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Cancer Treatment and Research 

Foreword 

Where do you begin to look for a recent, authoritative article on the diagnosis 
or management of a particular malignancy? The few general oncology text
books are generally out of date. Single papers in specialized journals are 
informative but seldom comprehensive; these are more often preliminary 
reports on a very limited number of patients. Certain general journals fre
quently publish good in-depth reviews of cancer topics, and published sym
posium lectures are often the best overviews available. Unfortunately, these 
reviews and supplements appear sporadically, and the reader can never be 
sure when a topic of special interest will be covered. 

Cancer Treatment and Research is a series of authoritative volumes that 
aim to meet this need. It is an attempt to establish a critical mass of oncology 
literature covering virtually all oncology topics, revised frequently to keep the 
coverage up to date, easily available on a single library shelf or by a single 
personal subscription. 

We have approached the problem in the following fashion: first, by dividing 
the oncology literature into specific subdivisions such as lung cancer, genit-
0urinary cancer, and pediatric oncology; second, by asking eminent author
ities in each of these areas to edit a volume on the specific topic on an annual 
or biannual basis. Each topic and tumor type is covered in a volume appearing 
frequently and predictably, discussing current diagnosis, staging, markers, all 
forms of treatment modalities, basic biology, and more. 

In Cancer Treatment and Research, we have an outstanding group of 
editors, each having made a major commitment to bring to this new series the 
very best literature in his or her field. Kluwer Academic Publishers has made 
an equally major commitment to the rapid publication of high-quality books, 
and worldwide distribution. 

Where can you go to find quickly a recent authoritative article on any 
major oncology problem? We hope that Cancer Treatment and Research pro
vides an answer. 

WILLIAM L. MCGUIRE 

Series Editor 
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Preface 

One of the major advances of the last decade concerning the treatment of 
patients with soft tissue sarcomas is that an increased number of patients 
are being discussed in multidisciplinary teams prior to the initial treatment. 
The present volume on soft tissue sarcomas in the series Cancer Treatment 
and Research reflects the multidisciplinary approach with a focus on recent 
developments. 

The availability of new histopathologic techniques has reduced the number 
of unclassified sarcomas and has furhter increased the importance of the histo
pathologist in providing estimates of the prognosis of the patient as well as 
data for the planning of treatment strategy. Further data for this strategy will 
be provided by diagnostic imaging. In this field, the role of magnetic reson
ance imaging has been further defined. Of utmost importance is the recent 
trend toward consensus in staging. The modification of the staging system of 
the American Joint Commission for Cancer Staging and End Results Report
ing brings the possibility of a single staging system within reach in the next 
decade. 

As surgery still provides the only chance for cure, the importance of being 
the most sparing as possible is obvious. For this reason, radiotherapy has 
been applied with success. The introduction of relatively new radiation tech
niques is therefore being observed with interest. 

As for staging, there is also growing consensus about the role of chemo
therapy in advanced disease. More and more trials have addressed the activity 
of the few truly active drugs, the most important being doxorubicin, ifosfamide 
and dacarbazine (DTIC). The answer to the question of whether single-agent 
chemotherapy is as effective as combination chemotherapy may be answered 
in the next few years. The lack of efficacy of adjuvant chemotherapy with the 
drugs presently available has definitively been demonstrated. Chemotherapy, 
however, may have an important role in the preoperative treatment of soft 
tissue sarcomas, although the optimal method of administration has yet to be 
defined. 

A new topic in the present volume is thermo chemotherapy , a combined
modality treatment with interesting preliminary results. Although the present 
volume focuses on new developments, previously obtained data are also briefly 



x 

reviewed. With this in mind, we have invited a number of new authors to 
contribute to the present volume in order to extend its scope with regard 
to the present state of the art. We would like to thank all authors for their 
contributions. 

H.M. Pinedo 
J. Verweij 
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1. Pathology of soft tissue sarcomas 

Cyril Fisher 

Soft tissue sarcomas are a relatively rare type of primary malignant neoplasm, 
comprising <1 % of all malignant tumors. They are a heterogeneous group of 
tumors with a wide range of biological behavior. They are grouped together 
on an anatomical basis and present common clinical problems that, together 
with the rarity of many of the subtypes, dictate a uniform clinicopathological 
approach. Nonetheless, accurate histopathological diagnosis is essential for 
management because the grading of soft tissue sarcomas is an integral part of 
most current staging systems and may be the most important single prognostic 
factor. Several studies [1-3] have emphasized that, for many sarcomas, prog
nosis is related directly to the diagnosis, i.e., the precise histological subtype. 
Thus, synovial sarcoma, epithelioid sarcoma, and rhabdomyosarcoma gen
erally have a poor outlook. Other sarcomas, including many liposarcomas, 
leiomyosarcomas, nerve sheath tumors, and malignant fibrous histiocytomas 
have a wider spectrum of behavior and, in grading each case, microscopic de
tails such as cellularity, pleomorphism, amount of necrosis, and mitotic count 
must be considered. 

The basic histological patterns [4] of soft tissue sarcomas are familiar, but 
this group of tumors still retains considerable diagnostic difficulties for the 
pathologist. Some sarcomas, such as liposarcoma or rhabdomyosarcoma, 
resemble embryonic or adult mesenchymal-derived tissues and are readily 
identified. Others, for example, malignant fibrous histiocytoma and synovial 
sarcoma, do not have normal counterparts and often manifest a variety of 
histological patterns. Conversely, different sarcoma subtypes can share com
mon microscopic appearances; a spindle cell morphology can be displayed 
by synovial sarcoma, leiomyosarcoma, malignant tumors of nerve sheath, 
rhabdomyosarcoma, malignant fibrous histiocytoma, and the (now rare) true 
fibrosarcoma. Round cell tumors include Ewing's sarcoma, rhabdomyosar
coma, neuroblastoma and epithelioid sarcoma, and on occasion these require 
distinction from lymphoma, melanoma, and carcinoma. 

Diagnosis depends on the detection of specific features of cellular dif
ferentiation, which may not be apparent in ordinary histological sections. The 
supplementary techniques of immunohistochemistry, electron microscopy, 
and cytogenetics can often reveal such differentiation in soft tissue sarcomas; 

Pinedo, H.M., Verweij, J., eds. TREATMENT OF SOFT TISSUE SARCOMAS. 
© Kluwer Academic Publishers, Boston. ISBN: 0-89838-391-9. All rights reserved. 
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this not only results in increased accuracy of diagnosis, but has suggested new 
concepts of histogenesis and challenged established nomenclature. This chap
ter reviews recent pathological observations for the main sarcoma subtypes, 
and considers current concepts of grading soft tissue sarcomas. 

Classification and frequency 

Using standard nomenclature [4], the distribution of diagnoses in a consecu
tive series of 200 soft tissue sarcomas studied at the Royal Marsden Hospital, 
London, is shown in Table 1. Malignant fibrous histiocytoma is the common
est category, and fibrosarcoma, if strictly defined (see below), is extremely 
uncommon. There was no evidence of differentiation by light or electron 
microscopy or by immunohistochemistry in 3.5% of tumors, and these remain 
uncategorized. 

Malignant fibrous histiocytoma 

Malignant fibrous histiocytoma (MFH) is the adult soft tissue sarcoma diag
nosed most frequently today. The category now includes many tumors pre
viously considered as fibrosarcoma, pleomorphic rhabdomyosarcoma, or 

Table 1. Distribution of 200 sarcomas diagnosed by light and electron microscopy and immuno
histochemistry 

Diagnosis 

Malignant fibrous histiocytoma 
Liposarcoma 
Rhabdomyosarcoma 
Synovial sarcoma 
Malignant nerve sheath tumor 
Extraskeletal osseous tumors 

Ewing's sarcoma 
Chondrosarcoma 
Osteosarcoma 

Epithelioid sarcoma 
Leiomyosarcoma 
Myofibrosarcoma and fibrosarcoma 

Fibrosarcoma 
Angiosarcoma 
Malignant hemangiopericytoma 
Alveolar soft part sarcoma 
Clear cell sarcoma 
Unclassified 

Total 

No. of cases 

57 
38 
26 
21 
12 
11 
5 
3 
3 
7 
7 
4 

4 
1 
3 
2 
7 

200 

(%) 

(28.5) 
(19) 
( 13) 
(10.5) 
(6) 
(5.5) 

(3.5) 
(3.5) 
(2) 

(2) 
(0.5) 
(1.5) 
(1) 
(3.5) 

(100) 
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undifferentiated pleomorphic sarcoma. While occurring most frequently in 
the extremities and retroperitoneum, MFH can involve any part of the body 
[5]. The wide range of histological patterns within this entity includes stori
form-pleomorphic, myxoid [6], inflammatory [7], and angiomatoid [8] variants 
as well as malignant giant cell tumor of soft parts [9]. In general, the tumors 
are of intermediate or high grade with size and depth from surface being im
portant additional prognostic factors [10]; the relatively few cases arising 
superficial to the deep fascia have a good prognosis [5]. Some regard dermato
fibrosarcoma protuberans as a superficial MFH, and atypical fibroxanthoma 
has also been included in this category [4]. 

MFH was originally designated malignant fibroxanthoma [11]. Tissue cul
ture studies [12] had suggested origin from histiocytes that, it was thought, 
could behave as facultative fibroblasts. Ultrastructurally, cells with charac
teristics of histiocytes, of fibroblasts, of both, and of their supposed derivatives 
(giant cells, myofibroblasts) have been observed [13-16] as well as primitive 
(supposedly stem) cells. Although of diagnostic use, the lack of specificity 
of these morphological observations limits their contribution to determining 
the nature of the tumor. The immunohistochemical detection of alpha-l
antitrypsin and alpha-l-antichymotrypsin supported the hypothesis of histio
cytic differentiation [17, 18]. These enzymes were regarded initially as markers 
for histiocytes, but are now known to be detectable in a variety of other tumors 
[19], although they remain of use in diagnosing MFH in the appropriate histo
logical context. However, the concept of the histiocytic nature of MFH has 
been challenged by recent studies with cell type-specific antibodies which 
showed [20-23] that most markers for cells of monocyte/macrophage lineage 
were absent from the tumor cells. These immunohistochemical [22, 23] studies, 
together with enzyme histochemical [22] data, have demonstrated a fibro
blastic phenotype, suggesting that this tumor originates from primitive me
senchymal cells rather than histiocytes. The monoclonal antibodies to mono
cytes/macrophages used in these studies recognize marrow-derived cells, and 
the histiocyte-like cells in MFH may be of a different lineage. Some cases of 
MFH have in fact demonstrated monocyte/macrophage markers [20, 24], but 
this is not necessarily inconsistent with the concept of origin from locally 
derived pluripotential primitive cells. 

Support for this concept has come from the demonstration in MFH of co
expression of intermediate filament SUbtypes. All MFHs, in common with 
other mesenchymal tumors, display vimentin and, in some, desmin has been 
demonstrated, perhaps correlating with myofibroblastic differentiation. The 
additional expression of neurofilament and cytokeratin [25] in ultrastructurally 
confirmed cases of these tumors suggests multidirectional differentiation in 
mesenchymal cells. MFH can arise in, or be associated with, other types of 
sarcoma and it has been postulated [26] that MFH, representing a dedifferen
tiated stage, is a final common pathway for other soft tissue sarcomas. 

Diagnosis of MFH is usually possible by routine light microscopy. Distinc
tion of pleomorphic tumors from rhabdomyosarcoma can be made utilizing 
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myoglobin immunohistochemistry, and from liposarcoma occasionally by 
electron microscopy [27, 28]. 

Liposarcoma 

Liposarcomas are classified by histological appearance into well-differen
tiated, myxoid, round cell, and pleomorphic types, the first two having a good 
prognosis and the last two being of high grade [29-32]. It has been suggested 
[33,34] that well-differentiated liposarcoma of the extremities (but not of the 
retroperitoneum) should, because of its excellent prognosis, be reclassified as 
an atypical lipoma. 

The relatively distinctive morphology of liposarcoma, which includes the 
presence of lipoblasts, means that special diagnostic techniques are rarely 
required. Pleomorphic liposarcoma can be difficult to distinguish from pleo
morphic malignant fibrous histiocytoma, especially as some lipid may be found 
in cells of the latter, and electron microscopy is sometimes useful here [27]. 
Electron microscopy can also help in the diagnosis of those myxoid liposar
comas from which typicallipoblasts are absent; primitive lipoblasts often have 
an external lamina that is absent from the cells of MFH [35, 36]. Some lipo
sarcomas demonstrate SlOO protein [37]; this is unlikely to be a source of 
diagnostic confusion with nerve sheath tumors, and may assist in distinguishing 
myoxid liposarcoma from myxoid malignant fibrous histiocytoma [38]. 

A consistent chromosomal translocation, t(12;16), has been reported in 
myxoid liposarcoma [39]. 

Rhabdomyosarcoma 

The three major histological subtypes of rhabdomyosarcoma characterized by 
skeletal muscle differentiation are embryonal, alveolar, and pleomorphic [4]. 

Most interest has centered on the recognition of childhood embryonal 
rhabdomyosarcomas. Those composed of small cells are likely to be confused 
with other similar tumors (Ewing's sarcoma, neuroblastoma, and lymphoma); 
these are myoglobin negative. Alveolar rhabdomyosarcoma is not difficult 
to diagnose histologically, and pleomorphic rhabdomyosarcoma, occurring 
in adults, has become a rare tumor since the recognition that many cases 
previously so identified are in fact liposarcomas or malignant fibrous 
histiocytomas. 

The immunohistochemical demonstration of specific or semispecific markers 
for muscle differentiation has made the diagnosis of rhabdomyosarcoma much 
easier. Myoglobin, which is specific for skeletal (and cardiac) muscle, is de
monstrable in 60%-90% of embryonal rhabdomyosarcomas [40-43] and in 
all alveolar and pleomorphic rhabdomyosarcomas [41]. In embryonal tumors, 
however, myoglobin is detectable only in cells with a sufficient amount of 
cytoplasm. Desmin is demonstrable in many embryonal rhabdomyosarcomas 
[44], although the reported sensitivity of its detection varies between 50% [45] 
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and 100% [46]. This intermediate filament is also present in smooth muscle, 
but the morphological and clinical differences from rhabdomyosarcoma should 
prevent confusion. Furthermore, the other histologically similar tumors of 
childhood lack desmin. Other markers advocated for diagnosis of rhabdo
myosarcoma include myosin, which appears to be less sensitive than desmin 
[47), creatine kinase [48), beta-enolase [49), and Z protein [50), but none of 
these has been sufficiently assessed for specificity in routine diagnostic use. 

Skeletal muscle differentiation is characterized ultrastructurally by the 
presence of thick and thin intermediate filaments with or without Z-band 
formation [51 ]. Unfortunately, such features can be detected in only about 
half of all embryonal rhabdomyosarcomas [52), and therefore electron micros
copy has less to offer than immunohistochemistry in this area. Kahn et al. [48] 
compared electron microscopy with immunohistochemistry and found that 
only 37% of childhood embryonal rhabdomyosarcomas were myoglobin 
positive, whereas 54% of the cases examined showed the characteristic ultra
structure. In a study at the Royal Marsden Hospital, London, 13 (76%) of 17 
embryonal rhabdomyosarcomas displayed myoglobin positivity, whereas only 
8 (47%) could be diagnosed by electron microscopy. 

A consistent chromosomal translocation, t(2;13), has been demonstrated 
in examples of alveolar rhabdomyosarcoma [53]. 

Malignant peripheral nerve sheath tumors 

About 12% of soft tissue sarcomas show nerve sheath differentiation; they 
may arise in recognizable nerve trunks, in neurofibromas, or without any dis
cernible nervous connection. Since they are not always composed of Schwann 
cells or of fibroblasts, and since they may be considered to be of neuroecto
dermal origin, the term malignant peripheral nerve sheath tumor (MPNST) 
[54] is preferable to malignant schwannoma or neurofibrosarcoma, unless the 
cellular composition has been demonstrated by immunohistochemistry and 
electron microscopy. About half of these tumors are associated with von 
Recklinghausen's neurofibromatosis (VRN) [55), in which there is at least a 
5% chance of malignant change. The rest are sporadic, although the incidence 
of these may be somewhat higher than generally reported, as a number of 
cases without obvious neural origin are, without electron microscopy, incor
rectly diagnosed as fibrosarcoma or MFH [56]. Histological patterns include a 
spindle cell type with characteristic nuclear morphology, a rare epithelioid 
variant resembling melanoma or carcinoma [57), and a pleomorphic MFH
like tumor seen more frequently complicating VRN. Heterotopic epithelial or 
cartilaginous metaplasia is occasionally seen [58, 59] and a skeletal muscle 
component is present in the high-grade triton tumor [60-63]. 

Ultrastructurally, nerve sheath tumors may be shown to be composed of 
two major cell types, the Schwann cell (Fig. 1) and the perineurial cell (Fig. 2) 
[54, 64, 65] although most authors [66-70] have sought or recognized only 
Schwann cells. Both types are present in some neurofibromas, but in a per-
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Figure 1. Malignant peripheral nerve sheath tumor. Electron micrograph showing Schwann cell 
differentiation. Transected cell processes have continuous external lamina, reduplicated layers of 
which are seen in the stroma. x20,OOO. 

sonally studied series of 16 cases of MPNSTs, one cell type was usually pre
dominant. Electron-microscopic evidence of Schwann cell differentiation, 
with interdigitating cytoplasmic processes, junctions, and external lamina 
(Fig. 1) is seen in -50% of cases, albeit in some poorly developed with loss of 
external lamina. Others show features of perineurial cells, which are bipolar 
with long processes displaying prominent pinocytosis, fragmented external 
lamina, and tight junctions [54, 64, 65] (Fig. 2). Transitional forms occur 
between these two cell types, and between perineurial cells and fibroblasts, 
and transitions to melanoma have been reported [71, 72]. The pleomorphic 
tumors arising in VRN ultrastructurally resemble MFH. 

Immunohistochemical positivity for S100 protein is seen in tumors with 
Schwann cell differentiation, but not in those composed of other cell types 
[64, 70]. Thus, only 50%-70% of MPNSTs display S100 protein [73-75]. 
When positive, this is of diagnostic value, since S100 protein is absent from 
the other spindle cell sarcomas with which this tumor is likely to be con
fused (fibrosarcoma, synovial sarcoma). More recently, anti-Leu-7 (HNK1), 
a monoclonal antibody recognizing lymphocytes with killer cell functions [76] 
that also reacts with a myelin-associated glycoprotein [77], has been detected 
in some S100-negative MPNSTs [78]; it was not detected in fibrosarcomas. Its 
presence in leiomyosarcoma and synovial sarcoma [79] restricts its use in sar
coma diagnosis to forming part of a panel of antibodies. Nerve sheath tumors 
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Figure 2. Malignant peripheral nerve sheath tumor. Electron micrograph shows long processes 
interdigitating, with tight intercellular junctions and pinocytosis, but no continuous external 
lamina. These resemble the processes of perineurial cells. x32,OOO. 

contain vimentin and occasionally glial fibrillary acidic protein [80), but the 
reported presence of desmin in some MPNSTs [78] requires confirmation. 

Leiomyosarcoma 

Leiomyosarcoma occurs most commonly in the retroperitoneum, and in the 
skin and subcutaneous tissues, but occasionally arises in the deep soft tissues 
of the limbs. The microscopic appearance of smooth muscle, with fascicles of 
spindle cells with blunt-ended nuclei, pale eosinophilic cytoplasm, and little 
intercellular collagen, is obvious in well-differentiated leiomyosarcomas, but 
in the less well differentiated tumors distinction from other spindle cell sar
comas and sometimes from pleomorphic MFH may be necessary. The inter
mediate filament desmin, the marker for muscle differentiation, is found 
in >50% [45, 83-86] of leiomyosarcomas although it may not be detectable 
in poorly differentiated examples [87), where its demonstration would be 
of most value. Also, desmin is not completely specific, since it can be seen 
in some cells of MFH [25]. The absence of SlOO protein and of epithelial 
markers enables distinction from MPNST and monophasic synovial sarcoma, 
respectively. 

The electron microscope can show features of smooth muscle differentia
tion; these include myofilaments with dense bodies, plasmalemmal thicken-
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ings, micropinocytosis, intercellular junctions, and formation of external 
lamina. Again, caution is necessary in interpreting these findings since they 
can be seen in myofibroblasts [88] that are found in a variety of soft tissue 
tumors [14, 16], and that may be difficult to distinguish from primitive smooth 
muscle cells. As with all soft tissue tumors, the ultrastructural observations 
must be interpreted in conjunction with the light microscopy, including 
immunohistochemical findings, and the clinical picture. 

Vascular tumors 

Angiosarcomas are found most commonly in the skin and subcutis of the head 
and neck of older people, where they are tumors of poor prognosis, with an 
overall 5-year survival of 30% - 75% [89, 90]. They also arise in breast [91] 
and liver, and occasionally in deep soft tissues including the'limbs and retro
peritoneum [4]. The histological appearances vary from well-formed vascular 
spaces to those of spindle or round cell sarcoma, and in these cases positivity 
for Factor VIII-related antigen [92-94] or for Ulex lectin [95, 96] will confirm 
the vascular endothelial nature of the tumor. These cells have a character
istic ultrastructure [89], with tight junctions, pinocytosis, and Weibel-Palade 
bodies, although the latter are often difficult to find in angiosarcomas. 

Epithelioid hemangioendothelioma is a recently described [97] low-grade 
tumor arising in any site (usually skin), and often associated with a large blood 
vessel, in which polygonal, vacuolated tumor cells are arranged in cords in a 
fibrous stroma. Positivity for Factory VIII-related antigen [98] and Ulex, and 
absence of epithelial markers, distinguish this lesion from metastatic car
cinoma, which it otherwise resembles. 

Kaposi's sarcoma is a vascular tumor of the skin that has aroused recent 
interest because of its association with acquired immune deficiency syndrome 
(AIDS). The classic form is sporadic and affects the lower extremities of older 
men as an indolent tumor, although eventual visceral dissemination occurs in 
many cases. The endemic form occurs in Africa in younger patients; lymph 
node involvement may occur. In AIDS cases, the clinical picture is similar, 
although head and neck involvement occurs and the disease spreads to in
ternal organs. Histologically [99], early lesions show a nondescript focal 
vascular and inflammatory proliferation. Later lesions have more spindle cells 
with intercellular slits containing blood, and may resemble fibrosarcoma or 
angiosarcoma. Vascular endothelial markers are found in some [100] but not 
all tumor cells, and pericytes and fibroblasts may also be present [101]. 

The prognosis is extremely variable, and spontaneous regression has 
been recorded [102]. The neoplastic nature of Kaposi's sarcoma has been 
questioned [101]. 

Hemangiopericytoma [103] is a tumor of uncertain nature. Pericytomatous 
patterns can be seen in many sarcomas, particularly synovial, and the pre
sence of any marker excludes hemangiopericytoma. Some marker-negative 
cases have partial smooth muscle differentiation (personal observations). 
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Fibrosarcoma 

The incidence of fibrosarcoma has diminished in recent times, due partly to 
the recognition of malignant fibrous histiocytoma and partly to more accurate 
diagnosis of other histologically similar spindle cell sarcomas such as mono
phasic synovial sarcoma and malignant peripheral nerve sheath tumor as 
a result of immunohistochemical methods. Indeed, if strictly defined as a 
marker-negative (except for vimentin) tumor composed only of cells with the 
ultrastructural morphology of fibroblasts, fibrosarcoma is extremely rare: 
only one example was found in a series of 200 soft tissue sarcomas subjected 
to electron microscopy by the author. Some fibroblastic sarcomas also have 
focal or widespread myofibroblastic differentiation, but fall short of the full 
electron-microscopic picture of smooth muscle. These are usually uniform 
spindle cell tumors, lacking desmin, and may be termed myofibrosarcomas. 
Such sarcomas, together with fibrosarcoma, account for only 2% of the tumors 
in the author's series (Table 1). Among sarcomas, there are recent indica
tions, however, that the diagnostic pendulum may swing back with ultra
structural [104] and immunohistochemical [20, 22] evidence supporting the 
fibroblastic nature of some malignant fibrous histiocytomas. 

It should be borne in mind that, in some series, published figures for be
havior and retrospective grading of soft tissue sarcomas may be inaccurate to 
the extent that fibrosarcoma has been overdiagnosed. 

Fibromatosis, which is not usually regarded as a sarcoma since it may recur 
locally but does not metastasize, is composed of active fibroblasts, but often 
also shows focal myofibroblastic differentiation. 

Synovial sarcoma 

Synovial sarcoma is a tumor predominantly of young adults that arises in soft 
tissues around large joints, particularly the knee, although its occurrence 
within a joint is rare. Characteristically, this is a biphasic tumor with spindle 
cell and epithelial-like areas, in varying proportion. The spindle cells are 
closely packed and rather uniform with little cytoplasm and, when the epi
thelial component is minimal or lacking, monophasic synovial sarcoma can be 
distinguished from other spindle cell sarcomas by careful light-microscopic 
examination. The monophasic epithelial pattern is extremely rare, and must 
be distinguished from epithelioid sarcoma. The existence of monophasic forms 
of the tumor was disputed, but has now been confirmed by the demonstration 
of the epithelial markers keratin [105-107] and epithelial membrane antigen 
[107] not only in the epithelial component but also in the spindle cells of this 
tumor. One or other marker is present in some spindle cells of at least 80% of 
cases. In addition, electron microscopy (Fig. 3) shows that, whereas the epi
thelial structures have features of adenocarcinoma, the spindle cells of both 
biphasic and monophasic tumors have focal incomplete glandular differentia
tion with microvillous or filopodial processes protruding into intercellular 
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Figure 3. Synovial sarcoma, spindle component. Electron micrograph shows intercellular spaces 
into which project microvilli, with junctions between adjacent cells. This is regarded as attempted 
epithelial differentiation. x7500. 

spaces with junctional specializations [107-109]. The ultrastructure may be 
diagnostic in marker-negative cases [107]. Thus, synovial sarcoma is unique 
among spindle cell sarcomas in demonstrating epithelial differentiation. 
Furthermore, the status of this tumor as a discrete entity has been confirmed 
by the demonstration in all cases so far examined of a specific and consistent 
chromosomal translocation, t(x;18) [110, 111]. It is clear that synovial sar
coma is not related to synovium, in origin or in direction of differentiation, 
and its designation has been questioned [112]. 

