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Abstract
AIM: To obtain an accurate evaluation of the association 
between high expression of epithelial cellular adhesion 
molecule (EpCAM) and gastric cancer (GC) risk.

METHODS: Studies that had examined the association 
between high expression of EpCAM and GC risk were 
identified by searching electronic databases PubMed, 
EMBASE, Cochrane library and Chinese Biomedical 
Literature database. Risk ratios (RRs) together with their 
95%CIs were used to assess the association between 
high expression of EpCAM and GC risk. We selected 
eligible studies based on inclusion criteria. RevMan 5.3 
software was used to calculate the pooled values.

RESULTS: A total of 14 studies were included in this 
meta-analysis. EpCAM-positive cases were significantly 
associated with tumor size (RR: 1.68, 95%CI: 1.47-1.91, 
P  < 0.00001 fixed-effect), depth of invasion (RR: 1.37, 
95%CI: 1.11-1.68, P  = 0.003 random-effect), TNM 
stage (RR: 2.02, 95%CI: 1.35-3.02, P  = 0.0007 random-
effect), tumor location (RR: 0.80, 95%CI: 0.71-0.91, 
P  = 0.0007 fixed-effect), histologic differentiation (RR: 
1.23, 95%CI: 1.13-1.33, P  < 0.00001 fixed-effect) and 
lymph node metastasis (RR: 1.89, 95%CI: 1.28-2.80, P 
= 0.001 random-effect). However, we did not observe 
any significant association between the presence of 
EpCAM with age, gender, distant metastasis, Borrmann 
type or Lauren classification. Additionally, EpCAM 
expression was not associated with the overall survival 
rate. The pooled HR of the overall effect was 1.39 
(95%CI: 0.30-6.48, P  = 0.67 random-effect).

CONCLUSION: Our meta-analysis indicates that EpCAM 
contributes to GC risk, which acts as a prognostic factor 
and a marker of poor outcome.

Key words: Epithelial cellular adhesion molecule; Gastric 
cancer; Prognosis; Progression; Meta-analysis
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Core tip: This meta-analysis aimed to obtain an accurate 
evaluation of the association between high expression of 
epithelial cellular adhesion molecule (EpCAM) and gastric 
cancer (GC) risk. EpCAM-positive cases were significantly 
associated with tumor size, depth of invasion, TNM stage, 
tumor location, histologic differentiation and lymph node 
metastasis. EpCAM contributed to GC risk, and acted as a 
prognostic factor and a marker of poor outcome.

Xiao YB, Xi HQ, Li JY, Chen L. Expression of epithelial cellular 
adhesion molecule in gastric cancer: A meta-analysis. World J 
Meta-Anal 2016; 4(1): 1-9  Available from: URL: http://www.
wjgnet.com/2308-3840/full/v4/i1/1.htm  DOI: http://dx.doi.
org/10.13105/wjma.v4.i1.1

INTRODUCTION
Although gastric cancer (GC) rates have decreased 
substantially in the past few decades, it remains the 
second most common cause of cancer-related death 
worldwide[1]. Patients with GC have a poor prognosis, 
especially those with advanced stage disease. The most 
common cause of this phenomenon is the advanced 
stage of most cases at the time of initial diagnosis. 
Additionally, tumor cell spread has occurred in some 
cases[1,2]. Currently, surgery is the primary treatment 
strategy for localized advanced GC, with an average 
5-year survival rate of 20%-30%; however, for un-
resectable disease such as metastatic or recurrent 
GC, chemotherapy is regarded as a basic therapeutic 
approach[1].

The efficacy of current chemotherapeutic agents is still 
unsatisfactory and these agents with poor specificity have 
significant side effects. Consequently, multimodality 
therapy options are needed to improve the prognosis of 
GC. This necessitates finding new adjuvant therapeutic 
targets and prognostic markers for GC patients.

The epithelial cellular adhesion molecule (EpCAM) is 
a 37-42 KDa, 314-amino-acid type I transmembrane 
glycoprotein with two epidermal growth factor-like 
repeats in the external domain and two α-actin binding 
sites for actin cytoskeleton linkage in the intracellular 
domain[2]. The 9-exon gene TACSTD1, which has been 
mapped to chromosome 2p21, encodes it. EpCAM 
functions as a homotypic intracellular adhesion molecule. 
It is interconnected with E-cadherin during the process of 
epithelial cell adhesion[2,3].

EpCAM is expressed in most normal epithelial tissues 
on the basolateral membrane and overexpression of 
EpCAM has been detected in a variety of epithelial 
cancers[4]. EpCAM was found to be overexpressed in 
colon cancer tissues, breast cancer squamous cells, 
ovarian carcinomas and most human adenocarcinomas. 

Because its overexpression has effects on differentiation, 
cell proliferation, signaling and migration, EpCAM can be 
used as a marker to predict recurrence and metastasis of 
the tumor and influence survival of cancer patients[5].

Furthermore, EpCAM has been considered as a 
target antigen for a number of specific immunotherapies 
because of its frequent and high-level expression[6,7]. 
Catumaxomab, an EpCAM monoclonal antibody, has 
been used for the intraperitoneal treatment of malignant 
effusion in patients with EpCAM-positive cells since 2009. 
Catumaxomab also had a significant overall survival (OS) 
benefit in GC patients[8]. However, the role of EpCAM 
in GC is still unclear. Although several studies showed 
high expression of EpCAM in GC[6-10], which was related 
to cancer progression and survival prognosis, there is 
no comprehensive study on the correlation of EpCAM 
expression with survival prognosis or the effects of 
EpCAM expression on clinicopathologic characteristics in 
GC patients. Thus, this meta-analysis was conducted to 
determine the association between high expression of 
EpCAM and clinicopathological features and progression 
as well as prognosis of GC.

MATERIALS AND METHODS
Literature search strategy
We conducted a comprehensive literature search in 
PubMed, EMBASE, Cochrane library and Chinese Biom-
edical Literature databases. There was no restriction on 
time period, sample size, population or languages. The 
search terms included “Stomach Neoplasms” OR “Gastric 
Neoplasms” OR “Stomach Cancer” OR “GC” OR “Stomach 
Carcinoma” OR “Gastric Carcinoma” AND “EpCAM” OR 
“epithelial cellular adhesion molecule”. The search was 
limited to studies in humans. All eligible studies were 
retrieved and their references were scanned for other 
relevant studies. Two reviewers (Yi-Bin Xiao and Hong-
Qing Xi) independently screened titles and abstracts of 
all citations. When multiple articles were reported on the 
same or overlapping data, we selected the study that 
investigated the most individuals or the most recent 
study.

Inclusion and exclusion criteria
Articles were considered if: (1) they provided information 
on GC verified by pathological examination; (2) they 
provided information on case control or cohort studies 
that evaluated the association between EpCAM expression 
and GC; (3) no preoperative chemotherapy and/or 
radiotherapy was administered to patients; (4) they had 
available data for estimating risk ratio (RR) (95%CI); and 
(5) the control population did not contain patients with 
malignant tumors. 

Studies were excluded if they: (1) had no control 
population; (2) were duplicates of an earlier publication; 
(3) reported insufficient data; (4) had cell or animal 
experiments; and (5) were letters, reviews, case reports 
and conference abstracts without original data or articles 
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published in a book.

Data extraction
Two investigators (Yi-Bin Xiao and Hong-Qing Xi) reviewed 
all articles. Then the first investigator extracted the following 
information according to the prespecified selection criteria: 
(1) Publication details, including first author’s name, year 
of publication and publication journal; (2) Characteristics of 
the studied population, including country, ethnicity, number 
of cases and controls; and (3) Number and characteristics 
of different clinical and pathologic parameters of both 
the gastric patients and their control group, including 
age, gender, tumor size, depth of invasion, TNM stage, 
tumor location, distant metastasis, Borrmann type, Lauren 
classification, histologic differentiation and lymph node 
metastasis.

Discrepancies between the two investigators were 
resolved through consensus discussion.

Quality assessment
The quality of the studies was assessed according to 
the Newcastle-Ottawa Scale (NOS) by two investigators 
(Yi-Bin Xiao and Hong-Qing Xi) independently. The scale 
includes three major classifications: Selection, com-
parability and outcome. A maximum score of 1 was 
graded for each item, except for comparability, where a 
score of 2 was allowed to be graded. Scores ranged from 
0 (lowest) to 9 (highest) and studies that scored equal to 
or higher than 7 points were assigned as “high-quality” 
studies, whereas those with scores less than 7 were 
considered “low-quality” studies. Any disagreement was 
resolved through consensus discussion.

Statistical analysis
The association between EpCAM and GC risk was 
evaluated using hazard ratio (HR, 95%CIs) for time-to-
event data (OS) and (RR, 95%CIs) for dichotomous data 
(various adverse events). Cochran’s χ2-based Q test and 
Higgins I2 statistics were used to check heterogeneity 
among studies. I2 lay between 0 and 10%, and a value of 
0% meant no observed heterogeneity, with larger values 
indicating increasing heterogeneity. P < 0.05 or I2 >50% 
was considered statistically significant. A value of 0% 
indicated no observed heterogeneity, and larger values 
showed increasing heterogeneity, with 25% indicating 
low, 50% indicating moderate, and 75% indicating high 
heterogeneity (Higgins, Thompson, Deeks, and Altman, 
2003).

We selected the fixed-effect model (the Mantel-
Haenszel method) if there was no significant heterogeneity. 
Otherwise, we selected the random-effect model (the 
DerSimonian and Laird method) if heterogeneity existed 
and could not be explained or corrected. Begg’s funnel 
plots were used to examine potential publication bias 
in this study. For the pooled analysis of the correlation 
between EpCAM expression and clinicopathological 
features, RRs and their 95%CIs were used to assess 
the effect. All the statistical tests were performed using 

RevMan5.3 (Cochrane collaboration, Oxford, United 
Kingdom) software. Kaplan-Meier curves were read 
using an Engauge Digitizer 4.1. P < 0.05 was considered 
statistically significant. HRs or RRs > 1 meant a worse 
prognosis for GC patients with EpCAM overexpression and 
were considered to be statistically significant if the 95%CI 
did not overlap 1. In addition, sensitivity analysis was 
conducted by sequential omission of individual studies to 
evaluate the stability of the results.

RESULTS
Literature search and characteristics
A flow diagram of the literature search is shown in 
Figure 1. The initial search yielded a total of 190 studies 
according to the search criteria. A total of 28 potential 
relevant studies were recruited into this meta-analysis. 
Of these studies, three were excluded because they 
contained overlapping data. Another 11 studies were 
excluded because they were unable to offer EpCAM-
specific data for calculating HRs or RRs according to the 
described method. A total of 14 studies that met the 
inclusion and exclusion criteria were included. Three 
studies reported an association between EpCAM and the 
5-year survival rate[7,11,12], and 13 studies[1-11,13,14] were 
chosen to demonstrate the connection between EpCAM 
expression and clinical features. As a result, we did not 
find any additional articles using a manual search of 
references cited in the published studies. The details of 
the articles are summarized in Tables 1 and 2.

Correlation of EpCAM with clinicopathological 
parameters
Thirteen studies reported correlations between EpCAM 
expression and some clinical characteristics of GC 
(including age, gender, tumor size, depth of invasion, 
TNM stage, tumor location, distant metastasis, Borrmann 
type, Lauren classification, histologic differentiation and 
lymph node metastasis). These were pooled to calculate 
the RRs.

In our study, the expression level of EpCAM was 
higher in samples of GC than in normal ones (pooled 
RR = 2.16, 95%CI: 1.54-3.03, P < 0.00001 random-
effect) (Figure 2A). In addition, EpCAM expression was 
significantly associated with tumor size (pooled RR = 
1.68, 95%CI: 1.47-1.91, P < 0.00001 fixed-effect) 
(Figure 2B), depth of invasion (pooled RR = 1.37, 
95%CI: 1.11-1.68, P = 0.003 random-effect) (Figure 
2C), TNM stage (pooled RR = 2.02, 95%CI: 1.35-3.02, 
P = 0.0007 random-effect) (Figure 2D), tumor location 
(pooled RR = 0.80, 95%CI: 0.71-0.91, P = 0.0007 
fixed-effect) (Figure 2E), histologic differentiation (pooled 
RR: 1.23, 95%CI: 1.13-1.33, P < 0.00001 fixed-effect) 
(Figure 2F), and lymph node metastasis (pooled RR 
= 1.89, 95%CI: 1.28-2.80, P = 0.001 random-effect) 
(Figure 2G). However, EpCAM expression in GC was 
not associated with age (pooled RR = 1.12, 95%CI: 
0.93-1.35, P = 0.24 fixed-effect), gender (pooled RR = 
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was used to examine publication bias (Figure 3). We 
inspected its asymmetry visually and found that there 
was almost no potential for publication bias. 

Sensitivity analysis
One included study was excluded at each time to inv-
estigate the influence of the individual data on the 
overall results. The pooled RR or HR estimates were 
recalculated for the remaining studies. The statistical 
significance of the overall results was not changed when 
any individual study was excluded, which indicates the 
reliability of our results.

DISCUSSION
In recent years, many cell adhesion molecules (CAMs) 
have proven to be responsible for tumorigenesis and 
metastasis[2,3]. The role of EpCAM is not only limited 

0.97, 95%CI: 0.91-1.04, P = 0.37 fixed-effect), distant 
metastasis (pooled RR = 2.25, 95%CI: 0.77-6.61, P = 
0.14, random-effect), Borrmann type (pooled RR = 1.03, 
95%CI: 0.89-1.19, P = 0.70 fixed-effect), or Lauren 
classification (pooled RR = 1.64, 95%CI: 0.75-3.60, P = 
0.21 random-effect).

Impact of EpCAM expression on OS in GC patients
Meta-analysis of the association between EpCAM 
expression and OS was determined in three studies. 
The pooled RR was analyzed using previously described 
methods. EpCAM expression was not associated with 
the OS rate. The pooled HR of the overall effect was 1.39 
(95%CI: 0.30-6.48, P = 0.67) in the random-effect 
model (Figure 2H).

Assessment of publication bias 
The funnel plot test recommended for meta-analyses 

Table 2  Raw data from each included study
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Table 1  Characteristics of included studies

First author Country Year Ethnics Age (< 50: ≥
50)

No. of patients 
(male:female)

No. of patients 
(EpCAM+: EpCAM-)

Diagnosis of GC 
(Histo-, Patho-, NR)

Study quality 
(NOS)

Zhang et al China 20�� Asian ��:3� 24:�8 34:8 Patho- 8
Sun et al China 20�0 Asian 3�:29 48:�2 46:�4 Patho- 8
Fang et al China 20�0 Asian 27:3� 39:�9 46:�2 Patho- 8
Lu et al China 20�� Asian 43:48 70:2� 84:7 Patho- 9
Yang et al China 20�4 Asian 33:39 57:�5 48:24 Patho- 9
Peng et al China 20�� Asian 20:�� �8:�3 2�:�0 Patho- 9
Yang et al China 20�2 Asian 33:62 66:29 56:39 Patho- 8
Zhang et al China 20�4 Asian �7:25 24:�8 37:5 Patho- 7
Li et al China 20�2 Asian NR 3��:�25 �79:257 Patho- 7
Du et al China 2009 Asian 26:74 6�:39 74:26 Patho- 8
Went et al Switzerland 2006 Caucasian NR 3��:��7 NR Patho- 7
Kroepil et al Germany 20�3 Caucasian NR NR �26:37 Patho- 8
Wang et al China 20�3 Asian NR 428:�73 247:354 NR 8
Songun et al The Netherlands 2005 Caucasian NR NR NR Patho- 7

Histo-: Histology; Patho-: Pathology; NR: Not reported; NOS: Newcastle-Ottawa Scale classification; EpCAM: Epithelial cellular adhesion molecule.

First author Tumor 
size (≤ 
5 cm:> 
5 cm)

Depth of 
invasio-n 
(T1-T2: 
T3-T4)

TNM stage 
(Ⅰ-Ⅱ:Ⅲ-Ⅳ)

Tumor location 
(upper:middle:
lower)

Distant 
metastasis (yes: 
no)

Borrma-nn 
type (Ⅰ:Ⅱ:
Ⅲ:Ⅳ)

Lauren 
classificatio-n 
(intestinal:
diffuse: 
mixed)

Histologic 
differentiate-
on (high: 
moderate: 
low)

Lymph node 
metastasis (N0: 
N1/2/3)

Zhang et al NR2 NR NR NR 23:�9 8:�2:22 20:22
Sun et al NR ��:49 NR NR NR NR NR 20:20:20 NR
Fang et al NR �7:4� �7:4� NR �8:40 NR NR ��:�7:30 �5:43
Lu et al 4�:50 �9:72 34:57 4�:25:25 NR 8:�2:59:�� NR 3:24:64 3�:60
Yang et al 45:27 35:37 35:37 NR NR NR NR NR 25:47
Peng et al NR �9:�2 �9:�2 �2:�3:6 NR NR NR �5:�3:3 NR
Yang et al NR 7:88 NR 29:26:40 NR 3:�2:6�:�9 NR 6:�9:70 29:66
Zhang et al �4:28 �3:29 �3:29 NR NR NR NR �6:26:0 ��:3�
Li et al 256:�80 �66:270 �94:242 55:�63:2�8 6�:375 NR 223:2�3:0 �4�:295 �66:270
Du et al NR NR NR NR NR NR 9�:�9 25:42:33 50:50
Went et al NR 42:372 NR NR 25:445 NR NR NR �53:3�6
Kroepil et al NR �07:56 NR NR 9:�54 NR 62:6�:40 NR 4�:�22
Wang et al 350:25� 22�:380 262:339 84:223:294 9�:5�0 NR 299:302 �7:�75:409 220:38�
Songun et al� NR NR NR NR NR NR NR NR NR

�Article written by Songun et al. only provided OS data; 2NR: Not reported.
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to cell adhesion but is also involved in other cellular 
processes including signaling, cell migration, proliferation 
and differentiation[15]. EpCAM is a potent signal transducer, 
which can use components of the Wnt pathway and is 
involved in the regulation of cell proliferation and cell 
cycle progression[5,13,16]. It is overexpressed in many solid 
cancers including esophageal, pancreatic, prostate and 
gastric[12,17], and it has recently been identified as a type 
of cancer stem cell marker[14,18,19].

Identification of a prognostic factor such as EpCAM 
is necessary for high-risk patients for whom specific 
therapy might be necessary[20,21]. However, conflicting 

data on the prognostic impact of EpCAM have been 
reported. Wenqi et al[22] reported that EpCAM was 
overexpressed in gastric cell lines and tumor tissues 
and downregulation of EpCAM resulted in a decrease 
in cell proliferation and suppressed tumor formation. 
In contrast, Songun et al[23] reported that 93% of 300 
GC patients were EpCAM-positive and the loss of EpCAM 
expression indicated tumor aggression, especially in 
patients with stage Ⅰ and Ⅱ disease. Thus, the prognostic 
role of EpCAM in GC is still unclear and the association 
between clinical characteristics of GC patients and 
EpCAM expression levels needs to be further elucidated. 
These conflicting data were likely due to the small 
sample size and intratumoral heterogeneity of GC, which 
was observed in the studies.

This meta-analysis is the first study to systematically 
estimate EpCAM expression and its relationship with 
clinicopathological characteristics and OS rates in GC 
patients. We calculated pooled RRs to study the correlation 
of EpCAM with patient clinical characteristics. This showed 
that EpCAM expression was positively related with poor 
histological type, lymph node metastasis, high-grade of 
TNM stage and tumor size (> 5 cm), depth of invasion 
(T3-T4) and tumor location (lower part of the stomach) 
in GC patients. This suggests that GC patients with the 
above-mentioned clinical characteristics were more likely 
to have a poorer prognosis after the diagnosis was made.

The biological function of EpCAM may be implicated 
in the relationship between EpCAM expression and 
cancer outcome mentioned above. Recently, studies 
have reported that overexpression of EpCAM occurs in a 
variety of cancers, for example colon, breast and ovarian, 
and most human adenocarcinomas. Furthermore, it has 
effects on differentiation, proliferation and migration of 
cancer cells. 

There are certain limitations in the present meta-
analysis that need to be pointed out. First, although we 
tried to avoid biases in performing this meta-analysis, 
publication bias may have occurred because only publ-
ished studies were included in the meta-analysis even if 
the statistical test did not show it. Second, we did not find 
any significant association between EpCAM expression 
and OS in GC patients. It is very likely that limited 
research has been done on EpCAM and its relationship 
with prognosis. Only three studies were included in the 
OS meta-analysis, with a relatively small sample size of 
831 patients. Finally, there was heterogeneity between 
studies present in this article, with a P-value < 0.05, 
especially in the evaluation of the relationship between 
EpCAM expression and some adverse clinical parameters. 
This was related to insufficient sample size and a lack of 
certain original data. To adjust for this, we used a trim-
and-fill method in the random-effect model to make the 
outcomes statistically credible.

In conclusion, this meta-analysis suggests that the 
expression of EpCAM is associated with poor clinico-
pathological features of GC. However, because of the 
heterogeneity of included studies and bias of meta-analysis, 
our conclusions need to be interpreted with caution. More 
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Additional 
records 
identified 
through other 
sources (n  = 0)

Records 
identified 
through 
database 
searching 
(n  = 190)

Records after 
duplicates 
removed (n  = 
85)

Records excluded (n  = 60)
  Letters, reviews, case reports  
  and conference abstracts (n  
  = 26)
  Animal or cell studies (n  = 6)
  Not related to research topic 
  (n  = 28)

Records 
screened 
(n  = 25)

Full-text articles 
assessed for 
eligibility (n  = 14)

Full-text articles 
excluded (n  = 11, 
not available data)

Studies included in 
qualitative synthesis 
(n  = 14)

Studies included in 
qualitative synthesis (meta-
analysis) (n  = 14)

Figure 1  Study selection.
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI
Jia-jia Yang 2014   33     48     4     24   10.5%   4.13 [1.65, 10.30]
Li Li 2012 157   179   85   257   22.0% 2.65 [2.21, 3.18]
Ming-dian Lu 2011   31     66   16     25   18.9% 0.73 [0.50, 1.08]
Wang-qing Zhang 2014   28     37     1       5     4.3%   3.78 [0.65, 22.05]
Yuan-Yu Wang 2013 220   247 119   354   22.3% 2.65 [2.27, 3.09]
Yun-xiang Peng 2011   10     21     2     10     6.6% 2.38 [0.64, 8.90]
Zhi-xue Fang 2010   35     46     6     12   15.4% 1.52 [0.84, 2.74]

Total (95%CI)   644   687 100.0% 2.02 [1.35, 3.02]
Total events 514 233
Heterogeneity: Tau2 = 0.18; χ 2 = 42.27, df = 6 (P  < 0.00001); I 2 = 86%
Test for overall effect: Z  = 3.41 (P  = 0.0007)

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI
Feride Kroepil 2013   44   126   12   37     7.5% 1.08 [0.64, 1.82]
Jia-jia Yang 2014   41     48   15   24   10.6% 1.37 [0.98, 1.90]
Li Li 2012 149   179 121 257   13.5% 1.77 [1.53, 2.04]
Ming-dian Lu 2011   52     66   20   25   12.2% 0.98 [0.78, 1.24]
P Went 2016 282   305   32   37   13.6% 1.07 [0.94, 1.22]
Shi-bin Yang 2012   55     56   33   39   13.6% 1.16 [1.01, 1.33]
Wang-qing Zhang 2014   28     37     1     5     1.3%   3.78 [0.65, 22.05]
Xiao-tong Sun 2010   41     46     8   14     8.4% 1.56 [0.98, 2.48]
Yuan-Yu Wang 2013 212   247 168 354   13.8% 1.81 [1.60, 2.04]
Zhi-xue Fang 2010   36     46     5   12     5.6% 1.88 [0.95, 3.73]

Total (95%CI) 1156 804 100.0% 1.37 [1.11, 1.68]
Total events 940 415
Heterogeneity: Tau2 = 0.08; χ 2 = 72.75, df = 9 (P  < 0.00001); I 2 = 88%
Test for overall effect: Z  = 2.96 (P  = 0.003)

Favours [experimental] Favours [control]
0.01                 0.1                   1                     10                  100

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Jia-jia Yang 2014   17   48   10   24     6.9% 0.85 [0.46, 1.56]
Li Li 2012 100 179   80 257   34.2% 1.79 [1.44, 2.24]
Ming-dian Lu 2011   38   66   12   25     9.1% 1.20 [0.76, 1.90]
Wang-qing Zhang 2014   25   37     3     5     2.8% 1.13 [0.53, 2.38]
Yuan-Yu Wang 2013 141 247 110 354   47.1% 1.84 [1.52, 2.22]

Total (95%CI) 577 665 100.0% 1.68 [1.47, 1.91]
Total events 321 215
Heterogeneity: χ 2 = 9.18, df = 4 (P  = 0.06); I 2 = 56%
Test for overall effect: Z  = 7.69 (P  < 0.00001)

A
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI
Feride Kroepil 2013 126   126   37   166     9.7% 4.44 [3.35, 5.88]
Jia-jia Yang 2014   48     53   24     71     9.4% 2.68 [1.91, 3.75]
Li Li 2012 179   221 257   307   10.3% 0.97 [0.89, 1.05]
Ming-dian Lu 2011   84     95    7     75     7.1%   9.47 [4.66, 19.25]
Shi-bin Yang 2012   56     60   39     60   10.0% 1.44 [1.18, 1.75]
Wang-qing Zhang 2011   34     40     8     44     7.6% 4.67 [2.46, 8.87]
Wang-qing Zhang 2014   30     31   12     36     8.7% 2.90 [1.82, 4.63]
Xiao-tong Sun 2010   52     54   28     36   10.1% 1.24 [1.03, 1.49]
Yuan-Yu Wang 2013 247   289 354   404   10.3% 0.98 [0.92, 1.04]
Yun-xiang Peng 2011   21     27   10     27     8.3% 2.10 [1.23, 3.57]
Zhi-xue Fang 2010   46     79   12     37     8.5% 1.80 [1.09, 2.96]

Total (95%CI) 1075 1263 100.0% 2.16 [1.54, 3.03]
Total events 923 788
Heterogeneity: Tau2 = 0.29; χ 2 = 375.56, df = 10 (P  < 0.00001); I 2 = 97%
Test for overall effect: Z  = 4.45 (P  < 0.00001)

Favours [experimental] Favours [control]
0.01                 0.1                   1                     10                  100

Favours [experimental] Favours [control]
0.01                0.1                   1                    10                 100

Favours [experimental] Favours [control]
0.01                 0.1                   1                     10                  100

B

C

D
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Du Wenqi 2008   30     74    3     26     1.1%   3.51 [1.17, 10.55]
Jia-jia Yang 2014   36     48    9     24     3.1% 2.00 [1.16, 3.44]
Li Li 2012 127   179 166   257   34.8% 1.10 [0.96, 1.25]
Ming-dian Lu 2011   60     84    4       7     1.9% 1.25 [0.65, 2.41]
Shi-bin Yang 2012   43     56   27     39     8.1% 1.11 [0.86, 1.43]
Wang-qing Zhang 2011   21     34     1       8     0.4%   4.94 [0.78, 31.50]
Wang-qing Zhang 2014   24     37     2       5     0.9% 1.62 [0.54, 4.87]
Xiao-tong Sun 2010   17     46     3     14     1.2% 1.72 [0.59, 5.04]
Yuan-Yu Wang 2013 180   247 227   354   47.7% 1.14 [1.02, 1.27]
Yun-xiang Peng 2011     2     21     1     10     0.3% 0.95 [0.10, 9.30]
Zhi-xue Fang 2010   29     46     1     12     0.4%   7.57 [1.14, 50.05]

Total (95%CI)   872   756 100.0% 1.23 [1.13, 1.33]
Total events 569 444
Heterogeneity: χ 2 = 18.48, df = 10 (P  = 0.05); I 2 = 46%
Test for overall effect: Z  = 4.91 (P  < 0.00001)
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Favours [experimental] Favours [control]
0.01                 0.1                   1                     10                  100

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI
Du Wenqi 2008     45     74     5     26     7.2% 3.16 [1.41, 7.10]
Feride Kroepil 2013     92   125   29     37   10.1% 0.94 [0.77, 1.15]
Jia-jia Yang 2014     35     48   12     24     9.1% 1.46 [0.94, 2.25]
Li Li 2012   157   179 113   257   10.2% 1.99 [1.72, 2.31]
Ming-dian Lu 2011     57     84    3       7     6.8% 1.58 [0.66, 3.77]
P Went 2006   241   357   26   397     9.4% 10.31 [7.06, 15.05]
Shi-bin Yang 2012     41     56   25     39     9.8% 1.14 [0.86, 1.52]
Wang-qing Zhang 2011     19     30     3     12     6.1% 2.53 [0.92, 7.01]
Wang-qing Zhang 2014     30     37     1       5     3.3%   4.05 [0.70, 23.56]
Xiao-tong Sun 2010     31     46     6     14     8.1% 1.57 [0.83, 2.97]
Yuan-Yu Wang 2013   220   247 161   354   10.2% 1.96 [1.73, 2.21]
Zhi-xue Fang 2010     33     46   10     12     9.7% 0.86 [0.63, 1.18]

Total (95%CI) 1329 1184 100.0% 1.89 [1.28, 2.80]
Total events 1001 394
Heterogeneity: Tau2 = 0.38; χ 2 = 213.80, df = 11 (P  < 0.00001); I 2 = 95%
Test for overall effect: Z  = 3.21 (P  = 0.001)

Favours [experimental] Favours [control]
0.01                 0.1                   1                     10                  100

Hazard ratio Hazard ratio
Study or subgroup log [hazard ratio] SE Weight IV, Random, 95%CI IV, Random, 95%CI
I Songun 2005 -1.03 0.24   33.5% 0.36 [0.22, 0.57]
Li Li 2012  1.61 0.26   33.3% 5.00 [3.01, 8.33]
Shi-bin Yang 2012  0.42 0.27   33.2% 1.52 [0.90, 2.58]

Total (95%CI) 100.0% 1.39 [0.30, 6.48]
Heterogeneity: Tau2 = 1.78; χ 2 = 56.20, df = 2 (P  < 0.00001); I 2 = 96%
Test for overall effect: Z  = 0.42 (P  = 0.67) Favours [experimental] Favours [control]

0.01             0.1                   1                   10                100

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Li Li 2012   79   179 139   257   38.5%   0.82 [0.67, 1.00]
Ming-dian Lu 2011   23     84    2       7     1.2%   0.96 [0.28, 3.25]
Shi-bin Yang 2012   19     56   21     39     8.4%   0.63 [0.40, 1.01]
Yuan-Yu Wang 2013 107   247 187   354   51.9%   0.82 [0.69, 0.98]

Total (95%CI)   566   657 100.0%   0.80 [0.71, 0.91]
Total events 228 349
Heterogeneity: Tau2 = 1.20, df = 3 (P  = 0.75); I 2 = 0%
Test for overall effect: Z  = 3.40 (P  = 0.0007) Favours [experimental] Favours [control]

0.01                 0.1                   1                     10                  100

E

F

G

H

Figure 2  Meta-analysis Forest plot. A: Meta-analysis Forest plot concerning the expression level of epithelial cellular adhesion molecule with gastric cancer 
between samples of gastric cancer and normal ones; B: Meta-analysis Forest plot concerning tumor size; C: Meta-analysis Forest plot concerning depth of invasion; 
D: Meta-analysis Forest plot concerning TNM stage; E: Meta-analysis Forest plot concerning tumor location; F: Meta-analysis Forest plot concerning histologic 
differentiation; G: Meta-analysis Forest plot concerning lymph node metastasis; H: Meta-analysis Forest plot concerning overall survival rate.
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clinical studies will be required to determine the association 
between the expression of EpCAM and GC prognosis. 

COMMENTS
Background
Although gastric cancer (GC) rates have decreased substantially in the past 
few decades, it remains the second most common cause of cancer-related 
death worldwide. Although several studies showed high expression of epithelial 
cellular adhesion molecule (EpCAM) in GC, which was related to cancer 
progression and survival prognosis, there is no comprehensive study on the 
correlation of EpCAM expression with survival prognosis or the effects of 
EpCAM expression on clinicopathologic characteristics in GC patients.
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as prognosis of GC.
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a prognostic factor and a marker of poor outcome.
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Abstract
AIM: To review evidence relating passive smoking to 
lung cancer risk in never smokers, considering various 
major sources of bias.

METHODS: Epidemiological prospective or case-control 
studies were identified which provide estimates of relative 
risk (RR) and 95%CI for never smokers for one or more 
of seven different indices of exposure to environmental 
tobacco smoke (ETS): The spouse; household; workplace; 
childhood; travel; social and other; and total. A wide 
range of study details were entered into a database, 
and the RRs for each study, including descriptions of the 
comparisons made, were entered into a linked database. 
RRs were derived where necessary. Results were entered, 
where available, for all lung cancer, and for squamous 
cell cancer and adenocarcinoma. “Most adjusted” results 
were entered based on results available, adjusted for the 
greatest number of potential confounding variables. “Least 
adjusted” results were also entered, with a preference for 
results adjusted at least for age for prospective studies. 
A pre-planned series of fixed-effects and random-effects 
meta-analyses were conducted. Overall analyses and 
analyses by continent were run for each exposure index, 
with results for spousal smoking given by sex, and results 
for childhood exposure given by source of ETS exposure. 
For spousal exposure, more extensive analyses provide 
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results by various aspects of study design and definition 
of the RR. For smoking by the husband (or nearest 
equivalent), additional analyses were carried out both 
for overall risk, and for risk per 10 cigarettes per day 
smoked by the husband. These adjusted for uncontrolled 
confounding by four factors (fruit, vegetable and dietary 
fat consumption, and education), and corrected for 
misclassification of smoking status of the wife. For the 
confounding adjustment, estimates for never smoking 
women were derived from publications on the relationship 
of the four factors to both lung cancer risk and at home 
ETS exposure, and on the correlations between the 
factors. The bias due to misclassification was calculated 
on the basis that the proportion of ever smokers denying 
smoking is 10% in Asian studies and 2.5% elsewhere, 
and that those who deny smoking have the same risk as 
those who admit it. This approach, justified in previous 
work, balances higher true denial rates and lower risk in 
deniers compared to non-deniers. 

RESULTS: One hundred and two studies were identified 
for inclusion, published in 1981 onwards, 45 in Asia, 31 in 
North America, 21 in Europe, and five elsewhere. Eighty-
five were of case-control design and 17 were prospective. 
Significant (P  < 0.05) associations were noted, with 
random-effects of (RR = 1.22, 95%CI: 1.14-1.31, n  = 
93) for smoking by the husband (RR = 1.14, 95%CI: 
1.01-1.29, n = 45) for smoking by the wife (RR = 1.22, 
95%CI: 1.15-1.30, n  = 47) for workplace exposure 
(RR = 1.15, 95%CI: 1.02-1.29, n  = 41) for childhood 
exposure, and (RR = 1.31, 95%CI: 1.19-1.45, n  = 48) 
for total exposure. No significant association was seen for 
ETS exposure in travel (RR = 1.34, 95%CI: 0.94-1.93, n 
= 8) or in social situations (RR = 1.01, 95%CI: 0.82-1.24, 
n  = 15). A significant negative association (RR = 0.78, 
95%CI: 0.64-0.94, n  = 8) was seen for ETS exposure 
in childhood, specifically from the parents. Significant 
associations were also seen for spousal smoking for 
both squamous cell carcinoma (RR = 1.44, 95%CI: 
1.15-1.80, n  = 24) and adenocarcinoma (RR = 1.33, 
95%CI: 1.17-1.51, n = 30). Results generally showed 
marked heterogeneity between studies. For smoking by 
either the husband or wife, where 119 RR estimates gave 
an overall estimate of (RR = 1.21, 95%CI: 1.14-1.29), 
the heterogeneity was highly significant (P  < 0.001), 
with evidence that the largest RRs were seen in studies 
published in 1981-89, in small studies (1-49 cases), 
and for estimates unadjusted by age. For smoking 
by the husband, the additional analyses showed that 
adjustment for the four factors reduced the overall (RR 
= 1.22, 95%CI: 1.14-1.31) based on 93 estimates to 
(RR = 1.14, 95%CI: 1.06-1.22), implying bias due to 
uncontrolled confounding of 7%. Further correction for 
misclassification reduced the estimate to a marginally 
non-significant (RR = 1.08, 95%CI: 0.999-1.16). In the 
fully adjusted and corrected analyses, there was evidence 
of an increase in Asia (RR = 1.18, 95%CI: 1.07-1.30, 
n = 44), but not in other regions (RR = 0.96, 95%CI: 
0.86-1.07, n  = 49). Studies published in the 1980’s, 
studies providing dose-response data, and studies only 
providing results unadjusted for age showed elevated 

RRs, but later published studies, studies not providing 
dose-response data, and studies adjusting for age did 
not. The pattern of results for RRs per 10 cigs/d was 
similar, with no significant association in the adjusted and 
corrected results (RR = 1.03, 95%CI: 0.994-1.07).

CONCLUSION: Most, if not all, of the ETS/lung cancer 
association can be explained by confounding adjustment 
and misclassification correction. Any causal relationship 
is not convincingly demonstrated.

Key words: Passive smoking; Lung neoplasms; Dose-
response; Meta-analysis; Review; Confounding factors 
(epidemiology); Misclassification

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We present an up-to-date meta-analysis of the 
evidence relating non-smoker lung cancer to environmental 
tobacco smoke (ETS) exposure. We demonstrate a clear 
risk increase for spousal, at-home, workplace and total 
exposure, but not childhood exposure. For husband 
smoking, the relative risk (RR) is estimated as (RR = 1.22, 
95%CI: 1.14-1.31). However, adjustment for confounding 
by education and dietary variables, and correction for 
misclassified wife’s smoking reduces it to (RR = 1.08, 
95%CI: 0.999-1.16). Given the other data limitations 
and biases we discuss, one cannot reliably conclude 
that any true ETS effect on lung cancer risk exists. Our 
results suggest caution in drawing inferences from weak 
epidemiological associations where known biases exist.

Lee PN, Fry JS, Forey BA, Hamling JS, Thornton AJ. Environ-
mental tobacco smoke exposure and lung cancer: A systematic 
review. World J Meta-Anal 2016; 4(2): 10-43  Available from: 
URL: http://www.wjgnet.com/2308-3840/full/v4/i2/10.htm  DOI: 
http://dx.doi.org/10.13105/wjma.v4.i2.10

INTRODUCTION
It has been widely accepted that environmental tobacco 
smoke (ETS) exposure increases lung cancer risk, based 
on various authoritative reviews[1]. However, it was 
suggested some years ago[2] that a substantial part, if 
not all, of the relationship may be due to bias resulting 
from confounding by other lung cancer risk factors, 
and misclassification of smoking habits, with some 
self-reported never smokers actually being smokers. 
While there have been various meta-analyses of the 
evidence in the last 20 years[3-10]. these are often limited 
to specific indices of exposure or regions, and typically 
do not include formal adjustments for potential biases. 
They also do not take into account all the more recent 
studies, with over 100 studies published by now, many 
relatively recent.

The objective of this review, therefore, is to present 
an up-to-date comprehensive meta-analysis of the 
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available evidence which relates ETS exposure to lung 
cancer risk among never smokers, considering exposure 
from various sources, and illustrating the potential 
magnitude of the bias that can arise from confounding 
and misclassification of smoking.

MATERIALS AND METHODS
Introduction
The analyses presented were conducted in three 
stages. First, results of meta-analysis are presented 
relating a range of indices of ETS exposure to risk of 
lung cancer. Second, for two indices (spousal smoking 
and amount smoked by the spouse), individual study 
estimates for females are adjusted for the effects of 
confounding for selected variables (fruit consumption, 
vegetable consumption, dietary fat consumption and 
education) and revised meta-analyses conducted. Third, 
further adjustments are made for the biasing effects of 
misclassification of smoking status. The materials and 
methods section is therefore divided accordingly. 

Study inclusion and exclusion criteria
Attention was restricted to epidemiological prospective 
or case-control studies published up to and including July 
2015, which involved five or more lung cancers, and which 
provided relative risk (RR) estimates for never (or virtually 
never) smokers for one or more defined ETS exposure 
types or dose-related ETS indices. The “exposure types” 
compare subjects exposed and unexposed to ETS from 
seven different sources: Spouse; household; workplace; 
childhood; travel; social and other; and total, the final 
category including biochemical assessments of exposure. 
The “dose-related indices” concern ETS exposure in terms 
of amount smoked, duration of smoking and the number 
of smokers the subject was exposed to. ETS exposure 
from pipe/cigar only was ignored. Note that the term 
“relative risk” is taken to include estimates of it, such as 
the odds ratio or hazard ratio.

Studies using near equivalent definitions of “never 
smokers” were accepted when stricter definitions were 
unavailable, so never smokers could include occasional 
smokers, those with a minimal lifetime duration of 
smoking or number smoked, or ex-smokers who had 
quit at least 20 years previously.

Literature searches
Up until July 2015 potentially relevant papers were 
regularly sought from MEDLINE searches (using search 
terms “tobacco smoke pollution” and “lung neoplasm”), 
from files on smoking and health which were collected 
for many years within our company, and from references 
which were cited in the papers obtained. At the end of 
the process no paper examined cited a possibly relevant 
paper which had not been previously examined.

Study identification 
Relevant papers were separated into studies, noting 
where there were multiple papers per study or multiple 

studies per paper, and any overlaps between studies. 
Each study was uniquely referenced by a ≤ 6 character 
code, based on the name of the principal author, with 
a suffix indicating where the same author had reported 
on multiple studies. 

Data recorded
Data were entered on a study database, and also 
on a linked RR database. The structure and content 
of the databases are described in www.pnlee.co.uk/
downloads/etslc/23482-supplementary file 1.pdf.

In brief, a study database record describes the study 
design, the available data and a previously described 
index of study quality[11]. Typically there are multiple 
records per study on the RR database, each record 
holding a detailed description of a specific comparison 
made and the corresponding RR and its 95%CI. 

RR derivation 
When available, adjusted RRs and CIs were entered. 
Unadjusted estimates were derived from the 2 × 2 table, 
using standard methodology[12], any differences between 
calculated and author-provided estimates being noted. 
Other methodologies were used where required to 
derive estimates, those more commonly used[13,14] being 
described in www.pnlee.co.uk/downloads/etslc/23482-
supplementary file 1.pdf.

Identifying the RRs to enter
RRs were entered, if available, relating to various pre-
defined combinations of type of lung cancer, index 
of smoking, confounders considered, and strata. The 
combinations are described in the following sections.

Type of lung cancer: Results were entered for overall lung 
cancer, squamous cell carcinoma and adenocarcinoma, or 
their nearest equivalents for which data were available. 

Smoking indices: The intention was to enter RRs 
comparing subjects exposed and unexposed to the 
various indices of ETS defined above. Though RRs for 
exposure to smoking by the spouse should ideally be 
derived from data only for married subjects, we also 
allowed RRs from studies where unmarried subjects 
were included in the reference group. Similarly, RRs for 
workplace exposure could include non-working subjects. 
For the “household” and “childhood” categories, RRs 
were entered for all possible sources recorded by the 
studies, but for the “travel” and “social” categories, if 
more than one index of exposure was available, only that 
representing the greatest number of exposed subjects 
was entered. RRs were entered for all available timings 
of adult exposure, but for childhood, only RRs for the 
earliest exposure were entered. “Total” exposure was 
defined as exposure to two or more types of exposure, 
or biochemical assessment of overall exposure. For dose-
related exposure indices, RRs were entered for each 
level of exposure relative to a common base level. RRs 
were entered, where available, using denominators 
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Selecting RRs for the meta-analyses: In selecting 
RRs to include we tried to include all relevant data 
once only. Where a study had multiple RRs, that used 
is chosen by an order of preference specific to the 
meta-analysis. Order of preference may be needed for 
exposure status and timing, and for the unexposed 
base. As RR definitions may be sex-specific, the RRs 
selected may differ by sex. Results for sexes combined 
are only considered in the absence of sex-specific 
results. 

Conducting the meta-analyses for exposure indices: 
We conducted fixed-effect and random-effects meta-
analysis of study-specific data for the various exposure 
indices studied as described elsewhere[13]. Heterogeneity 
was measured by H, the ratio of heterogeneity χ 2 to 
degrees of freedom. H relates to I2 statistic[15] by I2 = 100 
(H - 1)/H. For all meta-analyses, results of publication bias 
tests using the Egger method[16] were also given.

Results are displayed in forest plots. Within each 
plot, studies are identified by their reference code, and 
listed in order of RR. Most of the plots are also grouped 
by region. The study estimates are shown both as 
numbers and in graphical form logarithmically. In the 
latter representation an RR is shown as a square, the 
area of which is proportional to its weight, its inverse-
variance. Arrows warn if the CI goes outside the 
range of the plot. Random-effects estimates are also 
presented, overall or by region, shown by a diamond 
whose width indicates the 95%CI.

Carrying out meta-analyses for number of cigarettes 
smoked by the husband: The methods used are as 
described elsewhere[17], and are summarized here. 
The underlying model assumes that, when comparing 
two groups differing in exposure by dose d, log RR is 
estimated by βd. For each study, given data at each level 
of exposure consisting of the dose level, the number 
of cases, and the number of controls (or subjects at 
risk), β and its standard error (SEβ) are estimated by 
the method of Greenland and Longnecker[18], This can 
be applied to studies with only two levels (unexposed 
and exposed), and also to confounder-corrected RRs 
and 95%CIs, by estimating pseudo-counts using the 
method of Hamling[14]. Estimates of β and SEβ from 
each study are then meta-analysed as described above. 
The method of estimating midpoint doses for intervals 
such as 1-19 or 20+ cigarettes per day is as described 
previously[17].

The series of meta-analyses conducted for the 
estimates of β was similar to that for the exposure 
indices as described above.

Adjustment for bias due to confounding
The potential confounding variables considered (consu-
mption of fruit, consumption of vegetables, consumption of 
dietary fat, and education) and the methods used to adjust 
for them are as described in a previous publication[19] and in 

representing both “no exposure to the specific type of 
ETS” and “no exposure to any ETS”.

Confounders: For case-control studies, we entered 
results adjusted for the most potential confounders 
available, and also adjusted for fewest. For prospective 
studies, we entered results adjusted for age and the 
most confounders, and for age and the fewest, and 
unadjusted results were entered only where there were 
no age-adjusted results. We describe these alternative 
RRs as “most-adjusted” and “least-adjusted”.

Strata: We only entered results stratified by sex or 
age. Combined sex results were only entered if results 
by sex were unavailable. We entered results for all 
ages and for separate age groups. Specifically for spo-
usal exposure (or nearest equivalent - see “analyses 
conducted” below), where an adjusted RR was available 
only for combined sexes but numbers of cases and 
controls were given by sex, split-sex estimates were 
entered, assuming that the RR applied to each sex, with 
separate CIs estimated for males and females. 

Meta-analyses
Analyses conducted: The series of meta-analyses 
conducted was pre-planned. For a given exposure 
type, a set of up to 20 analyses was conducted. Meta-
analyses 1 and 2 used the overall data available, while 
meta-analyses 3 and 4 were separated by region 
(North America, Europe, Asia or other regions), with 
meta-analyses 1 and 3 using most-adjusted and 2 and 
4 least-adjusted data. Analyses 5-20 were based on 
most-adjusted data only and studied variation by other 
factors, as described in www.pnlee.co.uk/downloads/
etslc/23482-supplementary file 1.pdf.

The primary index of exposure used was “spousal 
smoking (or nearest equivalent)” where, for studies 
which provided no results for spousal exposure, results 
for household, total or both spousal/home and other 
exposure were chosen instead. This identified a single 
exposure definition for each study. For overall lung 
cancer, the full set of 20 meta-analyses was carried out 
restricted to females, and unrestricted on sex. Further 
meta-analyses for the principal index of exposure 
corresponded to meta-analyses 1 to 4 only. These 
included analyses for spousal smoking (or nearest 
equivalent) for males, spousal smoking (specifically) for 
females, males and unrestricted on sex, and analyses 
for spousal smoking (or nearest equivalent) for squ-
amous cell carcinoma and for adenocarcinoma, each for 
females, males and unrestricted on sex. 

Analyses for the other types of exposure were run 
only for overall lung cancer, without restriction on sex, 
and were equivalent to meta-analyses 1-4 only. The 
childhood and household exposure analyses were run 
using alternative indices, depending on the available 
data, as described in www.pnlee.co.uk/downloads/etslc/
23482-supplementary file 1.pdf.

