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INTRODUCTION

Behcet’s disease (BD) is a chronic, multisystemic, and recurring 
disease characterized by relapsing oral and genital ulcers, oc-

ular involvement, arthritis, skin lesions, and vascular, neuro-
logical, and intestinal disorders.1 BD is more prevalent in the 
regions along the ancient Silk Road, which extends from the 
Mediterranean Region to eastern Asia. The estimated preva-
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lence of BD varies from 13.5 to 20 cases per 100000 in Japan, 
Korea, China, and Middle East, compared to low prevalence in 
the United States (from 0.12 to 0.33 cases per 100000)2 and 
European countries.3 

Intestinal BD refers to colonic ulcerative lesions document-
ed by objective measures in patients with BD.4 In previous re-
ports, the incidence of intestinal involvement in BD patients 
has ranged from 3% to 26%,5 being most frequent in eastern 
Asia but relatively rare in the Mediterranean area.6,7 Abdominal 
pain is the most common symptom of intestinal BD,8 which 
varies from mild abdominal discomfort to grievous abdominal 
pain. Intestinal lesions associated with BD might lead to severe 
complications of massive gastrointestinal bleeding or perfora-
tion,9 which occur in 30% of intestinal BD patients and contrib-
ute mainly to the morbidity and mortality of BD.10,11 It is critical 
to find effective measures to control inflammation and pro-
mote healing of these lesions.

The conventional use of treatments with 5-aminosalicylic ac-
ids, corticosteroid and immunomodulators continues to elicit 
a considerable number of refractory patients unable to achieve 
effective relief in clinical practice.12 Surgery for these patients 
is usually required, although it is associated with high rates of 
postoperative recurrence,13 with 5-year recurrence rates as high 
as 75%.14 Additionally, systemic and local adverse effects of cor-
ticosteroids occur after long-time systemic administration, and 
intestinal BD patients with previous use of corticosteroids are 
prone to develop gastrointestinal rebleeding.15 Hence, the dis-
covery of new effective therapeutics is urgently needed.

The use of anti-tumor necrosis factor-alpha (anti-TNF-α) 
agents as treatment options for intestinal BD patients has been 
encouraged with accumulating evidence. Three monoclonal 
antibodies (infliximab, adalimumab, and golimumab), one sol-
uble receptor (etanercept), and one antigen-binding fragment 
(certolizumab pegol) have been employed. Case reports or sys-
tematic reviews on the therapeutic effect of anti-TNF-α agents 
for patients with intestinal BD have been widely reported. Even 
more, anti-TNF-α agents have been regarded as the standard 
therapy for moderate-to-severe intestinal BD patients in Ja-
pan.16 In this meta-analysis, published data on the efficacy and 
safety of anti-TNF-α agents in the management of intestinal BD 
patients were evaluated.

MATERIALS AND METHODS

The meta-analysis was carried out following the Preferred Re-
porting Items for Systematic review and Meta-Analysis Proto-
cols (PRISMA-P)17 (Supplementary Table 1, only online).

Inclusion and exclusion criteria 
We selected publications meeting the following conditions: 1) 
clinical studies regarded to intestinal BD patients; 2) anti-TNF-α 
agents used in treatment of patients; 3) included patients were 

adults; and 4) follow-up time of at least 24 weeks. The exclu-
sion criteria included 1) demographic and baseline clinical 
information on patients or the outcomes were not described 
clearly; 2) data on anti-TNF-α for intestinal BD patients could 
not be extracted; and 3) publication was a conference abstract, 
case report, or a letter to editor and reviews.

Outcome measures
The efficacy of the anti-TNF-α agents was evaluated as the rate 
of patients achieving remission, cured intestinal symptoms, en-
doscopic healing, or cured non-intestinal BD symptoms and 
as the effect of corticosteroid sparing. The safety of the agents 
was assessed by the summative description of the number and 
severity of adverse events (AEs).

Search strategies 
We searched the PubMed, Embase, and Cochrane Library da-
tabases from the inception dates to July 1, 2021. To ensure in-
clusion of all relevant studies, we applied medical subject head-
ings (MeSH) and free words related to BD and anti-TNF-α agents. 
Also, the words “intestinal” or “bowel” or “intestine” or “entero” 
were crossed with to find related studies. The search was lim-
ited in Titles/Abstracts to filter out unrelated studies (Supple-
mentary Table 2, only online). 

