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Abstract

Background: Behcet's disease (BD] is a relapsing systemic immune disorder, and intestinal
BD is a significant cause of mortality in patients with BD. Conventional therapeutic strategies
for intestinal BD showed unsatisfactory outcomes, especially in those patients with refractory
subtypes. In recent years, biologic agents have exhibited promising results in this field. While
the sample sizes of existing studies were limited, the results were heterogeneous.
Objectives: This study aimed to observe the efficacy of different biologics in clinical
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Plain language summary
Anti-TNF-o agents are effective and safe in patients with intestinal Behcet’s disease

Behcet's disease (BD] is a disease affecting several organs including the gastrointestinal
tract. Nowadays, the efficacy of existing therapy strategies is still unsatisfactory and some
patients are suffering from repeated attacks of the disease. We noticed that a new kind
of medicine, called antitumor necrosis factor alpha (anti-TNF-a) agents, was applied to
these patients recently. The therapeutic efficacy is not convincing enough to evaluate since
the number of patients receiving this new medicine was small in every individual study.
Regarding this, we conducted a research to learn about the efficacy of this medicine at our
own institution. Besides, we composed the results of other studies in an appropriate way.
Then, we drew a conclusion on the exact efficacy of anti-TNF-a agents after the data analysis.
We unveiled that the anti-TNF-o agents appeared both effective and safe in the
management of intestinal BD patients when the classical therapy failed. More than half
of the patients could achieve discomfort remission when they got the therapy of the new
medicine at our institution. We also found that intestinal ulcers in most patients improved
after they received the treatment. All in all, it offered another foothold for getting relief in
these patients who were caught in this mire.

Keywords: anti-TNF-a agents, infliximab, adalimumab, intestinal Behcet’s disease,

therapeutic efficacy
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Introduction

Behget’s disease (BD) is a chronic relapsing
inflammatory disease with a poorly understood
etiology, and it is characterized by vasculitis with
multisystem involvement including oral-genital-
aphthous ulcers, ocular and neurological
lesions.!3 A diagnosis of intestinal BD is estab-
lished when intestinal symptoms and typical gas-
trointestinal tract ulcers arise in the defined BD
patients.* Besides, other typical oval-shaped large
ulcers in the terminal ileum were contributory to
the diagnosis after the exclusion of other diseases
with similar manifestations.> Overall, intestinal
BD accounts for only 5-10% of all BD patients.°
The disease is prevalent in Asia and Mediterranean
areas, but rare in western countries.’” Inflammatory
bowel disease is another relapsing autoimmune
disease, and its pathogenesis and manifestations
could mimic those of intestinal BD. Thus, thera-
peutic strategies for inflammatory bowel disease
are generally prescribed for intestinal BD, includ-
ing 5-aminosalicylic acids, steroids, and immu-
nomodulators.! Nevertheless, not all patients
obtain an alleviation from these conventional
therapies, and some patients even deteriorate
progressively or require surgery. It is reported

that the cumulative 5- and 10-year surgery rates
for intestinal BD have reached approximately 30
and 40%, respectively.°

In recent years, biologics have received attention
for their high effectiveness in treating various
inflammatory diseases.!-12 Multiple biologics have
been applied as an alternative treatment for patients
with BD, while the efficacy of biologics for intesti-
nal BD is still indeterminate.!3-1> Most of the pub-
lished researches paid close attention to antitumor
necrosis factor alpha (TNF-o) agents, but other
biologics like interleukin-1 (IL-1) inhibitors, IL.-6
inhibitors, or II.-17 inhibitors were rarely used.
Although anti-TNF-o agents showed moderate
effectiveness in intestinal BD, the relevant studies
were single-arm retrospective observational studies
with small sample sizes and the time periods of effi-
cacy evaluation were highly heterogeneous.” As a
result, variations among the recent evidence were
remarkable and the exact efficacy of biologics for
intestinal BD was inconsistent. 1°

Currently, the therapeutic strategies for intestinal
BD treatment have been just barely satisfactory
and the evidence was mostly based on the findings
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of retrospective observational studies. To unveil
the efficacy and safety of biologics for intestinal
BD, we performed a retrospective study at our
institution. Furthermore, a single-arm meta-analy-
sis was performed and results from our institution
were included. A better understanding of biologics
in intestinal BD would be favorable to improve the
therapeutic strategies and the prognosis, especially
for those patients who failed to achieve alleviation
in the conventional treatments.

Methods

Case series

Cases selection. A retrospective single-center case
series was performed to indicate the efficacy of
anti-TNF-a agents in intestinal BD at our institu-
tion. The information about patients with intesti-
nal BD were screened from 1st January 2011 to 1st
October 2021. Patients who received anti-TNF-a
treatments were included and their electronic
medical records were collected. These patients
were mainly diagnosed according to the Japanese
Behget’s Disease Research Committee criteria and
the discussions in multidisciplinary teams.

