
during the first week, or at any other schedule that provides 3
10 5 dosages during the month. Weekly

[8083] In some embndiments, the zoledronic acid in the
disodium salt form is present in an amount such that the oral
dosage form provides an ares uader the plasma concentration
curve of zoledronic acid of about 4 ngh/ml. to abowt 100
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ngh/ml, sbout 10 nglvml., to about 58 ng-h/ml, or about 10
ngh/ml to about 30 pp-b/ml, in the mammat to which the
dosage form is adwministered. This amount may be suttable for
daily administration of the oral dosage form.

{8864} Oral administration of zoledronic acid, particularly
oral adminstration of the disodrurs sait form of zoledronic
acid, can resuli in move sustained plasma levels of the drug as
compared to parenteral modes of adwinistration, such intra-
venous or subcuiameous. For example, the amount of
zoledronic acid in the plasma can be sigoificantly higher for
ora administration of the disodium salt about 24 hours or 48
hours, or longer, after administration. In some embodiments,
oral roledronic acid bas a 24 hour sustained plasma level
factor of about 1 or higher, suchas about 1 to about 10, about
110 about 8, about 3 to about 5, or about 3 to about 4. In some
embodiments, an orally adwinistered dosage form of
zojedronic acid has 2 24 hour sustained plasma level factor or
a 48 hour sustained plasina level factor thatis higher, such as
atleast 1.2 times, at least about 2 times, at least about 5 times,
mes to about 20 times, about 2 times to about 5
times, about 5 times t¢ abgul 10 times, or about & o about 15
times that of intravencusly adminisiered zoledronic acid. A
' “sustained plasma level factor,” p, is determined by the equa-
fiom

271000(C/Ch )

wherety C,, .. is the maximum plasma concentration of
zojedronic acid after it is administered and C, is the plasma
concentration of zoledromic acid at the time of interest, such
as 24 hours. For parenteral administation, the C,, can be
about the C,, or the concentration right after injection of the
eutire amount of the drug o the body. Susiained plasma
level factors can also be obiained for other times, such as 48
hours, by using the plasma concentration of zoledropic acid
for C, n the equation above. For example, if the maxingum
plasma level of zoledronic acid after administration is 1600
ng/ml. and the plasma level of zoledronic acid at 24 houss is
1 ng/ml, the 24 hour sustained plasma level factor is 1.

{8665] 1o some embodiments, the disedium saft form of
zoledronic acid provides an enhancement to bioavailability,
ascompared to the diacid form of zoledronic acid, which adds
to any ephancement to-bioavailability_provided by any bio-

availability-enhancing-ageuats-in the dosage-form: In-some

embodiments, the disodium salt form of 20ledronic acid pro-
vides an exhancement to bioavailability, as compared to the
diacid form of zoledronic acid, which is greater than any
enhancement to bioavailability provided by any bioavailabil-
ity-enhancing agents in the dosage form. In some embodi-
menis, the disodium salt form of zoledronic acid may be
admimstered in a dosage form that is substantially free of
bioavailabilitv-enhancing agents.

{8066} In some embodiments, 3 dosage form comprising 4
disodivm salt of zoledronic acid is a solid.

{0867} 1o some ewbodiments, a dosage form comprising a
disodium sajt of zoledronic acid 1s wsed fo treat an inflatama-
tory condition.

16868} 1o some embodiments, 2 dosage form comprising a2
disodivm salt of 2oledronic acid is used to treat arthritis.
[8869] Tn some embodiments, 2 dosage form comprising a
disedivm salt of zoledronic acid s used 1o treat complex
regional pain syndrome.

[8870] In some embodiments, zoledronic acid is in a form
that has an agusous solubility, meaning the solubility in
water, greater than 1% (w/v), about 5% {w/v} to about 50%
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{wiv), about 5% {w/v) 10 about 20% {w/v}, about 10% (w/v)
to about 15% (w/v), or about 12% (w/v) to about 13% (w/v).
{#071] The disodivm salt form of zoledronic acid can be
more compressible than the diacid form of zoledvonic acid.
This can make it easier for 3 dosage form to have a desived
barduess. It can also make it easier 10 increase the drug load,
so that a smaller ablet can be given for a given dosage
streppth. In some embodiments, a solid dosage form of
zoledronic acid, such as the diacid form of zoledronic acid or
the disodium salt formof zoledronic acid, can have ahardoess
ofabout 5kPa to about 20kPa or about 5 kPatoabout 14 kPa.
f0672] Zoledrenic acid or another bisphosphenate may be
combined with a pharmaceutical carrier sefected on the basis
of the chosen route of administration and standard pbarma-
ceutical practice as described, for example, in Remington’s
Pharmaceutical Sciences, 2005, the disclosure of which 1s
hereby incorporated hersin by reference, 1n its entivety. The
refative proportions of active mgredient and carrier may be
determined, for example, by the sohubility and chemical
nature of the compounds, chosen route of administration and
standard pharmaceutical practice.

{0073]  Zoledronic acid or apother bisphosphonate may be
administered by any meaus that may result m the confact of
the active agent(s) with the desired sile or site(s) of actionin
the body of 2 patient. The compounds may be administered by
any conveational means available for use in conjunction with
pharmacenticals, either as individual therapeutic agents orin
a combination of therapentic agents. For example, they may
be administered as the sole active agenis in a pharmaceutical
composition, or they can be used in combination with other
therapeutically active ingredients.

{8674] Zoledronic acid or ancther hisphosphonate may be
administered to a human patient in a variety of forms adapted
to the chosen route of administration, e.g., orally, rectally, or
parenterally. Parenteral adwministration in this respect
inchudes, butis not limited to, administration by the folowing
routes: pulmonary, 1ntrathecal, intravenous, intramuscular,
subcutanecus, intvancular, intrasynovial, transepithelial
inchuding transdermal, sublingual and buccal; topically; nasal
inhalation via insufliation; and rectal systemic.

188751  The elffective amount of zoledronic acid or another
bisphosphonate- will- vary depending on -various factors
kanown 1o the treating physicians, such as the severity of the
condition 1o be ireated, route of administration, formulation
and dosage forms, physical characteristics of the bisphospho-
nate compound used, and age, weight and response of the
individual patienis.

f3876] The amcunt of zoledronic acid or another bisphos-
phopate in a therapeutic compesition may vary. For example,
some liquid compositions may comprise about 0.0001%
{(w/v) to sbout 50% (wiv}, about $.01% {(w/v) to about 20%
{wiv), about 0.01% to about 10% {(w/v), about 0.001% (w/v)
to about 1% (w/v), about 0.1% (w/iv} to about $.5% {w/v},
about 19 (w/v) to about 3% (w/v), about 3% {w/iv) to about
5% (wiv), about 5% {w/iv) to about 7% {w/v), about 7% (wiv)
to about 10% (w/v), about 16% {w/v) to about 15% (wiv),
about 15% (w/v) to about 20% (w/v), about 20% (w/v) to
about 30% {w/v), about 20% {w/v) to abowt 40% (w/v), or
about 40% {(w/v) to abowt 5% (w/v} of zoledronic acid.
{077] Scme solid compositions may comprise at Jeast
about 5% (wiw), at least about 10%% (wiw), at least about 20%
{wiw), ai least about 50% (w/w), at least about 70% (wiw), 8t
Jeast about 80%, about 10% {wiw) to about 30% {w/w), about
10% {wiw) to about 20% {w/w}, about 20% {w/w) to about
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30% (wiw), about 30% {w/w) o about 50% (w/w}, about 30%
{wiw) to about 40% (w/w), about 40% (w/w) to about 50%
(wiw), about 50% (w/w) 1o about 80% (w/w), about 50%
(wiw) to about 60% (w/w), about 70% (wiw) o about 75%
(wiw), about 70% (w/w) to about 80% {wiw), or about 80%
{wiw) to about 90% (wiw) of zoledronic acid.

{0678] Acny suitable amount of znledronic acid may be
used. Some solid or liquid oral dosage forms, or units of oral
dosage forms {reforred to collectively herein as “oval dosage
form{s}”) may contain aboui 0.005 mg to about 20 mg, about
0.1 mgio about 10 myg, sbout 1.5 mgto about 10mg, about 1.2
mg toabont 5 mg, about 1 mg to about 5 my; about 1 mgw
about 50 mg, about 10 mg to shout 250 myg, abowt 100 mg to
about 300 mg, about 20 myg to about 200 myg, about 20 mg to
about 150 mg, about 30 mg to about 100 mg, about 1 mg to
about 1,000 mg, about 10 mg 1o about 50 mg, about 10 mg to
about 300 myg, about 10 mgto about 150 mg, about 10 mg to
about 100 mg, about 40 mg to about 150 me, about 10 mg to
about 600 mg, about 40 mg to about 64} mg, about 40 mg to
about 2000 mg, about 40 mg to about 800 mg, about 25 mg to
about 800 mg, about 30 mg to about SO0 myg, about 10 mg to
about 500 mg, about 50 mg o about 150 mg, aboui 50 mg,
about 100 mg abowt 50mg to about 500 mg, about 180 mg to
about 2000 mg, about 300 mg to about 1580 mg, about 2{0
mg to about 1000 mg, about 100 mg to about SO0 my, or about
150 mg of zoledronic acid, or any amount of zoledronic ina
range bounded by, or between, any of these values. In some
entbodirnents, the oral zoledronic acid is administered daily,
weekly, monthly, every two or three months, once 2 year, or
twice a year,

{6079} In sowe ewbodiments, an oral dosage form may
contain about 10 mg/m” to about 20 mg/m?, about 15 mg/m?
to about 20 mg/m”, about 18 mg/m?, about 80 mg/m” to about
150 mgy/m?, about 50 mg/m® to about 150 mg/m®, about 100
g/t to about 150 rg/m? of zoledromic acid, or any amount
of zoledronic in a range bounded by, or between, any of these
vaines. All dosage ranges or amonnts expressed in mg/m” are
based upon the body surface area of the mamwmal.

{0080} In some embodiments the daily oral dose of
zoledrogic acid is about $.005 myg o about 20 my, about 0.1

mg to about 10 mg, about 0.5 mg to about 10 mg, about 8.2 myg
to about S_mg, or.any amoeunt of zoledronic acid o a:range
bounded by, or between, any of these values. In some embodi-
ments, the daily oral dose of zoledrogic acid 1s less than about
35 mg/m?, less than about 30 mg/m®, less than about 25
mg/m?, about 1 mg/m® to about 35 mg/m?, about 1 mg/m® to
about 30 mg/m®, about 1.5 mg/m? to about 25 mg/m®, about
1.8 mg/m? to about 20 mg/m?®, about 10 mp/m? to aboui 20
mg/ur®, abowut 10 mg/m? to about 30 mg/w?, about 15 mpfm®
i aboul 20 mg/m’, about 18 mg/m®, or any amount of
zoledronic acid in a range bounded by, or between, any of
these values.

{8681 In some embodiments the weekly or dose of
zoledronic add is abowt 1 myg to about 1000 mg, about I mgto
about 500mg, about 10mg to about 250 mg, about 1 mgto
about 33 mg, about 10 mg o about 100 myg, about I0mgin
about 150 mg, about 10 mgio about 180 mg, about 10 mg o

about 300 mg, abowt 20 mg to about 150 mg, or about 30 mg
1o abont 100 myg. In some embodiments, the weekly oral dose
of zoledronic acid s less than about 250 mg/m?, Jess than
about 200 mg/m®, less than about 175 mp/m®, about 6 mg/m”
1o abowt 25¢ mg/m?, about 10 mg/m? to about 210 my/m”,
about 10 mg/m® to about 170 mg/m?, about 4 mg/m? ro about
140 mg/m?, about 100 mg/m” to about 140 mg/m?, about 126
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mg/n’, ot any amount of zoledromic acid in a range bounded
by, or between, any of these values. The weekly oral dose may
be given as a single dose, given once during the week, or may
begivenin2,3,4, 5, 6, or 7 individual doses during the week.
{6082] In some embodiments, the wmonthly dose of
zoledronic acid, or the amoumt of zoledronic acid that is
administered over a period of a month, is about 5000 my or
less, about 4000 mg or less, about 3000 mg or less, about 2000
wmgor less, about 1000 mg or less, about 700 mgor less, about
&K} mg or less, about 1 mg to about 4,000 mg, about 1 mgio
about 1,008 my; about 10 mg w0 about 1600 mg, about 50 mg
to abowt 1000 mg, aboui 10 mg to abou 600 mg, abowt 40 mg
to about 600 mg, about 50 mg to about 600 mg, or about 100
mg to abount 600 mg, about 40 myg to about 2(¥K} mg, about 40
mg 1o about 800 mg_ about 50 mg to about 800 mg, or about
100 my to about 800 mg, about 40 mg to about 1000 my,
about 50 mg to about 1000 mg, or about 100 mg to about 1000
mg, or any monthly dose in a range bounded by, or between,
any of these values. In some embodiments, the monthly oral
dose of zoledronic acid is less than about 1000 mg/m?, less
than about 800 mg/m?, less than about 600 mg/m*, about 10
mg/m* to about 1000 mg/m?, about 50 mg/m” to about 860
mg/m?, about 70 mp/m” to about 700 mg/m®, about 160
mg/m? 1o about 700 mpfm?, about 100 mg/m?® to about 600
mg/m?, about 50 myg/m® to sbouwt 200 mg/m®, about 300
mg/n 1o about 600 mg/m”, about 450 mg/m? to about 6
my/m”, about 300 mg/m® to about 1000 mg/m?, about 400
mg/m? to about 1 000 mp/m”, about 500 mg/m? to about 100
mg/m*, about 400 mg/m® o about 700 mg/m?, abowut 300
mg/m® 1o about 608 mg/m?, about 540 mg/m®, or any amount
of zoledronic acid in a range bounded by, or between, any of
these values. A mouthly dose may be given as & single dose,
or as two or more individual doses administered during the
month. In some embodimenis, the monthly dose is adminis-
tered in 2 or 3 weekly doses. In some embodiments, the
menthly dose is administered in 4 or 5 weekly doses. Insome
embodiments, the monthly dose is administered 1 28 1o 31

daily doses. In some embodiments, the monthly dose is
adrainistered in 5 to 10 individual doses during the month
The monihly dose may be administered for only 1 month, or
may be repeatedly administered for 2 or more months.

- {8883} The cral-zoledronic acid; or disodium-salt thereof;

may be administered in combination with aboui 0.1 mg to
about 10 mg of zoledronic acid, or asalt theyeof, administered
parenierally, such as intravepously. In some embodiments,
about 50wy, about 100 mg, or about 150 mg of the disodium
salt of zoledronic acid is administered orally in combination
with 1 mg parenteral, such as intravenous, zoledronic acid. In
some embodiments the parenteral dose of zoledronic acid is
about 0.25 mg to about 25 mg, about 8.2 myg to about 10 mg,
orabout 0.5 mg to about 7.5 mg.

{0684} With respect to oral admumistration of zoledronic
acid, or ancther bisphosphonate, for the reatment of pain
associated with inflammation, arthritis, CRPS, or any other
condition recited herein, it may belpful if the mammal or
human being to which the zoledronic acid is administered
does not eat food or drink beverage, (other than any water
required to swallow the oral dosage form) for at feast about 1
hour, at least abowt 2 howrs, at least about 4 hours, at least
about 6 hours, at least about 8 hours, at least about 10 hours,
or at least about 12 hours before the zoledronic acid is admin-
istered. 1t may also be helpfl if the mammal or bumen being
to which the zoledronic acid 1s administered does not eat food
or drink beverage for at jeast about 30 minutes, at least about
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1 hour, at Jeast abont 2 hours, at least about 3 bowrs, or at least
sbout 4 houss after the zoledromc acid is admmistered. In
some embodiments, & human being to which the zeledronic
acid is admintstered avoids Iying down, or remains upright or
sits upright, for at Jeast about 30 minutes or ahout 1 hour after
receiving a dosage form containing zoledronic acid. Avoiding
food or beverage before or after oral administration of
zoledronic acid can improve the Moavalgbility of the
zoledronic acid.

{0885} The oral bicavailability of zoledronic acid in a dos-
age form can vary. Some dosage forms may have ingredients
added {o enhance the bioavailability. However, bioavailabil-
ity enhancement is not pecessary foranoral dosage forrn to be
effective. In some embodiments, the dosage form is substan-
tially free of bicavailability-enhancing agenfs. In some
embodiments, anoral dosage form may havean oral bicava-
ahility of zoledronic acid of about $.01 % to about 10%, about
$.1% to abowut 7%, about {1.1% io about 5%, etc. Without
ingredients or other methods to enhance bioavailability,
zoledronic scid typically has a Jow bioavailability in an oral
dosage form. o some embodiments, the oral boavailability
of zoledronic acid is unenbapced or substanfially unen-
hanced. For example, the ora} bicavailability of zoledronic
acid can be about £.01% 1o about 5%, about $.01% to about
4%, about 0.1% to about 3%, about 0.1% to about 2%, about
{.2% to about 2%, about 0.2% to about 1.5%, about 8.3% to
about [.5%, about {1.3% to about 1%, about 0.1% to sbout
0.5%, about 0.3% to aboul 0.5%, about 0.5% to about 1%,
about 0.6% 1o about 0.7%, about 0.7% to about $.83%, about
$.8% to about 0.9%, about 0.9%, about 1% to about 1.1%,
about 1.1% to about 1.2%, about 1.2% to about 1 3%, about
1.3%% (o about 1.4%, about 1.4% 1o ahout 1.5%, about 1.5% fo
about 1.6%, about 1.6% 1o about 1.8%, or about §.8% to about
2.

{0086} One embodiment is a phanuaceutical composition
comprising zoledrome acid wherein the oral bioavailability of
zoledronie acid in the dosage form is from about 0.01% o
about 10%.

f6887] In some embodiments, the oral bioavailability of
zoledronie acid in the dosage form is about 0.41% to about
590,

[0088} In some embodimenis-the oral-hvavatlability of-

zoledronie add in the-dosage formvis abom 8. 1% to about 7%
f6089] In some embodiments, the oral bioavailability of
zoledronie acid i the dosage form is about 0.1%to about $%.
16094}  In some embodiments, the oral bivavailability of
zoledronic acid in the dosage form is shout 0.1% to sbout 3%,
f0091} In some embodiments, the oral boavadability of
zoledronic add in the dosage formuis about 0.1 % to about 2%.
{00921 1In some embodiments, the oral broawaiability of
zoledronic acid in the dosage form s about 0.2% to about 2%,
{80931 1o some embodiments, the oral boavailability of
zoledronic acid in the dosage form is about 0.2% to about
1.5%.

{80%4] 1In some embodiments, the oral bioavailability of
zoledronic add in the dosage form is about 0.3% to about
1.5%.

{#995] In some embodiments, the oral binavailability of
zoledronic acid in the dosage form is ahout 0.3% to about
1.0%.

{#0%96]  In some embodiments, an oral dosage form com-
prises about 10 mg 1o about 300 myg of zolodronic acid, and is
administered daily for about 2 to about 15 conpsecutive days.
This regimen may be repeated once monthly, once every two
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months, once every three months, once every four months,
once every five mornths, once every six months, once yearly,
Or Once every two years.

8897} In some embodiments, an cral dosage form com-
prises about 10 mg to about 150 mg or about 10 mg to about
100 mg of zoledronic acid, and is administered daily for about
2 to about 1S consecutive days. This regimen may be repeated
cnce monthly, once every two months, once every three
mounths, once every four mouths, once every five months,
ouce every six monihs, once yearly, or once every two years.
{B698) In some embodiments, an oral dosage form com-
prises about 10 myg to about 150 mg orabout 10 mg to about
100 mg ofzoledronic acid, andis administered daily for about
5to about 10 consecutive days. This regimen may be repeated
once monthly, once every two months, once every three
months, once every four months, once every five months,
once every six months, once yearly, or once every fwo years.
{009%] Iu some embodiments, an oral dosage form com-
prises about 40 myg to about 150 myg of zoledronic acid, and is
adminisiered daily for about 5 to about 10 consecutive days.
This regimen may be repeated once monthly, once every two
wmonths, once every three months, oncs every four months,
once avery five months, once every siz months, once yearly,
or onee every tWo years,

(01081 Inseme embodiments, the oral zoledronic acid may
be adeinistered as one dose of about 100 wmyg to about 2000
mg. In some embodiments, the oral zoledronic acid may be
administered as one dose of about 308 myg to about 1500 mg,
In some embodiments, the oral zoledronic acid may be
administered as one doge of about 200 mg to about 1000 mg.
The dose of zoledronic acid may be aduinistered in a single
or divided dose.

9101] Foledronic acid may be formulated for oral admin-
istration, for example, with an inest diluent or with an edible
carrier, or it may be epclosed in hard or soft shelf gelatin
capsules, compressed into iablets, or incorperated directly
with the food of the diet. For oral therapeutic administration,
the active compound may be incorporated with an excipient
apd used jn the form of lagestible tablets, buccal tablets,
coated tablets, roches, capsules, ehixirs, dispersions, suspen-
sions, solutions, syrups, wafers, patches, and the like,
18162] - Tablets; troches; pills, capsules and the like may also
contain one ormore of the following: 2 binder such as gum
tragacanth, acacia, corn starch or gelatin; an excipient, such
as dicalcium phosphate; a disintegrating sgent such as com
starch, potato starch, alginic acid and the like; a Inbricant such
as magnesinw stearate; a sweetening agent such as sucrose,
isctose or saccharin; or a flavoring agent such as pepperinint,
01l of winlergreen or cherry flavoring. When the unit dosage
form is 4 capsule, it may contain, in addition o matesials of
the above type, a liguid carrier. Various other matetials may
be present as coating, for instance, tablets, pills, or capsules
may be coated with shellac, sugar or both. A gyrup or elixir
may contain the active componad, sucrese as a sweetening
agent, methyl and propylparabens as preservatives, a dye and
flavoring, such as cherty or orange flavor. It may be desirable
for material in a dosage form or pharmaceutical composition
10 be pharmaceutically pure and substantially nontoxic inthe
amounts ewployed.

{8143} Some compositions or dosage forms may be a lg-
mid, or may comprise a solid phase dispersed in a lignid.
[#104} Zoledronic acid may be formulated for parental or
intraperitoneal administration. Solutions of the active com-
pounds as free acids or phaumacologically acceptable salts
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can be prepared in water suitably mixed with & surfaciant,
such as bydroxypropylicellnlose. A dispersion can also have
an oil dispersed within, or dispersed in, giycerol, liquid poly-
ethylene glycols, and rixtures thereof. Under ordinary con-
ditions of storage and use, these preparations may contain a
preservative to prevent the growih of microorganisms.
{0105] - In some embodiments, an oral dosage form may
comprise a silicified microsrystalline celinlose such as Pro-
solv. For example, about 20% (wt'wt) to about 70% (we'wi),
about 10% (wit/wt) to about 20% (wiiwt), about 20% (wi/wi)
o about 40% (wi/wt), about 25% (wt/wt) to about 30% {(wi/
wt}, about 40% {wi/wt) to about 0% (wifwt), or about 43%
{wt/wt) to about 50% (wt/wt) silicified nmrevocrystalline cet-
fulose may be present in an cral dosage form or a it of an
oral dosage form.

{0166] In some embodiments, an oral dosage form may
comprise a crosshoked polyvinylpyrroidone such as
crospovidone. For example, abount 1% {(wt/wt) to abont 10%
{wifwt}, shout 1% (wt/wt) to about 5% (wt/wt), or about 1%
{wifwt) 10 about 3% (wtwi) crosstinked polyvinylpyrroli-
donz may be present in an oral dosage form or a unit of an oral
dosage form.

{6107} In some embodiments, an oral dosage form may
comprise a fumed silica such as Aerosil. For example, about
0.1% {wit/wt) to about 10% (wt/wi), about .1% (wtiwt) to
about 1% (wi/wt), or about 3.4% (wt/wt) to about 8.6% (wi/
wt} fumed sitica may be present in an oral dosage form or 2
ueit of an oral dosage form.

[0168] In some embodiments, an oral dosage form may
coraprise maguesium stearaie. For example, about 8.1% (wi/
wit} to about 16% {(wthwt), about $.1% {wi/wt) to shount 1%
{wifwt), or about $.4% (wt/wi) to about 0.6% (wi/wi) mag-
nesinm stearate may be present in an oral dosage form or a
unit of an oral dosage form.

[6E08]  An or dosage form comprising zoledrouic acid or
another bisphosphonate may be inchided in a plarmacentical
product comprising more thanone nait of the or dosage form.
{0116] A pharmacentical product containing oral dosage
forvas for daily use can contain 28, 29, 30, or 31 units of the
oral dosage form for a monthly supply. An approximately 6
week daily supply can contain 40 to 45 units of the oral
dosage form. An approximately 3 monthydatly supply-can.
contain 85 to 95 units of the oral dosage form. An approxi-
mately six-month daily supply can contain 170 to 200 units of
the oral dosage form. An approximately one year daily supply
can contain 350 io 384 units of the oral dosage form.

f0131] A pharmaceuntical product containing omi dosage
forms for weekly use can contain 4 or 5 wmts of the oral
dosage form for a monthly supply. An approximately 2 month
waekly supply can contain & or 9 units of the oral dosage
form. An approximately 6 week weekly supply can contain
abont 6 units of the oral dosage form. An approximately 3
month weekly supply cancontain 12, 13 or i 4 enits of the oral
dosage forme. An approximately six-month weekly supply can
contain 22 to 30 nmts of the ora} dosage form. An approxi-
mately one year weekly supply can contain 45 to 60 units of
the oral dosage form. :

f0112] A pharmacentical product may accommaodate other
dosing regimes. For example, a pharmacentical product may
comprise 5 to 10 units of the oral dosage form, wherein each
unit of the oral dosage form coniatns abont 40 myg o abont
150 mg of zoledronic acid. Some phammaceutical products
may comprise 1 1o 10 uniis of the oral dosage form, wherein
the product contains about 200 myg to about 2000 mg of
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zoledronic acid. For such a product, each unit of the oral
dosage form may be taken daily for 1 to 10 days or 5 to 10
days during @ month, such as at the beginning of a month.
{6113} Some oral dosage forms corprising zoledronic acid
or a sall thersof may have enteric coatings or film coatings.
[0134] Inthe examples below, zoledronic acid was admin-
istered in the disodium salt form as disodium zoledwnate
tetrabiydrate. No bicavailability enhancing agents were used
n the test compositions.