Study selection and data extraction 
Two investigators independently browsed the titles and ab-
stracts of all searched items and retrieved the full text of all 
potentially relevant articles for further evaluation using the 
inclusion and exclusion criteria. The other two investigators 
independently extracted data from the included studies using 
collection forms. Disagreements between two investigators 
were resolved through discussion and, if necessary, through 
consultation with a third reviewer. We extracted data on the fol-
lowing: 1) demographic and baseline clinical information of 
the patients, 2) study design, 3) study location, 4) kind of anti-
TNF-α agents, 5) number of patients achieving remission, 6) 
number of patients with intestinal symptom cure, 7) number 
of patients showing endoscopic healing, 8) patients acquiring 
corticosteroid free or reduction, 9) number of patients obtain-
ing non-intestinal BD symptoms cure, and 10) AEs.

Quality evaluation 
The quality of each study was evaluated using the Joanna Briggs 
Institute’s critical appraisal tools for case series (Supplemen-
tary Table 3, only online). Ten questions in the Joanna Briggs 
Institute’s checklist were answered with yes, no, unclear, or not 
applicable to assess the quality of these studies. Discrepancies 
were solved by further evaluations and discussions or consul-
tation with professionals.

Data analysis 
Dichotomous variables, including remission, intestinal symp-
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tom cure, endoscopic healing, corticosteroid free, and non-in-
testinal BD symptoms cure, were reported as rates. Consider-
ing some high rates reported in the included studies, arcsine 
transformation was used to calculate pooled rates.18 The pooled 
estimates of response rates and their binomial 95% confidence 
intervals (CI) were calculated using a random-effect model.19 
We also employed I2 statistics to quantify heterogeneity between 
studies. Once significant heterogeneity was detected (I2>50% 
or p<0.05), subgroup analyses were conducted to seek the 
sources of heterogeneity, divided on the base of different anti-
TNF-α agents, final evaluation point, and study design. Sensi-
tivity analysis was utilized to assess the impact of a single study 
on the pooled results and the stability of meta-analysis results 
by omitting each study in sequence. Continuous variables in-

cluding corticosteroid reduction were assessed by pooled analy-
sis with mean differences, which were also estimated by random-
effect model. Due to the limited number of available studies, 
publication bias was assessed using the Egger test, and p≤0.05 
indicated significant publication bias.20 All statistical analyses 
were conducted using the STATA 16.0 software (StataCorp, Col-
lege Station, TX, USA). 

RESULTS

Study selection 
A total of 136 records was retrieved from the database search 
(PubMed: 109, Embase: 24, Cochrane Library: 3). Fig. 1 depicts 
the process of study selection. After duplicate removal, the ti-
tles and abstracts of 121 articles were browsed, and only 19 ar-
ticles were eligible to be assessed by full text-review. Finally, 11 
were included for analysis, and reasons for exclusion are shown 
in the diagram in Fig. 1.6,12,21-29 

Characteristics and quality evaluation 
Table 1 summarizes the characteristics and quality evaluation 
results of the included studies [quality evaluation details are 
shown in Supplementary Table 4 (only online)]. In total, 11 
studies involving 671 patients were selected for analysis, and all 
studies were from eastern Asia. Six studies employed a prospec-
tive design, and the other five were retrospective. All included 
patients were definitely diagnosed with intestinal BD with en-
doscopic evidence of ulcers in the intestine.

Meta-analysis and publication bias

Remission 
Clinical remission after anti-TNF-α therapy was achieved in 35 
patients from six studies involving 89 patients in the last eval-

Table 1. Characteristics and Quality Evaluation of the Included Studies

Study Location Study type
Anti- TNF-α 

agents
Sample 

size
Male/
female

Age‡ Follow-up
(week)