Data collection. We extracted data on the follow-
ing clinical characteristics: sex, age, disease dura-
tion, clinical manifestations, biochemical and
endoscopic examination findings, coinstanta-
neous medical treatments, and treatment history.
The activity of BD was evaluated by Disease
Activity Index for intestinal Behcet’s Disease
(DAIBD), and this points-scoring system assesses
general well-being, fever status, extraintestinal
and intestinal manifestations.!” Therapeutic effi-
cacy was evaluated by the degree of improvement
in clinical and endoscopic manifestations.

Meta-analysis

Search strategy. This meta-analysis was per-
formed in accordance with the ‘Preferred Report-
ing Items for Systematic Reviews and
Meta-Analyses’ (PRISRM) guidelines. It has
been registered on PROSPERO, the ID is
CRD42022329211. We systematically searched
published literatures in the PubMed (https:/
pubmed.ncbi.nlm.nih.gov), Web of Science
(www.webofknowledge.com), Embase (https://
www.embase.com), and Cochrane Library (http://
www.cochranelibrary.com) databases. All data-
bases were screened from inception to July 2021.

The following free-text words and subject terms
were included in our search strategies: ‘Behcet’s
Syndrome’, ‘Biologics’, “Tumor Necrosis Factor
Antagonist’, ‘Infliximab’, ‘Adalimumab’, ‘Etaner-
cept’, ‘Tocilizumab’, ‘Golimumab’, ‘Canakin-
umab’, ‘Interleukin 1 Receptor Antagonist
Protein’, and ‘Vedolizumab’. Furthermore, the
reference lists of the selected articles were manu-
ally screened to avoid missing any qualified stud-
ies. (The search strategy for the PubMed database
is provided in the Supplemental File 1.)

Study selection. After literature searching, we
imported the bibliographies into EndNote X8
(Clarivate Analytics US LLC, Philadelphia, PA,
USA) and removed duplicate records. The inclu-
sion criteria were as follows: (a) patients were defin-
itively diagnosed with intestinal BD; (b) they were
treated with biologics; (c) effectiveness or safety
assessment had been done with clearly reported
results and estimating times. The following were
excluded: (a) letters, editorials, expert opinions,
reviews, or meeting abstracts; (b) articles written in
a language other than English; (c) studies with
duplicated patients and results; (d) studies with
missing data. Two investigators (Zhan and Liu)
independently screened the titles and abstracts of
all retrieved information according to the inclusion
and exclusion criteria. A flow diagram of the article
selection process is presented in Figure 1.

Data extraction. Two investigators (Zhan and Liu)
independently extracted the data from the eligible
articles, and disagreements were resolved through
discussions with a third investigator (Zhuang).The
following information was recorded from each
study: first author, year of publication, types of bio-
logics, age, clinical manifestations, criteria of dis-
ease evaluation, concurrent treatments, time of
evaluation, total number of patients, and number
of patients with intestinal symptoms/ulcers
improved or disappeared after treatment. The
diagnostic criteria across the included studies were
similar. Almost all studies emphasized the exis-
tence of intestinal ulcers and other extraintestinal
manifestations that allowed a BD diagnosis.518:19

In addition to DAIBD, the global gastrointestinal
symptom score (GGISS) was also used to describe
patients’ clinical conditions in the included studies.?%:2!
The GGISS is a ranking system that evaluates the
influence of gastrointestinal symptoms on a patient’s
daily life. This system includes the following items:
‘free of symptoms’, ‘did not affect daily life’, ‘slightly
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Figure 1. The flow diagram of this meta-analysis.

affected daily life’, ‘affected daily life’ and ‘critically
affected daily life’, which are defined by patients them-
selves and score from 0 to 4 retrospectively.?2

Quality assessment

The quality assessment tool for case series studies
developed by the Canadian Institute of Health
Economics (IHE) was used to evaluate the
research quality.2? This tool comprised a total of
20 criteria, and studies that met 14 or more (70%
or more) were considered to have an acceptable
quality (Supplemental Table 1).24

Data analysis and meta-analysis
All statistical analyses were performed using SPSS
20 (IBM, Armonk, NY, USA) and R version 4.1.0

(R Foundation for Statistical Computing, Vienna,
Austria). Normally and non-normally distributed
continuous variables were presented as means + SE
of the mean and medians (interquartile range),
respectively. Categorical variables were presented
as frequencies. If original data failed to meet a nor-
mal distribution in the meta-analysis, a double arc-
sine transformation was performed to stabilize the
variance in the original ratio. In addition, heteroge-
neity was evaluated by QO-test and I? statistics.
When p<<0.05 or I?>50%, the combined propor-
tions and 95% confidence intervals were calcu-
lated using a random-effects model; otherwise a
fixed-effects model was used.?> We also performed
subgroup analyses on different types of TNF-a
agents. The clinical characteristics of all patients in
the meta-analysis are summarized in Table 1 and
the results are presented as forest plots with 95%
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Table 2. Synthesized therapeutic efficacy evaluation of included studies in meta-analysis.