Example |

Hifect of Orally Adwministered Zoledronic Acid in
Rat Mode! of Inflammatory Pain

Method:

f0115]  The effect of orally administered zoledronic acid on
inflammaiory pain was examined using the rai complete Fre-
nnd’s adjuvant {CFA) model. Inflammatory pain was mduced
by injection of 100% CFA ina 75 pl volume into the left hind
paws of Sprague-Dawley vats on day O, followed by assess-
mexts on days 1-3. Antmals were orally administered vehicle
{control), zoledsonic acid 18 me/m” {or 3 mp/kg), zoledronic
acid 120 mg/m? (or 20 mg/kg), or zoledronic acid 904 me/An®
{or 150 mgkg) daily on days 1-3. Dug was dissolved in
distilled water and prepared {resh daily. Animals were fasted
prior to dosing. Under current FDA guidelines for extrapo-
iating starting dosages fiom animgals to humans, dosages
expressed in mg/m” are considered equivalent between mam-
walian species. Thus, for example, 18 mg/m? in a rat is con-
sidered equivalent to 18 mg/te® in & human being, while 3
mg/kg in a vat may not be equivalent to 3 mg/kg in a homan
being,

{0116] Values for inflammatory pain {mechanical hyperal-
gesia) in the vehicle and drug-treated animals were obiained
on day O prior to CPA injection, and at baseline and post-
freatraent on days 1-3. Pain was assessed using a digital
Randail-Selitto device (dRS; UTC Life Sciences, Woodland
Hills, Calif). Animals were placed in & restraint sling that
suspended the animal, Jeaving the hind limbs available for
testing. Paw compression threshold was measured by apply-

‘g increasing pressureto the plantar surface of the hind paw

with 2 dome-shaped tip placed between the 3rd and 4th meia-
tarsus. Pressure was applied gradually over approximately 10
seconds. Measurements were taken from the first observed
nocifensive bebavior of vocalization, struggle or withdrawal.
A cut-off value of 300 g was nsed to prevent injury fo the
amnal.

f01417] Reversal of inflanunatory pain was calculated
according to the formula;

% meversal=(Post-treatmy
CFA bascline~Post-

Post-Cla bassliney/{Pra-
A haseling)x100.

{0138] The experiment was carried out usiag 9-10 animals
per gronp.

Results:

{0119]  Oral administration of zoledronic acid significantly
improved inflammatory pain thresholds compared w vehicle.
Pain threshold measurements taken ai various times are
shown i FIG. 1. Paw compression thresholds in the 18
mg/m® group were higher than for vehicle during the entire
measurement petiod after 30 minutes from the start of treat-
ment. On day three, paw compression thresholds for both the
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18 mg/m” and 900 mg/m” groups were greater than for

vehicle. An improvement in pain threshold of 49% and 83%
from baseline was observed for the 18 my/m® and the 900
mg/m” groups respectively.

[0128] Orally administered zoledronic acid produced a
20% reversal of inflammatory pain at the 18 mg/ira®, and a
48% veversal at the 900 mp/m” dose. This magmitede of effect
is comparable to that obtained with clinical doses of commer-
cially available NSAIDs wheun tested in a similar mode] of
inflarninatory pain, Under current FDA puidelines, the refer-
ence body surface area of a homan aduft is 1.62 m®. Thus, a
daily dose of 18 mg/m® correspounds o a mounthly dose of
about 500-560 mg/m® or a human dose of about 0-900 mg.

f9121] Surprsingly, the two higher doses resuted in
thresholds that were Jower than vehicleon the first two days of
dosing. The 120 mg/m® group was approximately equal or
inferior to vehicle at ail tirse points during the assessment
period. While the 900 mg/m? group showed effectiveness on
day 3, this result was accompanied by significant toxicity
necessitating enthanization of &l the animals in this group
two days after cessation of dosing.

Exampie 2

Effect of Orally Administered Zoledronic Acid in
Rat Mode} of Arthritis Pain

Method:

{3122} Theeflect of orally administered zoledmonic acid on
arthritis pain was oxamined in the rat complete Freund's
adjuvant {CFA) model of artheitis pain. In this model, injec-
tion of 106% complete Frennd’s adjuvant {CFA) ina 75 L.
vohumne inte the left hind paws is followed by a 10-14 day
period to allow for the developraent of arthritis pain. Animals
weve orally adminasiered vehicle (control), zeledrome acid 54
mgia” {or 9 mgrkg), or zoledronic acid 360 mg/m?® {or 60
mg/kg), divided in three equal daily doses on the first three
days post CFA injection. Drug was dissolved in distilied
water and prepared fresh daily. Animals were fasted prior to
dosing. :

{8123} Arthritis pain {mechanwcal hyperalgesia) in the
vehicle and drug-treated animals was evaluated on day 14
post CFA injection using a digital Randall-Selitto device
{dRS; TITC Life Sciences, Woodland Hills, Calif)). Animals
were placed n a restraint sling that suspended the animal,
leaving the hind tumbs available fortesting. Paw compression
threshold was measured by applying increasing pressure to
the plantar surface of the hind paw with a dome-shaped tip
placed between the 3rd and 4th metatarsus. Pressure was
applied graduaily over approximately 10 seconds. Measure~
ments were {aken from the first observed nocifensive hehav-
ior of vocalization, struggle or withdrawal. A ent-off value of
300 g was used to prevent injury to the animal.

{6124] Reversal of arthritis pain in the ipsilateral {CFA-
igiected) paw was caleulsted according to the formmuia:

%o xevers: ~'n\1psiia:erai deag treshold--ipsilateral
icie thrashold)/(contraiateral vehicie thresh-
eld-ipsilateral vebicle threshoid)x10¢

[0125] The experiment was carried out using 7-10 apiroals
per group.
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Resulis:

[0126] Oral administration of 20tedronic acid significantly
mproved arthntis pain thresholds compared to vehicle. As
showa in FIGS. 2A and 2B, orally administered zoledronic
acid produced a dose-dependent reversal of arthritis pain. A

sal of 33% was observed in the 54 mg/ra® group, and
3 a1 of 54% was observed in the 3601ag/m® group. Under
current FDA guidelines, the reference body surface avea of a
human adudt is 1.62 m>. Thus, 54 mg/m® inarat is equivalent
to an implied human dose of about &7 mg, and 360 mg/m” in
arat 1s equivalent to an implied hurnan dose ofabout 583 mg.

Example 3

Treatment of Complex Regional Pain Syndrome with
Orally Administered Zoledromc Acid

[0127] The effect of orally admimstered zoledronic acid
was examined in the rat fihis fracture model of complex
regional pain syndrome (CRPS). CRPS was induced in the
rats by fracturing the right distal tibias of the antmals and
casting the fractured hindpaws for 4 weeks, as described in
Guo T 7 et al. (Pain. 2004; 108:95-107}. This animal model
has heen shown to replicate the inciting rauma, natural his-
iory, signs, syraptoms, and pathologic changes observed in
fman CRPS patients (Kingery W S et al., Puin. 2003; 104:
75-84).

{0128] Animals were orally administered either vehicle
{contro) or zoledvonic acid, in a dosage of 18 mg/m¥day (3
rag/ke/day) for 28 days, starting on the day of fiachure and
casting. Drug was dissolved in distilied water and adminis-
tered by gavage. Animals were fasted for 4 howrs before and
2 hours after dosing. Al the end of the 28-day period, casts
were removed, and ou the following day, the rats were tested
for hindpaw pain, edema, and warnmnth.

Pain Assessments

[6128} Pain was assessed by measuring hiyperalgesia, and
weight bearing,

10334} o measure hyperalgesia, an up-down von Frey test-
ing paradigm was used. Rats were placed in a clear plastic
cylinder (20 cm.in diameter} with.a.wire mesh bottonrand
allowedto acclimate for 15 minutes. The paw was tested with
one of a seres of eaght von Prey hairs ranging in stiffness from
0.41 gto 15.14 ¢ The von Frey hair was applied against the
hindpaw plantar skinatapproximately midsole, faking care to
avoid the tor pads. The fiber was pushed wmtil it slighily
bowed and then 1t was jiggled in that position for § seconds.
Stirouli were presented at an interval of several seconds.
Hundpaw withdrawal from the fiber was considered a positive
response. The inttial fiber presentation was 2.1 g and the
fihers were presented according to the up-down method of
Dixon to generate stx responses in the imwediate vicimty of
the 50% threshold. Stinmmli were presented 3t an interval of
several seconds.

0331} As incapaciiance device (UTC Inc. Life Science,
Woodland, Calif, USA)} was used to measore hindpaw
weight bearing, a postural effect of pain. The rats were manu-
ally held in a vertical position over the apparatos with the
hindpaws resting on sepavate metai scale plates and the entire
weight ofthe rat was supported on the hindpaws. The duration
ofeach measurement was § seconds and $0 consecutive mea-
surements were iaken at §0-second intervals. Bight readings
{exclnding the highest and lowest ones} were averaged to
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calculate the bilateral hindpaw weight-bearing values.
Weight bearing data were analyzed as the ratio between right
(fiacture) and left hindpaw weight bearing values ((ZR/AR+
L= 300%:;.

Fdema Assessment

{6132} A lasex sensor technigue was used 0 detergine the
dorsal-ventral thickness ofthe hindpaw. Before baseline test-
ing the bilateral hindpaws were tattooed witha 2 to 3 mm spot
on the dorsal skin over the midpoint of the third metatarsal.
Forlaser measurements eachrat was briefly anesthetized with
ssoflurane and then held vertically so the hindpaw rested ona
table top below the aser. The paw was gently held flat on the
table with a small metai rod applied to the top of the ankle
joint, Using optical triangulation, 2 laser with a distance mea-
suring sensor was used to determine the distance to the tabie
top and 1o the top of the hindpaw at the tatico site and the
difference was used to calenlate the dorsal-ventral paw thick-
ness. The meastwement sensor device nsed n these expert-
ments {438} Precicura, Limab, Goteborg, Sweden) has a
measurement range of 200 mm with 2 6.01 mm resclution.

Hindpaw Temperature Measurement

{8133] The temperature of the hindpaw was measured
using a fine wire thermocouple (Omega, Stanford, Conn.,
USA) applied to the paw skin. 8ix sites were tested per
hindpaw. The six measurements for each hindpaw were aver-
aged for the mean temperature.

Results

[0134) As illustrated i FIG, 3, treatment with orally
administered zoledronic acid reversed pain, restored weight
bearing, and prevented edema as compared to vehicle treated
antmals.

f4135)  Asillustrated in FIG. 4, von Frey pain threshelds for
the right (fracture) hindpaw were reduced by 72% versus the
contralateral {nommal} hindpaw in vehicle treated animals.
Zoledronate treatment reversed fractureinduced pain by 77%
as compared to velicle treatment.

{0136] Asillustrated inFIG. §, reductionin weight beatng,
a postural effect of pain, was significantly higher in the
vehicle teated group as compared to the zoledronic acid
treatxi group. Weight bearing on the fracture hindlizab was
reduced 1o 55% of nomal in the vehicle treated growp.
Zoledronate treatment sipmificantly restored hindHmb weight
bearing as compared to vehbicle treatment (86% of normal).

{0337] As ithustrated in FIG. §, the expected increase in
hindpaw thickness was greater in the vehicle treated group as
compared to the zoledronic acid wreated group, reflecting the
development of edema. Zoledronate treatment reduced hind-
paw edema by 6% versus vehicie treatment.

{8138} Zoledromic acid reduced hindpaw warmth by 5%
versus vehicle reatment.

[013%] The daily dose in the ahove experiment was 18
mg/m*day. Under current FDA guidelines, the reference
body surface area of 2 human aduit is 1.62 m”. Thus, a daily
dose of 18 mg/m® corresponds to a monthly dose of about
S00-560 mg/m” or 2 human dose of about 300-990 mgp,
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Exawple 6

Solubility of Disodinm Sak of Zoledronic Acid

{8148] The aqueous solubility of zoledronic acid and diso-
drum zoledronate tefrabydrate was determined. One gram of
the test compound was measured in {0 a beaker. Demineral-
1zed water (pH 5.5) was then added in small increments to the
test compound, and sonification was apphied to the mixture.
The procedure was continued until complete dissohution was
achieved. Full dissolution was determined to have been
reached when a clear sclution was present with no visible
material. The volume of water required to reach full dissolu-
tion was used to calculate a sojubility value expressed in
grams per 160 mL. The procedure was performed for each
componnd.

Results

{8141 As shownin PIG. 7, the agueous solubility of diso-
dinm zoledronate tetrahydrate is approximately 50 times that
of zoledronic acid. Disodium woledronate tetrahydrate has a
soiubility 0f12.5 g/100 mL compared to only (.25 g/100 mL
for zoledronic actd.

Example 7

Bicavailability of Orally Administered Zoledronic
Acid and Disodiuw Zoledronate

{0142} Tablets were manufactured containing either pure
zoledronic acid or the disodium salt of zoledronic acid (diso-
dimm zoledronate tetrahydrate). Both types of tablets con-
tained 50 mg of zoledronic acid equivalent per tablet. Identi-
cal excipients were used in both types of tablets, with
amonnts adjusted to account for the difference in molecular
weighis between the acid and the disodinm salt.

{6143} Beagle dogs were orally administered tablets con-
taining 150 mg zoledronic acid equivalent either in the form
of disodium zoledronate (Group 1) or pure zojedronic acxd
{Group 2). Each animal was given three 50 ng equivalent
“ablets {150 mg total), whict were administerediogether. The
animal’s oral cavity was wetted with water before placing the
tablets on the back of the animal’s tongue. Animals were
fasted before and after dosing. Animals were 6 to 9 months of
age and weighed 6 to 10 kg on the day of dosing. There were
three dogs per group,

[B144] Serial blood samples were collected from each ani-
wmal by venipunctore of the jugular vein at various points after
dosing for measurement of plasma concenmmtions of
zoledronic acid. Blood samples were collected into chilled
tbes containing K,EDTA as the asticoagulant. Samples
were then centrifuged at approximately 3000 rpm at +4° C.
for 10 minutes for plasma denvation. Plasma concentrations
of zoledronic acid were measwed using an LC/MS/MS
wethod,

Results

[0145] The average plasma concentrations of zoledronic
acid for each group of dogs is summanzed in Table 1 and
iHustrated in FIG. 8. Detectable plasma levels of zoledronic
acid were observed for the entire 48 hours that they were
measwred.

01748




US 2014/0051669 Al

Feb. 20, 2014

TABLE 1 TABLE 2
Zoledronic Acid plasma concentiations in beagle dogs Hardness {kPa)
Plaso Tisodinm Disodiuw
. asma Discid Sekt Sait
Time concentrtion 50 g 50 mg 71 mg
{hour) (ngAnl.) - -
800 40 &7 43
Group 1 Disodium Zoledronate ¢ 1300 8.1 11.2 6.8
(N=2) Tablets 025 1500 7.7 13.7 7.4
(350 my acid equivaient) 0.5 2000 37 16.3 1.7
g 2400 3.7 1.3
I . 3000 14 14
: 162656 2400 125 143
4 640,57 5500 128 182
4 13693 5100 136
3 53.11
8 2657
12 [8148] Uniess otherwise indicated, ail numbers expressing
24 quantities of mgredients, properties such as mwolecular
48 5.39 weight, reaction conditions, and so forth used in the specifi-
Group 2 Zoledronic Acid Tablets o 0.00 cation and claims are to be understood in all instances as
(N=3) (130 mgacid equivalent) 925 390.92 indicating both the exact values as shown and as being modi-
0.5 846.19 fied by the term “about.” Accordingly, unless indicated to the
075 contrary, the numerical parameters set forth in the specifica-
! tion and attached claims are approximations that may vary
i depending upon the desired properties sought to be obtained.
Atthe very least, and not as an attempt io limit the spplication
6 2822 M . ¥ PP
o of the dectrine of equivalents to the scope of the claiens, cach
g 15.10 . . P ;
12 613 numerical parameter should at Jeast be construed in ight of
i 318 the number of reported significant digits and by applying
5 L8 ordinary rounding techniques.

(0146} Disodmum  zoledropate produced  significantly
hipher plasma levels zoledronic acid than pure zoledronic
acid, indicating improved o} absorption with the salt form.
Measured using peak plasma concentrations (C ), the diso-
dinm salt vesuited in a 119% actual and 74% weight-adjusted
mcrease in bioavailabifity as compared to pure zoledromic
acid. Measured using area under the plasma concentration
curve {AUC, ), bivavailability was 84% and 46% greater
with the disodiurm salt than with pure zoledronic acid, onan
actual and weight-adjusted-basis respectively.-The-average
AUC,, for the disodinm salt was-4073-aghr/ml. and the
average AUC, . for the diacid was 2217 nghe/ml. The
AUC, , was found to be dose proportional. Thus, for beagle
dogs similar to those tested, about 3 mg to about 4 g of the
disodium =zalt wouid be expected to result inan AUC, ., of
about 100 ng'hr/ml, and about 7 mg to about & mg of the
disodium salt would be expected to result inan AUC, . of
about 200 ng-hr/m{..

Example 8

[6347) Tablets were prepared by blending zoledronic acid,
either in the form of the free acid or the disodium salt, with
identical excipients. For dosage forms with a greater amount
of active, the amount of the excipients was reduced propor-
tionaily to keep the weight of the tablet at about 130 mg. After
blending, the ingredients were compressed at varying pres-
sures, {followed by a film coating. The resulting tablets were
then tested for hardness using a Dr. Schleuniger Pharmatron
&M Tablet Harduess Tester. The results are shown in Table 2
and F1G. 9.

18148} Theterms “a,” “an,” “the” and similar referents used
in the context of describing the invention (especially in the
context of the following claims) are to be constrned to cover
both the singular and the plural, unless otherwise indicated
herein or clearly comtradicted by comtext. AR methods
described berein can be performed in any suitable order
unless otherwise ndicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided berein is
intended raerely to betier illvminate the invention and does
uot pose a limitation on the scope of any claim. No Janguage
in the specification should be constrned as indicating any
non-claimed element essential to the practice of the invention.
[8150]  Groupings of alternative elements or embodiments
disclosed herein are not to be construed as lmitations. Fach
group member may be referred to and claimed individually or
in any combination with other members of the group or other
elements found herein. It is anticipated that opne or more
mewmbers of a group may be included in, or deleted from, a
group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification s
deersed to contain the group as modified thus fulfilling the
written description of all Markush groups wsed n the
appended clal ’
[0151] Certain embodiments are described herein, inchid-
ing the best mode known 1o the inventors for carrving out the
mvention. Of course, variations on these described embodi-
ments will become apparent o those of ordinary skill in the
art upon reading the foregomg description. The inventor
expecis skilled artisans to employ sech variations as appro-
priate, and the inventors intend for the inveuntion to be prac-
ticed otherwise than specifically described herein. Accord-
ingly, the claims include all modifications and equivalents of
the subject matter recited in the claims as pemmitted by applhi-
cable law. Moreover, apy combination ofthe above-described
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clements in all possible variations thereof is contemplated
unfess otherwise indicated herein or otherwise clearly con-
tradicted by context.

{6152] In closing, it is to be understood that the embodi-
ments disclosed herein are illustrative of the principles of the
claims. Other modifications that may be enploved are within
the scope of the claims. Thus, by way of example, but not of
Hmitation, alternative emnbodiments may be uiilized inaccor-
dance with the teachings herein. Accordingly, the claiws are
not limited to embodiments precisely as shown and
described.

1-366. {canceled}

167. A method of enbancing the oral bicavailability of
zoledronic acid comprising orally administeting a dosage
form containing zoledronic acid in the discdivm salt form.

168. The method of claim 167, wherein the zoledronic acid
in the disodium sakt form provides an enhancement to bio-
avaifebility, as compared to zoledronic acid in the diacid
form, which adds to any enhancement to bicavailability pro-
vided by any bipavailability-enhancing agents in the dosage
form.

169. The method of claim 167, wherein the zoledromce acid
in the disodium salt form is administered to a mamua] in an
amount that provides au ares under the plasma concentration
curve of zoledronic acid of about 4 ngh/ml to about 2000
ng-himl to the mammatl each tine the zoledronic acid in the
disndiuw salt form is administered.

178. The method ofclaim 169, wherein the zoledronic acid
in the disodium salf form is administered at an interval of
about 3 to about 4 weels inan amount that provides an area
under the plasma concentration curve of zoledronic acid of
about 100 ng'h/ml. to about 2000 ng-h/mL to the wmammal
each time the zoledronic acid in the disodium salt form s
administered.

171, The method of claim 169, wherein the zoledronic acid
in the disodinm salt form 1s administered weekly, or 310 5
times wn amonth, in an amount that provides an area under the
plasma concentration curve of zoledronic acid of about 28
ng hmk to about 700 ng-h/ml. to the mammal each time the
zoledronic acid in the disodium salt form is administered.

172. The method of claimn 169, whercin the zoledronic acid
in the disodium salt form 35 admivistered daily in an amount
that provides an area under the plasma concentration corve of
zoledronic acid of about 4 ng h/ml. to about 100 ngh/ml to
the mammal each time the zoledronic acid in the disodium
salt form s administered.

173, The method of claim 167, wherein the dosage form 3s
a solid.

174. The method of claim 167, wherein the bioavailability
of zoledronic acid is improved by at least about 20% as
compared to administration of zoledronic acid in the diacid
form.

175. The method of claim 167, further comprising admin-
istering, on a molar basis, less of the zoledronic acid in the
disodivm salt form thar would be administered of zoledronic
acid m the diacid form in order to achieve the same plasma
levels of zoledronic acid.

176. The method of claim 175, wherein at least shout 16
mole % less of the disodium salt form is administered as
compared & the amount o zoledronic acid in the diacid form
that would be admiunistered in order o achieve the same
plasma levels of zoledronic acid.
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177. The method of claim 175, wherein the disodium salt
form is administered in an amount, on a molar basis, that has
a vahue of about 0.8n,, to about 1.2n, wherein:

LESUILR CR)
wherein b, is the bioavailability of the diacid form, b is the
bigavailability of the disodium salt form, and n, is the
mumber of moles of zoledronic acid in the diacid form
that would be administered in oxder to achieve the same
plasma levels of zoledwnic acid.

178, The method of claim 187, wherein the zoledvonic acid
15 used to treat an inflammatory condition.

179, The method of claim 167, wherein the zoledronic acid
is used to treat arthritis or comrplex regional pain syndrome.

186. The method of claim 167, wherein the zoledronic acid
is for the reatrent of an inflammatory condition, arthntis, or
compiex regional pain syndrome, and wherein:

2 first oral dosage form is administered; and

a second oral dosage form is administered;

wharein, with respect to the first oral dosage form, the

second oxal dosage form is administered at 10xT,,,, or
greater, wherein T, is the time of maxinum plasma
concentration for the first oral dosage form.

181, Anoral dosage form comprising zoledronic acid inthe
disodiuw sal form, wherein the bioavailability, ina marunal,
of zoledronic acid in the disodium salt formis greater than the
bicavailability of zoledronic acid in the diacid form would be
in the same dosage form.

182. The ora} dosage form of claim 181, whevein the dos-
age form contams an amount of zoledronic acid in the diso-
divn salt form that provides an area under the plasma con-
centration curve of zoledrogic acid of about 100 ngh/mL to
about 2000 ng'h/mk to 2 human being to which the dosage
form is administered.

183, The oral dosage form of claim 181, wherein the dos-
age form contains an amount of zoledronic acid in the diso-
dium salt form that provides an area vnder the plasma con-
centration curve of zoledronic acid of about 20 ng-h/ml. to
about 700 ngh/mi to a human being to which the dosage
form is administered.

184. The oral dosage Jorm of claim 181, wherein the dos-

_ age form contains.an amount.of zoledrosic acidin the diso-

divm salt form-that provides an areaunder the plasma.con-
centration curve of soledronic acid of about 4 ngh/wl. to
about 100 ngh/ml to s human being w0 which the dosage
form is administered.

185, The oral dosage form of claim 181, wherein the diso-
dmm sal form is present in a lower molar amount thap would
be present if the zoledronic acid were fu the diacid form; and
wherein the zoledronic acid in the disodivm salt form has an
mmproved bivavailability as compared to the zoledronic acid
inthe diacid form to the extent that the lower molar amount of
the disodivm salt in the dosage form does pot reduce the
amount of zoledronic acid delivered 1o the plasma of a wam-
xaal.

186. The oral dosage form of claim 185, countaining at least
about 20 mole % less of the disodinr salt form as compared
to the amount of the zoledronic acid in the diacid form that
would be present if the zoledronic acid were in the diacid
form.