Multicenter
Quality 

evaluation*
Ma, et al.26 China Retrospective ETN 19 13/6 37±8.72 >104 N 7Y2U1N
Kinoshita, et al.27 Japan Retrospective IFX 15 7/8 45±16 104 N 10Y
Miyagawa, et al.12 Japan Prospective ADA/IFX/ETN/GLM† 49 12/37 41.3±14.1 52 N 8Y2U
Lee, et al.6 Korea Retrospective IFX 28 15/13 35 (9–62) 54 Y 8Y2U
Zou, et al.21 China Prospective IFX 27 12/15 37.52±12.8 104 N 10Y
Sugimura, et al.25 Japan Retrospective ADA/IFX 22 17/5 43 (15–72) 52 Y 9Y1U
Tanida, et al.23 Japan Prospective ADA 20 10/10 42.4±13.3 52 Y 10Y
Tanida, et al.22 Japan Retrospective ADA 8 4/4 46.6±18.7 52 N 8Y1U1N
Iwata, et al.28 Japan Prospective IFX 10 3/7 37.7±11.0 104 N 8Y2U
Hibi, et al.29 Japan Prospective IFX 11 5/6 35.0±13.4 54 Y 10Y
Suzuki, et al.24 Japan Prospective ADA 462 237/225 46.3±17.2 52–156 Y 9Y1N
anti-TNF-α, anti-tumor necrosis factor-alpha; ETN, etanercept; IFX, infliximab; ADA, adalimumab; GLM, golimumab; Y, yes; N, no; U, unclear.
*Study quality was evaluated by the Joanna Briggs Institute’s critical appraisal tools for case series, †ADA=10, IFX=32, ETN=5, GLM=2, ‡Data are presented as 
mean±SD or median (range).

PubMed (109)
Embase (24)

Cochrane Library (3)
Total (136)

Records after duplicates 
removed (121) Excluded by title and abstract browsed (102) 

Case reports (32)
Intestinal BD and/or anti-TNF-α unrelated (44)
Reviews or guidelines (25)
Trial registration without result (1)

Excluded by full-text review (8)
Diagnosis of intestinal BD is uncertain (2)
Data can’t be extracted (1)
Data from the same group of patients (3)
Case report (1)
Letter to editor (1)

Records after title and  
abstract browesd (19)

Studies included (11)

Fig. 1. Flow diagram for the selection process of included studies. BD, 
Behcet’s disease; anti-TNF-α, anti-tumor necrosis factor-alpha.
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uation. As Fig. 2 showed, the pooled rate of remission was 39% 
(95% CI 26–52), and heterogeneity was recorded at 32.09% (p= 
0.20). There was no significant publication bias according to 
Egger test results (p=0.9636).

Intestinal symptom cure 
Data on intestinal symptom cure (the complete disappearance 
of abdomen symptoms) were extracted from seven studies, in-
cluding 457 patients, and 284 patients reached symptom remis-
sion. As indicated in Fig. 3, the pooled rate of intestinal symp-
tom cure was 70% (95% CI 53–84), with heterogeneity at 78.19% 
(p<0.01). There was also no significant publication bias evi-
denced by the Egger test (p=0.5363).

Endoscopic healing 
Nine studies involving 170 patients were evaluated for the com-
plete healing of ulcers by endoscopy at the last follow-up eval-
uation. The number of patients acquiring endoscopic healing 
in each study was extracted. As Fig. 4 shows, the pooled propor-
tion of endoscopic healing was 65% (95% CI 52–78). In this 
group of data, the statistical heterogeneity was 64.81% (p<0.01), 
suggesting moderate heterogeneity. There was no significant 
publication bias (p=0.5621).

Corticosteroid discontinuation and dose reduction 
Five studies reported 84 of 223 patients achieving corticoste-
roid free status at the end of the follow-up period. The pooled 

Fig. 2. Forest plot of the remission rate after anti-tumor necrosis factor-alpha treatment. ES, effect sizes; CI, confidence interval. 

(%)

Fig. 3. Forest plot for the rate of intestinal symptom cure after anti-tumor necrosis factor-alpha treatment. ES, effect sizes; CI, confidence interval. 

(%)
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rate of corticosteroid discontinuation was 43% (95% CI 28–58) 
(Fig. 5A), and heterogeneity was at 41.62% (p=0.14), implying 
low heterogeneity. In addition, the reduction of corticosteroid 
was evaluated in three studies including 32 patients. A reduc-

tion in corticosteroid dose was detected by pooled analysis 
with a mean difference of 20.43 mg (95% CI 13.4–27.46), a sig-
nificant difference (Fig. 5B). Statistical heterogeneity in the 
study results was insignificant with an I2 of 0.00% (p=0.15). 