The prognosis of synovial sarcoma has been regarded as poor, with 5-year 
survival of 25%-50%, but there is evidence of improvement with modern 
methods of management [113]. The histological pattern may affect outcome 
[109, 114, 115] although no recent large series has taken into account the newer 
concepts of this tumor, which will alter its apparent incidence. The calcifying 
variant has a better prognosis [116]. 

Epithelioid sarcoma 

Epithelioid sarcoma [117, 118] is a tumor arising most commonly in the ex
tremities of young adults, forming centrally necrotic nodules of deceptively 
bland-looking plump epithelioid cells that are often misdiagnosed at initial 
presentation, as a granuloma or as melanoma, carcinoma, or even rhabdo-
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myosarcoma. It is, however, of high-grade malignancy with frequent local 
recurrence and eventual metastasis. Like synovial sarcoma, this tumor shows 
epithelial differentiation. Cytokeratin can be demonstrated in some [118, 119] 
or all [120-122] cases, as can epithelial membrane antigen [121-123] as well 
as the intermediate filament vimentin, enabling distinction from the other con
ditions. Electron microscopy has helped to reconcile the conflicting theories 
of the origin of this tumor by showing a spectrum of differentiation from 
primitive or fibrohistiocytic cells (some myofibroblastic) to those resembling 
carcinoma cells with full epithelial differentiation evidenced by intercellular 
junctions, surface microvilli, tonofilaments, and external lamina [122]. Most 
cases show partial epithelial differentiation, with similarities to synovial sar
coma. Nonetheless, there ae sufficient differences [118] to conclude that, 
while some cases of epithelioid sarcoma are variants of synovial sarcoma, 
most are not. 

A cultured cell line has been established from an epithelioid sarcoma and 
its characteristics and cytogenetic constitution described [124]. 

Clear cell sarcoma 

Typically arising in the extremities (particularly the lower leg) of young adults 
[125, 126], clear cell sarcoma is characterized by well-defined nests of cells 
with clear or eosinophilic cytoplasm. It is a high-grade tumor likely to recur 
and metastasize. Although it has been regarded [127] as part of the spectrum 
of tendosynovial sarcoma, clear cell sarcoma lacks epithelial markers. In
stead, over half of these tumors contain stainable melanin, with melanosomes 
found by electron microscopy, and SlOO protein positivity has been demon
strated in the majority of cases examined [128-130]. These observations in
dicate a neural crest origin for the tumor, and its redesignation as malignant 
melanoma of soft parts has been suggested [129]. An account of the ultra
structure has shown a relationship to nerve sheath tumor [131]. 

Alveolar soft part sarcoma 

This entity [132] is composed of nests of loosely cohesive large cells some
what resembling renal cell carcinoma, with abundant cytoplasm that contains 
striking, periodic acid-Schiff-positive crystalline material. This is membrane 
bound with a characteristic ultrastructure (Fig. 4), but is of unknown com
position. A similarity to renin has been postulated [133], but not been con
firmed, and digital image processing has suggested the filamentous structure 
of actin [134]. Theories about the nature of this tumor have included a modi
fied smooth muscle, or neural or muscular histogenesis, based on the various 
demonstrations of renin [133], of neural structures [135], and of rhabdomyoma
like inclusions [136]. Recently, supportive evidence for a myogenic origin has 
come from the immunohistochemical demonstration in some cases of desmin 
and Z protein [137]. Myoglobin was not detected, but the skeletal muscle 
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Figure 4. Alveolar soft part sarcoma. Electron micrograph of the characteristic membrane
bound crystalline structures. x 121,000. 

enzyme beta-enolase was found biochemically. On the other hand, in a larger 
study, Auerbach and Brooks [138] (using antibodies thought unlikely to cross 
react with vimentin) could not demonstrate desmin positivity. Myoglobin was 
also lacking, and S100 protein and neuron-specific enolase were also not de
tected, providing no support for a neural crest origin. While it is possible that 
some alveolar soft part sarcomas show muscular differentiation, it is clear that 
the origin and nature of this tumor remain unknown. It is a high-grade sar
coma, occurring mainly in the lower limb of young adults, although head 
and neck tumors are found in children. Although slowly growing, metastasis 
eventually occurs in the majority of cases, with a 5-year survival of -60% 
[139, 140]. 

Extraskeletal osseous sarcomas 

Soft tissue chondrosarcoma, of conventional or myxoid (chordoid sarcoma) 
patterns, demonstrates S100 protein [141), but not epithelial markers, aiding 
a distinction from chordoma [142-144]. Electron microscopy may also be 
helpful here [145]. SlOO protein is absent from the undifferentiated areas of 
mesenchymal chondrosarcoma [146]. Osteosarcoma of the soft tissues [147] 
has no specific cellular marker to enable distinction from other types of sar
coma with areas of ossification. 

Tumors indistinguishable from Ewing's sarcoma of bone have been de
scribed in soft tissues [148-150] in children and, mainly, in young adults. 
They are composed of uniform round cells, typically containing abundant 
glycogen, and can present a problem of diagnosis from other round cell tumors 
of soft tissue. Ultrastructurally, the glycogen is confirmed and poorly formed 
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intercellular junctions are regularly seen [151]' but there are no specific fea
tures. The intercellular junctions have been reported to stain for desmopla
kin [152], demonstrating their desmosomal nature. Immunohistochemically, 
lymphoid, muscle, and other epithelial markers are absent. Vimentin is the 
principal intermediate filament detected in the tumor cells [153] although 
recently keratin and neurofilament have also been described in a few cases 
[152], leading to the postulation that Ewing's sarcoma is a pluripotential or 
blastomatous neoplasm. 

A specific chromosomal translocation, t(l1; 22), has been described in 
Ewing's sarcoma of bone [154-156]. 

Grading 

The prognosis and management of soft tissue sarcomas depend on staging, 
i.e., the extent of spread at the time of diagnosis. All staging systems [157] 
take into account the grade of a tumor. Grading is a histological term that 
usually relates to the degree of differentiation, i.e., resemblance to parent 
(adult-type) tissue. Its use lies in attempting to predict behavior by matching 
the appearances of a tumor with the accumulated experience of its natural 
history. For carcinomas, this is relatively easy since, in each case, we are deal
ing with a single distinct entity and know what it is trying to resemble. For 
sarcomas, the problem is more difficult because the term embraces many 
different types of mesenchymal tumor. Some resemble adult tissue, e.g., 
nerve sheath or smooth muscle tumors, yet may have a poor prognosis even 
when well differentiated. Others recapitulate normal embryonic tissue, but 
may have a good or a bad prognosis: although rhabdomyosarcomas are high 
grade, myxoid liposarcomas are not. Additionally, in many sarcomas, the 
concept of differentiation becomes problematic; some types, such as alveolar 
soft part sarcoma or epithelioid sarcoma, are always undifferentiated in the 
sense that they do not resemble any known normal adult tissue, and yet have 
a relatively consistent microscopic appearance. 

The matter is simplified since some sarcomas always have a slow course 
and low metastatic potential, and others are always aggressive. The histologi
cal type (diagnosis) therefore can be used as an initial grading criterion, not 
necessarily related to differentiation, for placing tumors into a good or bad 
prognostic category. The drawbacks of this approach include [1] intraobserver 
variation: two studies [158, 159] found only 65% and 61 % concordance for 
diagnosis with a mean of three diagnoses per case [158], although concordance 
for grading was 75% [159]. Also, in retrospective studies, without the benefit 
of immunohistochemistry and electron microscopy, the apparent frequency of 
each subtype may be incorrect. This is particularly so for the incidence of 
fibrosarcoma (see above) and of unclassified sarcomas. 

Within other subtypes, there is a wider spectrum of behavior, and in these 
grading is an attempt to relate behavior to pathology. These include MFH, 
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leiomyosarcoma, fibrosarcoma, and some liposarcomas, and each may re
quire different histological criteria for grading. These have been assessed by 
various observers, some of whom apply them to all sarcomas and others only 
to those with a wider behavioral spectrum. Features used are mitotic counts, 
cellularity, differentiation/pleomorphism, and amount of necrosis. Different 
groups have found that, of these, the best predictors of prognosis were mitotic 
counts [160], mitoses and amount of necrosis [161], mitoses, necrosis and dif
ferentiation [162], mitoses, pleomorphism, and cellularity [163], or mitoses, 
cellularity, pleomorphism, vascularity, and necrosis [157]. One study, which 
graded some cases first by diagnosis, found that the amount of necrosis was 
the single major predictor for survival among the other tumors [2]. In all series, 
higher-grade tumors form a substantial majority. 

Grading of tumors is an attempt to divide a continuum. As well as being 
necessarily arbitrary, this procedure may be affected by unrepresentative 
tumor sampling and by subjective variation [158, 159]. Perhaps for these 
reasons, there is no agreement on the optimum number of grades, nor on the 
extent to which diagnosis alone should be used as a grading criterion. At the 
two extremes, some centers now grade solely by diagnosis [3], forming three 
groups, while others insist that all cases should be graded by histological fea
tures irrespective of diagnosis. Among these, tumors have been assigned to 
one of two [164], three [157, 160, 165], or four [163, 166] grades according to 
various combinations of observations. Regrading by diagnosis of a group of 
sarcomas previously graded by histological features [3] led to reassignation of 
staging with apparent improvement of 2-year disease-free interval in earlier
stage cases. 

It is evident that grading is an important prognostic factor, and it is de
sirable that uniformity of approach be attained. With the knowledge that 
some sarcomas are chromosomally distinct entities, it may be better to grade 
each tumor type on a separate basis, either by diagnosis or by histological 
features, rather than to apply a single schema to all sarcomas regardless of the 
differences among tumor types. 
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2. Diagnostic imaging 

Richard P. Golding, Thea E. G. van Zanten, and J aap Valk 

In growth, soft tissue sarcomas displace the contents and later the boundaries 
of the anatomical space in which they arise. Linear extension does occur, 
however, along neurovascular bundles. Blood-borne spread occurs to the 
lungs. Less often or later spread to the liver, bones, and brain may take place. 
Involvement of lymph nodes is said to occur infrequently [1, 2] and is prob
ably related to tumor size and an unfavorable prognosis. Within the group of 
childhood rhabdomyosarcomas, the incidence of lymph node involvement is 
variable, being highest for prostatic, genitourinary, and paratesticular sites 
and very low for head, neck, and truncal sites [3]. In general, the incidence of 
lymph node metastases from soft tissue sarcomas is usually low, certainly in 
comparison to those for the commonly occurring carcinomas [4]. 

Although surgical resection is still the mainstay of treatment, local recur
rence is a problem of particular importance after local and wide resection and 
even after amputation [5]. Surgery has also been recommended in the treat
ment of pulmonary metastases where repeated resections can achieve pro
longed survival [6]. Although the great majority of pulmonary metastases are 
peripherally located and thus amenable to wedge resection, endobronchial 
metastases have been described [7]. Similarly although the presentation of 
soft tissue sarcomas is straightforward, as a rarity a paraneoplastic syndrome 
involving hypoglycemia, hyperglycemia, anemia, or hypercalcemia without 
skeletal metastases may be encountered [8]. 

The ability of imaging methods to provide information on the different 
states of soft tissue sarcomas has been the subject of previous reviews, but a 
continuing addition of newer methods of imaging has entailed reappraisals [9, 
10]. If investment in medical imaging technology continues, we will see not 
only advances in existing techniques, but completely new instruments. 

Imaging methods 

Plain films and xeroradiography 

Although these lack almost as much sensitivity as they do specificity, plain 
films are frequently requested as the first imaging examination probably 
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because the diagnosis of a soft tissue sarcoma has not been seriously enter
tained. Inasmuch as displacement of fascial planes, or the presence of calci
fications or low-density elements, may endorse the results of palpation or 
confirm a clinical suspicion, plain films have worth. However, the most im
portant contribution of plain radiography is likely to be the demonstration of 
involvement of adjacent skeletal structures when this exists. There is anecdotal 
evidence that malignant change in a lipoma has been detected as an increase 
in density in the low-density fatty tissue subsequent to an increase in stromal 
elements. Xeroradiography can show calcific and fatty structures better than 
conventional radiographs. It has no other particular advantages, however. 
One report examining a variety of malignant and benign soft tissue lesions 
found that xeroradiography detected periosteal resections better than ultra
sound or computed tomography, but that plain radiographs reliably though 
less impressively detected these same changes [11]. 

Tomography 

This technique is still of use in examining the ear, the paranasal sinuses, and 
the upper airways. Doubtful bony lesions seen on plain films may also be 
much more clearly shown on tomograms. In general, however, tomography 
has been giving way to computer tomography (CT) in almost every area. In 
the thorax, it now no longer seems appropriate to subject pati~nts to tomo
graphy especially for staging and follow-up of malignant neoplasms when CT 
is available. The latter will detect more pulmonary nodules as well as visualiz
ing the mediastinum, pleura, chest wall, and skeleton in one session. 

Angiography and lymphangiography 

Angiography is still a useful procedure. However, there has been a definite 
shift in the application of this technique. Whereas formerly it was primarily 
used as a diagnostic method firstly to establish a diagnosis of malignancy and 
secondly to establish the extent of the lesion, it is now used in its diagnostic 
capacity for vascular mapping and in its therapeutic capacity for various em
bolization procedures and for the placement of catheters for intra-arterial 
chemotherapy. 

With regard to angiography as a diagnostic method, an interesting develop
ment has been the use of intra-arterial digital subtraction angiography (DSA). 
In one study used to evaluate 36 patients with limb tumors, 14 of which were 
soft tissue sarcomas, major arteries both normal and abnormal and feeding 
arteries were equally well shown by both conventional arteriography and 
intra-arterial DSA [12]. Extremely small vessels tended to be beyond the 
resolution of a 512 x 512 matrix. However, large but faint shadows such as 
tumor stains or draining veins were just as clearly visible on the electronically 
subtracted images as on the radiographs. The major advantage was the lack of 
discomfort suffered by the patients during the injection of a dilute contrast 
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material (73 mg iodine/ml). The new procedure was also cheaper and some
what quicker. 

Lymphangiography should in theory have an advantage over CT in that it 
can detect filling defects due to tumor deposits in normal-sized nodes and is 
not dependent on enlargement of nodes as is CT for a diagnosis of lympha
denopathy. In addition, CT has difficulty in detecting enlargement in the 
vertical axis on transverse cuts. Even in the transverse plane, there is no uni
versal agreement as to what should be accepted as an enlarged transverse 
diameter without, on the one hand, reaping too many false positives while 
retaining a high percentage of the true negatives or, on the other hand, re
versing this with too many false negatives and too few true positives when the 
chosen nodal diameters are too small or too big, respectively. This perennial 
problem is bound up with the fact that normal lymph nodes show a range of 
sizes, and lymph node enlargement can be due to inflammation rather than 
invasion. In practice, however, the limited applications of lymphangiography 
to the various lymph node chains in the body and frequent failure of exten
sively involved nodes to take up contrast give CT a definite advantage over 
lymphangiography. 

Isotopes 

The uses of isotope scanning include the detection of the primary lesion, in
cluding recurrence after resection, involvement of adjacent bones, and the 
detection of distant metastases. Since certain isotope scanning agents localize 
in soft tissue sarcomas, the first objective can be met but is, in practice, of 
little value since small tumors are not reliably detected. With regard to the 
involvement of adjacent bone, a study of 60 patients with soft tissue sarcomas 
by using technetium-99m-labeled pyrophosphate or methylene diphosphonate 
reported a 92 % accuracy in determining the presence or absence of bone 
involvement [13]. In 54 patients, however, this information endorsed that 
available from other sources and in only one case provided information not 
otherwise available. A later study from the same center [14] compared bone 
scintigraphy and CT. Although this study comprised only 17 patients selected 
from 139, none of these had been biopsied or irradiated before the imaging 
studies, none had plain film evidence of bone erosion or periosteal reac
tion, and all had optimal surgical and radiological documentation. Using 
technetium-99m-labeled ethylene or methylene diphosphonate, scintigrams 
were obtained using multiple projections when these were necessary to dis
play tumor activity separate from adjacent bone activity. When no normal 
intervening tissue could be demonstrated, bone involvement was considered 
to be present. There were no false-negative or false-positive scintigrams. 
Three computed tomograms incorrectly diagnosed bone involvement. The 
anatomical definition of bone involvement was the extension of either the 
tumor or the surrounding reactive edematous tissue to the periosteum or 
cortical bone, with or without direct invasion of these structures in the case 
of tumor. 
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Using gallium-67-labeled citrate, activity has been shown in the primary 
tumor in 41 of 48 patients known to have a soft tissue sarcoma of the extremity 
at the time of imaging [15]. Seven other patients with histological evidence of 
residual tumor had negative gallium scans. Interestingly six patients with 
positive scans also had evidence of nonpulmonary metastatic disease (mostly 
lymphadenopathy) that was later supported by other data. 

The mechanism by which the scanning agents mentioned above localize 
in tumor tissue is not entirely clear. Preliminary work on a more specific 
approach has recently been reported by Hoefnagel et al. [16], who used anti
body fragments directed against myosin, which is known to be present in 
rhabdomyosarcoma cells. Early results were encouraging in detecting primary, 
recurrent, and metastatic tumor. 

Ultrasound 

A recent report described the use of ultrasound as a screening study in the 
evaluation of soft tissue masses. All patients had a palpable mass or palpably 
altered tissue consistency, no abnormalities on plain radiographs, no biopsy 
procedure prior to ultrasonography, and all had adequate ultrasonographic 
and histological data available for review [17]. Of these 50 patients, 14 had a 
malignant lesion which in each case was sonographically discrete and well 
defined and, in one case, cystic. Those with benign lesions had either discrete 
or else ill-defined lesions that were not easily distinguishable from surround
ing tissues; 13 of these benign lesions were cystic although this was sono
graphically apparent in only seven cases. The authors point out that there 
appeared to be a correlation between histologic and ultrasonographic pat
terns inasmuch as the discrete lesions, with a uniformly decreased echogenicity 
in comparison to surrounding tissues, had a high cell-to-matrix ratio whether 
they were benign or malignant. As already indicated, all ill-defined lesions 
(with a low cell-to-matrix index similar to that of surrounding tissue) en
countered in the study were benign. 

The patients in the study cited above are not representative of patients with 
soft tissue abnormalities seeking medical advice for the first time. All had 
been referred to a teaching hospital presumably because of clinical suspicion 
and indeed a quarter had a soft tissue malignancy. It may therefore be pre
mature to accept their findings as valid for large-scale screening. The authors, 
however, are surely right to advocate ultrasound as the first imaging examina
tion instead of plain radiographs where physical examination suggests a soft 
tissue abnormality. 

Computed tomography 

As first- and second-generation scanners were replaced by third- and fourth
generation scanners, the enthusiasm of early reports of the usefulness of the 
preoperative imaging of the location and extension of soft tissue tumors by 
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computer tomography (CT) [18-201 was amply confirmed by later reports 
[21-23]. However, it became clear that although excellent depiction of the 
tumor and the anatomical compartment in which it was located was often 
possible, in a number of cases depiction of the margins of the tumor even with 
intravenous contrast enhancement was unreliable as ascertained at subsequent 
surgery. Early reports had already indicated that the hope that CT might, on 
the basis of its superb contrast sensitivity and spatial resolution, be able to 
attempt tissue characterization was, in the main, unfounded. Lipomas could 
often be identified, but poorly differentiated liposarcomas could not be con
fidently distinguished from other neoplasms that might contain areas of low 
density due to cystic or necrotic changes. Well-differentiated liposarcomas 
have been confused with lipomas. It also became apparent that positive CT 
diagnoses such as vascular encasement, regional lymphadenopathy, or local 
bone destruction were more likely to be confirmed at operation than were CT 
diagnoses excluding such pathology. Problems also arose with the main seed
ing ground for metastases, the lung parenchyma, for, although CT showed 
more nodules than could be seen on chest radiographs or tomograms, not all 
of these nodules proved to be metastases at operation. Finally, CT has been 
shown to have limited value following excisional biopsy [24]. In this study, an 
attempt was made to identify those patients with residual macroscopic tumor 
following marginal excision since these patients would require additional 
measures to prevent local recurrence and to distinguish this group from those 
who had only postoperative reactive changes where the presumed presence of 
microscopic deposits would be an indication for local radiotherapy. CT was 
not reliable in detecting malignancy when no palpable mass was present, nor 
when a palpable mass was present was CT reliable in distinguishing between 
malignancy and postoperative changes. 

In conclusion, it may be stated that CT depicts soft tissue sarcomas and 
surrounding structures in detail, giving information considered to be superior 
to that provided by ultrasound and angiography. As a diagnostic method, 
however, for staging and follow-up, it has important limitations that four 
generations of scanners have not eliminated. Its great strength lies in the fact 
that, at the time of writing, it is the only imaging technique that is in general 
use that can provide anatomically detailed images of virtually all systems. In 
our institution, it is the preferred method of screening for pulmonary, cer
ebral, and hepatic metastases in addition to preoperative assessment of the 
primary neoplasm. 

Magnetic resonance: imaging and spectroscopy 

The early course of magnetic resonance (MR) was to some extent a recapitu
lation of the development of CT. MR's first and most successful application 
was in the central nervous system. Early hopes that MR might provide tissue 
characterization, at least the distinction between benign and malignant lesions, 
have not as yet been realized. 



28 

When imaging soft tissue tumors, both T1 and T2 weighted sequences are 
recommended for the best delineation of the lesion, but these sequences do 
not allow a distinction between benign and malignant lesions [25]. One report 
has claimed to distinguish lipomas from liposarcomas on the basis of calcula
tions of T1 and T2 relaxation times [26]. However, the number of liposarcomas 
was small (two) and their differentiation grade was not stated. On the other 
hand, the signal emanating from the tissues adjacent to a soft tissue malignancy 
has been found to be increased [27]. In seven of nine cases of soft tissue sar
comas in which this was observed, either edema or tumor invasion of the ad
jacent muscle tissue was found on histology. Benign soft tissue tumors did not 
show this sign but inflammatory lesions did. Comparisons between CT and 
MR in the evaluation of both primary soft tissue tumors and bone tumors with 
soft tissue extension have generally found the two techniques to be at least 
comparable, with MR tending to be superior in some respects, particularly 
with regard to lesion extension within the soft tissues and bone marrow [28-
30]. Similar results have also been found in children [31]. 

As an imaging method, MR is much more complex than CT, both for 
the manufacturer and the user. Optimal magnetic field strengths and pulse 
sequences have yet to be determined. Some attempts have already been made 
to establish the MR factors likely to produce the best results. Both the visi
bility and the apparent size of lesions were found to vary with the imaging 
technique employed [32]. 

Apart from MR clinical imaging, a certain amount of in vitro work has also 
been reported. Using a formula based on combinations of T1 and T2 values of 
surgical specimens examined in a hydrogen nuclear MR spectrometer, one 
report describes the correct differentiation between benign and malignant 
lesions in all 27 soft tissue specimens examined [33]. More recent work has 
used proton MR spectroscopy to examine small tumor samples to determine 
T2 relaxation times characteristic of cells with metastatic potential [34]. Phos
phorus e1p) MR spectra have also been obtained in vivo from superficial 
tumors by using surface coils. All tumors examined had a raised intracellular 
pH. Other abnormalities were observed, but as yet no coherent pattern has 
emerged [35]. 

Imaging affected areas 

Head and neck 

A review of 188 cases of soft tissue sarcomas of the head and neck in adults 
and adolescents found a fairly even distribution of various sarcomas between 
different anatomical sites [36]. Those sites affected in decreasing order were 
neck, 23%; face, 20%; sinonasal cavity, 19%; scalp, 18%; upper aerodigestive 
tract, 11 %; and salivary glands and miscellaneous sites, 5% and 4%, respec
tively. The authors found CT to be valuable both in preoperative staging and 
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Figure 1. Computed tomographic scan of a paravertebral synovial sarcoma showing ring en
hancement of the pseudocapsule. Reproduced from Treu et al. [73), with permission of Raven 
Press. 

in assessing therapeutic response. Soft tissue sarcomas in the head and neck 
region, as elsewhere in the body, may be surrounded by a pseudocapsule of 
compressed tissue with a reactive inflammatory zone that may also contain 
malignant cells. It is this zone that may show ring enhancement following 
intravenous contrast, as is shown in Fig. 1. This was a case of a paravertebral 
synovial sarcoma. Other reports concerning synovial sarcomas in the head 
and neck are less specific about radiological diagnosis [37, 38] although, in a 
case involving the temporomandibular joint, CT was found to be helpful [39]. 
Reports dealing with sarcomas of the larynx and nasopharynx indicate the 
importance of determining local extent of the tumor since recurrence is a 
major hazard and local lymph node metastases are less of a danger [40-43]. 
Figure 2 demonstrates the usefulness of MR in determining local extent in
cluding, in this case, intracranial extension. One report dealing with soft part 
sarcoma of the orbit mentions the value of ultrasound although, in this case, 
both CT and orbital venography were also considered to be of value [44]. 