187. The oral dosage form of claim 185, wherein the diso-
diveen salt form is present in an amount, on a molar basis, that
hag a value of about §.9n,, to about 1.1, wherein:

77~5 /54y (0
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wherein b, is the bioavaiiability of the diacid form, b j1s the
bicavailability of the disodium salt form, and n,, is the
number of moles of the diacd form that would be
present if the zoledronic acid were in the dyacid form.

188. The oral dosage form of claim 187, wherein the diso-
djumn salt is administered in an amount that has a vahie of
about 6.

18%. The oral dosage form of clabm 18, wherein the dos-
age form is a solid.

196. The oral dosage form of claim 181, wherein the bio-
avatlability of zoledronic acid in the disodium salt form is
wnproved by at least aboui 10% as copipared to an otherwise
wleniical dosage form coutajning zoledrogic acid inthe diacid
form.

191. The method of claim 167, wherein the zoledronic acid
is for the treatment of an inflarmmatory condition, arthritis, or
complex regional pain syndrome, and wherein:

only a single oral dosage form is admiunistered; or

a first oral dosage form is administered, and a second oral

dosage form is administered after the frst oral dosage

form;

wherein the second ol dosage form is administered
before the maximum pain relicving effect of the first
oral dosage form is achieved, or the second oral dos-
age form is adwministered before an observable paia
relieving effect is achieved
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192. The method of claim 391 wherein the second oral
dosage form is administeved before an observable paimreliev-
ing effect s achieved.
193, The method of claim 167, wherein the zoledvonic acid
is for the treatment of an inflammatory condition, arthritis, or
conplex regional pain syndrome, and
wherein a first oxal dosage form is administered, followed
by administration of a second ol dosage form;

wherein the second oral dosage forw is administerad after
the maxinmu pain relieving effect of the first oral dos-
age form is achieved; and

the second oral dosage form is adminisiered while a pain

relieving effect from the fivst oral dosage form is obsery-
able.

194, The method of claim 193, wherein the second oral
Jdosage form is administered about 24 hours to about 28 days
after the first oral dosage form is administered.

195, The oral dosage form of claim 181, wherein the
zoledronic acid in the oral dosage form has a 24 hour sus-
tained plasma level factor of about 1 or higher

196. The oral dosage form of claim 1R, wherein the
zoledvonic acid 1n the oral dosage form has a 24 hour sus-
tamed plasma level facior that is hipher than that of intrave-
nously adsunistered zoledronic acid.

I T I
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ZOMETA Label

HIGHLIGHTS QF PRESCRIBING INFORMATION
These highlights do not include all the information needed fo use Fometa
safely and effecively. See fulf preseribing intformation for Zometa,

Fometa® (zoledreonic acid) Injection

Ready-to-Use Solution for Intravenous ¥nfusion (For Siugle Use)

Conceantrate for fniravenous Infusion

¥oitial U.8. Approval: 2001

- RECENT MAJOR CHANGES

PDosage and administration, preparation of sofution, 4 mg/

Ready-to-Use Bottle (2.3) 06/2011

‘Wamings and Precautions, addition of atypical subtrochanteric and diaphyseal

fernoral fractures (5.6) 093/2012

-------------------------------------- INDICATIONS AND USAGE-w-memsenmssssrann

Zometa is a bisphosphonats indicated for the treatment of

» Hypercalcerda of matignancy. (1.1)

= Patients with mukiple myeloma and patients with documented bone
metastases from solid tumors, i conjunction with standard sntineoplastic
therapy. Prostate cancer should have progressed after weatment with at
east one hormona! therapy. (1.2}

Troportant limitation of use: The safety and efficacy of Zometa has not been

esiablished for use in hyperparathyroidisrm or pontumor-relaied

hypercalcewia, (1.3)

mmmmmm - OB AGE AND ADMINISTRATION e rremmsmmc oo

Hypercalcemia of malignancy (2.1}

* 4 mg as a single-use intravenous infusion over no less than 15 minutes

o 4 mp 3s retreatment after a nunimum of 7 days

Mulripie mystoma and bone mefastasis from solid tumors (2.2)

® 4 mg as a single-use intravenous nfusion over no less than 15 minutes

every 3-4 weeks for patients with creatinine cleavance of greater than

50 m/min

Reduce the dose for patients with renal impairment,

Coadminister oval calcium supplements of 500 my and a muttiple vitamin

containing 400 1U of Vitamin 1 daily.

Administer through a separate venied infusion line and do not altow 1o come

in contact with any calcium or divalent cation-containing solutions. {2.3)

®

°

e DO S AGE FORMS AND STRENGTIS- e ememcmr o
4 mg/100 mL single-use ready-te-use bottle (3)

4 m/s mL single-use vial of concentrate (3}
CONTRAINDICATIONS - merim s soms s soim s
Hypersensitivity to any component of Zometa (4)

®

°

anernia, bone pain, constipation, fever, vomiting,
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~WARNINGS AND PRECAUTIONS e em o
g treated with Zometa should pot bs trzated with Reclast®.

(5.1}
Adequately rehydrate patients with hypercaleemia of malignancy prior to
administration of Zometa and monitor electrolytes during treatment. (5.2)
Renal toxicity may be greater in paticuts with repal rupsinment. Do not use
doses greater than 4 myg. Treatment & patients with severe renat
impairment is not recommended. Monitor serum creatinine before each
dose. (5.3}

Osteonecrosis of the jaw has been reported. Preventive dental cxaws should
be performed before starting Zometa. Avoid invasive denial procedures,
(5.43

Severe incapacitating bove, joint, muscle pain may cccur. Discontinue
Zometa if severe synproms oceur. (5.5)

Zometa can causz fztal harm. Women of chitdbearing potential showid be
advised of the potential hazard to the fetus and to avoid becoming pregpant,
(5.9, 8.1} :
Atypical subtrochanteric and diaphyseal femoral fractures have been
reperted in patients receiving hisphosphonate therapy. These fractures may
occur after minimal or sio trauma. Fvaluate patients with thigh or groin pain
to rule out a femoral fracture. Consider drug discontinuation in patients
suspected 1o have an atypical femur fracture. {5.6)

~ADVERSE REACTIONS
n adverse events {greater than 25%;)

ausea, fatigue, :
d dyspuea (6.1}

To report SUSPECTED ADVERSE REACTIONS, contact Novartis
FPharmaceuticals Corporation at 1-888-669-6682 or ¥DA at

1-868-FDA-1088 or wwyy.fda.gov)

*

Y

?

Y

wemereme JRUG INT

Aminoglycosides: May have an additive eff

prolonged periods. (7.1)

Loop diuretics: Concomitant use with Zometa may increase risk of

hypocalcersia. (7.2) i

Nephrotoxic drups: Use with caution. (7.3)
USE IN SPECIFIC POPULATIONS-— e — |

Nursing Mothers: It 15 not known whether Zometa ts excreted in fiman

mifk. (8.3)

Pediatric Use: Not indicated for use in pediatric patients. (8.4)

Geriatric Use: Special care to monitor reval function. (8.5)

ect to lower serum calcium for

See 17 for PATIENT COUNSELING INFORMATION
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FULL PRESCRIBING INFORMATION

I INDICATIONS AND USAGE
1.1 Hypercaleemia of Malignaney

Zometa is indicated for the treatment of hypercalcemia of malignancy defined as an albumin-corrected calcium
{cCa) of greater than or equal to 12 mg/dL {3.0 mmol/L] using the formula: ¢Ca in mg/dL=Ca in mg/dL + 0.8 {
4.0 g/dL - patient alburoin (g/dL)).

1.2 Muitiple Myeloma and Bone Metastases of Solid Tumors

Zometa is indicated for the treatment of patients with multiple myeloma and patients with documented bone
metastases from solid tumors, in conjunction with standard antineoplastic therapy. Prostate cancer should have
progressed after treatment with at least one hormonal therapy.

1.3 Important Limitation of Use

The safety and efficacy of Zometa in the treatment of hypercaleemia associated with hyperparathyroidism or
with other nontumor-related conditions has not been established.

2 DOSAGE AND ADMINISTRATION

Parenteral drug products should be inspected visually for particulate maiter and discoloration prior to
administration, whenever solution and container permit.

2.1 Hyperealcemia of Malignaney

The maximum recommended dose of Zometa in hypercalcemia of malignancy {albumin-corrected serom
calcium greater than or equal to 12 mg/dL [3.0 mamol/L]) is 4 mg. The 4-mg dose must be given as a single-dose
intravenous infusion over ne less than 15 minutes. Patients who receive Zometa should have serum creatinine
assessed prior to each treatroent.

Dose adjustments of Zometa are not necessary in treating patients for hypercaicemia of malignancy presenting
with mild-to-moderate renal imapairment prior to initiation of therapy (serum creatiine less than 400 pumol/L. or
less than 4.5 mg/dL).

Patients should be adequately rehydrated prior to administration of Zometa [see Warnings And
Precauntions (5.2)1. '

Consideration should be given to the severity of, as well as the symptoms of, tumor-induced hypercalcemia
when considering use of Zometa. Vigorous saline hydration, an integral part of hypercalcemia therapy, should
be initiated promptly and an attempt should be made to restore the urine output to about 2 L/day throughout
treatment. Mild or asymptomatic hypercalcemia may be treated with conservative measures (i.e., saline
hydration, with or without loop diuretics). Patients should be hydrated adequately throughout the freatment, but
overhydration, especially in those patients who hiave cardiac failure, must be avoided. Diuretic therapy should
not be employed prior to correction of hypovolemia.

Retreatment with Zometa 4 mg may be considered if serum calcium does not return to normal or remain normal
after initial treatment. It is recommended that a minimoum of 7 days elapse before retreatment, to allow for full
response to the initial dose. Renal function must be carefully monitored in all patients receiving Zometa and
serum creatinine must be assessed prior to retreatment with Zometa [see Warnings And Precautions (3.2)}.

2.2 Multiple Myeloma and Metastatic Bore Lesions of Solid Tumors

The recommended dose of Zometa in patients with multiple myeloma and metastatic bone lesions from solid
tumors for patients with creatinine clearance greater than 60 mL/min is 4 mg infused over no less than
15 minutes cvery 3-4 weeks. The optimal duration of therapy is not known.
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Upon treatment initiation, the recommended Zometa doses for patients with reduced renal function (mild and
moderate renal impairment) are listed in Table 1. These doses are calculated to achieve the same AUC as that
achieved in patients with creatinine clearance of 75 mL/min. Creatinine clearance (Cr(C1) is calculated using the
Cockeroft-Gault formula [see Warnings And Precautions (5.2)1.

Table 1: Reduced Doses for Patients with Baseline CrClless than or equal o 68 mEL/ min

Baseline Creatinine Clearance (mL/min) Zometa Recommended Dose*
greater than 60 4 mg
50 - 60 3.5mg
40 - 49 3.3 mg
30-39 3mg

*Doses calenlared assuming target AUC of 6.66{mgehr/L} (Crl = 75 mll/min}

During treatment, seram creatinine should be measured before each Zometa dose and treatment should be
withheld for renal deterioration. In the clinical studies, renal deterioration was defined as follows:

For patients with normal baseline creatinine, increase of 0.5 mg/dL

For patients with abnormal baseline creatinine, increase of 1.0 mg/dL

In the clinical studies, Zometa treatment was resamed only when the creatinine returned (o within 10% of the
baseline value. Zometa should be reinitiated at the same dose as that prior o treatment interruption.

Patients should also be administered an oral caleium supplement of 500 mg and a multiple vitamin containing
460 U of Vitamin D daily.

2.3 Preparation of Solution

Zometa must not be moixed with calciom or other divalent cation-containing infusion solutions, such as Lactated
Ringer’s solution, and should be administered as a single intravenous solution in a line separate from all other
drugs

gs.

4 mg/ 108 mi Single-Use Ready-to-Use Bottie

Bottles of Zometa ready-to-use solation for infusion contain overfill allowing for the adminmistration of 100 mL
of solution (equivalent to 4 mg zoledronic acid). This solution is ready-to-use and may be administered directly
to the patient without further preparation. For single use only

To prepare reduced doses for patients with baseline CrCl less than or equal to 60 mL/min, withdraw the
specified volume of the Zometa solution from the bottle (see Table 2) and replace with an equal volume of
sterile 8.9% Sodium Chloride, USP, or 5% Dextrose Injection, USP. Administer the newly-prepared dose-
adjusted solution to the patient by infusion. Follow proper aseptic technigue. Properly discard previously
withdrawn volume of ready-to-use solution - do not store or reuse.

Table 2: Preparation of Reduced Doses — Zometa ready-to-use bottle

Remaove and discard the Replace with the following Dose (mg)
following Zometa ready-to-use  volume of sterile
sofution (mL) $#.9% Sodium Chioride, USP
or 5% Dexirese Injection,
USP (mi)
12.0 2.0 35
18.0 18.0 i3
23.0 25.0 0
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If not used immediately after dilution with infusion media, for microbiological integrily, the solution should be
refrigerated at 2°C - 8°C (36°F 46°F). The refrigerated solution should then be equilibrated o room temperature
prior to administration. The total tire between dilution, storage in the refrigerator, and end of administration
must not exceed 24 hours,

4 mg/ 3 mL Single-Use Vial

Vials of Zometa concentrate for intusion contain overfill alowing for the withdrawal of 5 mL of concentrate
{equivalent to 4 mp zoledronic acid). This concentrate should immediately be diluted in 100 mL of sterile
0.9% Seodium Chloride, USP, or 5% Dextrose Injection, USP, following proper aseptic technique, and
administered to the patient by infusion. Do not store undiloted concentrate in a syringe, 10 avoid inadvertent
injection.

To prepare reduced doses for patients with baseline CrCl less than or equal to 60 mL/min, withdraw the
specified volume of the Zometa concentrate from the vial for the dose required (see Table 3).

Table 3: Preparation of Reduced Doses —~ Zometa concentrate

Remove and Use Dose (mg)
Zometa Volume (ml)

44 3.5

4.1 33

3.8 3.0

The withdrawn concentrate must be diluted in 100 mb of sterile 0.9% Sodium Chloride, USP, or 5% Dextrose
Tnjection, USP.

If not used immediately after dilution with infusion media, for microbiological integrity, the solution should be
refrigerated at 2°C-8°C (36°F-46°F). The refrigerated solution should then be equilibrated to room temperature
prior to administration. The total time between dilution, storage in the refrigerator, and end of administration
mast not exceed 24 hours. ' '

2.4 Method of Adminisiration

Due to the risk of clinically significant deterioration in remal function, which may progress to renal failure,
single doses of Zometa should not exceed 4 mg and the duration of infusion should be no less than 15 minutes
{see Warnings And Precautions (5.2)]. In the trials and in postmarketing experience, renal deterioration,
progression-io renal failure and dialysis, have ocourrediin patients, including those treated with the-approved
dose of 4 mg infused over 15 minutes. There have been instances of this occurring after the initial Zometa dose.
3 DOSAGE FORMS AND STRENGTHS

4 mg/100 mL single-use ready-to-use bottle

4 mg/S sl single-use vial of concentrate

4 CONTRAINDICATIORS
4.1 Hypersensitivily to Zoledronic Acid or Any Components of Zometa

Hypersensitivity reactions including rare cases of urticaria and angioedema, and very rare cases of anaphylactic
reaction/shock have been reported [see ddverse Reactions (6.2)].
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5 WARNINGS AND PRECAUTIONS
5.1 Drugs with Same Active Ingredient or in the Same Drug Class

Zometa contains the same active ingredient as found in Reclast® (zoledronie acid). Patients being treated with
Zometa should not be treated with Reclast or other bisphosphonates,

5.2 Hydration and Electrolyte Monitoring

Patients with hypercalcemia of malignancy must be adequately rehydrated prior to administration of Zometa.
Loop diureties should not be used until the patient is adequately rehydrated and should be used with caution in
combination with Zometa in order to avoid hypocalcemia. Zometa should be used with caution with other
nephrotoxic drags.

Standard hypercalcemia-related metabolic parameters, such as serum levels of calcium, phosphate, and
magnesium, as well as serum creatinine, should be carefully monitored following initiation of therapy with
Zometa. Ifhypocalcemia, iypophosphatemia, or hypomagnesemia occur, short-term supplemental therapy may
be necessary.

8.3 Repal Impairment

Zometa is excreted intact primarily via the kidney, and the risk of adverse reactions, in particular renal adverse
reactions, may be greater in patients with impaired renal function. Safety and pharmacokinetic data are imited
in patients with severe renal impairment and the risk of renal deterioration is increased [see Adverse

Reactions (6.1)]. Preexisting renal insufficiency and multiple cycles of Zometa and other bisphosphonates are
risk factors for subsequent renal deterioration with Zometa. Factors predisposing to renal deterioration, such as
dehydration or the use of other nephrotoxic drugs, should be identified and managed, if possible.

Zometa treatment in patients with hypercalcemia of malignancy with severe renal impairment should be
considered only afier evaluating the risks and benefits of treatment. In the clinical studies, patients with serum
creativine greater than 400 pmol/L or greater than 4.5 mg/dL were excluded.

Zometa treatment is not recommended in patients with bone metastases with severe renal impairment. In the
clinical studies, patients with serum creatinine greater than 265 umol/L or greater than 3.0 mg/dL were
excluded and there were only 8 of 564 patients treated with Zometa 4 mg by 15-minute infusion with a baseline
creatinine greater than 2 mg/dL. Limited pharmacokinetic data exists in patients with creatinine clearance less
than 30 mL/min {see Clinical Pharmacology (12.3)1

5.4 Osteonecrosis of the Jaw

- -Osteonecrosis of the jaw (ONJ) has been reported predominantly in cancer patients treated with intravenous
bisphosphonates, including Zometa. Many of these patients were also receiving chemotherapy and
corticosteroids which may be risk factors for ONJ. Postmarketing experience and the literatiwe suggest a greater
frequency of reports of ONJ based oo tumor type (advanced breast cancer, multiple myeloma), and dental status
{dental extraction, periodontal disease, local trauma including poorly fitting dentures). Many reports of ONJ
involved patients with signs of local infection including osteomyelitis.

Cancer patients should maintain good oral hygiene and should have a dental examination with preventive
dentistry prior to treatment with bisphosphonates.

While on treatment, these patients should avoid invasive dental procedures it possible. For patients who develop
ONJ while on bisphosphonate therapy, dental surgery may exacerbate the condition. For patients requiring
dental procedures, there are no data available to suggest whether discontinuation of bisphosphonate treatment
reduces the risk of ONJ. Clinical judgment of the treating physician should guide the management plan of each
patient based on individual benefit/risk assessment [see Adverse Reactions (6.2}].
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3.3 Muscaloskeletal Pain

In postmarketing experience, severe and occasionally incapacitating bone, joint, and/or muscle pain has been
reported in patients taking bisphosphonates. This category of drags includes Zometa, The time to onset of
symptoms varied from one day to several months after starting the drug. Discontinue use if severe symptoms
develop. Most patients had relief of symptoms afier stopping. A subset had recigrence of symptoms when
rechallenged with the same drug or another bisphosphonate {see Adverse Reactions (6.2)].

5.6 Atypical ssbtrochanteric and diaphyseal femoral fractures

Atypical subtrochanteric and diaphyseal femoral fractures bave been reported in patients receiving
bisphosphonate therapy, including Zometa. These fractures can occur anywhere in the femoral shaft from just
below the lesser trochanter to just above the supracondylar flare and are transverse or short oblique in
orientation without evidence of comminution. These fractures occur afier minimal or no trauma, Patients may
experience thigh or groin pain weeks to months before presenting with a completed femoral fracture. Fractures
are often bilateral; therefore the contralateral femur should be examined in bisphosphonaie-treated patients who
have sustained a femoral shaft fracture. Poor healing of these fractures has also been reported. A number of case
reports noted that patients were also receiving reatment with glococorticoids (such as prednisone or
dexamethasone) at the time of fracture. Causality with bisphosphonate therapy has not been established.

Any patient with a history of bisphosphonate exposure who presents with thigh or groin pain in the absence of
trauma should be suspected of having an atypical fracture and should be evaluated Discontinuation of Zometa
therapy in patients suspected to have an atypical fermur fracture should be considered pending evaluation of the
patient, based on an individual benefit risk assessment. It is unknown whether the risk of atypical femur
fracture continues afier stopping therapy.

5.7 Patients with Asthma

While not observed in clinical trials with Zometa, there have been reports of bronchoconstriction in aspirin
sensitive patients receiving bisphosphonates.

5.8 Hepatic Impairment

Ounly limited clinical data are available for use of Zometa to treat hypercalcemia of malignancy in patients with
hepatic insufficiency, and these data are not adequate to provide guidance on dosage selection or how o safely
use Someta in these patients,

5.9 Use in Pregnancy

Bisphosphonates, such as Zometa, are incorporated into the bone matrix, from where they are gradually released
over periods of weeks to-years. There may be a risk of fetal harm (e-g., skeletal and otherabnormalities) ifa:
woman becomes pregnant after completing a course of bisphosphonate therapy.

Zometa may cause fetal harm when administered o a pregnant woman. In reproductive studies in pregnant rats,
subcutaneous doses equivalent to 2.4 or 4.8 times the human systemic exposure resulted in pre- and post-
implantation losses, decreases in viable fetuses and fetal skeletal, visceral, and external malformations. There
are no adequate and well controlled studies in pregnant women. If this drug is used during pregnancy, or if the
patient becomes pregnant while taking this drug, the patient should be apprised of the potential hazard to a fetus
[see Use in Specific Populations (8.1)].

& ADVERSE REACTIONS
6.1 Clinical Studies Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the
clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and may not
reflect the rates observed in practice.
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Hypercalcemia of Malignancy

The safety of Zometa was studied in 185 patients with hypercalcemia of malignancy (HCM) who received
either Zometa 4 mg given as a S-minule intravenous infusion (==86) or pamidronate 90 mg given as a 2-hour
intravenous infusion (n=103). The population was aged 33-84 years, 60% male and 81% Caucasian, with breast,
fung, head and peck, and renal cancer as the roost comumon forms of malignancy. NOTE: pamidronate 90 mg
was given as a 2-hour intravenous infusion. The relative safety of pamidronate 90 mg given as a 2-hour
travenous infusion compared to the same dose given as a 24-hour intravenous infusion has not been
adequately studied in controlled clinical trials.

Renal Toxieity

Administration of Zometa 4 mg given as a S-minute intravenous infusion has been shown to result in an
increased risk of renal toxicity, as measured by increases in serum ergatinine, which can progress to renal
failure. The incidence of renal toxicity and renal failure has been shown to be reduced when Zometa 4 mg is
given as a 1 5-minute intravenous infusion. Zometa should be administered by intravenous infusion over no less
than 15 minutes {see Warnings And Precautions (3) and Dosage And Administration (2)].

The most frequently observed adverse events were fover, nausea, constipation, anemia, and dyspnea
(see Table 4).

Table 4 provides adverse events that were reported by 10% or mwore of the 189 patients reated with Zometa
4 mg or Pamidronate 90 mg from the two HCM trials. Adverse events are listed regardless of presumed

causality to study drug.
Table 4: Percentage of Patients with Adverse Events 218% Reported in Hypercaleemia of Maklignancy
Climical Trials by Body System
Zometa Pamidronate
4 mg 90 mg
B {%} n (%)
Patients Studied
Total No. of Patients Studied 86 {100} 103 {100)
Total No. of Patients with any AE 81 {94) a5 {92)
Body as a Whole
Fever 38 (443 34 (33
Progression of Cancer 14 (16 21 20)
Cardiovascular
Hypotension 9 {an 2 {2}
Digestive
Nausea 25 (29 28 (27}
Constipation 23 (04} 13 (13}
Diarthea 15 {7 17 {17}
Abdominal Pain 14 {16} i3 {13)
Yomiting 12 {14} i7 an
Anorexia 8 &) 14 (14)
Hemic and Lymphatic System
Anemia 19 22) i8 {18)
Infections
Moniliasis 10 {12} 4 {4)
Laboratory Abnormalities
Hypophosphaternia i {13) 2 {2}
Hypokalemia 10 12} 16 {16}
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Hypomagnesemia 9 (1) 5 (5
Musculoskeletal

Skeletal Pain 10 (12) 16 (10)
Nervous

Insomnia 13 (15} 16 {10
Anxiety 12 (14) g &
Confusion 11 (13) 13 i3
Agitation 11 (13) 8 &
Respiratory

Dyspnea 19 (22 20 (1%
Coughing 16 (12} 12 {(12)
Urogenital . .

Urinary Tract Infection 12 {14) 15 {15)

The following adverse events from the two controlled multicenter HCM trials (=189} were reported by a
greater percentage of patients treated with Zometa 4 mg than with pamidronate 90 mg and occurred with a
frequency of greater than or equal to 5% but less than 10%. Adverse events are listed regardless of presumed
causality to stady drug: Asthenia, chest paiv, leg edema, mucositis, dysphagia, granulocytopenia,
thrombocytopenia, pancytopenia, nonspecific infection, hypocalcemia, dehydration, arthralgias, headache and
somnolence.

Rare cases of rash, pruritus, and chest pain have been reported following treatment with Zometa.

Acuie Phase Reaction-like Events

Symptoms consistent with acute phase reaction {APR) can occur with intravenous bisphosphonate vse. Fever
has been the most commouly associated symptom, cccurring in 4456 of patients treated with Zometa 4 mg and
33% of patients treated with Pamidronate 90 mg. Occasionally, patients experience a flu-like syndrome
consisting of fever, chills, flushing, bone pain and/or arthralgias, and myalgias.

Mineral and Electrolvie Abunormalities

Electrolyte abnormalities, most commonly hypocalcemia, hypophosphatemia and hypomagnesemia, can occur
with bisphosphonate use.