Fig. 4. Forest plot of the endoscopic healing rate after anti-tumor necrosis factor-alpha treatment. ES, effect sizes; CI, confidence interval. 

(%)

B

Fig. 5. Forest plot of corticosteroid-sparing effects. (A) Forest plot of the corticosteroid discontinuation rate after anti-TNF-α treatment. (B) Forest plot of the 
corticosteroid dose reduction after anti-TNF-α treatment. anti-TNF-α, anti-tumor necrosis factor-alpha treatment. ES, effect sizes; CI, confidence interval. 

(%)A
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Publication bias on corticosteroid discontinuation and dose re-
duction was both insignificant (p=0.5025; p=0.8847 respectively).

Non-intestinal BD symptoms 
Information on common symptoms of BD, including oral aph-
thous ulcers, genital ulcers, ocular involvements, and skin le-
sions, were collected and analyzed.2 In five studies, 158 of 230 
patients with oral aphthous ulcers were cured after anti-TNF-α 
therapy, with a pooled rate of 76% (95% CI 61–88) (Fig. 6A). Four 
studies reported that 59 of 75 patients were cured of genital 
ulcers at a pooled rate of 83% (95% CI 72–93) (Fig. 6B). Twen-
ty-two of 25 patients with ocular involvements achieved cure 
in three studies, and the pooled proportion was 93% (95% CI 
75–100) (Fig. 6C). Skin lesions were cured in 95 of 120 patients 
as reported by three studies, and the pooled rate was 85% 
(95% CI 71–95) (Fig. 6D). The statistical heterogeneities of the 
four symptoms were not high with I2 values of 52.24%, 0.00%, 
0.00%, and 37.17%, respectively. There was no significant publi-
cation bias as evidenced by Egger test results (p=0.4513, 0.7886, 
0.7312, and 0.4716, respectively).

Subgroup analysis
Results of subgroup analysis of intestinal symptom cure and 
endoscopic healing are shown in Table 2. Heterogeneity was 
high in the meta-analysis of intestinal symptom cure (I2=78.19%, 

p<0.01). However, subgroup analysis, the adalimumab treat-
ment group (I2=13.29%, p=0.32), group with a final evaluation 
point less than 52 weeks (I2=0.00%, p=0.95), and multicenter 
group (I2=13.89%, p=0.32) heterogeneity was not found. Like-
wise, there was moderate heterogeneity when endoscopic heal-
ing was analyzed (I2=64.81%, p<0.01). However, heterogeneity 
was not detected in further subgroup analysis in the adalim-
umab treatment group (I2= 0.00%, p=0.81), final evaluation 
point less than 52 weeks group (I2=41.79%, p=0.13), and multi-
center group (I2=16.21%, p=0.30). The subgroup analysis indi-
cated that the kind of anti-TNF-α agent, final evaluation point, 
and study design may account for most of the heterogeneity.

Sensitivity analysis
Sensitivity analysis was performed for intestinal symptom cure 
and endoscopic healing. As shown in Table 3, meta-analysis of 
these two results were both robust. Notably, for intestinal symp-
tom cure, when we omitted the data of Ma, et al.,26 the results 
showed a fluctuation in pooled effect size (0.64) and hetero-
geneity (I2=67.77%, p=0.01). Similarly, when we omitted the 
data of Iwata, et al.,28 the results also displayed similar fluctua-
tions. Accordingly, these two studies were regarded as outliers 
and to have likely contributed to the heterogeneity. Interest-
ingly, after excluding these two studies, the heterogeneity was 
significantly decreased (I2=0.00%, p=0.43), with a pooled effect 

A

C

B

D

Fig. 6. Forest plot for the rate of non-intestinal BD symptom cure after anti-tumor necrosis factor-alpha treatment. (A) Oral aphthous ulcers. (B) Genital ul-
cers. (C) Ocular involvement. (D) Skin lesions. BD, Behcet’s disease; ES, effect sizes; CI, confidence interval. 

(%)

(%)

(%)

(%)
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size of 0.60. In the analysis of endoscopic healing, heterogene-
ity decreased significantly (I2=53.20%, p=0.04), with a pooled 
effect size of 0.61 when we omitted the data from Ma, et al.,26 in-
dicating this study might contribute to the heterogeneity in en-
doscopic healing results. 