Thorax and breast 

Soft tissue sarcomas arising in the hollow organs of the mediastinum can be 
detected by luminal opacification with the appropriate contrast study. How
ever CT of the thorax will provide a more global view and, in addition, simul
taneously examine the lungs for metastatic disease. Tumors arising in the 
mediastinum or chest wall should always be examined by CT. MR is an ac-
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Figure 2. Coronal magnetic resonance illustrating intracranial extension of a nasopharyngeal 
rhabdom yosarcoma. 

ceptable alternative for the primary location, but is, at the time of writing, 
decidedly inferior to CT for imaging lung parenchyma. 

Sarcomas of the breast may occur following previous radiotherapy for 
carcinoma [45]. Although fibrosarcoma and malignant fibrous histiocytoma 
are the commonest types, angiosarcoma occurs more commonly in the breast 
than elsewhere in the body [46]. Mammography may adequately visualize the 
lesions although deep seated tumors such as many angiosarcomas [47] may be 
better imaged by xeromammography, which shows not only the retromam
mary space but also the ribs and pleural region. Where invasion of the chest 
wall is suspected, CT has been employed [45]. Axillary lymphadenopathy was 
not found in previous studies [46-48]. 

Retroperitoneum and intraperitoneal organs 

Retroperitoneal soft tissue sarcomas usually present with abdominal or flank 
pain, weight loss, and a palpable mass [49]. In cases of malignant fibrous 
histiocytoma in the retroperitoneum or abdomen , features at presentation 
have also included abdominal distension , varicocele, hernia, fatigue [1], ob
structive jaundice [50], inferior vena caval obstruction [51], and nonfunction
ing kidney on intravenous urography [52]. Soft tissue sarcomas arising from 
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Figure 3. Coronal magnetic resonance illustrating a recurrent leiomyosarcoma of the inferior 
vena cava confirmed at operation. Reproduced from van Zanten et al. [74], with permission of 
Raven Press. 

retroperitoneal structures may present with more specific features indicating 
their site of origin. Leiomyosarcomas of the inferior vena cava, for instance, 
may present with lower-limb edema or the nephrotic or Budd-Chiari syn
dromes. These tumors may therefore be detected at an earlier stage (see Fig. 
3) whereas most primary retroperitoneal sarcomas are found to be very exten
sive at first operation (see Fig. 4). One-third of cases of hemangiosarcoma of 
the spleen present with splenic rupture [53]. This diversity of presentation 
coupled with almost universally limited experience with these rare tumors 
means that the diagnosis is arrived at indirectly both clinically and radio
logically. When a palpable mass is encountered, ultrasound is the easiest means 
of locating it, but CT or MR is the best means of defining its extent. The use 
of preoperative CT has been advocated in reports in the surgical literature 
emphasizing the importance of radical surgery as the most effective therapy 
[54]. 

A review of sarcomas of the stomach [55] established leiomyosarcoma as 
the most commonly occurring type (95%), the fundus and body as the pre
dominant sites, and adverse prognostic factors to be tumor diameter of 8 cm 
or more and extension to the serosal surface. Metastatic disease to the liver 
and regional lymph nodes as well as extragastric extension of tumor to neigh
boring organs were common. As might be expected from this description, CT 
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Figure 4. Computer tomographic scan of a retroperitoneal liposarcoma demonstrating fatty and 
dense stromal elements, some surrounded by highly vascularized areas showing ring enhance
ment after bolus contrast injection. 

is the most appropriate form of imaging for these tumors although some case 
studies report the successful use of ultrasound [56]. We have been impressed 
by the extent to which extraluminal growth of gut neoplasms in general as 
shown on CT can occur without clinical evidence of obstruction [57]. 

Leiomyosarcomas of the large bowel have more or less the same incidence 
as occurs in the small intestine, and a review of the latter [58] indicates a 
propensity for exoenteric growth and distant metastasis before lymph node 
involvement. Mesenteric arteriography was useful, but barium studies were 
insensitive, although it is not stated whether the small bowel enema technique 
was used. When this technique is employed, excellent delineation of tumorous 
masses can be achieved although the exact extraluminal extent still requires 
another imaging technique such as CT (see Fig. 5). 

Limbs 

A review of soft tissue sarcomas of the distal extremities [59] listed the follow
ing histologic types in order of decreasing frequency: synovial cell, fibrosar
coma, liposarcoma, and rhabdomyosarcoma. When the proximal extremities 
are included, there would probably be a shift toward liposarcoma and malig
nant fibrous histiocytoma [1, 60]. A review of musculoskeletal liposarcomas 
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Figure 5A and B. Small bowel enema and computer tomography excellently delineate the muco
sal and extraluminal extension of this synovial sarcoma metastasized from the knee. 
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[60] found slightly more than half of these in the proximal lower extremity. 
A similar figure of 65% has also been reported [61]. Other less commonly 
occurring soft tissue sarcomas in the extremities include alveolar soft-part 
sarcoma. Lieberman et al. [62] found 50 of their 53 cases to be located in the 
limbs. An isolated report of the CT appearance of this rare tumor mentions 
its strongly enhancing appearance with both dilated feeding and draining 
vessels [63]. Extraskeletal osteosarcoma has also been found to be predomi
nantly (67%) located in the extremities [64]. 

Early reports of CT diagnosis of soft tissue sarcomas of the limbs all em
phasize its value in clearly visualizing the lesion and in accurately identifying 
the anatomical compartment in which it has arisen [65-67]. This is important 
when either an intracompartmental or extracompartmental en bloc resection 
is being considered as described by Enneking et al. [68]. More recent reports, 
however, have been more cautious and the "pernicious growth characteristics 
of sarcomas, which send out fingerlike projections along fascial planes and 
muscle bundles" [36] has seeped into the awareness of both radiologists and 
clinicians alike. Two reports of CT of childhood synovial sarcomas stress the 
difficulty in accurately defining tumor margins [69, 70]. 

When compared with CT, MR has been found to be better in outlining the 
size and extent of tumors and their relationship to major blood vessels, but 
not so good in detecting bone destruction [71]. This study employed a 0.5 
Tesla magnet and spin echo T1 and T2 weighted images. In our institution, 
using very similar technical factors, we have not been aware of any particular 
difficulty in detecting erosion of bone. Soft tissue calcifications may not be 
apparent on MR, but our recent experience with gradient echoes in this field 
is encouraging. 

Finally, it seems appropriate to mention a pilot study using surface coils to 
obtain 31 P spectra from extremity bone tumors since this may be even more 
applicable to some soft tissue tumors due to their proximity to the skin surface 
[72]. Overlying muscles do tend to contribute to the sampling volume. None
theless some changes were noted, in particular increased levels of phospho
diester and monoester and also A TP suggesting both aerobic and anaerobic 
regions. Other changes were noted, including a decrease in phosphocreatinine, 
but the interpretation of these changes is as yet uncertain. Future improve
ments will almost certainly encompass the combination of surface coil 1 Hand 
31p spectroscopy following surface coil imaging. 
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3. Musculoskeletal tumor staging: 1988 update 

Wiliam F. Enneking 

The Musculoskeletal Tumor Society (MTS) staging system 

Since 1960, prospective primary observational data have been gathered and 
stored on primary benign and malignant neoplasms of the musculoskeletal 
system in the W. Thaxton Springfield Study Center at the University of Florida. 
In 1974, based upon analysis of this data, a staging system for primary malig
nant tumors of connective tissue histogenesis was constructed together with 
definitions of oncologic surgical margins and oncologic surgical procedures. 
By 1979, 258 cases had been staged and enough time had passed to evaluate 
the system. At that time, the Musculoskeletal Tumor Society (MTS) contrib
uted an additional 139 cases from 13 member institutions to form an initial 
study group of 397 cases. 

After analysis of the data, the system was modified to the form first pub
lished in 1980 [1]. Because of the emphasis placed on correlating the system 
with surgical margins and procedures, it was termed a surgical staging system 
and was based on three factors: grade (G), anatomic site (T), and metastases 
(M). 

Grade was subdivided into low grade (G]) or high grade (G2) on a com
bination of histologic and radiographic criteria. Before selecting this two
grade system, both three- and four-grade systems were considered. 

The four-grade system described by Broders et al. [2] for soft tissue fibro
sarcomas was based on histologic criteria originally applied to carcinomas and 
many of the criteria were not widely applicable to sarcomas of both bone and 
soft tissue. 

A three-grade system described by Evans et al. [3] and Sanerkin [4] for 
chondrosarcomas and by Enzinger et al. [5] for soft tissue sarcomas was also 
examined. The criteria for bone and soft tissue lesions were quite disparate, 
did not take into account radiographic criteria, and did not facilitate the prin
cipal objective of the system-surgical planning. In the nomenclature of sur
gical margins (intracapsular, marginal, wide, and radical) used to stratify 
surgical procedures-both limb-salvage resections and amputations-the 
data indicated that there were only two margins that obtained adequate local 
control-wide and radical. Both intracapsular and marginal margins resulted 
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in unacceptably high recurrence rates. As there was no intermediate surgical 
margin to correlate with an intermediate-grade lesion, a three-grade sys
tem was discarded in favor of a two-grade system with both histologic and 
radiographic criteria. 

Anatomic site was subdivided into intracompartmental (A) or extracom
part mental (B) location based upon radiographic and surgical criteria that 
demonstrated whether the lesion was confined within well-defined anatomic 
compartments (bone, joint, intramuscular compartments), bounded by the 
natural barriers to tumor extension (cortical bone, articular cartilage, joint 
capsule, major fascial septae). Although size was recognized as a significant 
variable of the anatomic site, it was not included as a criteria because it did 
not form a basis for surgical planning. The determinant surgical criteria of the 
anatomic site was the involvement of the major neurovascular structures. 
This was best accounted for by compartmentalization and virtually ignored 
by size. 

On the other hand, the prognostic significance of size was accounted for in 
the system by the close correlation between size and compartmentalization
i.e., the great preponderance of small lesions were intracompartmental and 
the large lesions were virtually all extracompartmental. 

The third factor, metastasis, was expressed as clinically present (M r) or 
absent (Mo). The data demonstrated that there was no difference in the prog
nosis in those cases in which there was regional lymph node metastasis (N) 
and those in which distant metastases were present (M). Thus, both were 
combined into a single criteria. 

The fine details of this surgical staging system were published in 1980 and 
are summarized below: 

G] Low grade malignant 
G2 High grade malignant 

[1 Intracompartmental 
T2 Extracompartmental 

Mo No metastasis 
M] Metastasis 

Stage I 
A G1 T] Mo 
B G] T2 Mo 

Stage II 
A G2 T] Mo 
B G2 T2 Mo 

Stage III 
A G I- 2 TI- 2 Ml 

Analysis of the data in 1980 showed that there was a stepwise difference in 
prognosis for each progression in the system. These differences were the same 
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whether the lesions were staged intramurally or extramurally, or whether the 
lesions had originated in bone or soft tissue. At this point in time, the MTS 
adopted the system for its institutional protocols and studies. It has been wide
ly adopted in the literature for staging both bone and soft tissue lesions and 
has been used as the staging system for the 1983, 1985, and 1987 international 
symposia on limb salvage [6, 7]. 

In 1986, after greater experience with the system, the criteria for compart
mentalization were clarified and an extension of the system to allow staging 
of benign lesions was presented [8]. In this extension, grade was further 
subdivided into Go (benign), G j (low-grade malignant), and G2 (high-grade 
malignant). The criteria for anatomic site was similarly extended into To 
(intracapsular), T j (extracapsular, intracompartmental), and T2 (extracapsu
lar, extracompartmental). In addition, the term intracapsular was substituted 
for intralesional as a surgical margin. This 1986 format represents the current 
surgical staging system of the MTS and is summarized below: 

Go Benign 
G j Low grade malignant 
G2 High grade malignant 

To Intracapsular 
T j Extracapsular, intracompartmental 
T 2 Extracapsular, extracompartmental 

Mo No metastasis 
M 1 Metastasis 

Benign 
Stage 1 Go To Mo 
Stage 2 Go T j Mo 
Stage 3 Go T2 MO-l 

Malignant 
Stage I 

A G j TJ Mo 
B G 1 T2 Mo 

Stage II 
A G2 Tl Mo 
B G2 T2 Mo 

Stage III 
A G I- 2 T j - 2 M j 

The American Joint Commission (AJC) staging system 

At about the same time that the MTS surgical system was developing, the 
American Joint Commission for Cancer Staging and End Results Reporting 
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(AlC) had formed two independent task forces charged with the responsibility 
for developing separate staging systems for bone and soft tissue sarcomas. 

The Task Force on Bone reported in 1977 that they had failed to devise a 
satisfactory system and recommended that "institutions with access to large 
numbers of patients, consistency in management, and long-term follow-up 
undertake this task" [9]. This is what was done at the University of Florida 
and evolved into the MTS system. The next report of the AlC Bone Task 
Force in 1985 was the recommendation that the AlC adopt the criteria for 
G, T, and M of the MTS system, but, in order to conform to the four-stage 
format, the AlC modified the numbering of the stages [10]. In this modifica
tion, Stages I and II remained synonymous with those of the MTS, Stage III 
was left undefined, and Stage IV of the ACl bone system was the same as 
Stage III of the MTS system. The 1985 AlC surgical staging system for bone 
is listed below: 

G1 Low grade malignant 
G2 High grade malignant 

T 1 Intracompartmental 
T 2 Extracompartmental 

Mo No metastasis 
M 1 Metastasis 

Stage I 
A G 1 T, Mo 
B G1 T2 Mo 

Stage II 
A G2 Tl Mo 
B G2 T2 Mo 

Stage III 
A G l - 2 T l - 2 Ml 

Thus, although the criteria and stratification were the same in both systems, 
the nomenclature was different. The other minor difference was that the MTS 
system, being confined to lesions of connective tissue histogenesis, excluded 
Ewing's sarcoma while the AlC bone system specifically included it. Since 
1985, the AlC bone system has not been widely used in the literature. 

The AlC Soft Tissue Task Force in 1977 published a proposed system for 
staging soft tissue lesions [11]. This system was markedly different from either 
the AlC bone or the combined MTS system. It was a four-stage system based 
upon histologic grade (G); size and/or invasion of bone, artery, or nerve (T); 
nodal metastases (N); and distant metastases (M). 

Grade was subdivided into three grades; low grade (G), moderate grade 
(G2), and high grade (G3). In addition, certain histogenic types (synovial 
sarcoma, angiosarcoma, and rhabdomyosarcoma) were arbitrarily assigned to 
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the high-grade group irrespective of the histologic criteria as if those lesions 
never were of low or intermediate grade. 

T was subdivided by two criteria, by size in the lower stages and by whether 
or not the lesion invaded bone, artery, or nerve in the higher grades. T \ was 
assigned to lesions <5 em and T2 to lesions> 5 em in size. T3 was assigned 
to lesions that invaded bone, artery, or nerve. 

Metastasis was subdivided by regional node involvement (N) or distant 
metastasis (M). No signified no node involvement, and N 1 signified metastatic 
node involvement. Similarly Mo and M j signified the absence or presence of 
distant metastasis. These criteria were used to construct the 1977 four-stage 
Ale system for soft tissue sarcoma, listed below: 

G 1 Low grade malignant 
G2 Moderate grade malignant 
G3 High grade malignant 

T j <5 em 
T2 >5 em 
T3 Involves bone, artery, nerve 

No No node metastasis 
N\ Node metastasis 

Mo No distant metastasis 
M j Distant metastasis 

Stage I 
a G\ T J No Mo 
b G\ T2 No Mo 
Stage II 
a G2 T j No Mo 
b G2 T2 No Mo 
Stage III 
a G3 T J No Mo 
b G3 T2 No Mo 
C G J-3 TJ-2 NJ Mo 
Stage IV 
a G\-3 T3 NO--J Mo 
b G J-3 TJ-3 NO--J MJ 

The first three stages were stratified by histologic grade and subdivided on the 
basis of size alone. In Stage III, a third subdivision was added for lesions with 
nodal metastasis. Stage IV was subdivided into two groups, the first with inva
sion of bone, artery, or nerve, and the second on the basis of distant metastasis. 
Analysis of the data from 423 verified cases showed a stepwise progression in 
prognosis for each stage, but no difference between the subdivisions in the 
stages based on size; those lesions placed in Stage IlIon the basis of node 
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metastasis had a worse prognosis than those placed in Stage IV on the basis of 
bone, artery, or nerve invasion. 

The system has not been widely used in the ensuing decade. The principal 
reasons for its lack of utilization appeared to be its complexity leading to poor 
compliance, its inconsistencies, and the difficulties in correlating the stages 
with surgical planning. 

Some examples of inconsistencies include: assigning a higher stage to a 
small, superficial, low-grade synovial sarcoma (Stage IlIa) than to a large, 
deep, moderate-grade liposarcoma (Stage lIb); or assigning a higher stage 
to a small, low-grade fibrosarcoma invading bone (Stabe IVa) than to a 
larger, high-grade malignant fibrous histiocytoma with lymph node metastasis 
(Stage II Ie ) 

Recognizing these shortcomings, the AJC Soft Tissue Task Force has re
cently recommended several modifications to the system (H.L. Suit, personal 
communication). The recommendation, as yet unpublished, removes bone, 
artery, and nerve invasion as a criteria for T, removes histogenic type as a 
criteria for G, and places both node and distant metastasis in the same stage. 
Stages I, II, and III are determined by grade and subdivided by size while 
Stage IV represents metastasis subdivided by node and distant metastasis. 
The 1987 AJC modified staging system for soft tissue sarcoma is listed below: 

G1 Low grade malignant 
G2 Moderate grade malignant 
G3 High grade malignant 

T1 <5 em 
T2 >5 cm 

No No node metastasis 
N1 Node metastasis 

Mo No distant metastasis 
M1 Distant metastasis 

Stage I 
A G l T1 No Mo 
B Gl T2 No Mo 
Stage II 
A G2 Tl No Mo 
B G2 T2 No Mo 
Stage III 
A G3 TlNoMo 
B G3 T2 No Mo 
Stage IV 
A G l-3 T l-2 Nl Mo 
B G l- 3 T l - 2 No-I M1 
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These modifications make this system less complex and remove the majority 
of the inconsistencies from the original version. 

Discussion 

At present, there are three different staging systems for bone and soft tissue 
sarcomas: 

1. The MTS system for both bone and soft tissue sarcomas 
2. The AJe bone system 
3. The modified AJe soft tissue system 

The MTS System has the advantages of simplicity, a high degree of com
pliance, wide understanding and international usage, ease of correlation with 
surgical planning, and the same criteria for both bone and soft tissue lesions. 

The AJe bone system is virtually the same as the MTS system. It has not 
been widely publicized and is virtually unknown outside of the AJe Task 
Force. The inconsistency of assigning metastatic disease to Stage IV in one 
system and to Stage III in another system leads to confusion. On the other 
hand, there is value in uniformity in formulating the various staging systems 
for different classes of malignancy wherein Stage IV always represents dis
tant metastasis. 

The AJe soft tissue system, as originally proposed, differed markedly 
from the other two systems. The modifications simplifying the system and 
removing the inconsistencies brings it into closer alignment with the other 
two systems. 

In view of the recent modifications of both the AJe bone and AJe soft 
tissue systems, this would seem to be a propitious moment to consider com
bining the three into a unified whole by examining the differences in criteria 
for each of the factors and attempting to reconcile the differences. 

G (histologic grade) 

Both systems for bone use a two-grade system for malignant lesions while 
the AJe soft tissue system uses a three-grade system. The two-grade system 
places the clearly low- and high-grade lesions in two separate stages and re
quires the selection of one or the other stages for lesions with intermediate 
histologic characteristics. This selection is enhanced by data from clinical, 
radiographic, and specialized imaging techniques that are considered along 
with the histologic criteria [8]. In the era in which it was devised, when sur
gery alone was the usual method of treatment, the two-grade format cor
related well with surgical planning. Low-grade lesions were well managed 
with procedures obtaining wide margins and the selection between resection 
and amputation correlated well with whether the lesion was situated intra- or 
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extracompartmentally. High-grade lesions required procedures that obtained 
radical margins and, again, the selection of resection versus amputation to 
obtain a radical margin correlated well the anatomic setting of the lesion. 

The three-grade system also allows the clearly low- and high-grade lesions 
to be placed in separate stages, but adds another stage for intermediate-grade 
lesions. While the criteria for the gradation are purely histologic and do not 
take into account radiographic or specialized imaging data, criteria for the 
three-grade system have been published both for some bone lesions, notably 
chondrosarcoma [3, 4], and for soft tissue sarcomas [5]. These criteria are 
widely understood and applied by pathologists. Of considerable significance 
is the potential for flow cytometry and similar techniques to increase the 
accuracy of histologic grading. 

Correlation between a three-grade system and surgical planning offers a 
wider range of surgical options than does the two-grade system. In this era of 
combining marginal, wide, and occasionally radical margins with pre- and 
postoperative adjuvant modalities, a three-grade system appears to offer 
potentially better therapeutic correlations than does a two-stage system. 

Both systems have shown significant differences in prognosis between the 
stages based on either the two- or three-grade system. 

In sum, there does not appear to be a clear-cut advantage of one system 
over the other. Those whose perspective is primarily surgical appear to prefer 
the two-grade system and those whose perspective is primarily pathologic 
favor the three-grade system. 

T (site and/or size) 

Site and/or size are determined by different criteria in the MTS and AlC soft 
tissue systems while they are the same between the MTS and AlC bone sys
tems. In the MTS and AlC bone systems, T is used to designate the anatomic 
site and is subdivided into intracompartmentally (T[) and extracompartment
ally (T2) situated lesions. In the modified AlC soft tissue system, T is stratified 
by size <5 cm (T1) or > 5 cm (T2). There are cogent reasons for favoring com
partmentalization over size as the criterion for subdividing T. The anatomic 
setting of a lesion is the key determinant in surgical planning while size per se 
is not. Compartmentalization has both anatomic and functional implications 
while size does not. With current imaging techniques, compartmentalization 
can be precisely determined and is recorded for reproducibility. Size changes 
from a wet to dry specimen, from the radiographic image to the operating 
room, and from the operating room to the pathology suite. Compartmentali
zation takes into account size, while size alone does not taken into account 
compartmentalization. While, in the original AlC soft tissue system, 
compartmentalization was indirectly accounted for, albeit somewhat awk
wardly; in the modified system, it is ignored in favor of size alone. While it 
is true that size is related to prognosis, it is almost a linear progression until 
20 cm. Thus, although lesions> 5 cm have a worse prognosis than lesions 
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<5 cm, the same can be said for 8, 10, 12, or 15 cm as the dividing line. This, 
in all likelihood, accounts for why there is little prognostic significance to a 
two-step division in T on the basis of anyone size. 

In sum, there is a clear-cut advantage to using the concept of compart
mentalization over that of size as the criterion for T. 

M (metastasis) 

Metastasis is treated the same by the AlC bone and the MTS systems by com
bining nodal and distant metastases into a single M. However, the AlC bone 
system calls this Stage IV and leaves Stage III unnamed because, in other 
AlC systems, stage II is reserved for metastatic disease. In the modified AlC 
soft tissue system, metastases are subdivided into nodal (N) and distant (M) 
and placed as subdivisions of Stage IV. In their 1977 report, the AlC Soft 
Tissue Task Force had nodal metastasis as Stage HIc and distant metastasis as 
Stage IVb. There was no difference in prognosis between these two stages. Be 
that as it may, there does not seem to be a compelling reason to favor separat
ing or combining nodal and distant metastases. Combining them, as in the 
AlC bone and MTS systems is simpler, while separating them as in the AlC 
soft tissue system may, with more cases, provide a significant stratification to 
Stage IV. 

Conclusions 

It is evident that having a single system for both bone and soft tissue lesions 
would be better than the current multiple systems. The alternatives are to 
adopt universally the three-stage combined MTS system, reconcile the dif
ferences into a combined four-stage system, or continue with the current situa
tion. The later alternative is the least desirable. Any reconciliation should 
logically be based upon the most useful criteria for G, T, and M. 

As to grade, the three-step system appears preferable. Grading into low, 
moderate, and high is widely practiced by pathologists, and a three-step sys
tem will in all likelihood better accommodate future diagnostic and therapeutic 
developments. 

Clearly, the anatomic localization of the lesion is the preferable criterion 
for subdividing T. The rapid advances in radiography and specialized imaging 
techniques continue to increase the resolution by which compartmentaliza
tion can be determined. 

The presence of metastasis should be expressed in a single stage and it 
would seem preferable to designate both regional and distant metastases as 
subsets. 

For the advantages of uniformity, a four-stage, three-grade format in which 
T is determined by compartmentalization and M is subdivided into Nand M 
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combines the better features of the three systems. The 1987 unified system is 
shown below: 

G1 Low grade malignant 
G2 Moderate grade malignant 
G3 High grade malignant 

Tl Intracompartmental 
T2 Extracompartmental 

No No node metastasis 
Nl Node metastasis 

Mo No distant metastasis 
Ml Distant metastasis 

Stage I 
A G 1 Tl No Mo 
B G1 T2 No Mo 
Stage II 
A G2 Tl No Mo 
B G2 T2 No Mo 
Stage III 
A G3 Tl No Mo 
B G3 T2 No Mo 
Stage IV 
A G I- 3 T I- 2 N) Mo 
B G I- 3 T I- 2 No-I Ml 

There is no doubt that conversion from either the current widely used three
stage MTS system or the AJe systems to a four-stage unified system would 
cause serious burdens to those individuals, institutions, and interinstitutional 
groups whose protocols and data storage are based on one of the current sys
tems. Whether conversion to a unified (modified combined) four-stage system 
is worth the price of these burdens is the heart of the matter. However, there 
is no question that universal adoption of one or the other of these systems 
would be a significant step forward in musculoskeletal oncology. 
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4. Surgery of soft tissue sarcomas 

G. Westbury 

The aim of local treatment of soft tissue sarcomas is complete eradication 
of the primary tumor. Regional lymph node metastasis is uncommon, being 
detected in only 2.7% in the series reported by Lindberg et al. [1] and in 4 % 
of the author's cases at initial presentation. Surgical resection with micro
scopically free margins is the most certain single method of local control [2-4]. 
The addition of radiotherapy to surgery improves the rate of local control [1, 
5]. It has been suggested that cytotoxic therapy contributes to local control, 
whether given systemically [6] or by the regional intra-arterial route [7, 8], but 
further evaluation of these claims is required. Since surgery, radiotherapy, 
and chemotherapy are often used in complementary fashion, joint consulta
tion among surgeon, radiation oncologist, and medical oncologist is essential. 