Grade 3 and Grade 4 laboratory abnormalities for serom creatinine, serum calcium, serum phosphorus, and
serum magnesium observed in two clinical trials of Zometa in patients with HCM are shown in Table 5 and 6.

Table 5: Grade 3 Laboratory Abnormalities for Serum Creatinine, Sevam Calelum, Serum Phosphorus,
and Seram Magnesium in Two Clinical Trials in Patients with HCM

Grade 3
Laboratory Parameter Zometa Pamidronate
4 mg 98 mg

n/N (%o} /N {%}
Serum Creatinine' 2/86 (2%) 3/100 {3%)
Hypocalcemia® 1/86 {1%s) 2/100 {2%}
Hyp@phosphatemias 36/70 {(51%6) 27/81 {33%)
Hypomagnesemia® 0/71 — 08¢ 0

Table 6: Grade 4 Laboratory Abnoermalities for Seram Creatinine, Serum Calciam, Serum Phosphorus,
and Serum Magnesium in Two Clinical Trials in Patients with HCM
Grade 4
Laboratory Parametler Zometa Pamidronate
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4 mg 94 mg
a/M {56} /N o)
Serum Creatinine’ ' /86 e 1/100 (1%}
}'iypacalcemia?‘ (/86 e /100 .
Hypophosphatemia® 1776 (1% 4/81 {5%)
Hypomagnesemia® 0/7r 1/84 {1%)

1 Grade 3 {greater than 3x Upper Limit of Normal); Grade 4 (greater than $x Upper Linit of Normal}
2 Grade 3 (less than 7 me/dL); Grade 4 (ess than 6 my/dL})

3 Grade 3 (less than 2 mg/dL); Grade 4 (fess than ] mg/dL}
4 Grade 3 (less than .8 mEq/LY; Grade 4 (ess than 0.5 mEg/L)

Injection Site Reactions
Local reactions at the infusion site, such as redness or swelling, were observed infrequently. In most cases, no
specific treatment 18 required and the symptoms subside after 24-48 hours.

Ocular Adverse Events

Ocular inflammation such as uveitis and scleritis can occur with bisphosphonate use, including Zometa. No
cases of iritis, scleritis or uveitis were reported during these clinical trials. However, cases have been seen in
postmarketing use [see Adverse Reactions (6.2)].

Multiple Mveloma and Bone Metastases of Solid Tumors

The safety analysis includes patients treated in the core and extension phases of the trials. The analysis includes the

2,042 patients treated with Zoroeta 4 mg, parnidronate 90 mg, or placebo in the three controlled vmlticenter bone
metastases trials, incloding $69 patients completing the efficacy phase of the trial, and 619 patients that continved in the
safety extension phase. Only 347 patients completed the exiension phases and were followed for 2 years (or 21 months for
the other solid tumor patients}. The median duration of exposure for safety analysis for Zometa 4 rog (core plos extension
phases) was 12.8 months for breast cancer and multiple myeloma, 10.8 months for prostate cancer, and 4.0 months for
other solid turors.

Table 7 describes adverse events that were reported by 10% or more of patients. Adverse events are histed regardless of
presumned causality fo study drug,

Table 7: Percentage of Patients with Adverse Bvents 218% Reported in Three Bone Metastases Clinical
Trials by Body System

Zomela Pamidronate Placebo

4 mg 94 mg

w {Yo) 1 {%) n {%)
Patients Studied
Total No. of Patients 1631 {100} 556 {160} 455 (100)
Total No. of Patients with any AE 1015 (98 548 (99) 445 (98)
Blood and Lymphatic
Anemia 344 (33 175 3 128 28)
Neutropenia 124 (12) 83 (15} 35 (8)
Thrombocytopenia 162 in 53 (1) 20 (4)
Gastrointestinal
Nausea 476 (46) 266 (48} 171 (38)
Vomiting 333 (32) 183 {33) 122 27
Constipation 320 (31 162 29 174 (38
Diarrhea 249 24) 162 (29} 83 (18
Abdominal Pain 143 {14) 31 (15) 48 (i
Dyspepsia 105 {16 74 {13) 31 (N
Stomatitis 86 {8} 65 {12} 14 (33
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Sore Throat 82 (8) 61 (11 17 4
General Disorders and Administration Site

Fatigue 398 (3%) 240 {43) 13¢ (2%
Pyrexia 328 (32} 172 31 89 (20}
Weakness 252 (24) 108 a9 114 (25
Edema Lower Limb 215 (21 126 23) 84 (19}
Rigors 112 (11} 62 {11 28 (6)
Infections

Urinary Tract Infection 124 (12} 50 (%) 41 N
Upper Respiratory Tract Infection 101 (1) 82 (15 36 (7
Metabeolism

Anorexia 231 (22) 81 (15) 105 (23)
Weight Decreased 164 (16) 50 (%) 61 (13)
Dehydration 145 (14) 60 (i 59 (13)
Appetite Decreased 139 (13) 48 )] 45 (1)
Musculoskeletal

Bone Pain’ 569 (55) 315 {57 284 (62}
Myalgia 239 (23) 143 (26) 74 (16)
Arthralgia 216 2y 131 (24) 73 (16)
Back Pain 156 (15} 106 {19) 49 (%)
Pawn in Limb 143 (14) 84 {15) 52 (11
Reoplasms

Malignant Neoplasm Aggravated 205 26 97 )] 89 (20)
MNervous . -

Headache 191 (19) 149 27 50 (IDH
Dizziness (excluding vertigo) 180 (18&) 91 {16) 58 (13
Insomnia 166 (16) 11 (20) 73 (16)
Paresthesia 149 (15 &5 (15} 35 (8}
Hypoesthesia 127 (12} 65 (12} 43 (16}
Psychiatric

Depression 146 14 95 {7 49 (i
Anxisty 112 1y 73 (13 37 (8)
Confusion 74 " 3% (7 47 (10
Respiratory .

Dryspnea: 282 {27) 155 (28) 197 (24
Cough 24 (22) 129 {23} 65 (14)
Skin

Alopecia 125 (12) 80 {14) 36 &
Dermatitis 114 (11) 74 {3 38 &)

Grade 3 and Grade 4 laboratory abnormalities for serum creatinine, serum calcium, serum phosphoras, and
serum magnesium observed in three clinical trials of Zometa in patients with bone metastases are shown in
Tables 8 and 9. '

Table 8: Grade 3 Laboratory Abnormalities for Seram Creatinine, Serum Calelum, Serum Phosphorus,
and Serum Magnesium is Three Clinical Trials in Patients with Bone Metastases

Grade 3
Laboratery Parameter Lometa Pamidronate Placebo
4 mg 90 mg
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/M {%) /N {%) LA {%)
Serwm Creatinine’ 7/529 (1%) 4/268 (2%) 41241 (2%)
Hypocalcemiz® A 6/973 {(<1%) 4/536 {<1%) 0415
Hypophosphatemia’ 115/973 {12%) 38/537 7%%) 14/415 (3%}
Hypermagnesem§34 19/971 {2%) 21535 {<1%) 8/415 {2%%6)
Hypomagnesemia~ 1/971 (<1%) 0/535 — 1/415 (<1%)

1 Grade 3 {greater than 3x Upper Limit of Nomal); Grade 4 {greater than 6x Upper Limit of Normal}

* Serwn creaiitine data for all patients randemized after the 15-minute tnfusion d

2 Grade 3 (fess than 7 mg/'dL); Grade 4 (less than 6 mg/dL)
3 Grade 3 (leas than 2 mg/dL), Grade 4 (Jess than 1 mg/dL}
4 Grade 3 {greater than 3 mEq/LY; Grade 4 (greates than 8 mEg/L)

5 Cirade 3 (Jess than 0.9 wE/L); Grode 4 (ess than 0 7 mBq/L)

Table 9: Grade 4 Laboratory Abnormalities for Serum Creatinine, Serum Calelum, Serum Phosphorus,
and Serum Magnesinm in Three Clinical Trials in Patients with Bone Metastases

Grade 4
ELaboratory Parameter Zometa Pamidronate Placebo
4 mg 90 mg

/N {%} /N {%) B/l {Y%)
Serum Creatinine! 2/529 {(<1%) - 17268 {(<1%) 0/241 e
Hypmalcemial 7/973 {(<1%) 3/536 {<1%) 2/415 {(<1%)
Hypophosphatemia® 5/973 (<196} /537 1/415 {(<1%
Hypermagﬂesemiqd‘ 0/971 — 0/535 —_ 2/415 {(<1%)
Hypomagnesemia® - 2/971 {(<1%) 1/535 {<1%) (/415 —

1 Grade 3 (greater than 3x Upper Liroit of Nomnal), Grade 4 (greater than 61 Upper Limit of Nossnal)
* Serum creatinine data for all patients randomized after the 15-minute infusion smendment

2 Erade 3 (fess than 7 mg/dl}; Grade 4 (ess than 6 mg/dL)

3 Grode 3 {ess than 2 wg/SL); Grade 4 (fess thon 1 mg/dL)

4 Grade 3 (greater than 3 mEq/L); Grade 4 {greater than 8 mEg/L)

5 Grade 3 Jess than 0.9 mEq/L); Grade 4 (Jess than 0.7 mEg/L}

Among the less frequently occurring adverse events (less than 15% of patients), rigors, hypokalemia,
influenza-like illness, and hypocalcemia showed a trend for more events with bisphosphonate administration
{Zometa 4 mg and pamidronate groups) compared to the piacebo group.

Less.common adverse evenis reported more often with Zometa 4 mog than pamidronate inchided decreased
weight, which was reported in 16% of patients in the Zometa 4 mg group compared with 9% in the pamidronate
group. Decreased appetile was reporied in slightly more patients in the Zometa 4 mg group (13%) compared
with the pamidronate (9%) and placebo (10%) groups, but the clinical significance of these small differences is
not clear.

Renal Toxicity

In the bene metastases trials, renal deterioration was defined as an increase of 0.5 mg/dL for patients with normal baselipe
creatinine (less than 1.4 mg/dL) or an increase of 1.0 mg/dL for patients with an abnormal baseline creatinine {greater
than or equal tol.4 mg/dL). The following are data on the incidence of renal deterjoration in patients receiving Zometa

4 mg over 15 mimates o these irjals {see Table 10).

Table 1{: Percentage of Patients with Treatment Emergent Renal Fanction Deterioration by Baseline
Serum Creatinine*
Patient Population/Baseline Creatinine
Muitiple Myelom a and Breast Cancer Zometa 4 mg Pamidronate 90 mg
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n/N {%e) /N %)
Normal 27/24¢6 {11%) 237246 (9%}
Abnormal 2/26 {8%) 2422 (9%)
Total 29/272 {(11%) 25/268 (9%}
Selid Tumors Zometa 4 mg Placebo

n/N {%) /N {%)}
Normal 17/154 (11%) 10/143 (7%}
Abnormal /11 (9% 1/20 {(5%)
Total 18/165 (11%0) 11/163 (7%
Prostate Cancer Zometa 4 mg Placebeo

/N (%) /M {56}
Normal 12/82 (15%) 8/68 {12%)
Abnormal 4/10 {40%) 2116 {20%)
Total 16/92 {(17%) 10/78 {13%%)

*Table includes ouly patients who were randmized (o the trig) afier a proteca) amendiment that Jeogthened the lofusion duration of Zometa 1o 15 minutes.

The risk of deterioration in renal function appeared to be related to time on study, whether patients were
receiving Zometa (4 mg over 15 minutes), placebo, or pamidronate.

In the trials and in postmarketing experience, renal deterioration, progression to renal failire and dialysis have
occurred in patients with normal and abnormal baseline renal fimction, including patients treated with 4 mg
infused over a 15-minute period. There have been instances of this occurring after the initial Zometa dose.

6.2 Postmarketing Experience

The following adverse reactions have been reported during postapproval use of Zometa. Because these reports are froma

' 4 g postapp
population of unceriain size and are subject to confounding factors, it is not possible to reliably estirnate their frequency or
estabjish a causal relationship to drug exposure.

Osteonecrosis of the Jaw

Cases of ostconecrosis (primarily involving the jaws) have been reported predominantly in cancer patients
ireated with intravenous bisphosphonates including Zometa. Many of these patients were also receiving
chemotherapy and corticostercids which may be a risk factor for ONJ. Data suggests a greater frequency of
reports of ONJ in certain cancers, such as advanced breast cancer and multiple myeloma. The majority of the
reported cases are in cancer patients following invasive dental procedures, such as tooth extraction. Itis
therefore prudent to avoid invasive dental procedures as recovery may be prolonged [see Warnings And

Precautions.{5)}.

Musculoskeletal Pain

Severe and occasionally incapacitating bone, joint, and/or muscle pain has been reported with bisphosphonate
use [see Warnings And Precautions (5)].

Atvpical subtrochanteric and diaphvseal femoral fractures

Atypical sebirochanteric and diaphyseal femoral fractures have been reported with bisphosphonate therapy,
inchiding Zometa [see Warnings and Precanstions (5.6)1.

Oeular Adverse Events

Cases of uveitis, scleritis, episcleritis, conjunctivitis, iritis, and orbital inflammation mchiding orbital edema
have been reported during postmarketing use. In some cases, symptoms resolved with topical steroids.

Hypersensitivity Reactions
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There have been rare reporis of allergic reaction with intravenous zoledronic acid including angicedema, and
brouchocoustriction. Very rare cases of anaphylactic reaction/shock have also been reported.

Additional adverse reactions reported in postmarketing use include:

CNS' taste disturbance, hyperesthesia, tremor; Special Senses: blurred vision; Gasfreintestingl: dry mouth;
Skin: Tocreased sweating; Muscaloskeletal: rouscle cramps; Cardiovascular: hypertension, bradycardia,
hypotension (associated with syncope or circulatory collapse primarily in patients with enderlving risk factors);
Respivatory: bronchoconstriction; Renal: hematuria, proteinuria; General Disorders and Administration Site:
weight increase, influenza-like illness (pyrexia, asthenia, fatigue or malaise) persisting for greater thap 30 days;
Laboratory Abnormalities: hyperkalemia, hypernatrermisa.

7 DRUG INTERACTIONS

In-vigre studies indicate that zoledronic acid is approximately 22% bound to plasma proteins. -virre studies
also indicate that zoledronic acid does not inhibit microsomal CYP430 enzymes. fn-vivo studies showed that
zoledronic acid is not metabolized, and is excreted into the urine as the intact drug,

7.1 Aminoglycosides

Caution is advised when bisphosphonates are administered with aminoglycosides, since these agents may have
an additive effect to lower serum calcium level for prolonged periods. This effect has not been reported in
Zometa clinical trials.

7.2 Loop Diuretics

Caution should also be exercised when Zometa is used in combination with foop diuretics due to an increased
risk of hypocalcemia.

7.3 Nephrotoxic Drugs

[
g
Caution is indicated when Zometa is used with other potentially nephrotoxic drugs. !
7.4 Thalidomide ‘

No dose adjustment for Zometa 4 mg Is needed when co-administered with thalidomide. o a pharmacokinetic
study of 24 patients with multiple myeloma, Zometa 4 mg given as a 15 minute infusion was administered
either alone or with thalidomide (100 mg once daily on days 1-14 and 200 mg once daily on days 15-28). Co-
administration of thalidomide with Zometa did not significantly change the pharmacokinetics of zoledronic acid
or creatipine clearance.

8 USEIN SPECIFIC POPULATIONS
8.1 Pregnancy
Pregnancy Category D fsee Warnings and Precaution (5.9)]

There are no adequate and well-controlled studies of Zometa in pregnant women. Zometa may cause fetal harm
when admiuistered to a pregrant woman. Bisphosphonates, such as Zometa, are incorporated into the bone
matrix and are gradually released over periods of weeks to years. The extent of bisphosphonate incorporation
into adult bone, and hence, the amount available for release back into the systemic circulation, is directly related
to the total dose and duration of bisphosphonate use. Alhough there are no data on fetal risk in humaos,
bisphosphonates do cause fetal harm in animals, and animal data suggest that uptake of bisphosphonates into
fetal bone ts greater than into maternal bone. Therefore, there is a theoretical risk of fetal harm {e.g., skeletal
and other abnormalities) if a woman becomes pregnant after completing a course of bisphosphonate therapy.
The impact of variables such as time between cessation of bisphosphonate therapy to conception, the particular
bisphosphonate used, and the route of administration {intravenous versus oral} on this risk has not been
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established. Ifthis drug is used doring pregnancy or if the patient becomes pregnant while taking or after taking
this drug, the patient should be apprised of the potential hazard to the fetus.

In female rats given subeutaneous doses of zoledronic acid of 0.01, 0.03, or 0.1 mg/ke/day beginning 15 days
before mating and continuing through gestation, the number of stillhirths was increased and survival of peonates
was decreased in the mid- and high-dose groups (20.2 times the human systemic exposure following an
intravenous dose of 4 mg, based on an AUC comparison). Adverse maternal effects were observed in all dose
groups (with a systemic exposure of 20.07 times the human systemic exposure following an intravenous dose of
4 mg, based on an AUC comparison) and included dystocia and peripartarient mortality in pregnant rats

allowed to deliver. Maternal mortality may have been related to drog-induced inhibition of skeletal calciuim
mobilization, resulting in periparturient hypocalcemia. This appears to be a bisphosphonate-class effect.

In pregnant rats given a subcutaneous dose of zoledronic acid of 0.1, 0.2, or 0.4 mg/kg/day during gestation,
adverse fetal effects were observed in the mid- and high-dose groups (with systemic exposures of 2.4 and

4.8 times, respectively, the haman systemic exposure following an intravenous dose of 4 mg, based on an AUC
comparison). These adverse effects included increases in pre- and postimplantation losses, decreases in viable
fetuses, and fetal skeletal, visceral, and external malformations. Fetal skeletal effects observed in the high-dose
group included unossified or incompletely ossifted bones, thickened, curved or shoriened bones, wavy ribs, and
shortened jaw. Other adverse fetal effects observed in the high-dose group included reduced lens, rudimentary
cerebellum, reduction or absence of liver lobes, reduction of lung lobes, vessel dilation, cleft palate, and edema.
Skeletal variations were also observed in the low-dose group (with systemic exposure of 1.2 times the haman
systemic exposure following an intravenous dose of 4 mg, based on an AUC comparison). Signs of maternal
toxicity were observed in the high-dose group and included reduced body weights and food consumption,
mdicating that maximal exposure levels were achieved in this study.

In pregnant rabbits given subcutanecus doses of zoledronic acid of .01, 0.03, or 0.1 mg/kg/day during
gestation (0.5 times the human intravenous dose of 4 mg, based on a comparison of relative body surface
areas}), no adverse fetal effects were observed. Maternal mortality and abortion occurred in all treatment groups
{at doses >0.05 times the human intravenous dose of 4 mg, based on a comparison of relative body surface
areas). Adverse maternal effects were associated with, and may have been caused by, drug-induced
hypocalcemia,

8.3 Nursing Mothers

1t is not known whether zoledronic acid is excreted in human milk. Because many drugs are excreted in human
milk, and because of the potential for serious adverse reactions in nursing infants from Zometa, a decision
should be made to discontinue nursing or to discontinue the drug, taking into account the importance of the drug
to the mother.- Zoledronic acid bindsto bone long terrnand may be released over weeks to years

8.4 Pediatric Use
Zometa is not indicated for use in children.

The safety and effectiveness of zoledronic acid was studied in a one-year active-controlled trial of 152 pediatric
subjects (74 receiving zoledronic acid). The enrolled population was subjects with severe osteogenesis
imperfecta, aged 1-17 years, 55% male, 84% Caucasian, with a mean lumbar spine BMD of 0.431 gm/cmz,
which is 2.7 standard deviations below the mean for age-matched controls (BMD Z-score of -2.7). At one vear,
increases in BMD were observed in the zoledronic acid treatment group. However, changes in BMD in
individual patients with severe osteogenesis imperfecta did not necessarily correlate with the risk for fracture or
the incidence or severity of chronic houne pain. The adverse events observed with Zometa use in children did not
raise apy new safety findings beyond those previously seen in adulis treated for hypercalcemia of malignancy or
bone metastases. However, adverse reactions seen more commonly in pediatric patients included pyrexia (61%),
arthralgia (26%), hypocalcemia (22%) and headache (22%). These reactions, excluding arthralgia, occurred
most frequently within 3 days after the first infusion and became less common with repeat dosing. Because of
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long-term retention in bone, Zometa should only be used in children if the potential benefit outweighs the
potential risk.

Plasma zoledronic acid concentration data was obtained from 10 patients with severe osteogenesis imperfecta
{4 in the age group of 3-8 years and § in the age group of 9-17 years) infused with 0.05 mg/kg dose over

30 min. Mean Ciy and AUC 1o was 167 ng/ml, and 220 ng.h/mL, respectively. The plasma concentration
time profile of zoledronic acid in pediatric patients represent a multi-exponential decline, as observed in adult
cancer patients at an approximately equivalent mg/kg dose.

8.5 Geriatric Use

Clinical studies of Zometa in hypercalcemia of malignancy included 34 patients who were 65 years of age or
older. No significant differences in response rate or adverse reactions were seen in geriatric patients receiving
Zometa as compared to younger patients. Controlled clinical studies of Zometa in the treatment of multiple
myeloma and bone metastases of solid tumors in patients over age 65 revealed similar efficacy and safety in
older and younger patients. Because decreased renal function occurs more commonly in the elderly, special care
should be taken to monitor renal function.

1§ OVERDOSAGE

Clinical experience with acute overdosage of Zometa is limited. Two patients received Zometa 32 mg over
5 minutes in clinical trials. Neither patient experienced any clinical or laboratory toxicity. Overdosage may
cause clinically significant hypocalcemia, hypophosphatemia, and hypomagnesemia. Clinically relevant
reductions in serum levels of calcium, phosphorus, and magnesium should be corrected by intravenous
administration of calcium gluconate, potassium or sodium phosphate, and magnesium sulfate, respectively.

In an open-label study of zoledronic acid 4 mg in breast cancer patients, a female patient received a single
48-mg dose of zoledronic acid in error. Two days afier the overdose, the patient experienced a single episode of
hyperthermia (38°C), which resolved after treatment. Al other evaluations were normal, and the patient was
discharged seven days afier the overdose.

A patient with non-Hodgkin’s lymphoma received zoledronic acid 4 mg daily on four successive days for a total
dose of 16 mg. The patient developed paresthesia and abnormal liver function tests with increased GGT (nearly
100U/L, each value unkuown). The outcome of this case is not known.

In: controlled clinical trials, administration of Zometa 4 mg as an intravenous infusion over § minutes has been
shown to increase the risk of repal toxicity compared to the same dose administered as a 15-minute intravenous
infusion. In controlled clinical trials, Zometa 8 mg has been shown to be associated with an increased risk of
renal toxicity-compared to Zometa-4.mg, even when-givenas a-15-minute intravenous infusion, and was not
associated with added benefit in patients with hypercalcemia of malignancy [see Dosage And

Adminisiration (2.4)].

11 DESCRIPTION
Zometa contains zoledronic acid, a bisphosphonic acid which is an inhibitor of ostecclastic bone resorption.

Zoledronic acid is designated chemically as (1-Hydroxy-2-imidazol-1-yl-phosphonoethyl) phosphonic acid
monochydrate and its structural formula is
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Zoledronic acid is a white crystaliine powder. Its molecular formula is CsHyoN2O7P » HoO and its molar mass
is 290.1g/Mol. Zoledronic acid is highly soluble in 0.1N sodium hydroxide solution, sparingly soluble in water
and 0.1N hydrochloric acid, and practically insoluble in organic solvents. The pH of a 0.7% solution of
zoledrouic acid in water is approximately 2.0.
Zoraeta is available in 100-ml. bottles as a sterile liguid ready-to-use solution for intravenous infusion and in 5-
mL vials as a sterile liquid concentrate solution for intravenous infusion.
¢ Fach 100 ml ready-to-use bottle contains 4.264 mg zoledronic acid monohydrate, corresponding to 4
mg zoledronic acid on an anhydrous basis, 5100 mg of mannitol, USP, water for injection, and 24 mg of
sodium cifrate, USP.

s Fach 5 mL concentrate vial contains 4.264 mg zoledronic acid monchydrate, corresponding to 4 mg
zoledrouic acid oo an anhydrous basis, 220 mg of mannitol, USP, water for injection, and 24 mg of
sodinm cifrate, USP.

{nactive Ingredients: mannitol, USP, as bulking agent, water for injection and sodium citrate, USP, as buffering
agent. :

12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action

The principal pharmacologic action of zoledronic acid is inhibition of bone resorption. Although the
antiresorptive mechanism is not corapletely understood, several factors are thought to contribute to this action.
In vitro, zoledronijc acid inhibits osteoclastic activity and induces osteoclast apoptosis. Zoledronic acid also
blocks the osteoclastic resorption of mineralized bone and cartilage through its binding to bone. Zoledronic acid
inhibits the increased osteoclastic activity and skeletal calcium release induced by various stimulatory factors
released by turors.

12.2 Pharmacodyanamics

Clinical studies in patients with hypercalcemia of malignancy (HCM) showed that single-dose infusions of
Zoraeta are associated with decreases in serum caleium and phosphorus and increases in urinary calcium and
phosphorus excretion.

Osteoclastic hyperactivity resulting in excessive bone resorption is the underlying pathophysiologic
derangement n hypercalcernia of malignancy (HCM, tumor-induced hypercalcemia) and metasiatic bone
disease. Excessive release of calcium into the blood as bone is resorbed results in polyuria and gastrointestinal
disturbances, with progressive dehydration and decreasing glomerular filtration rate. This, in tum, resulis in
increased renal resorption of calcium, setting up-a cycle of worsening systemic hypercalcemia. Reducing
excessive bone resorption and maintaining adequate fluid administration are, therefore, essential to the
management of hypercalcemia of malignancy.