Safety evaluation
The safety of anti-TNF-α agents was evaluated according to the 
number and severity of AEs reported in the included studies. 
We systematically reviewed 10 studies (AEs were not mentioned 
in the study of Sugimura, et al.25) consisting of 649 patients. 
There were 239 AEs in total; 80 were serious adverse events 
(SAEs). Forty eight patients dropped out of studies because of 
AEs. 201 AEs and 49 SAEs reported with the specific manifes-

tations are shown in Table 4. Among them, infections were the 
most reported AEs (86/239) and SAEs (19/80). Three patients 
died during the follow-up period due to severe infection in 2 
patients and malignancy in 1 patient. Among these, one death 
caused by severe infection was ruled out as the result of adali-
mumab treatment, and the causal relationship between adali-
mumab use and the other two deaths was indeterminable.

DISCUSSION

In this meta-analysis, we investigated the efficacy of anti-TNF-α 
agents for intestinal BD patients and summarized results on 
their safety. Overall, our review indicates that anti-TNF-α agents 

Table 2. Subgroup Analysis 

Number of studies Pooled effect sizes 95% CI
Heterogeneity

I2 (%) p value
Intestinal symptom cure 7 0.70 0.53–0.84 78.19 <0.01

Anti-TNF-α agents
IFX 2 0.87 0.51–1.00 74.90 0.05
ADA 3 0.59 0.50–0.67 13.29 0.32

Last evaluation time (weeks)
≤52 3 0.48 0.34–0.62 0.00 0.95
>52 4 0.84 0.58–0.99 86.60 <0.01

Types of studies
Retrospective 3 0.69 0.31–0.97 84.05 <0.01
Prospective 4 0.70 0.48–0.89 78.37 <0.01

Multicenter studies
Y 4 0.59 0.52–0.67 13.89 0.32
N 3 0.88 0.56–1.00 76.54 0.01

Previously treatment
Refractory to traditional therapy 5 0.77 0.49–0.97 80.88 <0.01

Endoscopic healing 9 0.65 0.52–0.78 64.81 <0.01
Anti-TNF-α agents

IFX 4 0.70 0.45–0.91 71.82 0.01
ADA 2 0.53 0.36–0.71 0.00 0.81

Last evaluation time (weeks)
≤52 6 0.62 0.50–0.74 41.79 0.13
>52 3 0.70 0.31–0.98 83.96 <0.01

Types of studies
Retrospective 4 0.59 0.30–0.85 76.89 <0.01
Prospective 5 0.68 0.53–0.82 58.81 0.05

Multicenter studies
Y 3 0.62 0.46–0.78 16.21 0.30
N 6 0.66 0.46–0.84 75.37 <0.01

Countries of studies conducted
Japan 7 0.58 0.45–0.72 49.91 0.06
China 2 0.81 0.66–0.92 26.60 0.24

Previous treatment
Refractory to traditional therapy 6 0.68 0.47–0.87 71.33 <0.01

CI, confidence interval; IFX, infliximab; ADA, adalimumab; Y, yes; N, no.
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have high efficacy for intestinal BD with acceptable safety.
However, it is worth noting that not all included studies used 

identical diagnostic criteria. In these studies, intestinal BD was 
diagnosed by widely accepted criteria, such as Japanese BD cri-
teria, International Study Group, or Mason-Barnes criteria, etc. 
Comparing sensitivities and specificities from multiple diag-
nostic tests, one study showed that the International, Japanese, 
and Mason-Barnes criteria were the most accurate, compared 
with others.30 It seems highly likely that different diagnostic 
criteria adopted may not be prone to produce significant bias.

In this study, we proposed that the pooled rate for remission 
of intestinal BD patients after anti-TNF-α therapy was 39%. It 
is noteworthy that definitions for intestinal BD remission were 
not unified in the selected studies. Two studies (Lee, et al.6 and 
Zou, et al.21) defined remission as a disease activity index of 
intestinal BD (DAIBD) score of <20. Two studies from Tanida, 
et al.22,23 defined remission as a global gastrointestinal symp-
tom score and endoscopic score of 0. Kinoshita, et al.27 defined 
remission as complete disappearance of gastrointestinal symp-
toms accompanied by normalized serum C-reactive protein. 
Hibi, et al.29 defined complete responders as those whose clini-
cal symptoms disappeared with healed ulcers. To sum up, these 
definitions all underscored the relief of systemic inflammation 
and overall remission. Therefore, our results on remission had 
low heterogeneity. Ozguler, et al.31 proposed that 34/64 (54%) 
patients with gastrointestinal involvement achieved clinical 
remission after infliximab therapy by reviewing five studies. 