13 April 26, 2016|Volume 4|Issue 2|WJMA|www.wjgnet.com

Lee PN et al . ETS and lung cancer



an unpublished updated analysis conducted in 2006[20]. The 
methods are summarized briefly below.

Estimating the relationship between the four 
potential confounding variables considered 
and the risk of lung cancer in never smoking 
females: The database of studies relating lung cancer 
risk in never smokers to the four potential confounding 
variables used in 2001[19] and updated in 2006[20] was 
used, restricting attention to never smoking females. 
Exp(β), the increase in risk per dose unit (SDs for 
dietary variables, years for education), was estimated 
using methodology equivalent to that described in the 
previous section. Methods for assigning midpoint dose 
values for grouped dietary data (e.g., by quintiles), and 
for education groups were as before[19].

Estimating the differences in fruit, vegetable and 
fat consumption and in education associated with 
ETS exposure: The database of studies comparing the 
distribution of the four potential confounding variables 
set up in 2001[19] and updated in 2006[20] was used, 
with attention restricted to never smoking females. For 
each potential confounding variable, we estimated the 
difference, δ, in relation to marriage to, or living with, 
a smoker, in units of SDs for the dietary variables and 
years for education, using the methodology described 
earlier[19]. These study-specific estimates of δ were then 
combined using random-effects meta-analysis.

The basic method for confounder adjustment: As 
described earlier[19] we assume that the logarithm of L, 
the lung cancer risk, is linearly related to n explanatory 
factors xi by: 
log L = βo

* + ∑i
nβi

*xi                                                  (1)
Exp(βo

*) is the background risk that is expected 
for zero exposure to each factor. Exp (βi

*) is the 
multiplicative risk increase expected per unit increase in 
exposure to the ith factor.

Should data relating lung cancer to the factors be 
available only univariately the relationship with each 
factor would be formulated as:
log L = βo + βixi                                                         (2)

where exp(βi) is the RR for a unit dose increase 
associated with factor i that is not adjusted for the other 
risk factors.

The βi and the βi
* are related by the matrix equation:

B* = S-1C-1SB                                                          (3)
Here B* and B are the n × 1 vectors of  and βi, S the 

n x n standard deviation (SD) matrix, si, and C the n x n 
correlation matrix cij.

Given B, C and S, we can estimate B*. In our 
context, there are five factors. i = 1 represents ETS with 
I = 2…5 the three dietary variables and education. Thus 
exp(βi) is the unadjusted risk increase for each unit of 
increase in ETS exposure, and exp(βi

*) the adjusted 
risk increase. The joint confounding effect of the four 
variables is estimated as exp(βi)/exp(βi

*).

Relationship of the factors to lung cancer risk: 
Estimates of βi are generally those described in the sub-
section “carrying out meta-analyses for number smoked 
by the husband”. However, the basic method assumes that 
βi is unadjusted for any of the four potential confounding 
variables. Where βi is adjusted for one or more of the 
variables, we first back-corrected it in order to take out 
the effect of the adjustment as described earlier[19]. This 
back-correction procedure avoids double-adjustment for 
the same factor. Back-correction was also carried out in 
the following cases: For fruit consumption, where the 
RR estimate had already been adjusted for vitamin C; 
for dietary fat, where the RR estimate had already been 
adjusted for energy intake, for meat, or for cholesterol; 
and for education, where the RR estimate had already 
been adjusted for income, for socioeconomic status, or for 
ownership of a colour TV. 

Standard deviations: We estimated s1, the SD for 
ETS, directly for each study from the population data 
by level of exposure as described elsewhere[17]. s2, s3 
and s4, the SDs for the dietary variables are 1, since 
they are measured in units of SD. We took the SD for 
education as 2.435 years[20].

Correlations: If i = j, cij = 1. To quantify other 
correlations, we used the formula: 
Cij = δjs1/d1(average)sj                                                                                (4)

Here δj is a common estimate of the difference in 
exposure to variable j for living with a smoker (see 
the sub-section “estimating the differences in fruit…”). 
s1 and sj are as described above, and d1(average) is 
the mean ETS exposure for exposed never smokers. 
Where studies have more than one exposure level, we 
estimated d1(average) by weighting on the number of 
exposed subjects.

To quantify the correlations between the potential 
confounding variables we used averaged data from 
seven databases, the five used in 2001[19] and two 
additional US databases (NHIS2000, NHANES III), as 
described in www.pnlee.co.uk/downloads/etslc/23482-
supplementary file 2.pdf.

Adjustment for bias due to misclassification of smoking 
status 
How the bias arises and what it depends on: Estimates 
of the RR of lung cancer in self-reported never smoking 
women associated with marriage to a smoker may 
be biased if a proportion of the women are actually 
current or ex-smokers. This bias arises because smokers 
marry smokers more often than is expected by chance. 
Misclassified smokers are therefore commoner among 
those married to a smoker. As shown by Lee and Forey[21], 
the bias depends mainly on the rate of misclassification, 
the active smoking risk, the degree to which smoking by 
spouses is concordant, and the proportions of smokers 
among subjects and their spouses.
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Correction method used: We use the Lee and Forey[21] 
method for bias correction, assuming joint effects of 
active smoking and ETS exposure are additive, and the 
published extension of the method[22]. 

Concordance ratio: The concordance ratio is defined 
as the odds of the husband smoking if the wife ever 
smoked divided by the odds if the wife never smoked. 
From an earlier review[23] we used an estimate of 3.0.

Study-specific data on active smoking RRs: For 
each study, estimates were made of the active smoking 
RR, derived if possible from the source paper itself 
or another paper using the same study population. 
Otherwise they were derived from studies in that 
country, from estimates presented by the EPA[24] or 
by other methods, as described in www.pnlee.co.uk/
downloads/etslc/23482-supplementary file 2.pdf.

Misclassification rates: Misclassified smokers have a 
lower lung cancer risk than non-misclassified smokers. 
To take this into account, we followed precedent[21,22] 
in carrying out the misclassification correction on the 
basis that those who deny smoking have the same risk 
as those who admit it, but using lower misclassification 
rates (10% for Asia, and 2.5% elsewhere) than are 
observed. Support for the use of these rates is provided 
elsewhere[21-23,25,26].

Application of the method: RRs for spousal smoking 
and for amount smoked by the spouse, were calculated: 
(1) with no adjustment for confounding or correction for 
misclassification; (2) with adjustment for confounding and 
no correction for misclassification; and (3) with adjustment 
for confounding and correction for misclassification. 

RESULTS
Studies identified
There were 102 studies which met the inclusion criteria. 
Some studies were noted to have overlaps with other 
studies. However, as all overlaps were minor and could 
not be disentangled, it was decided to ignore them. 
Tables 1 and 2 give study details including reference(s), 
location, design, dates, numbers of cases in never smokers, 
definition of never smoking, ETS exposure measures 
considered, adjustment variables used, extent of 
histological confirmation of cases, whether results are 
available by histological type, and availability of dose-
response data. www.pnlee.co.uk/downloads/etslc/
23482-supplementary file 3.pdf describes why other 
publications which could be thought possibly relevant are 
not considered in our analyses.

Of the 102 studies, 31 were conducted in North 
America (including 26 in United States), 45 in Asia 
(including 23 in China, 10 in Japan and 6 in Hong 
Kong), 21 in Europe (4 in Sweden being the most for 
any country), and 5 in other locations (including two 
international studies). 

Eighty-five studies were of case-control design and 
17 were prospective. Twenty-six studies were published 
in 1981-1989, 28 in 1990-1999, 32 in 2000-2009 and 
16 in or after 2010. 

In general, the total number of cases per study was 
small, with 20 studies based on less than 50 cases, and 
29 considering 50-99. Twenty-four studies examined 
100-199 cases, 18 200-399 cases, with only 11 based 
on 400 or more cases. 

The most commonly studied index was smoking 
by the spouse, considered by 55 studies. Smoking by 
a cohabitant was considered by 47 studies, workplace 
smoking by 40, and childhood exposure by 41. Travel 
and social exposures were considered by 5 and 11 
studies respectively, and total exposure by 51. 

Effect estimates
In what follows, meta-analysis RRs referred to in the 
text, tables and figures are based on “most-adjusted” 
estimates, meta-analysis RRs based on “least-adjusted” 
estimates usually being very similar. The results high-
lighted are drawn from more detailed analyses for all 
the exposure indices made available in www.pnlee.
co.uk/downloads/etslc/23482-supplementary file 
4.pdf, which also shows the “preferences” used in each 
analysis. This includes some analyses based on “least-
adjusted” estimates, and also gives estimates for each 
individual study included in an analysis. Significance is 
taken to be at P < 0.05 unless otherwise stated. RRs 
and 95%CIs are normally shown to 2 decimal places. 
Exceptionally, they are shown to 3 decimal places for 
the analyses investigating bias due to confounding and 
misclassification, to show the effects of adjustment and 
correction more clearly. 

Smoking by the spouse
Ninety-three studies provided results relating lung 
cancer in women to husband’s smoking (or nearest 
equivalent), with 19[27-45] giving significantly raised 
RRs and 51 non-significantly raised RRs. In contrast 
18 studies showed a negative relationship, significant 
in three studies[46-48]. Five studies gave a RR of 1.00. 
Two studies could not be included in the meta-analysis, 
one study[49] reporting no significant effect of passive 
smoking but giving no further details, with another[50] 
only giving an odds ratio of 2.2 (1.4-3.7) for greater 
than 40 smoker-years exposure to passive smoking. 
There was marked heterogeneity (P < 0.001) between 
the individual study estimates. However, fixed-
effect (1.19, 95%CI: 1.14-1.24) and random-effects 
estimates (1.22, 1.14-1.31) were similar. Based on the 
Egger test there was no clear evidence of publication 
bias (0.05 < P < 0.1). Further analyses of these data 
are given in the section “smoking by the husband - 
detailed analyses” below.

Forty-five studies considered smoking by the wife 
(or nearest equivalent). Twenty-eight RRs were raised, 
three[28,39,51] significantly. Fifteen studies reported a 
negative association, significant in one study[47]. One 
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Table 1  Selected details of the 102 studies in publication date order

Study ref Main ref Other ref Location Study design1 Study dates2 Total cases Never smoker criteria3

GARFI1 [75] [104] United States P 1959 - 1960, 1971 153 Dur 6 mo
CHAN [105] [106,107] Hong Kong CC 1976 - 1977 84
CORREA [67] United States CC 1979 - 1982 32
TRICHO [27] [108,109] Greece CC 1978 - 1982 77
BUFFLE [110] United States CC 1976 - 1980 52
HIRAYA [28] [111-120] Japan P 1965 - 1966, 1981 264
KABAT1 [53] United States CC 1971 - 1980 76
GARFI2 [121] [122] United States CC 1971 - 1981 134
LAMW [29] Hong Kong CC 1981 - 1984 75
WU [123] United States CC 1981 - 1982 31
AKIBA [68] Japan CC 1971 - 1980 113
LEE [124] United Kingdom CC 1979 - 1982 47
BROWN1 [125] United States CC 1979 - 1982 19
GAO [126] China CC 1984 - 1986 246
HUMBL1 [127] United States CC 1980 - 1984 28 Dur 6 mo
KOO [128] [129-133] Hong Kong CC 1981 - 1983 88 N20
LAMT [30] Hong Kong CC 1983 - 1986 199 Occ (1 yr)
PERSHA [134] [135] Sweden CC 1961 - 1980 77
BUTLER [136] United States P 1976 - 1976, 1982 8
GENG [31] [137] China CC 1983 - 1983 54
INOUE [138] Japan CC 1973 - 1983 28
SHIMIZ [70] Japan CC 1982 - 1985 90
CHOI [139] South Korea CC 1985 - 1988 88
HOLE [140] [141] Scotland P 1972 - 1976, 1985 9
SCHOEN [142] United States CC 1982 - 1983 116
SVENSS [143] [144] Sweden CC 1983 - 1985 34 Occ
JANERI [72] [145] United States CC 1982 - 1985 191 N100
KALAND [32] Greece CC 1987 - 1989 91
SOBUE [146] [147] Japan CC 1986 - 1988 144
WU-WIL [46] China CC 1985 - 1987 417
LIUZ [148] [149,150] China CC 1985 - 1986 54 1sm
BROWN2 [151] [152-155] United States CC 1986 - 1991 432
STOCKW [58] [156] United States CC 1987 - 1991 210 N100, Dur 6 mo
DU [52] [157-159] China CC 1986 - 1986 75
LIUQ [160] China CC 1983 - 1984 38
FONTHA [33] [161-164] United States CC 1986 - 1988 653 N100, Dur 6 mo
LAYARD [165] United States CC 1986 - 1986 60
DEWAAR [166] [167] Netherlands CC 1977 - 1991 23 Cot
KABAT2 [168] [169,170] United States CC 1983 - 1990 110
SCHWAR [57] United States CC 1984 - 1987 257
SUN [60] China CC NA 230
WANGS [34] China CC NA 82
WANGT [171] China CC 1992 - 1994 135
CARDEN [73] [172,173] United States P 1982 - 1982, 1989 362
ZHENG [35] China CC 1990 - 1993 94 Non
AUVINE [174] Finland CC 1986 - 1992 44
BOFFET [66] [175-180] West Europe CC 1988 - 1994 640 N400
SHEN [181] [182-185] China CC 1993 - 1993 70
ZARIDZ [36] [186-188] Russia CC 1991 - 1993 189
BOFFE2 [189] Europe CC 1994 - 1996 70 N400
JEE [190] South Korea P 1992 - 1994, 1997 79 Occ, Dur 1 yr
RAPITI [61] India CC 1991 - 1992 58 N400
SPEIZE [191] United States P 1982 - 1982, 1992 35
ZHONG [54] China CC 1992 - 1994 504 Dur 6 mo
LEECH [37] [192-194] Taiwan CC 1992 - 1998 268 N400
MALATS [195] [196] Europe/Brazil CC NA 122 Occ
WANGL [62] [197] China CC 1994 - 1998 233 Dur 6 mo
JOHNSO [198] [199-201] Canada CC 1994 - 1997 71 N100
LAGARD [202] [203] Sweden CC 1980 - 1995 433 Occ (1 yr)
NISHIN [204] Japan P 1984 - 1984, 1992 24
OHNO [205] Japan CC NA 191 N365
RACHTA [63] [206] Poland CC 1991 - 1997 54 Dur 6 mo
ENSTRO [207] [208] United States P 1959 - 1960, 1998 256
ZATLOU [64] [209,210] Czech Republic CC 1998 - 2002 84 N100
IARCKR [1] [180] Germany CC 1990 - 1996 123 Dur 6 mo, N400
MCGHEE [211] Hong Kong CC 1998 - 1998 324
EPICA [212] [213-216] Western Europe P 1993 - 1998, 2000 59
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FANG [38] [216] China CC 2001 - 2004 157
FRANCO [71] [216] Mexico CC 2000 - 2002 94
GORLOV [55] [217-222] United States CC 1995 - 2003 193 N100
NEUBER [49] United States CC 1994 - 1997 56 N100, Dur 6 mo
RYLAND [223] Sweden CC 1989 - 1994 49
WEN [56] [224-227] China P 1997 - 2000, 2004 106
YU [228] [228-230] Hong Kong CC 2002 - 2004 213 N400, Dur 1 yr
ZEKA [59] East Europe, United Kingdom CC 1998 - 2002 223 N100
HILL1 [231] New Zealand P 1981 - 1981, 1984 147 Occ
HILL2 [231] New Zealand P 1996 - 1996, 1999 234 Occ
LOPEZC [232] Spain CC 2000 - 2005 36 N100
ASOMAN [233] United States CC 1992 - NA 138 Occ (1 yr)
GALLEG [51] Mexico CC 2003 - 2007 32
KURAHA [234] Japan P 1990 - 1993, 2004 109
PANDEY [50] Nepal CC NA 268
YANG [39] [65,221,235,236] United States CC 1997 - 2008 297 N100
OLIVOM [65] [237] United States CC NA 45 N100
TSE [238] [239] China CC 2004 - 2006 132 N400, Dur 1 yr
LIANG [40] China CC 2004 - 2007 226
BRENNE [47] Canada CC 1997 - 2002 156 N100
JIANG [41] China CC 2009 - 2009 145
EPICC [240] [212] Western Europe P 1992 - 1998, 2006 98
KIYOHA [241] Japan CC 1996 - 2008 153
HE [242] [243] China P 1976 - 1994, 2011 16 N100
LIM [74] [244-246] China CC 1996 - 2008 433 Occ (1 yr)
LIN [42] China CC 2006 - 2010 226
FERREC [247] Chile CC 2007 - 2010 59
ALZOUG [48] [248,249] Canada CC 1996 - 2000 44 N100
GELAC [43] Taiwan CC 2002 - 2009 1540 Occ
MASJED [44] [250] Iran CC 2002 - 2005 81 Dur 6 mo
REN [251] China CC 2002 - 2012 764
SEKI [252] Japan CC 1997 - 2009 431
WHIOS [253] [254] United States P 1993 - 1998, 2009 200
ILCCO [45] [69] International CC 1984 - 2014 2504 N100
TORRES [255] [256] Spain CC 2011 - 2013 192 N100

1Study design is coded as P: Prospective; CC: Case control; 2Study dates are given as Start year, End year, Final follow-up year (prospective studies only); 
3Inclusion of “near equivalents” to never smokers, coded as Dur: Includes those who smoked up to a number of months (mo) or years (yr); N: Includes 
those who smoked up to a number of cigarettes in their lifetime; Occ: Includes occasional smokers; Occ (1 yr): Includes those who smoked occasionally 
for up to 1 year; Non: Described as “non-smokers” and assumed from context to mean never smokers; 1sm: Study included 1 smoker; Cot: Excluded self-
reported never smokers with urinary cotinine > 100 ng/mg.

Table 2  Further details of the 102 studies

Ref. ETS exposures1 Adjustment variables used2 Extent (%) of histological 
confirmation

Results by histological type Dose-response results available3

GARFI1 s 7 NA Yes
CHAN s 0 80
CORREA s c4 1 97 Yes
TRICHO s 0 27 Yes Yes
BUFFLE h 0 100 Yes
HIRAYA s 2 NA Yes
KABAT1 s h w 4 100
GARFI2 s h w c o tot 4 100 Yes Yes
LAMW s tot 1 100 Yes
WU s w c tot4 2 100 Yes
AKIBA s c 6 53 Yes
LEE s h w tr o tot 3 38 Yes
BROWN1 tot 3 100 Yes
GAO s h c tot 2 43 Yes
HUMBL1 s 2 100 Yes
KOO s h w c tot 5 97 Yes Yes
LAMT s 0 100 Yes Yes
PERSHA s c 2 83 Yes Yes
BUTLER s 2 100
GENG s 0 85 Yes
INOUE s 3 NA Yes
SHIMIZ s h w 3 100
CHOI s 0 100 Yes
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HOLE h 2 NA Yes
SCHOEN s 6 100
SVENSS h c tot 1 70
JANERI s h w c o 3 100 Yes Yes
KALAND s h w 5 48 Yes Yes
SOBUE s h c 3 100
WU-WIL s h w c 5 42
LIUZ h 3 17
BROWN2 s h w c 2 76 Yes Yes
STOCKW s h w4 c o4 tot 3 100 Yes Yes
DU s 2 NA Yes
LIUQ s 3 32 Yes
FONTHA s h w c o tot 10 100 Yes Yes
LAYARD s 3 NA Yes
DEWAAR tot 0 71 Yes
KABAT2 s h w c tr o tot 6 100 Yes
SCHWAR h w 2 100
SUN s h w c hw tot 2 100 Yes
WANGS tot 0 100
WANGT s w c 1 57 Yes
CARDEN s h w o tot 8 NA Yes
ZHENG h 2 82 Yes Yes
AUVINE tot 1 NA
BOFFET s h w c tr o tot 7 96 Yes Yes
SHEN tot 9 100 Yes Yes
ZARIDZ s h w c 2 100 Yes Yes
BOFFE2 s w c tot 5 100 Yes Yes
JEE s 5 0 Yes
RAPITI s w c tr 3 100 Yes Yes
SPEIZE tot 1 100
ZHONG s h w c tot 7 57 Yes Yes
LEECH s h w c tot 7 100 Yes
MALATS s tot 2 100 Yes
WANGL h c 6 32 Yes
JOHNSO h w c tot 4 100 Yes
LAGARD h tot 6 100
NISHIN s h 7 NA
OHNO s w c tr o tot 2 100 Yes
RACHTA c 21 100 Yes
ENSTRO s 8 NA
ZATLOU c tot 3 100 Yes
IARCKR s w c 2 100 Yes
MCGHEE h 2 0 Yes
EPICA h w tot 7 NA
FANG tot 8 100 Yes
FRANCO h 2 100
GORLOV h w hw tot 4 100
NEUBER tot4 3 100
RYLAND h w 3 98
WEN s w c tot 9 NA Yes
YU tot 20 100 Yes
ZEKA w 4 NA Yes
HILL1 h 9 NA
HILL2 h 9 NA
LOPEZC tot 0 100
ASOMAN h w o 0 100
GALLEG tot 0 100
KURAHA s w c hw tot 5 90 Yes Yes
PANDEY c tot 0 NA Yes
YANG c tot 5 NA
OLIVOM c 4 100 Yes
TSE h w tot 9 100 Yes Yes
LIANG c tot 0 100
BRENNE h w c tot 3 100 Yes
JIANG tot 17 100 Yes
EPICC c 10 NA Yes
KIYOHA s 0 100
HE tot 9 88 Yes
LIM h 0 96
LIN tot 9 100 Yes
FERREC c tot4 3 72
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study found no association. One study[52] reported 
ETS was not statistically associated with lung cancer, 
but gave no further details and could not be included 
in the meta-analysis. Heterogeneity between studies 
was not significant, and fixed-effect (1.15, 1.03-1.28) 
and random-effects estimates (1.14, 1.01-1.29) were 
similar. There was no evidence of publication bias (P > 
0.1).

Results by sex, separated by region, are given as 
forest plots in Figure 1 (husband smoking) and Figure 2 
(wife smoking).

Further meta-analyses were carried out on results 
for smoking by either the husband or the wife (or 
nearest equivalent), based on 119 RR estimates. Details 
are given in Table 3, along with estimates split by 
various other factors. Overall, a fixed-effect RR (1.18, 
1.14-1.23) and a random-effects RR (1.21, 1.14-1.29) 
were estimated, with marked heterogeneity between 
studies (P < 0.001). When the studies were examined 
according to various factors, there was evidence of 
heterogeneity between factor levels for publication 
date (P < 0.01), study size (P < 0.01) and age adju-
stment (P < 0.05), with the largest RRs seen for early 
(1981-1989) studies, small studies (1-49 cases) and 
estimates unadjusted for age. There was no significant 
heterogeneity by location, study type, reporting of 
dose-response results, or use of spouse as the index of 
exposure. There was no clear evidence of publication 
bias (0.05 < P < 0.1).

Results for smoking by the spouse (or nearest 
equivalent) were also examined by histological type of 
cancer, with Figure 3 (squamous cell carcinoma) and 
Figure 4 (adenocarcinoma) showing forest plots by 
region. The analysis of squamous cell carcinoma, based 
on 24 RR estimates, showed a significant (P < 0.001) 
positive association and heterogeneity (P < 0.001), 
overall estimates being 1.41 (1.24-1.59, fixed-effect) 
and 1.44 (1.15-1.80, random-effects). No significant 
variation by region was seen. For adenocarcinoma, the 
30 RR estimates were again heterogeneous (P < 0.01), 
with the meta-analysis showing significantly raised RRs, 
of 1.23 (1.15-1.32, fixed-effect) and 1.33 (1.17-1.51, 
random-effects). The heterogeneity was partly due to 
differences (P < 0.001) by region, with little increase 
seen in North American and European studies (random-
effects RRs 1.08, 0.96-1.22 for North America; 1.11, 

0.82-1.49 for Europe), but a clear increase for Asia 
(random-effects RR 1.70, 1.35-2.15). 

Workplace ETS exposure
For lung cancer and workplace ETS exposure, 47 RR 
estimates were available (Figure 5). Of these, 37 were 
raised, with estimates from six studies[33,45,53-56] being 
significant, and another[57] of borderline significance. 
This contrasted with nine studies, where RRs were 
non-significantly below 1.00, and one showing no 
association. Two other studies[58,59], neither of which 
reported an association, could not be included in the 
meta-analysis, due to providing insufficient detail. 
Overall, there was a significant positive relationship, 
whether based on fixed-effect (1.21, 1.14-1.28) or 
random-effects RRs (1.22, 1.15-1.30). There was no 
evidence of heterogeneity or publication bias. Studies 
conducted in North America (1.21, 1.08-1.37), Europe 
(1.18, 1.01-1.39) and Asia (1.33, 1.20-1.47) all showed 
a significantly increased random-effects RR.

Childhood ETS exposure
Results for childhood ETS exposure are given, by 
region, in Figure 6, with further meta-analyses given in 
Table 4. For childhood exposure from any cohabitant, 
41 RR estimates were available. Of these, 21 were 
raised, eight significantly[37,39,60-65]. In contrast 18 RR 
estimates were below 1.00, one[66] significantly so, while 
two were equal to 1.00. In addition, three studies[67-69] 
found no relationship but provided insufficient detail for 
inclusion in the meta-analysis. Although meta-analysis 
suggested a positive relationship with the risk of lung 
cancer, this only just reached statistical significance 
(fixed-effect RR = 1.08, 1.01-1.15; random-effects RR 
= 1.15, 1.02-1.29). There was significant heterogeneity 
between the studies (P < 0.001), and heterogeneity 
between the continents (P < 0.05), with a significant 
increase seen in Asia (random-effects RR = 1.31, 
1.02-1.67), but not in North America (RR = 1.06, 
0.89-1.28) or Europe (RR = 1.02, 0.81-1.29). 

Based on nine RR estimates, meta-analysis showed 
no evidence of any relationship specifically with maternal 
smoking in childhood, with the fixed-effect estimate 
0.96 (0.77-1.20) and the random-effects estimate 0.98 
(0.77-1.25). There was also no association specifically 
with paternal smoking in childhood (fixed-effect model 
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ALZOUG s h w c tot 3 NA Yes Yes
GELAC s h w hw tot 6 100 Yes
MASJED s h w o tot 4 100 Yes
REN tot 5 100
SEKI s 7 94 Yes
WHIOS h4 w4 c4 tot 0 0 4

ILCCO h w c tot 3 100 Yes Yes
TORRES h 2 99 Yes

1ETS exposure measures reported, coded as s: Spousal; h: Household; w: Work; c: Childhood; hw: Exposure at both home and work; tr: Travel; o: Social/
other; tot: Total exposure. Codes marked 4 represent exposures for which the only result presented is a statement that no association was found; 2Number 
of factors adjusted for, excluding sex; 3Coded as yes: Dose response result presented; 4The only dose response result presented is a statement that no dose 
response was found. NA: Not available.

Lee PN et al . ETS and lung cancer



20 April 26, 2016|Volume 4|Issue 2|WJMA|www.wjgnet.com

Ref. Random RR 95%CI Weight (%) Random RR 95%CI
N America
ALZOUG     0.21 0.39 (0.15, 0.98)
BRENNE     0.88 0.40 (0.25, 0.63)
LAYARD     0.43    0.58 (0.30, 1.13)
JANERI     0.86 0.75 (0.47, 1.20)
KABAT1     0.15 0.79 (0.25, 2.45)
BUFFLE     0.26 0.80 (0.34, 1.90)
WHIOS     0.68 0.88 (0.52, 1.49)
ASOMAN     0.16 0.93 (0.31, 2.78)
ENSTRO     1.54 0.94 (0.66, 1.33)
BROWN2     4.59 1.00 (0.80, 1.20)
SCHOEN     1.03 1.07 (0.70, 1.64)
KABAT2     0.55 1.08 (0.60, 1.94)
SCHWAR     1.05 1.10 (0.72, 1.68)
GORLOV     0.52 1.15 (0.63, 2.10)
GARFI1     1.84 1.17 (0.85, 1.61)
JOHNSO     0.44 1.20 (0.62, 2.30)
CARDEN     1.57 1.20 (0.80, 1.60)
WU     0.21 1.20 (0.50, 3.30)
GARFI2     1.09    1.23 (0.81, 1.87)
FONTHA     4.07 1.29 (1.04, 1.60)
SPEIZE     0.08 1.50 (0.30, 6.30)
STOCKW     0.43 1.60 (0.80, 3.00)
BROWN1     0.09 1.68 (0.39, 6.90)
FRANCO     0.46 1.80 (0.95, 3.42)
YANG     0.53 2.00 (1.10, 3.63)
BUTLER     0.09 2.02 (0.48, 8.56)
CORREA     0.22 2.07 (0.81, 5.25)
HUMBL1     0.16 2.20 (0.76, 6.56)
GALLEG     0.04 8.00 (0.85, 75.31)

Subtotal (95%CI)   24.24 1.07 (0.94, 1.23)

Europe
ZATLOU     0.28 0.48 (0.21, 1.09)
TORRES     0.99 0.71 (0.46, 1.10)
IARCKR     0.83    0.80 (0.50, 1.30)
EPICA     0.21 0.84 (0.33, 2.17)
LOPEZC     0.00 0.99 (0.00, 509.87)
LEE     0.19    1.00 (0.37, 2.71)
BOFFE2     0.42 1.00 (0.50, 1.90)
BOFFET     3.61 1.11 (0.88, 1.39)
LAGARD     1.89    1.15 (0.84, 1.58)
PERSHA     0.63 1.20 (0.70, 2.10)
SVENSS     0.21 1.36 (0.53, 3.49)
RYLAND     0.24 1.37 (0.57, 3.30)
MALATS     0.43 1.50 (0.77, 2.91)
ZARIDZ     1.40 1.53 (1.06, 2.21)
HOLE     0.04 1.89 (0.22, 16.12)
TRICHO     0.63    2.08 (1.20, 3.59)
KALAND     0.43 2.11 (1.09, 4.08)
DEWAAR     0.15 2.57 (0.84, 7.85)

Subtotal (95%CI)   12.60 1.17 (0.99, 1.39)

Asia
WU-WIL     4.59 0.70 (0.60, 0.90)
CHAN     0.63 0.75 (0.43, 1.30)
SHEN     0.25 0.75 (0.31, 1.78)

0.10         0.20                 1.00                 5.00                     10.00
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0.90, 0.80-1.00; random-effects model 1.00, 0.78-1.29), 
based on 11 estimates. However, meta-analysis of the 
eight estimates specifically considering parental smoking 
during childhood gave a reduced RR (0.78, 0.64-0.94 for 
both models). There was no significant heterogeneity for 

maternal smoking or parental smoking, but there was for 
paternal smoking (P < 0.001) due to an atypically high 
estimate of 12.64 (4.89-32.68) for females in one study[61].

None of the analyses of childhood exposure showed 
any significant evidence of publication bias.
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Ref. Random RR 95%CI Weight (%) Random RR 95%CI

LIUZ     0.21 0.77 (0.30, 1.96)
OHNO     1.18 1.00 (0.67, 1.49)
KIYOHA     0.32    1.01 (0.47, 2.17)
WANGL     0.70 1.03 (0.60, 1.70)
SHIMIZ     0.70    1.08 (0.64, 1.82)
DU     0.67 1.09 (0.64, 1.85)
WEN     1.25 1.09 (0.74, 1.61)
ZHONG     1.91 1.10 (0.80, 1.50)
WANG T     0.73 1.11 (0.67, 1.84)
LIM     3.96 1.12 (0.90, 1.40)
SOBUE     1.39 1.13 (0.78, 1.63)
SUN     1.35 1.16 (0.80, 1.69)
REN     5.00    1.20 (0.99, 1.46)
RAPITI     0.24 1.20 (0.50, 2.90)
KURAHA     0.83 1.26 (0.78, 1.03)
GELAC     5.87 1.30 (1.09, 1.56)
GAO     1.17 1.30 (0.87, 1.94)
SEKI     2.47 1.31 (0.99, 1.72)
YU     0.43 1.35 (0.70, 2.63)
MCGHEE     1.26 1.38 (0.94, 2.04)
LIANG     1.48 1.45 (1.01, 2.07)
HIRAYA     1.49 1.45 (1.02, 2.08)
AKIBA     0.64 1.50 (0.93, 2.76)
CHOI     0.59 1.63 (0.92, 2.87)
KOO     0.47 1.64 (0.87, 3.09)
LAMT     1.51 1.65 (1.16, 2.35)
LIUQ     0.29 1.72 (0.77, 3.87)
JEE     0.50 1.72 (0.93, 3.18)
FANG     0.75 1.77 (1.07, 2.92)
NISHIN     0.20 1.80 (0.67, 4.60)
LEECH     1.37 1.87 (1.29, 2.71)
MASJED     0.40 2.01 (1.01, 4.00)
LAMW     0.50    2.01 (1.09, 3.72)
HE     0.04 2.07 (0.23, 18.34)
GENG     0.40 2.16 (1.08, 4.29)
INOUE     0.13 2.25 (0.77, 8.85)
JIANG     0.39    2.27 (1.13, 4.53)
LIN     1.12 2.50 (1.66, 3.77)
ZHENG     0.27 2.52 (1.09, 5.85)
WANGS     0.38 2.53 (1.26, 5.10)

Subtotal (95%CI)   50.03 1.33 (1.20, 1.46)

Other
HILL1
ILCCO     0.38 1.00 (0.49, 2.01)
HILL2   12.16 1.20 (1.06, 1.36)

    0.59 1.38 (0.78, 2.41)
Subtotal (95%CI)

  13.13 1.20 (1.07, 1.35)

Total (95%CI) 100.00 1.22 (1.14, 1.31)

0.10           0.20                                      1.00                                         5.00        10.00 

Lee PN et al . ETS and lung cancer

Figure 1  Forest plots for smoking by husband, by region. Estimates of the random-effects RR and its 95%CI are shown separately by region, sorted in 
increasing order of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are also shown, expressed 
as a percentage of the weight for all studies combined.  Estimates of RRs, 95%CIs and weights are also shown for each region combined and overall.  Studies are 
identified by the study reference code shown in Table 1.  In the graphical representation, individual RRs are indicated by a solid square, with the area of the square 
proportional to the weight. RR: Relative risk
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Ref. Random RR 95%CI Weight (%) Random RR 95%CI
N America
ALZOUG     0.54 0.39 (0.09, 1.63)
BRENNE     2.35 0.40 (0.20, 0.80)
BUFFLE     0.71 0.51 (0.14, 1.79)
ENSTRO     2.64    0.63 (0.33, 1.22)
JANERI     1.48 0.75 (0.31, 1.78)
ASOMAN     0.58 0.93 (0.23, 3.70)
KABAT1     0.43    1.00 (0.20, 5.07)
SCHWAR     3.04 1.10 (0.60, 2.03)
CARDEN     3.74 1.10 (0.60, 1.80)
GORLOV     1.55 1.41 (0.60, 3.30)
LAYARD     1.16 1.47 (0.55, 3.94)
KABAT2     1.49 1.60 (0.67, 3.82)
FRANCO     1.73 1.80 (0.80, 4.03)
CORREA     0.41 1.97 (0.38, 10.32)
YANG     3.27 2.00 (1.11, 3.59)
HUMBL1     0.36 4.08 (0.70, 23.91)
GALLEG     0.29 8.00 (1.13, 56.52)

Subtotal (95%CI)   25.77 1.11 (0.82, 1.49)

Europe
IARCKR     0.39 0.40 (0.10, 3.00)
AUVINE     1.35 0.69 (0.28, 1.74)
TORRES     1.53 0.71 (0.30, 1.67)
EPICA     0.48 0.84 (0.18, 3.86)
LOPEZC     0.20 0.99 (0.09, 10.71)
LAGARD     9.23 1.15 (0.81, 1.63)
LEE     0.75 1.30 (0.38, 4.39)
RYLAND     1.25 1.37 (0.53, 3.53)
BOFFET     3.19 1.47 (0.81, 2.66)
MALATS     0.68 1.50 (0.41, 5.43)
HOLE     0.20 3.52 (0.32, 38.65)

Subtotal (95%CI)   19.25 1.12 (0.88, 1.43)

Asia
WANGL     1.19 0.56 (0.20, 1.40)
ZHENG     0.90 0.67 (0.22, 2.04)
MASJED     0.13 0.70- (0.04, 13.34)
TSE     5.50    0.90 (0.57, 1.41)
KIYOHA     4.02 1.01 (0.59, 1.71)
SEKI     0.63 1.29 (0.34, 4.91)
MCGHEE     4.76 1.34 (0.82, 2.17)
AKIBA     0.54 1.80 (0.39, 6.96)
HE     0.56 1.86 (0.45, 7.73)
HIRAYA     1.97 2.25 (1.05, 4.76)
JIANG     0.67 2.27 (0.62, 8.27)
CHOI     0.38 2.73 (0.49, 15.21)
GELAC     0.12 5.22- (0.25, 109.12)

Subtotal (95%CI)   21.40 1.17 (0.93, 1.47)

Other
HILL1     2.60 1.08 (0.56, 2.09)
ILCCO   28.39 1.20 (0.98, 1.46)
HILL2     2.59 1.45 (0.75, 2.81)

Subtotal (95%CI)   33.58 1.21 (1.01, 1.45)

Total (95%CI) 100.00 1.14 (1.01, 1.29)

0.10        0.20                           1.00                            5.00        10.00

Figure 2  Forest plots for smoking by wife, by region. Estimates of the random-effects RR and its 95%CI are shown separately by region, sorted in increasing order 
of RR.  These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are also shown, expressed as a percentage of 
the weight for all studies combined. Estimates of RRs, 95%CIs and weights are also shown for each region combined and overall.  Studies are identified by the study 
reference code shown in Table 1. In the graphical representation, individual RRs are indicated by a solid square, with the area of the square proportional to the weight. RRs 
shown with a ~ are calculated using a 0.5 addition to each cell, due to a zero in the 2 x 2 table. RR: Relative risk.
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Household ETS exposure
A total of 58 RR estimates were available for household 
ETS exposure from any source, as shown in Figure 7. 
Thirty-six RRs were above 1.00, statistically significant 
in six studies[35,43,45,60,70,71]. Twenty-one non-significantly 
negative RRs were also reported, while one study found 
no association. Overall RRs were 1.13 (1.07-1.19, fixed-
effect) and 1.11 (1.05-1.18, random-effects). There 
was marked heterogeneity (P < 0.001) between the 
estimates, but no significant variation by study location, 

or evidence of publication bias.
Restricting attention to sources of ETS other than the 

spouse, only 13 RRs were available, and the overall RR, 
although raised, was not significant (1.04, 0.89-1.21, 
fixed-effect) or (1.12, 0.87-1.44, random-effects). 

ETS exposure during travel
Figure 8 shows the eight RRs for ETS exposure during 
travel. Six were above 1.00, and two were below 1.00. 
Only one estimate[61] was significant, and its high RR of 
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
N America
BROWN2 f     2.84 0.60 (0.30, 1.30)
JANERI c   22.16 1.12 (0.87, 1.47)
FONTHA f     9.74 1.37 (0.92, 2.03)
STOCKW f     1.55    2.20 (0.80, 2.80)
GARFI2 f     5.40 5.00 (2.94, 8.51)

Subtotal (95%CI)   41.69 1.58 (0.85, 2.92)

Europe
LEE m     0.34 0.60 (0.07, 4.86)
ZATLOU f     1.27 0.66 (0.22, 1.96)
BOFFET c     7.39 1.21 (0.77, 1.91)
LEE f     0.35 1.70 (0.21, 13.40)
ZARIDZ f     3.36 1.94 (0.99, 3.81)
TRICHO f     5.07 2.08 (1.20, 3.59)
KALAND f     1.32 2.58 (0.88, 7.57)
PERSHA f     1.12 3.30 (1.10, 11.40)

Subtotal (95%CI)   20.21 1.61 (1.17, 2.22)

Asia
MASJED c     0.18 0.19- (0.01, 3.44)
TSE m     1.94 0.43 (0.18, 1.06)
LAMT f     1.93 0.85 (0.35, 2.06)
ZHENG f     0.27 1.04 (0.10, 11.14)
ZHONG f     6.84 1.10 (0.70, 1.80)
RAPITI c     1.82 1.20 (0.40, 2.50)
KOO f     0.99 1.73 (0.50, 5.99)
JIANG c     3.25 1.83 (0.92, 3.62)
SUN f     3.14 2.06 (1.03, 4.15)
SEKI f     0.88 2.24 (0.60, 8.38)

Subtotal (95%CI)   21.23 1.21 (0.86, 1.70)

Other
ILCCO c   16.88 1.46 (1.08, 1.97)

Subtotal (95%CI)   16.88 1.46 (1.08, 1.97)

Total (95%CI) 100.00 1.44 (1.15, 1.80)

0.10         0.20                               1.00                                 5.00        10.00

Figure 3  Forest plots for squamous cell carcinoma and spousal smoking, by region. Estimates of the random-effects RR and its 95%CI are shown separately 
by region, sorted in increasing order of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are 
also shown, expressed as a percentage of the weight for all studies combined. Estimates of RRs, 95%CIs and weights are also shown for each region combined 
and overall. Studies are identified by the study reference code shown in Table 1, with sex identified by m (male), f (female) or c (sexes combined).  In the graphical 
representation, individual RRs are indicated by a solid square, with the area of the square proportional to the weight RRs shown with a - are calculated using a 0.5 
addition to each cell, due to a zero in the 2 x 2 table. RR: Relative risk.
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5.20 was the major contributor to the significant (P < 
0.05) heterogeneity. Fixed effect meta-analysis gave a 
RR which was just significant (1.24, 1.01-1.53), but the 
random-effects RR was not (1.34, 0.94-1.93).

ETS exposure in social situations
Analysis of the relationship of lung cancer to ETS exposure 
in social situations was based on 15 RR estimates, shown 
in Figure 9. One[33] study provided a significantly increased 
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
N America
JANERI c   13.27 0.97 (0.79, 1.16)
BROWN2 f     8.31 1.00 (0.80, 1.30)
WU f     0.55 1.20 (0.50, 3.30)
FONTHA f     8.77    1.28 (1.01, 1.62)
STOCKW f     0.87 1.30 (0.60, 2.70)
GARFI2 f     1.90 1.33 (0.80, 2.21)
BROWN1 f     0.24 1.68 (0.39, 6.90)

Subtotal (95%CI)   33.89 1.08 (0.96, 1.22)

Europe
ZATLOU f     0.34 0.36 (0.11, 1.22)
LEE f     0.16    0.41 (0.07, 2.40)
PERSHA f     1.12 0.80 (0.40, 1.50)
BOFFE2 c     1.19    1.00 (0.50, 1.80)
BOFFET c     6.49 1.08 (0.82, 1.42)
ZARIDZ f     2.35 1.52 (0.96, 2.39)
KALAND f     0.91 2.04 (0.98, 4.24)
LEE m     0.08 2.70 (0.24, 30.57)

Subtotal (95%CI)   12.65 1.11 (0.82, 1.49)

Asia     0.65 0.75 (0.31, 1.78)
SHEN f     0.35    1.00 (0.30, 3.20)
RAPITI c     4.95 1.10 (0.80, 1.50)
ZHONG f     1.86 1.18 (0.71, 1.98)
TSE m     0.20 1.30 (0.27, 6.14)
SEKI m     5.27 1.44 (1.06, 1.95)
SEKI f     0.51 1.61 (0.61, 4.29)
KOO f     1.27 1.83 (0.98, 3.40)
KURAHA f     1.29 2.01 (1.09, 3.72)
LAMW f     2.19 2.12 (1.32, 3.39)
LAMT f     0.48 2.32 (0.85, 6.38)
ZHENG f     1.12 2.40 (1.24, 4.65)
MASJED c     1.77 2.86 (1.69, 4.84)
SUN f     0.80 4.33 (1.98, 9.49)
JIANG c

  22.71 1.70 (1.35, 2.15)
Subtotal (95%CI)

Other   30.75 1.22 (1.08, 1.39)
ILCCO c

Subtotal (95%CI)   30.75 1.22 (1.08, 1.38)

Total (95%CI) 100.00 1.33 (1.17, 1.51)

0.10         0.20                            1.00                              5.00        10.00

Figure 4  Forest plots for adenocarcinoma and spousal smoking, by region. Estimates of the random-effects RR and its 95%CI are shown separately by region, 
sorted in increasing order of RR.  These are shown numerically, and also graphically on a logarithmic scale.  Weights (inverse-variance of log RR) are also shown, 
expressed as a percentage of the weight for all studies combined.  Estimates of RRs, 95%CIs and weights are also shown for each region combined and overall.  
Studies are identified by the study reference code shown in Table 1, with sex identified by m (male), f (female) or c (sexes combined). In the graphical representation, 
individual RRs are indicated by a solid square, with the area of the square proportional to the weight. RR: Relative risk.
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
N America
KABAT1 f     0.55 0.68 (0.32, 1.47)
JANERI c     2.04 0.91 (0.61, 1.35)
GARFI2 f     1.21    0.93 (0.55, 1.55)
BROWN2 f     3.95 0.98 (0.74, 1.31)
CARDEN f     1.73    1.00 (0.65, 1.54)
KABAT2 m     0.63 1.02 (0.50, 2.09)
CARDEN m     1.02 1.09 (0.62, 1.91)
KABAT2 f     0.84 1.15 (0.62, 2.13)
ASOMAN c     2.13    1.21 (0.82, 1.78)
BRENNE c     2.33 1.26 (0.87, 1.82)
WU f     0.36 1.30 (0.50, 3.30)
JOHNSO f     1.15 1.36 (0.80, 2.31)
SCHWAR c     2.07 1.50 (1.00, 2.20)
ALZOUG c     0.65 1.51 (0.75, 3.05)
FONTHA f     4.90 1.56 (1.21, 2.02)
GORLOV m     0.44 1.58 (0.67, 3.70)
GORLOV f     0.84 1.95 (1.05, 3.62)
KABAT1 m     0.23 3.27 (1.01, 10.62)

Subtotal (95%CI)   27.08 1.21 (1.08, 1.37)

Europe
IARCKR m     0.37 0.50 (0.20, 1.30)
LEE f     0.19 0.63 (0.17, 2.33)
ZARIDZ f     1.45 0.88 (0.55, 1.41)
BOFFET m     1.27 1.13 (0.68, 1.86)
BOFFET f     5.73 1.19 (0.94, 1.51)
EPICA c     0.79 1.28 (0.67, 2.40)
IARICKR f     1.26 1.40 (0.80, 2.20)
BOFFE2 c     0.74 1.50 (0.80, 3.00)
LEE m     0.16 1.61 (0.39, 6.60)
KALAND f     0.40 1.70 (0.69, 4.18)
RYLAND c     0.41 2.26 (0.93, 5.48)

Subtotal (95%CI)   12.77 1.18 (1.01, 1.39)

Asia
WANGT f     0.74 0.89 (0.46, 1.73)
LEECH f     1.00 0.91 (0.52, 1.62)
WU-WIL f     4.00 1.06 (0.80, 1.40)
RAPITI c     0.19 1.10 (0.30, 4.10)
TSE m     1.69 1.15 (0.74, 1.77)
GELAC m     2.83 1.16 (0.83, 1.63)
SHIMIZ f     1.14 1.18 (0.70, 2.01)
KOO f     0.39 1.19 (0.48, 2.95)
KURAHA f     1.68 1.32 (0.85, 2.04)
SUN f     2.15 1.38 (0.94, 2.04)
OHNO f     2.01 1.38 (0.92, 2.05)
GELAC f     6.69 1.47 (1.18, 1.83)
WANGL c     0.54    1.56 (0.70, 3.30)
MASJED m     0.18 1.58 (0.42, 2.95)
ZHONG f     3.96 1.70 (1.30, 2.30)
WEN f     1.32 1.79 (1.09, 2.93)
MASJED f     0.03 6.58- (0.26, 164.08)

Subtotal (95%CI)   30.64 1.33 (1.20, 1.47)

Other
ILCCO c   29.52 1.10 (0.99, 1.22)

Subtotal (95%CI)   29.52 1.10 (0.99, 1.22)

Total (95%CI) 100.00 1.22 (1.15, 1.30)

0.10        0.20                           1.00                            5.00        10.00

Figure 5  Forest plots for workplace environmental tobacco smoke exposure by region. Estimates of the random-effects RR and its 95%CI are shown separately by 
region, sorted in increasing order of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are also shown, 
expressed as a percentage of the weight for all studies combined.  Estimates of RRs, 95%CIs and weights are also shown for each region combined and overall. Studies 
are identified by the study reference code shown in Table 1, with sex identified by m (male), f (female) or c (sexes combined).  In the graphical representation, individual 
RRs are indicated by a solid square, with the area of the square proportional to the weight. RRs shown with a - are calculated using a 0.5 addition to each cell, due to a 
zero in the 2 x 2 table. RR: Relative risk.
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RR, with seven studies giving non-significantly raised 
estimates. Seven RRs were below 1.00, significantly so 
in two[72,73] studies. Overall, there was no evidence of an 
increased risk, for either fixed-effect (1.03, 0.92-1.16) or 
random-effects RRs (1.01, 0.82-1.24).