Patients who have hypercalcemia of malignancy can generally be divided into two groups according to the
pathophysiologic mechanism involved: humoral hypercalcemia and hypercalcemia due to tumor invasion of
bone. In humoral hypercalcemia, osteoclasts are activated and bone resorption is stimulated by factors such as
parathyroid hormone-related protein, which are elaborated by the tumor and circulate systemically. Hororal
hypercalcemia usually occurs in squamous cell malignancies of the lung or head and neck or in genitourinary
tumors such as renal cell carcinoma or ovarian cancer. Skeletal metastases may be absent or minimal in these
patients.

Extensive invasion of bone by tumor cells can also result in hypercalcemia due to local tumor products that
stirqulate bone resorption by osteoclasts. Tumors commenly associaied with locally mediated hypercalcemia
include breast cancer and multiple myeloma.
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Total serum calcium levels in patients who have hypercalcemia of malignancy may not reflect the severity of
hypercalcemia, since concomitant hypoalbuminemia is commonly present. Ideally, ionized calcium levels
should be used to diagnose and follow hypercaleemic conditions; however, these are not commonly or rapidly
available in many clinical situations. Therefore, adjusiment of the total serum calchum value for differences in
albumin levels {corrected serum calcium, CSC) is ofien used in place of measurement of fonized caleium;
several nomograms are in use for this type of calculation [see Dosage And Administration (2)).

12.3 Pharmacokinetics
Pharmacokinetic data in patients with hyperealcemia are not available.
Distribution

Single or multiple (g 28 days) S-minute or 15-minute infusions of 2, 4, 8 or 16 mg Zometa were given to

54 patients with cancer and bone metastases. The postinfusion decline of zoledronic acid concentrations in
plasma was consistent with a triphasic process showing a rapid decrease from peak concentrations at end of
infusion to less than 1% of Cpax 24 bours postinfusion with population half-lives of 112, 0.24 hours and {05

1.87 hours for the early disposition phases of the drug. The terminal elimination phase of zoledronic acid was
prolonged, with very low concentrations in plasma between Days 2 and 28 postinfusion, and & terminal
elimvination half-life t 15y of 146 hours. The arca under the plasma concentration versus time curve (AUCqo4) of
zoledronic acid was dose proportional from 2-16 myg. The accumulation of zoledronic acid measured over three
cycles was low, with mean AUC, 4, ratios for cycles 2 and 3 versus 1 of 1.13 £ 0.30 and 1.16 4 0.36,
respectively.

In-vitro and ex-vivo studies showed low atfinity of zoledronic acid for the cellular components of human blood.
{n vifro, mean zoledronic acid protein binding in human plasma ranged from 28% at 200 ng/mb to 53% at
50 ng/ml.. ‘

Metabolism

Zoledronic acid does not inhibit human P450 enzymes in vitro. Zoledronic acid does not undergo
biotransformation in vive. In animal studies, less than 396 of the administered intravenous dose was found in the
feces, with the balance either recovered in the urine or taken up by bone, indicating that the drug is eliminated
intact via the kidney. Following an intravenous dose of 20 nCi *C-zoledronic acid in a patient with cancer and
bone metastases, only a single radioactive species with chromatographic properties identical to those of parent
drug was recovered in urine, which suggests that zoledronic acid is not metabolized.

Exeretion

in 64 patients with cancer and bene metastases, on average (+ s.d4.) 39+ 16% of the administered

zoledrouic acid dose was recovered in the urine within 24 hours, with only trace amounts of drug found in urine
post-Day 2. The cumulative percent of drug excreted in the urine over §-24 hours was independent of dose. The
balance of drug nol recovered in urine over 0-24 hours, representing drug presumably bound to bone, is slowly
refeased back into the systemic circalation, giving rise to the observed prolonged low plasma concentrations.
The 0-24 hour renal clearance of zoledronic acid was 3.7 2.0 L/h.

Zoledronic acid clearance was independent of dose but dependent upon the patient’s creatinine clearance. Ina
study in patients with cancer and bone metastases, increasing the infusion time of a 4-mg dose of

zoledronic acid from § minutes (=35} to 15 minutes (w=7) resulted in a 34% decrease in the zoledronic acid
concentration at the end of the infusion ({mean + SD} 403 4 118 ng/mL versus 264 + 86 ng/mL}and a

10% increase in the total AUC (378 + 116 ng x h/mL versus 420 + 218 ng x h/mL). The difference hetween the
AUC means was not statistically significant.

Special Popudations

Pediatrics
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Zoweta is not indicated for use in children [see Pediatric Use (8.4}].
{rerigirics

The pharmacokinetics of zoledronic acid were not affected by age in patients with cancer and bone metastases
who ranged in age from 38 years to 84 years.

Race

Population pharmacokinetic analyses did not indicate any differences in pharmacokinetics among Japanese and
North American (Caucasian and African American) patients with cancer and bone metastases.

Hepatic Insufficiency

No clinical studies were conducted to evaluate the effect of hepatic impairment on the pharmacokinetics of
zoledronic acid.

Benal Insufficiency

The pharmacokinetic studies conducted in 64 cancer patients represented typical clinical populations with
normal to moderately impaired renal function. Compared to patients with normal renal function (N=37),
patients with mild renal impairment (N=15) showed an average increase in plasma AUC of 15%, whereas
patients with moderate renal impairment (N=11) showed an average increase in plasma AUC of 43%. Limited
pharmacokinetic data are available for Zometa in patients with severe renal impairment (creatinine clearance
less than 30 mL/min). Based on population PK/FD modeling, the risk of renal deterioration appears to increase
with AUC, which is doubled at a creatinine clearance of 10 mL/min. Creatinine clearance is calculated by the
" Cockeroft-Gault formula: '
CrCl = [140-age {vears)] x weight (ke {x 0.85 for female patients}
[72 % serum creatinine (mg/dL)]

Zometa systemic clearance in individual patients can be calculated from the population clearance of Zometa,
CL (L/my=6.5(CL/90)*". These formulae can be used to predict the Zometa AUC in patients, where

CL = Dose/AUCo.. The average AUCu4 in patients with normal renal function was 0.42 mg=h/L and the
calculated AUCy., for a patient with creatinine clearance of 75 mb/min was 0.66 mg=h/L following a 4-mg dose
of Zometa. However, efficacy and safety of adjusted dosing based on these formulae have not been
prospectively assessed [see Warnings And Precautions (5.2)].

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Standard lifetime carcinogenicity bioassays were conducted in mice and rats. Mice were given oral doses of
zoledronic acid of 0.1, (1.5, or 2.0 mg/kg/day. There was an increased incidence of Harderian gland adenorpas in
males and females in all treatment groups (at doses 20.002 times a human ntravenous dose of 4 mg, basedon a
comparison of relative body surface areas). Rats were given oral doses of zoledronic acid of 0.1, 0.5, or

2.0 mg/kg/day. No increased incidence of tumors was observed (at doses <0.2 tirses the human infravenous
dose of 4 mg, based on a comparison of relative body surface areas).

Zoledronic acid was not genotoxic in the Ames bacterial mutagenicity assay, in the Chinese hamster ovary cell
assay, or in the Chinese hamster gene mutation assay, with or without metabolic activation. Zoledronic acid was
not genotoxic in the in-vivo rat micronucleus assay.

Female rats were given subcutaneous doses of zoledronic acid of 0.01, 0.03, or 0.1 mg/kg/day beginning

15 days before mating and continuing through gestation. Effects observed in the high-dose group (with systemic
exposure of 1.2 times the human systemic exposure following an intravenous dose of 4 mg, based on AUC
comparison) included inhibition of ovulation and a decrease in the number of pregnant rats. Effects observed in
both the mid-dose group (with systersic exposure of 0.2 times the human systemic exposure following an
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intravenocus dose of 4 mg, based on an AUC comparison) and high-dose group included an increase in
preimplantation losses and a decrease in the number of implantations and live fetuses.

14 CLINICAL STUDIES
14.1 Hypercaleemia of Malignaney

Two identical multicenter, randomized, double-blind, double-dummy studies of Zometa 4 mg given asa
S-minute intravenous infusion or pamzidronate 90 mg given as a 2-hour intravenous infusion were conducted in
1835 patients with hypercalcemia of maligoancy (HCM). NOTE: Administration of Zometa 4 mg givenasa
S-minute intravenous infusion has been shown to result in an increased risk of renal toxicity, as measured by
increases in serum creatinine, which can progress to renal failure. The incidence of renal toxicity and renal
failure bas been shown to be reduced when Zometa 4 mg is given as a 15-minute intravenous infusion. Zometa
should be administered by intravenous infusion over no less than 15 minutes {see Warnings And

Precautions (5.1, 5.2} and Dosage And Administration (2.4)]. The treatment groups in the clinical studies were
generally well balanced with regards to age, sex, race, and tumor types. The mean age of the study population
was 39 years; 81% were Caucasian, 15% were Black, and 4% were of other races. 60% of the patients were
male. The most common tamor types were lung, breast, head and neck, and renal.

In these studies, HCM was defined as a corrected serum caleium (CSC) concentration of greater than or equal to
12.0 mg/dL (3.00 mmol/L). The primary efficacy variable was the proportion of patients having a complete
response, defined as the lowering of the CSC to less than or equal to 10.8 mg/dL (2.70 mmol/L) within 10 days
after drug infusion.

To assess the effects of Zometa versus those of pamidronate, the two multicenter HCM studies were combined
in a preplanned apalysis. The results of the primary analysis revealed that the proportion of patients that had
normalization of corrected serum caleium by Day 10 were 88% and 70% for Zometa 4 mg and pamidronate
90 mg, respectively (P=0.002) (see Figure 1). In these studies, no additional benefit was seen for Zometa 8 mg
over Zometa 4 mg; however, the risk of renal toxicity of Zometa 8 mg was significantly greater than that seen
with Zometa 4 mg.

Figure 1
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Secondary efficacy variables from the pooled HCM studies included the proportion of patients who had
normalization of corrected serum calcium (CSC) by Day 4; the proportion of patients who had normalization of
CS8C by Day 7; time to relapse of HCM; and duration of complete response. Time to relapse of HCM was
defined as the duration (in days) of normalization of serum calcivm from study drug nfusion until the last CSC
value less than 11.6 mg/dL (less than 2.90 mmoV/L). Patients who did not have a complete response were
assigned a time to relapse of 0 days. Duration of complete response was defined as the duration (in days) from
the occwrrence of a complete respouse until the last CSC <10.8 mg/dL (2.70 mmol/L). The results of these
secondary analyses for Zometa 4 mg and pamidronate 90 mg are shown in Table 11.

Table 11: Secendarﬁv Efficacy Variables in Pooled HUM Studies

Reference 1D 3100667

01771



ZOMETA Label Page 20 of 22

Zometa d mg Pamidronate 56 mg
Complete Response N Response Rate N Response Rate
By Bay 4 86 45.3% 9% 33.3%
By Day 7 86 . 82.6%* 9% 63.6%
Duration of Response N Median Duration {(Days) N Mediar Duration (Days)
Time to Relapse 86 3% 99 17
Duration of Complete Respouse 76 32 68 18

*P Tess than 0.05 versus pamudronate 90 wg. - . 1

14.2 Ciinical Trials in Muliiple Myecloma and Bone Metastases of Solid Tumors

Table 12 describes an overview of the efficacy population in three randomized Zometa trials in patients with
nultiple myeloma and bone metastases of solid tumors. These trials included a pamidronate-controlled study in
breast cancer and multiple myeloma, a placebo-controlled study in prostate cancer, and a placebo-controlied
study in other solid tumors. The prostate cancer study required documentation of previous bone metastases and
3 consecutive rising PSAs while on hormonal therapy. The other placebo-controfied solid tumor study included
patients with bone metastases from malignancies other than breast cancer and prostate cancer, including
NSCLC, renal cell cancer, small cell lung cancer, colorectal cancer, bladder cancer, Gl/genitourinary cancer,
head and neck cancer, and others. These trials were comprised of a core phase and an extension phase. In the
solid tumor, breast cancer and multiple myeloma trials, only the core phase was evaluated for efficacy as a high
percentage of patients did not choose to participate in the extension phase. In the prostate cancer trials, both the
core and extension phases were evaluated for efficacy showing the Zometa effect during the first 15 months was
maintained without decrement or improvement for another 9 months. The design of these clinical trials does not
permit assessment of whether more than one-year administration of Zometa is beneficial. The optimal duration
of Zometa administration is not known.

The studies were amended twice because of renal toxicity. The Zometa infusion duration was increased from

5 minutes to 15 minutes. After all patients had been accrued, but while dosing and follow-up continued, patients
in the 8 mg Zometa treatment arm were switched to 4 mg due to toxicity. Patlents who were randomized to the
Zometa 8 mg group are not included in these analyses.

Table 12: Overview of Efficacy Population for Phase [T Studies

Patient Population No.of  Zometa Dose Control Median Duration
Patients {Planned Duration)
v Zometa d mg

Multiple myeloma or metastatic 1,648 4and & mg  Pamidronate 90mg- 12.0.menths
breast cancer (33-4 weeks Q3-4 weeks {13 months)
Metastatic prostate cancer 643 4and 8* mg  Placebe 10.5 months

(33 weeks {15 months)
Metastatic solid tumor other 773 4and 8*mg  Placebo 3.8 months
than breast or prostate cancer Q3 weeks (9 months}

* Ratients who were randomized o the 8 ing Zometa grouyp are aot included in any of the analyses in this package wset

Each study evaluated skeletal-related events (SREs), defined as any of the following: pathologic fracture,
radiation therapy to bone, surgery to bone, or spinal cord compression. Change in antincoplastic therapy due to
increased pain was a SRE in the prostate cancer study only. Planned analyses included the proportion of patients
with a SRE during the study and time o the first SRE. Results for the two Zometa placebo-controlled studies
are given in Table 13,

Reference ID: 3100687
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Table 13: Zometa Compared to Placebo in Patients with Bone Metastases from Prostate Cancer or Other
Solid Tumors :

1. Analysis of Proportion of Patients with a SRE' 1. Analysis of Time to the Firs{ SRE
Study Arm & Difference’ Mediae Hazard Ratin’
Study Patient Number Proporiion & 95% CYI Povalue {Brays) & 95% Ci Poyalue
Prostate Zometa 4 mg 33% ~11% 0.02 Not Reached 0.67 0.011
Cancer (n=214) (-20%, -1%) {0.49, 0.913
Placebo 44% 321
{u=208)
Solid Zometa 4 mg 38% ~T% 0.13 230 0.73 0.023
Tomors (n=257) (-15%, 2%} (G.35, 0.96)
Placebo 44% 163
(=250

1SRE=Skeletal-Related £vent
2Difterence for the proportion of patients with a SRE of Zowmeta 4 mg versus placebo.
3Hazard ratio for the {fust occurence of a SRE of Zometa 4 mg versus placebo.

In the breast cancer and myeloma trial, efficacy was determined by a noninferiority analysis comparing Zometa
to pamidronate 90 mg for the proportion of patients with a SRE. This analysis required an estimation of
pamidronate efficacy. Historical data from 1,128 patients in three pamidronsate placebo-controlled trials
demonstrated that pamidronate decreased the proportion of patients with a SRE by 13.1% (95% CI = 7.3%,
18.9%). Results of the comparison of treatment with Zometa comapared to panidronate are given in Table 14.

Table 14: Zomeia Compared to Pamidronate in Patients with Multiple Myeloma or Bone Metastases
' from Breast Cancer

1. Analysis of Proportion of Patients with a SRE' | Y1 Analysis of Time to the First SRE
Study Arm & Difference’ Median Hazard Ratio®
Stady Patient Number  Proportion & 959% Ci P-value {avys) & 55% Ci P-valne
Mulktiple Zometa 4 mg 44% -2% 0.46 373 0.92 0.32
Myecloma {u=361) (~7.9%, 3.7%) {0.77, 1.09)
& Breast
Cancer Pamidronate 46% 363
{u=35%}) :

ISRE=Skeletal-Related Fvent
20ifference for the proportion of patients with & SRE of Zometa 4 mg versus pamidronate 9C mg.
- 3Hazard ratio- for the-firstocourence of 3 SRE of Zomets 4 mg versuspamidronate 50 mg,

16 HOW SUPPLIED/STORAGE AND HANDLING

4 meg/10¢ mL single-use ready-to-use bottle

Carton Of 1 DOHEE. oo e e NDC 0078-0590-61
Store at 25°C {77°F); excursions permitted to 15-30°C (59-86°F) [see USP Controlled Room Temperature].

4 mg/S ml single-use vial of concentrate
Carton Of 1 viak. .o i e NDBC (078-0387-25
Store at 25°C (77°F); excursions permitted to 15-30°C (59-86°F) [see USP Controlled Room Temperature],

17 PATIENT COUNSELING INFORMATION

e Patients should be instructed to tell their doctor if they have kidney problems before being given Zometa,

Refersnca iD: 3100667
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s Patients should be informed of the importance of getting their blood tests (serum creatinine) during the
course of their Zometa therapy.

¢ Zometa should not be given if the patient is pregnant or plans to become pregnant, or if she is
breast-feeding,

s Patients should be advised to have a dental examination prior to treatment with Zometa and should avoid
mvasive dental procedures during treatment.

¢ Patients should be informed of the importance of good dental hygiene and routine dental care,

s Patients with multiple myeloma and bone metastasis of solid tumors should be advised to take an oral
calcium supplement of 500 mg and a multiple vitamin containing 400 U of Vitamin D} daily.

e Patients should be advised to répert any thigh, hip or groin pain. It is vnknown whether the risk of atypical
femur fracture continues afier stopping therapy.

e Patients should be aware of the most common side effects including: anemia, nausea, vomiting,
constipation, diarrhea, fatigue, pyrexia, weakness, lower limb edema, anorexia, decreased weight, bone
pain, myalgia, arthralgia, back pain, malignant neoplasm aggravated, headache, dizziness, insomnia,
paresthesia, dyspnea, cough, and abdominal pain.

s There have been reports of bronchoconstriction in aspirin-sensitive patients receiving bisphosphonates,
including zoledronic acid. Before being given zoledronic acid; patients should tell their doctor if they are
aspirin-sensitive,

Manutactured by

Novartis Pharma Stein AG

Stein, Switzerland for

Novartis Pharmaceuticals Corporation
East Hanover, New Jersey (7936

© Novartis
T2012-11

Rafarence {D: 3100667
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24, Declaration of Herriot Tabuteau submitted in U.S. Application No. 13/894,252 on March 28,
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IN THE UNITED ST@I?’ES PATENT AND TRADEMARK QFFICE

Confirmation No. 5880

Appin. No. : 13/884,252

Applicant : Herriot Tabuteau

Filed : May 14, 20143

TCIAL. : 1827 )

Examiner : Svetiana M. lvanova

Docket No. ‘ : 1958603.00018

Customer No. : 452008 o
Title : COMPOSITIONS COMPRISING ZOLEDRONIC ACID OR

RELATED COMPOUNDS FOR RELIEVING PAIN ASSOCIATED

WITH ARTHRITIS

’DECLARATEON UNDER 37 CF.R§1.132

Commissioner for Patents
P.C. Box 1450
. Alexandria, VA 22313-1450

g ' | am the inventor of the preseni appiicatmn“

2. i have an M.D. degree from Yale University Sc_hooi of .Medicine.

3. - I have carefully revie\&éd US 2004/0063670 (Fox).

4. "~ | have also read and undérstand the Office Action of February 7, 20"34 for the

present application,

5. v Fox actually contains no evidence that oral zoledronic acid is effective in-the
- treatment of any condition. Instead, all of the experiments in Fox related to zoledronic acid for
freating any condition were carried out with subcutaneous administration.

8. With respect to Example 2 of the speciﬁdatian of the present application, which
describes a test of oral zoledronic acid in & rat model of arthritis, zoledronic acid 54 mg/m” {or 9
mg/kg), divided in three equal daily doses, was tolerated. '

7. An Oral Repeat Dose Toxicity Study with Zoledronic Adid in Dogs was carried out at
my request. The study is described in the following paragraphs.
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o Objective

8. The purpose of the study was {o evaluate the toxicity of zaiédmnié acid in Beagle
dogs when administerad orally once daily for up to 14 days. chéver; due 1o toxicity reéﬂiténg n
de‘aih or necessitating euthanization during the first few days of the study, dosing was stepped

in all groups of animals after no more than 5 days. '

‘Methods

9. : Gmups of 8 dogs {4/sex) were either feft untreated fo serve as a controi group
(Group 1) or given daily oral doses of zoledronic acid at 50 or 100 mg {Groups 2 and 3
respectweiy) or at 180 mg {Groups 4 and 5). Al the start of dosing, body we&ght averaged 8,9 :
kg for males and 6.7 kg for females, so the zoledronic acid dose levels were abpraa&émate!y 5.8,
11.2, and 16.8 mg!kg respectively, for maies and 7.5, 14.9, and 22.4 mg/kg, respemweiy, for
females,

10. in life, dogs were observed for cEinicaE'signs of toxicity and changes in body weight,
food consumption, and hematology, coagulation, clinical chemsstry, and urinalysis parameters

A cempiete necropsy was performed on all animals.
Results and Conclusions

11. Dogs did not folerate daiiy oral doses of zoledronic acid at 50, 100, or 150 mg/day, |
which were apﬁroximateiy 5.6, 11.2, and 16.9 mg/kg, respectively, for males a_ndv?.Sg ‘1‘4;9, and
22.4 mylkg, respectively, for females. Clinical signs of il health occurred within a few days at all |
dose levels, which resulted in the death of one dog, the euthanasia of several more dogs in -
moribund condition or for humnane reasons, and the early termination of the study. Other in fife
findings inc&uﬁed emesis, decreased activity, rigidity or stiffness, abnormal gait and posturs,
muscle tremors éndior fwitching. "

12, . One Group 5 animal was found dead on the moming of Day 4. Based on the
mortality and morbidity observed at a dose level of 150 mg/day and the numerous adverse
clinical signs seen in aimost‘aSE animals at this dose level, all Groups 4 and 8 animals were
sacrificed eariy in moribund condition or for humane reaéons iy addition, one Group 2 animal
and severai Group 3 ahimals were also saciificed in moribund condition, due to adverse clinical .
signs of {oxicity. Because of the onset of clinical signs similar to the ones seen in the animals

sacrificed moribund before, the remaining study animals were sacrificed early for humane

2
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reasons on Day 5 (male Groups 1-3) and Day 4 (female Groups 1-3). This decision was made -
mdependentiy by the contract research ‘laboratory that conducted the study, with the

recommendation of their Director of Laboratory Animal Medicine.

13 At neCropsy, at all dose levels, most animals dosed with zoledronic acid had test
article reiated visible lesions. Findings included, but were not limited {o red to dark red micosa:
of the stomach, ducdenum, jejunum, colon and pancfeas, stomach mucosa wévthv lesions,
masses andlor multiple foci of various colorations, and thickened edematous mucosa of the

pylorus. No gross necropsy findings were noted for Group 1 (centrol group) animals.

4. This demonstrates that the up’per end of the range “from 0.002-20.0 mgfkg” in §
0075 of Fox must refer to biéphasphdnates that are less foxic than zoledronic acid.

18, As a person signing below:

{ hereby declare that all statements made herein of my own knowledge and befief are
true; and that all statements made on information and belief are believed to be true; and further -
that these statements were made with the knowledge that willful false statements and the like so

made'are punishable by ﬁne or imprisonment, or both, under Section 1001 of Title 1.8 of the

-United States Code, and that such willful false statements may jeopardize the vaizd;ty cf the

application or any patent issued thereon.

g acknawéedge the duty to disciose information which is material ta patentabsi;ty as
defined in 37 CFR 1.56.

SIGRATURE(S)

Full Name: Herriot Tabuteau, M.D.

Signaturs: E \\M @ P § ©-' () 3?/ }«é‘/féﬁﬂﬁg

/ﬂ““"-ml\ e
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Opioids in pain management

Heniry MoQuay

Oploids are our most powerful analgesics, but poifitics, prejudice, and our confinuing ighorance st impede optimum
prescribing. Just over 100 years ago, opium poppies were stll grown on the Cambridgeshire fens in the UK o provide
obfivion for the working man and his family, but the brewing lobby argued on thin evidence that their potions were less

dangerous. The restriction of oploid availabilily to protect society and the individual continues in many countries. In this

review { focus on chronic and cancer pan, but many of the principles apply in acute pain. The justification for this focus is

that patients with chronic pain may suffer onger and unnecessanly if we preseribe and legisiate badly.

Dose litration and differences belween clinical
and iaboratory pharmacology

The clinical use of optoids shows a difference berween their
clinical pharmacology and their laboratory pharmacology.
What happens when opioids are given to someone in
pain is different from what happens when they are given to
someone not in pain. The respiratory depression that
results from the acute use of opioids 15 seen in smudies of
volunteers who are not in pain. But respirarory depression
is kept to a minimum when appropriate regular doses of
opioid are given to patients with chronic pain. Patients
maintained on  oral morphine  without respiratory
depression who then receive successful nerve blocks must
have their morphine dose reduced. Failure to reduce the
dose will result in respiratory depression. One explanation
is that the respiratory cenire receives nociceptive input’
which counterbalances the respiratory depressant potential
of the opioid. Absence ¢f this pain input, for example
because of a sucoesstul nerve block, leaves the respiratory
depressant effect of the opioid anopposed.