Among these, three studies were included in our analysis. Re-
search from Naganuma, et al.32 was excluded due to being a case 
report, and the study of Hatemi, et al.33 was abandoned due to 
inability to extract data because of mixing the therapy with 
thalidomide. 

In this review, we presented a pooled rate of intestinal symp-
tom cure of 70% and that of endoscopic healing of 65%. Wata-
nabe, et al.34 reported that the rates for complete disappear-
ance of abdomen symptoms and ulcers were 20.0%–54.5% (at 
24–30 weeks) and 20.0%–60.0% (at 52 weeks), respectively. This 
discrepancy may be attributable to the fact that only two articles 
were referenced in their study, while more were included in 
ours. In our analysis, with the intervention of anti-TNF-α agents, 
the pooled proportion of intestinal BD patients achieving cor-
ticosteroid discontinuation was 43%, but in a review of system-
atic BD patients, 57% of patients acquired corticosteroids free 
status.35 The pooled reduction in dose of corticosteroid was 
20.43 mg after anti-TNF-α agent intervention in our study. Even 
if the results are encouraging, they merely reflect compositive 
data from limited studies, and more empirical evidence is need-
ed to avoid selection bias.

Interestingly, 111 patients from seven studies were refracto-
ry to conventional therapies (corticosteroids and/or immuno-
modulators).6,22,23,26-29 For these patients, a pooled analysis of re-
mission rate with anti-TNF-α agents was conducted. Five studies 

Table 4. Information on AEs Reported in the Included Studies

Reported adverse reaction AEs SAEs
Infections 86 19
Investigations 22 5
Gastrointestinal disorders 20 10
General disorders and administration site conditions 19 6
Infusion reaction 15 0
Tuberculosis 4 1
Light headaches 4 0
Hepatic relevant 4 0
Non-cutaneous vasculitis 3 0
Bronchitis 3 0
Interstitial pneumonia 2 1
Allergic reaction 2 0
Cystitis 2 0
Viral enteritis 2 0
Severe pneumonia 1 1
Intestinal stricture related 1 1
Malignancy 1 1
Autoimmune disease 1 1
Pancytopenia 1 1
Worsening of the underlying disease 1 1
Cataract 1 1
One case of AE: tonsillitis, sinusitis, paronychia, urticaria, abscess formation,  
  herpes zoster

AEs, adverse events; SAEs, serious adverse event.

Table 3. Sensitivity Analysis

Study omitted
Pooled effect 

sizes
95% CI

Heterogeneity
I2 (%) p value

Intestinal symptom cure
Ma, et al.26 0.64 0.48–0.78 67.77 0.01
Sugimura, et al.25 0.74 0.54–0.90 80.74 <0.01
Tanida, et al.23 0.74 0.56–0.90 79.89 <0.01
Tanida, et al.22 0.72 0.54–0.87 81.44 <0.01
Iwata, et al.28 0.64 0.49–0.78 69.84 0.01
Hibi, et al.29 0.70 0.51–0.86 81.58 <0.01
Suzuki, et al.24 0.72 0.48–0.92 80.33 <0.01
Combined 0.70 0.53–0.84 78.19 <0.01

Endoscopic healing
Ma, et al.26 0.61 0.48–0.73 53.20 0.04
Kinoshita, et al.27 0.69 0.56–0.81 58.99 0.02
Miyagawa, et al.12 0.68 0.52–0.82 62.93 0.01
Zou, et al.21 0.64 0.48–0.78 66.71 <0.01
Sugimura, et al.25 0.66 0.51–0.80 68.74 <0.01
Tanida, et al.23 0.67 0.51–0.81 68.38 <0.01
Tanida, et al.22 0.67 0.52–0.80 68.40 <0.01
Iwata, et al.28 0.62 0.48–0.76 63.41 0.01
Hibi, et al.29 0.63 0.49–0.77 66.74 <0.01
Combined 0.65 0.52–0.78 64.81 <0.01

CI, confidence interval.
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reported related information, and the pooled remission rate in 
patients refractory to conventional therapies was 34% (95% CI 
22–48), with no significant heterogeneity detected (I2=18.13%, 
p=0.30). Intestinal symptom cure and endoscopic healing were 
also investigated in subgroup analysis (Table 2), which suggest-
ed that anti-TNF-α agents are still effective for patients refrac-
tory to conventional therapies. 