The principles underlying the surgery of soft tissue sarcomas are the same 
whatever the histological type or grade; therefore, the different pathological 
categories are not separately discussed in this chapter. The operative approach 
is determined rather by the surgical pathology of this tumor group within the 
context of the anatomical region involved [9]. 

Pathological anatomy in relation to local treatment 

Inspection of a soft tissue sarcoma with the naked eye usually gives the im
pression of encapsulation, which tempts the unwary surgeon to simple enu
cleation. This apparent capsule is, however, infiltrated by tumor cells and such 
a "shell-out" procedure, without further treatment, is followed by an extre
mely high risk of local failure. Soft tissue sarcomas are slow to invade fascia, 
periosteum, epineurium, or the adventitia of major arteries. Spread away 
from the site of origin is along the lines of least tissue resistance, parallel to 
fascial planes and between muscle bundles, sometimes producing skip lesions 
at a distance from the main tumor mass. In the limbs, this spread is in the long 
aXIS. 

Enneking et al. [9] have classified operations for soft tissue sarcoma on this 
basis for any anatomical site. A radical operation removes the entire musculo
fascial compartment in which the tumor and its potential skip lesions lie. Wide 
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resection implies clearance with a generous margin, but does not encompass 
the entire compartment. Marginal resection means enucleation in the plane of 
the pseudocapsule; even when the tumor is exposed over a small segment of 
its surface, the procedure should be classified as marginal. In intracapsular 
(intralesional) excision, the tumor is debulked and macroscopic disease re
mains. The validity of these concepts is supported by the reported data for 
local failure according to the extent of surgery used as the sole method of 
treatment, e.g., marginal, 90%; wide, 39%; and radical, 25% [1]. These 
figures are significantly reduced by adjuvant radiotherapy. 

The surgical ideal of compartmental resection cannot always be achieved. 
Many sarcomas arise outside a well-defined compartment and tumors that 
were originally intracompartmental can extend to penetrate beyond these 
confines. In the limbs, the popliteal and antecubital fossae, the femoral tri
angle, and the axilla lack a complete fascial investment and, short of radical 
amputation, surgery can at best only be wide. Adjuvant irradiation is there
fore often required to minimize the risk of local failure. Similarly the sub
cutaneous and retroperitoneal spaces are loosely textured, open regions. 
Subcutaneously situated tumors can usually be widely excised or radiotherapy 
given when the margins of clearance are unsatisfactory. By contrast, wide 
resection is often impossible in the retroperitoneum, and the dose of irradia
tion is limited by tolerance of the viscera so that local failure is common. 

Biopsy 

For small, superficial sarcomas, excision biopsy provides the entire specimen 
for analysis and does not impair subsequent definitive surgery. In the com
moner case of the larger, deeply situated tumor, marginal excision can cause 
considerable difficulty when reexcision is undertaken because the margins of 
the tumor bed are not known, and postsurgical hematoma, edema, or scarring 
further obscure the operative field so that total surgical clearance of poten
tially contaminated tissues may not be possible. Incision biopsy provides ample 
pathological material and, if well sited, the wound track can readily be included 
within the final surgical specimen. Even so, Mankin et al. [10] reported com
plications such as hematoma, infection, and tumor cell spillage in 17.3% of a 
series of open biopsies for bone and soft tissue tumors. They believed that 
poor biopsy technique adversely affected outcome in some of their patients in 
respect to loss of limb and possibly survival. Others have found that neither 
the performance of a biopsy nor its timing in relation to definitive resection 
significantly affected local recurrence [2]. Punch biopsy using a trocar and 
cannula [11] yields ample material with little tissue disturbance, but requires 
general anesthesia. Kissin et al. have evaluated and compared Tru-cut biopsy 
[12] and fine-needle aspiration cytology [13]. Tru-cut biopsy produced cores 
adequate for the diagnosis of sarcoma in 84% of patients, and the predictive 
accuracy in those specimens was 87%-98%, varying among three indepen-
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dently reporting pathologists. Fine-needle aspiration cytology yielded a higher 
proportion of inadequate specimens, but the predictive value of a positive 
diagnosis was still> 90%. These cheap and minimally invasive techniques are 
therefore of value in the outpatient assessment of suspicious masses. They 
may not, however, allow sufficient precision in tumor grading when pre
surgical adjuvant therapy is under consideration. 

Sarcomas of the limbs and limb girdles 

Prior to the now widespread acceptance of the value of radiotherapy in com
bined management [14], amputation was a relatively frequent choice of resec
tion for soft tissue sarcomas of the extremities. As already indicated, not all of 
these tumors are anatomically suited to radical limb-sparing resection-as 
classically defined-and the frequency of local failure increases with decreasing 
tumor margins in the absence of adjuvant therapy. The first major series of 
patients treated by the combined-modality approach was that of Cade [15], 
who demonstrated the reduction of local recurrence by irradiation following 
less than adequate excision. He also reported that limb conservation was 
associated with a better survival than was amputation, though this might have 
resulted from case selection. Potter et ai. [16] found, as have many others, 
that amputation achieved a lower local recurrence rate than did limb-sparing 
management, but in their study there was no difference in disease-free or 
over-all survival between the two groups. While the incidence of metastasis 
and death has been associated with local failure by some investigators [17, 
18], multivariate analysis of the author's material (A.T. Stotter et aI., un
published) has shown that the incidence of local recurrence has no significant 
influence on overall outcome, which was predominantly determined by tumor 
size and grade. The general conclusion is that limb conservation is a justifiable 
approach and any detriment to survival is a small one. Even after local failure, 
limb salvage may still be attained by further resection [16], and amputation 
can be reserved for locally unresectable disease. 

Interaction of surgery with radiotherapy 

With surgery as the sole treatment modality, local failure is directly related 
to margins of resection and the surgeon must aim toward radical resection, 
whether by limb-sparing surgery or amputation. This policy of maximal sur
gery may be unavoidable when disease recurs following radiotherapy. For the 
nonirradiated patient, however, the need for classic radical surgery-Le., 
compartmental resection where anatomically feasible, removing entire muscle 
groups and associated major neurovascular structures-has been challenged. 
Suit et ai. [19] advocate no more than wide or marginal resection as determined 
by the local anatomy, especially proximity of major nerves and vessels. The 
field at risk in terms of satellite and skip lesions is covered by appropriate 
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irradiation portals. There were only 16 (10.8%) of 148 local failures in this 
series. Lindberg [20] reported a similar policy of limited surgical excision with 
maintenance of a functional limb in 84.7% of patients. The value of radio
therapy in support of limited resection is important in the distal parts of the 
extremities, especially the upper [21], where anatomical constraints seldom 
permit more than limited resection without serious compromise of function. 
In the proximal segments of the extremities, sacrifice of entire muscle groups 
produces surprisingly little functional deficit. An exception is the quadriceps 
femoris, whose total loss results in instability of the knee; preservation of one 
head, if not involved by tumor, maintains the ability to lock the joint. Whether 
surgery should be deliberately restricted in the proximal segments can only 
be tested by studies in which both local disease control and function are 
compared. 

Conservation surgery for soft tissue sarcomas of the limb girdles can pre-

Figure 1. Anterior compartmental resection. Vessels and cortex of femur exposed. 
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Figure 2. Inferiorly based island rectus abdominis myocutaneous flap for wound breakdown 
following radiotherapy and compartmental resection. Mesh graft to muscle pedicle. 

sent a major technical challenge. Wide soft part resections may be combined 
with en bloc removal of adjacent involved bone. At the shoulder girdle, use
ful function of elbow, wrist, and hand is retained even after sacrifice of scapula, 
clavicle, and head of humerus (Tikhoff-Linberg operation), provided the 
neurovascular bundle is not involved. For sarcomas of the groin, the surgeon 
must be prepared to sarcifice and replace skin and major vascular structures, 
and to provide sound cover (see below). 

When sarcoma persists or recurs in an irradiated field, the surgeon has less 
latitude in conserving major neurovascular structures that lie closely adjacent 
to the tumor mass. En bloc arterial resection and reconstruction may be re
quired. In deciding whether to sacrifice major nerves or to amputate, the 
surgeon must judge whether the resulting limb will be more or less useful to 
the patient than the required prosthesis. In the lower limb, total loss of sciatic 
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A 

B 

Figure 3. (A) Fungating sarcoma of groin advancing during radiotherapy. (B) Excision and 
repair with tensor fasciae latae myocutaneous flap. Radiotherapy completed through the flap. 
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Figure 4. Latissimus dorsi island myocutaneous flap to arm. Primary closure of donor site. 

or femoral nerve is compatible with worthwhile function. In the upper limb, 
loss of the radial nerve is readily offset by splinting or tendon transfer. Sacri
fice of median or of ulnar nerve is more disabling, but it must be borne in 
mind that no prosthesis can match the value of retention, even of limited 
sensory capacity, in the fingers. 

Surgical wound morbidity is increased by radiotherapy whether delivered 
preoperatively [22] or intraoperatively [23]. Special care must therefore be 
applied to the blood supply of skin edges and the obliteration of dead space so 
that per prim am healing is achieved. When major arteries have been exposed 
in the dissection (Fig. 1), or resected and replaced, wound breakdown may lead 
to secondary hemorrhage and require emergency amputation. These com
plications should be anticipated and avoided by the use of well-vascularized 
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A 

Figure 5. (A) Exposed knee joint following resection of sarcoma arising in the prepatellar bursa. 
(B) Reconstruction by free microvascular latissimus dorsi myocutaneous flap. 

flaps introduced from nonirradiated areas. In the Royal Marsden Hospital 
series of 180 surgical interventions for sarcomas of the limbs and trunk, flap 
reconstruction was used in 18 patients (A.T. Stotter et aI., unpublished). 
These included five cutaneous flaps, three muscle transpositions with split 
skin cover, six myocutaneous flaps (Figs. 2-4), and four free microvascular 
transfers (Fig. 5A and B). The mobilized greater omentum was used for three 
further patients in one of whom the limb was successfully salvaged after 
secondary hemorrhage from the femoral artery. While considerations of 
wound healing argue in favor of surgery as the initial treatment in the com
bined approach, preoperative irradiation is of particular value in management 
of the larger, semifixed tumor that may be rendered more easily resectable. 
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B 

Since wound morbidity tends to be greater with larger tumor size and in the 
elderly [22], this group requires special attention to wound repair. 

Interaction with regional chemotherapy 

Sarcomas have been treated with cytotoxic drugs via the intra-arterial route 
using the technique of isolated extracorporeal perfusion [7, 24]. Complete, 
lasting remission by perfusion alone is exceptional and the addition of surgical 
resection with or without irradiation is essential to prevent a high local failure 
rate. It is not clear that this major procedure adds significantly to the benefit 
achievable by the combination of surgery and radiotherapy. A simpler proto
col of intra-arterial doxorubicin, followed by rapid fraction radiotherapy im
mediately prior to resection, has been more systematically pursued [8]. Local 
failure occurred in only 4%, but complications of therapy were reported in 
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35%, half of whom required a second operative procedure. A more recent 
study using a reduced dose of irradiation awaits further evaluation. 

Amputation 

Amputation is usually avoidable by multimodality limb-sparing management 
and, though occasionally indicated as the primary surgical option, it is more 
often used as a secondary procedure following failure of limb conservation. 
The site of amputation should ordinarily be proximal to the involved com
partment because transcompartmental section runs the risk of stump recur
rence (Fig. 6). For sarcomas of the proximal thigh not extending into the pelvis, 
complete hindquarter amputation may be unnecessary. In such cases, the 
bone is sectioned horizontally just above the acetabulum; the procedure is 
technically simpler and the residual stump of iliac bone provides counterpres
sure for the prosthesis with a better functional result than follows the classic 
operation. Preoperative irradiation may reduce the incidence of stump failure 
when primary amputation for proximally situated tumors presents technical 
difficulties in clearance [22]. 

Functional and psychological sequelae 

These aspects of limb-sparing management have received relatively little 
attention [19, 25] though the majority of reported patients have been assessed 
as having good or reasonable results, depending on the criteria of evaluation. 

Figure 6. Recurrence in below elbow amputation stump. 
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Factors affecting the degree of disability are the extent of surgery and the 
sophistication of radiation technique. While most oncologists strive to con
serve a functional limb and few patients wish otherwise, two studies [26, 27] 
that compared psychosocial outcome between such patients and amputees 
failed to demonstrate any advantage for the former group, as judged by the 
parameters measured. 

Retroperitoneal sarcomas 

Sarcomas of the retroperitoneum account for -12% of all malignant soft 
tissue tumors [28]. The limitation to wide-field, radical-dose irradiation im
posed by the abdominal viscera means that complete surgical extirpation is 
essential for long-term control and hence survival [29-31]. Bowel, kidney, 
and major vessels may need to be sacrificed in order to gain clear margins, 
though clearance will inevitably be narrow because of the local anatomy. 
Karakousis [32] has described an abdominoinguinal approach to the difficult 
tumor involving the lower retroperitoneum. For the upper retroperitoneum , 
free use should be made of the standard thoracoabdominal exposure. It has 
been suggested that postoperative irradiation may be of some benefit, espec
ially when resection margins are unsatisfactory, and the use of intraoperative 
radiotherapy and brachytherapy warrants further investigation [33]. Adjuvant 
cytotoxic therapy has shown no advantage [30]. 

Omental flaps [34] and synthetic mesh [35] have been used after pelvic 

Figure 7. Computerized tomographic scan of abdomen: 500-ml Dow Corning mammary pros
thesis inserted as spacer following excision of sarcoma arising from anterior surface of psoas. 
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exenteration to exclude small intestine from the pelvic cavity and thus avoid 
postoperative radiation damage to the bowel. Similar principles can be ap
plied following surgery for sarcoma and, in two of the author's patients, a 
Dow Corning mammary prosthesis, supplemented by omentum in one, has 
been positioned as a spacer for this purpose (Fig. 7). 

Sarcomas of the chest and abdominal wall 

As with sarcomas at other sites, the key to successful local management is 
excision with clear margins [36, 37]. Surgical planning is greatly assisted by 
computerized tomography, which helps define the lateral extent of the tumor 
and indicates whether the pleura or peritoneum and the underlying viscera 
are involved. 

Current reconstructive techniques allow uninhibited resection, and exten
sive, full-thickness defects can be readily managed [38]. Stabilization as well 
as cover are required to protect the viscera, prevent herniation and, in the 
case of the thoracic cage, to limit paradoxical movement. Patients undergoing 
major chest wall surgery often need postoperative respiratory support in the 
intensive care unit. For stabilization of most defects, one should consider 
the use of polypropylene mesh, which can be shaped as desired and is well 
tolerated by the tissues. Occasionally, muscle flaps alone are sufficient for 
this purpose. In the case of postirradiation sarcomas [39], it is important to 
introduce well-vascularized tissues into the repair, e.g., latissimus dorsi or 
rectus abdominis myocutaneous flaps, or the mobilized greater omentum 
[40]. Weinstein et al. [41] emphasized the value of the tensor fasciae latae flap 
in abdominal wall repair. 

Sarcomas of the head and neck 

The anatomical complexity of this region precludes description of surgical 
procedures at specific sites. In keeping with general principles, wide surgical 
clearance should be aimed at, but may be technically difficult to achieve. Ad
juvant therapy is therefore usually needed and combined-modality manage
ment can yield 5-year survivals in excess of 50% [42]. The critical importance 
of local disease control in this difficult area was shown by Harmer et al. [43], 
who found that death was due to uncontrolled disease at the primary site in 
65% of their patients. 
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Over the past two decades, major changes have occured in the strategy of 
management of virtually all patients with sarcoma of soft tissue and bone. 
These changes have been primarily directed to combining less radical surgery 
with radiation and or chemotherapy so as to improve the cosmetic and func
tional quality of the local result and to increase disease-free survival rates. 
These combined-modality treatments have been tested clinically and substan
tial gains have been realized. 

In this chapter, consideration is given to sarcomas of soft tissue other than 
rhabdomyosarcoma of pediatric patients. For sarcomas of soft tissue, the use 
of surgery alone for other than the small and low-grade lesions is now infre
quent. Instead, moderate-dose radiation is combined with conservative sur
gery with impressive gains in cosmetic and functional results and apparently 
even lower local failure rates. This development is interesting because of the 
fact that, until the 1960s, sarcomas were classed as radiation resistant. The 
opinions expressed in major textbooks and the judgment of most clinicans 
working in this area were that radiation had no role to play in the manage
ment of patients with these tumors [1]. These opinions were based on the 
limited experience in the 1930s and 1940s with low-energy x-rays [250-300 
kilovolts (peak)] and low total doses (=40-45 Gy) as the sole treatment of 
patients with large sarcomas. However, radiation can be effective against 
small sarcomas when high radiation doses are employed [2-5]. 

In 1956, Puck and associates [6, 7] published the first radiation survival 
curves for mammalian cells. Their findings implied that there was a relatively 
narrow range in radiation sensitivity (as described in terms of values of the 
parameters Do and n) of cell lines derived from epithelial and mesenchymal 
tissues, normal and malignant. Accordingly, cells of sarcomas might not 
necessarily be of unusual radiation resistance. These considerations encour
aged the testing of the then available supervoltage radiation against sarcomas 
of soft tissues. The experience in the 1960s was largely based on patients seen 
following relatively conservative surgical resections. That experience differed 
from the earlier work in two critically important aspects: (a) high radiation 
doses were employed ( = 60 Gy), and (b) the number of tumor cells was greatly 
reduced as a consequence of prior resection of the grossly evident tumor 
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mass. The results were indeed satisfactory with a local control rate of - 80% 
[8, 9], similar to that achieved by radical surgery. Comparable results have 
been obtained in many other centers; chemotherapy has also been employed 
in some of the series [10-15]. The impact has been a steep decline in the use 
of radical resection alone and/or amputation for patients with primary sarcoma 
of soft tissue. In addition, radiation has been employed in combination with 
amputation to reduce the likelihood of recurrence in the surgical stump when 
amputation is judged to be associated with a very close or nonexistent margins. 

The current staging systems for sarcoma of soft tissue employ the histo
pathological grade of tumor as the principal determinant of stage. According 
to the revised staging system of the American Joint Commission for Cancer 
Staging and End Results Reporting (AJC) Stages I, II, and III are comprised 
of tumors of grades 1, 2, and 3, respectively [16]. Thus, the histopathologist's 
role is of critical importance in providing estimates of the prognosis for the 
individual patient. Further, we consider that the grade of tumor is an indi
cator of the extent of local infiltration and not only the probability of distant 
metastasis. Namely, the margins for the radiation treatment volume or the 
surgical resection are larger for G3 than Gl sarcomas. 

Regional lymph node involvement in patients with sarcoma of soft tissue is 
a function of grade and size of tumor. A recent review of the world literature 
showed that the overall incidence of involvement of regional lymph nodes at 
diagnosis or as the first site of metastatic disease was 3.9% [17]. In the Mas
sachusetts General Hospital series, there was no regional node involvement 
in patients with Grade I disease. Virtually all of the regional node involvement 
occurred in patients with Grade III sarcomas. Of these, essentially all occurred 
in patients whose Grade III sarcoma was >5 cm [17]. 

Rationale for combining radiation and surgery 

The basic concept for combining radiation and surgery is quite simple. Name
ly, the surgical procedure was extended from simple excision (with an asso
ciated local failure rate of 70% -90%) to radical resection (local failure rate of 
10% - 20%) in order to remove the grossly normal tissue that was involved on 
a microscopic basis. Moderate doses of radiation are effective in eradication 
of the small number of tumor cells that have infiltrated beyond the gross lesion. 
Thus, by combining well-tolerated doses of radiation with conservative sur
gery, local control is achieved with minimal loss of grossly uninvolved tissue 
[13]. 

Todoroki and Suit [18] have investigated the combination of radiation and 
surgery using early generation isotransplants of a spontaneous fibrosarcoma 
(FSaIl) growing in the leg of the syngeneic C3H mouse as the model system. 
Radiation followed by conservative excision sharply reduced the dose required 
to eradicate the fibrosarcoma; the dose was only slightly furhter reduced by 
radical resection. The "clinical efficacy" as measured by the degree of leg 
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shortening for a given tumor control probability was higher for radiation com
bined with limited than with radical resection. 

Results of combining radiation and surgery 

Table 1 shows the current status and 5-year actuarial results in 258 consecu
tive patients treated at the Massachusetts General Hospital by conservative 
surgery and radiation according to AJC stage over the period of 1971 to June 
1986. There have been 26 local failures and 60 patients have developed dis
tant metastasis with local control. Further, 17 patients have died of inter
current disease. The overall actuarial local control and survival rates at 5 
years were 88% and 74%, respectively [19]. These results compare favorably 
with those obtained by radical surgry alone when performed by surgeons 
specializing in the management of patients with sarcomas [20, 21]. The sur
vival figures are relatively good for lesions <5 cm and decline only slightly 
with grade, i.e., 100%,93%, and 83% for Grades I, III, and III lesions, re
spectively. For the large lesions, however, survival decreased rapidly with 
tumor grade, namely, 96%, 65%, and 46% for Grades I, II, and III, respect
ively. In Table 2, the 5-year actuarial local control results are presented 
according to size of the sarcoma for patients treated with radiation given 
preoperatively or postoperatively. For the postoperative treatments, patients 
received doses of = 64-66 Gy. The dose for patients given radiation pre
operatively has been 50-56 Gy followed by a boost dose of 10-15 Gy given 
intraoperatively by brachytherapy or postoperatively by external beam tech
niques with the radiation directed to the tumor bed as defined by surgical 
clips. Currently, the preoperative radiation dose is 50 Gy if given on a Q.D. 

Table 1. Current status and 5-year actuarial results in 258 patients treated at Massachusetts 
General Hospital by conservative surgery and radiation according to stage [19] 

5-year actuarial (%) 

Stages No. of patients NED LF±DM DM ID Local control Survival 

IA 17 16 1 100 100 
B 30 24 2 2 2 93 96 

IIA 40 28 4 5 3 88 93 
B 66 33 8 22 3 85 65 

IlIA 33 26 2 2 3 93 88 
B 69 25 10 29 5 79 46 

IVA 3 3 100 100 

Total 258 155 26 60 17 88 74 

NED, no evident disease; LF, local failure; DM, distant metastasis; and ID, dead of intercurrent 
disease. 
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Table 2. Five-year actuarial local control and survival results according to size [19] 

Postoperative Preoperative 

Size (mm) No. of patients LC(%) Survival (%) No. of patients LC(%) Survival (%) 

~25 21 86 94 9 100 100 
26-49 44 92 90 11 91 90 
50-100 57 86 67 48 92 75 
101-150 12 91 82 21 100 48 
151-200 7 54 71 18 70 47 
>200 3 67 67 7 100 43 

Total 144 86 79 114 91 67 

LC, local control. 

Table 3. Five-year actuarial local control and survival results among 258 patients treated by 
radiation and surgery according to time period of treatment [19] 

Postoperative Preoperative 

Time period No. of patients LC (%) Survival (%) No. of patients LC (%) Survival (%) 

1971-75 33 81 79 4 100 25 
1976-80 48 83.7 80 28 77 61 
1980-86 63 92 80 82 97 73 

Total 144 114 

LC, local control. 

or 45 Gy if given on a B.I.D. basis, using 1.8 Gy per fraction. The actuarial 
local control results at 5 years were 86% and 91 % for the postoperatively and 
preoperatively treated groups, respectively. Local control results were equiv
alent or higher in the preoperative group at all tumor size categories. An 
advantage of preoperative radiation appears to obtain for the patients with 
large sarcomas, viz., ~ 10 em [19]. Local control and survival results have 
improved with time. In the most recent period (Table 3), 1980-1986, local 
control rates were 92% and 97% for the postoperative and the preoperative 
group (based on 63 and 82 patients), respectively. Similarly, disease-free 
survival rates have been higher. Interestingly, this has occurred during a 
period when the proportion of patients being treated by radiation alone has 
declined from 33% to something less now than 10%. Very few patients are 
currently being judged to be inoperable when radiation is given preoperative
ly. The lower survival rates in the preoperative series reflect the larger tumors 
in that series. 

There are other effective strategies for the conservative treatment of 
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primary sarcomas of soft tissue. For example, Eilber and associates at UCLA 
have employed intra-arterial infusion of adriamycin combined with radiation 
given in fractions of 3.5 Gy [15, 22] (see also chapter 8). In their clinic, the 
radiation dose initially was 10 x 3.5 Gy; because of excessive treatment
related morbidity, this was reduced to 5 x 3.5 Gy. Recently, the dose has 
been raised to 8 x 3.5 Gy because of higher local failure rates. They currently 
achieve local control rates of 90% -95%. 

Functional status 

These efforts to preserve anatomy and function have realized worthwhile 
successes. For example, only five of our patients with extremity sarcomas 
have had an amputation. Further, -75% -80% have retained good function, 
i.e., they do not need support devices and are free of pain. In the other 20%-
25%, patients require the use of a cane or some support device, or the use of 
pressure stocking to regulate edema. Pain is an uncommon problem among 
these patients. In the patients treated preoperatively, there may be delay in 
wound healing, especially among older and obese patients with large sar
comas. This is particularly a problem in patients whose sarcoma is located in 
the proximal thigh. Fortunately, the wounds do heal even though some hospi
tal care may be required. Special efforts directed to facilitate the wound heal
ing include, for example, the use of flaps where there is to be any tension in 
the wound closure, the use of transposed muscle to help reduce the defect 
produced by the removal of a large tumor mass, and monitoring of the wound 
for residual fluid before removal of drainage tubes. 