The clinical message is that oploids need 1o be titrated
against pain. Bxcessive doses, doses greater than needed to
refieve pain, or doses given when there s no pain, will
cause respivatory depression. However, concemn about
respiratory depression should not inhibit the appropriate
use of opioids—ie, 1o provide analpesia when the psin is
-deemed fo be-opinid sensitive: A postoperative patient whao
complaing of pain when the previous dose has had time to
be absorbed needs more drug. The titration, size of doses,
tming of doses, and uwse of escape doses has to be well
organised.*

The difference in  opioid phanmaclogy between
wdividuals with and without pain also applies to addiction.
The drog-secking behaviour synonymous with drug
addicrion does nor occuwr in patiemts after pain relief
with opioids in childbith, operations, or after myocardial
mfarction.” Drug addics are not in pain. The political
message is that the medical use of oploids does not create
drug addicts, and resrictions on this medical use hurt
patients.

Lancet 1999; 353: 2229-32
Pain Research, Nuffield Department of Ansesthetics, University of
Oxford, The Churchilf, Oxdord Raddiffe Hospital, Headington,

Dodord OX3 788, UK (H MoQuay pv)
{ermail: heny.mequay@ors.ox.86.uK}

Commaon opleids

Morphine

Diamorphine {UK)

Pathidine/ meperidine
Methadone

Hydromorphone

Oycodone

Fentanyi {lollipop/wransdermal)
Buprenarphine

Clinival issues

Unresobved issues in clinical opicid use include the choice
of optaid {panel), tolerance, pain sensitivity to opioids, and
whether to change the drug or change the route of
administration when things go badly. Cloning of opioid
receptors has revealed many receptor subiypes, doubtless
with more to come. The irony i that, because clinically we
ttrate opioids to effect, we cannot logically expect to
see much difference in efficacy between opioids. This
expectation is based on the sssumption that all types of
pain respond egually well to all opicids. This assumption
may be wrong, particularly if differences in recepior
selectivity between opioids can be exploited o manage
different types of pam. However, there Is no available
clinical evidence of such differential efficacy. Similarly,
although in some patients 4 change of optoids (at the same
level of analgesia) can reduce adverse effects, we_have no
dara on which to make policy.

Cholce of opioid

Morphine is the standard oploid against which others are
judged. Beliefs that other drags act faster, last longer, or
have a better balince between effect and adverse effect for
& particular patient often have Hitle empirical credibiliny.
Polivical decisions Bmit medical availability and hence
choice of opicids In many countdes. Parficular agonists
and mixed agonist-antagonists may be the only permissibie
opicids in some coumiries, because of perceived lower
dependence Hability. Partial agonists may pot relieve severe
pain ¥ the ceiling to their effect oocurs at low doses.

Efficacy differences: speed of snset and
duration of effest

There is lirtle difference between different opicids in speed
of onser and duration of effect; faster onset and longer
effect ave achieved by changing the route of administration

THE LANCET « Vol 353 » June 26, {999
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or formudation. Fast onser of effect is not a crjtical factor
the patient is receiving continual anaigesics for chronic
pain, but may be relevans in patients taking the drug on
an as-needed basis for acute os chronic pain. With the
ntravenous route, there is livtle difference i onset time
(2 min) berween different opicids. Wih mtramuscular
injection, the more lipophilic the drug, the faster the onsetr
time (20 min), Normal-release oral formulations ke 1 h
t0 work, whereas susiained-release formulations may take
2—4 h* Pasi-onset, fasi-offser opicids would be highly
desirable i childbirth or for chronic movementrelated
pain. Sustained-release oral formularions, subcuranesus or
mtravenous infusions, or spinal injections are wsed to
achieve duration of effect of longer than 4-6 k.

Toxic and active metabolites and differences

in adverse offecis

Pethidine has a toxic meisholite, norpethidine.”
Norpethidine causes tremor, twirching, apitation, and
convulsions, and these effects merease with multiple dosing
and i the presence of impaired rens! function. Since use
of pethidine is not assoctated with any specific advantage, it
is a poor choice if muldple doses are needed.

Morphine has an  active metabolits, morphine-6-
glucwonide (M6G), which is a major metabolite n man
and i more potent than morphine. Inrrathecal M8G ©
10-20 times more potent than morphine,® and it may also
contribute to the analgesic effect of morphine by its action
through a different recepior subiype.®

Unezpected degree and duvation of effect of M6G can
occur in padents with severcly impaired renal function
given morphine or derivagves in whom there & a
currulation of M6G.® The glucuronidation of morphine
is not affected significantly in cirrhosis,” but in precoma
states, the kinetics® and dynamics® of morphine
metabolism are altered.

Dhfficulies arise with morphine only if a fixed-dose
schedule is used without taking account of renal function,
or without adequate titration against pain ntensiy.
Drug doses should be decressed substantially if creannine
clearance is less than 30 mi/min per 1-73 w?. With less
severe renal dysfunction, carcful tiranion is needed, but
it should always be remembered that renal functon
deteriorates with older age.

Adverse effects.
Any opioid that produced fewer adverse effects than
morphine, ai 3 dose which provided the same degree of
anaigesia, would be avn improvement. For most clinically
important adverse effects, there ate no comparative data at
equianalgesic doses to allow recomnendation of any of the
alternatives. The key factor is equianalgesic dosing. If the
adverse effect is mediated via oploid receprors, then similar
effects should ocour at eguianalgesic doses of differsnt
opioids that act through the same receptors. A common
claim is that s drug has fewer adverse effecrs than
morphine, but only because the compavison was made at a
much less effective dose than the morpbine dose. Some
ides of the adverse effects that may be expeced within
& weeks on oral morphine comes from a randomised
study by Moulin and colleagues™—13 of 46 chronic
non-cancer patienis had dose-liniting adverse effects,
18 reported nauses, 17 divziness, and 19 constipation.
Diiferences in the rate of adverse effects berween opioids
are apparent in randomised single-dose posroperative

studies of dysphoua;, Houde!* reposted 2 sate of 20% with
pentazocine and butorphanol versus 3% with other
opiotds. Rigorows 3-day multiple-dose comparison of
oxycodone and morphine at equianalgesic doses ako
showed differences in the rate of adverse effects in a few
patients.” If the adverse effect 18 mediated by opioid
receptors, then these differences may be explained by
differences in recepior bnding; if such events are not
mediated via opioid receprors then some other explanation
must be sought.

Constipatiop is a side~effect of all opioids, and & opioid-
receptor mediated with both central and peripheral
mechanisins; tolerance to this effect develops stowly if at
all. Mouhn and colleagues reported that abour 40%
of patients on oral morphine were constipated. This
propoition may be increased among patients with severe
illness. Claims that other opioids cause less constipation
than oral morphine arc open 0 the challenge that the
comparison was not made at equianalgesic doses.

The extent to which nausca and vomining are mediated
by opiocid receprors is arguable. Some of the cffect may
come from stimulaton of opioid receptors at the
chemoreceptar trigger zone n the medulla. If the offect is
receptorrelated, equianalgesic doses of different opinids
would be expected to produce the same arnount of nansea,
For most patients tolerance develops quickly, but some
patienis have nausea with all opioids at effective doses.
Pain jtself can also cause nausea.’”® Moulin and colleagnes®*
showed that 40% of patients on oral morphine may have
nausea. Kalso and Vanio’s comparison' of morphine and
oxycodone showed that there may be differences between
mdividual patients with different opioids. )

Pethidine is said 10 be the opioid of choice for biliary
colic because its atropine-iike affect will counteract the
opioid action on smooth muscle. Topical awopine,
however, does not refax a contracred gall bladder and there
is no good evidemce ro suggest that pethidine has any
chnically significant advantage ar equianalgesic doses over
other opioids for bifiary or remal colic. The nteraction
berween pethidine and inhibitors of monoamine oxidase is
another reason why pethidine s not the first choice of
opioid for the management of severe chronic pain.

Tolerancs

Tolexance is the need for 2 higher dose {or increased

plasina  concentration) to  achieve the same pharma-
cological effect- Clinicians-argue that the peed for a greater
dose is driven by worsening discase rather than by
pharmacological tolerance, and. cite the fact that many
patients ave maintained satisBicworily on the same oral
morphine dose for months. It is ingenuous 10 argue that
opioid tolerance does not cccwr m man. Two classic
experiments showed chronic tolerance when patienis’
analgesic response 1o & test dose was measured before and
after chwonic dosg. ' Houde and colleagues™ found thar
in ten patients chaflenged with a single dose of morphine,
before and after 2 weeks of regular morphine injections,
the response 1o the second challenge was less than to the
first. Houde™ also showed that in 13 patdents challenged
with single doses of morphine or metopen (no longer in
use), before and after 1 week of regular injections of either
drug, the dose-response curve was again shifted to the right
afrer the rvegular imjections; to complicate matters, this
change was greater for the drug thar was given repearedly
after the fist challenge (fgure). The twe studies show
tolerance, less effect from the same dose after repeated
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Dose required to achiove same degree of pain retiel when
rechalienged after 1 week of chronic dosing

13 patients had a contiolled relative potency assay 1o compare marphine
and metoporn after 3 week of regutar dosing with either drug. Reproduced
with permission from Houde.™

njections, and, because the slopes of the four lines in the
figure differ, ncomplete cross-toferance is evident from the
second study.

The pragmaric issues are whether the escalanon of dose
that some patients require, and which produces different
adverse effecxs, can be avorded by changing opioid or route
of administrarion, or by blocking tolerance.

Gral morphine: success and failure

In parients with chrondc pain opioids are wsnally given by
mouth. The dose is calculated by titration over a few days,
and then the drug is given regularly, without waiting for the
pain t© come back, The initdal reactions of nausea or
dizziness commonly abate. If constipation is likely laxatives
are given. If a patent’s pain statts 16 increase the dose is
increased. Audits of cancer pain report that the use of
analgesics according to the WHO ladder can relieve pain
for 80% of patienws;™ for most of the 80% the relief will be
good, for a few patients it will be only moderate.

Oral opioids will " in patients who are unable to
swallow, and then the route of adminisirdrion needs to be
changed to sublingual, wansdermal, or suppository. In
parents who are able to swallow, cval morphine can fail
because of mrolerable or unmanageable adverse effects,
opiloid-insensitive pain, and moveameni-related pain. These
sitnations™ present” -particular  divdcat - -difficaldes  for
diagnogis and management, and the controversy between
proponents of change of drug or change of route of
admunistration bur same drug is vnresolved.

Intolerable or wnmanageable adverse effects due to
opioid acHon via opioid receptors will not be improved by
changing to an equianalgesic dose of a different opioid that
acts on the same receptors. For this approach o work
would require different dose-response curve slopes for the
eifecr and adverse effecs for different opioids, and we have
limited evidence for such diffevences. The case reports of
changing opiotd to reduce the adverse effects and maintain
analgesia commonly describe complex cases that defy
simple interpretarion, but Kalso and Vainio’s randomised
study” indicates that there may be exploitable differences.
In that double-blind crossover study, morphine and
oxycodone hydrochloride were given 1o 20 patients with
severe cancer pan and egual analgesia was achieved with
morphine and oxycodone, but mosphine caused more

H

nausea than oxycodone and hallucinations occurred cnly

with worphine.” Whether changing the route of

administration  (same drug) can improve the balance
between efficacy and adverse effect is unclear. The
necessary  evidence would come from a randomised
comparison of oral and injected dosing with the same
dxug.""

Opisidinsensitive pain

Chronic cancer pain and non-cancer pain are not always
refieved by opiotds. Opioid-insensitive pain can be defined
as pain thar does not respond progressively 1o increasing
opiotd dose. The most common causes of this type of pain
are nerve compression and nerve destruction. Controversy
has arisen about whether the opioid insensitivity i absolute
or relative; if it is relative {dose-response curve shifted to
the right) then giving greater doses would produce
analgesia. The academic answer s that the insensitiviry is
usually relative, but increasing the opioid dose provokes
miojerable or unmanageable adverse effects. A working
rale is that if the pain is in 2 numb area—as a marker for a
damaged nervous system-—we should be less confident that
opioids will work, excepr at doses that give woublesome
adverse effects, and our threshold for considering other
sirategies (change of route or drug} should be lower. We
have no simple way to rest for opioid sensitivity other than
tme-consuming tiiration,

The wsual pharmacological sotutions for neuropathic
pain include oral antidepressants, anticenvulsants, and
local anaesthetics,”  with spinal  infusions of local
anaesthetic and opioid miztures as the last resort. There is
still no guality evidence that changing from oral momphine
1o anocther oral opicid, methadone, or ketabemidone,
with diffevent opioid-receptor binding profiles, makes a
difference. Differences ;m opioid sensitivity need to be

assessed in efficacy comparisons of changing opioid or

roure of administration in chronic pain. The same drug by
a different route must act on the same receptors. The issue
is whether changing the route aflows for a dose increase
and effective analgesia withour an increase in adverse
effects.

Movementwelated paln

Movemeni-related pain is difficult 10 manage. The doses of
oral opioid required to control movement-releted pain may
be excessive when the pain stops (no movement). Two
audits show that pain on movement is 2 major problem for
half of those whose pain. s controfled atrest.”* Fast-onset,
fast-offset opicids admunistered by injection might improve
management ¢f pain on movement.

Changing drug {opicid rolation) or changing
route of administration

Oral motphine is the standard oral opioid, bur the chnical
difemima is what should be done when oral morphine does
not- work—should the oral opicid or the route of
administration be changed? There is limited guality
evidence to guide the clinician, Physicians who can change
the route of administradon do so, while those who canrior
change the drug. Unul we have more hard evidence that
there is gennine advaniage in changing the drug, such as a
differential rate of adverse effects or evidence from a
randomised comparison of the two srrategics, this question
remains  ungesolved.  Kalso and  colleagues’  small
randomised study® showed that changing from oral
morphine 1o subcutaneocus oy epidural morphine improved
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pain relief and reduced adverse effects. Until there is a
well~controlied randomised trial of adequate size, we can
all continue with our beliefs unchaflenged. My vote is to
change roure of administration not drug, but I am in the
privileged position of being able to do this.

This dilemma also raises other issues, When changing
drugs and not route of administration, comparisons must
be made at eguianalge doses. By contrast, when
changing route of administration and not drag, the dose of
the drug must be adjusted, paricularly berween oral
and parenteral routes if the opicid undergoes extensive
first-pass metabohsn. Endless argument can resul. For
morphine, the effect of a single injected dose was six titnes
that of a single oral doge.” In the muliiple-dose context of
chronic pain, ratios of twWo 19 one or theee to one are used
successfully, The active metsholite may conmibute more to
the analgesic effect with repeated doses than with a single
dose.”® Moreover, the basis on which such decisions are
made constantly changes. The original spinal (generic for
itrathecal and extradural) opioid question was whether
spinal opioid alome was bewer than simpler injection
routes. Randomised comparison of subcutaneous and
epidural morphine showed Kitle difference between the two
routes i efficacy and adverse cffects ® Currently it is the
use of spinal combinaticns of local snaesthetic and opioid
that promises the greatest clinical benefit.

Continuous spinal influsions of a combination of local
anaesthetic and opioid exploit the synergy between local
anaesthetic and opicid. ™ Low doses of both componenis
can provide analgesia with Hrtle loss of mobility. Akhough
there are many randomised trials of these combinartions
in postoperative pain, there are few in chronic pain.”®
Such spinal infusions can succeed im neuropathic and
movement-related pain when oral opioid has fatled, and
the additon of clonidine wmay provide addittional benefit
neuropathic pate.” Technical debate continues over the
relative advantages of epidural versus itrathecal and
high-cost implant versus stmple percutaneous catheters
and external syvinge drivers. o my expevience, the epidural
with external syvinge driver works well.

Opivids in noncancer pain

In 1999, opioids are used for cancer pain, but we still argue
over the use of oploids in non-cancer pain. Medical
proponents of opioid use in non-cancer pain argue thar
when there is no other effective remedy and opioids are
effective then they should be used. Some oppose this view
on the basis of harm 1o the individual, and vet there is no
evidence that long-term opicid use creates irreversible
physical change. Lagking behind such opposition is the
view that increased opioid availability is bad for society.
The issue of opicide in non-cancer pain cannot, however,
be properly addressed by such polarised positions. A
bedridden patient with multiple sclerosis and opioid-
sensitive pain has 10 be seen in a different light from a 25+
vear-old with back pain. The danger is that legisiarion that
denies opicid access to the lamer also forbids @t to the
former. Common sense dictares that not all patients with
uon-cancer pain should be reated with opioids. However,
that small number of pasents {or whom opinids are the
only effective remedy have the right to recetve effective
velief, as do their doctors to prescribe such relief for them.
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Appln. No. : 13/884,282

Applicant : Herriot Tabuteau

Filed : May 14, 2013
CTCAU. : 1827

Examiner : Bvetiana M. lvanova

Docket No. - : 1858603.00018

Customer No. ¢ 45200 '

Title : - COMPOSITIONS COMPRISING ZOLEDRONIC ACID OR
’ o - RELATED COMPOUNDS FOR RELIEVING PAIN
ASSOCIATED WITH ARTHRITIS

- DECLARATION UNDER 37 C.F.R § 1.132

Commissioner for Patenis
P.O. Box 1450
Alexandria, VA 22313-1450 7

1 ! am the inventor of the present application.
L2 B | have an M.D. degree from Yale University School of Medicine.
3 Example 1 of the present application describes a study that was carriedgut'

to determine the effect of orally administered zoledronic acid in a rat model of
inflammatory pain.

4. Table T below shows-the mean paw-compression-thresholds, in ‘grams,

measurad for the rats in the vehicle group, and the rats in the group receiving 18 mg/n’x2 :

(3 mgikg) for three days.

Pre. | Day | Day1 | Dayi | Day1 | Day2 | Day2 | Days | Days ‘
CFA | 1BL |05 | (i | @) | BL | (| BL | (ihn | Day4

Vehicle 241 80 102 102 94 88 87 108 110 1467
Zoledronate | : _ ' - ,
18 mg/m” 243 | 90 91 114 187 118 104 124 134 130
Table 1
1
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5. - From these values, reversal of mﬁammaﬁow pam was caicuidied as’
de%ﬂb&d in paragraph 116 o’f the specifi ccatson

8.  Total Pain Relief (TDTPAR}, for the 24 hours foi!owihg drug -administration,
‘was calculated as the area under the pain refisf versus time curve, as described in
US20140107210, using the linear frapezoidal rule. TOTPAR values were guantified as
%ehr, or the product of reversal of hyperalgesia (%) and time (hr). . ’

7. , TOTPAR values for morphine were also calculated based on results reported
in Whiteside et al., The Joumal _of Pharmacology and Experimental Therapsutics,
310:793-799, 2004.

C8 1 have carefully reviewed US 2004/0063670 (Fox). TOTPAR values for Fox
were also caicuiaied based upon the statement “[ijn a model of inflammatory
hyperaigesza mduced by unilateral hmdpaw injection of complete Freund's adjuvant

: Zﬂiedr@nate {0.003-0.1 mgkg™ s.c) pmduced a dnse~dependent revemdi of mechanical

~ hyperalgesia. The effect was rapid in onset, with a maximal reversal of 100% within 30
min, and of short duration with no significant activity 3 h'foiiowihg administration” found
in paragraph 102 of Fox. The 0.1 mg/kg dose was used. Based upon this statement,
‘pain relief at 30 minutes was taken {o be 100%, and pain relief at 3 hours was assume'd
to be 0%. ' '

9. . Table 2 shows the tatai pain relief over 24 hours calcudated as described
abﬁve for Fox; day 1, day 2, and day 3, for the rats in Example 2 of the present
application; and for morphine. '

’E’@tai Pain Relief &24 Reversal of
hirs hyperalgesia
Fox = 150%
Example 2-Dav1 283%
Example 2 - Day 2 C 370%
Example 2 -Day 3 852%

| Morphine 540%

Table 2
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10. ‘As a person signing below:

f ﬁéreby deciafe that all statements made herein of my own knowledge and belief
are tme and that all statements made on information and belief are believed fo be true;
and further that these statements were made with the knowledge that wiliful false
, .statemerats and. the i:ke so made are punishable by fine or imprisonment, or both, unger
'. Section 1001 of Tstie 18 of the United States Code, and that such willful false

statéments'may jeepardize the Vaiiéi’sty ofthe app&icaﬁon or any patent issued thereen.

i acknowiedge the duty to disclose snformaimn which is matenai fo pateniabimy
as defined in 37 CFR 1.56.

| SIGNATURE(S)
Full Name:  HEQRi0T TABUTEAY

Declarant's signatum: {\/ i\@\ . Date: ;/)/b\ g 5;; 303:.;.,,

T
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{573 ABSTRACT

A method is provided for treating pain in patients recovering
from post-surgical trauma by administering between about 13
to about 30 mg of diclofenac potassium in a liquid dispersible
formulation over a2 pericd of at Jeast 24 hows, wherein the
daily total amount of diclofenac potassinm administered is
less than or equal fo shout 100 mg. The method is particulasly
useful in {reating acute pain in bunionectomy patients.
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METHOD OF TREATING POST-SURGICAL
ACUTE PAIN

CROSS-REFEREMNCE TO RELATED
APPLICATIONS

{6601} This application is a continuation of pending U 8.
Ser. No. 13/205,033, filed Ang, 8, 2011, which is a continu-
ation of U.B. Ser. No, 12/706,117, filed Feb. 16, 2010, now
U.8. Pat. No. 8,110,606, issued Feb. 7, 2012, which is a
coatinuation of U.S. Ser. No. 12/381,434, filed Feb. 24, 2009,
row U8, Pat. No. 7,662,858, issued Feb. 16, 2010, which in
turn claims the bepefit of pnority from U.S. Provisional
Application Ser. No, 61/055,581, filed May 23, 2008, which
are hereby incotporated by reference in their entirety.

FIELD OF THE INVENTION

{8802} The present inveation velates fo a methed for treat-
ing acute pain in 3 patient recovering from post-surgical
wauma which employs an orally administered low dose
amount of diclofenac potassinn in a dispersible liquid for-
nulation. Specifically, the presext invention relates o a
method for ireating acute pain in patients recovering from a
bunionectomy whichutilizes an orally administered low dose
amount of diclofenac potassinm 1o 3 dispersible Hoauid for-
mujation.

BACKGROUND OF THE INVENTION

{6803] Pain is an unpleasant seusory and emotional expe-
rence ansing from actual or potential tissee darsage. Pain is
highly subjective to the individual experiencing it, but medi-
cal diagnosis is based on characterising it in vanous ways
such as the duration, severity, type (dull, burning or stabbing),
and location in body. Experiencing pain is mfluenced by a
aumber of dynamic, changing and interacting physical, mey-
tal, biochenrcal, physiclogical, psychological, social, cul-
tural and emotional factors. Thus, pain perceived a¢ intense at

one time may at another time be perceived as less intense -

although all other factors appear to he constant.
[6004] Pain management divides symptoms into acute or
chronic pain. Acute pain is distinguished {rom chrosic pain.
_Acute pain warms the patient that something is.wrong, and
may result from a variety of causes including tissve damage,
mfection and/or wilammation. Chronie pain, on ihe other
band, may have no apparent cause or may be caused by a
developing illness or imbalance. Sometimes chronic pain can
have a psychosomatic or psychogenic cause.
f6005]  Surpical procedures oftes resull i some form of
acute pain. Surgical pain may include pocicepitve, neuro-
pathic or psychological components. Nociceptive pain is a
pain experienced as a result of nociception, which is detection
of astimutus by a patnreceptor (nociceptor} and transmission
of the information fo the brain along nerves. Mociceptive pain
is caused by tissue damage and inflamration in response to
trauma. The resulting painis usually not weli jocalized and is
opioid responsive.
[0006]  The goal of post-surgical pain management is ftwo-
fold: 1) to provide a quick cnset of analgesic or pain relief and
it} to reduce or moduiate the quality and intensity of pain a
patient experiences inthe post-surgical peviod. The improve-
ment in minimally invasive surgical techuiques has resulted
in a reduction in patient time in a hospital and has shifted
many procedures to the physician’s office. Outpatient surgery
has become a procedure of chotce for many simple to com-

Apr. 17, 2014

plex procedures, such as buniosectomy, knee surgery, hemia
repair, tonsillectomy, carpel tunuel rejease, cataract removal,
hysterectomy and prostatectomy. The patient must now be
made comfortable enough in a short pedod of time o return
home and safely manage his or her own pain. Medications
that provide gradual but extended response 1o acute pain
situation are often inappropriate iu this situation.

{0807} Treatment for acute pain after bunionectomy sur-
gery typically consists of opicid and/or NSAIDs/COX-2
inhibitors. In some cases, opioids are piven for several days
and then the subject is treated with an NSAID or COX-2
Inhibitor. However, interest in the cardiovascular risk associ-
ated with the use of COX-2 inhibitors has become intense,
especially inregard to rofecoxib and celecoxtb. While current
treatments for management of posi-surgical acute pain are
useful, there is a need for improved methods for treating
post-surgical acute pain, particularly following bunicnec-
tomy, which provides immediate relief of acute pain with
fittle or no risk of a cardiovascular event.

BRIEF DESCRIPTION OF DRAWINGS

{0608] FIG. 1 depicts mean NPRS pain intensity scores
over iime during the 48-bour wwiltiple dose period (Full
Analysis Population).

{6009] FIG. 2 depicts Day 1 wean PID scores over time
{Full Analysis Population).