However, not all potential sources of heterogeneity can be 
traced sufficiently. Even though the studies from Lee, et al.6 and 
Zou, et al.21 included all patients with moderate-to-severe ac-
tivity assessed by the DAIBD, we were unable to obtain a per-
suasive pooled effect size because their outcome measures were 
not identical. Furthermore, 25 patients with abdominal surgery 
history were reported in 5 studies.6,12,21,25,27 Surgical operation 
may be associated with resistance to pharmacological therapies 
to some degree. However, extraction of the related data based 
on the current literatures was not feasible. Therefore, more high-
quality studies are needed to evaluate the efficacy of anti-TNF-α 
agents for patients with different disease activity and to com-
pare efficacy between patients with and without previous sur-
gical history.

In view of the results of our sensitivity analysis, we deemed 
that the work from Ma, et al.6 and/or Iwata, et al.28 might have 
contributed to the heterogeneity in the results on intestinal 
symptom cure and endoscopic healing. Other than 5 of 49 pa-
tients using etanercept in the study of Miyagawa, et al.,12 the 
work from Ma, et al.26 was the only included study in which all 
patients were treated with etanercept monotherapy. Etanercept 
is a human TNF receptor p75 Fc fusion protein different from 
monoclonal antibodies used in other included studies, such as 
infliximab, adalimumab, and golimumab. Although a random-
ized controlled trial reported significant effectiveness for etan-
ercept in systematic BD patients,36 as the only ineffective anti-
TNF-α agent ever tried for the treatment of inflammatory bowel 
disease, the efficacy of etanercept for intestinal BD patients is 
still questionable.37 In our included studies, only Iwata, et al. 
reported a combination of infliximab and methotrexate with a 
small sample size of 10 patients. Therefore, this was likely a 
source of bias.

Particular attention should be paid to the safety of anti-TNF-α 
agents for intestinal BD patients. In this review, most AEs were 
mild to moderate, including infections, gastrointestinal disor-
ders, administration site conditions, and infusion reactions. It 
is worth noting that 80 (12%) patients experienced severe AEs. 
In addition, 4 patients developed tuberculosis after anti-TNF-α 
treatment, two of whom had tested positive for tuberculosis at 
baseline screening. One patient who was treated for pre-exist-
ing chronic myelomonocytic leukemia experienced relapse 
thereof during the follow-up period.24 Meanwhile, the safety 
of anti-TNF-α therapy in ulcerative colitis has been evaluated 
in 2088 patients, and a frequency of serious side effects of 16.9% 
was reported.38 Despite a lower frequency of SAEs was indicat-
ed in our study, further research is needed to explore the fea-

sibility of anti-TNF-α agents for treatment of intestinal BD.
There were several limitations of this study that should be 

mentioned. First, the sample size of the study was small. Sec-
ond, the lack of placebo controls and RCTs should be noted, 
which may weaken the strength of the data. Additionally, al-
though treatment history and concomitant therapeutic agents 
might influence the efficacy of anti-TNF-α agents, we could not 
adequately and easily track this information in the included 
articles. Finally, all 11 included studies were performed in east-
ern Asia, and thus, whether the conclusion of this analysis could 
be generalized to all regions of the world is uncertain. 

In conclusion, our systematic review and meta-analysis of 
11 studies suggested that anti-TNF-α agents offers satisfactory 
therapeutic efficacy for patients with intestinal BD. Effective 
measures should be taken to prevent or control common AEs, 
such as infections, gastrointestinal disorders and infusion reac-
tions. High level evidence based on RCTs and clinical trials of 
larger sample size are required to further evaluate the efficacy 
and safety of anti-TNF-α agents for intestinal BD patients.
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