Total ETS exposure
The 48 RRs for total ETS exposure are shown, by 
region, in Figure 10. Thirty-eight were above 1.00, 
significantly so for 12 studies[29,34,37-39,41-43,45,51,55,60]. Eight 
non-significantly reduced RRs were also reported, while 
two studies reported RRs of 1.00. Although there was 
marked heterogeneity (P < 0.001), fixed-effect RRs 
(1.30, 1.22-1.38), and random-effects RRs were quite 
similar (1.31, 1.19-1.45). Heterogeneity between the 
continents was statistically significant (P < 0.01), with 
random-effects RRs higher for Asia (1.51, 1.31-1.74), 
than for North America (1.22, 0.96-1.55) or Europe 
(1.09, 0.91-1.31). There was no evidence (P > 0.1) of 
publication bias.

Smoking by the husband - detailed analyses
Smoking by the husband (or nearest equivalent) is 
now considered in more detail, with results presented 
both for overall exposure and per 10 cigarettes per day 
smoked by the husband. A fuller report which includes 
adjustment for confounding and for misclassification of 
exposure, is available in www.pnlee.co.uk/downloads/
etslc/23482-supplementary file 2.pdf, with only the 
main findings presented here.

For overall exposure, the RRs considered are those 
shown in Figure 1 and briefly referred to in the section 
“smoking by the spouse”. As noted there, combining 
estimates from 93 studies gave (RR = 1.19, 95%CI: 
1.14-1.24, fixed-effects) and (RR =1.22, 95%CI: 
1.14-1.31, random-effects).

Of the 93 studies, 29 were in North America, 18 
in Europe, 26 in China or Hong Kong, 18 in the rest of 
Asia, and two in New Zealand. One Asian study[74] was 
of Chinese women in Singapore, and has been included 
in the subset of China studies. As the studies in New 
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Table 3  Meta-analyses of smoking by the spouse (or nearest equivalent)

Estimates considered No. of estimates Relative risk (95% confidence limits) Heterogeneity1

Fixed-effects meta-analysis Random-effects meta-analysis

All 119 1.18 (1.14-1.23) 1.21 (1.14-1.29) +++
N America   38 1.08 (1.00-1.17) 1.09 (0.95-1.26) +++
Europe   22 1.15 (1.03-1.28) 1.16 (1.00-1.35) (+)
Asia   54 1.24 (1.17-1.32) 1.31 (1.20-1.44) +++
  Asia - Japan   13 1.26 (1.11-1.45) 1.26 (1.11-1.45) NS
  Asia - Hong Kong     8 1.32 (1.12-1.57) 1.31 (1.06-1.63) NS
  Asia - China   23 1.16 (1.06-1.27) 1.29 (1.08-1.54) +++
  Asia - Other   10 1.34 (1.19-1.51) 1.37 (1.19-1.57) NS
Heterogeneity between Asian countries NS
Other continents     5 1.20 (1.09-1.33) 1.20 (1.09-1.33) NS
Heterogeneity between continents (+)
  Published in 1981-1989   34 1.38 (1.24-1.54) 1.38 (1.24-1.54) NS
  Published in 1990-1999   33 1.09 (1.01-1.17) 1.15 (1.02-1.28) ++
  Published in 2000-2009   34 1.22 (1.12-1.33) 1.21 (1.08-1.36) +
  Published in 2010 onwards   18 1.17 (1.10-1.26) 1.13 (0.94-1.36) +++
Heterogeneity by publication date ++
  1-49 cases   23 1.44 (1.14-1.81) 1.47 (1.15-1.88) NS
  50-99   31 1.30 (1.14-1.47) 1.27 (1.08-1.50) +
  100-199   29 1.09 (1.00-1.19) 1.10 (0.96-1.26) +++
  200-399   22 1.33 (1.21-1.46) 1.32 (1.16-1.50) +
  400+   14 1.14 (1.07-1.20) 1.13 (1.02-1.25) ++
Heterogeneity by study size ++
  Case-control   97 1.18 (1.13-1.23) 1.22 (1.13-1.31) +++
  Prospective   22 1.18 (1.05-1.33) 1.18 (1.05-1.33) NS
Heterogeneity by study type NS
  Not age adjusted   21 1.34 (1.19-1.50) 1.42 (1.18-1.71) +
  Age adjusted   98 1.16 (1.11-1.21) 1.18 (1.10-1.26) +++
Heterogeneity by age adjustment NS
  Dose-response results not reported   46 1.13 (1.06-1.21) 1.18 (1.06-1.31) ++
  Only no dose-response stated   2 0.95 (0.60-1.50) 0.95 (0.60-1.50) NS
  Dose-response results reported   71 1.21 (1.15-1.28) 1.24 (1.14-1.35) +++
Heterogeneity by dose response reporting NS
  Spouse the index   71 1.18 (1.11-1.24) 1.21 (1.12-1.31) ++
  Spouse not the index   48 1.19 (1.12-1.27) 1.20 (1.07-1.35) +++
Heterogeneity by index definition NS

1Significance levels indicated by +++ P < 0.001, ++ P < 0.01, + P < 0.05, (+) P < 0.1 for heterogeneity within level and for heterogeneity between level. NS: 
Not significant, P ≥ 0.1.
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Zealand were principally of people of European descent, 
they have been included in the European subset of 
studies. One of the studies[45] was international, but due 

to a high proportion of Asian subjects has been included 
in the Rest of Asia subset. 

The first study appeared in 1981[75], a further 
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
N America
WU F     0.38 0.60 (0.20, 1.70)
ALZOUG c     1.03 0.66 (0.35, 1.27)
BRENNE c     2.93 0.80 (0.54, 1.17)
BROWN2 f     4.68    0.80 (0.60, 1.10)
FONTHA f     9.57 0.89 (0.72, 1.10)
KABAT2 m     0.78 0.90 (0.43, 1.89)
GARFI2 f     2.14 0.91 (0.58, 1.42)
JANERI c     2.25    1.33 (0.86, 2.06)
JOHNSO f     1.53 1.38 (0.81, 2.34)
YANG c     2.93 1.47 (1.00, 2.15)
KABAT2 f     1.26 1.63 (0.91, 2.92)
STOCKW f     0.81 1.66 (0.80, 3.44)
OLIVOM c     0.72 2.25 (1.04, 4.90)

Subtotal (95%CI)   31.00 1.06 (0.89, 1.28)

Europe
BOFFE2 c     0.89 0.60 (0.30, 1.20)
BOFFET f     7.64 0.77 (0.61, 0.98)
BOFFET m     2.41 0.79 (0.52, 1.21)
IARICKR f     1.62 0.90 (0.50, 1.40)
ZARIDZ f     3.28 0.92 (0.64, 1.32)
IARCKR m     0.56 0.97 (0.40, 2.30)
PERSHA f     0.56 1.00 (0.40, 2.30)
EPICC c     1.65 1.34 (0.80, 2.22)
ZATLOU f     1.97 1.61 (1.01, 2.57)
SVENSS f     0.13 3.30 (0.50, 18.80)
RACHTA f     0.46 3.31 (1.26, 8.69)

Subtotal (95%CI)   21.18 1.02 (0.81, 1.29)

Asia
KOO f     0.44 0.56 (0.21, 1.50)
WEN f     1.88 0.88 (0.55, 1.43)
WANGT f     1.80 0.91 (0.56, 1.48)
KURAHA f     1.28    0.93 (0.52, 1.66)
ZHONG f     6.58    0.93 (0.72, 1.20)
OHNO f     0.93 1.00 (0.51, 1.98)
RAPITI m     0.38 1.09 (0.38, 3.18)
GAO f     2.18 1.10 (0.70, 1.70)
LIANG f     3.47 1.21 (0.85, 1.72)
SOBUE f     1.23 1.28 (0.71, 2.31)
WANGL m     0.52 1.46 (0.60, 3.70)
WANGL f     2.76 1.51 (1.00, 2.20)
LEECH f     2.63 2.10 (1.40, 3.14)
SUN f     2.90 2.29 (1.56, 3.37)
RAPITI f     0.43 12.00 (4.30, 32.00)

Subtotal (95%CI)   29.43 1.31 (1.02, 1.67)

Other
ILCCO c   17.37 1.08 (0.92, 1.26)
FERREC c     1.01 1.57 (0.82, 3.02)

Subtotal (95%CI)   18.38 1.13 (0.89, 1.45)

Total (95%CI) 100.00 1.15 (1.02, 1.29)

0.10        0.20                           1.00                            5.00        10.00

Figure 6  Forest plots for childhood environmental tobacco smoke exposure by region. Estimates of the random-effects RR and its 95%CI are shown 
separately by region, sorted in increasing order of RR.  These are shown numerically, and also graphically on a logarithmic scale.  Weights (inverse-variance of log 
RR) are also shown, expressed as a percentage of the weight for all studies combined.  Estimates of RRs, 95%CIs and weights are also shown for each region 
combined and overall.  Studies are identified by the study reference code shown in Table 1, with sex identified by m (male), f (female) or c (sexes combined). In the 
graphical representation, individual RRs are indicated by a solid square, with the area of the square proportional to the weight. RR: Relative risk.
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25, 27, 26 and 14 being published in, respectively, 1982-89, 1990-99, 2000-09 and 2010-2014. Sixteen 
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
BUFFLE m     0.17 0.51 (0.14, 1.79)
CARDEN m     0.26 0.63 (0.23, 1.76)
ALZOUG c     0.57 0.63 (0.32, 1.25)
ZHENG m     0.21    0.67 (0.22, 2.04)
TORRES c     1.74 0.71 (0.48, 1.05)
LIUZ f     0.30 0.77 (0.30, 1.96)
WU-WIL f     2.32 0.78 (0.56, 1.10)
BRENNE c     1.52 0.80 (0.53, 1.21)
BIFFLE f     0.36 0.80 (0.34, 1.90)
LEE f     0.46 0.80 (0.37, 1.71)
LEECH f     1.35 0.80 (0.51, 1.24)
CARDEN f     1.52 0.84 (0.55, 1.27)
EPICA c     0.41 0.84 (0.38, 1.90)
NISHIN f     0.37 0.87 (0.37, 2.01)
ASOMAN c     1.04 0.88 (0.53, 1.46)
GAO f     1.48 0.90 (0.60, 1.40)
TSE m     1.30 0.90 (0.57, 1.41)
ZARIDZ f     1.33 0.91 (0.58, 1.42)
KABAT1 f     0.39 0.92 (0.40, 2.08)
GELAC m     2.31 0.94 (0.67, 1.32)
KABAT2 f     0.82 0.95 (0.53, 1.67)
HILL1 f     0.53 1.00 (0.49, 2.01)
BOFFET f     4.42 1.01 (0.79, 1.29)
JANERI c     0.97 1.05 (0.62, 1.77)
LEE m     0.14 1.05 (0.27, 4.12)
ZHONG f     3.62 1.08 (0.82, 1.41)
HILL1 m     0.61 1.08 (0.56, 2.09)
BROWN2 f     4.51 1.10 (0.80, 1.30)
SCHWAR c     2.21 1.10 (0.80, 1.60)
MASJED f     0.51 1.11 (0.54, 2.29)
LIM f     5.58 1.12 (0.90, 1.40)
KABAT2 m     0.45 1.13 (0.53, 2.45)
WANGL f     0.68 1.15 (0.60, 2.10)
LANGARD c     4.90 1.15 (0.91, 1.45)
GORLOV f     0.73 1.15 (0.63, 2.10)
GARFI2 f     1.39 1.15 (0.74, 1.78)
JOHNSO f     0.62 1.20 (0.62, 2.30)
ILCCO c   22.85 1.20 (1.08, 1.34)
WANGL m     0.30 1.22 (0.50, 3.30)
FONTHA f     4.39 1.23 (0.96, 1.57)
KABAT1 m     0.15 1.26 (0.33, 4.84)
GELAC f     8.90 1.30 (1.09, 1.54)
MCGHEE m     1.12 1.34 (0.82, 2.17)
RYLAND c     0.64 1.37 (0.72, 2.61)
MCGHEE f     1.77 1.38 (0.94, 2.04)
HILL2 f     0.84 1.38 (0.78, 2.41)
GORLOC m     0.37 1.41 (0.60, 3.30)
KALAND f     0.54 1.41 (0.70, 2.86)
HILL2 m     0.61 1.45 (0.75, 2.81)
BOFFET m     1.20 1.45 (0.91, 2.33)
KOO f     0.29 1.47 (0.56, 3.82)
STOCKW f     0.64 1.60 (0.84, 3.04)
FRANCO c     1.06 1.80 (1.10, 3.00)
SUN f     1.23 2.05 (1.29, 3.27)
MASJED m     0.33 2.12 (0.87, 5.16)
HOLE c     0.09 2.41 (0.45, 12.83)
ZHENG f     0.38 2.52 (1.09, 2.85)
SHIMIZ f     0.22 3.95 (1.31, 11.95)

Total (95%CI) 100.00 1.11 (1.05, 1.18)
0.10        0.20                            1.00                              5.00        10.00

Figure 7  Forest plot for household environmental tobacco smoke exposure. Estimates of the random-effects RR and its 95%CI are shown, sorted in increasing 
order of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are also shown, expressed as a 
percentage of the weight for all studies combined.  Overall estimates of RRs, 95%CIs and weights are also shown. Studies are identified by the study reference code 
shown in Table 1. In the graphical representation, individual RRs are indicated by a solid square, with the area of the square proportional to the weight. RR: Relative 
risk.
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were prospective (cohort) studies and 77 case-control. Twenty-two studies involved less than 50 cases in 
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
LEE f     1.97 0.27 (0.06, 1.14)
OHNO f   13.81 0.99 (0.57, 1.72)
BOFFET f   45.69 1.07 (0.79, 1.45)
LEE m     2.18 1.31 (0.33, 5.24)
BOFFET m   16.90 1.39 (0.84, 2.28)
KABAT2 m     5.27 1.55 (0.63, 3.78)
KABAT2 f     9.94 1.84 (0.96, 3.53)
RAPITI c     4.22 5.20 (1.90, 14.00)

Total (95%CI) 100.00 1.34 (0.94, 1.93)

0.10         0.20                                1.00                                5.00        10.00 

Figure 8  Forest plot for exposure to environmental tobacco smoke during travel. Estimates of the random-effects RR and its 95%CI are shown, sorted in 
increasing order of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are also shown, expressed 
as a percentage of the weight for all studies combined. Overall estimates of RRs, 95%CIs and weights are also shown.  Studies are identified by the study reference 
code shown in Table 1, with sex identified by m (male), f (female) or c (sexes combined).  In the graphical representation, individual RRs are indicated by a solid 
square, with the area of the square proportional to the weight. RR: Relative risk.

 

Table 4  Meta-analyses of childhood environmental tobacco smoke exposure

Estimates considered No. of estimates Relative risk (95% confidence limits) Heterogeneity1

Fixed-effects meta-analysis Random-effects meta-analysis

From any cohabitant 41 1.08 (1.01-1.15) 1.15 (1.02-1.29) +++
N America 13 1.00 (0.89-1.13) 1.06 (0.89-1.28) +
Europe 11 0.94 (0.81-1.08) 1.02 (0.81-1.29) +
Asia 15 1.26 (1.11-1.42) 1.31 (1.02-1.67) +++
Other   2 1.10 (0.95-1.28) 1.13 (0.89-1.45) NS
Heterogeneity between continents +
From mother specifically   9 0.96 (0.77-1.20) 0.98 (0.77-1.25) NS
From father specifically 11 0.90 (0.80-1.00) 1.00 (0.78-1.29) +++
From parents specifically   8 0.78 (0.64-0.94) 0.78 (0.64-0.94) NS

1Significance levels indicated by +++P < 0.001, ++P < 0.01, +P < 0.05, (+) P < 0.1 for heterogeneity within level and for heterogeneity between level. NS: Not 
significant, P ≥ 0.1.
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Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
MASJED f     0.15 0.30- (0.02, 5.91)
CARDEN m     4.74 0.58 (0.34, 0.99)
JANERI c   13.50 0.59 (0.43, 0.81)
LEE f     2.47 0.61 (0.29, 1.28)
BOFFET f   19.28 0.95 (0.73, 1.24)
ASOMAN c     7.58 0.97 (0.64, 1.48)
CARDEN f     6.36 0.99 (0.62, 1.56)
KABAT2 f     4.23 1.22 (0.69, 2.15)
BOFFET m     6.78 1.24 (0.79, 1.93)
OHNO f     2.88 1.25 (0.63, 2.48)
KABAT2 m     2.58 1.39 (0.67, 2.86)
GARFI2 f     3.29 1.42 (0.75, 2.70)
FONTHA f   25.29 1.50 (1.19, 1.89)
LEE m     0.74 1.55 (0.40, 6.02)
MASJED m     0.13 2.13- (0.08, 53.72)

Total (95%CI) 100.00 1.01 (0.82, 1.24)

0.10         0.20                                1.00                                5.00        10.00 

Figure 9  Forest plot for social environmental tobacco smoke exposure. Estimates of the random-effects RR and its 95%CI are shown, sorted in increasing order 
of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are also shown, expressed as a percentage of 
the weight for all studies combined. Overall estimates of RRs, 95%CIs and weights are also shown. Studies are identified by the study reference code shown in Table 
1, with sex identified by m (male), f (female) or c (sexes combined). In the graphical representation, individual RRs are indicated by a solid square, with the area of the 
square proportional to the weight. RRs shown with a - are calculated using a 0.5 addition to each cell, due to a zero in the 2 x 2 table. RR: Relative risk.



lifelong non-smokers, and nine over 400 cases.
Nine studies adjusted for fruit consumption, 11 for 

vegetables, and 4 for dietary fat. Less than half (32 
studies) adjusted for an index of education. 

Twenty-four of the studies provided data on lung 
cancer risk by amount smoked by the husband spe-
cifically, with the remainder only providing results 
for overall exposure. Table 1 of www.pnlee.co.uk/
downloads/etslc/23482-supplementary file 2.pdf gives 
the data used for each study and the fitted estimates 

of β and SEβ. Based on these data, it was estimated 
that each 10 cigarettes per day smoked by the husband 
multiplied risk by an estimated 1.09 (95%CI: 1.07-1.11) 
based on a fixed-effects analysis and 1.10 (1.07-1.14) 
using a random-effects analysis.

In order to adjust for the uncontrolled effects of 
confounding by diet (by fruit, vegetables and dietary fat) 
and education, summary estimates were required of the 
relationships of the four potential factors to both risk of 
lung cancer and ETS exposure, and of the correlations 
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Table 5  Estimates used when adjusting for potential confounding effects1

Statistic Fruit consumption Vegetable consumption Dietary fat consumption Education

Lung cancer risk N studies 14 16 6 12
RR2 0.86 0.88 1.22 0.91

(95%CI) (0.78-0.96)8 (0.80-0.97)8 (1.09-1.36)8 (0.88-0.95)6

per SD SD SD Year3

ETS exposure N studies 11 16 12 13
at home Difference2,4 -0.0737 -0.0568 0.1317 -0.5346

(SE) -0.02 -0.021 -0.032 -0.063
unit SD SD SD Year3

Correlations5 Fruit consumption 1 +0.3147  -0.104NS +0.143NS

Vegetable consumption 1 -0.054NS -0.1309

Dietary fat consumption 1 -0.039NS

Education 1

Note: P values are indicated by 6P < 0.001, 7P < 0.01, 8P < 0.05, 9P < 0.1, or NSP ≥ 0.1. 1All data are for lifelong non-smoking females; 2Based on random-
effects meta-analysis; 3The SD for education was taken as 2.435 years based on six studies; 4Difference in level of confounder between those exposed and 
unexposed to ETS at home; 5Based on seven studies, using unweighted means.
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Table 6  Adjusted/corrected analyses: Husband smoking1

Studies  n Unadjusted for confounding
Uncorrected for misclassification

RR (95%CI)

Adjusted for confounding2

Uncorrected for misclassification
RR (95%CI)

Adjusted for confounding2

Corrected for misclassification3

RR (95%CI)

All 93 1.219 (1.138-1.305) 1.139 (1.062-1.221) 1.077 (0.999-1.162)
North America 29 1.074 (0.937-1.232) 1.004 (0.873-1.154) 0.898 (0.775-1.039)
Europe and New Zealand 20 1.174 (1.007-1.369) 1.092 (0.934-1.277) 1.062 (0.899-1.254)
China (including Hong Kong and 
study LIM)

27 1.321 (1.144-1.524) 1.239 (1.071-1.433) 1.175 (1.005-1.374)

Rest of Asia (including study ILCCO) 17 1.284 (1.187-1.389) 1.194 (1.103-1.291) 1.164 (1.072-1.262)
North America, Europe and New 
Zealand

49 1.112 (1.004-1.231) 1.037 (0.935-1.150) 0.959 (0.858-1.072)

Asia 44 1.314 (1.199-1.439) 1.229 (1.121-1.348) 1.181 (1.070-1.304)
Published in 1980s 26 1.361 (1.216-1.522) 1.267 (1.132-1.417) 1.194 (1.059-1.347)
Published in 1990s 27 1.152 (1.016-1.305) 1.077 (0.948-1.225) 1.005 (0.871-1.160)
Published in 2000s 26 1.240 (1.105-1.392) 1.163 (1.034-1.308) 1.115 (0.987-1.260)
Published in 2010s 14 1.139 (0.945-1.372) 1.059 (0.877-1.277) 1.026 (0.844-1.247)
< 100 cases 49 1.339 (1.178-1.521) 1.249 (1.098-1.422) 1.192 (1.038-1.370)
100-199 cases 22 1.117 (0.973-1.284) 1.042 (0.904-1.200) 0.978 (0.846-1.131)
200-399 cases 13 1.363 (1.190-1.561) 1.275 (1.114-1.460) 1.226 (1.051-1.429)
400+ cases   9 1.101 (0.973-1.247) 1.027 (0.905-1.166) 0.957 (0.826-1.108)
With dose-response data4 24 1.308 (1.181-1.449) 1.226 (1.105-1.359) 1.170 (1.052-1.302)
Without dose-response data 69 1.182 (1.088-1.286) 1.104 (1.014-1.201) 1.040 (0.948-1.141)
With age adjustment5 75 1.184 (1.100-1.274) 1.106 (1.027-1.191) 1.048 (0.966-1.136)
Without age adjustment 18 1.437 (1.194-1.728) 1.340 (1.110-1.618) 1.264 (1.026-1.556)
Case-control studies 77 1.226 (1.133-1.326) 1.144 (1.057-1.239) 1.080 (0.990-1.177)
Prospective studies 16 1.187 (1.043-1.350) 1.111 (0.977-1.264) 1.064 (0.928-1.220)

1All analyses use random-effects models; 2Adjusted for confounding by fruit, vegetables and dietary fat consumption and by education; 3Using the Lee and 
Forey method[22] with an additive model and assuming a concordance ratio of 3 and misclassification rates of 2.5% for studies in North America and Europe 
and 10% for studies in Asia; 4Specifically for smoking by the husband; 5Or matching (within nonsmokers).



Ref. Sex Random RR 95%CI Weight (%) Random RR 95%CI
N America
CARDEN m 1.72 0.60 (0.40, 1.00)
WHIOS f 1.30 0.88 (0.52, 1.49)
CARDEN f 4.97 0.90 (0.70, 1.20)
ALZOUG c 0.85 1.00 (0.52, 1.91)
BRENNE c 1.37 1.00 (0.60, 1.67)
GARFI2 f 2.05 1.12 (0.74, 1.70)
FONTHA f 2.53 1.25 (0.86, 1.83)
JOHNSO f 0.69 1.44 (0.70, 2.98)
SPEIZE f 0.16 1.50 (0.30, 6.30)
GORLOV f 0.91 1.63 (0.87, 3.05)
BROWN1 f 0.17 1.68 (0.39, 6.90)
YANG c 2.06 2.00 (1.30, 3.00)
GORLOV m 0.31 3.19 (1.08, 9.39)
GALLEG c 0.17 8.00 (1.83, 34.92)

Subtotal (95%CI) 19.26 1.22 (0.96, 1.55)

Europe
LEE f 0.29 0.46 (0.15, 1.40)
ZATLOU f 0.53 0.48 (0.21, 1.09)
AUVINE m 0.43 0.69 (0.28, 1.74)
LOPEZC c 0.07 0.99 (0.11, 9.16)
EPICA c 1.17 1.05 (0.60, 1.82)
BOFFET m 1.38 1.13 (0.68, 1.89)
BOFFET f 4.16 1.15 (0.86, 1.55)
MALATS c 0.80 1.20 (0.60, 2.30)
BOFFE2 c 0.71 1.20 (0.60, 2.50)
LAGARD c 0.44 1.38 (0.56, 3.39)
SVENSS f 0.24 1.51 (0.44, 5.17)
DEWAAR f 0.29 2.57 (0.84, 7.85)
LEE m 0.08 3.47 (0.42, 28.72)

Subtotal (95%CI) 10.60 1.09 (0.91, 1.31)

Asia
SHEN f 0.48 0.75 (0.31, 1.78)
WEN f 1.02 1.03 (0.57, 1.87)
GELAC m 2.78 1.04 (0.73, 1.50)
TSE m 1.71 1.06 (0.67, 1.68)
REN f 9.56 1.20 (0.99, 1.46)
LIANG f 2.15 1.34 (0.89, 2.02)
YU f 0.82 1.35 (0.70, 2.63)
GELAC f 11.40 1.39 (1.17, 1.67)
MASJED f 0.71 1.40 (0.70, 2.90)
MASJED m 0.44 1.70 (0.70, 4.30)
FANG f 1.43 1.77 (1.07, 2.92)
KOO f 0.60 1.78 (0.82, 3.87)
SUN f 2.01 1.83 (1.20, 2.80)
HE m 0.18 1.86 (0.45, 7.73)
LEECH f 2.30 1.93 (1.30, 2.87)
HE f 0.08 2.07 (0.23, 18.34)
JIANG c 0.97 2.27 (1.23, 4.18)
LIN f 2.14 2.50 (1.66, 3.77)
LAMW f 0.94 2.51 (1.35, 4.67)
WANGS f 0.74 2.53 (1.26, 5.10)

Subtotal (95%CI) 42.45 1.51 (1.31, 1.74)

Other
ILCCO c 27.70 1.31 (1.17, 1.47)

Subtotal (95%CI) 27.70 1.31 (1.17, 1.47)

Total (95%CI) 100.00 1.31 (1.19, 1.45)
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Figure 10  Forest plots for total environmental tobacco smoke exposure, by region. Estimates of the random-effects RR and its 95%CI are shown, separately 
by region, sorted in increasing order of RR. These are shown numerically, and also graphically on a logarithmic scale. Weights (inverse-variance of log RR) are 
also shown, expressed as a percentage of the weight for all studies combined. Estimates of RRs, 95%CIs and weights are also shown for each region combined 
and overall. Studies are identified by the study reference code shown in Table 1, with sex identified by m (male), f (female) or c (sexes combined). In the graphical 
representation, individual RRs are indicated by a solid square, with the area of the square proportional to the weight. RR: Relative risk.
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between the four factors. The estimates used are 
presented in Table 5, and show that, in non-smoking 
females, both risk of lung cancer and ETS exposure at 
home are associated with reduced fruit and vegetable 
consumption and education, and increased dietary 
fat consumption. All these associations are significant 
at least at P < 0.05, and for education at P < 0.001, 
with the data based on analysis of results from at least 
10 studies (with one exception - dietary fat and lung 
cancer, based on 6 studies). Table 5 also shows the inter-
correlations between the four confounding variables, 
based on combined estimates from seven studies. 
These show that fruit and vegetable consumption are 
strongly correlated with each other (P < 0.01). Other 
correlations are weaker and not significant at P < 0.05.

As described in the methods, we used misclassification 
rates of 10% for Asian studies and 2.5% elsewhere, 
these rates accounting for the lower rates of lung cancer 
seen among misclassified smokers than among non-
misclassified smokers.

Table 6 presents results of analyses adjusting 
for confounding and misclassification based on RRs 
for smoking by the husband, while Table 7 similarly 
presents results based on RRs per 10 cigarettes smoked 
by the husband. Each table presents three sets of 
results: (1) unadjusted; (2) adjusted for confounders; 
and (3) adjusted for confounders and corrected for 
smoking misclassification. They each give overall 
estimates and results subdivided by various aspects of 
the studies considered.

As shown in Table 6, adjustment for confounding 
variables reduces the overall RR for smoking by the husband 

from 1.219 (1.138 to 1.305) to 1.139 (1.062-1.221), 
implying bias due to failure to control for the four variables is 
1.219/1.139 = 1.070. Further correction for misclassification 
reduced the estimate to a marginally nonsignificant 1.077 
(0.999-1.162), implying a further bias of 1.139/1.077 = 
1.058. In the fully adjusted and corrected analyses, there 
is no evidence of an association in North America, Europe 
and New Zealand (RR 0.959, 0.858-1.072) but there is an 
association in Asia (1.181, 1.070-1.304). 

RRs are higher for studies providing dose-response 
data (1.170, 1.052-1.302) than for other studies 
(1.040, 0.948-1.141), and higher for studies which 
did not adjust for age (1.264, 1.026-1.556) than for 
those which did (1.048, 0.966-1.136). However, neither 
difference is statistically significant (P = 0.10 and P = 
0.08 respectively).

The pattern of results shown in Table 7, where RRs are 
per amount smoked by the husband, is similar, though 
the RRs themselves are lower. Thus, the unadjusted/
uncorrected overall RR of 1.102 (1.065-1.140) reduces 
to 1.062 (1.027-1.099) after adjustment for confounding 
(bias = 1.038), and to a nonsignificant 1.032 (0.994-1.071) 
after further correction for misclassification (additional bias 
= 1.030). Patterns of variation by study factors are very 
similar to those for overall smoking by the husband in Table 
6.

Additional material presented in www.pnlee.co.uk/
downloads/etslc/23482-supplementary file 2.pdf shows 
that the effect of confounder adjustment was greatest for 
education, and least for fruit and vegetables. Thus, in the 
analysis of RRs per amount smoked by the husband, the 
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Table 7  Adjusted/corrected analyses: Per 10 cigs smoked by husband1

Studies  n Unadjusted for confounding
Uncorrected for misclassification

RR (95%CI)

Adjusted for confounding2

Uncorrected for misclassification
RR (95%CI)

Adjusted for confounding2

Corrected for misclassification3

RR (95%CI)

All 93 1.102 (1.065-1.140) 1.062 (1.027-1.099) 1.032 (0.994-1.071)
North America 29 1.037 (0.977-1.101) 1.006 (0.946-1.070) 0.957 (0.896-1.022)
Europe and New Zealand 20 1.060 (0.995-1.128) 1.020 (0.956-1.088) 1.003 (0.938-1.073)
China (including Hong Kong and study LIM) 27 1.169 (1.082-1.263) 1.127 (1.041-1.219) 1.094 (1.006-1.191)
Rest of Asia (including study ILCCO) 17 1.142 (1.095-1.191) 1.094 (1.050-1.141) 1.079 (1.033-1.127)
North America, Europe and New Zealand 49 1.046 (1.001-1.094) 1.012 (0.967-1.059) 0.974 (0.928-1.023)
Asia 44 1.158 (1.104-1.216) 1.113 (1.060-1.170) 1.089 (1.033-1.147)
Published in 1980s 26 1.148 (1.092-1.207) 1.105 (1.052-1.162) 1.075 (1.019-1.134)
Published in 1990s 27 1.063 (1.004-1.125) 1.025 (0.967-1.087) 0.988 (0.926-1.053)
Published in 2000s 26 1.123 (1.056-1.194) 1.085 (1.020-1.155) 1.061 (0.995-1.132)
Published in 2010s 14 1.073 (0.970-1.188) 1.032 (0.932-1.143) 1.014 (0.912-1.128)
< 100 cases 49 1.143 (1.077-1.213) 1.101 (1.036-1.169) 1.072 (1.005-1.144)
100-199 cases 22 1.062 (0.993-1.137) 1.025 (0.957-1.098) 0.994 (0.926-1.066)
200-399 cases 13 1.176 (1.097-1.261) 1.134 (1.058-1.216) 1.111 (1.027-1.202)
400+ cases   9 1.041 (0.976-1.111) 1.002 (0.938-1.070) 0.966 (0.895-1.042)
With dose-response data4 24 1.123 (1.072-1.176) 1.082 (1.032-1.134) 1.053 (1.005-1.103)
Without dose-response data 69 1.091 (1.044-1.139) 1.053 (1.007-1.100) 1.021 (0.973-1.071)
With age adjustment5 75 1.084 (1.046-1.123) 1.044 (1.008-1.082) 1.015 (0.976-1.056)
Without age adjustment 18 1.211 (1.101-1.331) 1.168 (1.061-1.285) 1.131 (1.018-1.256)
Case-control studies 77 1.106 (1.064-1.150) 1.066 (1.025-1.109) 1.034 (0.991-1.080)
Prospective studies 16 1.081 (1.021-1.145) 1.043 (0.985-1.105) 1.018 (0.957-1.083)

1All analyses use random-effects models; 2Adjusted for confounding by fruit, vegetables and dietary fat consumption and by education; 3Using the Lee and 
Forey method[22] with an additive model and assuming a concordance ratio of 3 and misclassification rates of 2.5% for studies in North America and Europe 
and 10% for studies in Asia; 4Specifically for smoking by the husband; 5Or matching (within nonsmokers).



biases due to uncontrolled confounding were estimated 
as 1.024 for education, 1.013 for dietary fat, 1.005 for 
fruit, and 1.004 for vegetables. 

DISCUSSION
Introduction
We have demonstrated, as other reviews before us[6,76], 
a weak but significant (P < 0.05) association of ETS 
exposure with never smoker lung cancer risk. This 
can be seen for various indices of exposure, including 
spousal, household, workplace and total exposure. 
It is less clearly evident for exposure in travel and in 
social situations, where data are quite limited, and for 
childhood exposure where the results shown in Table 4 
are rather conflicting. There is also clear heterogeneity 
between study-specific estimates for many of the 
indices of exposure. Meta-analyses for smoking by the 
spouse (or nearest equivalent) shown in Table 3 indicate 
that estimates are higher in early studies (published 
in 1981-89), in small studies (1-49 cases), and where 
estimates are not age-adjusted.

Do these quite weak associations provide good 
evidence of a causal relationship? To gain insight into 
this we carried out additional analyses for smoking by 
the husband investigating biases due to uncontrolled 
confounding by education and three aspects of diet (fruit, 
vegetables and dietary fat) and due to failure to adjust 
for misclassification of smoking by the subject. Based on 
93 studies, confounder adjustment and misclassification 
correction substantially reduced the magnitude of 
the association with smoking by the husband, the RR 
(95%CI) estimate of 1.22 (1.14-1.31) reducing to 1.14 
(1.06-1.22) after confounder adjustment, and further 
reducing to 1.08 (0.999-1.16) after additional correction 
for misclassification. The adjusted and corrected 
estimate is not quite significant, the same being true 
for analyses based on the RR per 10 cigs/day smoked 
by the spouse, where the overall RR reduced from 1.10 
(1.07-1.14) to 1.06 (1.03-1.10) after adjustment for 
confounding and to 1.03 (0.994-1.07) after the further 
correction for misclassification.

Below we discuss some aspects of the evidence relevant 
to consideration of causality. Parts of the discussion are 
quite brief, the interested reader being referred to our 
publication[2] describing our earlier analyses.

Plausibility
Since active smoking causes lung cancer, and since ETS 
contains many of the carcinogens in tobacco smoke, it 
can be argued that some causal effect of ETS exposure 
is to be expected, though this argument depends on 
there being no threshold dose of exposure. If there is 
no threshold, what effect might one expect? Certainly, 
exposure from ETS is much less than that from active 
smoking, with studies based on cotinine indicating 
relative exposure factors of 0.4%[77], 0.2%[78] or 0.06%[79] 
and studies based on particulate matter[80-88] suggesting 
a lower factor, of order 0.005%-0.02%. Given an RR for 

current vs never smoking of 8.43, as reported in a recent 
meta-analysis[89] and assuming a linear dose-response 
relationship, even a relative exposure factor as high as 
0.5% would only suggest that the RR for ETS exposure 
would be about 1.04, while a relative exposure factor of 
0.1% would suggest a RR of about 1.008. These RRs 
are much less than the unadjusted/uncorrected RR of 
1.22 for smoking by the husband (or nearest equivalent) 
shown in Table 6. Either the relationship between dose 
and risk is distinctly non-linear (and the evidence does 
not suggest this for active smoking[89]) or a substantial 
part, if not all, of the observed association is due to bias.

Confounding
Based on the evidence we collected, we have demon-
strated a clear tendency for increased dietary fat 
consumption, reduced fruit and vegetable consumption 
and fewer years of education to be associated both with 
increased lung cancer risk and with increased at home 
ETS exposure. Given that relatively few of the studies 
adjusted for the dietary variables or education, it was to 
be expected that adjustment for these four factors would 
reduce the RR for smoking by the husband, and so it 
proved. While there is uncertainty in this adjustment, 
as discussed elsewhere[19], it is clear that there is a 
considerable potential for bias. Among other things it 
should be noted that these are not the only potential 
sources of bias. We considered various other candidate 
confounding factors, including income, occupation, and 
socioeconomic factors, obesity, physical activity, air 
pollution, alcohol and tea drinking, but concluded that for 
none of these were there data adequate to provide any 
sort of reliable qualitative estimate of their relationship to 
lung cancer risk in non-smokers. That said, the general 
tendency for smoking and marriage to a smoker to be 
associated with lifestyle factors generally considered 
associated with adverse health[90-93], suggests that our 
adjustments may well have been conservative.

Misclassification of active smoking
Some current or former smokers are known to deny 
having smoked, so being wrongly described as never 
smokers[26,94]. Also, marital partners’ smoking habits are 
correlated, with smokers tending to marry smokers[3,23]. 
Taken together, these two tendencies, if ignored, will bias 
the observed association of smoking by the husband to 
never smoker lung cancer risk[3,21,95]. There are many 
difficulties in accurately estimating the extent of bias due 
to misclassification. These include the misclassification 
rates being dependent on the circumstances in which the 
questions were asked, as well as the fact that smokers 
who deny smoking are unrepresentative of all smokers, 
tending to be more often occasional smokers and long-
term ex-smokers and so have lower lung cancer risks 
than non-misclassified smokers[23]. Here we have 
assumed, as earlier[22], that misclassification correction 
can be carried out assuming that, among women, the 
percentage of average-risk ever-smokers who deny 
smoking is 10.0% in Asia and 2.5% elsewhere, these 
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misclassification rates taking account of the lower 
lung cancer rates in misclassified compared to non-
misclassified smokers.

While the misclassification correction is clearly open 
to question, and we have not formally updated the 
extensive work we did some years ago on estimating 
rates[23,26], we still believe that the rates we have used 
are not unreasonable. Indeed given recent estimates of 
substantial denial of smoking in recent studies[94,96,97], 
our correction may be somewhat conservative.

We now briefly comment on other sources of bias.

Publication bias
Publication bias occurs if the data that are published are 
not representative of all the data that exist on a topic. For 
many exposures, positive findings are published more 
often than negative findings[98-100], so meta-analyses 
of data drawn from the literature overestimate true 
relationships. We have not attempted to quantify the 
extent of publication bias, though our detailed tables 
(www.pnlee.co.uk/downloads/etslc/23482-supplementary 
file 4.pdf) do include results of Egger tests[16], a number 
showing some evidence that smaller studies are more 
likely to produce above average than below average RRs. 
This is consistent with the higher RRs reported in small 
studies seen in Table 3 for spousal smoking. We believe 
that some publication bias exists but given that the larger 
studies seem likely to publish regardless of the findings, 
and that these contribute most to the overall estimates, 
such bias is probably unimportant.

There is some evidence (P = 0.10) that RRs are 
higher for those studies which provide dose-response 
results than for those which do not so. If this represents 
a true effect, it is suggestive of a different form of 
publication bias, with authors tending to be more likely 
to report dose-response results where there is a strong 
association in the first place. 

Diagnostic inaccuracy
Misdiagnosis of lung cancer certainly exists, especially 
when based on X-rays or sputum cytology[101-103]. The 
extent, and direction, to which it might have biased 
the RR estimate for ETS and lung cancer is difficult to 
determine. While randomly misdiagnosing as lung cancer 
diseases which are unassociated with ETS would tend to 
dilute any true RR, misdiagnosis might not be random 
and may be correlated with ETS exposure or factors 
associated with it. Since random-effects estimates for 
spousal smoking proved to be quite similar for studies 
that did or did not require full histological confirmation, 
this seems unlikely to be an important source of bias.

Errors in determining ETS exposure
Case-control studies collect exposure data after the 
disease has occurred, and the presence of the disease 
itself, or knowledge of it, may distort responses about 
past exposure. Such recall bias is not an issue for 
prospective studies. Given that our analyses for spousal 
smoking found little difference in RRs by study type, we 

feel that recall bias is unlikely to be a major problem.
Random misclassification of smoking spouses as non-

smokers will not create a false effect if no true risk exists, 
but will underestimate a true relationship. It has been 
clearly shown[21] that such misclassification causes much 
less bias effect than does misclassification of the subject’s 
smoking, so for practical purposes it can be ignored.

Bias from ETS exposure in the reference group
When considering the relationship of lung cancer risk to 
smoking by the husband, three categories of women are 
relevant: A - never smokers married to ever smokers; 
B - never smokers married to never smokers; and C 
- never smokers without any ETS exposure. Group 
C is a subset of group B. In the analysis of the effect 
of husband’s smoking, the RR estimate is based on 
comparison of groups A and B, but it has been argued[3] 
that a better estimate RR* is based on comparison of 
groups A and C. If a marker of ETS exposure, such as 
cotinine, is Z times higher in group A than group B, RR* 
can be estimated by RR* = RR(Z-1) / (Z-RR)[2,3].

Some comments can be made on this revised 
estimate. First, and most noteworthy, to conduct back-
ground correction only makes sense when the original 
association, with marriage to a smoker, derives from a 
causal effect of ETS. Where adjustment for confounding 
and correction for smoker misclassification bias explains 
the whole of the observed association, background 
correction will have no effect. If such adjustment 
and correction explains most of the association, the 
correction will have a small effect. Thus, assuming Z = 
3, as estimated by Hackshaw et al[3], this correction has 
quite a substantial effect on the unadjusted association 
for husband’s smoking, increasing it from 1.22 to 1.37. 
However, applying it to the confounder adjusted and 
misclassification corrected estimate of 1.08 only increases 
it to 1.12. In any case, the validity of the background-
corrected estimate of 1.12 is dubious, given that the 
1.08 was not statistically significant in the first place, and 
could itself be an overestimate due to the limitations in 
confounder adjustment and misclassification correction 
discussed above.

Second, background correction only applies to the 
simple comparison of risk in the exposed and comparison 
groups, and does not apply to estimates of the increase 
in risk for amount smoked by the husband. Also, 
background correction is only an indirect method for 
estimating lung cancer risk from sources of ETS exposure 
other than the spouse, using data only relating to spousal 
exposure. This method ignores existing data on risk from 
these other sources.

Overall impression
Coming to reliable conclusions regarding a weak 
association based on non-randomized epidemiological 
studies is difficult at the best of times. When, as here, 
there is evidence that adjustment for confounding and 
correction for misclassification substantially weakens 
the association most usually considered (smoking by 
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the husband) and renders it nonsignificant, and when 
these adjustments and corrections may themselves be 
somewhat limited, one cannot reliably conclude that a 
true effect of ETS exposure on lung cancer risk has been 
demonstrated. While one cannot prove a negative, and 
while the clear relationship of smoking to lung cancer 
suggests that some association might exist, the only 
conclusion that seems valid is that there may be a 
relationship of ETS to lung cancer risk (with the evidence 
stronger for Asian studies), but if it exists, it is certainly 
much weaker than suggested by meta-analyses that do 
not adjust for confounding and misclassification.

Most, if not all, of the weak association of ETS with 
risk of lung cancer is explicable by confounding and 
smoking misclassification. A causal relationship is not 
demonstrated.
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1.22 (95%CI: 1.14-1.31). However, adjustment for confounding by education 
and by consumption of fruit, vegetables and dietary fat, and correction 
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Abstract
AIM: To compare the outcomes of endoscopic mucosal 
resection (EMR) and endoscopic submucosal dissection 
(ESD) of colorectal lesions.

METHODS: An electronic systematic literature search of 
four computerized databases was performed in July 2014 
identifying studies reporting the outcomes of colorectal 
ESD and EMR. The primary outcome measures were 
en-bloc  resection rate, endoscopic clearance rate and 
lesion recurrence rate of the patients followed up. The 
secondary outcome was the complication rate (including 
bleeding, perforation and surgery post EMR or ESD rate). 
Statistical pooling and random effects modelling of the 
studies calculating risk difference, heterogeneity and 
assessment of bias and quality were performed.

RESULTS: Six observational studies reporting the 
outcomes of 1324 procedures were included. The en-bloc  
resection rate was 50% higher in the ESD group than 
in the EMR group (95%CI: 0.17-0.83, P  < 0.0001, I 2 = 
99.7%). Endoscopic clearance rates were also significantly 
higher in the ESD group (95%CI: -0.06-0.02, P  < 0.0001, 
I 2 = 92.5%). The perforation rate was 7% higher in the 
ESD group than the EMR group (95%CI: 0.05-0.09, P > 
0.05, I 2 = 41.1%) and the rate of recurrence was 50% 
higher in the EMR group than in the ESD group (95%CI: 
0.20-0.79, P  < 0.001, I 2 = 99.5%). Heterogeneity 
remained consistent when subgroup analysis of high 
quality studies was performed (with the exception 
of piecemeal resection rate), and overall effect sizes 
remained unchanged for all outcomes.

CONCLUSION: ESD demonstrates higher en-bloc  
resection rates and lower recurrence rates compared to 
colorectal EMR. Differences in outcomes may benefit from 
increased assessment through well-designed comparative 
studies.
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Core tip: Endoscopic mucosal resection (EMR) is the 
conventional resection method of colorectal polyps. 
However certain lesions such as large sessile polyps can 
be challenging. Piecemeal resection has been shown 
to result in a high recurrence rate requiring further 
endoscopic sessions or surgery. Colorectal endoscopic 
submucosal dissection (ESD) is still at a relatively early 
stage, there are very few studies directly comparing the 
two modalities, few randomised controlled trials and fewer 
still reporting longer-term outcomes. This meta-analysis 
reports mid-term follow-up outcomes of colorectal ESD 
and EMR. ESD demonstrates higher en-bloc  resection 
rates and lower mid-term recurrence rates compared to 
colorectal EMR albeit with higher complication rates.

Patel N, Alexander J, Ashrafian H, Athanasiou T, Darzi A, Teare 
J. Meta-analysis comparing differing methods of endoscopic 
therapy for colorectal lesions. World J Meta-Anal 2016; 4(2): 
44-54  Available from: URL: http://www.wjgnet.com/2308-3840/
full/v4/i2/44.htm  DOI: http://dx.doi.org/10.13105/wjma.v4.i2.44

INTRODUCTION
Colorectal cancer is the fourth most common cancer 
in the world with an incidence of 9.7% and a 8.5% 
mortality rate[1]. The introduction of colorectal cancer 
screening programmes, particularly in the western 
world, and advancements in endoscopic imaging are 
likely to result in a greater number of early cancers and 
polyps detected. 

The conventional endoscopic treatment of colorectal 
polyps is polypectomy or endoscopic mucosal resection 
(EMR) which is performed worldwide[2,3]. Performing 
EMR on lesions such as laterally spreading tumours or 
complex sessile polyps can be challenging and may 
require a number of endoscopic sessions or surgery 
resulting in extra cost, potential in-patient hospital 
stays, increased complication rates and stress to the 
patient[4,5]. Furthermore, piecemeal resection makes 
histopathological assessment of whether the procedure 
was curative or not difficult and has also been shown to 
result in a high recurrence rate[6-8].