SUMMARY OF THE INVENTION

{6016} In afirst aspect, the invention provides a method of
treating acute post-surgical pain, £.g., osiectomy pain, in a
patient in need of such treatment, said method comprising the
step of crally administering o the patient a dose of between
about }3 to about 30 mg of diclofensc potassivm in an fiquid
dispersible formulation every 4 howrs to 8 hours over a period
of at least 24 hours, wherein the daily total amount of
diclofepac potassivrm administered s Jess than or equal fo
ahout 100 mg.

{0011} In one embodiment of the first aspect, the pain
results from a buniopectomy.

{0012§ In another embodirsent of the first aspect, internal

- fixationrmay-be performed-during the bunionectomy.

{0613] Inasecond aspect, the nvention provides 3 wethod
of treating acute post-bunionectomy pain o a patient in need
of such treatment, said method comprising orally administer-
ing i the patient a dose of between about 13 to about 30 mg
of diclofenac potassivw in a dispersible lignid formufation
every 4 hours to & bours over a period of at least 24 hours,
wherein the daily total amownt of diclofenac potassimm
administered 1s less than or equal to about 14} mg.

{8014] Fn one embodiment of the second aspect, iniemnal
fixation may be performed durtng the bunionectomy.

f0915]  In one embodiment of either aspect, the diclofenac
potassinm in the dispersible Houid formulation is adminis-
tered about every $ hotirs to about & hours.

[0816] In ancther embodiment of either aspect the
diclofenac potassium in the dispersible Liquid formylation is
administered abowt every 6 hours,

[0617}) [In apother embodiment of either aspect, the
diclofenac potassinm in the dispersible liquid formulation is
administered over a period of at least about 30 hours.

[0018] In another embodiment of either aspect, the
diclofenac potassinm in the dispersible liquid formulation 1s
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administered over 3 peried of at least about 48 howrs, 72
hoeurs, 96 hours, 120 hours, 144 bours, 168 hours or seven
days.

{8619} Inanother embodiment of either aspect, the amount
of the diclofenac potassium in the dispersible liquid formu-
lation compuises at least about 13 mg, 13.5 mg, 14 mg, 14.5
mg, 15mg, 15.5 mp, 16 mg, 16.5 mg, 17 mg, 17.5mg, 18 mg,
18.5 mg, 19 mg, 19.5 mg, 20mg, 22.5 my, 25 myg, 27 5my, 28
mg, or 30 mg of dicloienac potassium.

{6026} Inanother embodiment of either aspect, the admin-
istexed amount of diclofenac poiassium in the dispersible
liguid formulation is effective for treating the pain forabout 6
to about § howrs,

{0021} In another embodiment of either aspect, the plasma
coneentration of diclofenac in a patient ranges between about
670 to about 1500 ng/ml in less than 30 minuvtes with the
concomitant onset of retief of acute pam.

10022} In another embodiraent of either aspect, the admin-
istration of diclofenac potassium in the dispersible liquid
formmlation results in immediate increase in plasma concen-
tration of diclofenac characterized by T{max)} of .47 hous.
{6023}  In another embodiment of either aspect, diciofenac
is substantially ehminated from plasma in the first 2 hours
following adwinisteation.

10024} In apother embodiment of ejther aspect, the amount
of the diclofenac potassium in the dispersible hiquid fomu-
lation comprises about 25 my of diclofenac potassivon.
{6025}  In another embodiment of either aspect, the admin-
istration of diclofenac potassium i the dispersible hquid
formulation results in anaverage 48 hour NPRS pain score of
about 2.49.

{0626} In another embodiment of either aspect, the admin-
istration of diclofenac potassium in the dispersible liquid
formufationresults in a median ime to onset of greater than or
equal 10 30% pain reduction of about 60 minutes ina 6 to 8
howr initial dosing period.

{4027} In another embodiment of either aspect, the aduin-
istration of diclofenac potassium in the dispersible liquid
formulation provides a median time to onset of meaningiul
pain relief of about 7} minutes in a 6 to & hour inttial dosing
period.

{6028} _in another embodiment of either aspect, the admin-

istration of diclofenac potasstum in the dispersible fiquid.

formulation provides clinically significant analgesic efficacy
for about & hours.

{0029) 1n another embodiment of either aspect, 25 mg of
diclofenac polassivm in the dispersibie liquid formulation is
administered four times over a period of about 24 hours.
{603¢] In another embodiment of either aspect, the
diclofenac potassivm in the dispersible iguid formulation is
contained in a capsule such as a soft or hard pelatin capsule,
{8631} Inanother embodiment of cither aspect, no opioidis
co-administered with the diclofenac potassium in the dispers-
ible hiquid formulation.

{8832} In another embodiment of either aspect, the acute
pain comprises mild to moderate pain, moderate to moder-
ately severe pain, or moderate to severe pain.

{6833] These and other embodiments of the wvention will
become apparent in light of the detailed description below.

DETATLED DESCRIPTION OF THE INVENTION
{6634] Thepresentinvention provides a method for tréating

acute pain in patiends recovering from post-surgical tmuma
such as that resulting from osteotomy. The methed is particu-

A
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larly useful in ireating acute pain in patients that have under-
gone outpatient surgical procedures such as bunionectomy.
The method comprises orally administering between about
1310 about 30 mg, e.p., abowt 25 mg, of diclofenac potassiwm
iz dispersible hquid formulation about every four hours to 8
hours for a peviod of at least 24 hours, wherein the daily total
amount of diclofenac potassimy administered is less than oy
equal to about 100 mg.

{0035 Themethod is based on the surprising discovery that
post-surpical analgesia, particularly post-osteotomy analge-
sia, can be achieved, without the need for opioids, with a
relatively low oral dose {e.g., between about 13 my to about
3 mg) of diclofenac potassinm ina dispersible Houid formu-
iation. Surgical procedures, such as bunionectomy, that are
typically performed as an cutpatient procedure have a pref-
erential need for post-surgical analgesic methods that can be
administered without substantial patient overview. Couse-
quently, use of analgesics that affect, ter alia, motor func-
tions, such as opioids, are not desirable for management of
post-surgical pain after an oulpatient surgical procedure. The
post-surgical analgesia achieved witha low oral dose dispers-
ant Hiquid diclofenac potassium preparation provides suffi-
cient analgesia to delay or suspend the use of an opioid in the
treatment of acute post-surgical pain, and is, therefore, an
effective method of pain management after an outpatient
surgical procedure. The method of the wvention swrprisingly
provided effective pain relief for patients who had yndergone
ostectomy, €.g., bundonectomy swgery, without an increased
risk of 3 treatment related adverse event refative to the control.
{6036] All publications, patent applications, patents and
other references mentioned herein, if not otherwise indicated,
are exphicitly wcorporated by reference hevein in thewr
entirety for all purposes as if folly set forth.

{6037} Unless otherwise defined, all techuical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art 1o which this
mvention belongs. In case of conflict, the present specifica-
tion, including definitions, will control.

{8038] Fxcepl where expressly mnoted, trademarks are
shown in upper case.

{#639] Unless sisted otherwise, all percentages, parts,

- ratios, etes; are-hy weight.

{6044} When an amount, concentration, or other value or
parameter is given as a range, or a hst of upper and Jower
values, this is 10 be understood as specifically disclosing al
ranges formed from any paiv of any upper and Jower range
limits, regardless of whether ranges are separately disclosed.
Where a range of numerical values 1s recited herein, unless
otherwise stated, the range is mtended to inciunde the end-
points thereof, and all integers and fractions within the range.
it is pot intended that the scope of the present invention be
himited to the specific vatues recited when defining a range.
{6041} Whenthe term “about” is vsed in describing a value
or an end-point of a range, the ivention should be waderstood
10 inciude the specific value or end-point referved to.

{8042] As used herein, the terms “comprises,” “compris-
g, “includes)” “mcluding,” “has.” “haviog” or any other
variation thereo, are Intended to cover a pon-exclusive inclu-~
sion. For example, 3 process, method, article, or apparatus
that comprises a list of elements is pot necessarily limited to
only those eclements but can include other elements not
expressly listed or inherent to such process, method, article,
of apparatus. Further, uniess expressly stated to the contrary,
“or” refers to an inclusive or and 1ot to an exclusive or. For
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example, a condition A or B is satisfied by any one of the
following: Ais true {or present) and B is false (ox not present),
A is {alse (or pot present} and B is true (or present), and both
A and Bare true {or present).

[0043]  The use of “2” or “an” o describe the various ele-
ments and components herein is merely for convensence and
fo give a general sense of the invention. This desenption
should be read o inctude one or at least one and the singular
also includes the plural unless it is obvious that it is meant
otherwise. .

Dhclofenac Pot

ssium in a Dispersible Liquid Formudation:

[6844] The present invention refates to 3 method for treai-
mg acute pain such as that resulting from an ostectony, e.g.,
a bunioneciomy, based on use of an oral dispersible Hiquid
formulation comprising diclofenac potassinm and at leastone
pharmaceuntically acceptable, non-toxic dispersing agent. A
particelarly  useful dispersible Biquid formulation of
diclofenac potassivm is described in U.S. Pat. No. 6,365,180,
which is bereby incorporated by reference in its entirety.
Another useful orally administered dispersible liqmd formu-
1ation of diclofenac potassinm, based on the use of a bicar-
bonate dispersing agent, is described in U.8. Pat. No. 6,974,
595 (ie., Exampies ¢ and 7), which is incorporated by
reference in its entirety. Diclofenac (pofassiumn {2-(2,6-
dichlorophenyl) amino}-phenyljacetate), 3s a potent nonste-
roidal anti-inflammatory (NASID) drug therapeutically used
in inflammatory conditions and as an agalgesic. Like other
NASIDs, diclofenac interacts with the arachidonic acid cas-
cade at the level of cyclo-oxygenase. Diclofenac inhibits
cyclo-oxypenase at micromolar concentrations and as a con-
sequence the formation ofthromboxanes, prostaglandins and
prostacychin i inhibited under various ¢linical and experi-
mental conditions. As used herein, the term “pharmaceuti-
cally acceptable,” when referning to any or ali componenis of
the present compositions, means hat such corponent(s) are
compatitle with other components therein, and not deleteri-
ous to the recipient thereof.
{8045] A dispersing agent Js a surface-active substance
added to a suspension, usually a colloid, fo lmprove the sepa-
ration of parficles and to prevent settling or clumping in the
gastrointestinal ract by facilitating distibution of particles or
droplets throughout the gastrointestinal tract. Any pharma-
centically accepiable dispersing agents may be used, includ-
g, for example, alkali metal bicarbonates or mixtures
therenof, such as potassium bicarbonate in amovat 26-80% by
weight of the weight of diclofenac; the polymer-based dis-
persing agents which inchede, for example, polyvinylpyeroli-
done (PVP; commercially known as Plasdone™); and the
carbohydrate-based dispersing agents such as, for example,
hydroxypropylmethyleetiniose (HPMC), hydroxypropyleel-
ulose (HPC), and the cyclodextring. Useful dispersing agents
include PVP K29-32, dextrins, starch, derivatized starch and
dextrans, while of the dexirins, derivatized cyclodextrins are
especially wseful. Of such cyclodextrins, hydvoxypropyl
beta-cyclodextrin and gamma-cyclodextrin are especially
preferred. The numbers relate 1o the molecelar weight of the
polymer wherein, for example, PVP K-30 has an average
molecular weight of about 30,000, with attendant viscosity
characteristics.
{8846] The dispersible liqud formulation further com-
prises at least one phamnaceutically acceptable non-toxic
solubilizing agent. Such readily available solubilizing agents
are well known in the art and is typically represented by the
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family of compounds known as polyethylene glycols (PEG)
having molecular weights from about 20010 about 8,000. For
liquid formulations vsed for filling soft capsules such as soft
gelatin capsules, suitsble molecuiar weights range from
abont 200 to about 600 with PEG 400 being especially useful.
Another example of suitable solobilizing agent includes sor-
bitol.
{3647} Optionally, another solobilizing agent which may
be miilized in compositions of the present invention is water,
especially purified and deionized water. For such composi-
tions, the concentration of water is from about zero percent to
about ninety-nine percent (w/w). More particularly for com-
positions of the present invention o be filled into soft cap-
sules, a maxinum water concentration from about 0% to
about 5% is preferred, alibough the concentration of total
solubilizing agent may be the full concentration range tanght
herein.
f3648]  As used in the present compositions, the concentra-
tion of the sum of solubilizing agent vtilized, wherein more
than one solubilizing agent can be ntilized, s from about O
percent to about 99 percent (w/w). The preferred concentra-
fion of solubilizing agent in the present compositions is from
about 60 percent to about S0 percent (wiw).
[6049] 1fthe mspemb]e Iiquid formulations are 1o be filled
in soft gelatin capsules, is at Jeast one optional pharmaceuti-
caily acceptable, non-toxic plasticizing agent may be used.
Such plasticizing agents, which are well known in the phar-
maceutical formulation ant, include, for example, glycernn,
propylene glycol, and sorbitol. Such commercially available
piebtic.izers can be preparad 1o include more thae one plasti-
cmng agent component, but the preferred plasticizing agent
for the present compositions is glycerin. In addition to its use
as a plasticizing agent, propylene glycol can be used as a
sojubilizing agent when used alone or in combination with
anpother solubilizing ageut as taughi herein.
[6050]  As vsed in the present invention, the concentration
of the sum of plasticizing agent utilized, whereln move than
one plasticizing agent ¢an be utilized, is from about zero
percent io about 75 percent (w/w). The preferred of plasticiz-
ing agent 13 from about zero percent (0%) to about fifty
percent {50%), and an especially preferred concentration in a
range from about one.percent (1%) tomshout thirty-percent’
{30%). When die compositions of the present invention are
used to filf soft gelatin capsules, ihe gereral concentration of
such plasticizing agent ranges from about 5 percent to about
16 percent (w/w). Such plasticizers are especially usefud with
soft gelatin capsule preparations because, withowt which,
such capsules tend to harden and lose their beneficial prop-
erties by, potentially, cracking or becoming brittle.
[6651}  Another optional component of the presest compo-
sitions, which 1s a preferred component, 1s at Jeast one phar-
maceutically acceptable, non-toxic, surfactant, preferably a
non-iopic surfactant, Such surfactants are well knowa in the
phannaceutical formulation art and include readily available
surfaciants having a concentration from about zero percent to
about 90 percent such as, for example, macio gel esters (La-
brafils), Tandem 522™, Span 80™ Gelucieres™, such as,
for example, tocopherol polyethylene glycol 1000 succinate,
polysorbate 20, and polysorbate 80, Of these, polysorbate 20
and polysorbate 80 are particularly useful. The addition of at
least one surfactant, particuiardy 3 non-ionic as described
above, to the liquid compositions of the present invention,
improves the dispersion properties of diclefenac potassivm
relative o compositions not containing such non-ionic sur-
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factant. This in tum provides a more rapid onset of the thera-
peutic bevefits provided by diclofenac potassium with
reduced gastroirritation in a mammal relative to compositions
not containing the suriactant.

{8052}  As used in the present invention, the concentration
of the sum of non-ionic surfsctant uiilized, wherein more than
one such surfactant can be utilized, generaily ranges from
about zere percent to about 10 percent (w/w), with a range
from about 1 percent to about 5 percent {w/w) being pre-
farred. A particnlarly wseful concentration i1s about 3 percent
{(wiw).

{6033  Typically, the order of addition of the various com-
ponents comprising the present invention will not affect the
formation of a solution, when desired, of the present inven-
tion. However, when such a surfactant is used, it may be best
1o add the surfactant or swrfactants foliowing addition of
diciofenac active ingredient and dispersing agent.

{8854] It should be understood that each component com-
prising the compositions of the present invention must be
pharmaceutically acceptable and wtilized in a non-toxic con-
ceptration. Other phatmaceutically acceptable, non-toxic
pharmaceutical additives may be included in the composi-
tions of the presentinvention andinclude, for example, sweet-
ening agents, local anesthetics, antibacterials, a lower alkyl
aleohol such as ethanol, and the like.

{88535} Commonly used pharmaceutical agents, suchas, for
example, about .1 Nto 6N hydrochioric acid, are used in the
Liquid formulation as a stabilizing agent for sofigel capsule. A
preferred pH range ofthe present compositions when used for
fillng soft gelatin capsules i5 from about 4.0 to about 9.0.
{80561 The resulting oral administrable composition com-
promising diclofenac potassivm in a dispersible liqmd for-
mulztion exhibits wmproved dispersing properties of the
diciofenac potassium npon contact with siomach acid, which
resulis in faster, reproducible, and s more uniform absorption
rate than conventional pharmacentical compositions. A more
rapid, uniform absorption of the diclofenac pofassium gener-
ally provides a more rapid onset of the therapeutic benefits.
{8057} The oral dispersible liguid formulations of the
present invention are usually formuiated to deliver 2 dosage
level of between about 13 ro about 30 mg, usnally between
about 14 mg to abowt 25 mg; of diclofenac potassium or total
dosage amount of up 1o about 100 mg per day. This formuila-
tion may also be used to fill capsules such as bard or soft
gelatin capsules. The preparation of such capsules is well
koown in the pharmaceutical art {see, e.g. Modem Pharma-
ceutics, Third Edition, (G. S. Banker and C. T. Rhodes, ed.;
14996); and The Theory and Fractice of Industrial Phariacy,
Third Edition, {L. Lachman, H A Liebernan, and J. L. Kanig,
ed.; 1886)].

Pain Management After Bononectomy:

{6658} A buniop or hallux valgus is an inflammation or
thickening of the joint capsule of the great toe. This inflam-
mation causes injury and deformity to the joint due to abnor-
mal hone growth. The great toe is forced in toward the rest of
the toes, causing the head of the first metatarsal bone o jut out
and rub against the side of the shoe; the underlying tissue
becomes ndlamed and a painiul growth forms. As thus bony
growth develops, the bunion is formed a5 the big foe is forced
i prow at an increasing angle towards the rest of the toes. A
bunion may also develop in the fifth metatarsal bone, in which
case it is known as a hunionetie or tatlor’s bunion. Bunions
often develop from wesring namow, high-heeled shoes with
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pointed toes, which puis enommous pressure on the front of the
foot and causes the foot and toes to rest at unnatura) angles.
Injury in the joint may also cause a bunion to develop over
time. Geuetics piay a factor in 16% to 15% of all bumon
problems; one inherited deformity, hallux valgus, causes the
bone and joint of the big foe to shift and grow inward, so that
the second toe crosses over it. Flat feet, gout, and arthritis
increase the risk for bunions.

[3052] Dunion surgery, usually called a bunionectomy, is
almost always done as an outpatient procedure. The proce-
dure itself varies depending on the type and seventy of the
deformity. Although the procedure varies, the recovery is the
same for il Some of the hunionectomy procedures are
pamed Akin, Austin Akin, Keller, Silver, Silver Akin, and
Katish depending on whicharea of the boneis cut and the type
of cut that is made. Once the subject is 1n the operating room
and after anesthesia has been started, a tourniquetisappliedto
either the thigh or ankle depending on the type of anssthesia.
The tourniquet is used to prevent bleeding during surgery.
After the tourniquet 35 applied, the foot aund lower leg are
washed in a sterife fhshion to help prevent infection. The
surgeon then makes an incision at the top of the great toe nto
the joint capsule.

{0660] Once thebone is exposed, the strgeon makes a cutin
the bone i order 1o corvect the deformity. This is called an
“ostevtomy”. As defined herein, an osteotomy is a sogical
proceduwe in which a bone is cut to shorten, lengthen or
change its alignment. 1t is used for example 1o straighten a
hone that has healed crookedly following a fractare. Bone is
defined herein as 3 copnective tissue consisting of bone-
building osteoblasts, stationary osteocytes, and bone-de-
stroying osteoclasts, embedded In a mineralized matrix
infused with spaces and canals. In the case of the hallux
valgus, a2 smail piece of bone is removed and the bone
realigned o correct the defommity. Tendon and other soft
tissne correction may also be required 1o order to assure full
comrection is made.

{061} Depending on the iype of bunionectomy, fixation
may he required. Fixation may be internal, percutaneous or
by external means such as a cast or splint, smgical shoe,
adhesive form or a dressing. In the bunionectomy the fixatton
is often infernal. This 1s usually done with either screws or
wire. Once the bone is realigned, the wound is hrigated with
watm sterile saline and then sutured closed and a dressing
applied. Recovery varies according to extent of the surgical
procedure and each individual’s rate ol healing.

{0862}  Usual post-operative care consists of rest, elevation,
aud-ice for the first 3-8 days. Depending on the procedure
performed some walking may be done in a special shoe dur-
img this time. A check-up is performed in the office and the
bandage is changed. Often subjecis will retarn to work after
3-7 days, depending opn the requirements of the job. Skin
usually heals 3n two weeks and at this fime the stitches are
removed. Bore takes 6-8 weeks to heal. Taking X-rays at
regular intervals can assess the rate of bone healing. Any
bumnion surgery resulis in some stiffness. Physical therapy
starts at the second or third week to minimize this stiffness,
usually home exercises are sufficient. If these exercises are
not performed, a poor result may occur due o excessive
stiffness. Swelling graduaily decreases and, at two months,
providing sufficient healing ofthe bone has occurred, regular
shoes may be wormn. Regular activitiescanoften beresumed at
two to three months as tolerated. Some swelling may be
present for six months or more. The recovery period varies
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according o procedure and each individual’s rate of healing.
Some factors such as circulation, smoking, bope quality, and
general heslth can also have an effect.

{6863} Treatment for pain afier buniopectomy surgery typi-
cally consists of opioid and/or NSATDS/COX-2 inhibitors. In
soIne cases, opioid are given for the first 3-5 days and then the
subject is treated with an NSAIDY or COX-2 Inhibitor. How-
ever, interest in the cardicvascular risk associzted with the use
of NSATD/COX-Z inhibitors has become intense, raising seri-
ous questions regarding the vse of such agenis. It has been
discovered that an oral administrable composition compris-
ing low dosages (e.g. between about 13 mgto about 3 mg) of
diclofenac potassium, in a dispersible ligmd formulation
{relative to conventional dosage amounts of 50 mg or more) is
surprisingly effective in providing immediate eifective relief
of moderate to severe acute pain to patients following post-
swrgical procedures, particularly outpatient post-surgical pro-
cedures such as bunionectomy, such that the need for opioids
can be delayed, reduced or eliminated altogether. Purther-
more, the reduction of the unit dosage amount of diclofenac
potassivm canlead to a substantial reduction or eliminationof
the risk of a cardiovascular event.

{8864f The term “acute pain” as used herein means pain
that has a sudden onset and conumonly declines over a short
time {days, hours, minutes) and follows injury to the body and
which generally disappears when the bodily injury heals. The
intensity of the acute pain following a buntonectoiny can be
mild o moderate, moderate to woderately severe, or moder-
ate 1o severe.

{8865} Pan rating scales are used tn daily clinical practice
{0 meastre pain intensity. The commonly used measurement
scales laclude the Visual Apalog Scale (VAS), the Graphic
Raung Scale (GRS), the Simple Descriptor Scale (§DS), the
Numerical Rating Scale (NRS), and the Faces Rating Scale
{FRS). All of these scales have been documented as being
valid measures of paip intensity. The three scales most com-
monly used in the U.S. are the numerical, word and faces
scales.

[6066] The visual analog scale (VAS)isa 10 cm. vertical or
horizontal line with word anchors at the extremes, such as “no
pain” on one end and “pain as bad as it conid be” at the other.
The patient is askedto makea mark alony the hne to represent
pain intensity.

[8067] The graphic rating scale (GRS) is a variation of the
visual scale which adds words or numbers between the
extremes. Wording added might include “no pain”, “mild”,
“severe”,

[8868] The descriptor scale (SDS) is a list of adjectives
describing different levels of pain intensity. For example pain
intensity may be described as “no pain”, “mild”, “moderate”
or “severe”.