Specific techniques 

Proton beam radiation therapy 

We have now treated 12 patients with sarcoma of the paraspinal tissues. Of 
these 12, four had gross disease and only two of these have had local control. 
In the eight patients irradiated for positive margins, there have been no local 
failures. Because of the ability to contour the dose distribution in depth by 
varying the energy of the protons coming in along each voxel, we have given 
only small doses to the spinal cord. As expected, there has been no instance 
of damage to the spinal cord although the dose to the tumor bed was carried 
to full levels, i.e., 64-66 Gy (Austin-Seymour et aI., unpublished data, 1988). 

Further, three patients whose sarcoma overlay the hip joint had part of 
their treatment by an anterior proton beam. The treatment was planned so 
that the protons penetrated to the joint capsule. Joint function has been good; 
fibrosis of the overlying subcutaneous tissue has been significant in the three 
patients. 
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Fast neutron beam radiation therapy 

Experience is being acquired in several centers with fast neutron beam radia
tion therapy for sarcomas of soft tissue; some of this is interpreted as encour
aging [23-25]. The published reports do not describe outcomes of treatment 
for tumors stratified according to size and grade. Results of a phase III clinical 
trial of fast neutron beam vs photon beam (alone or combined with surgery) 
are not yet available. From several case reports, there clearly have been some 
impressive complete responses of sarcomas of substantial proportions. Hope
fully, a clear gain for fast neutrons will be demonstrated. However, there is 
apparently an important problem with the fast neutron therapy, viz., evi
dently a marked increase in late damage in normal tissue [26]. 

Negative pion therapy 

The report from the Swiss Institute for Nuclear studies (SIN) [27] on their 
experience with pion beam treatment of patients with retroperitoneal 
sarcoma is highly encouraging. Evidently good results against this formidable 
group of tumors are being realized. 

Hyperthermia 

There would appear to be a real potential for combining hyperthermia with 
radiation in the treatment of the infrequent inoperable sarcoma. The interest 
in hyperthermia is that the age response functions for hyperthermic and radia
tion cell killing are complementary. Further, because of the poor vascular 
supply and blood perfusion characteristics, the large sarcoma should experi
ence a higher temperature than the surrounding normal tissues. There are 
very few data on the experience with hyperthermia in the treatment of this 
category of tumors at present. 

Specific tumors 

Desmoids and aggressive fibromatosis 

One of the developments over the past decade or so has been the realization 
that desmoid tumors (aggressive fibromatosis) can be controlled in a high 
proportion of cases by radiation alone, viz., = 60 Gy. These lesions should be 
resected where this is feasible. Not infrequently, desmoid tumors arise in 
anatomic sites that preclude effective surgery or result in major morbidity. In 
those circumstances, radiation may be considered as an alternate, with an 
expected long-term local control rate of = 80% [28-32]. The indications for 
radiation in patients with desmoids are not straightforward. For example, a 
patient who has had resection of a primary desmoid tumor, but with positive 
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margins, is not a definite candidate for postoperative radiation. In our institu
tion, we have followed 16 patients with positive margins at resection of their 
primary tumor (Miralbell and Suit, unpublished data, 1988); - 35% -40% of 
these patients ultimately show locally recurrent tumor, i.e., =60% do not 
recur. This is supported by the report by Reitmao et al. [33] that 17% of their 
patients who had an incomplete removal ultimately developed local recur
rence. Because of the high success of radiation treatment of desmoid tumors 
and absence of risk for distant metastasis, we now defer treatment unless the 
lesion was in a site where recurrence would be quite difficult to manage. At 
our institution, all patients who had incomplete removal for a recurrent 
desmoid are subjected to additional surgery or radiation. All patients whose 
primary or recurrent lesions are not operable are accepted for radiation treat
ment. There are several provocative reports of occasional success in the 
treatment of desmoid tumors by means of antiestrogens and nonsteroid anti
inflammatory drugs [34, 35]. 

Dermatofibrosarcoma protuberans 

A brief comment here is in order regarding the potential role of radiation 
treatment for dermatofibrosarcoma protuberans. Marks and Suit (1988, un
published) have reviewed the experience at the Massachusetts General Hospi
tal in the treatment of patients with dermatofibrosarcoma protuberans with 
radiation. Eight patients have been treated. The observation period is 1-5 
years. Five patients were treated by radiation and surgery (four postoperative 
for incomplete margins, and one by preoperative radiation and then resection). 
Three patients were treated by radiation alone. All eight patients have no 
evidence of disease. This is clearly a small series and the observation is brief. 
The data do, however, indicate that, in the occasional patient with dermato
fibrosarcoma protuberans whose lesion is nonresectable or has positive mar
gins, radiation can be considered as an appropriate modality. 

Clinical research problems relating to the combination of radiation 
and surgery 

These include: (1) Under what circumstance should the radiation be given 
before surgery? (2) How high should the radiation dose be? (3) What is the 
extent of the involvement of tissue by subclinical disease as a function of grade, 
size, and site, i.e., what is the magnitude of the target volume for the sub
clinical disease? (4) Should the radiation dose he given on a Q.D. or a B.LD. 
basis for high-grade sarcomas? (5) Should the dose per fraction be in the range 
of 1.8-2.0 Gy or a very small dose per fraction, = 1.0-1.2 Gy? (6) To what 
extent can the scope of the surgery be reduced? Namely, is a margin of grossly 
normal tissue around the gross tumor necessary? This is an important ques
tion since the margins are usually quite close in at least one dimension. (7) 
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How should the radiation treatment in terms of dose per fraction, total dose, 
and timing be modified if combined with chemotherapy? (8) What roles do 
high linear-energy-transfer radiation and hyperthermia have in management 
of this group of patients? 

Conclusion 

In the last decade, we have witnessed a shift in the applicability of radio
therapy in the treatment of soft tissue sarcomas. The usefulness of combining 
surgery with postoperative radiation is clear to all investigators. The use of 
pre- and postoperative radiation and new techniques have generated very 
interesting preliminary data indicating that the previous belief that soft tissue 
sarcomas are absolutely radioresistant will have to be revised. 
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6. Chemotherapy in advanced soft tissue sarcomas 

Jaap Verweij, Cees J. van Groeningen, and Herbert M. Pinedo 

With local recurrence rates of 40% -80% [1] and most of these relapses oc
curring within 3 years [2], soft tissue sarcomas have always been a difficult 
tumor type for adequate local treatment. Although sophisticated surgical 
techniques and the addition of postoperative high-dose radiotherapy have 
considerably reduced the number of local recurrences in extremity lesions 
[2-5], the inability to apply the necessary high doses of irradiation precluded 
a decrease in local recurrence in truncal lesions by using the combination 
of surgery and radiotherapy. Besides, soft tissue sarcomas metastasize by 
(apparently early) hematogeneous spreading, most frequently to the lungs, 
which can only partly be prevented by optimal local control of the primary 
tumor. Therefore, distant metastases still occur in a considerable number of 
patients, for whom systemic treatment with chemotherapy will be considered. 

This chapter summarizes previous achievements in the chemotherapy of 
advanced soft tissue sarcomas and discusses in detail some new developments 
and future topics. 

Single-agent chemotherapy (Table 1) 

Doxorubicin 

The first drug identified as active single agent in the treatment of adult soft 
tissue sarcomas was doxorubicin (OX) [6], which, after this first report, has 
now been studied in almost 1200 patients [7, 8], yielding an overall response 
rate of 22% in nonpretreated patients, while preliminary data from a study by 
the European Organisation on Treatment and Research of Cancer (EORTC) 
also suggest activity of the drug in pretreated patients. A dose-response rela
tionship has been established for OX, with doses of 60 mg/m2 or more pro
ducing higher response rates than doses of 50 mg/m2 or less [1, 9], when the 
drug is given every 3-4 weeks. The intermittent high-dose treatment schedule 
was generally assumed to be the most effective, but limited possibilities of 
combining OX with other myelosuppressive drugs and introduced the prob
lem of cardiotoxicity. These limitations have stimulated studies on alterna-

Pinedo, H.M., Verweij, J., eds. TREATMENT OF SOFT TISSUE SARCOMAS. 
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Table I. Active single agents 

Response rate (%) 

Drug Previous chemotherapy No. of patients Overall Range Ref. 

Doxorubicin No 1192 22 15-30 7,8 
DTIC Yes 95 17 17-17 14,15 
Ifosfamide No 93 24 23-25 20,21 

Yes 117 36 7-65 16-21 

tive schedules of DX administration, as well as research on less cardiotoxic 
anthracycline analogs. 

Although previous studies suggested that weekly DX administration was 
equally as myelotoxic as one administration of DX every 3 weeks [10, 11], 
the recently reported Eastern Cooperative Oncology Group (ECOG) study 
randomizing DX 15 mg/m2 weekly after an initial loading course, with DX 70 
mg/m2 every 3 weeks and with DX-DTIC (dacarbazine) [8], strongly indi
cates the opposite. The weekly DX administration resulted in more stomatitis 
(not significant) and less hematologic toxicity (p > 0.05) than did one adminis
tration of DX every 3 weeks. The weekly DX administration was as active 
(16% responses) as the administration of DX once every 3 weeks (18% re
sponses), but this is a disappointing response rate for both. 

One reason that the majority of soft tissue sarcoma patients do not respond 
to anthracyclines may be an overexpression of P-glycoprotein, as suggested 
by Gerlach et al. [12]. P-glycoprotein is a cell-surface glycoprotein involved 
in the active cellular outward transport of a.o. anthracyclines, and is over
expressed in association with the multidrug-resistant (MDR) phenotype. In 
six of 25 sarcoma patients, this MDR phenotype was found. Another alterna
tive DX administration may be continuous infusion, which is thought to be 
less cardiotoxic [13]. However, its single-agent activity rate is unknown due to 
the absence of a phase II study. 

The reasons for evaluating DX analogs in soft tissue sarcomas are obvious. 
Presently, DX is the most active single agent in this disease, while DX analogs 
are considered to have a more favorable therapeutic index as compared with 
the parent drug, mainly because of the expression of lesser degrees of myelo
suppression and cardiac toxicity. The results of recently performed clinical 
trials with DX analogs and mitoxantrone are summarized in Table 2. Studies 
containing adequate numbers of patients are as yet limited. The EORTC Soft 
Tissue and Bone Sarcoma Group evaluated two DX analogs, carminomycin 
and epirubicin, respectively. Both drugs were compared in a randomized 
phase II trial with the parent drug, DX. Importantly, both studies were per
formed in patients without previous chemotherapy, which offered the new 
drugs an optimal chance to express significant antitumor activity. 

Carminomycin [14] was shown to be inactive, while epirubicin [15] had 
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Table 2. Activity of doxorubicin analogs and mitoxantrone in advanced soft tissue sarcoma 

No. of responders 

Drug No. of evaluable patients CR PR Total Response rate (%) Ref. 

Epirubicin 21 (20) 0 0 0 0 16 
Epirubicin 84 4 11 15 18 15 

vs 
doxorubicin 83 6 15 21 25 

Carminomycin 33 0 1 3 14 
vs 

doxorubicin 38 1 10 11 29 
Aclarubicin 23 0 1 4 17 
Idarubicin 35 (24) 1 2 6 19 
Esorubicin 20 (1) 0 1 5 18 
Mitoxantrone 46 (33) 0 0 0 0 20 
Mitoxantrone 61 (61) 0 1.5 21 

CR, complete remission; PR, partial remission; and ( ), number of patients with prior chemo
therapy. 

antitumor activity comparable to that of DX. The response rate (25%) to 
DX was slightly better than the response rate (18%) to epirubicin, but this 
difference was statistically not significant. On the other hand, toxicity of epi
rubicin was significantly less than that of DX, especially with respect to myelo
suppression. These observations might be due to the fact that equimolar 
doses of both drugs were used. When doses of both drugs were used pro
ducing equal myelosuppression, it would not be surprising when epirubicin 
and DX were fully comparable in the treatment of soft tissue sarcoma, both 
with respect to efficacy and toxicity. However, a trial taking this into account 
has not been performed as yet. The only other study on epirubicin [16] was 
done in patients with prior chemotherapy, mainly consisting of DX-containing 
regimens. Not surprising, no responses were obtained. It seems highly un
likely that a significant number of DX-resistant patients will respond to sub
sequent treatment with epirubicin, due to cross resistance between epirubicin 
and DX. The occasional observation that cross resistance between both drugs 
may not be complete, as was suggested in the EORTC study [15], does not 
justify the use of epirubicin after resistance to the parent drug. The other DX 
analogs have been investigated to only a limited extent. Aclarubicin [17] and 
esorubicin [18] seem to have been evaluated in an adequate number of non
pretreated patients to conclude that both drugs are inactive in advanced soft 
tissue sarcoma. However, idarubicin [19] has mainly been studied in patients 
resistant to DX. Thus, a definite conclusion as to the efficacy of idarubicin is 
presently not possible. 

Mitoxantrone, an anthraquinone derivative structurally related to DX, 
at present has been studied mainly in DX-resistant patients [20, 21], with 
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minimal to absent antitumor activity. However, its value in nonpretreated 
patients is not known. 

DTIC 

The second drug with single-agent activity is DTIC. The first phase II study 
on this drug resulted in a 17% response rate in 53 patients [22]. Based on this 
single report, the drug was incorporated into combination chemotherapy. 
Only recently could the data be confirmed by a phase II study conducted by 
the EORTC Soft Tissue and Bone Sarcoma Group. Using DTIC at a dose of 
1.2 glm2 by short-term infusion every 3 weeks, they achieved one complete 
and six partial remissions in 42 evaluable patients [23], with relatively limited 
toxicity. 

Ifosfamide 

The third active drug in the treatment of soft tissue sarcomas is ifosfamide 
(IFOS). Although the initially reported response rate of 65% [24] has never 
been confirmed, the compilation of all presently available reports indicates 
that the drug has activity comparable to that of DX (Table 1) [25-29]. Using 
the drug in a daily x3-5 schedule appears to result in similar response rates 
as using the 24-h infusion once every 3 weeks. The optimal total dose of IFOS 
to be administered is 5 g/m2. In pretreated patients, the overall response rate 
was 36% [24-29], while it was 24% in nonpretreated patients [28, 29], a dif
ference mainly caused by the inclusion of the never-confirmed initial data 
in pretreated patients. The results of the two studies in nonpretreated patients 
are practically identical and offer a firm base for the conclusion that this drug 
has activity in the treatment of soft tissue sarcomas. On the other hand, the 
results obtained in nonpretreated patients clearly indicate that a truly active 
drug in soft tissue sarcomas will also be discovered by phase II studies in pre
treated patients, a conclusion confirmed by the recent EORTC DTIC data 
[23]. Based on all IFOS studies, no single histological subtype has shown a 
preferential sensitivity for the drug, although it is interesting that four of eight 
patients with mixed mesodermal sarcomas, included in the EORTC study, 
responded [29]. 

Cyclophosphamide 

Without the availability of single-agent data, cyclophosphamide has pre
viously been incorporated into combination chemotherapy regimens. One of 
the important findings of the EORTC study randomizing IFOS versus cyclo
phosphamide was that cyclophosphamide cannot be considered to be a drug 
with interesting activity [29]. Even using a high dose of 1.5 g/m2, the EORTC 
Soft Tissue and Bone Sarcoma Group achieved an overall response rate of only 
8%: 13% for 38 nonpretreated patients and 0% for 29 pretreated patients. 
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Mixed mesodermal sarcoma may be the only histological subtype for which 
this cannot be concluded, because two of five patients did respond [29]. How
ever, IFOS achieved similar results in this tumor type [29]. 

Other phase II studies 

A variety of established and new antineoplastic agents have recently been 
studied in advanced soft tissue sarcoma. The results of the recently performed 
phase II studies on these drugs are summarized in Table 3. Of course, almost 
all of the patients in these trials had been pretreated with standard chemo
therapy regimens. With one exception, disappointingly low response rates 
ranging from 0 to 6% were achieved in all of these studies. As a consequence, 
these drugs, inactive in pretreated patients, do not warrant testing up front. 
COOP (cisplatin) is the only exception among the drugs listed in Table 3. 

In a study by Sordillo et al. [38] of 26 nonpretreated patients, COOP at a 
conventional dose of 120 mg/m2 every 3-4 weeks did not show significant 
antitumor activity with a response rate of only 4%, confirming previous re
ports. In contrast, a study conducted by the Southwest Oncology Group 
(SWOG) [39] yielded a remarkable response rate of 24%. In this study, 
COOP was used at a high dose of 40 mg/m2 on 5 consecutive days, every 4 
weeks. Moreover, all patients were heavily pretreated, while one patient had 
failed on a standard-dose COOP regimen. Obviously, these data have to be 
confirmed by others before meaningful conclusions can be drawn, while the 

Table 3. Activity of various established and new drugs in advanced soft tissue sarcoma 

No. of responders 

No. of evaluable 
Drug patients CR PR Total Response rate (%) Ref. 

Methyl-GAG 18 (18) 0 0 0 0 30 
Piperazinedione 19 (18) 0 5 31 
Bleomycin 32 (32) 0 0 0 0 32 
Chlorozotocin 37 (37) 0 3 32 
MGBG 36 (36) 0 3 32 
Bruceantin 34 (34) 0 0 0 0 32 
Diaziquone 31 (31) 0 0 0 0 33 
Bisantrene 17 (17) 0 0 0 0 34 
Mitomycin C 16 (12) 0 1 1 6 35 
Homoharringtonine 16 (16) 0 0 0 0 36 
Cisplatin 19 (19) 1 0 5 37 
Cisplatin 26 (0) 0 1 4 38 
Cisplatin (high-dose) 17 (17) 0 4 4 24 39 
TGU 19 (19) 0 0 0 0 40 
VP-16 26 (24) 0 1 1 4 41 
Fludarabine 20 (20) 0 0 0 0 42 

CR, complete remission; PR, partial remission; and ( ), number of patients with prior chemo
therapy. 
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Table 4. Activity of single-agent cisplatin in advanced mixed mesodermal sarcoma of the uterus 

No. of responders 

Dose/schedule No. of evaluable patients CR PR Total Response rate (%) Ref. 

50 mg/m2 

i.v. q 3 weeks 28 (25) 2 3 5 18 45 

75-100 mg/m2 

i.V. q 4 weeks 18 (7) 4 5 28 46 

CR, complete remission; PR, partial remission; and ( ), number of patients with prior chemo
therapy. 

toxicity of such an approach also has to be taken into account. In contrast to 
other tumor types, data on biological response modifiers in the treatment of 
soft tissue sarcomas are very sparse. 

In the recent literature, only two studies on interferon have been reported. 
In the first study [43], beta-interferon was evaluated in 20 patients, of whom 
15 had received previous chemotherapy. One partial response was observed 
in a patient with fibrosarcoma. Gamma-interferon was studied by Edmonson 
et al. [44] in 16 patients with advanced soft tissue sarcomas; 14 patients had 
received prior chemotherapy. No objective responses were obtained. As for 
most other tumor types in advanced stages, interferons appear to be of little, 
if any, benefit to soft tissue sarcoma patients. The role of other biological 
response modifiers has presently not been tested in soft tissue sarcoma. 

In contrast to the other types of soft tissue sarcoma, mixed mesodermal 
sarcoma of the uterus is sensitive to CDDP as was recently reported by 
Thigpen et al. [45] and Gershenson et al. [46] (Table 4). Of note, there were 
also responders among patients with prior chemotherapy. The relative in
sensitivity of mixed mesodermal sarcomas of the uterus to DX further dis
tinguishes this disease from other soft tissue sarcomas as was recently reported 
by Morrow et al. [47]. 

VP-16 (etoposide) single-agent therapy has also recently been evaluated in 
this disease with a negative outcome [48]. In this study, 31 patients, 29 of 
whom had received previous chemotherapy, were treated with VP-16 at a 
dose of 100 mg/m2 on days 1, 3, and 5, every 4 weeks. Only two patients 
experienced a short-term partial response. 

In conclusion, in recent years, except for IFOS, no new antineoplastic 
agents or other treatment modalities have been developed for advanced soft 
tissue sarcomas. It is unlikely that epirubicin has a better therapeutic index as 
compared with DX in this disease, while the other DX analogs are probably 
inferior to the parent drug. Mitoxantrone has still to be evaluated in adequate 
numbers of nonpretreated patients. Definite results of high-dose CDDP should 
be awaited, as a preliminary report was promising. In mixed mesodermal 
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sarcoma of the uterus, CDDP has shown definite activity, so incorporation of 
this drug into combination chemotherapy should be evaluated. 

Combination chemotherapy 

After having noted efficacy in preliminary reports on DX and DTIC single
agent treatment, and based upon suggested synergism in preclinical studies, 
the SWOG initiated a study, utilizing DX 60 mg/m2 on day 1 and DTIC 250 
mg/m2/day on days 1-5, repeated every 3 weeks. This regimen is known as 
ADIC [Adriamycin (doxorubicin)-DTIC] [49]. Because of an initial responses 
rate of 42%, ADIC has also been studied by other groups, and recently in
teresting results using this combination have been published. 

The ECOG has performed a randomized trial comparing DX 70 mg/m2 i.v. 
bolus on day 1 every 3 weeks, with DX 20 mg/m2 i.v. bolus on days 1, 2, and 
3, and 15 mg/m2 i.v. bolus on day 8 and weekly thereafter; and with DX 60 
mg/m2 i.v. bolus on day 1 plus DTIC 250 mg/m2/day on days 1-5 repeated 
every 3 weeks [8]. This trial thus questioned the influence of the dosing sched
ule of DX and the value of the addition of DTIC. Regarding activity, the 
single-agent DX regimens resulted in comparable response rates (18% and 
16%, respectively), while the addition of DTIC significantly (p < 0.02) in
creased the response rate to 30%, mainly by increasing the number of partial 
remissions. Unfortunately, the higher response rate of the combination was 
not reflected in an increased overall survival. 

Although the combination was more toxic than the single-agent DX treat
ments, especially regarding gastrointestinal toxicity, this did not result in a 
lower treatment compliance, indicating that the combination side effects in 
general appear tolerable. 

The Gynecologic Oncology Group (GOG) performed a quite similar trial 
in uterine sarcomas [50], comparing DX 60 mg/m2 on day 1 every 3 weeks 
with the same dose of OX plus OTIC 250 mg/m2/day on days 1-5 every 3 
weeks. A response was achieved in 13 (16%) of 80 DX-treated patients and in 
16 (24%) of 66 ADIC-treated patients. This difference in response rate is not 
significant in this subset of patients. 

Two other randomized trials also questioned the value of the addition of 
other drugs to OX. The ECOG previously studied DX 70 mg/m2 every 3 weeks, 
versus DX 50 mg/m2 plus cyclophosphamide (CTX, or Cytoxan) 750 mg/m2 

plus vincristine (VCR) 1.4 mg/m2 all by i.v. bolus on day 1 every 3 weeks, 
versus CTX 750 mg/m2 plus VCR 1.4 mg/m2 plus actinomycin-D (DACT, or 
dactinomycin) 0.4 mg/m2 i.v. bolus on day 1 every 3 weeks [51]. In a total of 
200 patients, response rates were 27%, 19%, and 11 %, respectively. The 
difference between the first and the latter regimens was significant (p = 0.03) 
in terms of response but not in terms of survival. This study strongly suggests 
that CTX and VCR do not add activity to DX, while replacing DX DACT 
with OX results in significantly decreased activity in such a way that one might 
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expect VCR, CTX, and DACT to have very limited value in the treatment of 
soft tissue sarcomas. 

The GOG [52] randomly compared DX 60 mg/m2 every 3 weeks, with DX 
60 mg/m2 plus CTX 500 mg/m2 every 3 weeks in a total of 104 patients with 
uterine sarcomas. Both regimens resulted in a 19% response rate, again 
indicating that CTX does not add to DX. 

The data above suggest that combination chemotherapy only results in 
improved response rates in comparison with single-agent DX if DX is com
bined with DTIC. 

The ADIC regimen was tested against the same regimen plus either CTX 
or DACT in a SWOG study [53]. Patients were randomized to receive DX 
60 mg/m2 on day 1 plus DTIC 250 mg/m2/day on days 1-5 every 3 weeks (the 
ADIC regimen), or ADIC plus CTX 500 mg/m2 on day 1 every 3 weeks, or 
ADIC plus DACT 1.2 mg/m2 on day 1 every 3 weeks. A total of 276 patients 
were evaluated. There was no statistically significant difference in response 
rates of 33 % , 34 % , and 24 % , respectively. Also, median durations of response 
and survival were not significantly different. Toxicities from each of the treat
ment arms were equivalent. These data confirm the earlier mentioned ECOG 
study indicating the very limited value of CTX and DACT in the treatment of 
adult soft tissue sarcomas. 

In an effort to lessen toxicity of the ADIC regimen, the SWOG initiated a 
study using a different schedule of DTIC administration [54]. The regimen 
consisted of DX 60 mg/m2 i. v. on day 1 and DTIC 750 mg/m2 as a 45-min infu
sion on day 1. Courses were administered at 21-day intervals. With 10 com
plete and 17 partial remissions in 114 evaluable patients, the overall response 
rate was 24%. Indeed, this regimen appeared to be very well tolerated with 
only moderate myelosuppression and moderate nausea and vomiting. 