As a result of the drive towards minimally invasive 
surgery, endoscopic submucosal dissection (ESD) has 
emerged as a viable endoscopic alternative for early 
colorectal cancers or polyps, which would otherwise 
have been treated surgically or endoscopically. The 
technique pioneered in Japan for early gastric cancer, 
has been used with great success particularly in East 
Asia[9-11] where it is now the standard of care. Given 
the success of the technique, the indications are now 
expanding and the technique is increasingly being used 

to treat colorectal lesions[5,12,13]. ESD has improved en-
bloc resection rates for early gastric cancer compared 
to EMR[14-16]. However, the technique is also associated 
with long procedure times, greater complication rates 
as well as the need for a highly skilled endoscopist[5,17]. 

The uptake of colorectal ESD has been slow for a 
number of reasons. It is a more challenging technique 
than EMR and gastric ESD due to the long colonic lumen 
which has a thin luminal wall and comprises of flexures 
and folds resulting in an already technically demanding 
and complex technique becoming even more so.

Whether ESD outcomes, which have been so succ-
essful for early gastric cancer, can translate to colorectal 
lesions is not yet clear[18]. There are few studies directly 
comparing these techniques for colorectal lesions with 
insufficient information and varying short and mid-term 
outcomes[2,13,19-21]. 

The objective of this meta-analysis is to compare the 
outcomes of colorectal EMR and ESD from the literature 
to date. The efficacy of the techniques was determined 
by establishing the following primary outcomes: En-
bloc resection rate, endoscopic completeness rate and 
recurrence rate. Secondary outcome measures include 
the complication rate including perforation, bleeding and 
surgery after EMR or ESD. 

MaTeRIals aND MeThODs
Search strategy
An electronic search was conducted from four computerized 
databases, MEDLINE (1946 to end July 2014), EMBASE 
(1974 to end July 2014), Cochrane Central Register of 
Controlled Trials and systematic reviews (1991 to end 
July 2014), CINAHL (1937 to end July 2014) using the 
following search strategy: (Endoscopic mucosal resection 
OR EMR) AND (Endoscopic submucosal dissection OR 
ESD) AND (exp colonic polyps OR Colon) AND (exp 
endoscopic polypectomy OR polypectomy). Additional 
studies identified through relevant reviews, references 
cited by included papers and PubMed “related articles” 
feature were also examined in full text for potential 
inclusion (Figure 1).

Inclusion criteria
Studies which analysed the outcomes of colonic lesions 
(early cancers or polyps) removed by EMR and ESD 
were considered for inclusion in this meta-analysis. 

The primary outcome measures were en-bloc resection 
rate, endoscopic clearance rate and lesion recurrence 
rate of the patients followed up. The secondary outcome 
was the complication rate (including bleeding, perforation 
and surgery post EMR or ESD rate). Both full articles and 
abstracts were included. 

Exclusion criteria
Published abstracts or articles which did not contain a 
primary outcome variable were excluded. In addition, 
reviews, editorials, letters, opinions, comments, case 
reports and surveys were not included. Data which 
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had been published by the same research group or 
published by the same author were not included; only 
the most recent data which included the previously 
published data were included.

Papers which reported data for patients who were 
treated with ESD or EMR in different time periods or in 
different sites in the gastrointestinal tract were included 
if the colorectal data could be easily extracted. Animal 
studies and endoscopic removal of inflammatory polyps 
or neuroendocrine tumours were excluded. Studies 
which reported outcomes from snare-assisted, hybrid 
ESD, laparoscopic ESD or which used new endoscopic 
tools were excluded. 

Data extraction
Eligible articles were reviewed independently by two 
investigators (NP and JA); data was extracted into a 
standardized data extraction form[19,22-26]. Discrepancies 
were resolved by a third investigator (JT) who made the 

final decision for eligibility and data extraction. 
The following data were extracted where available: 

Year of publication, study location, patient demographics, 
operating time, lesion size, en-bloc resection rate, 
piecemeal resection rate, complete resection rate, length 
of follow-up, lesion recurrence and treatment, endoscopic 
completeness rate and complication rate (bleeding, 
perforation and surgery post ESD) (Tables 1-4). 

En-bloc resection rate was defined as the removal of a 
lesion in one piece as observed endoscopically. Piecemeal 
resection was defined as the removal of a lesion in 
more than one piece as observed endoscopically. Once 
removed, resected specimens are evaluated histologically. 
Specimens with clear lateral and basal margins of 
tumour were defined as an R0 resection, incomplete 
(R1) resection was defined as a positive lateral or basal 
margin for tumour and Rx resection where the margins 
of the specimen could not be evaluated due to piecemeal 
resection or as a result of thermal injury during resection. 
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Records identified 
through database 
searching (n  = 654)

Additional records 
identified through other 
sources (n  = 23)

Records after duplicates 
removed (n  = 636)

Title and abstracts 
screened (n  = 636)

Full-text articles 
assessed for 
eligibility (n  = 57)

Studies included in 
qualitative synthesis 
(n  = 6)

Studies included 
in quantitative 
synthesis (meta-
analysis) (n  = 6)

Full-text articles excluded 
for non-relevance, no 
clearly defined follow-up 
period (n  = 51)

Records excluded as animal 
studies, use of new/novel tool 
or new or hybrid technique (n  
= 579)
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n Figure 1  PRISMA flow diagram demonstrating search 

strategy.

Table 1  Study characteristics comparing outcomes of colorectal endoscopic mucosal resection vs  endoscopic submucosal dissection

Ref. Year Study site Publication 
type

Total sample 
size

EMR ESD

Sample size Male (%) Age [mean ± 
SD (range)]

Sample size Male (%) Age [mean/median 
± SD (range)]

Tajika et al[22] 2011 Japan Full paper 189 104 61   59.9 ± 10.6   85 58 64.3 ± 9.2
Lee et al[23] 2012 South Korea Full paper 454 140 64 63 (23-90) 314 55 61 (25-85)
Kobayashi et al[24] 2012 Japan Full paper   84   56 68 65.9 ± 9.9   28 68 65.1 ± 9.7
Saito et al[25] 2010 Japan Full paper 373 228 - 64 ± 4 145 -   64 ± 11
Kim et al[26] 2009 South Korea Abstract 121   76 - -   45 - -
Tamegai et al[19] 2007 Japan Full paper 103   32 - -   71 54 63.4

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Patel N et al . Meta-analysis comparing colorectal EMR and ESD



Risk of bias assessment
The studies were assessed using the risk of bias tool 
from the Cochrane Collaboration[27] (Figure 2). The risk of 

Endoscopic clearance rates were defined as complete 
endoscopic removal of a lesion en-bloc or piecemeal and 
at one or more procedures.
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Table 2  Colorectal lesion characteristics

Ref. Lesion size [mean 
± SD (range) mm]

Operating time [mean 
or median ± SD (range) 

min]

Lesion location (EMR: 
ESD cases)

Lesion type (EMR:ESD cases)

EMR ESD EMR ESD Left 
colon

Right 
colon

Rectum Sessile Depressed Protruding LST-G LST-
NG

LST-F Recurrence

Tajika et 
al[22]

25.5 ± 6.8 
(20-55)

31.6 ± 9 
(20-54)

29.4 ± 26.1 
(3-115)

87.2 ± 49.7 
(19-256)

41:13 35:41 28:31 0:1 68:10 28:33 7:38 1:3

Lee et al[23] 21.7 ± 3.5 
(20-40)

28.9 ± 12.7 
(20-145)

- 54.73 ± 40.9 
(6-321)

41:82 82:172 0.75 36:73 49:129 55:112

Kobayashi 
et al[24]

25 ± 9 27.1 ± 
10.1

11 (2-280) 140 
(45-400)

26:14 15:6 15:8 12:0 22:6 22:20 0:6

Saito et 
al[25]

28 ± 8 
(20-95)

37 ± 14 
(20-140)

29 ± 25 
(3-120)

108 ± 7 
(15-360)

52:28 89:44 110:73 80:5 0:2 114:62 34:71

Kim et al[26] - - - - - - - 28:48 6:16 22:2
Tamegai 
et al[19]

28.7 
(20-60)

32.1 
(13-75)

- 61.1 (7-164) -:28 -:26 -:17 0:2 12:19

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; LST-G: Laterally spreading tumour granular type; LST-NG: Laterally 
spreading tumour nodular granular type; LST-F: Laterally spreading tumour flat type.

Table 3  The outcomes of endoscopic mucosal resection and endoscopic submucosal dissection of colorectal lesions

Ref. En-bloc resection 
rate (%)

Piecemeal 
resection rate (%)

R0 lesion 
margins (%)

Endoscopic 
completeness rate (%)

Bleeding 
rate EMR:
ESD (%)

Perforation 
rate EMR:
ESD (%)

Total 
complication 

rate (%)

Surgery post EMR/ESD 
(EMR:ESD cases)

EMR ESD EMR ESD EMR ESD EMR ESD Due to 
perfor-ation

Due to deep 
invasion

Tajika et al[22] 48.1 83.5 52.9 16.5 39.4 83.5 97 98.8 2.9:2.4 0:5.9 2.9:8.2 0:3 0
Lee et al[23] 42.9 92.7 57.1 7.3 32.9 87.6 99.1 90.8 0:0.6 0:8 5.7:11.5 0:2 9:26
Kobayashi et 
al[24]

37.5 92.9 62.5 7.1 - - 98.2 100 1.8:7.1 0:10.7 1.8:17.9 0 0

Saito et al[25] 33 84 67 16 - - 98.7 100 3.1:1.4 1.3:6.2 4.4:7.6 0 0
Kim et al[26] 72.4 80 27.6 20 - - 100 100 - - 3.9:6.7 - -
Tamegai et 
al[19]

0 98.6 100 1.4 - 95.6 100 90.1 -:0 -:1.4 -:1.4 - -:7

NB total complication rate includes coagulation syndrome. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Table 4  Recurrent lesion characteristics

Ref. Follow-up time (mean or 
median ± SD, range) (mo)

Recurrence 
rate (%)

Piecemeal resection rate 
of recurrent lesions (%)

Recurrent lesion histology (EMR:
ESD cases)

Treatment of recurrent 
lesion (EMR:ESD cases)

EMR ESD EMR ESD EMR ESD Adenoma Non-inv 
cancer

Sm1 Invasive 
cancer

APC EMR Surgery

Tajika et al[22] 53.8 ± 44.6 
(3-191

14.3 ± 13.4 (3-53) 15.4 1.2 94 100 13/16:0 3/16:0 0:1/1 0:0 7/16:0 8/16:0 1/16:1/1

Lee et al[23] 26 (IQ range 
13-41)

17 (IQ range 
10-23)

25.7 0.8 90 50 -:2/2 
(serrated)

- - - 0:0 28/29:2/2 1/29:0

Kobayashi et 
al[24]

38 (2.8-112.5) 19.9 (6.4-43.9) 21.4 0 92 n/a 8/12:0 3/12:0 0 1/12:0 0:0 11/12:0 1/12:0

Saito et al[25] 26 ± 17 (6-68) 20 ± 13 (6-61) 14 2 94 100 -:3/3 - - 2/33:0 0:0 30/33: 3/33:0
3/33

Kim et al[26] 12 (6-12) 12 (6-12) 11.8 4.8 - 0 - 1/1:0 0 0:0 - - -
Tamegai et 
al[19]

19.2 (3-34) 12.2 (3-34) 6.3 0 100 - - - - - -:0 2/2:0 0:0

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; APC: Argon photocoagulation.
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bias assessment domains examined were: (1) adequate 
sequence generation, determining if the allocation 
sequence generated by a computer or random numbers 
was adequate; (2) allocation concealment, determining 
if the participants and investigators enrolling the 
patients could foresee the study treatment arms during 
allocation; (3) blinding, which assessed if the study 
personnel, participants and assessors had knowledge of 
the allocation interventions during the study; (4) data 
reporting, determining if incomplete outcome data were 
adequately addressed; (5) selective outcome reporting, 
which is if the study protocols, primary outcomes and 
analysis methods are reported; and (6) other potential 
risks to study validity such as a potential source of 
bias related to the study design, or that the study was 
prematurely stopped due to a data-dependent process or 
fraudulent claims.

The quality of included studies was assessed using a 
modified Newcastle-Ottawa scale (Table 5). The quality 
domains examined were (1) patient selection; (2) 
intergroup comparability; and (3) outcome assessment 
using a star based system (maximum 3, 10 and 2 stars, 
respectively, total /15). The scoring was independently 
assessed by two authors (Patel N and Alexander J), with 
100% inter-rater agreement (Figure 2).

Statistical analysis
Proportion difference between EMR and ESD outcomes 

and calculated risk differences were calculated and 
pooled through DerSimonian and Laird random-effects 
modelling[27]. This considered both between-study 
and within-study variances which contributed to study 
weighting. Pooled values and 95%CIs were computed 
and represented on funnel plots. Statistical heterogeneity 
was determined by the I2 statistic; where < 30% is low, 
30%-60% is moderate and > 60% is high. Analyses 
were performed using Stata version 12 (StataCorp LP, 
College Station, TX, United States).

ResUlTs
The literature search identified 677 potential studies 
(Figure 1). The majority of these were excluded as they 
reported outcomes from animal studies, the use of new 
tools or a hybrid technique. Of the 57 studies that were 
assessed in full text for eligibility, 51 were excluded for 
the following reasons: No data on all primary outcome 
measures, no clearly defined follow up period, repeated 
published data and upper gastrointestinal endoscopic 
therapy. The final analysis included six studies published 
from 2007 to 2012 reporting 1324 lesions subjected to 
analysis, of which 688 were in the ESD group and 636 
in the EMR group. Adequate demographic data was 
reported in three studies[22-24], 59% of patients were 
men and 41% were women. The mean age was 62.5 
years in the EMR group, and 61.9 years in the ESD 
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Tajika et al [22] Lee et al [23] Kobayashi et al [24] Saito et al [25] Kim et al [26] Tamegai et al [19]

Random sequence generation

Allocation concealment

Blinding

Incomplete outcome data

Selective outcome reporting

Other bias

Quality score12                   12                    11                   12                    3                     8

Random sequence generation
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Incomplete outcome data

Selective outcome reporting

Other bias

0     20     40    60     80   100   120

Low risk of bias
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B

Figure 2  Risk of bias graph (A) and risk of bias summary (judgments of each risk criteria presented as percentages across all included studies) and 
quality score results (B).
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group (Table 1). 
Mean procedure times were reported in four stu-

dies[19,22,23,25] (Table 2). The overall mean time was 29 min 
(range 2-280) for EMR[22,25] and 73 min (range 6-400) for 
ESD[19,22,23,25]. The mean follow up period was 29.7 mo in 
the EMR group and 15.9 in the ESD group, as reported in 4 
studies[19,22,25,26] (Table 4).

Five studies reported data on the size of lesions[19,22-25] 

(Table 2). The mean size of lesion was 25.7 mm (range 
20-95 mm) in the EMR group and 31.4 mm (range 
13-145 mm) in the ESD group. The location of lesions 
was reported in three studies[22-24] shown in Table 2. In 
the EMR group, 44% lesions were in the right colon, 
36% lesions were in the left colon and 20% were in the 
rectum. In the ESD group, 51% lesions were in the right 
colon, 26% were in the left colon and 23% in the rectum. 
Data on lesion type was available for 93% of all lesion 
outcomes reported (Table 2). The majority of procedures 
were carried out on lateral spreading tumour (LST) 
(365/574 treated by EMR and 535/656 by ESD). In the 
EMR group, 66% were the granular type (LST-G) and 

23% were non-granular (LST-NG). In the ESD group, 
52% were LST-G and 48% LST-NG. EMR was performed 
in a greater number of sessile lesions (20% EMR, 12% 
ESD) and protruding lesions (16% EMR, 4% ESD). ESD 
was performed in a greater number of patients with 
depressed or recurrent lesions (0.2% EMR, 2% ESD).

Histologically, 52% of lesions were adenomas (including 
low grade and high grade dysplasia). Eleven percent of 
lesions were described as non-invasive mucosal cancers 
and 4% as cancers. Submucosal tumours (SM1 and 
SM2+) made up 31% of the lesions resected (Figure 3).

Outcomes
The en-bloc resection rate was reported in all studies 
(Table 3). This demonstrated a 50% higher en-bloc 
resection rate in the ESD than the EMR group (95%CI: 
0.17-0.83, p < 0.0001, I2 = 99.7 %) (Figure 4). 

The piecemeal resection rate was also reported in 
all six studies (Table 3). The rate of piecemeal resection 
was 48% higher in the EMR group than in the ESD group 
(95%CI: -0.70-0.26, p < 0.0001, I2 = 96.7%) (Figure 5).

The endoscopic clearance rate was reported in all 
studies (Table 3). This demonstrated a marginal but 
significant, 2% higher rate in the ESD group compared 
to the EMR group (95%CI: -0.06-0.02, p < 0.0001, I2 = 
92.5%) (Figure 6).

The R0 rates were reported in both groups in two 
studies[22,23] and only the ESD group from Tamegai et 
al[19]. The average R0 rate for the EMR group was 36.2% 
and 88.9% in the ESD group.

Complications
The total reported complication rate, including perforation, 
bleeding and coagulation syndrome, was 3.9% in the 
EMR group and 9.2% in the ESD group. The perforation 
rate for both EMR and ESD was reported in four of the six 
studies (Tamegai et al[19] only reported perforation rate 
for ESD). The perforation rate was 7% higher in the ESD 
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ther 2%

Figure 3  Colorectal lesion histopathology. LGD: Low grade dysplasia; HGD: 
High grade dysplasia; SM1: Submucosal tumour < 1000 µm invasion depth; 
SM2: Submucosal tumour > 1000 µm invasion depth.
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Table 5  Criteria for modified newcastle ottawa scoring system

Quality Checklist

Selection
  1 Assignment for treatment-any criteria reported (if yes, 1-star)?
  2 How representative was the reference group (EMR group) in comparison to the general population for colorectal lesions? (If 

yes, 1-star, no stars if the patients were selected or selection of group was not described)
  3 How representative was the treatment group (ESD group) in comparison to the general population for colorectal lesions? 

(If drawn from the same community as the reference group, 1-star, no stars if drawn from a different source or selection of 
group was not described)

Comparability
Comparability variables (1) Age; (2) gender; (3) lesion size; (4) LST; (5) lesion location; (6) LGD; (7) HGD; (8) submucosal tumor; (9)non-invasive 

cancer; (10) cancer
  4 Groups comparable for 1, 2, 3, 4, 5 (If yes, 1-star was assigned for each of these. No star was assigned if the two groups 

differed)
  5 Groups comparable for 6, 7, 8, 9, 10 (If yes, 1-star was assigned for each of these. No star was assigned if the two groups 

differed)
Outcome assessment
  6 Clearly defined outcome of interest (if yes, 1-star)
  7 Follow-up (1-star if described)

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; LST: Lateral spreading tumor; LGD: Low grade dysplasia; HGD: High grade 
dysplasia.



group than the EMR group (95%CI: 0.05-0.09, p > 0.05, 
I2 = 41.1%) (Figure 7). Five patients required surgery due 
to perforation in the ESD group, compared to none in the 
EMR group (Table 3).

Recurrence rate
The recurrence rate was reported in all studies (Table 4). 
In cases that were followed up, the rate of recurrence 
was 50% higher in the EMR group than in the ESD 

group (95%CI: 0.20-0.79, p < 0.001, I2 = 99.5%) 
(Figure 8). The resected margins were reported in 
Tajika et al[22]. In the EMR group 7/16 cases had R1 
margins and 9/16 Rx margins. In the ESD group, 41/56 
cases were R0, 6/56 R1 and 9/56 cases Rx. All studies 
except Kim et al[26] reported the piecemeal rate in the 
recurrence groups. 92% (85/92) of cases in the EMR 
group and 71% (5/7) of cases in the ESD group had 
been removed by piecemeal. The recurrent lesions in 
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Study %
ID RD (95%CI) Weight

Tajika et al[22] 0.35 (0.29, 0.42) 16.65
Lee et al[23] 0.50 (0.45, 0.54) 16.71
Kobayashi et al[24] 0.55 (0.45, 0.66) 16.48
Saito et al[25] 0.51 (0.46, 0.56) 16.70
Kim et al[26] 0.08 (0.03, 0.12) 16.71
Tamegai et al[19] 0.99 (0.96, 1.01) 16.75
Overall (I 2 = 99.7%, P  = 0.000) 0.50 (0.17, 0.83) 100.00
with estimated predictive interval (-0.74, 1.73)
Note: Weight are from random effects analysis

-1                    -0.5                     0                      0.5                     1
Favours EMR                                Favours ESD 

Proportion difference

Figure 4  En-bloc resection proportion difference endoscopic mucosal resection vs endoscopic submucosal dissection. EMR: Endoscopic mucosal 
resection; ESD: Endoscopic submucosal dissection.

Study %
ID RD (95%CI) Weight

Tajika et al[22] -0.36 (-0.46, -0.26) 17.34
Lee et al[23] -0.50 (-0.58, -0.42) 17.59
Kobayashi et al[24] -0.55 (-0.75, -0.36) 15.66
Saito et al[25] -0.51 (-0.60, -0.42) 17.48
Kim et al[26] -0.08 (-0.13, -0.03) 17.84
Tamegai et al[19] -0.99 (-1.26, -0.72) 14.09
Overall (I 2 = 96.7%, P  = 0.000) -0.48 (-0.70, -0.26) 100.00
with estimated predictive interval         (-1.27, 0.31)
Note: Weight are from random effects analysis

-1                  -0.5                  0                   0.5                   1
Favours ESD                                Favours EMR 

Proportion difference

Figure 5  Piecemeal resection proportion difference endoscopic mucosal resection vs endoscopic submucosal dissection. EMR: Endoscopic mucosal 
resection; ESD: Endoscopic submucosal dissection.

Study %
ID RD (95%CI) Weight

Tajika et al[22]  0.02 (0.00, 0.04) 21.95
Lee et al[23] -0.08 (-0.11, -0.06) 20.69
Kobayashi et al[24]  0.02 (-0.01, 0.05) 20.55
Saito et al[25]  0.01 (0.00, 0.02) 22.74
Kim et al[26] -0.10 (-0.16, -0.04) 14.06
Tamegai et al[19] (Excluded) 0.00
Overall (I 2 = 92.5%, P  = 0.000) -0.02 (-0.06, 0.02) 100.00
with estimated predictive interval          (-0.16, 0.12)
Note: Weight are from random effects analysis

-1                     -0.5                       0                       0.5                      1
Favours ESD                                Favours EMR 

Proportion difference

Figure 6  Endoscopic completeness rates proportion difference endoscopic mucosal resection vs endoscopic submucosal dissection. EMR: Endoscopic 
mucosal resection; ESD: Endoscopic submucosal dissection.
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both groups were mainly adenomas (21/32 recurrent 
EMR cases and 5/6 ESD cases (data not available 
from Kim et al[26] in the ESD group). There were three 
invasive cancers reported as recurrent lesions in the 
EMR group and none in the ESD group. Seventy nine 
of the recurrent EMR cases were successfully treated 
with repeat EMR procedures, seven cases with argon 
photocoagulation and six required surgery (a portion 
of this group had multiple previous attempts at EMR 
before technical difficulties or invasive carcinoma were 
found at a later date) (data not available from Kim 
et al[26]). In the ESD group, 5 recurrent cases were 
successfully treated with EMR and one with surgery[22] 
(Table 4). 

Risk of bias and quality scoring
All of the included trials had a high risk or unclear risk of 

bias in one or more of the assessed domains (Figure 2). 
Random sequence generation, allocation concealment 
and blinding were the main potential risks of bias in 
studies included in this meta-analysis. The overall quality 
scores are shown in Figure 2. Four studies received score 
of ≥ 10 and were hence deemed to be of relative high 
quality. These studies were analysed as a sub-group to 
determine the source of heterogeneity (Table 6). There 
was no substantial change in heterogeneity when en-
bloc resection rate, endoscopic completeness rate and 
recurrence rates were re-analysed. Piecemeal resection 
rates however demonstrated a reduction from significant 
to moderate heterogeneity though effect sizes remained 
similar throughout. All studies adequately matched both 
EMR and ESD groups for comparability and outcome 
assessment.

DIsCUssION
This is one of the first meta-analyses comparing the 
outcomes of colorectal ESD and EMR. The pooled outcome 
results of this meta-analysis (from non-comparative 
studies) suggest that there may be a perceptible difference 
in the clinical outcomes colorectal of ESD and EMR. The 
results for ESD demonstrated higher en-bloc resection 
rates, endoscopic clearance rates and lower recurrence 
rates, albeit with higher pooled outcome complication 
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Table 6  Sub-group analysis of the four highest quality studies[22-25]

I 2 (%) P  value 95%CI Effect size

En-bloc resection rate 82.3 < 0.0001 0.14-0.81 0.476
Piecemeal resection rate 51.7 0.102 -0.76-0.19 -0.472
Endoscopic completeness 
rate

93.1 < 0.0001 0.19-0.17 -0.008

Recurrence rate 82.1 < 0.0001 0.13-0.82 0.476

Study %
ID RD (95%CI) Weight

Tajika et al[22] 0.06 (0.03, 0.09) 23.14
Lee et al[23] 0.08 (0.06, 0.10) 32.29
Kobayashi et al[24] 0.11 (0.04, 0.17) 8.21
Saito et al[25] 0.05 (0.03, 0.07) 36.36
Kim et al[26]     (Excluded) 0.00
Tamegai et al[19]      (Excluded) 0.00
Overall (I 2 = 41.1%, P  = 0.000) 0.07 (0.05, 0.09) 100.00
with estimated predictive interval        (-0.01, 0.14)
Note: Weight are from random effects analysis

-1                    -0.5                     0                       0.5                      1
ESD                                            EMR 

Proportion difference

Figure 7  Perforation proportion difference endoscopic mucosal resection vs endoscopic submucosal dissection. EMR: Endoscopic mucosal resection; ESD: 
Endoscopic submucosal dissection.

Study %
ID RD (95%CI) Weight

Tajika et al[22] 0.35 (0.29, 0.42) 16.67
Lee et al[23] 0.50 (0.45, 0.55) 16.74
Kobayashi et al[24] 0.55 (0.45, 0.66) 16.46
Saito et al[25] 0.51 (0.46, 0.56) 16.74
Kim et al[26] 0.08 (-0.01, 0.16) 16.59
Tamegai et al[19] 0.99 (0.96, 1.01) 16.80
Overall (I 2 = 99.5%, P  = 0.000) 0.50 (0.20, 0.79) 100.00
with estimated predictive interval        (-0.61, 1.61)
Note: Weight are from random effects analysis

-1                       -0.5                        0                         0.5                        1
ESD                                                EMR 

Proportion difference

Figure 8  Recurrence proportion difference endoscopic mucosal resection vs endoscopic submucosal dissection. EMR: Endoscopic mucosal resection; ESD: 
Endoscopic submucosal dissection.
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rates. However, any inferences regarding clinical 
superiority should be taken with caution, as these results 
do not derive from comparative studies and demonstrate 
high heterogeneity throughout.

Although EMR is an established technique, it is 
usually performed for smaller lesions or larger lesions 
in piecemeal (associated with higher recurrence rates). 
Piecemeal resection involving multiple smaller resections 
often makes the endoscopic field difficult to detect 
residual tissue due to electrocautery burns, blood and 
local trauma. Further therapeutic procedures may 
therefore be required with cost, time and increased 
complication rate implications. In comparison, creating 
a mucosal incision around the lesion during ESD means 
that the endoscopic resection margins have already been 
delineated minimising disruption of the endoscopic field 
during submucosal dissection.

ESD appears advantageous as it allows accurate 
histopathological assessment of the resected lesion 
and resected margins, associated with fewer reported 
recurrences or residual disease. However, colorectal 
ESD is technically complex requiring more highly skilled 
endoscopists compared to upper gastrointestinal ESD. 
Compared to EMR, the procedure times are longer, 
more demanding and have higher complication rates. 

There are endoscopic tools which have been deve-
loped or are in development designed to facilitate ESD 
and further improve clinical effectiveness, long-term 
outcomes and safety. For example, hydrodissection 
in the submucosal plane can be performed using the 
HybridKnife (ERBE)[28] and a hybrid ESD approach using 
a snare has also been introduced. 

ESD has been shown to result in significantly lower 
recurrence rates compared to EMR. This may result 
from greater en-bloc resection rates, lower piecemeal 
rates and, in the studies that reported the resected 
margins, a higher R0 rate. However, ESD is more time 
consuming and associated with significantly greater 
complication rates. Safety of the technique is an 
important consideration, particularly if the uptake of 
ESD is to increase. There are technical difficulties of 
performing ESD in the colonic environment which is 
thin-walled containing flexures and folds. However, it 
will be interesting to monitor the uptake and outcomes 
in countries other than East Asia such as the Western 
world where, although the incidence of colorectal cancer 
is higher, upper gastrointestinal ESD is an infrequent 
occurrence. In these countries the learning curve is 
likely to be greater as a result of difficulties with training 
opportunities resulting from a lack of clinical cases, 
experience and skilled tutors. 

Trans-anal endomicroscopy allows full-thickness 
resection of rectal lesions with accurate staging albeit 
with a higher complication rate compared to endoscopic 
therapy. In addition, conventional rectal surgery is 
more invasive with the risk of stoma formation and 
problems with incontinence resulting in a drive for a 
favourable minimally invasive endoscopic approach. 
However, differences between rectal and colonic lesion 

endotherapy outcomes have been reported[29]. This is 
multifactorial with anatomical and vascular differences 
between the two sites. The rectum is the first place to 
start training endoscopists in ESD because it is easily 
accessible compared to other parts of the colon[30]. 
Furthermore, rectal insufflation creates a neat and 
stable workspace to perform ESD compared to a 
mobile, narrow colon with folds or flexures to consider. 
Significantly higher recurrence rates have been reported 
in patients with high-risk submucosal rectal cancers 
treated with endoscopic therapy compared to colonic 
lesions[29]. Further analysis of endoscopic therapy 
comparing these two lesion locations is required to 
determine whether or not definite surgical measures 
with lymph node dissection rather than ESD for these 
higher risk patients is a better longer-term treatment 
plan. To improve the quality of analysis of colorectal 
ESD outcomes, prospective randomised controlled 
trials with appropriate follow-up periods which also 
accommodate for learning curve effects and include 
quality of life data are required to validate the technique 
in the lower gastrointestinal tract. 

Limitations
There are a number of limitations to this analysis 
which derive from significant clinical and statistical 
heterogeneity throughout. The significant statistical 
heterogeneity demonstrated suggests there is a risk the 
included studies were clinically heterogenous. This may 
result in the effect size difference being a secondary 
finding or a high risk for bias finding. The four high 
quality studies were also studied as a subgroup to 
determine if the heterogeneity decreases[22-25]. This only 
decreased from significant to moderate for piecemeal 
resection and effect sizes remained similar throughout. 
The quality scores of many of the included studies was 
moderate, there are few studies directly comparing 
the outcomes of colorectal ESD and EMR and no 
randomised controlled trials in the literature to date. The 
eligibility criteria are often unclear for both techniques, 
lesions had differing characteristics and size and all of 
the included studies were retrospective case-control 
studies or observational studies.

In addition, all the included studies originated 
from East Asia (Japan and South Korea) where there 
are a larger number of endoscopists familiar with the 
technique and hence this may cause bias. In a number 
of studies the time periods during which EMR and ESD 
were carried out were different reflecting a change 
in practice with the introduction of ESD[19,22,23]. The 
outcomes of the studies may have hence been subject 
to bias with improvements in endoscopy technique and 
introduction of ESD tools and devices to facilitate the 
procedure reflected in the significant heterogeneity of 
the resulting outcomes. The effect size may also have 
been affected by the learning curve effect. Five out of 
the six studies scored poorly for the quality of patient 
selection, particularly how representative the groups 
were. The selection of the groups was not described 
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adequately in these studies and may be reflected by the 
significant heterogeneity of the results.

Follow-up periods also differed in these studies and 
as a result lead-time and selection biases may have 
also occurred. Follow-up in some studies was difficult as 
the procedures were often carried out at tertiary referral 
centres with follow-up at local hospitals where the 
outcome data were not reported[24,25].

In conclusion, Whilst ESD for early non-metastatic 
gastric cancer is now the treatment of choice in East 
Asia and is gaining popularity worldwide, colorectal 
ESD is still at a relatively early stage. The adoption 
of the technique in the West is particularly important 
given the significantly higher incidence and is another 
step towards the scarless surgery goal. The colonic 
environment is more challenging than the upper 
gastrointestinal tract and there is a learning curve to the 
technique. However, en-bloc resection has significantly 
more favourable mid-term outcomes compared to EMR. 
This is in addition to the benefits of not performing 
a surgical procedure in terms of recovery, cost and 
complications.

This meta-analysis reports on mid-term follow-up 
outcomes. In order to better identify the differences in 
outcome between these two modalities, case-matched 
prospective and randomised studies should be carried 
out with protracted follow-up periods to ascertain 
longer-term outcomes. The trade-off between safety 
and risk of perforation also needs to be established, 
patient selection and analysis of ESD and EMR colorectal 
registry data will be useful to establish this through 
more robust data in the future.
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COMMeNTs
Background
Minimally invasive endosurgical techniques such as endoscopic submucosal 
dissection (ESD) are gaining popularity worldwide as an alternative to 
conventional surgery. Whilst ESD for early non-metastatic gastric cancer is the 
treatment modality of choice in East Asia, the uptake of the technique in the 
Western world has been slow. This is in part due to the appropriate case load and 
also due to the high complexity of the technique. Colorectal cancer and polyps 
are highly prevalent in the Western world and hence endoscopic submucosal 
dissection should be explored and compared to current endoscopic therapy.

Research frontiers
A meta-analysis was used to evaluate the mid-term outcomes of colorectal ESD 
and endoscopic mucosal resection (EMR).

Innovations and breakthroughs
This is one of the first detailed meta-analysis evaluating immediate and mid-
term outcomes for colorectal ESD and EMR. Most of the literature to date report 

immediate outcomes after endoscopic therapy, there is no longer-term outcome 
data and little mid-term outcome data reported. 

Applications
This meta-analysis showed that colorectal ESD demonstrates higher en-
bloc resection rates and lower recurrence rates compared to colorectal EMR. 
Although the complication rates are higher with a significantly increased 
perforation rate, ESD obviates the need for surgery and reduces the need 
for further endoscopic procedures. Differences in outcomes may benefit from 
increased assessment through well-designed comparative studies.

Peer-review
This is a good meta-analysis, suitable for publication. This meta-analyses study 
reports the comparison between EMR and ESD for colorectal lesions. Although 
this kind of meta-analyses is not the first report, this is still useful to compare 
both methods for colorectal tumours.
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Abstract
AIM: To obtain the diagnostic performance of percu-
taneous transthoracic needle biopsy (PTNB) under 
Computed tomography (CT) fluoroscopy guidance for lung 
ground-glass opacity (GGO). 

METHODS: We searched for English- and Chinese-
language studies in PubMed, EMBASE, EBSCO, OVID, 
and CNKI (China National Knowledge Infrastructure) 
database. Data were calculated with Meta-Disc version 
1.4 and Rev Man version 5.2 software. From the pooled 
data, we calculated sensitivity (Sen), specificity (Spe), 
positive likelihood ratio (+LR), negative likelihood ratio 
(-LR), and diagnostic odds ratio (DOR). Summary receiver 
operating characteristic (SROC) curves were constructed 
and incidence of complications was recorded. 

RESULTS: Four documents included in this present 
meta-analysis met the criteria for analysis. The pooled 
Sen, Spe, +LR, -LR and DOR with 95%CI were 0.91 
(0.86-0.95), 1.0 (0.91-1.0), 18.64 (4.83-71.93), 0.11 
(0.05-0.26) and 153.17 (30.78-762.33), respectively. The 
area under the SROC curve was 0.98. The incidence of 
pneumothorax and hemoptysis was 17.86%-51.80% and 
10.50%-19.40%, respectively.

CONCLUSION: CT fluoroscopy-guided PTNB, which has 
an acceptable incidence of complications, can be used 
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as a primary examination method for lung GGO, with 
moderate sensitivity and specificity.

Key words: Lung biopsy; Meta-analysis; Ground-glass 
opacity; Computed tomography fluoroscopy
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Core tip: There is no consensus in the literature about 
the diagnostic performance of percutaneous transthoracic 
needle biopsy (PTNB) under Computed tomography (CT) 
fluoroscopy guidance for lung ground-glass opacity (GGO). 
We performed a meta-analysis to obtain the diagnostic 
performance of CT fluoroscopy-guided PTNB of lung 
GGO in terms of pooled sensitivity, specificity, positive 
likelihood ratio, negative likelihood ratio, diagnostic odds 
ratio and incidence of complications. We also generated 
a summary receiver operating characteristic curve as a 
way of summarizing the global test performance of CT 
fluoroscopy-guided PTNB.

Yan GW, Yan GW, Sun QQ, Niu XK, Li B, Bhetuwal A, Xu 
XX, Du Y, Yang HF. Computed tomography fluoroscopy guided 
percutaneous lung biopsy for ground-glass opacity pulmonary 
lesions: A meta-analysis. World J Meta-Anal 2016; 4(2): 55-62  
Available from: URL: http://www.wjgnet.com/2308-3840/full/
v4/i2/55.htm  DOI: http://dx.doi.org/10.13105/wjma.v4.i2.55

INTRODUCTION
Ground-glass opacity (GGO) in lung parenchyma 
is a image manifestation on thin-section Computed 
tomography (CT) that is defined as “hazy increased 
attenuation of the lung with preservation of bronchial 
and vascular margins”[1]. As prevalence of lung cancer 
screening with low-dose CT rises, so has the detection 
of pulmonary lesions that manifest as GGO nodules[2,3]. 
Since, GGO, not being a specific imaging finding, 
many differential diagnoses such as bronchoalveolar 
carcinoma, adenocarcinoma, atypical adenomatous 
hyperplasia, focal fibrosis and inflammatory diseases 
must be taken into consideration[4,5]. As a result, the 
importance of diagnosing lung GGO cannot be ignored 
once observation, clinical follow-up or chemotherapeutic 
therapy has ruled out the benign or inflammatory 
nature of the lesion. However, controversy does exist on 
whether PTNB should be attempted for the persistent 
presence of lung GGO or not.

Recent efforts[6-9] utilizing PTNB under the guidance 
of CT fluoroscopy have been attempted to increase the 
diagnostic accuracy of lung GGO but contain only few 
enrolled subjects. The objective of this article was to 
obtain the diagnostic performance of CT fluoroscopy 
guided PTNB for lung GGO with a meta-analysis, which, 
as far as the authors’ understanding, has not been 
reported previously.

MATERIALS AND METHODS
Literature search 
We searched PubMed, EMBASE, OVID, EBSCO, and CNKI 
(China National Knowledge Infrastructure) databases 
without publication date or language restrictions, from 
inception to August 2015, using the search terms “CT”, 
“computed tomography”, “CT fluoroscopy”, “CTF”, 
“ground-glass opacity”, “GGO”, “lung”, and “pulmonary”. 
Search terms were present in the title or abstract of the 
articles. The detailed search strategy of PubMed is shown 
in Figure 1.

Study selection
A system documentation retrieval of human articles was 
accomplished by two independent observers to find out 
studies about the diagnostic value of CT fluoroscopy-
guided PTNB in patients with GGO. All case reports, 
letters, comments, and review articles were eliminated. 
Subsequently, studies, on the basis of their title and 
abstract, was either included or discarded. 

Studies that complied with the following criteria 
were also included in this study: (1) Adequate data to 
calculate the number of true positive (tp), false positive 
(fp), false negative (fn), and true negative (tn) results; 
(2) definite criteria to define a positive imaging result 
were documented; and (3) clinical follow-up or clinical 
observation for at least one year and/or surgery.

Other potentially eligible studies were identified by 
manually searching the reference lists of the articles 
enrolled in this meta-analysis. Any differences of opinion 
in selecting the studies between the two reviewers 
were resolved through discussion. If there was any 
unresolved studies advices were sought from another 
two reviewers experienced in study selection and data 
extraction in more than six meta-analyses or systematic 
reviews. 

Data extraction
A 2 × 2 table was created to input following data 
extracted from each study included in the present meta-
analysis: (1) true positive results (subjects with disease 
diagnosed correctly from the standard test); (2) false 
positive results (subjects without disease diagnosed as 
diseased from the standard test); (3) false negative 
results (subjects with disease diagnosed as without 
disease from the standard test); (4) true negative results 
(subjects without disease diagnosed correctly as without 
disease from the standard test); and (5) other clinical 
characteristics of the studies (including author, year of 

Yan GW et al . Lung biopsy under CT fluoroscopy for pulmonary lesions

56 April 26, 2016|Volume 4|Issue 2|WJMA|www.wjgnet.com

#1 (“CT” or “computed tomography” or “CT fluoroscopy” or “CTF”) [Title/
Abstract]
 #2 (“ground-glass opacity” or “GGO”) [Title/Abstract] 
 #3 (“lung” or “pulmonary”) [Title/Abstract]
 #4 #1 and #2 and #3 

Figure 1  Search strategy for PubMed. GGO: Ground-glass opacity.



publication, lesion size, and complications).

Quality assessment
Methodological quality was evaluated on the basis of the 
Quality Assessment of Studies of Diagnostic Accuracy 
included on Systematic Reviews (QUADAS-2) guidelines 
independently by the same two reviewers who had 
performed the literature search. The quality of studies 
of diagnostic accuracy was specifically evaluated by the 
evidence-based tool above. Any dispute was resolved 
through discussion among the reviewers. A more detailed 
description of each item and a guideline on how to use 
the QUADAS-2 tool are provided by Whiting et al[10].

Statistical analysis
The data integration for the accuracy of CT fluoroscopy-
guided PTNB for lung GGO lesions was made by calculating 
pooled estimates of sensitivity (Sen), specificity (Spe), 
positive likelihood ratio (+LR), negative likelihood ratio (-LR), 
and diagnostic odds ratio (DOR) at a patient level. We also 
generated a summary receiver operating characteristic 
(SROC) curve as a way of summarizing the global test 
performance from different diagnostic studies. The pooled 
Sen, Spe, +LR, -LR, DOR, and SROC across studies 
were calculated by using a random or fixed effect model 
according to the heterogeneity. Heterogeneity across studies 
was evaluated by using the χ2 and Fisher’s exact tests. 
Threshold effect was assessed by using the Spearman rank 
correlation test. Subgroup analysis was also performed if 
necessary. Statistical analyses in this present meta-analysis 
were all carried out with Meta-disc software (version 1.4). 
P < 0.05 was considered statistically significant.

RESULTS
Study selection
Literature search revealed 82 articles which, after 

reading the titles and abstracts of the searched articles, 
76 documents were discarded as they did not meet the 
inclusion criteria. After closer inspection of full text, 2 
out of six were again discarded for the causes provided 
in Figure 2. Finally, the remaining four studies which 
fulfilled the inclusion criteria were included in this meta-
analysis[6-9]. All 4 studies were published in English. 
Table 1 shows the basic characteristics of the included 
four studies. Methodological quality of the four studies, 
as evaluated by the QUADAS-2 tool, is shown in Figure 3. 

Diagnostic accuracy
The pooled sensitivity with 95%CI was 0.91 (0.86-0.95), 
ranging from 0.71 to 0.88. However, the pooled 
specificity with 95%CI was 1.00 (0.91-1.00), and 
the specificities in the four studies were all reported 
as 1.00. The +LR, -LR and DOR with 95%CI was 
18.64 (4.83-71.93), 0.11 (0.05-0.26), and 153.17 
(30.78-762.33), respectively. χ 2 values of Sen, Spe, 
+LR, -LR, and DOR were 11.07 (P = 0.01), 0.0 (P = 1.0), 
0.40 (P = 0.94), 11.14 (P = 0.01), and 0.84 (P = 0.84), 
respectively, indicating that there are some degree of 
heterogeneity among the four documents. 

Forest plots (Figure 4) reveals the detailed sensitivity 
and specificity with 95%CI of each individual study. The 
detailed +LR and -LR with 95%CI for each individual 
study are shown in Forest plots (Figure 5). Figure 6 is 
the Forest plot of the DOR. The SROC curve showed a 
good overall diagnostic performance for CT fluoroscopy-
guided PTNB for all studies combined (Figure 7). In this 
meta-analysis, Q-value of the maximum joint sensitivity 
and specificity was 0.94. The area under the SROC 
curve (AUC) was 0.98, which indicated a relatively high 
level of overall accuracy.

Subgroup analysis
Subgroup analysis was performed according to the size 
of the lesions and pooled indexes (Sen, Spe, +LR, -LR, 
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Potentially relevant studies from PubMed, 
EMBASE and other sources (n  = 82)

Full manuscript retrieved for 
detailed evaluation (n  = 6)

Eligible studies included in 
this meta-analysis (n  = 4)

Articles excluded on the basis of 
abstract and title (n  = 76)

Insufficient data to create 

2 × 2 table (n  = 2)

Figure 2  Flow chart of study selection.
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Figure 3  Quality assessment of diagnostic accuracy studies and criteria 
for included studies.
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DISCUSSION
Bronchoscopy is one option for examination of patients 
with suspected lung masses. It can be used for tissue 
sampling, evaluating the nature and extent of a lung 
mass or a lesion and guiding therapy. However, in the 
case of a non-diagnostic bronchoscopy (i.e., failure to 
obtain a histopathological diagnosis from lung lesion), 
image-guided PTNB is usually performed. Among these 
interventional techniques, lung biopsy under CT guidance 
has widespread acceptance as a preferred modality 
for the diagnosis of pulmonary masses. Its diagnostic 

DOR and SROC) with 95%CI are summarized in Table 2. 

Complications
The incidence of pneumothorax ranged from 17.86% to 
51.80%, and was reported in all four studies, with six 
patients requiring chest tube drainage. The incidence of 
hemoptysis ranged from 10.50% to 19.40% without any 
patients requiring treatment for it. Systemic air embolism 
occurred in one case as reported in the study by Inoue et 
al[8]. Apart from these, there were no other complications 
or adverse effects reported in the four studies included in 
the meta-analysis.
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Table 1  Characteristics of the included four studies

Ref. Year Lesion size (mm) tp fp fn tn All Complications

Hur et al[6] 2009 ≤ 10   4 0 2   4 10 Pneumothorax (5); 
11-20   5 0 2   3 10 Hemoptysis (3); Thoracostomy tube insertion (2)
> 20   3 0 1   4   8
All 12 0 5 11 28

Yamauchi et al[7] 2011 ≤ 10   6 0 1   1   8 Pneumothorax (14); Hemoptysis (13); Thoracostomy tube 
insertion (0)11-20 36 0 1   5 42

> 20 17 0 0   0 17
All 59 0 2   6 67

Inoue et al[8] 2012 ≤ 10 21 0 1   2 24 Pneumothorax (30); Hemoptysis (7); Thoracostomy tube 
insertion (1); 

Air embolism (1)
11-20 36 0 2   3 41
> 20   1 0 0   0   1
All 58 0 3   5 66

Yamagami et al[9] 2013 ≤ 10 16 0 4 11 31 Pneumothorax (44); Hemoptysis (9); Thoracostomy tube 
insertion (3)11-20 30 0 4   6 40

> 20 12 0 0   2 14
All 58 0 8 19 85

fn: False negative; fp: False positive; tn: True negative; tp: True positive.

Sensitivity (95%CI)
Hur et al [6] 0.71 (0.44-0.90)
Yamaauchi et al [7] 0.97 (0.89-1.00)
Inoue et al [8] 0.95 (0.86-0.99)
Yamagami et al [9] 0.88 (0.78-0.95)

Pooled sensitivity = 0.91 (0.86 to 0.95)
χ 2 = 11.07; df = 3 (P  = 0.0114)
Inconsistency (I 2) = 72.9%

Sensitivity
0.0           0.2            0.4           0.6            0.8          1.0

Specificity (95%CI)
Hur et al [6] 1.00 (0.72-1.00)
Yamaauchi et al [7] 1.00 (0.54-1.00)
Inoue et al [8] 1.00 (0.48-1.00)
Yamagami et al [9] 1.00 (0.82-1.00)

Pooled specificity = 1.00 (0.91 to 1.00)
χ 2 = 0.00; df = 3 (P  = 1.0000)
Inconsistency (I 2) = 0.0%

Specificity
0.0           0.2            0.4           0.6            0.8          1.0

Figure 4  Forest plot shows sensitivity and specificity from individual studies and pooled estimates. Summary sensitivity and specificity were 0.91 (95%CI: 
0.86-0.95) and 1.0 (95%CI: 0.91-1.00), respectively.
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accuracy is 92.9%-95% and the incidence of adverse 
effects is within an acceptable range[11-13]. Compared with 
techniques under conventional CT guidance, as it was 
reported, “CT fluoroscopy-guided PTNB allows continuous 
monitoring of the needle as it progresses toward the 
target lesion, enabling manipulation in response to 
respiratory movements”[14,15]. 