[8865] The numernical patn rating scale (NPRS) refers to a
numerical rating of § t0 10 or 0 to 5 or o a visual scale with
both words and numbers. The patient is asked to rate the pain
with §being no pain and 10 being the worst possiblepain. The
faces scale was developed for use with children. This scale
exists in several variations but relies on a series of facial
expressions 1o convey pain intensity.

f6070] Grouping patients’ rating of pain intensity as mea-
sured with a numerical scale ranging from 0 to 10 into cat-
egories of mild, moderate, and severe pain is useful for
informing treatment decisions, and interpreting study out-
comes. In 1998, Serlin and colleagues (Pais, 1995, 277-34)
developed a technique fo establish the cut points for mild,
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modevate, and severe pain by prading pain infensity and func-
tional inference. Since then, a number of studies have heen
conducted to correlate the numerical scales, for example the
NPRS, with cutpoints related to levelds of pain intensity. Com-
mon severity cutpoints are {1 to 4) for mild pain, (5 to 6) for
moderate pain, and {7 to 1) for severe pain.
{0671] The term “patient” as used herein refers to a warm
blooded animal such as a mammal which is the subject of
surgical trauma. 1t is undersiood that af least dogs, cats, mice
and hwmans are within the scope of the meaning of the tesm.
{0872 Asusedherein, the tesm “treatment™, or a dertvative
thereof, conternplates partial or complete inlubiiton of acute
pain, when a composition of the present invention is admin-
istered following the onset of acute pain.
[6873] Inoneewbodiment, 3 method s provided for treat-
ment of acute pain following a post-surgical procedure, par-
ticularly following an osteotomy such as a bunionectomy.
The method comprising omlly adminisiering to the patient
between about 13 1o about 30 myg, wsually about 13 myg, 13.5
mg, 14mg, 14.5mg, 15mg, 15.5mg, 16 mg, 16.5mg, 17 my,
17.5mg, 18 mg, 18 Sing, 19mg, 155 my 20 mg, 22.5mg, 25
mg, 27.5 mg, 28 mp or 30 wmg of diclofenac potassium 10 a
dispersible Jiquid formulation. Suitable oral dispessible lig-
id formuiations are described, for instance, inU.S. Pat. Nos.
5,183,829 and 6,365,180, which are incorporated by refer-
ence in their entirety.
{8674 The diclofenac potassium in the dispersible hiquid
formulation can be administered about every 4 hours 1o 8
hours for a period of at least about 24 hows, at least about 36
hours, at Jeast about 48 hours, at least about 72 hours, at jeast
about 96 hours, at least about 120 hours, or at least about 144
hours or at least about seven (7) days, wherein the daily total
amount of diciofenac potassium administered is less than or
equal to about 100 mg.
{8975] Ina specific embodiment, a dosage amount of about
25 myg diclofenac potassium in a dispersible hiquid formula-
tiop has been found to be suitable for treating acute pain, .g,
mild o moderate, moderaie to moderately severe, or moder-
ate t severe, resulting from post-surgical trauma, e.g., such
as that resulting from an ostectomy. A dosage amount of 25
my diclofesac has been found to be particularly effectively
for treating-post-buntonectomy-acute-pain.
{0876} Inaspecific embodiment, diclofenacpolassivmn salt
in a dispersible liguid formuiation in the dosage amounts
discussed above can be administered at an interval of at least
about 4 howrs, at Jeast ahont 5 hours, at lzast 2bout & hours, or
atleastabout 8 hours. The administered amount of diclofenac
potassium salt can be effective in providing acute pain relief
for about 4 to about 8 hours, preferentially for about G toabout
8 hours, after administration.
{8477 In aspecific embodiment, the method of'the twven-
tion utilizes about 25 myg of diclofenac potassinm contained
in a dispetsible Jiquid formulation contained in a iquid-filled,
soft gelatin capsule. The formulation includes a combination
of polyethylene glycol 400, glycerin, sorbitol, povidone,
polysorbate 80, and hydrochloric acid, isopropyl alcohol, and
mineral otl. g
{6878} Ina specific embodiment, the diclofenac potassium
composition usefnl in the inventive method can provide a
plasma concentration of diclofensc in 2 patient ranges
between about 6§70 to about 1500 nginl in less than 30 min-
utes with the concomutant onset of relief of acute pain.
{8879} In a specific embodiment, the administration of
diclofenac potassium composition in accordance with the
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wventive method can result in immediate increase in plaswa
concentration of diclofenac characterized by T{max) of about
0.47.

{4088} Iu a specific embodiment, the diclofenac potassium
composition useful in the meathod of the invention provides
the folowing mean phammacokinetic characteristics of: ater-
rainal hali-life (hr) of 1.07+0.29; a Cmax {ng/mb) of 1087+
419; and an AUC (0 to infinity} (ng-h/ml) of 5974151,
{6081} In anotber erubodiment, diclofenac is substantially
efiminated from plasma in the first 2 hours following admin-
istration. As defined herein, the phrase “substantially efimi-
nated™ means at least about 75%, 80%, 85%, S0% or 95% of
diclofenac is eliminated from plasma in the fist 2 homs or
after shout the first 2 to 3 hours.

{0082] The following examples provide a representative
comyposition comprising diclofenac potassiuw in a dispers-
ible liquid formuiation (Example 1) and method of freating
post-bunicnectommy zcute pain using diclofenac potassium in
a dispersible liquid formuiation {Exawple 2). The materials,
methods, aud examples herein are illustrative only and,
except as specifically stated, are not intended to be Limiting,

'EXAMPLES
Exawmple ]

Preparation of Liguid Diclofenac Potassinm
Fornulation

§6883] A typical formulationused in pain treatment is sum-
marized in Table 1:
TABLE 1
A B C

Ingecdient Description Yowiw Sbwiw % owiw
Diclofenac Polassiun  Active 6.25 6.28 6.25
{25 mg}
PEG 400NF Dnsnm sing agent; 70.12 66.70 6695
Glycesin 13.0 10.0 18.0
Sorbito} Solution 70% 5.0 560 50

Stabilizing sgent;.

Plasticizing agent
Povidons USP Dispersing ageut; 6.3 4.3 6.3
(FVP K-30)
Polysorbate 80 Emulsifying agent; 15 1.5 30

Surfactant
GNHCI Sofigel Stabilizing 3.832 125 NA

agent
2NHC1L Softgel Stabilizing NA Na 2.5
Nitrogen Gos Overlay Overlay Overlay
(if stazed

prior to Sling)

{8884] PEG 400 was heated 1o about 45° C. in a cowls
nuizer. One balf of Polysorbate 8¢ was then added io the
heated PEG 400 and mixed while maintaining the tewpera-
ture at about 45° C. Diclofenac potasstum was then added and
mixed to dissolve while maintaining the temperature, fol-
Iowed by addition of Povidone to the mixture. The contents
were mixed o dissolve new additions at each step while
maintaining the temperature at 45° C. The mixture was
cooled to about 25-30° C. while continuing te mix. SNHCL
was subsequently added and mixed foliowed by mixing
remaining Polysorbaie 80 into the mixture. Glycerin and
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Sarbitol were then added and muixed while continuing to
maintain the temperature at about 25-30° C. The final pH to
2bout 6. The solution was fitered and filled wto 25 mg suft
gelatin capsules (400 myg {11 weight).

Example 2

Method for Treatment of Post-Surgical Acute Pain
Using Liquid Diclofenac Potassivrs Pormuiation

[B885] Clinical studies were copducted to determine the
analgesic efficacy of Diclofenac Potassium Soft Gelatin Cap-
sules {DPSGC) 25 mg in acnte swrgical pain. The study was a
p,acebu controiled study in subjects recovering from banion-
ectomy swgery. A total of 201 subjects, 102 in the DPSGC
group and 99 in the placebo group, were enrclled, random-
ized aod received at least one dose of sindy drug. Three
subjects, I inthe DPSGC and 2 in the placebo group discon-
tinued.

{8086} The primary efficacy variable was the average pain
intensity over a 48-hour multiple dose period calculated using
an 11-point Numerical Pain Rating Scale (NPRS).

[0887] Other variables analyzed 10 evalvate analpesic
effect of Diclofenac Potassium Soft Gelatin Capsules
inciuded:

(1) Evaluation of the analgesic efficacy of a single dose of
DPSGC (during the initial dosing period} with individual
pain intensity assessments as compared ¢ placebo,

(2} Evaluation of the time needed to re-medication {during the
initial dosing period) of a single dose of DPSGC as compared
to placebo;

{3} Bvaluation of the frequency and timing (defined 2s time of
meaningfal pam relief) of obtaining clinically significant
anajgesic efficacy (defined as a 30% reduction in paiy infen-
sity) as compared to placebo in acute pain;

{4} Evaluation of the use of rescue medication during the
mukiple dose pertod;

(5} Evaluation of the time to onset of obtaining 2 30% reduc-
tmm_xpa,n intensity, as compared to placebo, and its duration
in acnte paw; and

(6} Evaluation of the safety and tolerability of DPSGC 25 mg
when nsed for the treatment of acute surgical pain.

[B08B] The efficacy measures in the study mcluded the
NPRS, the Pain Relief Rating Scale, and the Thne to Mean-
ingful, Perceptible Pain Relief, and 2 Global Assessment of
Study Medication.

Numerical Pain Rating Intensity Scale (NPRS):

[6089] The 11-point NPRS was utilized to assess the pri-
mary endpoint. At each time point, subjects evaluated their
current pain intensity relative to an 11-point numerical rating
scale. A score of zero represented no pain asd a score of 10
represented worst possible pain.

{8094} Subjects were instucted to: “Rate your pain by
recording the one number that best describes the awmount of
pain you have at this ime.”

0 12 3 4 5 6 7 8 B £

No Worst

Pain Passible
Pain
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[8091] Pain Rebief Rating Scale:

[8092] Subjects assessed their level of pain relief using a
S-point Pain Relief Rating Scale. A worksheet with a Hst of
adjectives was provided to the subject, and the subject was
asked to respond 1o the following question: “How much relief
do you have from your starting pain?”

No pain relief

A iittle pain relief
Some pain selief

4 lot of pain relef
Cowplete pain wlied

PR =]

Time to Meaningful and Perceptible Pain Relief:

[0093] When the subject received study medication, the
Study Coordinator staried 2 stopwatches and coverad the time
displays. To determine the exact mornent that the subject
began (o obtain first perceptible relief, the subject was given
the stopwatch 3-4 minutes alter dosing and was instructed as
follows: “Stop the stopwatch when you have perceptible pain
relief, that is, when the relief from pain is first noticeable to
you”

[6094] Determination of the exact moment that the subject
bepan 1o obtain meaningfut relief was attained similarly,
except that the question was: “Stop the stopwaich when you
have meaningfl pain welief, that is, when the relief from pain
is meaningful to you™”

[0095] The elapsed tine for each of these determinations
was recorded.

Subject Global Assessment of Study Medication:

{6096] The subject provided an overall {global) evaluation
of the study medication on a 5-polnt cateporical scale. A
worksheet with ratings was given to the subject, and the
subject was asked to respond to the following question: “How

hty

would you rate this stady medication as a pain reliever?
1 Poor

2 Fajy

3 Good

f8397] 4 Very good

5 Excellent

Secondary Efficacy Endpoints

{0098] Secondary efficacy endpoints were onset of percep-
tible and meamngful pain relief during the single-dose period
on Day 1, TOTPAR dwing the single-dose pentod on Day 1,
and onset of 30% reduction from baseline in pain intensity
during the single-dose perdod on Diay 1. Further descriptions
of these epdpoints foflow.

0899} Omnset of perceptible and meaningful pain relief was
based on double stopwatch method and measured on Day 1.
Subjects who discontinued the study before onset were cen-
sored at the time of the Jast on-study NPRS evalvation. Sub-
Jjects who received rescue medication or study drug re-medi-
cation before onset were censored at the time that rescoe
medication or stady drug was administered. Total Pain Relief
{TOTPAR) was calculated with the trapezoidal rnule for the
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pain relief at 10, 15, 20, 30, 45, and 60 minutes and at 1.5, 2,
2.5,3,4,5,6,7, and 8 hours after the initial dose on Day 1 or
until the time of re-medication. The caleulation was stmilar to
that for the SPIDF {described below). Imputation of missing
values before re-medication was performed with the WOCF
{(worst observation carried forward) approach as defined for
the primary efficacy endpoint.

[0188] Theounsetofa=30% reduction inpain intensity after
the administration of the first dose ofthe study drog on Day 1
was reeasured. Subjects who discontinued the study before
onset were censored at the time of the last on-study NPRS
evaluation. Subjects who received rescue roedication or study
drug re-medication beifore onset were censored at the time
that rescue medication or study drug was administered.

{0183} The sum of Pain Infensity Differences (SPID) over
the 48-hour multiple dose pertod was measured. Differences
were calculated from the pre-Dose 1 pain assessment on Day
1. Imputation of missing scheduled observations and of pain
assessments following rescue medication was performed
with the same method used for the primary efficacy endpoint.
Pain assessments at the tirne of rescue medication and sched-
uled pain assessments (imputed or observed) were included
inthe calculation. The calculation method for the Day 1 SPID
(described below) was used.

f3182] Sum of Pain Intensity Differences (SPID) was cal-
culated with the trapezoidal mle for the pain intensity differ-
ences at 10, 15, 20, 30, 45, and 60 miputes and at 1.5, 2, 2.5,
3,4, 5, 6,7, and 8 bours after the initial dose or Day 1 oruati!
the time of re-medication. The area between 2 consecutive
time points was calenlated as (ftime 2-tune 1 Ix[pain intensity
difference at time 2+pain intensity difference at time 1}y2.
Imputaion of missing values before re-medication was per-
formed with the WOOF approach as defined for the primary
efficacy endpoint.

{6163} Pam ntensity, pain intensity difference, and pain
relielwere measwred at 140, 15, 20,30, 45, and 60 minutes and
at1.5,2,2.5,3,4,5, 6,7, and 8 hows after the initial dose on
Day 1 or uatil the time of re-medication. Pain infensity was
assessed using the NFRS and the pain intensity difference
was calcnlated as the change io painintensity frorm baseline to

the time point. Pain infensity at pre-Dose 1 was considered-

baseline. Pain refief was assessed using a 5-potrtrelief rating
scale {(J=no relief, 4=complete pain reliet). Imputation of
wissing values before re-medication was performed with the
WOCF approachas defined for the primary efficacy endpoint.
{33104} Proportion of subjects requiring rescue medication,
total number of rescues on each postoperative day, and guan-
tity of rescue medication on each postoperative day was mea-
sured., Postoperative day was the same as calendar day. Hno
rescue medication was required for asubject, the total number
of rescues and quantity of rescue medication were counted as
zero. Otherwise, missing data were not imputed.

f0185] Mean rescue terval duning the rovltiple dose
period (Days 1-4} was measured. The mean rescue lnterval
was calcuiated from the rescue intervals during each 6-hour
dosing wterval for postoperative Days 1-4. The rescue inter-
val was defined as the difference between the dosing timeand
sither the time that a rescue medication was iaken (if any) or
the time of the next st dy drug administration, whichever was
less.

3108} Proportion of subjects discontinning due to inad-
equate pain refief, was recorded on the Day 5 compiletion
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CRF {case report form). This inciuded subjects who discon-
tinued due to inadeguate pain relief during the single-dose
portion of the study.

{8187) Subjecis’ plobal assessment of study drug at dis-
charge and on Day 5 or early termination was measured.
{0148] Time to re-medication following the initial dose on
Day 1 was measured. Subjects who discontinued the stady
before stady drug re-medication were censored at the time of
the last on-study NPRS evaluation. Subjects who received
rescue medication before study drag re-medication were cen-
sored at the time that rescie medication was administered.
{810%] The duration of obtaining a >30% reduction in pain
inteusity after the administraiion of the first dose of the study
drug on Day 1 was measured.

{8116] Proportion of subjects achieving chnically signifi-
cant analgesic efficacy after the admimstration of the first
dose of the study drug on Day 1 was monitored. Clinically
significant analgesic efficacy was defined as both =30%
reductiop from baseline painiotensity usiag NPRS asdmean-
wgful reliefas indicated by the stopwatch method. Theevents
may have occurred at any time after dostag on Day 1 aud the
2 events may have cccurred at different times on Day .
Subjects were constdered failures for this endpoim if they
discontinued the study or received study dmg re-medication
before the last event occurred.

{6113] Proportion of subjects expeviencing mild t© no pain
{NPRS <2) after the administration of the first dose of study
drug on Day 1. Subjects were considered faitures for this
endpoiut if they discontinued the study, received rescie medi~
cation, or received study drag re-medication before experi-
encing mild to no pain.

{6132] SPID and TOTPAR were analyzed with an analysis
of covariance or ANCOVA model having factors for treat-
ment and site and with the baseline vajue {pain infensity
NPRS Score) as covariate, The 2-way ANOVA with factors
for treatment and site was used to aualyze average rescue
interval and duration of a 230% reduction in pain infensity.
The number of rescues on each day and the amount of rescue
medication on each day were analyzed for treatinent differ-
ences with the Wilcoxon test.

{8113] The reatment-hy-site interaction was ass

sed ina

supporiive ANCOVA model for the-primary endpoint. If the.

treatment-by-site interaction was siafistically significant,
exploratory data analysis could bave been performed to pro-
vide an adequate descriptionof the interaction. If a quantita-
tive interaction was present, the overall treatment effect was
" 1o be estimated over sites based on the final model with the
interaction effect and ail other statistically significant effects.
1f'a qualitative interacion was ptesent, the potential cause of
the interaction (such as subject characteristics, clinic man-
agement, data/CRE handling) was to be explored.
{8114] TLeast squaves means (LS-means) for each treat-
ment, differences in the LS-means hetween the treatments,
apd 95% confidence intervals for the treatment difference in
LS-means werealso provided forendpoints analyzed withthe
2-way analysis of variance, ANOVA, or analysis of covari-
ance, ANCOVA,
{8115) Calegorical efficacy endpoints were analyzed with
the Cochran-Mantel-Hacnszel test with site as the stratifica-
tion factor. Fadpotnts included the proportion of subjects
achieving chinically significant analgesic efficacy, proportion
of subjects requiring rescue medication, proportion. of sub-
jects discountinning due to inadequate pain relief global
assessment of study dmig, proportion of subjects achieving no
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or mild pain, pain ntensity at each time poist, pain intensity
difference at each time point, and pain relief at each tune
point.

[6116] Al time-io-event efficacy endpoints were summa-
rized for each treatment group using Kaplan-Meier survival
curves. This method estumated the median and 95% confi-
dence hunits for the time-to-event n each treatment group.
Treatment groups were compared using a log-rauk test. In
addition, & Cox proportional hazard model was used witl
effects for treatment, baseline pain intensity score (based on
the Pain Intensity WPRS score}, and any demographic char-
acteristic that was found to be statistically significantly dif
ferent between trestment groups (i asy) (p=0.05). The treat-
went. faclor was parameterized using reference cell
parameterization with placebo as the reference group such
that the parameter estimate for the DPSGC 25 mg product

represented the adjusted treatment effect and the Wald Chi-~

Square statistic provided  test of the DPSGC 25 mg product
vs. placebo eifect.

Treatment Regimer:

[8117] This was a muiticenter, randomized, double-blind,
parallel-group, placebo-controlled study in subjects recover-
ing from buniopectomy surgery. The study cousisted of 2
dosing pericds: an initial dosing period {on Day 1) followed
by a multiple dose period (through Uay 4).

[8118] Subjects were provided 1-2 tablets of hydrocodone/
acetaminophen (APAP) (S mg/500 mg) every 4 to § bowrs as
needed for pain, not to exceed 8 tablets daily durinp the day of
surgery and up unti] 4 hours before the treatment study began.
Analgesic use was recorded, If subjects reguired pain medi-
cation other than that specified per protocel, they were dis-
continged. The use of ice packs was allowed on Day O and on
Day 1 up to 3 hours after the last anal gesic dose taken prior to
randomization {study medication dose 1) but not after ran-
domization daring Days 1-4.

f6119] Uponawakening at 4 am or later on the morning of
Day 1 (initial dosing period), subjects who complained of
having increased pain assessed their pain intensity at rest (no
activity of the affected toe for at least 10 minutes prior o pain
assessments) using the 11-point NPRS (0=no pain, J0=worst
pain imaginable). When subjects first reported a pain inten-
sity score of at least 4 between 4 aw and 10 am, they were
randomly ailocated to 1 of 2 blinded treatinent armus: Arm A
(placebo) or Am B (25 mg DPSGC). All pain medication
(i.e., hydrocodone/ APAP) was to have been disconfinued at
least 4 hours before the initial dose of study medication.
91267 After taking the first dose, subjects were provided 2
stopwatches to record the time to onset of perceptible pain
relief and the time to onset of weanmgfil pain reliefl Pam
intensity and pain relief assessments and vita! signs were
measured at varous time points after the initial dose or until
the time of re-medication.

{0121} The second dose {re-medication} was given to the
subject when the subject requested the second dose to treat
his/her pain. If the subject did not ndicate a need for re-
medication within & hours of taking the first dose of study
medication, he/she was given the second dose of study medi-
cation at 8 hours.

{#122] There-medication dose was the second dose of the
study apd marked the stast of the 48-hour asseszment perind,
during which subjects took their study medication every 6
hours. Following the re-medication dose, subsequent doses
while in the study unit occurredevery 6 hours {+/~1 hour from
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the 6-hour schedule established at the time of re-medication).
Study medication use was not to exceed 4 doses in one
24-hour period. Subjects were discharged afler the 4&-hour
period was completed and were instructed to take their medi-
cation on an outpatient basis at 6 am, 12 pm, 6 pmand 12 an.
The Iast dose of study medication was taken at 1 2 midnight on
Day 4.

{0123} Rescue wedication consisting of hydrocodone/
APAP (5 mg/500 mg) was available for the subjects after the
re-medication dose. However, subjects were encouraged 10
delay taking rescue wmedication vntil sl least 1 howr after
recetving study medication. Subjects who took reseue medi-
cation recorded 3 pain assessment at the time of rescue and
took the subseguent doses of study medication on schedule.
They continued the remaining pain assessments.

{6124} The primary efficacy endpoint of the average of pain
intensity over 48 howrs was aunalyzed wsing aun analysis of
covariance {ANCOVA) model with factors for treatment and
site and baseline pain intensity score {using the pain intensity
NPRS Score; O=n0 pain, 10=worst pain imapinable} as a
covariate.

{8125] SPID and TOTPAR were amalyzed with am
ANCOVA model having factors for treatment and sile and
with the basehine value (pain intensity NPRS Score) as cova-
rate. The 2-way apalysis of variance (ANOVA) with factors
for reatment and site Was used to analyze average rescue
interval and dusation of 3 230% reduction from baseline in
pain intensity. The mnwber of rescues on each day and the
amount of rescue medication oun each day were analyzed for
treatment differences with the Wilcoxon test. The treatment-
by-site interaciion was assessed in a supportive ANCOVA
modet for the primary endpoint. Least squares means (LS~
means) for each ireatment, differences in the T.S-weaus
between the treatments, and 95% confidence intervals for the
teatment difference in LS-weans were also provided for
endpoints analyzed with the 2-way ANOVA or ANCOVA.
{8126 Caiegorical efficacy endpoints were analyzed with
the Cochran-Mantel-Haensze] test with site as the stratifica-
tion factor. Al time-to-event efficacy endpoints were surnma-
rized for each treatment group using Kaplan-Meier survival
curves. In addition, 3 Cox proportional hazard model was
used with effects for treatment and baseline pain intensity
score (based on the Pain Intensity NPRS Score). Paim mea-
sures taken after re-medication or use of rescue medication
wete considered missing and replaced using worst observa-
tion carved forward {WOCF) methodoiogy.

Evaluation of Efficacy of Aualgesic Bffect of Liquid
Pormudation of Diclofenac Potassimm:

{6127} The primary efficacy assessment endpoint was the
average pain nfensity over the 48-hour multiple dose period.
Pain intensity was measured using a NPRS of 0 to 10 (G=no
pain, 10=worst possible pain).

{0128] All observed, scheduied NPRS pain assessments
were averaged foreach subject over the 48-hour muitiple dose
period, unless rescue medication was administered. If rescue
medication was administered, scheduled pain assessments
were considered missing for 6 hours followmgadministration
of rescue medication and the pain assessment at the time of
rescue medication was carrted forward. If rescue medication
was administered more than once within 6 hours, the pain
assessment at the fiest rescue was carried forward vnti] there
had been at feast 6 howrs since the use of last rescue, Pain
assessments at the time of rescue medication and scheduled
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pain assessments (imputed or observed) were included inthe
average pain infensity over the 48-hour multiple dose period.
Missing scheduled pain assessments for subjects who did not
prematurely discontimue from the study were imputed with
the worst observation carried forward (whether %t was the
basefine or some other value) up o the time of the missing
observation (regardiess of whether the worst value occurved
n association with rescue medication). For subjects who
prematusely discontimned from the study, the worst observa-
tion (whether it was the baseline or some other value) was
carried forward or the remamder of the 48-hour multiple
dose period {regardless of whether the worst value ocourred
in association with rescne wedication).

{6329} Theprimary efficacy endpoint of the average of pamn
intensity over 48 hours was analyzed using an ANCOVA
model with factors for treatment and site and baseline pain
intensity score {using the pain intensity NPRS Score) as a
covariate. The baseline pain intensity score was the last pain
intensity score obtained before study drug dosing on Day 1.

{6138} The 3-hour post-dose pain assessment was not
required if it fell between midnight and S am. If these values
were not obtained, they were not considered missing data
points and were not imputed.

[0131] Subjects recorded thelr pain intensity post-opera-

ively on a - 10 numerical pain rating scale (NPRS). A clini-

cally significant difference was felt to be 1.5 wmits on the

NERS for the average pain intensity over 48 hours with the

NPRS. if the common standard deviation was 3.0, then a

sample size 0f 86 subjects per grovup would provide over 90%
power to detect as significant a difference of 1.5 units between

the placebo and active groups using a two-ssmple t-test with

a significance leve] of 0.05 two-sided.

[6132] No statistically significant difference was observed
between the DPSGC 25 mg and placebo groups for the mean
NPRS pain intensity score at baseline (6.85 and 7.29, respec-
tively}. The difference between the treatment groups i aver-
age pain intensity over the 48-houwr multiple dose pericd,
caleulated using the L 1-point NPRS, was statistically sigunifi-
cant in-the full analysis-population(Table 2).

TABLE 2
Primary Endpoint Placebo  (PSGC25mg  pvalue
Average 48-Hour Pain Intensity 53¢ 2.49 <0.6001

WPKS Score

{0333] In the full analysis population, the difference
between the treatment groups in average pain intensity over
the 48-hour multiple dose period, calculated using the
11-point NPRS was statistically significant using the WOOP
methodology (p<0.0001). A lower average pain score was
observed in the DPSGC 25 my group compared to the placebo
group (2.49 ve. 5.56). This substantial difference (greater than
2 poinis} in average pain intemsity would be expected to
provide 3 significant clinical bene$t to subjects, Results were
simifar in the evaluable population and when LOCF (last
observation carried forward) and observed cases methodolo-
gies weye used. A sunuary of average pain intensity over the
48-hour multiple dose period for the full analysis and evalu-
able populations is presented in Table 3.
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