Recently, the SWOG presented the preliminary data from a randomized 
trial comparing the effectiveness of bolus versus continuous infusion ad
ministration of DX and DTIC [55]. The toxicity appeared to be reduced by 
the infusion regimen (104 evaluable patients) as compared with the bolus 
regimen (112 evaluable patients), while response rates were 22% and 23%, 
respectively. 

Since 1972, the SWOG has reported several studies including the original 
ADIC regimen. A remarkable observation is the constant decrease in response 
rate over the years, starting with 42% and now at 23%. This might be related 
to the improvement in diagnostic techniques enabling a better evaluation of 
true responses. 

Although the earlier discussed ECOG, GOG, and SWOG studies on com
bination chemotherapy regimens [51-53] and the single-agent data generated 
by the EORTC [29] at the moment do not support the inclusion of CTX in 
combination chemotherapy regimens, this drug together with VCR was incor
porated with ADIC, resulting in the CYVADIC regimen [cyclophosphamide 
(Cytoxan)-vincristine-Adriamycin (doxorubicin)-DTIC] originally studied in 
M.D. Anderson Hospital and afterward adapted by several other groups. 
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The original CYVAOIC regimen consisted of CTX 500 mg/m2 i.v. on day 
1, VCR 1.5 mg/m2 i.v. on days 1 and 5, OX 50 mg/m2 i.v. on day 1, and OTIC 
250 mg/m2/day i.v. on days 1-5 [56]. In the initial 125 patients studied, 21 
complete remissions (CRs) (17%) and 42 partial remissions (PRs) (34%) 
were achieved. The median duration was 9V2 months for CR and 7 months for 
PRo In subsequent follow-up reports including more patients, the response 
rate did not change [57, 58]. One of the important observations within this 
study was that the CR rate was much higher in patients <50 years of age than 
in those> 50 [57]. Also, after having treated 331 patients with CYVAOIC, 
the investigators could stress the importance of achieving CR because 21 % of 
those patients had remained disease free for more than 5 years and have been 
potentially cured by chemotherapy [58]. Finally, also patients in PR who could 
be converted to CR experienced long-term survival, suggesting cure [58]. 

The only randomized study including CYV AOIC that has been completed 
was reported by Pinedo et al. [59] on behalf ofthe EORTC group. It compared 
CYVAOIC (CTX 500 mg/m2 i.v. on day 1, VCR 1.5 mg/m2 on day 1, and OX 
50 mg/m2/day on days 1-5 every 4 weeks with a schedule alternating VCR/ 
CTX and AOIC in similar doses as used with CYVADIC, at 4-week intervals. 
With CYVAOIC, 17% CRs and 21 % PRs were achieved in 84 patients while, 
in the cycling arm, a significantly lower response rate of 5% CR and 9% PR 
was achieved in 78 patients (p = 0.001), reflecting the lower activity of CTX/ 
VCR as compared with AOIC, which suggests that patients with soft tissue 
sarcomas do not benefit from alternating non-cross-resistant combinations of 
the currently known drugs, confirming results of earlier trials [60, 61]. More
over, the EORTC results indicate that OX should be administered every 3 or 
4 weeks instead of every 8 weeks [59]. 

Other studies have confirmed the activity of CYVADIC [62-64]. The 
regimen induces nausea and/or vomiting in almost all patients, as well as alo
pecia. Also leukocytopenia and thrombocytopenia appear to be substantial, 
but the regimen nevertheless is considered tolerable. The disadvantage of 
both the original ADIC and CYVADIC regimens is the necessity of hospi
talization. To reduce the required number of treatment days and in an effort 
to reduce toxicity, shorter schedules have been studied [54, 64] (EORTC 
study 62851). Response rates and toxicity of these shortened treatments ap
pear comparable to those of the original regimens (Table 5), but proof from a 
randomized trial is not available. 

After confirmation of the activity of IFOS in soft tissue sarcomas [29], 
this drug was combined with OX. The Royal Marsden Group has treated 
50 patients with OX 40-60 mg/m2 i.v. on day 1 plus IFOS 5-8 g/m2 by 24-h 
infusion on day 1 with mesna uroprotection [28], with courses repeated every 
3 weeks. In 57 evaluable patients, they achieved 6 CRs (11 %) and 11 PRs 
(19%) for an overall response rate of 30%. The optimal doses for the com
bination appeared to be OX 50 mg/m2 and IFOS 5 glm2 . Using that schedule, 
the EORTC Soft Tissue and Bone Sarcoma Group performed a phase II trial 
[65]. In 178 evaluable patients, 16 CRs (9%) and 47 PRs (26%) were noted 
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Table 5. Various schedules of DTIC infusion in ADIC and CYVADIC combination chemo-
therapy 

No. of Response rate (%) 
DTIC Total DTIC evaluable 

Regimen (days of treatment) dose (mg/m2) patients CR PR Overall 

ADIC 1-5 1250 237 11 24 35 
1 750 114 9 15 24 

CYVADIC 1-5 1250 314 16 26 42 
1-3 1200 60 7 42 49 

Table 6. Combination chemotherapy: most extensively studied combinations 

Drugs No. of evaluable- patients 

DX-DTIC 351 
DX-DTIC-CTX-VCR 374 
DX-IFOS 235 

- Cumulative data. 

Response rate (%) 

CR PR Overall 

10 21 31 
14 29 43 
9 25 34 

Ref. 

8, 23, 26, 27 
27 

30,32,35,36 
37 

Ref. 

8,23,26,27 
32,35-37 
38,39 

for an overall response rate of 35%, in fact confirming the Royal Marsden 
data. The major toxicities were leukopenia, nausea and vomiting, and alo
pecia, all of which were manageable. Currently, the EORTC group is conduct
ing a randomized trial comparing the DX-IFOS regimen with single-agent 
DX 75 mg/m2 i.v. on day 1 every 3 weeks, and with CYVADIC administered 
1 day every 3 weeks. 

Other combinations have been studied, but none appeared to be superior 
to ADIC, CYVADIC, or DX-IFOS [66], and it is difficult to conclude which 
of these three is the best. Therefore, the results of the ongoing EORTC study 
are awaited with interest. In the meantime, it seems justified to use CYVADIC 
as standard regimen in patients treated outside of trials because, despite the 
absence of single-agent CTX and VCR activity, the reported studies indicate 
the highest overall response rate and, even more important, the highest CR 
rate with this regimen (Table 6). The CR patients may potentially be cured by 
chemotherapy [58], so it appears important to aim at achieving CR. 

With the conclusion that DX, IFOS, and DTIC are the only active single 
agents in the treatment of soft tissue sarcomas, it seems logical to combine 
these three drugs. Indeed, at Dana Farber Cancer Institute, the first results of 
the use of such a combination are now available. A phase I study indicated 
that the maximum tolerated dose was DX 60 mg/m2 , DTIC 900 mg/m2 , and 
IFOS 7500 mg/m2 per course when all were given together as a n-h con
tinuous infusion every 3 weeks [67]. Dose-limiting toxicity was leukopenia. 
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With antiemetics, Grade-3 nausea and vomiting were infrequent. Other toxi
cities were remarkably mild. Using this regimen in a phase II study of 62 
evaluable patients [68], 6 CRs (10%) and 26 PRs (42%) were achieved. Several 
other study groups have recently started phase II studies with modified sched
ules of this three-drug combination. 

Prognostic factors 

With several study reports available that deal with the three major combina
tion chemotherapy regimens that appear to be comparable as far as response 
rates are concerned, it becomes possible to obtain further insight into factors 
predicting the outcome of chemotherapy. 

Although several authors indicate that some tumor types may be more 
responsive than others, Table 7, combining all data of studies with ADIC
based regimens, indicates the opposite. There is no evidence of one histo
logical subtype with a better prognosis. 

Regarding other factors with a possible influence on achievement of re
sponse there is certainly no consensus on age, sex, and bone marrow reserve. 
The most important prognostic factor for response appears to be the per
formance score [8, 57, 59, 64], which may be partly related to a favorable 
influence of a <5% weight loss [8, 30]. Another important observation from 
virtually all studies concerns the time necessary to achieve response. The 
median time varies from 7 to 10 weeks [8, 50, 56, 59, 65], but it is even more 
important to realize that treatment periods as long as 32 [56], 56 [8], or 101 
[59] weeks may be required to achieve response, indicating that soft tissue 
sarcomas respond rather slowly to chemotherapy. 

Mixed mesodermal sarcomas 

As has been indicated, cisplatin (CD D P, or cis-diamminedichloroplatin) can 
be considered an inactive single agent for the treatment of soft tissue sar
comas, which has been confirmed by the absence of an additive effect of CDDP 
when combined with active drugs [63, 69-71]. In contrast to these general 
data, mixed mesodermal sarcomas (MMS) appear to respond to some extent 
to CDDP. In a phase II trial with single-agent CDDP at a dose of 50 mg/m2 

every 3 weeks as second-line chemotherapy, five (18%) of 28 patients achieved 
a response [45] and, at a higher dose, Gershenson et al. even achieved a 28% 
response rate [46] (Table 4). These data in MMS appear to be confirmed by 
limited data on combination chemotherapy including CDDP. Piver et al. [72] 
combined DTIC and different dosages of CDDP, achieving three responses 
(27%) in 11 patients. Although DX appears to be less active in MMS than in 
other histological subtypes [47, 50], others have combined DX and CDDP. 
Seltzer et al. [73] applied 50 mg/m2 DX plus 50 mg/m2 CDDP both i.v. on 
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day 1 every 3 weeks, achieving 3 CRs and 2 PRs in six patients. The Toronto 
group [74] treated 15 patients with MMS of the ovary with either CAP [CTX, 
Adriamycin (DX), and Platinol (CDDP)] or CYVADIC achieving a 60% 
response rate. Jansen et al. [75] achieved five remissions in six patients, with a 
combination of cyclophosphamide, hexamethylmelamine, doxorubicin, and 
cisplatin (CHAP-5). Of course, for the latter two studies, we should also con
sider the possible role of CTX, because this drug may also be active in MMS 
[29]. In the near future, the role of CDDP as well as CTX in this rare, but 
less-DX-responsive, sarcoma subtype should be explored. 

Induction chemotherapy 

The value of preoperative chemotherapy in the treatment of locally far
advanced soft tissue sarcomas is one of the important issues of investigation 
in the present decade. Intra-arterial chemotherapy is discussed in Chapter 8 
by Huth and Eilber. As for other tumor types, there is also increasing interest 
in systemic induction chemotherapy for which only limited data are yet availa
ble, usually as case reports. However, Rouesse et al. [76] recently reported a 
series of 34 patients with locally far-advanced, but nonmetastatic, sarcomas 
treated with either DX-CTX-CDDP-DTIC-vindesine (DCPAV), CYVA
DIC, or DX-IFOS, achieving 38% remissions: 24 patients underwent surgery 
after 2-7 cycles of chemotherapy, which in 12 proved to be radical. Patients 
who did not undergo radical operation were irradiated postoperatively. While 
2-year survival was only 18% in those patients who never achieved CR, it was 
80% in patients who achieved CR after chemotherapy + surgery + radio
therapy, a figure at least suggesting a benefit of preoperative systemic chemo
therapy (Fig. 1). Also, at Dana Farber Cancer Institute, some patients were 
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Figure 1. Survival of patients responding to systemic preoperative chemotherapy versus those 
not responding: (-) patients with CR, n = 22; (----) total number of patients, n = 34; and 
(_._.) patients without a CR, n = 12. Reproduced from Rouesse et al. [76], with permission. 
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treated with DX-IFOS-DTIC preoperatively [68]. During the 1987 ASCO 
meetings, there were preliminary reports of an 82% response rate in a limited 
number of patients. Clearly this type of treatment should be further explored. 

Conclusion 

The last few years have shown a trend toward consensus in the chemother
apeutic approach of soft tissue sarcomas. Three active single agents-DX, 
IFOS, and DTIC-are available. CTX and CDDP may also be considered 
active in the treatment of mixed mesodermal sarcomas. The ECOG study 
comparing DX with ADIC indicates that combination chemotherapy yields 
higher response rates than does single-agent chemotherapy, although other 
studies applying inactive combination regimens previously suggested the op
posite. Therefore the results of the ongoing randomized EORTC study are 
awaited with interest. At this moment, there is no proof that combination 
chemotherapy also yields improved survival when compared with single-agent 
treatment. 

Although it is not clear which combination chemotherapy is the best, three 
regimens emerge as most interesting: ADIC, CYVADIC, and DX-IFOS. 
Although the addition of CTX and VCR to ADIC still can be debated, non
randomized studies suggest that CYVADIC yields the highest CR rate, which 
may be important because of indications that these patients may potentially 
be cured. The future years will highlight investigations on the combination 
DX-IFOS-DTIC. 

The role of systemic preoperative chemotherapy will also have to be further 
outlined, because preliminary data indicate high response rates. However, 
regarding this topic, survival will be more important than response. 

Clearly there is still a need for new active drugs and therefore the continuous 
search through phase II trials should be encouraged. 
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7. Adjuvant chemotherapy for soft tissue sarcomas 

Vivien H.C. Bramwell 

There has been steady progress in the management of soft tissue sarcomas, 
particularly those located in extremities, which comprise ~ 60% of the total. 
The judicious use of multimodality therapy has improved functional outcome 
without sacrifice of local control. 

The role of chemotherapy in controlling systemic micrometastasis remains 
an extremely controversial issue, and the results of studies published since 
Volume 2 of this series have not, with one possible exception [1], demon
strated convincingly that adjuvant chemotherapy can reduce the incidence of 
metastases. 

Soft tissue sarcomas are rare tumors, and adjuvant chemotherapy studies 
that have accrued more than 100 patients are the exception rather than the 
rule. To enhance uniformity, many studies have concentrated on high-grade 
extremity sarcomas, but this has further restricted numbers. Although it is 
generally acknowledged that histological grade is the most important prog
nostic factor, several very distinct grading systems are in use [2-5], dividing 
tumors into two, three, or four categories. There is no uniformly accepted 
staging system, although those proposed by the American Joint Commission 
for Cancer Staging and End Results Reporting (AJC) [2] and Enneking [6] 
are most widely used. Thus, comparison of results between studies is very 
difficult and, for small trials, uniformity between randomized groups, with 
respect to prognostic factors, cannot be assured. 

Randomized trials of adjuvant chemotherapy 

As in Volume 2 of this series, this chapter concentrates on a review of ran
domized studies, particularly those comparing a group receiving adjuvant 
chemotherapy with a concurrent control group. General criteria of eligibility 
for these studies have been detailed in Volume 2. 

Doxorubicin versus control 

Table 1 summarizes the results of five trials [1, 7-10], each of which examines 
the outcome for a group receiving adjuvant doxorubicin (DX) by compari-

Pinedo, H.M., Verweij, J., eds. TREATMENT OF SOFT TISSUE SARCOMAS. 
© Kluwer Academic Publishers, Boston. ISBN: 0-89838-391-9. All rights reserved. 
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son with a randomized control group treated only by surgery with or without 
radiotherapy. 

Boston/ECOC [7]. In 1978, two independent randomized prospective trials 
of adjuvant DX were initiated by the Dana-Faber Cancer Institute/Massachu
setts General Hospital (Boston) and the Eastern Cooperative Oncology Group 
(ECOG). The detailed protocols were described in Volume 2. 

At median follow-up of 49 months (range, 16-80), there were no signifi
cant differences between the two arms (Table 1) with respect to local control, 
metastasis-free survival, relapse-free survival (RFS), and overall survival 
(OS). Although there was a slight delay in the appearance of metastases in 
the DX group, the difference was not significant. Subgroup analysis by site 
showed no evidence of benefit from DX therapy either for extremity (44 
patients) or for nonextremity sarcomas. Two patients developed symptomatic 
DX cardiomyopathy. The authors of this report concluded that "there is no 
advantage to the use of adjuvant doxorubicin in the treatment of soft tissue 
sarcoma." 

UCLA [8]. This series of protocols from Eilber et al. at the University of 
California, Los Angeles (UCLA), combining intra-arterial (i.a.) DX and 
preoperative irradiation, is described in detail in a later section. A cohort 
of patients in these protocols also entered a prospective randomized study of 
adjuvant DX (45 mg/m2/day x2, q4 weeks, X5) starting within 6 weeks of 
surgery. As illustrated in Table 1, at a median follow-up of 30 months, RFS 
was similar for 55 patients receiving DX and 59 controls. The administration 
of i.a. DX 60-90 mg by 72-h infusion preoperatively to all patients is a con
founding factor, as theoretically this treatment could have had a systemic 
adjuvant effect, obscuring any difference between the two arms. 

Intergroup (USA) [9]. A preliminary report [9] of this study has appeared 
in abstract form. The DX dose was 70 mg/m2, q3 weeks, x6. Of 92 patients 
randomized, 16 were ineligible and follow-up data were missing on 12, leav
ing 64 evaluable patients followed for 1-39 months (median, 20), RFS and 
OS were not significantly different between the two arms, considering ex
tremity and nonextremity subgroups separately, and all eligible patients. Two 
patients developed symptomatic DX cardiotoxicity. 

Scandinavia [10]. The Scandinavian study is the largest study of adjuvant 
DX, but it also has been reported only in abstract form. Patients with high
grade (Broder's III and IV) sarcomas received DX 60 mg/m2, q4 weeks, x9 
courses. Over a 4-year period, 156 patients had been accrued, of whom 146 
were considered evaluable. Median follow-up was not stated, but would be 
~ 3 years. Data on outcome remained coded and, although RFS was better 
for one arm of the study, the difference was not significant. OS data were not 
given. 
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Bologna [1]. The results of this study, first reported in 1986 [11] and updated 
at a symposium in 1987 [1], are the only data that support the use of adjuvant 
DX. There were three surgical groups: 

1) Amputation (28 patients): Patients were randomized, after immediate 
ablative surgery, to DX 25 mg/m2/day x3 q3 weeks x6 commencing 3 days 
postoperatively, or a control group. 

2) Conservative surgery (29 patients): Biopsy was followed by 45 Gy radio
therapy over 3 weeks combined with two cycles of DX (150 mg/m2). 
Definitive surgery was performed and then patients were randomized 
between chemotherapy-four cycles of DX (300 mg/m2)-and control 
groups. 

3) Reexcision (20 patients): If persistent tumor was suspected, patients 
treated at another hospital within the previous 3 months had a further 
excision of the tumor bed, and then were randomized as in group 1. 
Radiotherapy was given if residual tumor was demonstrated histologically. 

The technique of randomization, which used pair-matched stratification for 
age, site, size of tumor, and stage, led to a large imbalance in patient numbers 
between DX (24 patients) and control (35 patients) groups at the time of the 
first report [11], and has been criticized [12]. The study was first reported 
at 28 months median follow-up, with an accrual of 59 patients, at which 
time RFS was significantly better for the DX-treated group (79.1 % vs 54.3%; 
p < 0.005). Updated figures for 77 patients at -3 years of follow-up are shown 
in Table 1 [1]. Significant differences in RFS (p < 0.02) and OS (p < 0.05), 
favoring the DX-treated group, persist. 

Comment. Why is there a discrepancy between the results of the Bologna 
study [1], which to date has accrued 77 patients, and those of four other studies, 
using similar protocols and collectively registering 399 patients [7 -10]? Con
ventional techniques of statistical analysis accept an alpha error of 5%, which 
means that, by chance alaone, one in 20 truly negative trials will produce a 
positive answer, and perhaps this also applies to the Bologna study [1]. Con
versely, as acknowledged in the report on the Boston/ECOG study [7], the 
power to detect a difference in RFS of 20% (60% vs 80%) with a sample size 
of 75 and follow-up of 49 months is only 57%, and small but important dif
ferences may be missed in studies with limited accrual. At present, very limited 
information is available on the largest trial [10] from Scandinavia, but a full 
report is awaited with interest. 

As outlined in the introduction, tumor grade and size are important prog
nostic factors used to determine stage. In general, because of anatomical 
constraints limiting radical surgery, the outcome is worse for nonextremity 
tumors (with the possible exception of sarcomas of the trunk). All studies 
shown in Table 1 excluded low-grade sarcomas, although differences in grad
ing classifications make more detailed comparisons between studies difficult. 
Two studies [1, 8] confined themselves to extremity sarcomas, but, for other 



97 

studies, extremity tumors were usually analyzed separately. Randomization 
does not guarantee balance of prognostic factors between compared groups, 
and the control group of the Bologna study [1] included an excess of pelvis! 
thigh tumors (57% vs 37.5%), which are generally larger and have a poorer 
prognosis than distal or upper-extremity tumors. Despite similar durations of 
follow-up, the RFS (42%) for control patients in the Bologna study is worse 
than that for comparable control groups of other studies shown in Table 1. 
Conversely, the RFS (68%) for the DX group is similar to that achieved by 
chemotherapy and control groups of other studies. 

A similar criticism has been leveled against the National Cancer Institute 
(NCI) randomized trial [13] which has been the only other study to demon
strate significant differences in RFS and OS for patients receiving adjuvant 
chemotherapy. 

Combination chemotherapy versus control 

Table 2 summarizes the results of four randomized studies [14-17] evaluating 
various combination chemotherapies. Details of the chemotherapy dose! 
schedules have been presented in Volumes 1 and 2 of this series. 

M.D. Anderson [14]. This study was performed in the early 1970s and re
ported by Lindberg et al. [18] in 1976. It was reviewed in Volume 1 of this 
series. At median follow-up of 18 months, distant metastases had occurred 
more frequently in the chemotherapy group (9 of 27 vs 3 of 20) and there had 
been two local recurrences in the control group. RFS did not differ signifi
cantly between chemotherapy (67%) and control (85%) groups. Recently, 
the study has been reanalyzed after 10 years of follow-up [14] and RFS now 
favors the chemotherapy group, although OS is not significantly different. 
This discrepancy can be explained by the fact that, although there were fewer 
local recurrences in the chemotherapy arm, 2 vs 8, metastases occurred with 
similar frequency in chemotherapy (45%) and control (48%) groups. 

Mayo Clinic [15]. This study was discussed in Volume 2 and is summarized in 
Table 2. As no new data are available, it will not be considered further. 

National Cancer Institute [16]. The first randomized study performed by this 
group has been described in detail in Volumes 1 and 2 and of this series. 
Updated results [16] are illustrated in Table 2. At a median follow-up of 85 
months, for extremity sarcomas, RFS is significantly better, 75% vs 54% 
(p = 0.04), for the chemotherapy group. In contrast with previous reports, 
the OS figures of 82% and 62% are not significantly different (p = 0.12) 
although they still favor the chemotherapy arm. Local recurrences, 1 vs 4, 
were less frequent after chemotherapy, but rates of metastases for each group 
were not specified. A parallel study [19] of nonextremity sarcomas (head, 
neck, trunk, breast) was discussed in Volume 2, and has not been updated. 
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Building on the results of their previous study, and dismayed by the high 
incidence of cardiomyopathy, Rosenberg and coworkers went on to compare 
their "standard" chemotherapy with an abbreviated course of treatment, 
giving much lower total doses of OX and cyclophosphamide, and omitting 
high-dose methotrexate [16]. A total of 88 patients entered this trial and, after 
a median follow-up period of 52 months, 5-year RFS figures were 58% and 
72% for high-dose and low-dose chemotherapy arms (p = 0.37), respectively, 
and corresponding figures for OS were 69% and 75% (p = 0.90). There were 
no significant differences in the survival curves for patients receiving high
dose chemotherapy in the two consecutive studies (p = 0.22). 

EORTC [17]. Preliminary results from this study were published in 1985 [20] 
and discussed in Volume 2. The study is now in its 10th year of accrual and, 
with 446 patients on study, is the largest trial of adjuvant chemotherapy in 
soft tissue sarcomas. The outcome for 358 eligible patients [17] is shown Table 
2. Approximately half of the patients received postoperative irradiation and 
65% had extremity tumors. Two of the most important prognostic factors
tumor size and grade-were well balanced between the two arms, with 18% 
of tumors identified as low grade «3 mitosesllO high power field (HPF)). 
Central pathology review demonstrated some imbalance of histological 
subtypes between the arms, but the significance of this is uncertain, as con
vincing data linking prognosis to histological subtype independent of grade 
are lacking in the literature. 

Three-year RFS figures are 67% for CYVADIC [cyclophosphosphamide
vincristine (Adriamycin)-DTIC] vs 52% for control (p = 0.01). However, OS 
at 3 years is not significantly different between the two arms: 79% vs 74% 
(p = 0.12). It appears that CYVAOIC reduced local recurrence, but did not 
prevent metastasis (p = 0.28). The influence of CYVAOIC on local recur
rence was most apparent in head, neck, and trunk tumors (p = 0.038) rather 
than limb sarcomas (p = 0.32). The incidence of distant metastases was simi
lar in both arms of the study for head, neck, and trunk tumors (p = 0.97) and 
limb sarcomas (p = 0.20), and this was paralleled by survival. 

Comment. The available results from combination chemotherapy studies 
are intriguing. Two trials [14, 17] suggest that the most important effect of 
adjuvant chemotherapy is improved local control rather than reduction of 
distant metastases. Adjuvant irradiation was not permitted in the Mayo Clinic 
study [15], which probably accounts for the high overall rates (30%) of local 
recurrence. In this study, a reduced frequency of metastases was implied by a 
delay in time to metastasis and fewer operations to remove metastases in the 
chemotherapy arm, but unfortunately a detailed breakdown of sites of failure 
was not provided. As discussed in Volume 2, the chemotherapy used was 
suboptimal. In the NCI study [16] (Table 2), local recurrence was less frequent 
in the group that received chemotherapy and this was also true for patients 
receiving DX in the studies from Bologna [1] and UCLA [8], although in 
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each case the numbers involved were small. This trend was not evident in 
the Boston/ECOG [7] studies, and the relevant data are not available for the 
Intergroup [9] and Scandinavian studies [10]. The rate of metastasis in the 
control group was clearly higher in the Bologna study [1], but has not been 
clearly presented in other reports [7-10, 15, 16]. A detailed comparison of 
relapse according to site (local vs distant) in future publications would further 
elucidate the role of adjuvant chemotherapy. 