Nevertheless, diagnostic performance of PTNB under 

CT fluoroscopy guidance for the diagnosis of pulmonary 
GGO nodules is not well established. This meta-analysis 
investigated the overall diagnostic performance of CT 
fluoroscopy-guided PTNB in the differential diagnosis of 
GGO lesions with a high Sen and Spe, 0.91 (95%CI: 
0.86-0.95) and 1.00 (95%CI: 0.91-1.00), respectively. 
The SROC curve stands for a global summary of test 
efficacy and indicates the trade-off between Sen and 
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Positive LR (95%CI)
Hur et al [6] 16.67 (1.09-255.73)
Yamaauchi et al [7] 13.44 (0.93-194.29)
Inoue et al [8] 11.32 (0.80-160.98)
Yamagami et al [9] 34.93 (2.26-540.06)

Fixed effects model
Pooled positive LR = 18.64 (4.83 to 71.93)
Cochran-Q = 0.40; df = 3 (P  = 0.9399)
Inconsistency (I 2) = 0.0%

Positive LR
0.01                                   1                                   100

Negative LR (95%CI)
Hur et al [6] 0.32 (0.16-0.65)
Yamaauchi et al [7] 0.04 (0.01-0.15)
Inoue et al [8] 0.06 (0.02-0.18)
Yamagami et al [9] 0.13 (0.07-0.24)

Random effects model
Pooled negative LR = 0.11 (0.05 to 0.26)
Cochran-Q = 11.14; df = 3 (P  = 0.0110)
Inconsistency (I 2) = 73.1%
Tau-squared = 0.5068

Figure 5  Forest plot shows positive likelihood ratio and negative likelihood ratio from individual studies and pooled estimates. Summary positive likelihood 
ratio (LR) and negative LR were 18.64 (95%CI: 4.83-71.93) and 0.11 (95%CI: 0.05-0.26), respectively.

Figure 6  Forest plot shows diagnostic odds ratio from individual studies and pooled estimates. Diagnostic odds ratio (OR) was 153.17 (95%CI: 30.78-762.33).

Negative LR
0.01                                   1                                   100

Diagnostic OR (95%CI)
Hur et al [6] 52.27 (2.59-1053.92)
Yamaauchi et al [7] 309.40 (13.36-7166.01)
Inoue et al [8] 183.86 (8.37-4038.39)
Yamagami et al [9] 268.41 (14.80-4867.71)

Fixed effects model
Pooled diagnostic OR = 153.17 (30.78 to 762.33)
Cochran-Q = 0.84; df = 3 (P  = 0.8395)
Inconsistency (I 2) = 0.0%

Diagnostic OR
0.01                                   1                                   100

Table 2  Subgroup analysis of the included four studies

Size Sen Spe +LR -LR DOR SROC

All   0.91 (0.86-0.95) 1.0 (0.91-1.0) 18.64 (4.83-71.93) 0.11 (0.05-0.26) 153.17 (30.78-762.33) 0.98
≤ 10 mm   0.85 (0.73-0.94) 1.0 (0.81-1.0)   8.03 (2.21-29.18) 0.24 (0.14-0.41) 37.94 (7.48-192.37) 0.92
11-20 mm   0.92 (0.86-0.96) 1.0 (0.80-1.0)   9.35 (2.45-35.71) 0.13 (0.08-0.22)   67.98 (13.06-353.87) 0.96
> 20 mm 0.94 (0.70-1.0) 1.0 (0.54-1.0) 6.24 (0.97-40.0)   0.20 (0.07-0.60)a   38.93 (2.80-541.16)b -c

a,bOnly studies 6 and 9 were calculated; cSROC for GGO > 20 mm could not be calculated in this meta-analysis because of only two data points. Sen: 
Sensitivity; Spe: Specificity; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio; DOR: Diagnostic odds ratio; SROC: Summary receiver operating 
characteristic; GGO: Ground-glass opacity.
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Spe[16]. Our meta-analysis, according to the SROC 
curve, indicated that the maximum joint Sen and Spe 
was 0.94 and the AUC was 0.98, suggesting a high 
level of overall diagnostic efficacy. We conclude that CT 
fluoroscopy-guided PTNB plays an important role in the 
diagnosis of GGO lesions. DOR which, combines the 
data from Sen and Spe into a single value, is another 
reference of test accuracy[17]. In our meta-analysis, the 
DOR with 95%CI was 153.17 (30.78-762.33), indicating 
that CT fluoroscopy-guided PTNB was valuable in 
the diagnosis of GGO lesions. Subgroup analysis was 
performed according to the size of the lesions, and the 
pooled parameters were still good, indicating that CT 
fluoroscopy-guided PTNB was valuable in the diagnosis 
of GGO lesions regardless of their size. 

The rate of complications was thought to be within 
an acceptable range. Pneumothorax, with an incidence 
of 17.86%-51.8%, was the most frequently encountered 
complication of CT fluoroscopy-guided PTNB[6-9]. Out of 
the 246 patients, only six required chest tube drainage. 
The incidence of hemoptysis ranged from 10.5% to 
19.4%, without any of the patients requiring treatment. 
Yamagami et al[9], in the largest study, reported that 
the incidence of pneumothorax and hemoptysis was 
51.8% and 10.6%, respectively. Inoue et al[8] reported 
one case of systemic air embolism. Even though an 
exact reason behind it could not be determined, there is 
a possibility of creating needle-induced fistula between 
the bronchus and the pulmonary vein in GGO lesion 
biopsy more than during solid lesion biopsy since GGO 
lesions preserve the bronchus and pulmonary vessels 
located inside them[8]. Hence, taking the results of Sen, 
Spe, DOR, +LR, and -LR into account, it is reasonable 
to think that CT fluoroscopy-guided PTNB can be used 
as one of the primary examination procedures for lung 
GGO lesions.

With respect to influencing factors for pneumothorax, 
there were significant differences reported, including patient 
age, sex, lesion location, number of pleural passages, and 
emphysema along the needle pathway[6-9,18]. Influencing 

factors for hemoptysis included patient age and sex, 
lesion location, nodule type, and distance from the pleura 
to the target lesion. Ground-glass nodules and deeper-
located lesions were significant independent risk factors 
for hemoptysis[6-9,18]. In addition, the needle–pleural angle 
is another predictor of pneumothorax as reported by Li et 
al[19] and Niu et al[20]. De Filippo et al[21] reported that non-
calcified density (the higher the density, the better the 
accuracy) was a positive predictive factor for diagnostic 
accuracy. The diagnostic performance of PTNB under 
CT guidance can be elevated by the use of multiplanar 
reformatting imaging, which is useful for planning the path 
of the needle while performing needle aspiration.

The diagnostic outcomes of conventional CT-guided 
lung biopsy have been studied previously. Kim et al[22] 

reported the outcomes of 50 patients (< 2.0 cm vs ≥ 
2.0 cm and GGO component > 90% vs 50%-90%) 
who had been investigated with coaxial 18-gauge or 
20-gauge core needles. The overall Sen, Spe, positive 
predictive value (PPV), negative predictive value 
(NPV), and diagnostic accuracy were 92.0%, 90.0%, 
97.0%, 75.0% and 91.0%, respectively. Sensitivity and 
accuracy were not significantly different between the 
two groups of lesion size and GGO components. Lu et 
al[23] reported the outcomes of 49 patients investigated 
with coaxial 20-gauge core needles. The overall Sen, 
Spe, PPV, NPV, and diagnostic accuracy were 93.62%, 
100%, 100%, 40.0% and 93.88%, respectively. 
Compared to these results[22,23], we assume that the 
methodologies used in the included studies[6-9] (i.e., the 
CT fluoroscopy and coaxial needle system) contributed 
to the high diagnostic accuracy observed.

This study is in accordance of the recommendation 
based upon the reporting of meta-analysis on diagnostic 
test[24]. We based this study on thorough literature 
searches and careful data extraction. Nevertheless, 
some limitations may be considered when interpreting 
the results. First, study includes only four articles. The 
limited number of patients (n = 246) may have an effect 
on our study. Second, the four studies did not compare 
directly the diagnostic accuracy of CT fluoroscopy-
guided PTNB with other methods. Thus, we cannot 
definitively state which method is better at this time. 
However, studies by Rotolo et al[25] and Prosch et al[26] 

concluded that CT fluoroscopy systems for lung nodule 
biopsy are similar in terms of diagnostic performance 
and effective dose as cone-beam CT-guided and 
multislice CT systems. Finally, the publication format of 
four studies was English, which might resort to the so 
called “Tower of Babel” bias. In a word, further, larger 
prospective studies may be needed.

In conclusion, in spite of the difficulties mentioned 
above, considering the high diagnostic performance of 
CT fluoroscopy-guided PTNB in our study, along with the 
acceptable number of complications, we still have the 
reason to believe that this method can be recommended 
in clinical practice. In the end, update of systematic 
review and meta-analysis is possible only when further 
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Figure 7  Summary receiver operating characteristic curve. SROC: 
Summary receiver operating characteristic.
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research and data is available on this topic. 
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Background
In recent years, as prevalence of lung cancer screening with low-dose 
computed tomography (CT) rises, so has the detection of pulmonary lesions 
that manifest as ground-glass opacity (GGO) nodules. Recently, several efforts 
utilizing percutaneous transthoracic needle biopsy (PTNB) under the guidance 
of CT fluoroscopy have been attempted to increase the diagnostic accuracy 
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whether it is beneficial to the patient.

Research frontiers
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important issue. Global research is directed towards an accurate and minimally 
invasive method for the diagnosis of lung GGO.
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Abstract
AIM: To analyze the consistency of a potential involve-
ment of the bacterium infection in the asthma disease. 

METHODS: A systematic literature search of the terms 
“Helicobacter pylori ” (H. pylori ) associated to “asthma” 
using PubMed, Scopus and the Cochrane Library Central 
was performed. Reference lists from published articles 
were also employed. Titles of these publications and 
their abstracts were scanned in order to eliminate 
duplicates and irrelevant articles. The criteria of inclu-
sion of the studies were: Original studies; the H. pylori  
diagnostic method has been declared; all ranges of age 
have been included in our study; a definitive diagnosis 
of asthma has been reported.

RESULTS: We selected 14 articles in which the 
association between the two conditions was addressed. 
In 7 studies the prevalence of H. pylori  infection in the 
asthma population and in the control population was 
made explicit. There was heterogeneity between the 
studies (Cohran’s Q = 0.02). The H. pylori  infection in 
the asthma population resulted 33.6% (518 of 1542), 
while in the control population resulted 37.6% (2746 of 
7310) (relative risk of H. pylori  infection in the asthma 
population = 0.87, 95%CI: 0.72-1.05, P  = 0.015, 
random effects model). Instead, considering the more 
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virulent strains, the majority of studies showed an 
inverse relationship between the prevalence of H. pylori  
infection and asthma.

CONCLUSION: In our meta-analysis the prevalence of 
H. pylori  infection in the asthma population resulted not 
statistically significant lower than in control population (P  
= 0.15). Instead, considering the more virulent strains, 
the majority of studies showed an inverse relation-
ship between the prevalence of H. pylori  infection and 
asthma.

Key words: Allergic diseases; Asthma; Extragastric 
manifestations; Helicobacter pylori ; Hygiene

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The relationship between Helicobacter pylori  
infection and asthma is an important issue, since it 
could influence the choice of treatment. In our meta-
analysis the prevalence of the infection in the asthma 
population resulted not statistically significant lower 
than in control population. 

Ribaldone DG, Fagoonee S, Colombini J, Saracco G, Astegiano 
M, Pellicano R. Helicobacter pylori infection and asthma: Is 
there a direct or an inverse association? A metaanalysis. World J 
Meta-Anal 2016; 4(3): 6368  Available from: URL: http://www.
wjgnet.com/23083840/full/v4/i3/63.htm  DOI: http://dx.doi.
org/10.13105/wjma.v4.i3.63

INTRODUCTION
Asthma is a common respiratory disease, manifested by 
inflammatory and obstructive processes, secondary to 
multiple stimuli[1].

The etiology of asthma remains largely unclear. In 
the latest decades the prevalence of allergic asthma 
increased in children[2]. The reason is unknown. Changes 
in personal or maternal smoking habits, types of 
dwelling, adaptation to Western dietary habits, less 
infections, as a consequence of vaccinations, decreased 
family size and hygiene[3], air pollution, work exposure 
or changed microbiota due to occidental style of life[4] 
might be possible causes[5]. Some infectious agents, 
that affect specific organs, can also cause systemic 
diseases. Hence, it has been postulated that infections 
drive the differentiation of T helper (Th) cells to the Th1 
subtype with resulting suppression of the Th2 subtype, 
involved in IgE-mediated allergy[3,6]. However, the theory 
that some infections in early childhood may prevent 
atopic sensitization (the “hygiene hypothesis”)[7] is hotly 
debated[8]. 

The Helicobacter pylori (H. pylori) is a gram-negative, 
spiral shape, mobile, microaerophilic bacillus[9] that we 
can find in all over the world[10]. The H. pylori infection 

is chronic and the humans are infected in the first 10 
years of age, especially in children living in family with 
a low socio-economic status. In the latest two decades 
links between H. pylori  infection and extragastric manife-
stations have been reported[11]. The diseases in which 
a possible role of H. pylori has been hypnotized are 
cardiovascular diseases, hepatic diseases, skin diseases, 
rheumatologic diseases, blood diseases, etc[12,13]. 

The present review attempts to highlight the data 
regarding a potential link between H. pylori and asthma[14]. 

MATERIALS AND METHODS
Literature search
PRISMA statement guidelines were followed for con-
ducting and reporting meta-analysis data[15]. PICOS 
scheme was followed for reporting inclusion criteria.

A MEDLINE, Scopus and the Cochrane Library Central 
query “Helicobacter pylori” or “Helicobacter” and “asthma” 
was performed. Reference lists from published articles 
were also employed. Titles of these publications and their 
abstracts were scanned in order to eliminate duplicates 
and irrelevant articles. The last access was dated March 
12, 2016. Articles not in English were read by a specific 
native speaker.

Study selection
The criteria of inclusion of the studies were: (1) original 
studies; (2) the H. pylori diagnostic method has been 
declared; (3) all ranges of age have been included in 
our study; and (4) a definitive diagnosis of asthma has 
been reported.

Data extraction
Two authors (Fagoonee S and Colombini J) independently 
reviewed the literature search results and selected 
relevant studies. The full-text studies were assessed 
by the two authors to determine whether the inclusion 
criteria were met[16]. 

Risk of bias
The quality of each study was defined on the basis of the 
following criteria: (1) selection of patients and controls; 
(2) methods used to diagnose H. pylori infection; (3) 
diagnostic method of respiratory disease; (4) type of 
statistical analyses performed; and (5) adjustment for 
confounding factors. Data abstraction and an estimate 
of the quality were performed independently by all the 
authors, who compared the results and then reached 
a consensus. Assessment was not blind to names and 
origins of the authors or publications.

A meta-analysis has been performed of the studies in 
which the percentage of H. pylori infection in the asthma 
population and in the control population was made 
explicit.

Statistical analysis
When heterogeneity was present the random effects 
model was preferred to the fixed effects model. Cohran’s 
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Q was used to test the heterogeneity and a P value < 0.1 
was used as a cut-off for significance. 

The results of the different studies, with 95%CI, and 
the overall effect with 95%CI, were illustrated in a forest 
plot graph; the pooled effects have been represented 
using a diamond.

A Freeman-Tukey transformation was used to calcu-
late the weighted summary “proportion”. The Mantel-
Haenszel method was used for calculating the weighted 
pooled “relative risk”. Statistical analyses were conducted 
using Med Calc® version 14.8.1 software. The statistical 
review of the study was performed by a biomedical 
statistician. 

RESULTS
Study selection
The search identified 169 publications. We read the 
abstracts of all articles and selected the 14 original 
papers where the inclusion criteria were met.

Epidemiology of the association
Pediatric population: Five studies included children 
with diagnosed asthma (Table 1) and in one study was 
described children with wheezing but not with a clear 
diagnosis of asthma: (1) in a monocentric, sample size: 
115 participants (79 cases), follow-up: 24 mo, case-
control study (quality: 3/5) on a pediatric population, the 
authors found no positive correlation between IgM and 
IgG antibodies to H. pylori and acute exacerbation or 
stable asthma (P = 0.494 and P = 0.227 respectively)[17]; 

(2) in a monocentric, sample size: 6959 participants (578 
cases), follow-up: 24 mo, observational study, performed 
using the 13C-urea breath test (UBT) (quality: 5/5), 
an inverse association between H. pylori and pediatric 
asthma was found (OR = 0.79, 95%CI: 0.66-0.94). 
In this case, a diagnosis was searched in the medical 
records, thus minimizing familial biases[18]; (3) in a 
monocentric[19], sample size: 300 participants (38 cases), 
observational study, performed using biopsy samples 
(quality: 4/5), an inverse association between H. pylori 
and pediatric asthma was demonstrated (P < 0.005). 

These results were not confirmed by two monocentric 
studies: (4) an Iranian study[20], sample size: 196 parti-
cipants, follow-up: 13 mo, cross-sectional study (quality: 
2/5) performed in 98 asthmatic Iranian children, that 
found a similar H. pylori prevalence in cases and con-

trols; and (5) an European study[4], sample size: 3797, 
prospective (quality: 3/5) performed in 3062 children, 
was found an association between H. pylori and risk 
of asthma (OR = 1.75, 95%CI: 1.07-2.87); children 
infected by CagA- H. pylori strain had an increased risk 
of asthma (OR = 2.11, 95%CI: 1.23-3.60), while those 
affected by a CagA-positive strains were not (OR = 0.94, 
95%CI: 0.32-2.79).

Moreover, a lower H. pylori infection rate in children 
with wheezing was found in Dutch children who par-
ticipated in the allergy cohort study[21].

Adult population: Nine selected studies included 
adults (Table 2). All were conducted using serology to 
demonstrate H. pylori infection. 

Two studies: (1) one performed in Scotland[3] (mono-
centric, sample size: 219 participants, 19 cases), follow-
up: 360 mo, survey study) (quality: 3/5); (2) another 
in Hong Kong[22] (monocentric, sample size: 187 par-
ticipants (90 cases), follow-up: 12 mo, observational 
study) (quality: 2/5), indicated that exposures to H. 
pylori was not linked with the development of asthma 
in adulthood; (3) in a Japanese group of hospitalized 
patients, Jun et al[14] (monocentric, sample size: 94 
participants, 46 cases, follow-up: 13 mo, case-control 
study) (quality: 2/5) did not find difference in anti-H. 
pylori IgG seropositivity and in CagA IgG seropositivity 
between asthmatics and controls (socioeconomically-
matched); (4) Chen et al[23] (follow-up: 72 mo, survey 
study) (quality: 3/5) included 7663 participants in which 
information on demographics and medical history of 
asthma was collected using in-person interviews and 
valid serologic testing for H. pylori. In patients infected 
with H. pylori-CagA+ strains the prevalence of asthma 
were lower compared to uninfected subjects. Colonization 
by H. pylori-CagA+ strains was inversely related to having 
had asthma only in patients with an age of 42 year of 
more younger and was also find an inverse association 
between childhood asthma and CagA+ status; (5) similar 
results were found by the same authors in a following 
study[24] (sample size: 7412 participants, 946 cases, 
survey study) (quality: 3/5). They analyzed several 
subclasses of ages and included only subjects in the 
younger subclass: H. pylori infection seemed to be a 
protective factor against current or past asthma (OR = 
0.49, 95%CI: 0.3-0.8); (6) another group (monocentric, 

Ref. Method for assessing 
H. pylori  infection

Association No. of asthmatic/
No. of control

Age Quality

Annagür et al[17] Serological Seropositivity was similar in acute exacerbations and stable 
asthmatics

      79/36 5-15 3/5

Zevit et al[18] 13C-urea breath test Inverse association between H. pylori and pediatric asthma         578/6381 5-18 5/5
Khamechian et al[19] Biopsy samples Inverse association between H. pylori and pediatric asthma         36/264 5-18 4/5
Karimi et al[20] 13C-urea breath test Similar prevalence in cases and controls       98/98 < 18 2/5
den Hollander et al[4] Serological Positive association between H. pylori CagA- and pediatric asthma 3062/0 6 3/5

Table 1  Association between Helicobacter pylori  infection and Asthma in paediatric population

H. pylori: Helicobacter pylori; CagA: Cytotoxin-associated gene A.

Ribaldone DG et al . Helicobacter pylori  and asthma



66 June 26, 2016|Volume 4|Issue 3|WJMA|www.wjgnet.com

sample size: 526 participants, 318 cases, case-control 
study) (quality: 3/5) reported findings supporting data 
on the inverse association[25]. Only after adjustment for 
socio-economic status there was an inverse association 
between asthma and CagA+ status (OR = 0.63, 95%CI: 
0.41-0.98); (7) in a Japanese study[26] monocentric, 
sample size: 777 participants (6 cases), follow-up: 12 
mo, observational cross-sectional study (quality: 2/5), 
newly enrolled university students with bronchial asthma, 
24-year-old or younger, were all H. pylori negative; (8) no 
association between H. pylori seropositivity and asthma 
was found in an United Kingdom monocentric, sample 
size: 213 participants (62 cases), follow-up: 108 mo, 
cross-sectional study (quality 3/5) (OR = 1.09, 95%CI: 
0.77-1.54)[27]; and (9) a monocentric, retrospective 
Korean study[28] (quality 3/5) enrolled subjects aged ≥ 
18 years who had health surveillance checkups, including 
the serum anti-H. pylori IgG level. This large scale study 
demonstrated an inverse relationship between H. pylori 
infection and asthma among adults < 40 years old.

Meta-analysis
In seven of the fourteen studies[3,14,17,19,20,24,25] has been 
reported both the prevalence of H. pylori infection in the 
asthma population and in the control population. There 
is heterogeneity between the studies (Cohran’s Q = 
0.02). The prevalence of H. pylori infection in the asthma 
population resulted 33.6% (518 of 1542), while the 
prevalence of H. pylori infection in the control population 
resulted 37.6% (2746 of 7310) (relative risk of H. pylori 
infection in the asthma population = 0.87, 95%CI: 
0.72-1.05, P = 0.15, random effects model), difference 
not statistically significant. The forest plot is illustrated in 
Figure 1.

DISCUSSION
Potential pathogenetic mechanisms
In animal models, experimental infection with H. pylori 
during the neonatal period induced a protective effect 
against asthma[29]. 

In case of gastric colonization by H. pylori-CagA+ 
strains, mucosal Tregs are higher in number, and mucosal 
levels of the immunomodulatory cytokine IL-10 may 
be higher compared to the case of colonization by H. 
pylori-CagA- strains[30-38]. 

Gastroesophageal reflux disease (GERD) could by a 
trigger to asthma symptoms[39]. Microaspiration of the 
gastric contents into the lung damages the bronchial 
mucosa, which results in mucosal inflammation and 
bronchial hyper-responsiveness. Diffuse gastric atrophy, 
a consequence of H. pylori infection, especially CagA+ 
strains, is a protective factor against GERD[40]. Part of 
the lower prevalence of asthma in people affected by H. 
pylori infection could be justified by the lower prevalence 
of GERD in this patients and not by an immunologic shift 
to an Th2 phenotype. 

Considering the available studies on the potential 
association between H. pylori and asthma, sources of 
heterogeneity can be identified.

Focusing on sample size, negative results obtained in 
the various studies, when a limited number of patients 
was examined, must be considered with caution for 
the possible risk of statistical ß error[41]. Another critical 
issue, on this matter, is represented by the fact that 
included populations are heterogeneous and this may 
have important repercussions: The differences observed 
could be due to an inadequate selection of the control 
group.

Methods for assessing H. pylori infection vary in 
sensitivity and specificity, which may result in misclas-
sification of exposure to the bacteria. Focusing on 
methodologies employed, some may indicate a previous 
contact with the microorganism (serological tests) while 
others an infection under way (UBT, histology). Both 
kinds are useful when studying long-term processes in 
which the microorganism could have been the primum 
movens and its disappearance does not change the 
illness story. On the contrary, if its role in an acute attack 
is studied, it is more appropriate to search for the active 
infection. 

In summary, in our meta-analysis a sample of 8852 

Ref. Method for assessing 
H. pylori  infection

Association No. of asthmatic/
No. of control

Age Quality

Bodner et al[3] Serological Seropositivity was similar in cases and controls   19/190 39-45 3/5
Tsang et al[22] Serological Seropositivity was similar in cases and controls 90/97  42.6 ± 16 2/5
Jun et al[14] Serological Seropositivity was similar in cases and controls (also for 

CagA)
46/48     51.2 ± 12.4 2/5

Chen et al[23] Serological H. pylori+ CagA+ were less likely to have ever been 
diagnosed as having asthma 

  525/7058 Adults 3/5

Chen et al[24] Serological Statistical significance only in age 3-13 yr   946/6466 ≥ 3 3/5
Reibma et al[25] Serological H. pylori+ CagA+ were less likely to have ever been 

diagnosed as having asthma
318/208 18-64 3/5

Shiotani et al[26] Serological Seropositivity was similar in cases and controls     6/771 New university 
students

2/3

Fullerton et al[27] Serological Seropositivity was similar in cases and controls   62/151     44.6 ± 13.5 3/5
Lim et al[28] Serological Statistical significance only in age < 40 yr     359/14673 18-91 3/5

Table 2  Association between Helicobacter pylori  infection and Asthma in adult population

H. pylori: Helicobacter pylori; CagA: Cytotoxin-associated gene A.
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subjects are included and the prevalence of H. pylori 
infection in the asthma population resulted not stati-
stically significant lower than in control population (relative 
risk = 0.87, P = 0.15).

The potential association between H. pylori infection 
and the reduction of risk of asthma development is an 
important issue in medicine, since it could influence 
the choice of bacterial treatment. The presence of H. 
pylori might be beneficial in childhood (decreasing risk 
of allergic diseases) but more deleterious later in life 
(increasing the risk of gastric adenocarcinoma). 

Further prospective longitudinal studies with UBT for 
diagnosis of H. pylori are needed to prove a link between 
the lower prevalence of H. pylori infection and higher 
incidence of asthma.
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Abstract
AIM: To conduct a systematic review and meta-analysis 
into the efficacy, safety, and dosage regimens of dega-
relix for treating prostate cancer (PCa). 

METHODS: PubMed, EMBASE, the Cochrane Library, 
and Web of Science was systematically searched to 
identify randomized controlled trials (RCTs) comparing 
degarelix (240/80 mg vs  240/160 mg) to the gona-
dotropin-releasing hormone agonists, goserelin and 
leuprolide, for the treatment of PCa. Two independent 
reviewers screened putative studies, assessed the risk 
of bias, and then extracted pertinent data. Analyses 
were performed using Review Manager 5.2. 

RESULTS: Seven papers from six RCTs, involving 1204 
patients, were identified. The present meta-analysis 
showed that treatment with 240/160 mg degarelix is 
more effective and has fewer adverse events (AEs) 
relative to conventional 240/80 mg regimen. Degarelix 
significantly decreased International Prostate Symptom 
Scores [standardized mean differences (SMD) = -0.32, 
95%CI: -0.51 to -0.12, P  = 0.02] and caused fewer 
AEs (SMD = -0.28, 95%CI: -0.48 to -0.07, P  = 0.008) 
than goserelin. Degarelix suppressed testosterone 
and prostate-specific antigen significantly faster than 
leuprolide. 

CONCLUSION: Degarelix is a useful option in the 
treatment of advanced PCa. Degarelix 240/160 mg 

World Journal of
Meta-AnalysisW J M A

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.13105/wjma.v4.i3.69

World J Meta-Anal  2016 June 26; 4(3): 69-76
ISSN 2308-3840 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.



70 June 26, 2016|Volume 4|Issue 3|WJMA|www.wjgnet.com

Fang C et al . Degarelix for treating prostate cancer

regimen was superior to a 240/80 mg regimen. More 
rigorously designed RCTs are urgently needed to con-
firm the efficacy of degarelix.

Key words: Prostate cancer; Degarelix; Meta-analysis
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Core tip: This meta-analysis and systematic review aimed 
to compare the efficacy, safety, and dosage regimens 
of degarelix for prostate cancer. A total of seven papers 
from 6 randomized controlled trials were identified, 
involving 1204 patients. Degarelix was an useful option 
in the treatment of advanced prostate cancer, and 
degarelix 240/160 mg regimen was superior to 240/80 
mg regimen.

Fang C, Wu CL, Liu SS, Ge L, Bai JL. Efficacy, safety, and dose 
comparison of degarelix for the treatment of prostate cancer: 
A systematic review and meta-analysis. World J Meta-Anal 
2016; 4(3): 69-76  Available from: URL: http://www.wjgnet.
com/2308-3840/full/v4/i3/69.htm  DOI: http://dx.doi.org/10.13105/
wjma.v4.i3.69

INTRODUCTION
Prostate cancer (PCa) is one of the most common malig
nant neoplasm in men. The mortality rates associated 
with PCa has reduced in many developed countries due 
to improvements in curative treatment[1]. However, the 
incidence of PCa and related mortality rates are increas
ing in many developing countries[13].

PCa is hormonesensitive[4] and is the most common 
initial treatment regime for PCa is androgen depriva
tion therapy (ADT)[5]. Androgen deprivation may be 
achieved by either surgical or medical intervention[4]. 
Gonadotropinreleasing hormone (GnRH) agonists and 
antagonists have been approved for ADT in treating 
advanced PCa[6]. GnRH agonists and antagonists ulti
mately act by suppressing testosterone to castration 
levels[7]. GnRH antagonists bind directly to GnRH 
receptors, blocking the effect of GnRH on the pituitary, 
producing an immediate suppression of luteinising 
hormone, follicle stimulating hormone, and testosterone. 
GnRH antagonists are likely to replace GnRH agonists as 
first-line ADT in the future[8]. 

Degarelix, a GnRH antagonist and firstline therapy 
for androgensensitive advanced PCa, causes a rapid 
and sustained testosterone suppression to castrate 
levels without a surge[6]. Degarelix has demonstrated a 
significantly superior progression-free survival and overall 
survival rates related to GnRH agonists in a recent pooled 
individual patient data analysis[9]. The conventional 
monthly degarelix regimen of 240/80 mg (initial dosage/
maintenance dosage) has been approved by the Food 
and Drug Administration (FDA) and the European Medicines 

Agency (EMA)[10]. The results of phase Ⅱ and Ⅲ studies 
show that the efficacy and safety of the 240/80 mg 
and 240/160 mg degarelix regimens are not markedly 
different[10,11]. However, the dosagefunding study by Van 
Poppel et al[12] suggested a regimen of dosage 240 mg 
and 160 mg is preferred. 

The study aims to conduct a systematic review and 
metaanalysis to compare the efficacy and safety of 
degarelix (240/80 mg and 240/160 mg) vs GnRH 
agonists for the treatment of advanced PCa.

MATERIALS AND METHODS
Search strategy
PubMed (1966July 2014), EMBASE.com (1974July 
2014), Cochrane Library (CENTRAL, Issue 6 of 12, June 
2014), and Web of Science (2000  July 2014) were 
searched to identified all relevant RCTs, the search 
was performed in July 8, 2014. No restrictions as to 
language, publication data, and publication status 
were applied. The search strategy was independently 
conducted by two reviewers. And the search strategy 
of PubMed is following: [“Prostatic Neoplasms”(Mesh) 
OR “Prostatic Neoplasms, CastrationResistant”
(Mesh)] OR [prostatic cancer* OR prostatic tumor* 
OR prostatic carcinoma* OR prostatic neoplasm* OR 
prostate cancer* OR prostate tumor* OR prostate 
carcinoma* OR prostate neoplasm* (Title/Abstract)] 
AND [“acetyl2naphthylalanyl3chlorophenylalanyl1
oxohexadecylseryl4aminophenylalanyl(hydrooroty
l)4aminophenylalanyl(carbamoyl)leucylILysprolyl
alaninamide” (Supplementary Concept) OR degarelix OR 
firmagon] AND [random* OR randomized con–trolled 
trial* OR randomized trial* OR Randomized Controlled 
Trial(ptyp) OR “Randomized Controlled Trials as Topic”]. 
We also tracked the references of included studies and 
reviews to find potentially eligible studies.

Inclusion criteria
RCTs met the following criteria were included: (1) study 
participants were ≥ 18 years old, had a histological 
confirmation of PCa (all stages), for whom endocrine 
treatment was indicated, and any previous or current 
hormonal management of PCa had been discontinued 
for > 6 mo before enrolment; (2) RCT or “random 
group” was mentioned in the methodology section; and 
(3) reported outcomes included the mean percentage 
changes of total prostate volume (TPV), quality of 
life (QoL) related to urinary symptoms, International 
Prostate Symptom Score (IPSS), adverse events (AEs), 
the testosterone response rates (cumulative proportion 
of patients with serum testosterone suppression ≤ 0.5 
ng/mL), the incidence of prostate-specific antigen (PSA) 
failure (defined as an increase in PSA of ≥ 50% from 
nadir or ≥ 5 ng/mL on two consecutive occasions at 
least two weeks apart), the incidence of death, and PSA, 
luteinizing hormone (LH), folliclestimulating hormone 
(FSH) level.

Exclusion criteria were studies reporting: (1) on 
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patients who had received hormonal treatments for 
PCa within 6 mo; (2) where the intervention was not 
degarelix; and (3) animal studies, casereports, reviews, 
abstracts, corres or letters to the journal editors.

Two reviewers independently examined studies for 
eligibility according to the eligibility criteria. Conflicts 
were resolved by a third reviewer.

Data extraction and quality assessment
A standard data extraction form was designed, which 
included fields for the first authors, publication year, inter-
vention regimen, study size, tumor stage, Gleason score, 
dosage, duration, and outcomes. The methodological 
quality was evaluated according to the Cochrane Handbook 
version 5.1.0[13], namely on criteria of: Random sequence 
generation (selection bias), allocation concealment 
(selection bias), blinding (performance bias and detection 
bias), incomplete outcome data (detection bias), selective 
reporting (detection bias), and other biases. Judgments 
for each entry involved stratifying the risk of bias as “low 
risk”, “high risk”, or “unclear risk”. Data extraction and 
quality assessment were performed by two independent 
reviewers, conflicts were resolved by a third reviewer.

Statistical analysis
The standardized mean differences (SMD) with 95%CI 
were calculated for continuous variables (mean per
centage changes of TPV, mean IPSS). OR with 95%CI 
were calculated for dichotomous variables (AEs, etc.). 
The heterogeneity between trials was evaluated using 
c2 statistic, where an I2 ≤ 50% and a Pvalue ≥ 0.10 
was indicative of no statistical heterogeneity, upon which 
a fixedeffects model was applied. All analyses were 
conducted using Review Manager 5.2 software.

RESULTS
Search results
A total of 93 studies were identified. Fortyone studies 
were excluded duo to duplication. After screening 
the title and abstract of the remaining 52 studies, 30 

studies were excluded for not being a RCT, not involving 
degarelix, not treating PCa, or for being an abstract, 
letter. After screening the fulltext versions of 22 studies, 
7 studies were excluded for not being a RCT (n = 3), 
for not reporting on degarelix vs GnRH agonists (n = 
1) or 240/80 mg vs 240/160 mg regimens (n = 4), or 
for reporting identical results as a previous RCT (n = 
3), or for being a review (n = 2) or a costeffectiveness 
analysis (n = 2). Finally, 7 papers reporting on 6 RCTs, 
involving 1204 patients, were included in the present 
metaanalysis. The details of identifying studies could be 
found in Figure 1. Three RCTs reported on degarelix vs 
goserelin[1416], 1 on degarelix vs leuprolide[11], and 3 on 
240/80 mg vs 240/160 mg degarelix regimens[1012]. The 
baseline characteristics are presented in Table 1.

Methodological quality assessment
All of the included RCTs were conducted using a multi
center, randomized, parallelgroup, openlabel, com
parative design. Only 2 studies mentioned the methods of 
randomization and allocation concealment (a validated 
computer program and central allocation, respectively). 
However, all 6 of the RCTs failed to report the use of 
blinding. All studies were considered low risk for selective 
reporting (Table 2).

Meta-analysis of degarelix vs goserelin
Mean percentage changes of TPV: Three studies[1416], 
involving 463 patients, reported TPV. The results of 
heterogeneity evaluation between the three studies 
showed that I2 was 57%, P = 0.10. The results were 
modelled with random effects. The efficacy of degarelix in 
terms of mean percentage decreases in TPV was similar 
to that of goserelin (SMD = 0.10; 95%CI: 0.43 to 0.23; 
P = 0.56; Figure 2).

QoL related to urinary symptoms: Three studies[1416], 
involving 463 patients, reported on QoL. The hetero
geneity (I2) between three studies was I2 = 76% (P = 
0.02). The results were modelled with random effects. 
The improvement of QoL related to urinary symptoms in 
degarelix group was similar to goserelin (SMD = 0.391; 
95%CI: 0.83 to 0.06; P = 0.09; Figure 2).

Mean IPSS and IPSS ≥ 13: The mean decrease of 
IPSS scores from baseline level were reported in three 
studies[1416]. A fixedeffect model was used for meta
analysis since there was no statistical heterogeneity (I2 

= 0%; P = 0.91). The mean decrease in IPSS scores in 
the degarelix group was significantly greater than in the 
goserelin group (SMD = 0.32; 95%CI: 0.51 to 0.12; 
P = 0.02; Figure 3). The heterogeneity (I2) between the 
two studies for a decrease in IPSS of ≥ 13 (moderate/
severe) from baseline level was I2 = 0% (P = 0.78). After 
a fixed-effect model was applied, the results of the meta-
analysis indicated that the decrease in IPSS ≥ 13 was 
greater in the degarelix group than within the goserelin 
group (SMD = 0.28; 95%CI: 0.48 to 0.07; P = 0.008; 
Figure 3).

Changes from baseline in serum testosterone and PSA: 
Three studies[1416] reported the levels of testosterone 

Searched PubMed, EMBASE, the Cochrane Library, 
and Web of Science (total records 93), and reviewed 
the references of included studies (n  = 0)

Dupliccates
Excluded = 41

52 records

Excluded = 30

22 records

Review of titles and abstracts

Review of full texts

Final included 7 records

Excluded = 15
   Not RCTs = 10
   Not degarelix vs  GnRH 
   agonists = 1
   Other regimens = 4

Figure 1  The details of identifying studies. RCT: Randomized controlled 
trials; GnRH: Gonadotropin-releasing hormone. 
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and day 28 (82.57% vs 81.26%), or in the median 
reduction in LH at day 1 (85.00% vs 84.15%) and at 
the end of treatment (93.96% vs 93.95%). The median 
reduction in FSH at the end compared with baseline 
(86.03% vs 85.42%).

AEs of degarelix
The AEs associated with the treatment regimens are 
presented in Table 3. The incidences of AEs due to 
treatment in patients treated with degarelix 240/80 mg 
were lower than those treated with goserelin 3.6 mg (OR 

= 0.62; 95%CI: 0.400.95; P = 0.03), and were similar 
in those treated with leuprolide 7.5 mg (OR = 1.07; 
95%CI: 0.671.71; P = 0.78) and degarelix 240/160 
mg (OR = 0.80; 95%CI: 0.531.2; P = 0.29). The 
incidences of injection site reactions were higher in the 
degarelix 240/80 mg group than within the goserelin 3.6 
mg (OR = 33.08; 95%CI: 15.0172.93; P < 0.00001) 
and leuprolide 7.5 mg groups (OR = 108.96; 95%CI: 
14.96793.44; P < 0.00001). The incidence of injection 
site reaction were slightly fewer in the degarelix 240/80 
mg group than 240/160 mg group (OR = 0.81; 95%CI: 

Ref. Adequate sequence generation Adequate allocation 
concealment

Blinding Incomplete outcome data 
addressed

Free of selective reporting

Axcrona et al[14] Unclear Unclear High risk Low risk Low risk
Anderson et al[15] Unclear Unclear High risk Low risk Low risk
Mason et al[16] Unclear Unclear High risk Low risk Low risk
Klotz et al[11] Validated computer program Low risk High risk Low risk Low risk
Ozono et al[10] Central allocation Low risk High risk Low risk Low risk
Van Poppel et al[12] Unclear Unclear High risk Low risk Low risk

Table 2  Methodological quality of included studies

Degarelix (240/80 mg) Goserelin (3.6 mg) Std, mean difference Std, mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95%CI IV, fixed, 95%CI
1.2.1 Mean IPSS
Axcrona K 2012   -4.4   6.34   82 -2.7   5.91   97   44.30% -0.28 (-0.57, 0.02)
Anderson J 2013 -11.6   6.75   27 -8.6   6.85   13    8.60% -0.43 (-1.10, 0.24)
Mason M 2013    -1.71 5.6 180    0.11 5.2   64   47.00%  -0.33 (-0.62, -0.04)
Subtotal (95%CI) 289 174 100.00%  -0.28 (-0.51, -0.12)
Heterogeneity: χ 2 = 0.19, df = 2 (P  = 0.91); I 2 = 0%
Test for overall effect: Z  = 3.14 (P  = 0.002)

1.2.2 IPSS ≥ 13
Axcrona K 2012    -6.73   7.61   82   -4.02   9.55   97   48.30%  -0.31 (-0.61, -0.01)
Mason M 2013    -6.04 10.67 180   -3.41   9.84   64   51.70% -0.25 (-0.54, 0.04)
Subtotal (95%CI) 262 161 100.00%  -0.28 (-0.48, -0.07)
Heterogeneity: χ 2 = 0.08, df = 1 (P  = 0.78); I 2 = 0%
Test for overall effect: Z  = 2.66 (P  = 0.008) -1   -0.5   0    0.5    1

Figure 3  The effects of degarelix (240/80 mg) and goserelin (3.6 mg) on mean International Prostate Symptom Score and International Prostate Symptom 
Score ≥ 13 within included studies. IPSS: International Prostate Symptom Score. 

Degarelix (240/80 mg) Goserelin (3.6 mg) Std, mean difference Std, mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI
1.1.1 Mean percentage changes of PTV
Axcrona K 2012    -37.2 16.3   82 -39   17.73   97   41.10%  0.10 (-0.19, 0.40)
Anderson J 2013 -42   23.38   27 -25   23.44   13   17.00%  -0.71 (-1.39, -0.03)
Mason M 2013 -36 14.5 180    -35.3 16.7   64   41.90% -0.05 (-0.33, 0.24)
Subtotal (95%CI) 289 174 100.00% -0.10 (-0.43, 0.23)
Heterogeneity: Tau2 = 0.05; χ 2 = 4.66, df = 2 (P  = 0.10); I 2 = 57%
Test for overall effect: Z  = 0.58 (P  = 0.56)

1.1.2 QoL related to urinary symptoms
Axcrona K 2012        -1.29   1.6   82       -1.27   1.7   97   38.70% -0.01 (-0.31, 0.28)
Anderson J 2013      -1.8   1.6   27     -0.6   1.8   13   22.40%   0.71 (-1.39, -0.02)
Mason M 2013        -0.76   1.6 180        0.16   1.6   64   38.90%  -0.57 (-0.86, -0.28)
Subtotal (95%CI) 289 174 100.00% -0.39 (-0.83, 0.06)
Heterogeneity: Tau2 = 0.11; χ 2 = 8.37, df = 2 (P  = 0.02); I 2 = 76%
Test for overall effect: Z  = 1.69 (P  = 0.09)

Figure 2  The effects of degarelix (240/80 mg) and goserelin (3.6 mg) on mean percentage changes of total prostate volume and quality of life related to 
urinary symptoms within included studies. QoL: Quality of life.

-2       -1       0        1       2
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0.601.09; P = 0.16).

DISCUSSION
Summary of key findings: The present study conducted 
a comprehensive systematic review and metaanalysis to 
assess the effectiveness of a degarelix 240/80 mg regimen 
for the treatment of PCa. The results of the systematic 
review and metaanalysis show that, compared with 
goserelin 3.6 mg, treatment with degarelix 240/80 mg 
resulted in a similar decrease in TPV and QoL related to 
urinary symptoms; and that treatment with degarelix 
240/80 mg was preferential in term of the decreasing 
IPSS scores and reducing treatmentemergent AEs. Our 
findings were similar to the pooled analysis of individual 
patient data of degarelix vs luteinising hormone releasing 
hormone agonists by Klotz et al[9]. In addition, treatment 
with degarelix 240/80 mg was not inferior to leuprolide 
7.5 mg at maintaining low testosterone levels over a 
1year treatment period. Furthermore degarelix induced 
testosterone and PSA suppression significantly faster 
than leuprolide[11]. Both degarelix dosage regimens 
(240/80 mg and 240/160 mg) maintained castrate 
levels of testosterone; however, the testosterone suppres
sion was not statistically different between doses. 
The degarelix 240/80 mg regimen had slightly fewer 
incidences of treatmentemergent AEs and injection site 
reactions within PCa patients, but more patients reported 
with hot flush, weight increase, and UTIs than within 
those receiving 240/160 mg degarelix.

Strengths and limitations 
This is the first systematic review and metaanalysis 

to comprehensively and systematically compare the 
clinical effectiveness and safety of degarelix vs GnRH 
agonists (goserelin and leuprolide) for treating PCa, 
and to decide the best dosage regimen for degarelix 
treatment. However, there were some limitations. Firstly, 
though we performed a systematic literature search 
of common databases and other sources, only 6 RCTs 
were identified and published in English, which could 
lead to a publication bias. Secondly, although degarelix 
has already been widely used as firstline therapy for 
PCa in the United States, European Union, and Japan[4], 
evidence in the form of RCTs towards its impact remain 
limited. Therefore, only a small number of studies could 
have been included in our review. Thirdly, 4 of the 6 
RCTs included in our study failed to report on sequence 
generation and allocation concealment, and furthermore, 
were all openlabel trials, which might have resulted in an 
overestimation of the effect[17]. Fourthly, only two dosage 
regimens of degarelix (240/80 mg and 240/160 mg) 
were compared for the treatment of PCa. Other dosage 
regimens (200/80 mg, 200/120 mg, and 200/160 mg) 
may be superior, and therefore more studies are needed 
to confirm. Finally, due to the data limitation of included 
studies, we could not do a metaanalysis on the survival, 
and we still don’t know the influences of degarelix on 
3year, 5year and overall survival, while these data are 
important in cancer.

Clinical implications: 
Our metaanalysis showed that a degarelix 240/160 mg 
regimen was more effective and had fewer AEs than the 
conventional 240/80 mg regimen although 240/80 mg 
regimen approved by the FDA and EMA. Furthermore, 

Degarelix (240/80) Degarelix (240/160) Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
2.1.1 The proportion of patients with serum a testosterone suppression ≤ 0.5 ng/mL from day 28 through 364
Ozono S 2012 104 110 100 105   43.10% 0.87 (0.26, 2.93)
Klotz L 2008 202 207 199 202   37.60% 0.61 (0.14, 2.58)
Van Poppel H 2008   27   30   23   25   19.40% 0.78 (0.12, 5.10)
Subtotal (95%CI) 347 332 100.00% 0.75 (0.33, 1.73)
Total events 333 322
Heterogeneity: χ 2 = 0.14, df = 2 (P  = 0.93); I 2 = 0%
Test for overall effect: Z  = 0.67 (P  = 0.51)

2.1.2 The proportion of patients with serum a testosterone suppression ≤ 0.5 ng/mL at day 3 
Ozono S 2012 135 136 135 137   11.60%   2.00 (0.18, 22.32)
Klotz L 2008 199 207 193 202   88.40% 1.16 (0.44, 3.07)
Subtotal (95%CI) 343 339 100.00% 1.26 (0.51, 3.09)
Total events 334 328
Heterogeneity: χ 2 = 0.17, df = 1 (P  = 0.68); I 2 = 0%
Test for overall effect: Z  = 0.50 (P  = 0.62)

2.1.3 The incidence of PSA failure
Ozono S 2012   10 136   10 137   26.30% 1.01 (0.41, 2.51)
Klotz L 2008   18 207   28 202   73.70% 0.59 (0.32, 1.11)
Subtotal (95%CI) 343 339 100.00% 0.70 (0.42, 1.17)
Total events   28   38
Heterogeneity: χ 2 = 0.89, df = 1 (P  = 0.35); I 2 = 0%
Test for overall effect: Z  = 1.35 (P  = 0.18)

-0.01     0.1          1          10       100

Figure 4  The effect of degarelix (240/80 mg vs 240/160 mg) on serum testosterone and prostate-specific antigen within included studies. PSA: Prostate-specific 
antigen.
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was statistically superior to goserelin in decreasing International Prostate 
Symptom Scores and treatment-emergent adverse events, and suppressed 
testosterone and prostate-specific antigen levels significantly faster than 
leuprolide.

Terminology
A systematic review attempts to collate all empirical evidence that fits pre-
specified eligibility criteria in order to answer a specific research question. It 
uses explicit, systematic methods that are selected with a view to minimizing 
bias, thus providing more reliable findings from which conclusions can be 
drawn and decisions made. Meta-analysis is the use of statistical methods to 
summarize the results of independent studies. By combining information from 
all relevant studies, meta-analyses can provide more precise estimates of the 
effects of health care than those derived from the individual studies included 
within a review.

Peer-review
It is a well written analysis of the existing evidence regarding degarelix in 
prostate cancer.
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Abstract
AIM
To compare different antibiotics for eradicating the 
carriage of Neisseria meningitidis  (N. meningitidis ), and 
to investigate heterogeneity and evidence inconsistency. 

METHODS
From a search of PubMed and published systematic 
reviews, we identified 23 trials evaluating 15 antibiotics 
that could be connected in a trial network. The outcome 
of interest is the eradication of N. meningitidis . We used 
WinBUGS to conduct random-effects, mixed treatment 
comparisons. Heterogeneity and evidence inconsistency 
was investigated by meta-regression modelling and 
examining characteristics of trial participants and inter-
ventions evaluated. 

RESULTS 
Rifampin, ciprofloxacin, minocycline, ceftriaxone, 
and azythromycin were statistically significantly (P  < 
0.05) more effective than placebo. The probability 
of being the best was 67.0% for a combination of 
rifampin and minocycline, 25.0% for ceftriaxone, 1.7% 
for azythromycin, and below 1% for the remaining 
regimens. Significant inconsistency between the direct 
and indirect estimates was observed for the comparison 
of rifampin and ciprofloxacin (P  < 0.01), which may be 
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caused by different types of carriers and different doses 
of ciprofloxacin. 

CONCLUSION
A range of prophylactic antibiotic regimens are effective 
for eradicating meningococcal carriages, and treatment 
choice will depend on the individual priorities of the 
patients and physicians. In clinical situations where 
complete eradication is considered to be of the utmost 
importance, a combination of rifampin and minocycline 
seems to offer the highest likelihood of success. 
Ceftriaxone as a single intramuscular injection is also 
likely to be more effective as compared with the other 
two antibiotics (ciprofloxacin or rifampin) recommended 
by the current guidelines. 

Key words: Chemoprophylaxis; Antibiotics; Nersseria 
meningitidis ; Meningococcal infection; Network meta-
analysis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This network meta-analysis found that a range 
of prophylactic antibiotic regimens are effective for 
eradicating meningococcal carriages. A combination of 
rifampin and minocycline seems the most efficacious, 
and ceftriaxone is also likely to be more effective than 
ciprofloxacin or rifampin alone. Careful investigation of 
significant inconsistency between direct and indirect 
comparison of rifampin and ciprofloxacin found that 
it was mainly caused by different types of carriers 
(persistent or any) and the varying doses of ciprofloxacin 
in the included trials. Detailed examination of chara-
cteristics of relevant studies should be conducted for 
investigating causes of inconsistency in network meta-
analysis. 

Abdelhamid AS, Loke YK, Abubakar I, Song F. Antibiotics for 
eradicating meningococcal carriages: Network meta-analysis 
and investigation of evidence inconsistency. World J Meta-Anal 
2016; 4(4): 77-87  Available from: URL: http://www.wjgnet.
com/2308-3840/full/v4/i4/77.htm  DOI: http://dx.doi.org/10.13105/
wjma.v4.i4.77

INTRODUCTION
Neisseria meningitidis (N. meningitidis), a Gram-nega-
tive bacterium, is a normal inhabitant of the human 
pharynx. Transmission from person to person happens 
by droplets from the upper respiratory tract causing 
meningococcal disease; the severest forms of which are 
meningitis and septicaemia[1]. Meningococcal disease 
occurs usually sporadically or in small clusters all over 
the world as in the African “meningitis belt”, from 
Ethiopia to Senegal, and also in overcrowded places or 
wherever large population movements exist[2]. 

Prevalence of meningococcal carriage varies greatly, 

from 8% to 25% in random samples of healthy 
individuals, and as high as 36% to 71% in military 
recruits, and shows a massive increase in overcrowded 
places[1]. Current public health guidelines recommend 
chemoprophylaxis to be offered to close contacts of 
cases irrespective of vaccination status[3-6]. The evidence 
behind these recommendations were mainly from 
published systematic reviews[7,8]. However, there is no 
definite evidence from the available direct comparison 
trials, as to which antibiotic is more effective in pre-
venting secondary meningococcal disease cases[9]. 

With the ever increasing number of competing inter-
ventions and a shortage of direct comparison trials, 
methods for indirect comparison and network meta-
analysis have been developed to compare different 
treatment options[10-13]. Because of limited evidence 
from direct comparison trials, we conducted a network 
meta-analysis of randomised controlled trials that 
evaluated different antibiotics for eradicating carriages 
of N. meningitidis. We also reported the methodological 
experience obtained from this work for appropriately 
investigating causes of evidence inconsistencies in 
network meta-analysis. 

MATERIALS AND METHODS
Study eligibility and identification 
We included randomised controlled trials that evaluated 
effects of antimicrobial interventions for the prevention 
of meningococcal infections. Eligible studies were 
selected according to the following criteria: (1) it was a 
randomised controlled study; (2) included participants 
who exposed to patients with meningococcal disease or 
N. meningitidis carriers; (3) evaluated chemoprophylaxis 
interventions using any antibiotic regimens; and (4) 
reported data on eradication of meningococcal carriage. 
We checked references of previous systematic reviews 
and conducted additional literature search to identify 
relevant studies for this meta-analysis. Two recently 
published high quality systematic reviews (with pair-
wise meta-analysis only) were identified, in which 
the literature searches were updated or conducted in 
June 2013[7] and in December 2013[8] respectively. 
We assessed the eligibility of studies included in these 
two reviews. To identify additional eligible studies 
possibly published after theses systematic reviews, one 
reviewer (Song F) conducted a search of PubMed in 
April 2016. The PubMed search used the following key 
words: “meningococcal” or “meningitis” combined with 
“chemoprevent*” or “chemoprophyl*” or antibiotic*” or 
antimicrobial*”. In addition, the search was limited to 
“clinical trial” and published in the last 5 years. However, 
all relevant studies in the current meta-analysis could 
be identified from existing systematic reviews, and no 
new eligible studies were identified from the search of 
PubMed. Eventually, we included 23 trials[14-35], in which 
15 different antibiotics (or combinations of antibiotics) 
could be connected in a network of trials (Figure 1). 
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Data extraction
The outcome of interest in this network meta-analysis 
is failure to eradicate meningococcal carriage up to one 
week, although only the 2-wk outcome was reported in 
one trial[14]. From the included studies, two independent 
reviewers (Asmaa S Abdelhamid and Fujian Song) 
extracted the following data: Antibiotics evaluated, the 
number of carriers, the number of carriers with failed 
eradication at one week after antibiotic prophylaxis, 
study population, carrier status, reported serogroup, 
susceptibility of meningococci to antibiotics, study 
design, adequate or inadequate allocation concealment, 
and open or blinded. Disagreements between the two 
reviewers were resolved by discussion. 

Methods for mixed treatment comparison 
In contrast to within-trial direct comparisons, adjusted 
indirect comparison is a cross-trial comparison of 
different treatments, based on a common treatment 
(for example, placebo), so that the advantage of within-
trial randomisation could be partially preserved[10]. 
Mixed treatment comparison refers to a combination 
of evidence from direct comparison trials and evidence 
based on indirect comparisons[12]. The validity of indirect 
and mixed treatment comparison depends on whether 
some basic assumptions could be fulfilled. The basic 
assumptions include homogeneity assumption for 
conventional pair-wise meta-analysis, trial similarity 
assumption for adjusted indirect comparison, and con-
sistency assumption for combining direct and indirect 
evidence[36]. Among these basic assumptions, hetero-
geneity in conventional meta-analysis and inconsis-
tency between direct and indirect evidence can be 
quantitatively assessed. 

Markov chain Monte Carlo methods in WinBUGS 
(MRC Biostatistics Unit, Cambridge, United Kingdom) 
were used to conduct the random-effects, mixed treat-
ment comparisons based on consistency assumption[37]. 
The WinBUGS code for Bayesian analysis is available 
from a report by Dias et al[37,38]. We used non-informa-
tive or vague priors, and obtained results by 200000 
iterations after a burn-in of 100000. 

Investigating heterogeneity and causes of inconsistency
When different antibiotics could be compared both 
directly and indirectly, we calculated the inconsistency 
(Δ) between the direct and indirect evidence by the 
following: 

Δ = dCB - d'CB

se(Δ) = Var (dCB) + Var (d'CB)

Where dCB and d’CB are the treatment effects (e.g., 
log odds ratio) by direct and indirect comparison of 
treatment C and B; se(Δ) is the standard error of the 
estimated inconsistency; Var(dCB) and Var(d’CB) are 
estimated variances of the treatments effects. 

We used a statistical model suggested by Cooper et 

al[39] to explore treatment by covariate interactions in 
the network meta-analysis. It estimates a regression 
coefficient by assuming a single interaction term for the 
relative effects of all the treatments vs the reference 
treatment (i.e., placebo)[38]. The effects of the following 
study-level covariates were investigated: Persistent 
carriers vs any carriers, household contacts vs other 
carriers, cluster/quasi randomised controlled trials vs 
randomised trials, adequate vs inadequate sequence 
generation, and open vs blinded design. 

We also conducted narrative investigation of causes 
of inconsistency, which was focused on detailed com-
parison of rifampin and ciprofloxacin (reasons for 
this will be provided later). The assessment of clinical 
diversity and similarity among different sets of trials 
is a process of identifying possible effect modifiers, 
which was conducted by answering the following two 
questions[40]. First, we examined whether there were 
noticeable differences in study characteristics between 
different sets of trials. Then, we considered whether 
any of the observed differences in study characteristics 
between trials may have modified the relative treatment 
effects. In this study, we examined individual trials for 
effect modifiers with special attention to carriage status, 
dose of antibiotic used and length of intervention. 

There were 14 trials that compared antibiotics and 
placebo. Using data from these placebo-controlled 
trials, we produced a funnel plot to investigate risk of 
publication bias. Asymmetry of the funnel plot was 
statistically tested using Harbord’s test for small-study 
effects[41]. All statistical analyses were conducted and 
checked by the corresponding author (Fujian Song) who 
has training and experience in statistical methods. 

RESULTS 
The main characteristics of the 23 trials are presented 
in Table 1, and data used in network meta-analyses 
are shown in Table 2. There are 20 two-arm trials, 
one three-arm trial, and two four-arm trials. The 
15 antibiotics evaluated in these trials are: Placebo, 
rifampin, ciprofloxacin, minocycline, minocycline plus 
rifampin, penicillin, ampicillin, ceftriaxone, sulphadiazine, 
sulphadimidine, azythromycin, spectinomycin, cepha-
lexin, “Sch29482”, and coumermycin A1 (Figure 1). 

Carriers were mainly from household contacts 
of cases (six trials), military recruits (seven trials), 
and students or young people (six trials). Six trials 
recruited heavy or persistent carriers (defined as two 
or more sequential positive cultures before antibiotic 
prophylaxis). The test of susceptibility to antibiotics was 
done in most of the studies. The sequence generation 
was inadequate or unclear in 11 trials. Blinding was 
performed in 12 trials, and allocation concealment was 
adequate in only three trials (Table 1). 

There were five cluster randomised trials. We could 
not find empirical data on intra-cluster correlation 
coefficient (ICC) for the included cluster randomised 
trials, and therefore estimated the effective sample 
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sizes by assuming an ICC of 0.05[42]. 
Funnel plot using data from 14 placebo-controlled 

trials is shown in Figure 2. The funnel plot was not statis-
tically significantly asymmetric (P = 0.610), indicating 
no concern about risk of small-study effects. 
 
Comparison of antibiotics
The results of the network meta-analysis are shown in 
Table 3. Rifampin, ciprofloxacin, minocycline, ceftriaxone 
and azythromycin were significantly (P < 0.05) more 
effective than placebo. The probability of being the 
most efficacious was 67.0% for a combination of 
rifampin and minocycline, 25.0% for ceftriaxone, 1.7% 
for azythromycin, and less than 1% for the remaining 
antibiotics. According to evidence from the full network 
of trials, the combination of rifampin and minocycline 
was the most efficacious intervention, and ceftriaxone 
the second (Table 3). 

The covariate effects in the network meta-analysis 
are shown in Table 4. Trials with persistent carriers 
or household contacts of cases reported significantly 
greater treatment effects as compared with trials of any 

carriers or non-household contacts of cases, while the 
remaining regression coefficients were not statistically 
significant. When the effect of persistent carrier was 
incorporated into the network meta-analysis, the 
between-study variation (τ = 0.434) was much reduced 
as compared with the between-study variation without 
significant covariate adjustment (τ > 0.937). Therefore, 
type of carriers (persistent vs any) may be an effect 
modifier[39]. However, the between-study variation was 
not reduced when the effect of household contacts was 
included in the analysis (τ = 0.975). 

Inconsistencies in the network meta-analysis
There is sufficient data for both direct and indirect 
comparisons of four pairs of antibiotics (Table 5), and 
the estimated inconsistencies between the direct and 
indirect estimates are shown in Figure 3. A statistically 
significant inconsistency was observed for the com-
parison of rifampin and ciprofloxacin. The indirect 
comparison based on 21 trials found that rifampin 
was significantly better than ciprofloxacin (OR = 0.09, 
95%CI: 0.017-0.40 for failure to eradicate). In contrast, 
the pooling of two direct comparison trials suggested that 
rifampin therapy was less effective than ciprofloxacin, 
with a greater likelihood (non-statistically significant) of 
failure to eradicate (OR = 2.51, 95%CI: 0.36-15.64). 

Our further investigation of causes of inconsistency 
was therefore focused on the comparison of rifampin 
and ciprofloxacin. These are also the antibiotics recom-
mended in the current clinical guidelines. The incon-
sistency investigation was using data from two direct 
comparison trials[16,29], six placebo-controlled trials of 
rifampin[15,17,19,20,26,28] and three placebo-controlled trials 
of ciprofloxacin[24,31,33]. Figure 4 shows the results of the 
individual trials, with the overall estimates of direct and 
indirect comparisons. 

While placebo controlled trials of rifampin included 
mostly any carriers, three placebo controlled trials of 
ciprofloxacin included heavy or persistent carriers (Table 
1). Consequently, as shown in Figure 5, the proportion 
of patients with failed eradication in the placebo arm 
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Figure 1  Network of comparisons antibiotics for 
preventing meningococcal infections. The lines that 
connect antibiotics refer the direct comparison of two 
antibiotics. The number beside a line is the number of 
trials that directly compared the two antibiotics lined by 
the line.
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Figure 2  Funnel plot - estimated effects (log odds ratio) of antibiotics 
in placebo-controlled studies. Funnel plot asymmetry was not statistically 
significant (Harbord’s test for small study effects P = 0.600).
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was much higher in trials of ciprofloxacin than that in 

  Ref. Antibiotics Country and 
population

Carrier status Serogroups 
and 

susceptibility

Study design Sequence 
generation

Allocation 
concealment 

Blinding

  Blakebrough et al[14] Rifampin: 4 × 75 mg for 0-2 
yr, 4 × 150 mg for 2-4 yr, 4 × 
300 mg for 5-14 yr, 4 × 600 

mg for > 15 yr (bid, 2 d)
Sulphadimidine: 4 × 250 mg 
for 0-4 yr, 4 × 500 mg for 5-14 
yr, 4 × 1 g for > 15 yr (bid, 2 

d)

Nigeria 
Household 

contacts 

Any carriers Group A
Susceptibility 

tested

Cluster 
quasi-RCT 

Inadequate Inadequate Open

  Borgoño et al[15] Rifampin: 2 × 10 mg/kg 
Placebo 

Chile 
Children

Any carriers Group 
unknown

Susceptibility 
not tested

 RCT Unclear  Unclear Double-blind

  Cuevas et al[16] Rifampin: 4 × 600 mg for > 
18 yr, 4 × 20 mg/kg for 2-18 

yr (bid, 2 d) 
Ciprofloxacin: 1 × 750 mg for 
> 18 yr, 1 × 15 mg/kg for 2-18 

yr

Malawi 
Household 

contacts

Any carriers Group A: 51% 
(unknown 

49%) 
Susceptibility 

tested

Cluster RCT Unclear  Unclear Open

  Deal et al[17] Rifampin: 4 × 600 mg (4 d) 
Placebo 

United States 
Healthy 
students

Heavy/ 
Persistent 
(3 positive 
cultures) 

Group B 
Susceptibility 

tested

 RCT Adequate Adequate Double-blind

  Deal et al[18] Cephalexin: 12 × 500 mg (tid, 
4 d)

Placebo 

United States 
Students 

Persistent 
(3 positive 
cultures) 

Group B 
Susceptibility 

tested 

RCT Adequate Adequate Double-blind 

  Deviatkina et al[19] Rifampin: 4 × 300 mg (4 d) 
Placebo 

Russia 
Unclear 

Unknown Group 
unknown

Susceptibility 
tested

 RCT Unclear Unclear Open 

  Devine et al[20] Rifampin: 4 × 600 mg (4 d) 
Placebo 

United States 
Army recruits

Any carriers Group Y: 79%
Susceptibility 

tested

 RCT Adequate Unclear Double-blind 

  Devine et al[21] Coumermycin A1: 14 × 50 
mg (bid, 7 d)

Placebo 

United States 
Army recruits

Any carriers Group 
unknown 

Susceptibility 
tested

RCT Adequate Unclear Double-blind 

  Devine et al[22] Minocycline: 1 × 200 mg + 9 
× 100 mg (bid, 5 d)

Placebo 

United States 
Army recruits 

Any carriers Group Y: 63% 
Susceptibility 

tested 

RCT Adequate Unclear Double-blind

  Devine et al[22] Minocycline: 4 × 200 mg (bid, 
2 d) 

No antibiotic 

United States 
Army recruits

Any carriers Group Y: 
Most 

Susceptibility 
tested 

RCT Adequate Unclear Open 

  Dowd et al[23] Ampicillin: 30 × 500 mg (tid, 
10 d)

Penicillin: 30 × 462 mg (tid, 
10 d)

Placebo 

United States
Amy recruits 

Any carriers Group B and 
sulfadiazine-

resistant 

RCT Unclear Unclear Double-blind 

  Dworzack et al[24] Ciprofloxacin: 1 × 750 mg 
Placebo

United States 
Young adults

Persistent 
(3 positive 
cultures)

Group B: 41%, 
Z: 33% 

Susceptibility 
tested 

 RCT Unclear  Unclear Double-blind

  Girgis et al[25] Rifampin: 4 × 600 mg (bid, 2 
d) 

Azithromycin: 1 × 500 mg 

Egypt 
Nursing 
students 

Any carriers Group A: 37%; 
B: 33%

Susceptibility 
tested 

RCT Adequate Unclear Open 

  Guttler et al[26] Rifampin: 5 × 600 mg (5 d)
Minocycline 10 × 100 mg 

(bid, 5 d)
Ampicillin 10 × 500 mg (bid, 

5 d) 
Placebo

United States 
Army recruits

Any carriers Group B or 
C: 31% (non- 

groupable 
67%) 

Susceptibility 
tested 

 Cluster RCT Adequate Unclear Open 

  Judson et al[27] Ceftriaxone: im 1 × 125 mg
Spectinomycin: im 1 × 2 g 

United States 
Patients with 
gonorrhoea 

Any carriers Group 
unknown 

Susceptibility 
tested 

RCT Unclear Unclear Outcome 
assessment 

blinded

Table 1  Main characteristics of studies included in network meta-analysis 
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trials of rifampin (83% vs 55%). If the absolute results 
of antibiotic interventions were not influenced by the 
proportion of participants with persistent carriage, trials 
that included persistent carriers will show greater relative 
treatment effects purely because of the high failure rates 
in the placebo group (Figure 5). Therefore, imbalanced 
distribution of types of carriers across different sets 

of trials may invalid the similarity assumption in the 
network meta-analysis, which raises a question whether 
the indirect comparison is valid in this case. 

In addition, the use of ciprofloxacin in the direct 
comparison trials[16,29] was different from its use in the 
placebo-controlled trials of ciprofloxacin[24,31,33]. A single 
dose of ciprofloxacin was compared with multiple doses 
of rifampin in the two direct comparison trials, while 
two of the three placebo-controlled trials of ciprofloxacin 
compared placebo and multiple doses of ciprofloxacin 
(Table 1). Therefore, the effect of ciprofloxacin (with 
multiple doses) in the placebo-controlled trials may be 
enhanced as compared to the single dose in the two 
direct comparison trials. The eradication failure in the 
ciprofloxacin arm at one week was 10.5% in the direct 
comparison trials, as compare with only 3.0% in the 
placebo-controlled trials (Figure 5). The different doses 
of ciprofloxacin used in the direct comparison trials and 
in the placebo-controlled trials also contributed to the 
significant inconsistency observed. 

DISCUSSION
According to this network meta-analysis, a range of 

  Kaiser et al[28] Rifampin: 4 × 600 mg for 
weight ≥ 66 lb, or 4 × 300 
mg for weight < 66 lb (4 d) 

Placebo 

United States 
Household 

contacts

Any carriers Group C: 35%
Susceptibility 

tested

 RCT Adequate Unclear Open 

  Kaya et al[29] Rifampin: 4 × 600 mg (bid, 2 
d) 

Ciprofloxacin: 1 × 750 mg

Turkey 
Healthy 
adults

Any carriers Group 
unknown 

Susceptibility 
not tested

 Quasi RCT Inadequate  Inadequate Open

  Munford et al[30] Rifampin: 4 × 600 mg (bid, 2 
d)

Minocycline: 1 × 200 mg + 5 
× 100 mg (bid, 3 d)

Rifampin + Minocycline: as 
above

Sulphadiazine: 4 × 1 g (bid, 2 
d) 

Brazil 
Household 

contacts 

Any carriers Group C: 
Most 

Susceptibility 
tested 

Cluster 
quasi-RCT 

Inadequate Inadequate Open 

  Pugsley et al[32] Sch29482: 16 × 250 mg (every 
6 h for 4 d) 

Placebo 

United States Persistent 
carriers (2 
positive 
cultures) 

Group Z: 36%; 
B: 24%

RCT Adequate Unclear Double-blind 

  Pugsley et al[31] Ciprofloxacin: 10 × 500 mg 
(bid, 5 d) 
Placebo

Young men 
United States 

Persistent 
(2 positive 
cultures)

Susceptibility 
tested 

Group B: 79%

 RCT Adequate  Unclear Double-blind

  Renkonen et al[33] Ciprofloxacin: 4 × 250 mg 
(bid, 2 d) 
Placebo

Young adults
Finland 

Heavy (> 100 
colonies per 

plate) 

Susceptibility 
tested 

Group B: 45% 

 RCT Adequate  Adequate Double-blind

  Schwartz et al[34] Rifampin: 4 × 600 mg or 4 × 
10 mg/kg (bid, 2 d)

Army recruits
Saudi Arabia 

Any carriers Susceptibility 
tested 

Group A 

Cluster RCT Unclear Unclear Open 

  Simmons et al[35] Ceftriaxone: im 1 × 250 mg 
(or 125 mg for < 15 yr) 

Rifampin: 4 × 600 mg for 
adults, 4 × 5 mg/kg for 

children < 1 mo, and 4 × 10 
mg for children > 1 mo (bid, 

2 d)
Ceftriaxone: im 1 × 250 mg, 

or 1 × 125 mg for < 12 yr

Household 
contacts 

New Zealand 
Household 

contacts 

Any carriers Susceptibility 
tested 

Group B: 53% 
Susceptibility 

tested

RCT Unclear Unclear Open 

im: Intramuscular; bid: Twice a day; tid: Three times a day; RCT: Randomized controlled trials.

Inconsistency (logROR)

-10                      0                      10

Rifampin vs  ciprofloxacin

Rifampin vs  minocycline

Rifampin vs  ampicillin

Minocycline vs  ampicillin

Figure 3  Inconsistencies (and 95%CIs) between direct and indirect esti-
mates for comparisons with closed loops. logROR: 0 indicates no difference 
between the direct and indirect estimates.
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antibiotic regimens are effective for preventing meningo-
coccal infections in carriers. The simultaneous analysis of 
all randomised controlled trials that could be connected 
in a coherent network provided results that were 
not available from the conventional pair-wise meta-
analysis[43]. The network meta-analysis revealed that 
a combination of rifampin and minocycline seems the 

most efficacious, and ceftriaxone is also likely to be more 
effective than the antibiotics (ciprofloxacin or rifampin) 
recommended by the current guidelines[4-6]. The network 

  Trial Regimen n Failure to 
eradicate

  Guttler et al[26] Placebo   18 (146)   8 (65)
Rifampin   18 (147)   2 (13) 

Minocycline   18 (147)   1 (12) 
Ampicillin   18 (147)   3 (22)

  Munford et al[30] Rifampin 65 (67) 6 (6) 
Sulphadiazine 79 (82) 37 (38) 
Minocycline 56 (58) 6 (6) 

Rifampin + Minocycline 59 (61) 0 (0) 
  Schwartz et al[34] Rifampin 34 (36) 9 (9) 

Ceftriaxone 65 (68) 2 (2) 
  Dowd et al[23] Placebo    47     26

Penicillin    20       9
Ampicillin    26       8

  Borgoño et al[15] Placebo  110     71
Rifampin  118     10

  Deal et al[17] Placebo    15     13
Rifampin    15       2

  Deviatkina et al[19] Placebo    43     10
Rifampin    46       3

  Devine et al[20] Placebo    28     25
Rifampin    38       7

  Kaiser et al[28] Placebo      6       6
Rifampin    13       1

  Dworzack et al[24] Placebo    22     20
Ciprofloxacin    24       1

  Pugsley et al[31] Placebo    21     14
Ciprofloxacin    21       0

  Renkonen et al[33] Placebo    53     46
Ciprofloxacin    56       2

  Deal et al[18] Placebo    15     14
Cephalexin    15     11

  Devine et al[22] Placebo    48     42
Minocycline    41     14

  Devine et al[22] Placebo    29     27
Minocycline    53     16

  Devine et al[21] Placebo    39     28
Coumermycin A1    33     31

  Pugsley et al[32] Placebo    29     26
Sch29482    29     23

  Cuevas et al[16] Rifampin    84 (88)       3 (3) 
Ciprofloxacin    75 (79)       9 (9) 

  Kaya et al[29] Rifampin    25       1
Ciprofloxacin    26       2

  Girgis et al[25] Rifampin    59       3
Azythromycin    60       4

  Simmons et al[35] Rifampin    82       4
Ceftriaxone  100       3

  Blakebrough et al[14] Rifampin    46 (48)     11 (11) 
Sulphadimidine    33 (34)     33 (34) 

  Judson et al[27] Ceftriaxone    29       0
Spectinomycin      9       8

Table 2  Antibiotics compared and data from the included 
trials for network meta-analysis

For cluster trials, ICC = 0.05 was assumed for estimating effective sample 
sizes, and original sample size and events in cluster trials are shown in 
brackets. 

Odds ratio (95%CI)

0.001               0.1                  10

Rifampin vs  ciprofloxacin

Cueveas 1995

Kaya 1997

Direct comparison

Indirect comoarrison

Rifampin vs  placebo

Borgono 1981

Deal 1969a

Devlatklna 1978

Devlne 1970b

Guttler 1971

Kalser 1974

Plooled

Ciprofloxacin vs  placebo

Dworzack 1988

Pugsley 1987

Renkonen 1987

Pooled

Figure 4  Rifampin vs ciprofloxacin for preventing meningococcal 
infections. The outcome is the failure to eradicate at 1 wk. Pooled direct and 
indirect estimates were the results of mixed treatment comparison, and other 
results were from DerSimonian-Laird meta-analyses.

Ciprofloxacin

Rifampin

Ciprofloxacin

Placebo

Rifampin

Placebo

0%             25%            50%            75%          100%

Failure to eradicate

10.5%

3.5%

3.0%

83.3%

9.6%

54.6%

Figure 5  Proportions of failure to eradicate in individual arms of trials for 
the direct and indirect comparison of rifampin and ciprofloxacin. 
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Methodological implications 
One of the main advantages of network meta-analysis is 
pooling of all connected trials into a coherent network of 
evidence. However, a study found that the inconsistency 
between direct and indirect evidence may be more 
prevalent than previously observed[45], and it has 
been generally accepted that causes of inconsistency 
in network meta-analysis should be carefully investi-
gated[36,46-48]. In the current study, statistical meta-
regression analyses found that the type of carriers 
(persistent vs any, and household contacts vs other) 
may be a cause of heterogeneity in the network meta-
analysis. However, the usefulness of statistical methods 
for investigating causes of inconsistency is often limited 
because of the small number of trials, inadequate 
reporting of relevant variables, and modelling complexity. 

The narrative investigation of causes of inconsis-
tency is difficult for a complex network. The existence 
of evidence inconsistencies in a network meta-analysis 
does not mean that the whole network is inconsis-
tent[46]. Therefore, we focused on the investigation of 
statistically significant inconsistencies. To further simplify 
the narrative investigation, a sub-network of trials was 
formed after excluding those that are only remotely 
connected to the target comparison. 

We demonstrated that focused examination of 
characteristics of trial participants and interventions 
evaluated may reveal the clinically meaningful causes 
of inconsistency in network meta-analysis. The detailed 
examination of trial participants and interventions 
evaluated is similar to the investigation of heterogeneity 
in conventional pair-wise meta-analysis. Although the 
type of carriers (persistent vs any) can be identified 
by both statistical covariate analysis and narrative 
investigation, the difference in doses of ciprofloxacin 
as a possible cause of inconsistency could not be 
investigated by the statistical models we used. How-

ever, the narrative investigation mainly relies on subjec-
tive judgement, is restricted by available data from 
published studies, and a good understanding of the 
topic is required. 

Study limitations
In order to include as many studies as possible in the 
trial network, we focused on eradication failure and did 
not consider other important outcomes such as adverse 
effects and new cases of meningococcal disease. 
Included studies were mostly conducted in 1970s or 
1980s, and the most recent study was published in 
2000[35]. Therefore, it is a question about whether the 
results of previous randomised controlled trials are 
applicable to the present. Although we included only 
randomised controlled trials, the quality of the included 
trials was poor, with considerable risk of bias. According 
to the results of meta-regression analyses (Table 4), 
the treatment effects were not significantly associated 
with whether a trial was cluster or quasi randomised, 
whether the sequence generation was inadequate, and 
whether it was blinded. In addition, publication and 
outcome reporting bias was possible. Funnel plot using 
data from placebo-controlled trials indicated that there 
was no statistically significant small-study effect. 

Conclusion
The network meta-analysis confirms that a range 
of prophylactic antibiotic regimens are effective for 
eradicating meningococcal carriages, and treatment 
choice will depend on the individual priorities of the 
patients and physicians. In clinical situations where 
complete eradication is considered to be of the utmost 
importance, a combination of rifampin and minocycline 
seems to offer the highest likelihood of success. 
Ceftriaxone as a single intramuscular injection is also 
likely to be more effective as compared with the two 

  Covariate Regression coefficient, b (95%CI) Between-study variation (τ)

  Persistent carrier (1) vs any carriers (0) -2.904 (-4.695 to -1.186) 0.434
  Household (1) vs other (0) -6.178 (-16.79 to -0.069) 0.975
  Cluster/quasi RCT (1) vs RCT (0) 0.405 (-2.235 to 2.881) 1.082
  Sequence generation inadequate (1) vs adequate (0) 0.461 (-1.301 to 2.014) 1.025
  Open design (1) vs blinded (0) 0.055 (-1.877 to 1.662) 1.087

Table 4  Results of covariate effects in network meta-analysis: Regression coefficient and between study variation

MTC estimate Direct estimate Indirect estimate

  Comparison No. of trials OR (95%CrI) No. of trials OR (95%CrI) No. of trials OR (95%CrI)
  Rifampin vs ciprofloxacin 23 0.52 (0.13, 1.89) 2   2.51 (0.36, 15.64) 21 0.09 (0.017, 0.40)
  Rifampin vs minocycline 23 1.55 (0.40, 6.07) 2 0.85 (0.11, 5.59) 21 2.27 (0.28, 19.89)
  Rifampin vs ampicillin 23 6.94 (1.21, 37.53) 1   1.62 (0.09, 29.82) 20 12.23 (1.04, 146.9)
  Minocycline vs ampicillin 23 4.52 (0.67, 28.30) 1   3.46 (0.16, 91.10) 20 6.50 (0.41, 93.6)

Table 5  Results of different methods for four comparisons that provided sufficient trials for both direct and indirect comparisons 

 b > 0 indicating that treatment effect is smaller when the covariate exists. RCT: Randomized controlled trial. 

MTC: Mixed treatment comparison based on all data in the network of trials. 
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recommended antibiotics (ciprofloxacin or rifampin) by 
the current guidelines. Variation in the type of carriage 
and dosage regimens of ciprofloxacin may account for 
the observed inconsistency in the direct and indirect 
comparisons of rifampin and ciprofloxacin. Detailed 
examination of characteristics of relevant studies should 
be conducted for investigating causes of inconsistency 
in network meta-analysis. 

COMMENTS
Background
The current public health guidelines recommend chemoprophylaxis to be offered 
to close contacts of cases of meningococcal meningitis. Because of limited 
evidence from direct comparison trials, the authors conducted a network meta-
analysis of randomised controlled trials that evaluated different antibiotics for 
eradicating carriages of Neisseria meningitidis (N. meningitidis).

Research frontiers
With the ever increasing number of competing interventions and a shortage of 
direct comparison trials, methods for indirect comparison and network meta-
analysis have been widely used to compare different treatment options.
 
Innovations and breakthroughs
This is the first network meta-analysis to compare the efficacy of competing 
antibiotics for eradicating the carriage of N. meningitidis. Methodological 
experience obtained from this network meta-analysis was also reported. 

Applications
For eradicating meningococcal carriages, a combination of rifampin and 
minocycline seems the most efficacious, and ceftriaxone is also likely to be 
more effective than ciprofloxacin or rifampin alone. Detailed examination of 
characteristics of relevant studies should be conducted for investigating causes 
of inconsistency in all network meta-analysis. 

Terminology
Network meta-analysis can be used to combine evidence from direct comparison 
trials and evidence based on indirect comparisons. 

Peer-review
This is a well-performed network meta-analysis regarding the effects of 
antibiotics for eradicating carriages of N. meningitidis. The methodology is clear, 
the meta-analysis was performed well, the article was well-written, and the 
limitations of the study have been adequately discussed. The findings of this 
meta-analysis should be useful for the scientific and clinical community.
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Abstract
AIM
To assess the effectiveness of Daikenchuto for patients 
with postoperative adhesive small bowel obstruction 
(ASBO).  

METHODS
A systematic search of PubMed (MEDLINE), CINAHL, 
the Cochrane Library and Ichushi Web was conducted, 
and the reference lists of review articles were hand-
searched. The outcomes of interest were the incidence 
rate of surgery, the length of hospital days and mortality. 
The quality of the included studies, publication bias and 
between-study heterogeneity were also assessed. 

RESULTS 
Three randomized controlled trials (RCTs) and three 
retrospective cohort studies were selected for analysis. 
In the three RCTs, Daikenchuto significantly reduced the 
incidence of surgery (pOR = 0.13; 95%CI: 0.03-0.50). 
Similarly, Daikenchuto significantly reduced the incidence 
of surgery (pOR = 0.53; 95%CI: 0.32-0.87) in the three 
cohort studies. The length of hospital stay and mortality 
were not measured or described consistently.  

CONCLUSION
The present meta-analysis demonstrates that admini-
stering Daikenchuto is associated with a lower incidence 
of surgery for patients with postoperative ASBO in the 
Japanese population. In order to better generalize these 
results, additional studies will be needed. 

Key words: Herbal medicine; Kampo medicine; Post-
operative adhesive small bowel obstruction; Systematic 
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Core tip: Daikenchuto, a traditional herbal medicine, is 
commonly used by gastroenterologists for postoperative 
adhesive small bowel obstruction in Japan. However, the 
effectiveness of Daikenchuto has not been systemically 
investigated. The systematic review and meta-analysis 
demonstrated that Daikenchuto is associated with a 
lower incidence of surgery for patients with postoperative 
adhesive bowel obstruction in the Japanese population.

Ukai T, Shikata S, Kassai R, Takemura Y. Daikenchuto for 
postoperative adhesive small bowel obstruction: A systematic 
review and meta-analysis. World J Meta-Anal 2016; 4(4): 88-94  
Available from: URL: http://www.wjgnet.com/2308-3840/full/
v4/i4/88.htm  DOI: http://dx.doi.org/10.13105/wjma.v4.i4.88

INTRODUCTION
Adhesive small bowel obstruction (ASBO) is a 
common complication for patients with a history of 
abdominal surgery. ASBO accounts for up to 6% of 
all surgical admissions and 60% to 70% of small 
bowel obstruction[1,2]. Conservative management is 
chosen for patients with no strangulation or peritonitis, 
patients who underwent surgery more than six weeks 
before ASBO, patients with partial ASBO and patients 
with signs of resolution on admission[3]. Conserva
tive management is successful in 73% to 90% of 
patients[4,5], but approximately one-fifth of patients later 
require surgery.

Essential conservative management includes decom
pression using a long tube or nasogastric tube intubation 
and intravenous fluid supplementation. According 
to guidelines for ASBO[3], other supplementary non
operative management options include watersoluble 
contrast agent administration[6], oral therapy with 
magnesium oxide, Lactobacillus acidophilus and sime
thicone[7], and hyperbaric oxygen therapy[8]. Water
soluble contrast agent administration, in particular, has 
the diagnostic value of predicting the need for surgery 
while the procedure itself also has therapeutic value[9].

Daikenchuto, a traditional herbal medicine, is 
frequently used by gastroenterologists in Japan for 
patients with ASBO[10] as well as chronic constipation, 
irritable bowel syndrome, Crohn’s disease and paralytic 
ileus[1114]. It comprises extract granules of processed 
ginger (kankyo), ginseng (ninjin) and zanthoxylum 
fruit (sansho). Basic research has shown several 
pharmacological mechanisms of Daikenchuto, including 
an increase in the blood flow of the intestinal tract, 
activation of intestinal motility, and prevention of bacterial 
translocation[1517]. Recently, increasing evidence from 
clinical research has been accumulated[10]. However, 
while it is already widely used, no systematic analysis of 

the research has been conducted. The objective of this 
study was to examine the effectiveness of Daikenchuto 
in patients who developed postoperative ASBO.

MATERIALS AND METHODS
A systematic review was conducted, and the results 
were described according to the preferred reporting 
items for systematic reviews and metaanalyses 
statement[18].

Literature search
We systematically searched MEDLINE (PubMed), 
CINAHL, the Cochrane library and Ichushi Web, which 
is the largest medical article database in Japan, in 
November 2014. The MEDLINE search was conducted 
using the freetext words “Daikenchuto”, “Daikenchu
to”, “DKT” and “TJ100”. A similar literature search was 
conducted in the other three databases. References of 
review articles were also handsearched. 

Inclusion and exclusion criteria 
The inclusion criteria were as follows: (1) the studies 
were randomized controlled trials (RCTs) or observational 
studies with exposure and control groups; (2) the 
participants were patients who developed postoperative 
ASBO; (3) daikenchuto was administered enterally; and 
(4) the study was performed in humans. No restriction 
was placed on the language. The exclusion criteria were 
as follows: (1) observational studies without controls; (2) 
Daikenchuto was administered to prevent postoperative 
adhesive small bowel obstruction; and (3) experimental 
animal research studies. 

Outcome measures
The outcomes of interest were the incidence rate of 
surgery, the length of hospital stay, and mortality.

Quality assessment and data extraction 
Two researchers (Ukai T and Shikata S) independently 
assessed the quality of each trial using the Critical 
Appraisal Skills Programme (CASP)[19] for RCTs and the 
Newcastle Ottawa Quality Assessment Scale (NOQAS)[20] 
for observational studies. The CASP asks six questions 
regarding the quality of RCTs. The NOQAS consists of 
three domains: Selection, comparability and outcome; 
the quality is assessed by the number of stars, with 
each domain having a maximum of four stars, two 
stars and three stars, respectively. The extracted data 
included the first author, year of publication, country, 
number of participants allocated to each group, and 
dosage of Daikenchuto. 

Statistical analysis 
The metaanalysis was conducted using the software 
Cochrane Collaboration Review Manager (version 
5.3). All statistical analyses were performed using 
the MantelHaenszel method[21], and the summary 
statistics were described with odds ratios (ORs). An OR 
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less than one favored the intervention group, and the 
point estimate of the OR was considered statistically 
significant at the 0.05 level if the 95%CI did not 
include the value of one. A fixedeffects model was 
initially adapted for all outcome measures. We tested 
for homogeneity among the studies by calculating 
the I2 value. I2 can be calculated as I2 = 100% × (Q  
df)/Q, where Q is Cochran’s heterogeneity statistic and 
df the degrees of freedom[22]. We defined I2 values of 
less than 25% as low heterogeneity, 25% to 50% as 
moderate heterogeneity and more than 50% as high 
heterogeneity[22]. If the hypothesis of homogeneity was 
rejected, a randomeffects model was employed. 

RESULTS
The search strategy yielded 1507 articles (Figure 1). 
After duplications were removed, we checked the title 
and abstract of the articles according to the inclusion 
and exclusion criteria. Full texts of the remaining 
articles were read, and three RCTs[2325] and three cohort 
studies[2628] were chosen based on the inclusion and 
exclusion criteria. Finally, the data were extracted from 
the studies (Table 1).

The publication year ranged from 1992 to 2011, 
and all research was conducted in Japan. All studies 
compared patients who were administered Daikenchuto 
with patients who were not administered Daikenchuto. 
The dosage of Daikenchuto was 15.0 g in four stu
dies[2326], 7.515.0 g in one study[27], and unreported in 
one study[28]. Daikenchuto was administered orally in one 
study[25], through a tube in three studies[23,24,28], or both 
in one study[26]. Participants were chosen regardless of 

the kind of abdominal surgical history in five studies[2327], 
whereas only patients with a history of colorectal cancer 
were chosen in one study[28]. None of the included 
studies described the criteria of diagnosis of ASBO or 
pre-defined decision process for proceeding to surgery. 
The funnel plot of publication bias is shown in Figure 2. 

Quality assessment for selected articles
Among the three RCTs, one was conducted at multiple 
hospitals[24], and the other two were conducted at 
one hospital[23,25]. In two RCTs[23,24], patients were 
randomly assigned using a concealed envelope, and 
in a third study[25], the method of assignment was 
not described. None of these articles mentioned the 
method of blinding. Patient followup continued until the 
obstruction was released and symptoms were relieved 
or until the patient underwent a surgery to remove the 
obstruction. In one trial[23], the reasons for the surgical 
intervention were retrospectively explained, but no 
explanation was provided in the other two studies[24,25]. 
An intentiontotreat analysis was not used in one 
study[24] (Table 2).

Of the three retrospective cohort studies, one was 
conducted using a national inpatient database using 
propensity score analysis[28], and both the exposure and 
control groups were recruited at one or several hospitals 
in a community[26,27]. Regarding outcome domains, the 
criteria for the decisions to proceed to surgery for the 
ASBO were not described in any of the three studies 
(Table 3).  

Incidence of surgery in the RCTs
A total of 107 patients were included in the three 

  Ref. Year Country Study design Dose (g) No. of patients
with Daikenchuto

(surgery: No surgery)

No. of patients 
without Daikenchuto
(surgery: No surgery)

OR (95%CI)

  Oyabu et al[23] 1995 Japan RCT 15 1:27 5:20 0.15 (0.02-1.37)
  Kubo et al[24] 1995 Japan RCT 15 1:17 2:10 0.29 (0.02-3.67)
  Itohet al[25] 2002 Japan RCT 15 5:8 10:1 0.06 (0.01-0.65)
  Moriwaki et al[26] 1992 Japan Retrospective cohort 15 1:23 49:154 0.14 (0.02-1.04)
  Furukawa et al[27] 1995 Japan Retrospective cohort 7.5-15.0 6:20 26:49 0.57 (0.20-1.58)
  Yasunaga et al[28] 2011 Japan Retrospective cohort Not mentioned 20:124 28:116 0.67 (0.36-1.25)

Table 1  Characteristics of included studies

Oyabu et al [23] Kubo et al [24] Itoh et al [25] 

  1 Was the assignment of patients to treatments randomized? Y Y Y
  2 And if so, was the randomization list concealed (blinded or masked) to those deciding on patient eligibility for 
  the study?

Y Y -

  3 Were all patients analysed in the groups to which they were randomized (was an “intention to treat” analysis 
  used)?

Y N Y

  4 Were patients in the treatment and control groups similar with respect to known prognostic factors? Y Y Y
  5 Were patients, clinicians and outcome assessors kept “blind” to which treatment was being received?  - - -
  6 Was follow-up complete? Y Y Y

Table 2  Critical appraisal for randomized controlled trials using critical appraisal skills program

RCT: Randomized controlled trial.

Y: Yes; N: No.
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RCTs (Figure 3). In the Daikenchuto group, seven of 
59 (11.9%) patients eventually underwent surgery 
for the ASBO, whereas 17 of 48 (35.4%) patients 
underwent surgery in the control group. The overall OR 
was 0.13 (95%CI: 0.030.50), demonstrating statistical 
significance. There was no heterogeneity among the 
trials (I2 = 0%). 

Incidence of surgery in the cohort studies
A total of 616 patients were included in the three 
cohort studies (Figure 4). The incidences of surgical 
intervention were 27 of 194 (13.9%) in the Daikenchuto 
group and 103 of 422 (24.4%) in the control group. 

The overall OR was 0.53 (95%CI: 0.320.87), also 
demonstrating statistical significance. There was low 
heterogeneity among the trials (I2 = 12%). 

Other outcomes
Mortality was described in the one cohort study with a 
total of 288 patients[28]. The number of deaths identified 
was four (2.8%) in the Daikenchuto group and two 
(1.4%) in the control group, and this difference was not 
found to be significant. 

Length of hospital stay was described in two studies. 
One RCT[27] showed that the length of the hospital 
stay was 5.90 d shorter (95%CI: 4.777.03) in the 

Studies retrieved by literature search
from PubMed, CINAHL, Cochrane

library and lchushi Web
(n  = 1492)

Studies retrieved by handsearch 
reviews or citation of reviewed articles

(n  = 15)

Studies after duplicates were removed
(n  = 1494)

Excluded (n  = 1484)
  Basic research 
  Studies in non-human
  Descriptive studies

Potentially relevant articles for
more detailed review

(n  = 10)

Excluded (n  = 4)
  Dakenchuto was used for prevention of postopertive
  adhesive small bowel obstruction (n  = 2)
  Not comparative study (n  = 1)
  Participants were not patients with postopertive
  obstruction (n  = 1)

Articles included in meta-analysis
(n  = 6)

0.01            0.1               1                10              100       0.01            0.1               1                10             100

OR

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

SE (log[OR]) SE (log[OR])

Figure 1  Search strategy according to the preferred reporting items for systematic review and meta-analyses.

Figure 2  Funnel plot of randomized controlled trials (A) and cohort studies (B) reporting the risk of surgery in patients with postoperative adhesive small 
bowel obstruction given Daikenchuto. OR: Odds ratio; SE: Standard error.
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Daikenchuto group. Also, one cohort study[28] showed 
statistical significance in favor of the Daikenchuto group 
using KaplanMeier methods and logrank test (P = 
0.018). 