Conclusions 

Four studies of adjuvant DX have not demonstrated significant improvements 
in RFS or OS [7 -10], although trends have usually favored the chemotherapy 
group. The conflicting results of one study [1] may relate to a poor technique 
of randomization leading to imbalance of prognostic factors in a small study, 
or may represent a true positive effect missed by other studies, although this 
seems less likely. Two studies of combination chemotherapy [14, 17] have 
demonstrated reduced local recurrence, but no difference in the rate of 
metastases or OS. In the NCI study [16], with longer follow-up, OS is no 
longer significantly improved by chemotherapy, although RFS remains sig
nificantly better. There were fewer local recurrences in the chemotherapy 
arm, but the comparative rates of metastasis were not clearly stated. 

There are many theoretical reasons to support commencing adjuvant 
chemotherapy as soon as possible after diagnosis and, in reported studies, this 
time interval was highly variable. It is perhaps significant that chemotherapy 
was commenced early in the two studies [1, 13] showing the most benefit, 
although this was also true for the Boston study [7], in which results were 
negative. In the EORTC trial [17], a median of 6 weeks elapsed between 
surgery and commencement of chemotherapy. A new EORTC study, in which 
a group of patients receiving preoperative DX plus ifosfamide (IFOS) is com
pared with a control group, addresses this issue. The American Intergroup, in 
a randomized controlled trial, plans to evaluate a dose-intensive combination 
of DX-IFOS-DTIC (dacarbazine) [21] given to patients after completion of 
local treatment. Analysis of this study will be complex, as a variety of methods 
of local control will be permitted in this study, some of which may lead to 
considerable delay in the initiation of adjuvant chemotherapy. 

To summarize, innovative technical advances in the fields of surgery and 
radiotherapy can now provide high rates of local control and limb salvage for 
extremity sarcomas, provided patients are treated in major centers that have 
access to the necessary multidisciplinary expertise. Future research efforts 
should be concentrated on techniques to eliminate systemic micrometastases, 
which are responsible for the death of 30%-50% of patients with higher
grade sarcomas. 
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8. Preoperative intra-arterial chemotherapy 

James F. Huth and Frederick R. Eilber 

Approximately two-thirds of the soft tissue sarcomas arise in the extremities 
and, following simple excision, they have a propensity for local recurrence 
that has often resulted in extremity amputation in order to achieve local con
trol. These tumors also tend to develop systemic metastases, primarily to the 
lung, which is the major cause of mortality. 

At the time of initial diagnosis, the vast majority of patients with soft tissue 
sarcomas have no detectable distant metastases. Therefore, initial therapy is 
directed at resection of the primary lesion. Methods for the local treatment of 
soft tissue sarcomas have been modified over the years as we have become 
aware of the local growth characteristics and histological characteristics of 
these tumors. These methods are still evolving as we learn more about the 
usefulness of various forms of therapy as well as their side effects. Recent 
advances in multimodality treatment of these tumors with preoperative chemo
therapy, radiation therapy, and conservative, wide, local excisions have re
sulted in a decrease of the local recurrence rate to <5% [1]. 

The local biology of these tumors presents many problems. In addition to 
the large mass effect, these tumors can extend along fascial planes, often with 
areas of normal tissue in between islands of tumor cells. The extension poses 
problems in terms of the extent of radiation therapy or surgical excision re
quired to remove all gross tumor. Although sarcomas do compress vessels or 
nerves and become intimately associated with bone, they rarely directly invade 
these structures. The final problem has to do with determining the metastatic 
potential of various tumors. Sarcomas tend to spread through the bloodstream 
to the lungs, and rarely metastasize to lymph nodes. An exception to this are 
the retroperitoneal sarcomas, which have a high potential for metastasizing 
to the liver. The three factors that are most strongly related to prognosis are 
(a) grade of the tumor, (b) size of the original lesion, and (c) ability to gain 
control of the tumor at the local site. 

Pinedo, H.M., Verweij, J., eds. TREATMENT OF SOFT TISSUE SARCOMAS. 
© Kluwer Academic Publishers, Boston. ISBN: 0-89838-391-9. All rights reserved. 
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Historical perspective of prior treatment modalities 

Surgery 

The early attempts to treat these tumors surgically were almost always followed 
by local recurrence, because it was not appreciated that the apparent capsule 
around these tumors was composed of tumor cells and normal tissue that was 
compressed by the expanding tumor. Since the surgical procedure was enu
cleation or excision through this pseudocapsule, local recurrence occurred in 
90% -95% of patients. Many authors suggested that a wider excision including 
the pseudocapsule was necessary to avoid local recurrence [2-4]. More exten
sive operations were devised that included (a) resection of the tumor capsule 
and (b), because these tumors tended to spread up fascial planes, muscle 
groups containing the tumor were removed from origin to insertion for a 
much wider margin of apparently normal tissue (see Chapter 4). Even with 
these more complete excisions, the local recurrence rate remained high, 
-30%-35% [5-10]. 

Radiation therapy 

The results obtained with radiation therapy alone for the treatment of soft 
tissue sarcomas have been extremely disappointing, with an overall response 
rate of 20% and a local control rate in the range of 10% -12%. However, 
patients selected for this type of treatment often had far-advanced disease. To 
control gross residual disease, the doses had to be very high (6000-8000 cGy), 
and the complications from subcutaneous fibrosis and neural injury were 
unacceptable [11, 12]. 

Suit et al. [13] and Lindberg et al. [14] concluded that radiation therapy 
would be more efficacious if only microscopic residual disease was left be
hind. These and subsequent studies showed that patients who received 5000-
6000 cG Y of radiation therapy following a local excision of their tumor had 
good control in 85% of cases. This improvement in local control eventually 
resulted in improved overall survival in these patients without the morbidity 
of an amputation. 

Suit et al. [15, 16] treated a series of patients at the Massachusetts General 
Hospital with 5000-6000 cGy of preoperative radiotherapy. Local recurrence 
rates were low (12% -15%), but there was an increased incidence of post
operative complications in the healing wound. The number of patients who 
required amputation was greatly reduced to a level of - 2%. Clearly, radia
tion therapy had a role to play in the treatment of these patients. 

Chemotherapy 

For many years, there were few, if any, chemotherapeutic agents that were 
useful in the treatment of soft tissue sarcomas. Cytoxan (cyclophosphamide), 
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vincristine, and actinomycin D were active for alveolar or rhabdomyosar
comas in children [17], but the response rate in adults to this regimen was 
poor. However, the introduction of doxorubicin changed this picture [18] (see 
Chapter 6). Although never used as the sole treatment for primary soft tissue 
sarcomas, doxorubicin has been used in conjunction with other treatment 
modalities for the treatment of primary tumors, as will be discussed shortly. 

Infusion chemotherapy 

The discovery of an effective chemotherapeutic agent led investigators to 
examine the effects of intra-arterial infusion or perfusion into the extremities 
of patients bearing soft tissue sarcomas. This concept of regional intra-arterial 
chemotherapy was suggested by Klopp et al. in 1950 [19] after examining 
local skin toxicity of inadvertant subcutaneous leakage of nitrogen mustard 
in patients receiving intravenous chemotherapy. The technique of isolation 
perfusion of an extremity was introduced by Ryan et al. in 1957 [20] and 
the technique was altered to hyperthermic isolated limb perfusion in 1967 
by Stehlin et al. [21]. The basic premise of this therapy was to deliver a high 
concentration of drug into an area that had been excluded from the general 
circulation by a tourniquet, thus avoiding systemic toxicity especially to the 
bone marrow. McBride at the M.D. Anderson Hospital [22] and Stehlin 
[23] reported their results obtained by isolated limb perfusion with LPAM 
(L-phenylalanine mustard) and actinomycin D in patients with soft tissue 
sarcomas. The tumor was excised after the drug treatments. They showed 
that isolated limb perfusion with these relatively inactive drugs was beneficial. 
The overall local control rate was 80% and the amputation rate was 10%. 

These limb perfusion techniques were interesting and had the theoretical 
advantage of delivering high concentrations of drug to the tumor. However, 
the technique is limited to patients with extremity tumors in the distal two
thirds of the leg or arm because of the need for application of the tourniquet. 
The procedure requires use of an operating room and at least 21f2 h of a cardio
pulmonary pump oxygenator in order to maintain a viable extremity. This, by 
necessity, limits the duration of exposure of the tumor to the drug to 1-2 h. In 
addition, doxorubicin (DX), the most active drug against sarcomas, could not 
be used because of the toxicity to normal tissues when given in high concen
trations, and the fact that DX precipitates in the presence of heparin, which is 
required during extracorporeal bypass. 

The concept of presurgical treatment of sarcomas was an attractive one. 
This allows for the initiation of systemic treatment of the tumor without the 
delay required for healing of a surgical wound. Effective treatment may allow 
regression of the primary tumor and facilitate limb salvage. The cells of the 
periphery of the tumor bed are the best perfused and best oxygenated and 
would be expected to be the most sensitive to preoperative therapy, and these 
are the cells that will be in closest proximity to surgical margins after excision. 
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Pretreatment also allows the clinician an opportunity to evaluate the in vivo 
sensitivity of the tumor to the chemotherapeutic agent, which may aid in 
selection of postoperative adjuvant therapy. 

Haskell et al. [24] described our first pilot study in which patients with soft 
tissue sarcoma were treated with continuous intra-arterial DX infusion for 72 
consecutive hours prior to excision. A percutaneous intra-arterial catheter 
was placed by the Seldinger technique into the major arterial supply to the 
tumor. DX was infused at the rate of 30 mg/day over 24 h for 3 consecutive 
days. In this original series of ten patients, the technique was shown to be 
feasible as there were no serious vascular complications. Pathological examina
tion of the resected specimens revealed - 50% necrosis after this therapy. 
The local control rate was good, but no definitive results could be obtained 
from this small study. This study did show, however, that DX could be given 
by continuous infusion in high concentrations with minimal systemic side 
effects. We learned that the catheter tip needed to be placed in a high-flow 
vessel in order to avoid the marked skin erythema and muscle necrosis that 
would occur if the therapy were given in smaller-diameter vessels such as the 
brachial or popliteal arteries. Injection of flourescein and use of a Woods 
lamp allowed us to assess the distribution of flow through the arterial line. 

Recognizing that radiation was most effective for microscopic disease and 
that DX was a very effective radiation sensitizer [25], we reasoned that adding 
radiation immediately after the infusion of DX might enhance the cytotoxic 
effect of the preoperative therapy. Therefore, the next ten patients were 
treated with the same regimen of intra-arterial DX, but this treatment was 
immediately followed by radiation therapy at a dose of 350 cGy/day for 10 
days for a total dose of 3500 cGy [26, 27]. The entire extremity was treated to 
encompass the muscle groups from origin to insertion. A strip of skin was 
spared opposite the primary tumors. Following completion of therapy, the 
patients underwent an en bloc resection of their tumor mass without amputa
tion. We found that tumor cell necrosis had increased to 85% following this 
therapy. There were few intraoperative problems and little radiation fibrosis 
as a result of this treatment. However, two patients had postoperative wound 
necrosis from attempts to close the wound primarily under tension. 

An additional series of 107 patients was then studied in order to determine 
the ability of this protocol to prevent local recurrence and salvage a viable 
extremity [1]. Of 107 patients studied, three (2.5%) had evidence of local 
recurrence with an overall survival of 65%. All patients in this series had 
lesions> 5 cm in diameter with 60% of lesions> 10 cm. All tumors were 
pathological grade III. Only two patients required amputation because of 
complications of therapy. However, the postoperative complication rate was 
- 35% with wound necrosis being the most commonly encountered problem 
(20%). 

In an attempt to reduce the incidence of local would problems, the dose 
of preoperative radiation therapy was reduced to 1750 cGy in the next 137 
patients. With this lower radiation dose, there was less tumor necrosis in the 
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resected specimen, and the local complication rate was reduced to half. How
ever, the incidence of local recurrence increased to 12 %. Therefore, the 
radiation therapy dose was adjusted upward to 2800 cGy in an attempt to 
improve the local control rate while avoiding the serious complications en
countered with the 3500-cGy dose. This has proven to be a satisfactory com
promise. The rate of complications has been reduced to 20%, most of which 
involve minor wound-healing problems that are managed conservatively. 
Only ten patients required reoperation for complications of the original sur
gery, and amputation has been required in two patients (2.6%). The overall 
survival in the combined group of patients is 79% with a follow-up of 1-12 
years (median, 3.7 years). 

Other investigators have reported the use of intra-arterial infusions using 
DX and other chemotherapeutic agents. Karakousis et al. at Roswell Park, 
who studied a series of patients treated by intra-arterial DX administered by 
slow bolus infusion, reported an average of 33% necrosis using this technique 
and had no complications of thrombosis [28]. More recently, Karakousis et al. 
have reported administration of intra-arterial DX into the extremity while 
blood flow was interrupted by means of a tourniquet [29]. The purpose was to 
trap the drug in the extremity in order to obtain a more uniform distribution 
of blood in the tissues of the extremity. A wide excision of the tumor was then 
carried out, and excellent local control of the tumor was achieved. 

Azzarelli et al. reported a series of 13 patients in which DX was given by 
continuous infusion for 8 days for a total dose of 100 mg/m2 . A resection was 
performed 6 days following completion of the therapy. Although no clinical 
response was observed (i.e., >50% decrease in size of the tumor mass), nine 
of 13 tumors showed> 50% necrosis in the resected specimen [30]. DiPietro 
et al. reported a series of 15 patients treated with prolonged intra-arterial 
infusion of DX. The patients received 0.3 mg/kg/day x 10 days or 0.4 mg/kg 
every other day for 20 days. They noted clinical responses in 12 of 15 patients 
with five tumors shrinking to less than half of their original size [31]. 

Summary 

The major factors affecting prognosis of patients with soft tissue sarcomas are 
local control, size of the primary tumor, and the grade of the tumor. The only 
factor that can be influenced following appropriate diagnostic procedures is 
local control. Surgery alone, even radical surgery or amputation, is insuf
ficient to control large, poorly diffentiated tumors in many cases. Preopera
tive therapy has been shown to be a highly effective method for local disease 
control. 

Intra-arterial therapy appears to have several advantages in the treatment 
of extremity sarcomas. (1) Intra-arterial therapy results in at least a sixfold 
increase in the concentration of drug in the blood perfusing the tumor. If 
combined with proximal occlusion of blood flow (balloon occlusion or tourni-
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quet occlusion), the concentration of drug being delivered to the tumor may 
increase by 30-fold [32]. This high local concentration of chemotherapy is 
achieved in most cases without the high systemic toxicity that would be re
quired by intravenous therapy. (2) Chemotherapy infusion prior to surgery 
allows administration of cytotoxic therapy through an undisturbed blood 
supply. This allows for an improved effect of therapy at the tumor margin, 
which is the area at risk for seeding the wound at the time of extirpative sur
gery. This may facilitate limb salvage in patients with bulky tumors. (3) Re
sponses to this preoperative therapy allows an in vivo evaluation of the efficacy 
of the drug against the individual tumor. This may aid in determining efficacy 
of using the drug for postoperative adjuvant therapy. (4) Preoperative therapy 
allows treatment of the tumor while awaiting construction of custom pros
theses, especially in patients with osteosarcomas of the extremities. (5) Even 
in patients who do not require a prosthesis, preoperative therapy begins sys
temic treatment without the delay of allowing the patient to recover from 
major surgery. Since many patients have undetectable metastatic disease at 
the time of diagnosis, this may eventually result in a longer overall survival for 
sarcoma patients. 

There are some questions about the systemic benefit derived from intra
arterial therapy. Since a significant amount of DX can bind on the first pass 
through the tumor bed, the dose that reaches the systemic circulation may be 
insufficient to treat undetectable metastatic disease. We have noted systemic 
responses in some patients receiving intra-arterial DX who had systemic dis
ease [33]. It appears that other drugs can be given in a high enough dosage 
intra-arterially that therapeutic levels of drug are found intravenously at the 
time of infusion. Further studies need to be conducted using concomitant 
intra-arterial and intravenous combinations of chemotherapy in order to find 
a combination that can be effective both locally and systemically. 

Preoperative therapy enhances local control of extremity soft tissue sar
comas while facilitating limb salvage surgery. Our protocol utilizing intra
arterial DX and radiation therapy has resulted in local disease control in 
98% of patients. Many variables need to be considered in further refining this 
treatment, including intravenous vs intra-arterial therapy, the addition of 
cisplatin (as is done by Azzarell; et al. [30]) or other agents to the regimen, 
and further changes in the dosage and scheduling of radiation therapy. 

The future should bring some exciting therapeutic changes for patients 
with soft sarcomas. Improvements in local therapy may enable even more 
conservative surgical procedures with the achievement of a better functional 
extremity, better local control of disease, and an improved overall survival. 
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9. Thermochemotherapy for soft tissue sarcoma 

F. Di Filippo, G.L. Buttini, A.M. Calabro, S. Carlini, D. Gianarelli, 
F. Moscarelli, F. Graziano, A. Cavallari, F. Cavaliere, and R. Cavaliere 

During the last century, there have been many reports concerning the clinical 
application of hyperthermia in the treatment of human cancers [1-4]. The 
positive responses observed, although unpredictable and often evanescent, 
stimulated investigators to understand the action mechanism of heat better in 
order to apply hyperthermia rationally in the clinical setting. Not until the 
1960s did in vitro and in vivo experiments demonstrate the selective heat sensi
tivity of cancer cells, and the first clinical applications of hyperthermic per
fusion confirmed the effectiveness of heat in treating cancer [5]. 

After this first clinical experience, loco regional and whole body hyper
thermic treatments largely expanded in clinical oncology and, more recently, 
new techniques such as nonionizing energies (microwave, radiofrequency, 
and ultrasound) have been employed in locoregional heating [6]. Notwith
standing advanced technology, two major limitations have been shown to 
hamper the therapeutic efficacy of hyperthermia: (a) difficulty in achieving a 
homogeneous cytotoxic temperature, simultaneously sparing normal tissues, 
and (b) thermo resistance [6-11]. These limitations prompted the combination 
of hyperthermia with other conventional therapies such as chemotherapy and 
radiotherapy in order to improve therapeutic efficacy [8-16]. As a matter of 
fact, many experimental in vitro and in vivo studies have shown that the as
sociation of heat with radiotherapy or chemotherapy results in a synergistic 
effect and, at present, only the combined treatments are clinically employed 
[7, 17-24]. 

Thermochemotherapy has been used in the treatment of a large variety of 
human cancers, and soft tissue sarcomas have been included in clinical trials. 

In our personal experience, hyperthermia has been combined with chemo
therapy in the treatment of locally aggressive or recurr.ent soft tissue sarcomas 
most frequently by perfusion in the case of limb localization, even if recently 
nonionizing energies have also been employed by many authors [23-25], with 
the same aim of improving regional control in association with conservative 
surgery and achieving palliation of unresectable tumors [17, 19,21,22,26]. 

The potential benefit from systemic hyperthermia has also been studied in 
metastatic soft tissue sarcomas in order to evaluate the potentiation of the 
anticancer effect of the same drugs [18, 27-29]. This chapter reviews the clini
cal experience in treating primary and metastatic soft tissue sarcomas with 
hyperthermia associated with chemotherapy. 

Pinedo, H.M., Verweij, J., eds. TREATMENT OF SOFT TISSUE SARCOMAS. 
© Kluwer Academic Publishers, Boston. ISBN: 0-89838-391-9. All rights reserved. 
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Hyperthermia-chemotherapy interaction 

It is a well-known fact that the association of hyperthermia and drugs can 
have an additive or synergistic effect [12-15, 30, 31]. Hyperthermia itself has 
a direct toxic effect on many cellular components or functions (DNA, RNA, 
protein synthesis, respiration) and can modify the membrane permeability or 
membrane transport, thus increasing drug uptake [12-14]. Furthermore, 
mild hyperthermia of 41°-42°C modifies tumor microcirculation, causing 
vasodilatation and increasing blood flow, resulting in a greater drug delivery 
to the tumor [32-34]. 

On the other hand, some antineoplastic drugs enhance the efficacy of heat in 
cancer killing by increasing the intracellular heat shock proteins that correlate 
with the appearance and decay of thermotolerance [35, 36]. 5-Thio-o-glucose 
and lonidamine, inhibitors of glucose metabolism, increase hyperthermia
induced cytotoxicity [37-39]; also quercetin-inhibiting lactate transport im
proves the tumoricidal effect of heat probably by exacerbating tumor cell 
acidosis [40-42]. 

Although our knowledge about the interaction of heat and chemotherapy 
is limited, many in vitro and in vivo experiments have provided useful infor
mation for the clinical application of thermochemotherapy. Hahn classified 
drugs into four categories by their interaction with heat [43-49]: 

Classes 
1. Drugs showing no threshold 

effect 
2. Drugs showing marked 

threshold effects 
3. Thermosensitizers 

4. Drugs showing no 
interaction with heat 

Agent 
Thiotepa, nitrosoureas, mitomycin, 

cisplatin 
Doxorubicin, bleomycin, actinomycin 

Cysteamine, amphotericin B, AET, 
lidocaine, poliamine 

Antimetabolites, methotrexate, 
5-fluorouracil, vincristine, and 
vinblastine 

To the first category belong cytotoxic agents that show a linear increase in 
cytotoxicity with increasing temperature [15, 40-44, 50]. The second category 
is represented by drugs that do not exhibit a linear cytotoxicity with heat, but 
do show a threshold temperature effect (42°-43°C) [12, 13, 46]. The third 
category of heat-interactive drugs consists of cytotoxic agents that have no 
cytotoxicity at 37°C, but become tumoricidal at higher temperatures [46-48]. 
Finally, there is a fourth group of drugs that show no change in cytotoxicity in 
a range of 37°-45°C [41, 46, 49]. 

The interactive mechanisms of hyperthermia-chemotherapy are quite 
complex and the association of the two modalities can result in a synergistic 
effect only if appropriately combined. Many in vitro and in vivo experiments 
have demonstrated that parameters most influencing the synergism are level 
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of hyperthermia, sequence, and timing. Some drugs (cisplatin [CDDP] and 
L-phenylalinine mustard [LP AM]) show a synergistic effect only at a tem
perature of 42°C [16] as well as only with the simultaneous application of heat, 
other timing sequences producing only an additive or adverse effect [15, 16]. 
These experimental results have been confirmed in our clinical experience by 
hyperthermic antiblastic perfusion, the maximum complete response being 
observed only in the case of application of a temperature ~41SC and a drug 
dose greater than or equal to the standard dose. 

Techniques 

Several techniques have been developed for local, regional, and whole body 
hyperthermia. 

Locoregional heating has been clinically carried out with hyperthermic 
perfusion, ultrasound, and electromagnetic waves. The technique of hyper
thermic perfusion has previously been described extensively [51]: basically, 
the blood circulating in an extracorporeal circuit equipped with oxygenator, 
pump, and heat exchanger acts as heat transfer in the region of the body where 
the tumor is located. More recently, new devices have been developed in 
clinical settings able to produce hyperthermia using different sources: (a) 
ultrasound operating in the frequency range of 0.3-6 MHz and (b) electro
magnetic waves (microwave or radiofrequency) in the frequency range of 
13-2450 MHz. Devices employing alternating electromagnetic fields can 
produce heat either by induction of electrical currents (inductive system) or 
by direct coupling of electromagnetic currents between applicators encom
passing the tissues to be heated (capacitive system). Clinical application has 
demonstrated that many of these devices are quite effective for heating super
ficiallesions; but, on the contrary, none of the devices developed for deep 
heating have proved to be reliable so far [52, 53]. 

Whole body hyperthermia induction techniques have been extensively 
reviewed by Milligan [54]. Three techniques for delivery systemic hyper
thermia are currently employed. The first utilizes direct contact between skin 
and some heat-transporting vehicles such as water, wax, or air. The second 
uses irradiation of body surface with nonionizing energy. The third technique 
is extracorporeal perfusion, which seems to be the most effective heating 
method for it allows a temperature of 41S-41.8°C to be reached within 
30-90 min [53-59]. 

Local hyperthermia by perfusion 

Regina elena institute experience. A total of 90 patients had been treated for 
soft tissue sarcomas of the extremities by July 1987. Table 1 shows the patient 
characteristics. At the time ofreferral, 55 (61.1 %) of 90 patients had a recur
rence of previously treated sarcomas. Most of the patients had developed 
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Table 1. Clinical characteristics of patients 

Parameters HP HAP 

Sex 
Male 13 38 
Female 9 30 

Age 
Median 41 52 
(min-max) 8-72 14-76 

Site 
Upper limb 9 15 

Arm 8 7 
Forearm 7 
Hand 1 

Lower Limb 13 53 
Thigh 8 30 
Leg 3 19 
Foot 2 4 

Histologic type 
Chondrosarcoma 4 1 
Liposarcoma 6 23 
m. f. histiocytoma 3 9 
Fibrosarcoma 7 9 
Sinovial sarcoma 7 
Malignant schwannoma 4 
Undetermined type 4 2 
Rhabdomyosarcoma 3 
Hemangiopericytoma 3 
Dermatofibrosarcoma 2 
Leiomyosarcoma 
Angiosarcoma 
Epithelial sarcoma 

HP, hyperthermic perfusion; and HAP, hyperthermic antiblastic perfusion. 

Total (%) 

51 
39 

52 
8-76 

24 (27%) 

66 (73%) 

5 
29 
12 
16 
7 
4 
6 
3 
3 
2 
1 
2 

multiple recurrences, up to five in several cases, following surgery alone or 
multimodality treatments, as shown in Table 2. 