DISCUSSION
This systematic review provides evidence from three 
RCTs and three cohort studies conducted in Japan 
concerning the effectiveness of the traditional herbal 
medicine Daikenchuto in reducing the risk of surgery for 
patients with postoperative ASBO. From the synthesized 
results, ASBO patients who received Daikenchuto had 
a significantly lower risk of surgery. The study assessed 
RCTs and cohort studies individually, and they provided 
consistent results.

Potential benefit of daikenchuto 
There are several treatment options recommended 
in guidelines for ASBO[3]. Among the options, water
soluble contrast agent administration is highly recom
mended because there is robust evidence for its efficacy 
both in predicting a need for surgery and for preventing 
surgery[9]. However, despite its established efficacy, 
20.8% of ASBO patients treated this way proceed to 
surgery[9]. Daikenchuto has widely been used in Japan 
and has a low risk of side effects[29], and the cost is only 
145.5 JPY (US$1.25) per day. From these perspectives, 
Daikenchuto could be used as part of initial nonopera
tive management adjunct to watersoluble contrast 

Experimental           Control                              Odds ratio                                             Odds ratio

Study or subgroup         Events      Total    Events    Total    Weight      M-H, Fixed, 95%CI                               M-H, Fixed, 95%CI 

Total events                       27                    103
Heterogeneity: χ 2 = 2.28, df = 2 (P  = 0.32); I 2 = 12%
Test for overall effect: Z  = 2.50 (P  = 0.01)

Moriwaki 1992
Furukawa 1995
Yasunaga 2011

1
6

20

24
26

144

49
26
28

203
75

144

22.4%
23.2%
54.4%

0.14 [0.02, 1.04]
0.57 [0.20, 1.58]
0.67 [0.36, 1.25]

Total (95%CI)                                194                    422    100.0%       0.53 [0.32, 0.87]

Favours Daikenchuto     Favours control
0.01            0.1                   1                  10              100

Experimental           Control                              Odds ratio                                             Odds ratio

Study or subgroup         Events      Total    Events   Total    Weight     M-H, Fixed, 95%CI                                M-H, Fixed, 95%CI 

Oyabu 1995
Kubo 1995
Itoh 2002

1
1
5

28
18
13

5
2

10

25
12
11

36.3%
16.2%
47.5%

0.15 [0.02, 1.37]
0.29 [0.02, 3.67]
0.06 [0.01, 0.65]

Total (95%CI)                                59                    48      100.0%       0.13 [0.03, 0.50]
Total events                       7                       17
Heterogeneity: χ 2 = 0.79, df = 2 (P  = 0.67); I 2 =0%
Test for overall effect: Z  = 2.99 (P  = 0.003) 0.01            0.1                   1                  10               100

Favours [experimental]     Favours [control]

Figure 3  Effect of Daikenchuto on need for surgery for postoperative adhesive small bowel obstruction from randomized controlled trials. Boxes indicate 
estimated odds ratio; Diamond, summary statistic; limit lines, 95%CI. Size of the data marker corresponds to the relative weight assigned to the pooled analysis using 
fixed-effects model. The X-axis uses a log scale. 

Figure 4  Effect of Daikenchuto on need for surgery for postoperative adhesive small bowel obstruction from cohort studies boxes indicate estimated odds 
ratio; Diamond, summary statistic; limit lines, 95%CIs. Size of the data marker corresponds to the relative weight assigned to the pooled analysis using fixed-
effects model. The X-axis uses a log scale. 

Moriwaki et al [26] Furukawa et al [27] Yasunaga et al [28]

  Selection
     Representativeness 
     of the exposed 
     cohort

Y

     Selection of 
     non-exposed 
     cohort

Y Y Y

     Ascertainment      
     of exposure

Y Y Y

     Demonstration 
     that outcome of 
     interest was not 
     present at start   
     of study

Y Y Y

  Comparability
      Comparability 
     of cohorts on the 
     basis of the 
     design or 
     analysis

Y Y Y

  Outcome
     Assessment of 
     outcome
     Was follow-up 
     long enough to 
     occur

Y Y Y

     Adequacy of 
     follow up of 
     cohorts

Y Y Y

Table 3  Critical appraisal for cohort studies using newcastle 
ottawa quality assessment scale

Y: Yes.
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administration. It is potentially useful for patients who 
have a high risk of anaphylactoid reaction to water
soluble contrast agent or patients who cannot tolerate 
surgery.

Traditional herbal medicine in Japan
Traditional Japanese herbal medicine is known as Kampo 
medicine. Kampo medicine has its roots in traditional 
Chinese medicine and was introduced to Japan in the 
middle of the sixth century. The Japanese Ministry of 
Health, Labour and Welfare has officially approved 212 
types of Kampo medicines, and these medicines are 
covered by the National Health Insurance programme[30]. 
All certified medical doctors can prescribe both Western 
and Kampo medicines, and they choose the optimal 
one depending on the condition of the patients. Kampo 
medicine is referred to as an alternative medicine, 
but in practice, Japanese physicians use both Western 
medicine and Kampo medicine; in particular, Kampo 
medicine is commonly used for patients with medically 
unexplained symptoms that Western medicine often 
fails to solve[10]. The mechanism of the pharmacological 
effect is becoming clear, but more clinical research is 
needed before Kampo medicine will be widely adopted 
in other countries. 

Limitations 
This study has several limitations. First, the included 
studies have methodological problems. None of included 
three RCTs described the blinding of clinicians and 
assessors. Also, none of the included studies described 
the criteria of decisions of proceeding to surgery. Since 
the decision to proceed to surgery can be subjective, 
there may be bias in this outcome statistic, especially 
when clinicians were not blinded. 

Second, the reviewed studies were conducted 
in Japan using Japanese populations. In three stu
dies[23,25,26], participants were recruited at one hospital. 
These facts pose the question of generalizability. Thus, 
additional evidence is needed from patients in other 
countries. 

Finally, all studies included compared those patients 
who were administered Daikenchuto and who were not. 
We could not find studies that compared Daikenchuto 
and watersoluble contrast agent. Since administering 
watersoluble contrast agent is the standard of care, 
Daikenchuto and watersoluble contrast agent should be 
directly compared before it is applied to clinical practice. 

The traditional herbal medicine Daikenchuto signi
ficantly reduces the risk of surgery for patients with 
postoperative ASBO in a Japanese population. In 
order to better generalize these results, additional 
studies incorporating a broader set of outcomes and an 
expanded population base will be needed. 

ACKNOWLEDGMENTS
We thank Alberto Gayle for his critical reading and 
language editing of the manuscript.

COMMENTS
Background
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Abstract
AIM
To perform a meta-analysis assessing the value of 
gadoxetic acid-enhanced magnetic resonance imaging  
(Gd-EOB-MRI) in detecting small hepatocellular carcinoma 
(HCC) (≤ 2.0 cm) in patients with chronic liver disease.

METHODS
Databases, including MEDLINE and EMBASE, were 
searched for relevant original articles published from 
January 2008 to February 2015. Data were extracted, 
and summary estimates of diagnostic accuracy indexes 
such as sensitivity, specificity, diagnostic odds ratio, 
predictive value, and areas under summary receiver 
operating characteristic curve were obtained using a 
random-effects model, with further exploration employ-
ing meta-regression and subgroup analyses.

RESULTS 
In 10 studies evaluating 768 patients, pooled per-
lesion sensitivity of Gd-EOB-DTPA was 91% (95%CI: 
83%-95%), with a specificity of 95% (95%CI: 
87%-98%). Overall positive likelihood ratio was 18.1 
(95%CI: 6.6-49.4), for negative likelihood ratio (NLR) 
of 0.10 (95%CI: 0.05-0.19) and diagnostic odds ratio of 
182 (95%CI: 57-581). Subgroup analysis suggested that 
diagnostic performance of Gd-EOB-MRI for sub-centimeter 
HCC (≤ 1.0 cm) detection was low, with a sensitivity of 
69% (95%CI: 59%-78%). In studies with both Gd-EOB-
MRI and diffusion-weighted imaging (DWI) performed, 
Gd-EOB-MRI/DWI combination was more sensitive than 
Gd-EOB-DTPA alone, whether for small lesions (86% vs  
77%) or sub-centimeter ones (80% vs  56%).
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CONCLUSION
A limited number of small studies suggested that Gd-
EOB-MRI has good diagnostic performance in the 
detection of small HCC (≤ 2.0 cm) among patients with 
chronic liver disease, but relatively lower performance 
for detection of sub-centimeter HCC (≤ 1.0 cm). 
Combination of Gd-EOB-MRI and DWI can improve the 
diagnostic sensitivity of MRI.

Key words: Liver-specific agent; Gadoxetic acid-enhanced 
Magnetic resonance imaging; Hepatocellular carcinoma; 
Meta-analysis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Although studies have shown that gadoxetic 
acid-enhanced magnetic resonance imaging (Gd-EOB-
MRI) had good diagnostic performance in detecting 
hepatocellular carcinoma (HCC), the results about small 
HCC have been limited thus far by a small number of 
included patients, especially for subcentimeter lesion 
(≤ 1.0 cm). Therefore, we performed a systematic 
review and meta-analysis to obtain updated diagnostic 
performance values of Gd-EOB-MRI for the detection 
of small HCC in terms of different size (≤ 2.0 cm vs  
≤ 1.0 cm), different technique (Gd-EOB-MRI alone vs  
combined diffusion weighted imaging).

Shan Y, Gao J, Zeng MS, Lin J, Xu PJ. Gadoxetic acid-
enhanced magnetic resonance imaging for the detection 
of small hepatocellular carcinoma (≤ 2.0 cm) in patients 
with chronic liver disease: A meta-analysis. World J Meta-
Anal 2016; 4(4): 95-104  Available from: URL: http://www.
wjgnet.com/2308-3840/full/v4/i4/95.htm  DOI: http://dx.doi.
org/10.13105/wjma.v4.i4.95

INTRODUCTION
Hepatocellular carcinoma (HCC) remains one of the 
leading causes of cancer-related deaths worldwide[1]. 
Despite important advances in multidisciplinary therapies, 
complete curative treatment of early-stage small HCC 
(≤ 2.0 cm, including hypervascular and hypovascular 
HCC) remains the only option for long-term patient 
survival. Studies indicated that the smaller the HCC, the 
less likely the occurrence of microvascular invasion[2].
The International Consensus Group for Hepatocellular 
Neoplasia also stated that early HCC, well differentiated 
HCC with a vaguely nodular appearance and less than 
2 cm in size, should be considered a carcinoma in situ, 
and is characterized by an indistinct margin without 
capsule formation, vascular invasion or intrahepatic 
metastasis[3,4]. In addition, the smaller the HCC, the 
more likely it is for local ablation to be complete[5,6]. It is 
therefore important to perform early diagnosis of HCC 
when the tumor is still as small as possible. However, in 
small nodules (≤ 2.0 cm), an atypical vascular profile 

is not uncommon, which constitutes a challenge for 
definitive radiological diagnosis. These lesions may, 
in fact, represent either early HCCs or preneoplastic 
lesions, such as high-grade dysplastic nodules[3,7,8]. They 
are often hypovascular and lack arterial enhancement or 
a washout pattern[7,8]. In addition, many small, benign 
nodules (e.g., cirrhosis-related nodules and arterioportal 
shunts) can mimic small HCC in patients with cirrhosis.

The hepatocyte-specific magnetic resonance imag-
ing (MRI) contrast agent gadoxetic acid (Gd-EOB-
DTPA; Bayer Healthcare, Berlin, Germany) can provide, 
in a single examination, comprehensive hemodynamic 
information during early dynamic phases and improved 
lesion detection in the hepatobiliary phase (HBP)[9-11]. 
HBP images better depict HCC, which appears as a 
hypointense lesion, compared with conventional dynamic 
gadolinium-enhanced images, on which small HCCs 
frequently show only arterial enhancement without early 
washout[12-14].

Although studies have compared gadoxetic acid-
enhanced MRI (Gd-EOB-MRI) with multidetector 
computed tomography (MDCT) and Gd-DTPA-enhanced 
MRI for detecting small HCC, and shown that HBP 
imaging provides a slight improvement in the diagnosis 
of small HCC[10,11,15-22], the results were limited thus far 
by the small numbers of included patients, especially 
for sub-centimeter lesions (≤ 1.0 cm). Therefore, we 
performed a systematic review and meta-analysis of 
the literature published in the past few years, to obtain 
updated diagnostic performance values of Gd-EOB-MRI 
for detecting small HCC in patients with chronic liver 
disease.

MATERIALS AND METHODS
Literature search
A comprehensive literature search of studies evaluating 
human subjects was performed by two investigators 
(Yan Shan and Peng-Ju Xu) to identify articles on 
diagnostic performance of Gd-EOB-MRI in detecting 
small HCC in patients with chronic liver disease. The 
PubMed and EMBASE databases were searched from 
January 2008 to February 2015, for English articles with 
the following keywords: (Gd-EOB-DTPA or gadoxetic 
acid or gadoxetate disodium or Gd-EOB-MRI) and 
(hepatocellular carcinoma or liver neoplasms) and 
(sensitivity or specificity or false negative or false positive 
or diagnosis or detection or accuracy). Other databases, 
such as Web of Science, Scopus and the Cochrane 
Database of systematic review, were also searched 
for relevant articles. All review articles, comments, 
case reports, letters, and unpublished articles were 
eliminated. Articles found to be eligible based on title, 
and subsequently abstract, were then selected to 
determine further suitability for inclusion in this study.

Inclusion and exclusion criteria
Studies were included if, in addition, all the following 
inclusion criteria were met: (1) articles reported in 
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English; (2) Gd-EOB-MRI with HBP performed to eva-
luate small HCC in patients with chronic liver disease; (3) 
histopathology analysis and/or cross-sectional imaging 
follow-up used as the reference standard; (4) data based 
on per-lesion basis; and (5) sufficient data reported 
to construct 2 × 2 contingency tables. Authors of 
studies with insufficient published data were contacted 
personally in an effort to retrieve the missing data. 
Studies were excluded if either of the following exclusion 
criteria were applicable: (1) fewer than 10 patients; 
or (2) multiple reports published for the same study 
population (in this case, the publication with the most 
details and/or most recently published was selected).

Data extraction and quality assessment
The methodological quality of the included studies was 
assessed independently by the same two investigators 
using the Quality Assessment of Diagnostic Accuracy 
Studies 2 (QUADAS-2) tool in Review Manager 5.3, which 
evaluates the risk of bias for four domains and clinical 
applicability for three domains of study characteristics. 
The QUADAS-2 tool was used as provided by the 
QUADAS-2 group[23]. Meanwhile, relevant data were also 
extracted from each study, including author, publication 
year, sample size, number of lesion, description of study 
population (age and gender), study design (case series, 
case control, cohort study, and randomized controlled 
trial), patient enrollment (consecutive or not), etiology of 
liver disease, magnetic field strength, dose of Gd-EOB-
DTPA, number of experts who assessed and interpreted 
Gd-EOB-MRI data, and mean time interval between Gd-
EOB-MRI and histopathology. Any mention Gd-EOB-MRI 
measurement blinding to histopathologic and clinical 
results and/or other diagnostic methods used was also 
recorded. For each study, the number of true-positive 
(TP), false-positive (FP), true-negative (TN), and false-
negative (FN) findings was recorded for Gd-EOB-MRI 
in detecting small HCC in patients with chronic liver 
disease. Disagreements were resolved by discussion 
between the two investigators.

Statistical analysis
Diagnostic accuracy: Data regarding diagnostic 
performance of Gd-EOB-MRI were combined quanti-
tatively across eligible studies. In addition, bivariate 
random-effects model and hierarchical summary receiver 
operating characteristic (ROC) were used to obtain 
summary estimates of sensitivity and specificity[24]. 
Diagnostic odds ratio (DOR) and likelihood ratios are also 
metrics that combine both sensitivity and specificity in 
calculations.

Heterogeneity exploration and subgroup analysis: 
Heterogeneity was assessed by likelihood χ 2 tests 
and I2. The I2 index is a measure of the percentage 
of total variation across studies due to heterogeneity 
beyond chance. Values of 30%-60%, 50%-90%, and 
75%-100% may represent moderate, substantial and 
considerable heterogeneity, respectively[25]. In likelihood 

ratio χ2 tests, P < 0.05 was regarded as indicative of 
apparent heterogeneity. The threshold effect is an 
important extra source of variation in meta-analysis. 
If there is a threshold effect, an inverse correlation 
appears; in this case, combining study results involving 
fitting a ROC curve was better than pooling sensitivities 
and specificities. To assess threshold effect existence, 
sensitivity and specificity for Gd-EOB-MRI were plotted 
on an ROC plane[26]. Moreover, Spearman correlation 
coefficient (between the logit of sensitivity and that of 
specificity) was determined for Gd-EOB-MRI. In case no 
threshold effect was found in the meta-analysis, meta-
regression analysis with a backward stepwise algorithm 
was then performed to investigate other sources of 
heterogeneity for Gd-EOB-MRI. Such factors included 
the type of study design (case series, case control, 
cohort study, and randomized controlled trial), use 
of the same reference standard, enrollment patients, 
age (year), gender, sample size, number of lesions, 
diameter of HCC, MRI field strength, dose of Gd-EOB-
DTPA, mean time interval between Gd-EOB-MRI and 
histopathology, reviewers (year of experience), and 
publication year.

Subgroup analysis was performed according to 
lesion size (≤ 2.0 cm vs ≤ 1.0 cm); We also compared 
the performance of Gd-EOB-MRI alone with that of its 
combination with DWI by analyzing studies that used 
these diagnostic methods in the same patients.

Publication bias: Publication bias was assessed visually 
using a scatterplot of the inverse of the square root of 
the effective sample size (1/ESS1/2) against diagnostic 
log odds ratio, which should have a symmetric funnel 
shape when no publication bias is present. Formal 
testing for publication bias was conducted using a 
regression of diagnostic log odds ratio against 1/ESS1/2 
and weighting according to the effective sample size, 
with P < 0.01 indicating significant asymmetry[27].

Statistical analysis was performed with Stata statis-
tical software Version 12 (StataCorp LP, Texas, United 
States) and Meta-DiSc statistical software, version 1.4 
(Unit of Clinical Biostatistics, Ramo’n y Cajal Hospital, 
Madrid, Spain). P < 0.05 was considered statistically 
significant.

RESULTS
Literature search and study selection 
After a comprehensive computerized search was per-
formed, with reference lists extensively cross-checked, 
this research yielded 387 primary studies; 265 studies 
were excluded after title and abstract review. One 
handred twelve articles were excluded after reviewing 
the full article for the following reasons: (1) study aim 
did not reveal Gd-EOB-MRI in detecting HCC (n = 45); 
(2) results were obtained from a combination of HCC, 
hepatic metastasis and other hepatic diseases that 
could not be differentiated for assessment of single 
disease (n = 9); (3) no results regarding Gd-EOB-DTPA 
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in diagnosis of small HCC (n = 42); and (4) too little 
data reported to allow construction of a 2 × 2 table of 
TP, FN, FP and TN values (n = 16). Therefore, a total 
of 10 studies[9-11,17-21,28,29], which fulfilled all inclusion 
criteria, were considered for the analysis. The detailed 
procedure of study selection in the meta-analysis is 
shown in Figure 1.

Study description
The important characteristics of the included studies are 
detailed in Supplement file for review. In brief, there 
were no cohort or randomized controlled studies. Most 
studies were case series. Of all 10 studies, 7 enrolled 
patients retrospectively[9,11,18-21,29], while 3 stated that 
they were prospective[10,17,28]. All 10 studies enrolled 
patients in a consecutive manner[9-11,17-21,28,29]. A total of 
768 patients were enrolled in the eligible studies. 

There were 5 studies with MRI examinations per-
formed with a 1.5 Tesla device[9,10,17,19,20]; 4 studies 
performed MRI examinations with 3.0 Tesla devi-
ces[11,18,21,29]. In the remaining study, MRI examinations 
were performed with 3.0 Tesla device in comparison 
with 1.5 Tesla device[28]. One report used a fixed dose 

of 10 mL of Gd-EOB-DTPA[11], while in the other 9, Gd-
EOB-DTPA was administrated according to the manufac-
turer’s instructions at 0.025 mmol per kilogram body 
weight. Evaluation of Gd-EOB-DTPA results was carried 
out in a blinded fashion in all 10 studies[9-11,17-21,28,29]. The 
reference standard depended solely on explanted livers 
in only two studies[20,21].

Assessment of study quality and publication bias
Study quality assessment data obtained with the 
QUADAS-2 tool are summarized in Figure 2. There 
were no studies considered to be at low risk of bias for 
all domains. The included studies being case series or 
of case-control design, a high risk of bias for patient 
selection was introduced. The substantial risk of bias 
regarding patient flow and timing mainly arose from 
that more than half of these studies used a combination 
of histopathologic findings and cross-section imaging 
follow-up as reference standards; this may result in 
verification bias. There was also a considerable risk 
of bias regarding the reference standard, as 2 studies 
reported that the pathologist was not blinded to imaging 
test results, while 4 others did not mention pathologist 

387 potentially eligible studies from the MEDLINE and EMBASE 
databases, scopus, the Cochrane database, and other sources

Studies screened on the basis of 
title and abstract

265 Studies excluded
  Not about Gd-EOB-DTPA (n  = 37)
  Not about HCC (n  = 125)
  About evaluation studies of 
  histology, therapy and prognosis for   
  HCC, the liver function (n  = 40)
  About technique optimization, case 
  report and comments (n  = 14)
  About animal studies (n  = 7)
  Review studies (n  = 42)

122 studies included

Full-text reports retrieved for 
detailed evaluation

10 Gd-EOB-DTPA studies about 
diagnosis of small HCC included

112 Studies excluded
  No reveal the diagnostic value of 
  Gd-EOB-DTPA MRI in HCC (n  = 45)
  No about small HCC (≤ 2.0 cm) 
  data (n  = 42)
  Results could not be differentiated 
  for assessment of single disease (n  = 9)
  Insufficient data (n  = 16)

Figure 1  Flow chart for articles identified and in
cluded in this metaanalysis. HCC: Hepatocellular 
carcinoma.
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blinding to index test results.
A nonsignificant slope was obtained for Deeks’ 

funnel plot asymmetry tests (Figure 3), indicating that 
no significant bias was found (P = 0.23).

Diagnostic performance of Gd-EOB-MRI in detecting 
small HCC
Overall small HCC (≤ 2.0 cm): When studies used 
multiple readers, giving a range of accuracy, we selected 
the average result for analysis. Pooled sensitivity of Gd-
EOB-MRI was 0.91 (95%CI: 0.83-0.95), for a specificity 
of 0.95 (95%CI: 0.87-0.98). DOR was 182 (95%CI: 
57-581). The detailed sensitivity and specificity data, 
with 95%CIs for each individual study are provided 
as a Forest plot in Figure 4. Likelihood ratio syntheses 
yielded an overall positive likelihood ratio (PLR) of 18.1 
(95%CI: 6.6-49.4) and negative likelihood ratio (NLR) 
of 0.10 (95%CI: 0.05-0.19). The scattergram of PLR 
and NLR is shown in Figure 5.

Hierarchical summary receiver operator characteristic 
(HSROC) curves (Figure 6) showed good diagnostic 

performance for Gd-EOB-MRI for all the studies 
combined. The area under the curve of the HSROC was 
0.97 (95%CI: 0.96-0.99).

Subgroup analysis
There were three studies with reported results con-
cerning Gd-EOB-MRI for diagnostic performance of 
sub-centimeter HCC (≤ 1.0 cm)[17,18,21]. For the sub-
centimeter HCC subgroup, pooled sensitivity and 
specificity were 0.69 (95%CI: 0.59-0.78) and 0.94 
(95%CI: 0.88-0.98), respectively. Sensitivity for sub-
centimeter lesions (0.69) was relatively low than values 
obtained for all small HCCs (0.91).

Comparison against Gd-EOB-MRI combined with DWI
Gd-EOB-MRI used alone and in combination with DWI 
were compared for performance by analyzing 3 studies 
that employed these diagnostic methods for the same 
patients[18,21,29]. The results suggested that Gd-EOB-
MRI combined DWI was more sensitive compared with 
Gd-EOB-MRI alone, whether for small HCC or sub-
centimeter lesions (Table 1).

Heterogeneity and meta-regression analysis
The heterogeneity of sensitivity and specificity tests 
was highly significant (P < 0.05 and I2 > 75%) (Figure 
4). This was strong evidence of between-study hetero-
geneity. Sensitivity and specificity for Gd-EOB-MRI were 
plotted on an ROC plane, and no curvilinear pattern 
was found. In addition, Spearman correlation coefficient 
(between the logit of sensitivity and that of specificity) 
for Gd-EOB-MRI was 0.237, with a P value of 0.51. 
No threshold effect was found in this meta-analysis. 
Meta-regression analysis showed that study design 
contributed significantly to heterogeneity (P = 0.04). 
However, other factors did not significantly contribute to 
study heterogeneity (P > 0.05).

DISCUSSION
Our results confirmed that Gd-EOB-MRI accurately 
detects small HCC. Previous reports showed that 
most HCCs appear as relatively low signal intensity 
lesions in HBP imaging because of inexistent gadoxetic 
acid uptake. Therefore, gadoxetic acid is expected to 
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Risk of bias                                                                   Applicability concerns

Hight                                                             Unclear                                                            Low
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Index test

Reference standard

Flow and timing

Figure 2  Grouped bar charts showing results of study quality assessment with the QUADAS2 tool. The charts show the cumulative results of the 10 included 
studies in terms of risk of bias (left) and concerns regarding applicability (right) according to each QUADAS-2 domain.
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enable excellent lesion detection and characterization 
for both hypervascular and hypovascular HCCs by 
arterial phase and HBP imaging, respectively[11,14,16,17,30]. 
Several studies suggested that hypointensity in HBP 
imaging, even in the absence of arterial phase hyper-
enhancement, is highly predictive of pre-malignant 
or malignant lesions[7,9,20]. Furthermore, early HCC is 
essentially hypovascular, with no dominant arterial 
blood supply. It is not surprising that conventional 
arterial phase imaging techniques are inefficient in 
evaluating early HCCs, with Gd-EOB-MRI HBP imaging 
being the only technique that successfully depicts 
early HCCs[19]. Previous findings confirmed that arterial 
hypervascularization delineation in HCC by gadoxetic 
acid is comparable to that by conventional Gd-DTPA[9]. 
Furthermore, sensitivity for hypervascular HCC detec-
tion is sufficiently high, and HBP images provide an 
added value to sensitivity, when Gd-EOB-MRI is app-

lied[9,17,19]. However, previous studies found that HBP 
imaging is almost the only technique that successfully 
depicts hypovascular HCCs[17,19]. Dynamic contrast-
enhanced MRI reveals hypervascular HCCs based on 
altered arterial vascularity due to the development 
of unpaired arteries and sinusoidal capillarisation[31]. 
A pathological explanation of arterial enhancement 
absence is the weak development of nontriadal arteries 
in hypovascular nodules (including early HCC), which 
make their characterization based on dynamic MR 
phases impossible[3,4,32]. However, hypovascular nodules 
usually show organic anion-transporting polypeptide 
under-expression, which begins prior to changes in 
hemodynamics. Therefore, they appear hypointense in 
HBP images[33].

We hypothesized that Gd-EOB-MRI and DWI combi-
nation has superior diagnostic performance over Gd-
EOB-MRI alone, as it provides multi-parametric data 

  Diagnostic methods compared Lesion size  Ref. Summary sensitivity, % (95%CI) Summary specificity, % (95%CI)  

  Gd-EOB-DTPA MRI alone ≤ 2.0 cm [18,21,28] 0.77 (0.71-0.82)  0.97 (0.93-0.99)
  Combined Gd-EOB-DTPA MRI with DWI 0.86 (0.82-0.90) 0.92 (0.88-0.96)
  P value 0.0047 0.975
  Gd-EOB-DTPA MRI alone ≤ 1.0 cm [18,21] 0.56 (0.45-0.69) 0.96 (0.90-0.99) 
  Combined Gd-EOB-DTPA MRI with DWI 0.80 (0.68-0.88) 0.94 (0.87-0.98)
  P value 0.0013 0.709

Table 1  Comparison of the diagnostic performance of Gadoxetic acid-enhanced magnetic resonance imaging alone and combined 
with diffusion weighted imaging1

1The diagnostic performance of each modality was compared by using the Z test for Summary sensitivity and specificity, P < 0.05 was considered indicative 
of a statistically significant difference. Gd-EOB-MRI: Gadoxetic acid-enhanced MRI; DWI: Diffusion-weighted imaging.

Figure 4  Forest plot of pooled sensitivity and specificity of gadoxetic acid-enhanced magnetic resonance imaging in detecting small hepatocellular 
carcinoma among patients with chronic liver disease. Summary sensitivity and specificity were 0.91 (95%CI: 0.83-0.95) and 0.95 (95%CI: 0.87-0.98), respectively.
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such as vascular changes, hepatocyte function and 
cellular density[20,21,34]. In addition, given the importance 
of HBP imaging in the detection of small hypovascular 
HCCs, a considerable number of small HCCs are easily 

overlooked in the HBP set, particularly the lesions 
located adjacent to vessels. Thus, hyperintensity on 
DWI could contribute to improving the detection of small 
HCCs by helping reduce the number of mischaracterized 
lesions and allowing more accurate characterization of 
equivocal lesions[16,18,20,21].

With regard to tumor size in HCC, confident dia-
gnosis of HCC in sub-centimeter hepatic nodules 
has been considered unfeasible[14,35]. Although per-
lesion sensitivity estimates for MR imaging in sub-
centimeter HCCs may be further increased with Gd-
EOB-DTPA use, it is still relatively low[18,21]. The results 
of this meta-analysis showed the relatively low per-
lesion sensitivity estimates for sub-centimeter HCCs. 
One possible explanation is that HBP ability to detect 
malignancies might be reduced in decompensated 
cirrhosis because gadoxetic acid uptake and metabolism 
are related to hepatocyte function. Previous studies 
showed a trend toward decreased sensitivity of Gd-
EOB-MRI for detecting small HCC with increasing 
cirrhosis severity[21,36]. It is clear that a cirrhotic liver 
shows restricted diffusion in line with hepatic fibrosis 
severity[37]. Thus, it remains difficult to identify HCC in 
severely cirrhotic liver in any imaging studies; this limits 
the usefulness of both Gd-EOB-MRI and DWI in patients 
with decompensated liver cirrhosis[18,20,21,36], especially 
for sub-centimeter HCCs.

Investigation of reasons for heterogeneity rather 
than computation of a single summary measure is an 
important purpose of meta-analysis[38]. Significant hetero-
geneity was found in pooled analysis of the included 10 
studies. Spearman correlation analysis demonstrated 
there was no significant threshold effect. This work 
suggested that study design may affect diagnostic 
accuracy. These findings corroborated a recently 
published report[39], which showed that case series 
studies have significantly higher per-lesion sensitivity 
than case-control studies. Therefore, it is important that 
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future studies adopt study designs that better control 
biases and provide higher levels of evidence such as 
cohort studies and randomized controlled trials.

In seven previous meta-analyses[40-46], investigators 
evaluated the detection of HCC of any size by Gd-EOB-
DTPA, three of which yielded a subgroup analysis for 
small HCCs[40-42]. In a recent meta-analysis, Kierans et 
al[47] evaluated the diagnostic performance of dynamic 
contrast-enhanced MRI for the detection of small HCC 
with subgroup analysis of Gd-EOB-MRI, whose results 
were consistent with our findings[40-42,47]. However, com-
pared with the above reports, this study has the follow-
ing characteristics: All cases in the included literatures 
had a history of chronic liver disease; subgroup analysis 
for the diagnostic performance of Gd-EOB-MRI and DWI 
combination in the detection of sub-centimeter HCC was 
performed. In addition, in two recent meta-analyses[39,48], 
investigators compared the diagnostic performance of 
ultrasonography, CT and MRI in the detection of HCC 
of any size without subgroup analysis. Therefore, in 
comparison with the above previous meta-analyses, we 
expanded the evaluation to combined Gd-EOB-MRI and 
DWI, and detectability for sub-centimeter HCC.

Our meta-analysis has several limitations. First, 
data were collected in a prospective manner, with a 
limited number of studies (only three studies), which 
resulted in a major methodologic limitation of includ-
ing many studies with retrospective patient data 
collection. Pooling such suboptimal retrospective results 
may have caused a bias toward increased diagnostic 
sensitivity[49]. Second, participants in included studies 
were both patients diagnosed with HCC based on 
findings prior imaging tests or other clinical data and 
those suspected of having HCC, which might have 
caused selection bias. In addition, limited numbers of 
lesions were diagnosed during liver transplantation 
(only two studies), which might have resulted in an 
overestimation of the diagnostic performance of Gd-
EOB-MRI by decreasing the number of false-negative 
lesions. Finally, considerable heterogeneity was 
observed with per-lesion analysis. For example, whether 
or not interpretation of pathology data was blinded 
from Gd-EOB-MRI seemed to be a common weakness, 
and only 4 studies used the same reference standard. 
Furthermore, we found substantial variation in the way 
Gd-EOB-MRI findings were used for the identification of 
HCC, indicating a lack of consensus regarding diagnostic 
criteria and thresholds. To overcome the heterogeneity 
of the present data, we used both the hierarchical 
summary ROC model and the random-effects model. 
Because the 95%CIs were not substantially wide, we 
believe that the present results are valuable. However, 
heterogeneity in this type of diagnostic study remains a 
point of concern.

In conclusion, our meta-analysis showed that Gd-
EOB-MRI has good diagnostic performance in the 
detection of small HCC (≤ 2.0 cm) among patients with 
chronic liver disease, but relatively lower performance 

for the detection of sub-centimeter HCC (≤ 1.0 cm). 
Combination of Gd-EOB-MRI and DWI can improve the 
diagnostic sensitivity of MRI for the detection of small 
HCC.
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emphasized, especially with the application of noninvasive multi-modality 
imaging.

Innovations and breakthroughs
In this study, the authors investigated the value of Gd-EOB-MRI for the 
diagnosis of sub-centimeter HCC. It is also believed to be the first meta-
analysis evaluating combined Gd-EOB-MRI and DWI in the detection of small 
HCC.

Applications
This meta-analysis showed that Gd-EOB-MRI has relatively lower performance 
for the detection of sub-centimeter HCC, and combination of Gd-EOB-MRI 
and DWI can improve diagnostic sensitivity. In clinical practice, the addition of 
DWI to routine protocol of Gd-EOB-MRI may help increase sensitivity in the 
detection of small HCC, especially for sub-centimeter lesion.

Peer-review
This is a meta-analysis evaluating Gd-EOB-MRI for the detection of small 
HCC in patients with chronic liver disease, showing that Gd-EOB-MRI has 
good diagnostic performance for the detection of small HCC; in addition, Gd-
EOB-MRI and DWI combination improves the diagnostic sensitivity of MRI for 
detecting small HCC. The methods used in this study are state of the art, and 
data are well presented and discussed in the light of the current literature.
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Abstract
AIM
To investigate the efficacy and safety of isolated hepatic 
perfusion (IHP) in the management of unresectable liver 
malignancies.

METHODS
Studies were identified manually and on-line by using 
PubMed and EMBASE database. We formulate the 
eligibility criteria according to the PICOS elements, 
and accessed the quality of studies using the MINORS 
instrument. Data from all included studies were carefully 
investigated. We calculated the pooled response rate and 
incidences of mortality reported from all eligible studies 
by using the Meta-Analyst software, and we computed 
a pooled relative risk (RR) and 95%CI by using the 
Comprehensive Meta-Analysis software. Heterogeneity 
was quantified evaluated using I 2 statistic.

RESULTS 
Eight studies, including 502 patients, were selected. 
Of these, six studies performed IHP, while the other 
two studies performed percutaneous IHP. The results 
showed that the pooled response rate was 60.8% 
(95%CI: 53.1%-68%), I 2 = 37.1%. The median overall 
survival was 20 mo (range: 12.1 to 25 mo) following IHP 
or PIHP. The pooled mortality rate was 5.4% (95%CI: 
2.5%-11.2%), I 2 = 37.5%. Prognostic factors predict 
the response to IHP or survival, and were reported in 
six studies. Meta-analysis demonstrated that Gender 
was not associated with overall survival (RR = 0.877, 
95%CI: 0.564-1.365); however, carcino-embryonic 
antigen ≤ 30 ng/mL was associated with a significant 
improvement in survival outcomes with colorectal cancer 
patients (RR = 2.082, 95%CI: 1.371-3.163), and there 
was no significant heterogeneity.

CONCLUSION
The present systemic review and meta-analysis suggest 
that IHP and PIHP are potentially efficient and safe 
techniques for unresectable liver primary and secondary 
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Core tip: The treatment of unresectable liver malignan-
cies is an important and difficult clinical problem. Many 
studies suggested that isolated hepatic perfusion to be 
efficacious and safe in the management of unresectable 
liver malignancies. However, there has not yet been a 
systematic analysis to evaluate this method. Therefore 
we reviewed all the literature we could get and con-
ducted a systemic review. In the present systemic review 
we demonstrated all details and results of this technique 
in every aspect and intensively investigated these data, 
so that it will help readers to understand this technique 
in a quick, comprehensive and objective way. 

Meng T, Li GQ, Dai MH. Isolated hepatic perfusion for 
unresectable hepatic malignancies: A systematic review and 
meta-analysis. World J Meta-Anal 2016; 4(5): 105-117  Available 
from: URL: http://www.wjgnet.com/2308-3840/full/v4/i5/105.
htm  DOI: http://dx.doi.org/10.13105/wjma.v4.i5.105

INTRODUCTION
Liver metastases are frequent manifestations of a 
variety of malignancies and are often the cause of 
mortality. The optimal curative treatment of primary or 
secondary liver tumors is surgical resection. However, 
less than one third of cases with malignant liver tumors 
are candidates for surgical intervention, whereas the 
rest exhibit unresectable feature due to the degree of 
liver involvement, insufficient liver remnant, or medical 
comorbidity[1,2]. For these patients, conventional chemo
therapy may be applied systemically but with little 
benefit and substantial toxicity.

Isolated hepatic perfusion (IHP) was developed over 
the past several decades as a complex open surgical 
technique to isolate the liver and perfuse the entire 
organ with high dosage chemotherapy. The complete 
vascular isolation and mobilization of liver allow maximal 
antitumor effect as well as minimal systemic toxicity[3,4]. 
As an alternative approach of IHP, percutaneous IHP 
(PIHP) obviate a large abdominal operation, and allows 
repeatable manipulation, which may enable the patients 
to get maximized therapeutic effects while having a 
faster recovery.

The management of patients with unresectable 
hepatic malignancies is a significant clinical problem. 
There are many uncertainties and controversies in 
treating these patients using either systemic or different 
regional therapies. Here we conduct this present study 
to systematically evaluate the existing literature of IHP 

and PIHP with specific focus on the profiles of efficacy, 
safety, and survival benefit.

MATERIALS AND METHODS
Literature search strategy
Studies were identified from the Pubmed and EMBASE 
electronic databases through January 2016 for relevant 
studies, using a combined MeSH terms and keywords 
search strategy. The following search terms were 
used: “isolated hepatic perfusion”, “tumor”, “cancer”, 
“neoplasm”, “carcinoma”, “metastases”, “nonresectable”. 
These themes were combined using the Boolean 
operator “AND”, “OR” in several combinations without 
restrictions. Articles were assessed based on the 
inclusion and exclusion criteria. We also reviewed the 
reference lists of retrieved papers and recent reviews.

Selection criteria
We attempted to formulate the eligibility criteria accord
ing to the PICOS elements. We performed an initial 
screening of titles or abstracts, and a second screening 
was based on fulltext review. Studies were considered 
eligible if they met the following criteria: (1) Patients with 
unresectable primary or secondary liver malignancies; 
(2) Studies using IHP or PIHP will be included. Variations 
in drug, dosage, timing, frequency and duration will be 
tolerated; (3) Studies reporting one or more of these 
outcomes are eligible: The therapeutic response, toxicity, 
survival and prognostic factors; (4) Clinical trials and 
prospective cohort studies, with patients who underwent 
IHP or PIHP ≥ 25. If there were multiple articles based 
on the same sample, the one that reported the most 
detailed data will be included. If multiple publications 
from the same institution were identified, the most 
resent update with the largest number of patients will be 
included.

Quality assessments
We accessed the quality of studies using the MINORS 
instrument[5]. Quality assessment was carried out 
independently by two reviewers. If both reviewers 
agreed, the study could be included to the systematic 
review. Discrepancies were in consultation with the 
senior author. The deviations between these included 
studies were taken into account during the quality 
assessment stage.

Data extraction
The data from all included studies were clearly tabu
lated. Information collected from these studies included 
study characteristics, patient and disease characteristics, 
parameters of IHP treatment, response rate, morbidity 
and mortality, survival information and prognostic 
factors.

Statistical analysis
We used a published analysis technique[6] to calculate 
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the pooled response rate and incidences of mortality 
reported from all eligible studies by using the Meta-
Analyst software (version Beta 3.13, Tufts Medical 
Center). And we computed a pooled relative risk (RR) 
and 95%CI by using the Comprehensive Meta-Analysis 
software, version 2.2 (Biostat, Englewood, New Jersey). 
Heterogeneity was quantified evaluated using I2 
statistic. I2 value of lower than 50% manifested with no 
or moderate heterogeneity, whereas I2 value of greater 
than 50% was represented with large or extreme 
heterogeneity[7]. The random effects model was used 
when heterogeneity existed.

RESULTS
Identification of eligible studies
The process of identifying eligible studies is summarized 
by the PRISMA chart[8] in Figure 1. We initially retrieved 
1002 articles from the PubMed and EMBASE data-
base and two further articles were yielded through 
manual search of reference lists. After the removal 
of duplicates, 613 unique citations were identified. Of 
these, the majority was excluded after screening on 
titles or abstracts, mainly because they were animal 
experiments, reviews, case reports or not relevant to 
our analysis. Fiftyfour fulltext articles were intensively 
reviewed. Twentynine studies were considered to have 

low volume patients (< 25)[937]. Seven articles did not 
assess for response, toxicity, survival or prognostic 
factors[3844]. Two studies employed biotherapy[45,46], and 
eight articles were excluded due to more publication 
from the same center or based on the same cohort[4754]. 
The remaining eight articles were included[5562]. The 
characteristics of included studies are summarized in 
Table 1.

Patient demographics and disease characteristics
The patient and disease characteristics are summarized 
in Table 2. Eight studies including a total of 502 patients 
were reviewed. Except one article that did not report 
the sex ratio, the rate of male vs female reported by 
other studies was 1.23:1. The majority of patients had 
unresectable colorectal origin liver metastasis (56%) 
or melanoma (27%). Other pathology causing liver 
malignancies include hepatocellular carcinoma (14%), 
cholangiocarcinoma (0.6%), neuroendocrine neoplasms 
(0.8%), breast cancer (0.4%), renal cell carcinoma 
(0.4%), pancreatic adenocarcinoma (0.2%), appendiceal 
cancer (0.2%), adrenal adenocarcinoma (0.2%), 
retroperitoneal sarcoma (0.2%), etc. All the included 
studies had reported the eligibility criteria for patients, 
including patients who had unresectable, biopsyproven 
hepatic malignancies, Eastern Cooperative Oncology 
Group performance status of 01, and other criteria to 

Records identified through
database searching (n  = 1002)
PubMed (n  = 462)
EMBASE (n  = 540)

Additional records indentified
through manual search (n  = 2)

Records after duplicates
removed (n  = 613)

Records screened 
(n  = 613)

Full-text articles assessed
for eligibility (n  = 54)

Studies included in
qualitative synthesis (n  = 8)

Records excluded (animal experiments,
reviews, case reports, not relevant studies,

comments) (n  = 559)

Full-text articles excluded, with reasons (n  = 46)
Insufficient patients (n  = 29)

More recent publication from same centre (n  = 8)
Outcome data not include response, toxicity,

survival or prognostic factors (n  = 7)
Biotherapy employed (n  = 2)

Figure 1  Literature search PRIMSA flow diagram.
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ensure that the patients would have good tolerance to 
the operation.

Isolated hepatic perfusion details and response
The isolated hepatic perfusion details and response 
rate are summarized in Table 3. Six of the eight studies 
performed IHP[55,56,5860,62], while the other two studies 
performed PIHP[57,61]. Melphalan, TNF, or a combination 
of these two drugs was employed in most studies. The 
majority of studies reported to have a perfusion time 
of 60 min and the perfusate temperature was kept at 
39.5 ℃40 ℃. The pooled response rate was 60.8% 
(95%CI: 53.1%68%), I2 = 37.1% (Figure 2).

Morbidity and mortality
Toxicity, morbidity, and mortality are shown in Table 
4. The pooled mortality rate was 5.4% (95%CI: 
2.5%11.2%), I2 = 37.5% (Figure 3). The majority of 
studies reported a reversible hepatic toxicity, mainly 
manifested in transient elevations in transaminases 
and serum bilirubin, which return towards normal 
approximately by postoperative day 7. Besides hepatic 
toxicity, the most common hematologic toxicity was 

anemia, thrombocytopenia, and neutropenia. Significant 
nonhematologic complications were rare.

Survival outcomes
Seven studies had assessed the survival outcomes 
we listed in Table 5. Following IHP or PIHP, the median 
overall survival was reported in a range of 12.1 to 25 
mo, with the median value to be 20 mo. There is one 
study using PIHP protocol that reported the median 
overall survival to be 25 mo, while that for patients who 
underwent IHP was 19 mo. 

Prognostic factors
Prognostic factors predict the response to IHP or 
survival, and were reported in six studies (Table 6). 
Olofsson et al[55] found the volume of liver occupied with 
metastases (RR = 1.04, P = 0.02) and, the diameter 
of the largest metastasis (RR = 1.23, P = 0.01) to be 
significant for survival on univariate analysis. Magge 
et al[56] found that CRC patients who received FUDR 
within one year after IHP had better survival than 
those did not receive floxuridine (RR = 0.3, P = 0.043). 
Fukumoto et al[57] reported that tumor response to PIHP 

  Ref. Year Country Research 
institution

Study 
period

MINORS 
score

IHP 
patients

(n)

Tumor
details

Eligibility 
and 

exclusion 
criteria

IHP 
details and 
response 

rate

Morbidity 
and 

mortality

Compli
cations and 
toxicities

Long
term 

survival

Prognostic 
factors

  Olofsson et al[55] 2014 Sweden The Swedish 
National 
Board of 

Health and 
Welfare

April 2005 
to March 

2011

18   34  Y Y Y Y Y Y Y

  Magge et al[56] 2014 United 
States

University 
of 

Pittsburgh 
Cancer 

Institute

November 
2003 to 

February 
2012

12   91 Y NR Y Y Y Y Y

  Fukumoto et al[57] 2014 Japan The Kobe 
University 
Hospital

January 
1989 to 

December 
2010

12   68 Y Y Y NR Y Y Y

  Alexander et al[58] 2009 United 
States

NCI June 1994 
to July 
2005

12 120 Y Y Y Y Y Y Y

  van Iersel et al[59] 2008 Nether-
lands

Leiden 
University 

Medical 
Center

August 
1994 to 

December 
2004

12 105 Y Y Y Y Y Y Y

  Rizell et al[60] 2008 Sweden Sahlgrenska 
University 
Hospital

1985 to 
2007

11   27 Y Y Y Y Y Y NR

  Pingpank et al[61] 2005 United 
States

NCI July 2001 
to January 

2004

12   28 Y Y Y Y Y NR NR

  Alexander et al[62] 2003 United 
States

NCI December 
1997 to 
August 

2002

12   29 Y Y Y Y Y Y Y

Table 1  Summary of data points presented in relevant clinical trials

Y: Recorded data available; NR: Not reported; NCI: The National Cancer Institute; MINORS: Methodological index for non-randomized studies.
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(RR = 0.108, P < 0.001) and normalization of serum 
des-γ-carboxy prothrombin (DCP) after PIHP (RR = 
0.28, P < 0.001) were both independent prognostic 
factors in HCC patients for survival. In Alexander’s study 

published in 2009, they carried out further research 
on prognostic factors. They found that patients who 
received IHP with postoperative hepatic arterial infusion 
chemotherapy with Floxuridine (FUDR) markedly 

  Ref. Patients
(n)

Age
(median)

Male: 
Female

Primary 
tumor

Primary tumor treatment
n  (%)

Liver involvement n  (%) 
or

mean percentage 
(range)

Number 
of liver 

metastases

Largest 
liver 

metastases 
diameter 

(cm), 
median 
(range)

Extra
hepatic 

metastases 
n  (%)

Excision Chemo
therapy

No 
treatment

< 5% 25%0% > 
0%

  Olofsson et al[55]   34 61
(17-77)

15:19 Ocular 
melanoma

15 (44%) 19 
(56%)

None 31 
(91%)

3 (9%) None 1-100 31 
(91%)

> 100 3(9%))

2.35 
(1.0-6.4)

None

  Magge et al[56]   91 54.3
(24-77)

50:41 CRC 54 
(59.3%)
Ocular 

melanoma 
29 (32%)
Others 8 
(8.7%)

None CRC 47 
(87%)

44 (48%) 30% (5%-80%) 9 (2-105) NR NR

  Fukumoto et al[57]   68 60
 (52-67)

61:7 HCC 68 (100%) NR None NR NR NR ≥ 4 8.3 
(5.0-12.6)

None

  Alexander et al[58] 120 52
 (22-74)

41:79 CRC NR NR NR 20% (5%-75%) NR 8 (1-50) NR

  Iersel et al[59] 105 ≤ 70 78:27 CRC 4 (3.8%) 51 
(48.6%)

50 (47.6%) NR NR NR < 10 71 (68%)
≥ 10 

34 (32%)

NR 34 (32.4%)

  Rizell et al[60]   27 53 (36-77) NR Melanoma NR NR NR 6 (22%) 11 (41%) 10 
(37%)

NR NR NR

  Pingpank et al[61]   28 49
(17-74)

14:14 Melanoma 
13

CRC 2
Others 13

NR NR NR NR NR NR NR NR 8 (29%)

  Alexander et al[62]   29 49
 (26-73)

15:14 Ocular 
melanoma

NR NR NR 20 
(69%)

8 (28%) 1 
(3%)

25 (4 ≥ 50) 5.6 (2-14) NR

Table 2  Patient demographics and disease characteristics

CRC: Colorectal cancer; HCC: Hepatocellular carcinoma; NR: Not reported.