Our first pilot study concerned 22 patients treated with hyperthermia as a 
single modality during limb perfusion. A minimum temperature of 42°C was 
always reached in all the tumoral areas and maintained for at least 2-4 h. Four 
postoperative toxic deaths occurred in this group. All of the remaining patients 
had a satisfactory tumor regression, enabling us to perform a delayed excision 
in 11 patients, whereas amputation was necessary in six patients. One patient 
refused further treatment and was soon lost to follow-up. The unacceptable 
mortality rate prompted us to lower the temperature applied, adding antineo
plastic drugs to the perfusional circuit because of the synergism between the 
two modalities when applied simultaneously. 

Since 1971, all patients (68 of 90) were treated by hyperthermic antiblastic 
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Table 2. Distribution of patients with recurrent disease according to previous treatment 

Previous treatment HP HAP Total 

Excision 10 24 34 
Radiotherapy 
Excision + radiotherapy 5 11 16 
Excision + chemotherapy 2 2 
Excision + radiotherapy + chemotherapy 2 2 

Total 16 39 55 

HP, hyperthermic perfusion (22 patients); and HAP, hyperthermic antiblastic perfusion (68 
patients). Patients with recurrent disease = 55/90 (61.1 %). 

perfusion (HAP) at muscle and tumor temperatures of 41°-41SC, never 
exceeding 41.8°C to avoid major complications. Melphalan (LPAM) (0.8 
mg/kg body weight) and actinomycin D (DACT, or dactinomycin) (0.015 
mg/kg body weight) were employed as antineoplastic drugs in the first series 
of 50 patients whereas, in the last 18 of 68, cisplatin (CDDP) with different 
schedules and dosages (2.5-3.2-5 mg/kg body weight, respectively) was em
ployed during HAP [60]. 

Eight of the 68 patients presented with visceral metastases besides local 
relapse; therefore, they were treated with palliative intent and not included in 
any treatment protocol. Two patients died in the postoperative period; all of 
the remaining 58 patients underwent further therapy according to different 
protocols as follows: (a) HAP + surgery, (b) HAP + i.a. doxorubicin (DX) 
+ surgery, and (c) HAP + radiotherapy + surgery. 

Intra-arterial (i.a.) DX continuous infusion was generally initiated within 
10 days after HAP; three cycles, 10 mg/day for 10 days each, were administered 
at 1O-day intervals, followed by delayed surgery. Radiotherapy was performed 
by using an external beam source within 4 weeks after HAP administration; 
all patients received a dosage varying from 45 to 65 Gy, depending upon local 
tolerance, and delayed surgery was carried out 3-4 weeks later. Table 3 shows 
the stratification of 58 patients according to the stage of disease and treat
ment. It must be emphasized that 42 (72.4%) of 58 patients were classified as 
having stage III or IVA disease (American Joint Commission for Cancer 
Staging and End Results Reporting classification) [61]. 

Major complications occurred principally in the first series of 22 patients 
treated with hyperthermic perfusion. In all the patients, there were local com
plications such as limb swelling and blistering, and sometimes massive limb 
edema requiring fasciotomy or amputation. Four toxic deaths (18.8%) oc
curred in this group due to myocardial infarction, massive hemorrhage secon
dary to iliac artery rupture, and two acute renal failures. 

In the group of 68 patients treated with HAP, the mortality rate was reduced 
to an acceptable minimum: two toxic deaths occurred (2.9%), both before 
1975, due to hemorrhage after iliac arterial rupture and myocardial infarction, 
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Table 3. Distribution of patients treated with HAP according to stage and treatment protocols 
(patients included, 58) 

Stages 

Treatment (HAP +) II III IVA Total 

Excision 3 3 7 4 17 
Amputation 3 9 13 
DX i.a. infusion + excision 3 2 7 5 17 
Radiotherapy + excision 2 2 3 4 II 

Total 8 8 20 22 58 

DX, doxorubicin; and HAP, hyperthermic antiblastic perfusion. 

respectively. Regarding morbidity, only two amputations were directly re
lated to perfusion in the group treated with HAP plus surgery. One patient 
treated with HAP plus i.a. DX infusion and surgery developed arteritis with 
progressive arterial insufficiency that required amputation 14 months after 
perfusion; one patient treated with HAP plus radiotherapy and surgery de
veloped post actinic necrosis of the femur that required amputation 30 months 
after perfusion. Four patients had venous thrombosis that promptly recovered 
with standard therapy. Chronic renal insufficiency and moderate, but irrever
sible, neuropathy occurred in two patients treated with high-dose CDDP 
(5.0 mg/kg body weight) during HAP; since both local and systemic toxicities 
seemed strictly CDDP-dose related, in our experience 3.2 mg/kg body weight 
resulted in a safe therapeutic dose for temperatures not exceeding 41 o-41.S°C. 

Patients were evaluated in terms of local control, percentage of conserva
tive treatments, and disease-free and overall survival. Actuarial survivals 
were calculated using the Berkson-Gage method [62]. Functional results 
regarding limb salvage protocols were also evaluated. 

When all patients were evaluated regardless of the treatment protocol, the 
5- and lO-year disease-free and overall survivals were 41.8% -36.9% and 
60.7% -48.8%, respectively. Of the 22 patients treated with hyperthermic 
perfusion followed by surgery, only 16 can be evaluated, as mentioned before, 
and the 5- and lO-year survival rates were 43.7% and 31.2%. 

Only 58 of the 68 patients were treated with HAP have been evaluated. As 
far as the survival rate is concerned, our results confirm that long-term cure is 
strictly related to the stage regardless treatment protocol (Table 4). On the 
other hand, the assessment of results according to treatment sequence shows 
significant differences and, since the groups are well balanced for stage of 
disease, these differences should be correlated with the various effectiveness 
of treatments. 

Regarding the 5- and lO-year locoregional control, results of treatment 
are reported in Table 5. HAP and surgery produced unsatisfactory results, 
whereas DX infusion or radiotherapy administered between perfusion and 
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Table 5. Locoregional control according to treatment 

Treatment 

HAP + surgery 
HAP + DX i.a. infusion + surgery 
HAP + XRT + surgery 

5 years (%) 

75.1 
84.2 

100 

10 years (%) 

75.1 
'84.2 
100* 

DX, doxorubicin; HAP, hyperthermic antiblastic perfusion; and XRT, radiotherapy. 
* Control estimated at 8 years. 

Table 6. Percentage of conservative surgery according to treatment protocol 

Protocol 

HAP 
HAP + DX infusion 
HAP + XRT 

Conservative surgery 

17/30 (56.7%) 
15/16 (93.7%) 
10110b (100%) 

Demolitive surgery 

13/30 (43.3%) 
1I16a (6.3%) 

DX, doxorubicin; HAP, hyperthermic anti blastic perfusion; and XRT, radiotherapy. 
a One patient excluded because of amputation for progressive arteritis 14 months after HAP. 
b Patient excluded because of amputation for post actinic necrosis 30 months after HAP. 

surgery yielded better locoregional control; the increased effectiveness of these 
two protocols also permitted a higher percentage of conservative surgery, as 
shown in Table 6. On the other hand, limb function was not impaired by these 
multistep treatments. 

Table 7 presents the 5- and lO-year disease-free and overall survival rates. 
It must be emphasized that, also in terms of survival, more aggressive loco
regional treatments produced better results. 

Other clinical investigations. The wide clinical experience with hyperthermic 
antiblastic perfusion for soft tissue sarcoma should lead to an assessment of 
the real efficacy of HAP. Unfortunately, from the data reported in Table 8, it 
is readily apparent that there are many differences related to patient charac
teristics and treatment protocols. Different classifications have been used, as 
staging system and patients were not always stratified according to the stage 
of disease. Temperatures used during perfusion were not homogenous, rang
ing from 38° to 41°C. 

Lethi et al. [21] and Stehlin et al. [22], after HAP administration, employed 
radiotherapy (30 and 50 Gy, respectively) before surgery; also the tumor was 
not always removed after HAP [21] even though all of the authors agree that 
surgery has to be performed after perfusion because this permits conservative 
rather then demolitive surgery. 

Despite the above-mentioned difficulties in comparing results obtained by 
HAP, some positive conclusions can be made. This technique alone or asso
ciated with radiotherapy permitted a high percentage of conservative surgery 
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(94 % -100% ); the effectiveness of HAP in locoregional control of the disease 
is further suggested by the low incidence or recurrence (7%-21 %) even in 
cases where demolitive surgery was not carried out. Finally, the 5-year over
all 69% - 75% survival rate is quite satisfactory in relation to the high-risk 
patients treated. 

Local hyperthermia by nonionizing energies 

Local hyperthermia by nonionizing energies has been extensively applied in 
the treatment of superficial and deep lesions primarily in association with 
radiotherapy. However, there are only a few reports concerning the thermo
chemotherapy of soft tissue sarcomas. 

Jabboury et al. [23] treated 12 advanced soft tissue sarcoma patients for a 
total of 20 lesions, half of which recurred after definitive radiotherapy; 13 
lesions were superficial and seven were deep seated. Hyperthermia was carried 
out with radiofrequency and/or ultrasound. Seven lesions were treated with 
hyperthermia alone, whereas chemotherapy (CDDP) was added to treatment 
of 13 lesions. A temperature range of 41S-50°C was reached in all of lesions 
during all of the treatments. An objective response was observed in 50% of 
the lesions (four complete and six partial remissions), with a median duration 
of 41J2 months. Interestingly, objective responses were observed in lesions 
treated with a higher temperature (46.6°C) while lower average temperatures 
(43SC) were attained in lesions that remained stable. 

Storm et al. [25], in their multicenter trial of magnetic induction hyperther
mia (radiofrequency) reported the results in 130 soft tissue sarcoma patients 
treated with heat combined with chemotherapy or radiotherapy. Objective 
response was obtained in 23% of the patients; unfortunately it is not specified 
which treatments (thermoradiotherapy or thermochemotherapy) are responsi
ble for which responses. Nevertheless, it is interesting to note that, in patients 
who had previously failed to respond, the same chemotherapy caused tumor 
regression when combined with hyperthermia. 

Systemic thermochemotherapy 

Systemic thermochemotherapy has been employed in the treatment of meta
static soft tissue sarcomas. Whole body hyperthermia has been achieved by 
either extracorporeal circulation or warm blankets. Applied temperatures 
ranged 40°-43°C and were mantained for 2-5 hs. Antineoplastic drugs com
bined with hyperthermia were CDDP, BCNU, VP-16 (etoposide), CTX 
(Cytoxan, or cyclophosphamide), and DX, usually administered as soon as 
the target temperature was reached. Thus far, 34 patients have been treated 
with systemic thermochemotherapy. Complete response was observed in 
three patients (8.8%) and a partial response was obtained in eight patients 
(23.5%). The observed responses lasted from 2 to 12 months, with Gerad et 
al. [28] reporting the largest percentage of long-term responders. 
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Discussion and conclusions 

There is substantial in vitro, in vivo, and clinical evidence indicating that 
hyperthermia has significant anticancer activity, especially when combined 
with chemotherapy. This combination has been employed in the treatment of 
soft tissue sarcomas that often are aggressive with a subclinical locoregional 
spread before systemic dissemination [63, 64]. 

Theoretically, hyperthermic antiblastic perfusion (HAP) seems to be a 
technique tailored to the treatment of soft tissue sarcomas of the extremities 
for several reasons: (1) Perfusional treatment involves the entire tumor
bearing limb, with possible control of micrometastatic foci. (2) The technique 
permits achievement of a homogeneous elevated temperature that can have a 
tumoricidal effect. (3) Concentrations of antineoplastic drugs 6-10 times 
greater than those given systemically can be injected into the perfusional 
circuit with an increased tumor drug uptake [60]. (4) Elevated temperature 
and drugs potentiate each other's activity. (5) Finally, the tumor mass "shrink
age" after HAP can permit conservative rather than demolitive surgery. 

In our experience, HAP did not produce satisfactory locoregional control; 
conversely to what occurred in osteogenic sarcomas, this could be explained 
by the characteristics of the patients included in our trial. As matter of fact, 
many patients had been previously treated with surgery, radiotherapy, and/or 
chemotherapy: the first two treatments can reduce the blood circulation and 
drug uptake, due to sclerosis, while tumors previously treated with chemo
therapy can become less responsive to further treatments. 

Moreover, 23 (76.6%) of 30 patients in this series were in stage III - IVA, 
with a high risk of relapse. The association of i.a. DX infusion or radio
therapy with HAP before tumor removal permitted better locoregional control 
and a greater percentage of conservative surgery (Tables 5 and 6) without 
impairing limb function. The same results have been reported by Lethi et al. 
[21] and Stehlin et al. [22]. It is conceivable to hypothesize that the potential 
efficacy in tumor control can be further improved by using more specific drugs 
for soft tissue sarcomas, other than LPAM and DACT, which really demon
strated poor activity when used as single agents in treating soft tissue sarcomas 
[65-67]. Therefore, significant therapeutic gain could be derived from the use 
of DX, which, besides ascertained synergism with heat, has a well-documented 
tumor specific activity [19-22, 68]. 

As far as survival is concerned, trials employing HAP have obtained quite 
satisfactory results, rates ranging 65% - 75% at 5 years. There are two main 
considerations in evaluating these results: (a) In most of the reported series, 
half of the patients had recurrences and it is known that local relapse is fol
lowed by pulmonary metastases in 30% -60% of these patients [63, 64]. (b) 
None of the patients treated with HAP underwent systemic chemotherapy 
which, in some clinical randomized trials, has proven to increase both disease
free and overall survival [69]. 

A reliable assessment of results obtained by local hyperthermia with non-
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ionizing energies and systemic hyperthermia both associated with chemo
therapy is difficult because too few and nonhomogeneous groups of patients 
have been treated with these modalities so far. 

Difficulty in reaching elevated and homogeneous temperatures and reli
able monitoring of heating during treatment of deep-seated tumors are the 
two main limitations of the hyperthermic treatment with nonionizing energies. 
Reaching an elevated an temperature is crucial in determining tumor response; 
in the report by Jabboury et al., objective responses were observed in lesions 
treated with high temperatures (46.6°C) while stable lesions were achieved at 
low average temperatures (43 SC). These data are consistent with those 
reported by Storm et al. [25), who obtained objective responses when com
bining hyperthermia with the same drugs that had already been ineffective 
when normothermally administered. 

A few pilot studies have been made on the clinical application of systemic 
hyperthermia and chemotherapy. Two main limitations hamper the potential 
effectiveness of these two modalities when systemically applied: level of 
hyperthermia and drug dose. In fact, the temperature usually cannot exceed 
42°C (Table 9), to avoid cardiovascular and cerebral complications; on the 
other hand, the relatively low temperatures applied cannot be compensated 
for by elevated drug dosages because their systemic administration could be 
fatal to the patients. Nevertheless, complete and partial responses (11 of 31) 
have been reported by Bull et al. [27), Gerad et al. [28), Herman et al. [29), 
and Barlogie et al. [40] in previously treated patients, even though the re
sponse was not long lasting. In terms of cost benefit, it is difficult to assess the 
effectiveness of systemic thermo chemotherapy in the treatment of metasta
tic soft tissue sarcomas, but at present further controlled investigations are 
warranted in selected patients and at experienced centers. 

In conclusion, thermo chemotherapy plays a major role in treating soft 
tissue sarcomas by achieving loco regional control by perfusion; whole body 
hyperthermic perfusion as well as nonionizing energies associated with chemo
therapy require more technological hardware, and phase III studies are 
warranted to better select patients who can really benefit from these com
bined treatment modalities. 
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13 
Grading of soft tissue sarcomas, 13-14 

American Joint Commission (AJC) staging 
system for, 42-43, 45-46 

Musculoskeletal Tumor Society (MTS) 
staging system for, 39, 45-46 

unified system proposal for, 47 -48 

Head and neck soft tissue sarcoma 
computed tomography (CT) of, 28-29 
pseudocapsule in, 29 

Hemangiopericytoma 
distribution of, 2 
pathology of, 8 

Hemangiosarcoma of spleen, imaging of, 31 
Hexamethylmelamine, cyclophosphamide, 

doxorubicin, and cisplatin regimen, 87 
Histiocytoma, differential diagnosis of, 4 
Hyperthermia 

categories of drugs in, 112 
chemotherapy interaction with, 111, 

112-113 
limitations of, 111, 124 
radiation with, 70, 72 
techniques in, 113-122 

Idarubicin,77 
Ifosfamide (ITOS) 

doxorubicin (OX) combined with, 83-84, 
87,88 

doxorubicin (OX) and OTIC combined 

with, 84-85, 88,100 
single-agent use of, 78 

Imaging systems, see ~iagnostic imaging 
Induction chemotherapy, 87-88 
Inferior vena cava leiomyosarcoma, 31 
Infusion chemotherapy, 105 -1 07, 108 
Interferon, 80 
Intra-arterial chemotherapy 

advantages of, 107-108 
preoperative, 103-108 

Isotope scanning, 25-26 

Kaposi's sarcoma, 8 
Keratin 

extraskeletal osseous tumors with, 13 
synovial sarcoma with, 9 

Large bowel leiomyosarcoma, 32 
Larynx sarcoma, 29 
Leiomyosarcoma 

diagnostic imaging of, 31,32 
distribution of, 2 
grading of, 14 
inferior vena cava, 31 
large bowel, 32 
pathology of, 7-8 
small intestine, 32 

Lidocaine, hyperthermia with, 112 
Limb and limb girdle sarcomas 

diagnostic imaging of, 32-34 
surgery for, 53-61 

Lipoblasts, liposarcoma with, 4 
Lipoma 

computed tomography (CT) of, 27 
magnetic resonance (MR) of, 28 
xeroradiography in, 24 

Liposarcoma 
classification of, 4 
computed tomography (CT) of, 27, 32 
diagnostic techniques for, 4 
differential diagnosis of, 4 
distribution of, 2, 32 
grading of, 14 
magnetic resonance (MR) of, 28 

Lonidamine,112 
LPAM 

hyperthermia with, 113, 115, 123 
infusion chemotherapy with, 105 

Lymphangiography, 25 
Lymph node metastases 

incidence of, 23 
radiation therapy and, 66 

Lymphoma, differential diagnosis of,4 

Magnetic resonance (MR), 27-28 
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computed tomography (CT) compared with, 
28 
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limb sarcomas on, 34 
retroperitoneal soft tissue sarcomas on, 31 
thorax and breast soft tissue sarcoma on, 29 

Malignant fibrous histiocytoma (MFH) 
breast, 30 
concept of origin of, 3 
diagnosis of, 3-4 
differential diagnosis of, 3-4, 7 
distribution of, 2, 32 
grading of, 13-14 
histological patterns within, 3 

Malignant fibroxanthoma, 3; see also 
Malignant fibrous histiocytoma (MFH) 

Malignant peripheral nerve sheath tumors 
(MPNST) 

cell types in, 5-6 
differential diagnosis of, 6 
distribution of, 2 
pathology of, 6-7 

Mammography, breast sarcomas on, 30 
Melphalan (LP AM) 

hyperthermia with, 113, 115, 123 
induction chemotherapy with, 105 

Metastases 
American Joint Commission (AJC) staging 

system with, 43, 47 
computed tomography (CT) of, 27 
hyperthermia with, 115, 121 
isotope scanning of, 25 

Musculoskeletal Tumor Society (MTS) 
staging system for, 39, 40, 47 
unified staging system proposal for, 47- 48 

Methotrexate, hyperthermia with, 112 
Mitomycin, with hyperthermia, 112 
Mitoxantrone, 77-78,80 
Mixed mesodermal sarcomas (MMS), 

combination chemotherapy with, 85-87 
Multidrug-resistant (MDR) phenotype, with 

doxorubicin (DX), 76 
Musculoskeletal sarcomas 

diagnostic imaging of, 32-34 
staging of, 39-48 

Musculoskeletal Tumor Society (MTS) staging 
system, 39-41 

grading under, 39, 45-46 
metastasis under, 39, 40, 47 
site and/or size under, 46-47 

Myofibrosarcoma, 9 
Myoglobin, rhabdomyosarcoma with, 4 

Nasopharynx sarcoma, 29 
Negative pion therapy, 70 
Nephrotic syndrome, 31 
Nerve sheath tumors, malignant, see 

Malignant peripheral nerve sheath tumors 
(MPNST) 

Neuroblastoma 
differential diagnosis of, 4 

extraskeletal osseous tumors with, 13 
Neurofilament, malignant fibrous histiocytoma 

(MFH) with, 3 
Neuron-specific enolase, alveolar soft part 

sarcoma with, 12 
Nitrosaureas, with hypertherma, 112 

Orbital soft tissue sarcoma, 29 
Osteosarcoma 

distribution of, 2 
pathology of, 12 

Paraneoplastic syndrome, 23 
Perineurial cell, malignant peripheral nerve 

sheath tumors (MPNST) with, 5, 6 
L-phenylalanine mustard (LP AM) 

hyperthermia with, 113, 115, 123 
induction chemotherapy with, 105 

Phosphorus C1p) magnetic resonance (MR), 
28,34 

Poliamine, hyperthermia with, 112 
Proton beam radiation therapy, 69 
Proton magnetic resonance (MR), 28 
Pseudocapsule, in head and neck soft tissue 

sarcoma, 29 
Psychological sequelae to surgery, 60-61 
Pulmonary metastases 

hyperthermia with, 123 
surgery for, 23 

Radiation therapy, 65-72,104 
chemotherapy with, 72 
doxorubicin (DX) with, 85 
early use of, 65-66 
hyperthermia with, 70, 72 
limb and limb girdle sarcomas with surgery 

and,53-58 
lymph node involvement and, 66 
retroperitoneal soft tissue sarcomas with, 61 
specific tumors with, 70-71 
staging systems with, 66 
subcutaneous tumors with, 52 
surgery with, 51, 66-69, 71-72 
techniques in, 69-70 

Retroperitoneal soft tissue sarcomas 
diagnostic imaging of, 30-31 
intra-arterial chemotherapy for, 103 
surgery for, 61-62 

Rhabdomyosarcoma 
American Joint Commission (AJC) staging 

system with, 42 
chemotherapy for, 105 
differential diagnosis of, 3, 10-11 
distribution of, 2, 32 
lymph node metastases in, 23 
markers in diagnosis of, 4-5 
subtypes of, 4 



Schwann cell, malignat peripheral nerve 
sheath tumors (MPNST) with, 5-6 

Small intestine leiomyosarcoma, 32 
Soft tissue chondrosarcoma, 12 
Soft tissue sarcomas 

basic histological patterns of, 1 
classification of, 2-13 
diagnostic difficulties of, 1 
frequency of, 2 
grading of, 13 -14 
pathology of, 1-14 
staging systems for, 13 

SIOO protein 
alveolar soft part sarcoma with, 12 
clear cell sarcoma with, 11 
liposarcoma with, 4 
malignant peripheral nerve sheath tumors 

(MPNST) with, 6 
Spinal cord, and proton beam radiation 

therapy, 69 
Spindle cells, synovial sarcoma with, 9-10 
Spleen hemangiosarcoma, 31 
Staging systems 

American Joint Commission (AJC) system 
for, 41-45, 93 

Musculoskeletal Tumor Society (MTS) 
system for, 39-41 

musculoskeletal tumors, 39-48 
radiation and, 66 
soft tissue sarcomas, 13 
unified system proposal for, 47-48 

Stomach sarcomas, diagnostic imaging of, 
31-32 

Surgery, 51-62 
amputation in, 60 
biopsy in, 52-53 
chest and abdominal wall sarcomas and, 62 
classification by site of, 51-52 
dermatofibrosarcoma protuberans with, 71 
flap reconstruction in, 57-58 
functional and psychological sequelae of, 

60-61 
head and neck sarcomas and, 62 
intra-arterial chemotherapy before, 103-

108 
limb and limb girdle sarcomas and, 53-61 
pathological anatomy in relation to local 

treatment under, 51-52 
pulmonary metastases and, 23 
radiotherapy interaction witli, 53-58, 

66-69,71-72 
regional chemotherapy interaction with 

59-60 
retroperitoneal sarcomas and, 61-62 

Synovial sarcoma 
American Joint Commission (AJC) staging 

system with, 42 
differential diagnosis of, 6 

distribution of, 2, 32 
pathology of, 9-10 
prognosis of, 10 

Technetium-99m scanning, 25 
Temporomandibular joint sarcoma, 29 
Thermochemotherapy, 111-124 
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chemotherapy interaction with, 112-113 
limitations of, 111, 124 
techniques in, 113-122 

5-thio-D-glucose, 112 
Thiotepa, 112 
Thorax soft tissue sarcoma, diagnostic imaging 

of, 29-30 
Tomography, 24 

Ulex lectin 
angiosarcoma with, 8 
epithelioid hemangioendothelioma with, 8 

Ultrasound, 26 

Vascular tumors, pathology of, 8 
Vimentin 

epithelioid sarcoma with, 11 
extraskeletal osseous tumors with, 13 
malignant fibrous histiocytoma (MFH) with, 

3 
malignant peripheral nerve sheath tumors 

(MPNST) with, 7 
Vinblastine, hyperthermia with, 112 
Vincristine, 105 

cyclophosphamide-adriamycin 
( doxorubicin)-DTI C combined with, 
82-83,84,87,88 

doxorubicin (DX) (adriamycin) and 
cyclophosphamide (CTX) with, 81-82 

hyperthermia with, 112 
Vindesine, in DCP A V combination, 87 
von Recklinghausen's neurofibromatosis 

(VRN),5 
VP-16 (etoposide) 

hyperthermia with, 121 
single-agent use of, 80 

Whole body hyperthermia, 113 

Xeromammography, 30 
Xeroradiography, 23-24 

Zprotein 
alveolar soft part sarcoma with, 11 
rhabdomyosarcoma with, 5 
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