Study name                   n

Olofsson et al  (2014)       34  

Magge et al  (2014)        68  

Fukumoto et al  (2014)    67  

Alexander et al  (2009)  114  

Iersel et al  (2008)          97  

Rizell et al  (2008)          27  

Pingpank et al  (2005)    27  

Alexander et al  (2003)   29  

Overall

95%CI

0.676 (0.505, 0.811)

0.647 (0.527, 0.751)

0.716 (0.598, 0.811)

0.605 (0.513, 0.691)

0.536 (0.437, 0.633)

0.704 (0.510, 0.844)

0.296 (0.156, 0.490)

0.621 (0.436, 0.776)

0.608 (0.531, 0.680)

0.2    0.3    0.4    0.5    0.6    0.7     0.8    0.9    1.0    1.1

Figure 2  Forest plot of the studies for response rate. Pooled estimate (%) = 60.8%, 95%CI: 53.1%-68.0%, I2 = 37.1%.
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prolonged the duration of response from 5.8 to 13 mo 
(P < 0.001). Patients who received higher doses of 
Melphalan tended to have higher response rates (P = 
0.034). In survival analysis, it was found that the use of 
hepatic artery infusion (HAI) following IHP (for OS: RR 

= 1.78, P = 0.0039, for PFS: RR = 2.79, P < 0.0001) 
and preoperative carcino-embryonic antigen (CEA) ≤ 
30 ng/mL (for OS: RR = 2.29, P = 0.0012, for PFS: RR 
= 2.35, P = 0.0006) were independently associated 
with hepatic PFS and OS. A study carried out by van 

  Ref. Patients 
evaluable 

for 
response 

(n)

IHP/
PIHP

IHP chemotherapy protocol Patient response Overall 
response
(CR + 
PR, %)

Drug Dose Perfusion 
temperature

Perfusion 
time

Courses 
per 

patient 
(n )

Complete
response 

(%)

Partial 
response 

(%)

Stable
disease 
(%)

Progressive
disease (%)

  Olofsson et al[55]   34 IHP Melphalan 1 mg/kg 40 ℃ 60 min 1 4 (12%) 19 (56%) 6 (18%) 5 (15%) 68%
  Magge et al[56]   68 IHP Melphalan

Oxaliplatin
Oxaliplatin 

+ 5FU

1.5 mg/kg
40 mg/m2

5FU 200 
mg/m2

40 ℃ 60 min 1 44 (64.7%) 24 (35.3%) 64.7%

  Fukumoto et al[57]   67 PIHP Mitomycin 
C and/or

Doxorubicin

20-40 mg/
m2

60-120 
mg/m2

NR 30-40 min 1.51
(range 

1-3)

  21 (31.3%) 27 (40.3%) 11 
(16.4%)

8 (11.9%) 71.6%

  Alexander et al[58] 114 IHP Melphalan
TNF alone

or both

1.5 mg/kg
1 mg

39.5 ℃-40 ℃ 60 min 1 2 (1.8%) 67 (58.8%) NR NR 60.5%

  van Iersel et al[59]   97 IHP Melphalan 200 mg 39.5 ℃ 60 min 1 3 (3.1%) 49 (50.5%) 23 
(23.7%)

22 (22.7%) 53.6%

  Rizell et al[60]   27 IHP Melphalan
With or 
without

TNF

0.5, 1 and 2 
mg/kg
30 μg

≥ 40 ℃ 40-60 min 1 2 (7.4%) 17 (63.0%) 2 (7.4%) 6 (22.2%) 69.4%

  Pingpank et al[61]   27 PIHP Melphalan 2-3.5 mg/
kg

NR 60 min     2.64 2 (7.4%) 6 (22.2%) NR NR 29.6%

  Alexander et al[62]   29 IHP Melphalan 1.5 mg/kg NR 60 min 1 3 (10%) 15 (52%) NR NR 62%

Table 3  Isolated hepatic perfusion details and response rate

NR: Not reported. IHP: Isolated hepatic perfusion; PIHP: Percutaneous isolated hepatic perfusion.

Study name                   n

Olofsson et al  (2014)       34  

Magge et al  (2014)        91 

Alexander et al  (2009)   120  

Iersel et al  (2008)         105  

Rizell et al  (2008)          27  

Pingpank et al  (2005)     28  

Alexander et al               29  

Overall

95%CI

0.000 (0.000-0.191)

0.033 (0.011-0.097)

0.067 (0.032-0.133)

0.042 (0.017-0.096)

0.222 (0.103-0.414)

0.000 (0.000-0.223)

0.000 (0.000-0.217)

0.054 (0.025-0.112)

0.0           0.2          0.4           0.6          0.8           1.0

Proportion: 95%CI

Figure 3  Forest plot of the studies for mortality. Pooled estimate (%) = 5.4%, 95%CI: 2.5%-11.2%, I2 = 37.5%.
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Iersel et al[59] revealed that adjuvant chemotherapy 
was a positive prognostic factor for hepatic response 
to IHP (RR = 5.91, P = 0.009), while the female sex 
was borderline significant (RR = 2.65, P = 0.05). They 
confirmed adjuvant chemotherapy following IHP was 
a positive factor for PFS on multivariate analysis (RR 
= 0.05, P = 0.039), whereas on univariate analysis, 
no chemotherapy directed at liver metastases before 
IHP was a potential positive factor (P = 0.09). When 

assessed for OS, they found ≥ 10 liver metastases (RR 
= 1.95, P = 0.006), absence of hepatic artery perfusion 
(RR = 4.15, P = 0.003), presence of postoperative 
complications (RR = 1.54, P = 0.048) were all negative 
factors. Alexander et al[58] reported that patients 
with Ocular Melanoma who have a baseline lactate 
dehydrogenase (LDH) > 160 U/L were likely to have 
shorter survival courses (RR = 17.1, P = 0.0062). 

According to the prognostic factors mentioned above, 

  Ref. Mortality Toxicity grade 3/4 (%) Complications grade 3/4 (%)

Biliru
bin

Trans
amina

ses

Alkaline 
phospha

tase

Neutro
penia

Platelets Anemia Hepatic 
artery 

obstruction

Hepatic 
failure

Bleeding Hypotension Wound 
infection 

  Olofsson et al[55] None NR NR NR NR NR NR 2.90% NR NR NR NR
  Magge et al[56] 3.30% 20.50% 50.00% 3.40% 2.30% 18.20% 50.00% NR 5.70% NR 0% 3.40%
  Fukumoto et al[57] NR NR 77.90% NR 44.10% NR NR NR NR 1.50% NR 8.80%
  Alexander et al[58] 4% 46.70% 55.80% 4.20% 0.80% 10.00% NR NR 3.30% 0.80% 5.80% 2.50%
  van Iersel et al[59] 6% 18.00% 20.00% 15.20% 2.90% NR NR 1.90% NR 8.60% NR NR
  Rizell et al[60] 22% NR NR NR NR NR NR NR NR NR NR NR
  Pingpank et al[61] None 18.9% (hepatic toxicity) 66.20% 35.10% 17.60% NR NR NR NR NR
  Alexander et al[62] None 65.5% (hepatic toxicity) NR NR NR NR NR NR NR NR
  Pooled P
  95%CI

5.4% 
(2.5%-11.2%)

10.3 
(2%-39%)

19.2 
(8.7%-37.2%)

31.9% 
(9.3%-68.1%)

2.2% 
(0.7%-6.6%)

4.5% 
(2.3%-8.4%)

4.50%
(1.8-11.1%)

2.7% 
(0.3%-20.3%)

5.7% 
(3.1%-10.2%)

Table 4  Isolated hepatic perfusion morbidity and mortality

NR: Not reported.

Study name                                                Statistics for each study                                                        Risk ratio and 95%CI

Risk
ratio

Lower
limit

Upper
limit

Z  value P  value

 Olofsson et al  (2014)   

Magge et al  (2014)

 Fukumoto et al  (2014)

0.970

0.930

0.596

0.877

0.461

0.492

0.201

0.564

2.043

1.758

1.770

1.365

-0.080

-0.223

-0.932

-0.581

0.936

0.823

0.351

0.561

0.01           0.1               1              10            100

Female                          Male

Meta analysis

Figure 4  Forest plot of the relative risk of overall survival for different gender.

Study name                                                Statistics for each study                                                        Risk ratio and 95%CI

Risk
ratio

Lower
limit

Upper
limit

Z  value P  value

Magge et al  2014

Alexander et al  2009

1.670

2.290

2.082

0.780

1.389

1.371

3.578

3.776

3.163

1.319

3.246

3.438

0.187

0.001

0.001

0.1      0.2          0.5        1        2            5        10

CEA ≤ 30 ng/mL          CEA > 30 ng/mL

Meta analysis

Figure 5  Forest plot of the relative risk of overall survival for different preoperative carcino-embryonic antigen levels. CEA: Carcino embryonic antigen.
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gender and preoperative CEA level predictive of survival 
were the only comparable factors with sufficient data for 
metaanalysis. Gender was not associated with overall 
survival (Figure 4); however, CEA ≤ 30 ng/mL was 
associated with a significant improvement in survival 
outcomes with CRC patients (RR = 2.082, 95%CI: 
1.3713.163) (Figure 5). There was no significant 
heterogeneity.

DISCUSSION
The ideal curative intervention of primary or secondary 
liver malignancies is surgical resection. Nonetheless, the 
diseases are unresectable in the majority of patients 
when diagnosed[2,63]. Systemic chemotherapy remains 

the first-line of palliative therapy for metastatic disease 
and, little benefit is gained from long-term prospective, 
although it is associated with good initial response rates. 
Better tumor response has been shown to correlate with 
significant systemic toxicity in the setting of high dosage 
of chemotherapy, which limits the application of systemic 
chemotherapy[64]. To circumvent such limitations, liver
directed regional therapies have emerged as novel 
therapeutic strategies. Regional therapies such as 
HAI, IHP, are based on the fact that higher doses of 
chemotherapy may improve the outcomes. HAI delivers 
chemotherapeutic regimens with a high rate of hepatic 
clearance directly to the hepatic artery, which provides 
the majority of blood supply to the tumor, thus avoiding 
systemic toxicity while achieving high concentrations 
of chemotherapeutic agents. The HAI method allows 
some regimens to achieve a 15fold concentration 
in liver tumors compared to normal liver. IHP, which 
further blocks inferior vena cava (IVC), allows using 
more kinds of drugs and can reach up to 5 times higher 
tolerable drug doses than HAI without fear of systemic 
exposure[65]. That is, IHP allows broader regimens and 
gets higher concentrations, which would be lethal if 
administered systemically. 

IHP has been investigating and reporting worldwide 
since its first description five decades ago[66]. Many 
studies evaluated the efficacy, safety, as well as the 
longterm survival of IHP, using generally accepted 
standards and yielded quantified results. Most studies 
acclaimed IHP to be efficacious and safe. Although 
promising, no current systemic evaluation of IHP is 

  Ref. Median 
followup 

(mo)

Median time 
to local 

progression 
(mo)

Median time 
to systemic 
progression 

(mo)

Median hepatic 
progression
free survival 

(mo)

Overall survival
Median OS 
(mo from 

IHP)

1yr 
survival

(%)

2yr 
survival

(%)

3yr 
survival

(%)

4yr 
survival

(%)

5yr 
survival

(%)

  Olofsson et al[55] NR 7 (0-31) 13 (2-34) NR 24 NR NR NR NR NR
  Magge et al[56] NR NR NR For CRC 

group: 12 
(10.53-13.47)
For CR: 12
For PR: 12 
(10.1-13.9)

For SD: 12.5 
(10.53-13.47)

23 (15-28) NR NR NR NR NR

  Fukumoto et al[57] 20 (3-191) NR NR NR 25 80.6% NR 35.7% NR 27.6%
  Alexander et al[58] 78.1 

(52.1-104.2)
7.3 (6.5-8.0) NR 25 (19.4-30.6) NR 53% 28% 14% NR

  van Iersel et al[59] NR NR NR 7 17.4 NR 34% NR NR NR
  Rizell et al[60] IHP I cohort: 

NR
IHP II cohort: 

NR
IHP III 

cohort: 7 
(range 4-18)

NR NR NR 12.6 (2.5-57) NR NR NR NR NR

  Alexander et al[62] 11 (3-40) 8 12 12.1 (3-39+) NR NR NR NR NR
  Median value (range) 20 (12.1-25)

Table 5  Longterm survival outcomes after isolated hepatic perfusion

OS: Overall survival; NR: Not reported; CRC: Colorectal cancer; CR: Complete response; PR: Partial response; SD: Stable disease.

  Ref. Year Prognostic 
factors for 
response

Prognostic 
factors for 

TTLP

Prognostic 
factors for 

PFS

Prognostic 
factors for 

OS
  Olofsson et al[55] 2014 NR Y NR Y
  Magge et al[56] 2014 Y NR NR Y
  Fukumoto et al[57] 2014 NR NR NR Y
  Alexander et al[58] 2009 Y NR Y Y
  van Iersel et al[59] 2008 Y NR Y Y
  Rizell et al[60] 2008 NR NR NR NR
  Pingpank et al[61] 2005 NR NR NR NR
  Alexander et al[62] 2003 Y NR NR Y

Table 6  Summary of prognostic factors presented in relevant 
clinical trials

TTLP: Time to local progression; PFS: Progression free survival; OS: 
Overall survival; NR: Not reported.
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available yet. Therefore we reviewed all the literature 
we could get and conducted a systemic review. As 
an alternate of IHP, here we discussed PIHP and IHP 
together.

Our systemic metaanalysis demonstrated a pooled 
response rate following IHP/PIHP treatment to be 
60.8% (95%Cl: 53.1%68.0%), with each individual 
ranging from 29.6% to 71.6%. The median overall 
survival of IHP/PIHP was 20 mo (range: 12.125). 
This is particularly encouraging when considered 
with the low effects and high mortality with systemic 
chemotherapy. To our knowledge, there has been 
no randomized trial so far to compare the outcomes 
between IHP and systemic chemotherapy. A case
control study by van Iersel et al[53] for the first time 
revealed no statistical significance of overall survival 
(OS) between IHP and systemic chemotherapy in 
unresectable colorectal cancer liver metastases (median 
overall survival: 25.0 mo for IHP group and 21.7 mo for 
chemotherapy, P = 0.29). However, selection bias has to 
be considered given the disagreement of age and, the 
duration of followup between the two groups. Further 
investigations including randomized controlled trials are 
of great necessity to evaluate the efficacy of IHP/PIHP 
in comparison to conventional systemic chemotherapy 
and other regional therapies.

Most studies found the procedure of IHP and PIHP 
to be safe. Among the selected studies, mortality was 
varied between 0% and 6%, and we drew the pooled 
mortality rate to be 5.4%. Most investigators observed a 
transient liver toxicity, which manifested by increases of 
bilirubin and transaminases, and would approximately 
decrease to normal level by postoperative day 7. Grade 
34 postoperative toxicity and major complications 
were listed in our review (Table 4). Albeit the major 
systemic toxicity was avoided and the mortality was 
acceptable, we still should take notice of selecting ideal 
patients to undergo these procedures.

Due to limited number and the heterogeneity of 
outcomes reported by different studies, the only definite 
prognostic factors with sufficient data for meta-analysis 
were gender and preoperative CEA levels predictive 
of survival (Figures 4 and 5). The result indicated that 
CRC patients with low preoperative CEA (≤ 30 ng/mL) 
tended to have a better outcome compared to those 
whose preoperative CEA level > 30 ng/mL. Of note, IHP 
followed by HAI has been reported as a positive factor 
of survival by several investigations[49,51,56,58]. However, 
due to the inconsistency or the absence of detailed 
parameters, we cannot get the results combined into an 
integrated one.

As a repeatable, less invasive method of hepatic 
perfusion via percutaneous administration, PIHP has 
been under clinical evaluation since the early 1990s[37,67]. 
Among all the studies, the majority was smallscale 
observational studies and case reports[21,24,36,6870], and 
only two studies met our inclusion criteria. Fukumoto 

et al[57] performed 101 perfusions on 67 patients with 
hepatocellular carcinoma using Mitomycin C and/or 
Doxorubicin. They showed a hepatic response rate of 
71.6% with overall survival of 25 mo, longer than the 
mean value of median OS of 19 mo reported by other 
six articles using IHP approach. Pingpank[71] described 
a response rate of 29.6% in phase I study for patients 
with liver metastasis from various origins and of 34.1% 
in a phase III trial for patients with liver metastasis from 
melanoma. The phase III trial also reported the median 
hepatic PFS was longer in patients treated with PIHP 
than patients treated with standard of care (254 d vs 
49 d). The distinction of response rates between these 
two sets of studies might be attributed to different 
cancer types and chemotherapy regimens. Additionally, 
in the phase I study, the response rate was not good 
perhaps due to the fact that the study was designed to 
evaluate toxicity and subsequently determine the MTD 
during dose escalation. In other words, the response 
rate was not their primary end point. Meanwhile, in the 
phase III study, the number of patients was relatively 
low, there were only a handful of patients who were 
refractory to systemic chemotherapy enrolled in the trial 
and associated with some withdrawers. All these factors 
might be selection bias for the study.

A number of limitations to this metaanalysis should 
not be ignored. All studies were nonrandomized phase 
I/II clinical trials in design and may be liable to selection 
bias. Several aspects of heterogeneity may contribute 
to varied response and overall survival including 
pathological types of cancer, chemotherapy regimen, 
prior therapies, etc. In addition, the inconsistency of 
prognostic factors described in individual studies made 
it difficult to compare and evaluate in meta-analysis.

In general, IHP and PIHP have unique and obvious 
advantages compared to systemic chemotherapy. For 
decades, investigations of IHP and PIHP were continually 
conducted, different regimens, the combination of 
chemotherapy, hyperthermia and hypoxemia, variations 
for the inflow and the venovenous bypass have been 
tested to improve the efficacy and safety. The present 
systemic review and metaanalysis suggest that IHP 
and PIHP are potentially efficient and safe techniques for 
unresectable liver primary and secondary malignancies, 
exhibiting a relatively high response rate, low mortality 
rate, and potentially prolonged overall survival. Though 
the role of hepatic perfusion is still not fully understood, 
there are vacant areas need to be explored. Can IHP 
make benefits to patients who were chemorefractory? 
Will IHP followed by HAI play a more effective role 
than IHP does? Will it improve the outcomes when 
IHP is a component to therapy and is combined with 
systemic chemotherapy or other regional therapies? 
How effective is it when applied to other types of tumor, 
e.g., pancreatic carcinoma? What kinds of patients 
would benefit most from this procedure? What is the 
appropriate timing of using IHP? And for percutaneous 
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perfusion, which of the alternative techniques would be 
better, and how many times should they be repeated in 
different patients? These questions remain to be solved. 
Continued evaluation and great efforts are required to 
clarify its role and greater benefit each patient.

COMMENTS
Background
The optimal curative treatment of primary or secondary liver tumors is surgical 
resection. However, less than one third of cases with malignant liver tumors 
are candidates for surgical intervention. Conventional chemotherapy may be 
applied systemically but little benefit is gained from long-term prospective. Better 
tumor response has been shown to correlate with significant systemic toxicity 
in the setting of high dosage of chemotherapy, which limits the application of 
systemic chemotherapy. Isolated hepatic perfusion (IHP) as a liver-directed 
regional therapy, completely separating the liver’s blood supply from the rest 
of the body through a surgical operation, and allows extremely high tolerable 
drug doses without fear of systemic exposure. As an alternative approach of 
IHP, percutaneous IHP (PIHP) is performed via a minimally invasive approach, 
using a double-balloon catheter to cut the liver’s circulation. Here the authors 
conduct this study to investigate the efficacy, safety and survival benefit of these 
approaches.

Research frontiers
IHP has been investigating since its first description five decades ago. As a 
repeatable, less invasive method of hepatic perfusion, PIHP has been under 
clinical evaluation since the early 1990s. For decades, investigations of IHP 
and PIHP were continually conducted, different regimens, the combination 
of chemotherapy, hyperthermia and hypoxemia, variations for the inflow 
and the venovenous bypass have been tested to improve the efficacy and 
safety. Most studies acclaimed that IHP and PIHP have unique and obvious 
advantages compared to systemic chemotherapy. The role of hepatic perfusion 
in multidisciplinary treatment approaches for unresectable liver malignancies is 
still not fully understood. Continued evaluation and great efforts are required to 
clarify its role and greater benefit each patient.

Innovations and breakthroughs
IHP and PIHP have been successfully performed to treat primary or secondary 
unresectable liver cancers in various studies. In the present systemic review the 
authors reviewed the literature, carefully extracted and investigated the data, 
demonstrated all details and results of this technique in every aspect, so that it 
will help readers to understand this technique in a quick, comprehensive and 
objective way.

Applications
This review suggests that IHP and PIHP are potentially efficient and safe 
techniques for unresectable liver primary and secondary malignancies, exhibiting 
a relatively high response rate, low mortality rate, and potentially prolonged 
overall survival.

Terminology
IHP is a surgical technique that completely separating the liver’s circulation from 
the rest of the body’s circulatory system. The isolation of the liver’s circulation 
allows an extremely high concentration of chemotherapy to the whole organ, 
while minimizing systemic toxicity. The procedure requires an open surgery 
which can be done only once. As an alternative approach of IHP, PIHP is 
performed via a minimally invasive approach, using a double-balloon catheter 
to cut the liver’s circulation under fluoroscopic guidance. PIHP obviate a large 
abdominal operation, and allows repeatable manipulation, which may enable the 
patients to get maximized therapeutic effects while having a faster recovery.

Peer-review
This is an interesting review regarding the IHP for unresectable hepatic 
malignancies. The review of this topic may be useful for readers.
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Abstract 
AIM
To evaluate the incidence of lymph node metastasis (LNM) 
and its risk factors in patients with Siewert type Ⅰ and type 
Ⅱ pT1 adenocarcinomas.

METHODS
We enrolled 85 patients [69 men, 16 women; median 
age (range), 67 (38-84) years] who had undergone 
esophagectomy or proximal gastrectomy for Siewert 
type Ⅰ and type Ⅱ pT1 adenocarcinomas. Predictive risk 
factors of LNM included age, sex, location of the tumor 
center, confirmed Barrett’s esophageal adenocarcinoma, 
tumor size, macroscopic tumor type, pathology, invasion 
depth, presence of ulceration, and lymphovascular 
invasion. Multivariate logistic regression analysis was used 
to identify factors predicting LNM. We also evaluated the 
frequencies of LNM for Siewert type Ⅰ and type Ⅱ pT1 
adenocarcinomas in meta-data analysis.

RESULTS
LNMs were found in 11 out of 85 patients (12.9%, 
95%CI: 5.8-20.0). Only 1 of the 15 patients (6.6%, 
95%CI: 0.0-19.2) who had a final diagnosis of pT1a 
adenocarcinoma had a positive LNM, whereas 10 of 
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the 70 patients (14.2%, 95%CI: 6.0-22.4) with a final 
diagnosis of pT1b adenocarcinoma had positive LNM. 
Furthermore, only one of the 30 patients (3.3%, 95%CI: 
0.0-9.7) with a tumor invasion depth within 500 µm from 
muscularis mucosae had positive LNM. Poor differentiation 
and lymphovascular invasion were independently 
associated with a risk of LNM. In meta-data analysis, 12 
of the 355 patients (3.3%, 95%CI: 1.5-5.2) who had a 
final diagnosis of pT1a adenocarcinoma had a positive 
LNM, whereas 91 of the 438 patients (20.7%, 95%CI: 
16.9-24.5) with a final diagnosis of pT1b adenocarcinoma 
had positive LNM. 

CONCLUSION
We consider endoscopic submucosal dissection (ESD) is 
suitable for patients with Siewert type Ⅰ and type Ⅱ T1a 
adenocarcinomas. For patients with T1b adenocarcinoma, 
especially invasion depth is within 500 µm from muscularis 
mucosae with no other risk factor for LNM, diagnostic 
ESD could be a treatment option according to the overall 
status of patients and the presence of comorbidities.

Key words: Siewert type Ⅰ and type Ⅱ adenocarcinomas; 
Lymph node metastasis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We evaluated meta-analysis of the incidence 
of lymph node metastasis (LNM) in patients with 
Siewert type Ⅰ and type Ⅱ pT1 adenocarcinomas. Of 
previous 5 reports and our study, 12 of the 355 patients 
(3.38%, 95%CI: 1.5-5.2) in pT1a adenocarcinoma had 
LNM, whereas 91 of the 438 patients (20.7%, 95%CI: 
16.9-24.5) in pT1b adenocarcinoma had LNM. We 
consider endoscopic submucosal dissection (ESD) to be 
a reasonable for patients that have well differentiated, 
limited to the mucosa, and within 30 mm in diameter 
with no lymphovascular invasion. For patients with T1b 
adenocarcinoma, especially invasion depth within 500 
µm from muscularis mucosae with no other risk factor for 
LNM, diagnostic ESD could be a treatment option. 

Osumi H, Fujisaki J, Omae M, Shimizu T, Yoshio T, Ishiyama A, 
Hirasawa T, Tsuchida T, Yamamoto Y, Kawachi H, Yamamoto N, 
Igarashi M. Meta-analysis of lymph node metastasis in Siewert 
type Ⅰ and Ⅱ T1 adenocarcinomas. World J Meta-Anal 2016; 4(6): 
118-123  Available from: URL: http://www.wjgnet.com/2308-3840/
full/v4/i6/118.htm  DOI: http://dx.doi.org/10.13105/wjma.v4.i6.118

INTRODUCTION
Barrett’s esophagus is most often diagnosed in people 
who have long term gastroesophageal reflux disease 
(GERD), which is a chronic regurgitation of acid from 
the stomach into the lower esophagus. It is associated 
with an increased risk of developing esophageal 
adenocarcinoma. The frequency of Barrett’s esophageal 

adenocarcinoma (BEA) from Barrett’s esophagus is 
about 0.5% per year[1]. However, the frequency of BEA is 
thought to be increasing because of the Westernization of 
dietary habits, obesity, and increased frequency of GERD 
associated with a decreasing frequency of Helicobacter 
pylori (H. pylori) infection in Japan.

Endoscopic submucosal dissection (ESD) for eso
phageal and gastric cancer is limited by the possible 
incidence of regional lymph node metastasis (LNM). There 
is robust data about the frequencies of LNM of squamous 
cell carcinoma or esophageal adenocarcinoma over the 
full length of esophagus. In contrast, there is a few data 
about the frequency of LNM for Siewert type Ⅰ and type 
Ⅱ pathological T1 (pT1) adenocarcinomas. Especially, 
there is only one report about the frequency of LNM for 
Siewert type Ⅱ pT1 adenocarcinomas from 2005 to 2015 
in the pubMed database[2]. Siewert type Ⅰ was defined as 
adenocarcinoma of the distal esophagus, which usually 
arises from an area with Barrett’s esophagus and may 
infiltrate the esophagogastric junction (EGJ) from above[3]. 
On the other hand, Siewert type Ⅱ was defined true 
carcinoma of the cardia arising immediately at the EGJ3. In 
this range, there are two types of adenocarcinomas: BEA 
from short or long segment Barret’s esophagus develops 
from inflammation caused by exposure of the esophagus 
to gastric acid and bile; and gastric adenocarcinoma 
develops from mucosal atrophy and intestinal metaplasia, 
mainly caused by H. pylori infection[4].

If the frequency of LNM and the risk factors driving 
this process in this range can be determined, then 
patient treatment can be stratified: ESD can be offered 
to patients with tumors that have a low frequency of 
LNM; and surgical resection can be offered to patients 
with tumors that have a high frequency of LNM. The 
aim of this study was to evaluate the frequency of LNM 
for Siewert type Ⅰ and Ⅱ pT1 adenocarcinomas and its 
risk factors of LNM.

MaTeRIals aND MeThODs
Study population
There were 85 patients who received esophagectomy 
or proximal gastrectomy or additional surgery after ESD 
in Siewert type Ⅰ and type Ⅱ pT1 adenocarcinomas 
between January 2006 and December 2014 in our 
hospital. Our selection criteria were: (1) the center of 
the tumor was within 2 cm of the EGJ at the gastric side 
or within 5 cm of the EGJ at the oral side; (2) invasion 
depth was intramucosal or submucosal and was not 
reached the muscularis propria; and (3) patients had 
received primary surgery or additional surgery after 
ESD. pathological evaluation was performed by two 
experienced pathologists (Kawachi H and Yamamoto N).

Tumor classifications
Differentiated pathology included papillary adenocarcinoma 
and tubular adenocarcinoma. Undifferentiated pathology 
included poorly differentiated adenocarcinoma, signet
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ring cell carcinoma, and mucinous adenocarcinoma. For 
the condition to be considered Barrett’s esophagus, one 
of the following criteria must have been met: We could 
identify these pathologic findings in anal side of the tumor; 
esophageal glands, squamous island, and double layer of 
muscularis mucosae. Or we could find palisade vessels 
around the tumor endoscopically. Invasion depth was 
divided into T1a (Tumor confined to the mucosa) and T1b 
(Tumor confined to the submucosa) groups. T1b lesions 
were subclassified as: SM1 (tumor invasion is within 500 
µm of the muscularis mucosae) or SM2 (tumor invasion 
is 500 µm or more deep into the muscularis mucosae). 
Assessment of the depth of tumor infiltration into the SM 
layer was based on the Japanese Classification of Gastric 
Carcinoma[5].

Meta-data analysis of the frequencies of LNM for Siewert 
type Ⅰ  and Ⅱ  pT1 adenocarcinomas 
We searched for articles which were mentioned about 
the frequency of LNM for Siewert type Ⅰ and Ⅱ pT1 
adenocarcinomas in the pubMed database from 2005 
to 2015 using following terms: “T1,” “esophagogastric 
junction adenocarcinoma”, “esophageal adenocarcinoma”, 
“lymph node metastasis”, “early”, “superficial”. Terms 
were combined with “and/or” and asterisks. The main 
reasons of initial exclusion were as follows; squamous cell 
carcinoma was also included, esophageal adenocarcinoma 
of over the full length of esophagus, nonEnglish literature, 
case reports, reviews and double publications.

This study was performed in accordance with the 
Declaration of Helsinki and approved by our Institutional 
Review Board (Registry number: 20151143).

Statistical analysis
predictive risk factors included age, sex, location of tumor 
center (Siewert type Ⅰ or Ⅱ), presence of confirmed 
BEA (yes or no), tumor size (< 30 mm or ≥ 30 mm), 
macroscopic tumor type (elevated or depressed), 
pathology (undifferentiated or differentiated), depth 
of invasion (mucosal or SM, ≥ 500 µm or < 500 µm), 
presence of ulceration (yes or no), and presence of 

lymphovascular invasion (yes or no). All P values were 
the result of twosided tests, and a P value of < 0.05 
was considered statistically significant. prognostic 
factors with a P value of < 0.2 in the univariate analysis 
were included in the multivariate analysis. All statistical 
analyses were performed using EZR (Saitama Medical 
Center, Jichi Medical University), a graphical user interface 
for R (The R Foundation for Statistical Computing).

ResUlTs
Clinical characteristics
patient characteristics are shown in Table 1. This cohort 
included 85 patients (81.1% men and 18.9% women). 
The median age of patients at the time of surgery 
was 67 years (3884). In total, 22 patients had pT1a 
tumors (25.9%) and 63 patients had pT1b tumors 
(74.1%). Median tumor size was 26 mm (± 14.6 mm). 
72 patients (84.7%) had differentiated type tumor 
pathology and 13 patients (15.3%) had undifferentiated 
type tumor pathology. A total of 50 patients (58.8%) 
had lymphovascular invasion and 43 patients (50.5%) 
had underlying Barrett’s esophagus.

Clinical outcomes and incidence of LNM
Overall, 11 out of 85 patients (12.9%, 95%CI: 5.820) 
had LNM. Table 2 shows the rate of LNM for each depth of 
invasion. There was a higher incidence of LNM in patients 
with pT1b compared with pT1a disease; however, this 
was not significant [14.2% (10/70) vs 6.6% (1/15), OR 
= 2.3, 95%CI: 0.28108.3, P = 0.67]. Furthermore, 
for the actual depth of invasion, the frequencies of LNM 
were: < 500 µm, 3.3% (1/30, 95%CI: 09.7); < 1000 
µm, 4.3% (2/46 95%CI: 010.2) (Table 3).

Univariate and multivariate logistic regression of risk 
factors of LNM
In the univariate analysis, poor differentiation (OR 6.6, 
95%CI: 1.2933.7, P = 0.01), and lymphovascular 
invasion (OR = 5.1, 95%CI: 1.0425.1, P = 0.02) were 
risk factors for LNM; tumor size > 30 mm showed a 
tendency to be a risk factor (OR = 3.1, 95%CI: 0.7214.8, 
P = 0.08). Multivariate logistic regression analysis 
identified poor tumor differentiation (OR = 6.08, 95%CI: 
1.426.4, P = 0.01) and lymphovascular invasion (OR 
= 4.66, 95%CI: 1.0919.9, P = 0.03) as independent 
predictors of a positive lymph node status (Table 4).

Meta-data analysis of the frequencies of LNM for Siewert 
types Ⅰ  and Ⅱ  pT1 adenocarcinomas 
In total, we could find only 5 articles except for our 
study that were mentioned about the frequency of 
LNM for Siewert type Ⅰ and Ⅱ pT1 adenocarcinomas in 
the pubMed database from 2005 to 2015. The overall 
frequency of LNM was 3.38% (12/355, 95%CI: 1.55.2) 
for pT1a tumors and 20.7% (91/438, 95%CI: 16.924.5) 
for pT1b tumors. Furthermore, the frequencies of LNM 

Table 1  Characteristics of patients with Siewert type I and II 
pT1 adenocarcinomas

Characteristic Data

n 85
Median age (range), yr 67 (38-84)
Male sex, n (%) 69 (81.1)
Depth, n (%) 
  T1a 22 (25.9)
  T1b 63 (74.1)
Differentiation, n (%)
  Differentiated 72 (84.7)
  Undifferentiated 13 (15.3)
Median size, (SD), mm    26 (± 14.6)
Lymphovascular invasion, n (%) 50 (58.8)
Underlying Barrett's esophagus, n (%) 43 (50.5)
Lymph node metastasis, n (%) 11 (12.9)
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were 9.1% (4/44, 95%CI: 0.517.5) for SM1, 22.5% 
(7/31, 95%CI: 7.837.2) for SM2, and 43.9% (18/41, 
95%CI: 2759) for SM3 (Table 2).

DIsCUssION
Our date showed that the frequency of LNM was 14.2% 
(10/70, 95%CI: 622.4) for pT1b and 6.6% (1/15, 
95%CI: 019.2) for pT1a disease. The frequencies 
of LNM were 3.3% (1/30, 95%CI: 09.7) and 4.3% 
(2/46, 95%CI: 010.2) for invasion depths of < 500 
µm and < 1000 µm, respectively. Logistic regression 
multivariate analysis identified poor differentiation and 
lymphovascular invasion as independent risk factors of 
LNM. The overall frequency of LNM was 3.38% (12/355, 
95%CI: 1.55.2) for pT1a tumors and 20.7% (91/438, 

95%CI: 16.924.5) for pT1b tumors in metaanalysis.
As I mentioned before, fewer data of LNM are available 

for Siewert type Ⅰ and type Ⅱ pT1 adenocarcinomas. 
Especially, we could find only one report which men
tioned the frequency of LNM for Siewert typeⅡpT1 
adenocarcinoma using pubmed data base from 2005 to 
2015[2]. The study included 453 patients: The incidence 
of LNM was 9.5% (16/173, 95%CI: 4.913.5) for pT1a 
tumors and 22.9% (61/280, 95%CI: 16.628.1) for 
pT1b tumors. Infiltration of the submucosa, tumor size 
of over 10 mm, and poor tumor differentiation were 
independently associated with a risk of LNM. On the other 
hand, when the search was restricted to patients with 
Siewert type Ⅰ and Ⅱ pT1 adenocarcinomas (as in the 
present study), there were five reports that reviewed the 
frequency of LNM[610]. Table 2 and 3 shows summary data 

Table 2  Studies of patients who underwent surgery for Siewert type I and II pT1 adenocarcinomas with lymph node status

Ref. n Siewert classification TNM classification SM subdivision

T1a, n  (%) T1b, n  (%)   SM1, n  (%) SM2, n  (%) SM3, n  (%)

Westerterp et al[6] 120 Ⅰ, Ⅱ 1/54 (1.8) 18/66 (27.2) 0/25 (0) 6/23 (20) 12/18 (56)
Barbour et al[7]   85 Ⅰ, Ⅱ 0/35 (0) 9/50 (18) - - -
Lees et al[8] 126 Ⅰ, Ⅱ 1/75 (1.3) 11/51 (21.6) 4/19 (21) 1/9 (11.1) 6/23 (26.1)
Griffin et al[9] 119 Ⅰ, Ⅱ 0/54 (0) 8/65 (12.3) - - -
Lee et al[10] 258 Ⅰ, Ⅱ 9/122 (7.3) 35/136 (25.7) - - -
Present study   85 Ⅰ, Ⅱ 1/15 (6.6) 10/70 (14.2) 0/7 (0) 4/43 (9.3) 6/20 (30)
Total 793 Ⅰ, Ⅱ 12/355 91/438

(3.4%, 95%CI: 1.5-5.2) (20.7%, 95%CI: 16.9-24.5)

TNM: Tumor-node-metastasis; SM: Submucosal; SM: Subdivision defines 3 sections of equivalent thickness of submucosa: Superficial (SM1), middle (SM2) 
and deep (SM3).

Table 3  Frequencies of lymph node metastasis and lymphovascular invasion per depth of invasion in this study

Invasion depth (µm) Lymphatic invasion frequency Venous invasion frequency Frequency of lymph node metastasis

SM < 500, n (%, 95%CI) 7/30 (23.3, 8.1-38.4) 2/30 (6.6, 0-15.5) 1/30 (3.3, 0-9.7)
SM < 1000, n (%, 95%CI) 11/46 (23.9, 11.5-36.2) 7/46 (15.2, 4.5-25.5) 2/46 (4.3, 0-10.2)

SM: Submucosal.

Table 4  Univariate and multivariate analysis of potential risk factors for lymph node metastasis

Statistical test OR Lower 95%CI Upper 95%CI P  value

Univariate analysis
  Age (< 70 or ≥ 70 yr) 0.32 0.03 1.75 0.19
  Sex (male or female) 1.04 0.18 11 1
  Location of tumor center (Siewert type Ⅰ or Ⅱ) 2.1 0.31 10.8 0.37
  Depth of invasion (M or SM) 2.3 0.28 108.3 0.67
  Depth of invasion (≥ 500 µm or < 500 µm)  4.89 0.58 40.8 0.14
  Differentiation (undifferentiated or differentiated) 6.6 1.29 33.7 0.01
  Tumor size (< 30 mm or ≥ 30 mm) 3.1 0.72 14.8 0.08
  Macroscopic tumor type (elevated or depressed) 1.43 0.31 9.1 0.74
  Ulceration (yes or no) 1.91 0.44 8.7 0.33
  Barrett’s esophageal adenocarcinoma (yes or no) 0.79 0.17 3.42 0.75
  Lymphovascular invasion (yes or no) 5.1 1.04 25.1 0.02
Multivariate analysis
  Differentiation (undifferentiated or differentiated) 6.08 1.4 26.4 0.01
  Lymphovascular invasion (yes or no) 4.66 1.09 19.9 0.03

M: Mucosal; SM: Submucosal; OR: Odds ratio.
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from those studies. There was an increase in the rate of 
LNM with increasing SM category. In a study of the risk 
factors for LNM, Lees et al[10] described the features of LNM 
of a pT1a adenocarcinoma with lymphovascular invasion: 
a tumor size of 22 mm and poor differentiation. Barbour 
et al[7] recommended that patients with lymphovascular 
invasion or poorly differentiated adenocarcinomas should 
undergo adjuvant chemotherapy after surgery. 

Thus far we described published data on each site 
of adenocarcinomas and then evaluated the frequency 
of LNM for each invasion depth category for both BEA 
and gastric adenocarcinoma. Dunbar and Spechler 
reported the frequency of LNM in Barrett’s esophagus 
patients with high grade dysplasia (HGD) and pT1a 
adenocarcinoma in a systematic review[11]. In a total of 
70 relevant reports, there were 1874 Barrett’s esophagus 
patients who had undergone esophagectomy for HGD or 
pT1a adenocarcinoma. LNM were found in 26 patients 
(1.4%, 95%CI: 0.91.9). There were no metastases in 
the 524 patients with a final pathology diagnosis of HGD; 
in contrast, 26 (1.9%, 95%CI: 1.22.7) of the 1350 
patients with a final diagnosis of pT1a adenocarcinoma 
had LNM. Gotoda et al[12] reported the frequency of LNM 
of pT1a gastric cancer. Of the 3016 pT1a cancers; only 
65 (2.2%, 95%CI: 1.62.6) patients were associated 
with regional LNM. Depressed or ulcerated lesions of 
over 30 mm diameter, undifferentiated histology and 
invasion into lymph nodes or venules were associated 
with an increased risk of LNM. Therefore, the risk of 
unexpected LNM in both intramucosal BEA and gastric 
adenocarcinoma patients is in the range of 1%2%.

On the other hand, Gockel et al[13] reported the risk 
of LNM in pT1b esophageal adenocarcinoma patients 
in a systematic review. The pooled outcomes for 7645 
patients with esophageal adenocarcinoma involving 
tumor infiltration to the submucosal level were analyzed. 
Esophageal adenocarcinoma patients with SM1 lesions had 
the lowest incidence of LNM, and there was an increasing 
rate of LNM with increasing depth of SM invasion: 6% 
(4/65, 95%CI: 0.311.9) for SM1, 23% (10/44, 95%CI: 

10.335.1) for SM2, and 58% (33/57, 95%CI: 4570.7) 
for SM3. In gastric pT1b adenocarcinoma, Gotoda et 
al[12] also reported that 2249 tumors had penetrated the 
SM and 402 tumors invading the SM (17.9%, 95%CI: 
16.219.4) were associated with LNM. There was a 
significant correlation of both tumor size over 30 mm and 
lymphovascular involvement with an increased risk of 
LNM. In addition, cancers that penetrated deep into the 
SM were the most likely to be associated with regional 
LNM.

Based on these results, we currently consider ESD 
to be a reasonable treatment for Siewert types Ⅰ and Ⅱ 
T1a adenocarcinomas that is well differentiated, limited 
to the mucosa, and within 30 mm in diameter with no 
lymphovascular invasion (Figure 1). In this study, although 
only one patient with LNM had pT1a adenocarcinoma, this 
patient had other risk factors for LNM (tumor size was 82 
mm. pathology was mixed type of tubular adenocarcinoma 
and signet cell adenocarcinoma. Vascular invasion was 
positive). On the other hand, the frequency of LNM was 
high in previous report on pT1b tumors, therefore we think 
T1b tumors are not appropriate for ESD. Indeed, However, 
the frequency of LNM was relatively low for tumors of 
within 500 µm from muscularis mucosae in this study 
(3.3%; 1/30, 95%CI: 09.7). Gotoda et al[12] reported 
that 145 patients with a tumor size of under 30 mm, 
differentiated histology, no lymphovascular invasion, and 
submucosal penetration of under 500 µm were entirely 
free of nodal metastasis (95%CI: 02.5%). Furthermore, 
although the 5year survival rate for pT1b gastric cancer 
patients (except for death caused other disease) was 
96.7%[14], and esophagectomy has a mortality rate 
that is 2%11% higher than that of gastrectomy[3,15,16]. 
Therefore, diagnostic ESD could be a treatment option 
for patients with T1b tumors, especially those within 500 
µm from muscularis mucosae without other risk factors 
of LNM, according to the patient’s overall status and the 
presence of comorbidities (Figure 1). Even so, it is difficult 
to diagnose invasion depth correctly before ESD in this 
range. More patients undergoing surgery should be 

cT1 N0 Siewert type Ⅰ and type  
Ⅱ adenocarcinomas

cT1a cT1b 

Tumor size > 30 
mm, differentiated

Tumor size ≤ 30 
mm, differentiated

Undifferentiated 

Evaluated pathologically

LVI (+)

SurgeryFollow up

LVI (-), depth of invasion 
< 500 µm (pSM1)

ESD

Figure 1  Our strategy of endoscopic submucosal dissection 
for T1 Siewert type Ⅰ and type Ⅱ adenocarcinomas. ESD: 
Endoscopic submucosal dissection.
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persuaded to accept ESD.

COMMeNTs
Background
Barrett’s esophagus is most often diagnosed in people who have long term 
gastroesophageal reflux disease (GERD), which is a chronic regurgitation 
of acid from the stomach into the lower esophagus. It is associated with an 
increased risk of developing esophageal adenocarcinoma. The frequency of 
Barrett’s esophageal adenocarcinoma (BEA) from Barrett’s esophagus is about 
0.5% per year. However, the frequency of BEA is thought to be increasing 
because of the Westernization of dietary habits, obesity, and increased 
frequency of GERD associated with a decreasing frequency of Helicobacter 
pylori (H. pylori) infection in Japan.

Research frontiers
If the frequency of lymph node metastasis (LNM) and the risk factors driving 
this process in this range can be determined, then patient treatment can be 
stratified: ESD can be offered to patients with tumors that have a low frequency 
of LNM; and surgical resection can be offered to patients with tumors that have 
a high frequency of LNM.

Innovations and breakthroughs
These date showed that the frequency of LNM was 14.2% (10/70, 95%CI: 
6-22.4) for pT1b and 6.6% (1/15, 95%CI: 0-19.2) for pT1a disease. The 
frequencies of LNM were 3.3% (1/30, 95%CI: 0-9.7) and 4.3% (2/46, 95%CI: 
0-10.2) for invasion depths of < 500 µm and < 1000 µm, respectively. 
Logistic regression multivariate analysis identified poor differentiation and 
lymphovascular invasion as independent risk factors of LNM. The overall 
frequency of LNM was 3.38% (12/355, 95%CI: 1.5-5.2) for pT1a tumors and 
20.7% (91/438, 95%CI: 16.9-24.5) for pT1b tumors in meta-analysis.

Applications
The authors evaluated the frequencies of LNM for Siewert type Ⅰ and type Ⅱ 
pT1 adenocarcinomas in meta-data analysis.

Peer-review
This paper has shown accurate incidence of lymph nodes metastasis of 
esophageal adenocarcinomas. Their study provides us important information 
related to treatment of esophageal adenocarcinomas. 
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