Aspects of therapeutic efficacy Time of evaluations Sustain periods

Pooled improvement Pool proportion of

evaluation (week) proportion of clinical patients receiving
symptoms/intestinal complete clinical
ulcers (%) symptoms remission/
mucous healing (%)
Clinical symptoms variation 0-6 Induction 71.7 48.6
10-14 Short term 59.8 53.9
24-30 Medium term 73.8 60.6
48-54 Long term 73.7 58.7
Intestinal ulcers variation 0-24 Short term 74.5 46.9
24-52 Long term 60.9 60.9
52-104 Longer period 80.1 -
confidence intervals. We failed to peroform the Results
bias assessment since the number of included stud-
ies was small. Case series

The improvement rate was defined as the pro-
portion of patients with gastrointestinal symp-
toms alleviation or intestinal ulcers decrease
=50%. The complete remission rate and heal-
ing rate were defined as the proportion of
patients with symptoms and ulcers completely
disappeared.?2

Different studies evaluated the efficacy at differ-
ent time periods, and to minimize the influence
of heterogeneity between different included
studies, we synthesized the rates of gastrointesti-
nal symptoms and intestinal mucosal ulcers at
different time points during the therapeutic peri-
0ds.?2:28:30 The results are summarized in Table 2.
According to the treatment strategy of anti-TNF-
o agents, we evaluated efficacy of symptom
improvement at different time points: induction
therapy (0—6weeks), short-term maintenance
therapy (10-14weeks), medium-term mainte-
nance therapy (24-30weeks), and long-term
maintenance therapy (48-54weeks). For endo-
scopic examination in intestinal mucosal ulcers,
the time points were merged as following: short-
term duration (0-24 weeks), long-term duration
(24-52weeks), and longer-term duration
(52-104 weeks).

Patient characteristics. A total of 11 patients with
intestinal BD received anti-TNF-o treatment at
our institution (five men and six women). Most of
the patients were young adults (mean age:
32.82+t13.01years) and the median disease
duration was 1.58months (range: 0.25-—
10months). All patients had intestinal ulcers and
clinical manifestations included buccal ulcer and
abdominal pain. The typical manifestation of BD
(i.e., ulcers in the ileocecal region) was detected
in 6 of the 11 patients. The detailed clinical data
of the included patients are listed in Table 3.

Treatment and efficacy assessment. All patients
in our case series received infliximab (IFX) treat-
ment. One patient switched to adalimumab
(ADA) due to the failure of IFX therapy, and the
therapeutic effects were evaluated separately. IFX
was administered at a standard dose of 5 mg/kg at
0, 2, and 6 weeks initially, and it was administered
every 8 weeks as maintenance therapy. ADA was
administered at standard doses of 160 and 80 mg
at weeks 0 and 2, and then it was administered at
a dose of 40 mg every other week. These biologics
were prescribed to the included patients due to
conventional therapies failure (n=4), steroid-
dependency (n=4), and disease flares (n=4).The
mean duration of anti-TNF-o treatment was
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for Behget’s Disease and the Korean Diagnostic
Criteria for Intestinal Behget’s Disease.5:18:19

The included patients were glucocorticoid-
dependent or resistant, unresponsive to other bio-
logics, refractory to conventional treatments (i.e.,
transient remission was achieved with the use of
regular immunosuppressants, and symptoms or
intestinal ulcers relapsed even with persistent
immunosuppressant treatment).” Apart from the
anti-TNF-o agents, all patients received other
drugs at the same time. The characteristics of the
included studies are summarized in Table 1. The
quality of each study was assessed and the result
was presented in Supplemental Table 1. The
studies met 15-19 criteria in the IHE quality
assessment tool, and thus, were deemed to have
an acceptable quality for inclusion in the
analysis.

Anti-TNF-o agents exert therapeutic efficacy in
intestinal BD

Anti-TNF-o. agents maintain clinical symptom
remission during different therapeutic periods.
Five studies with 383 patients were included in
the evaluation of induction therapy (four studies
focused on IFX and one studied ADA). Overall,
71.7% of the patients achieved clinical symptom
improvement and 48.6% of them experienced a
complete symptom relief. In subgroup analyses,
improvement rate of IFX was 79.3% and the
complete remission rates for IFX and ADA were
50.7 and 47.4%, respectively (Figure 2(a), Sup-
plemental Figure 1A).

Seven studies with 377 patients were included in
the evaluation of short-term maintenance ther-
apy; 59.8% of the patients showed improved clin-
ical symptoms and 53.9% of them achieved
complete remission. Moreover, the symptom
remission rate of IFX (75%) was higher than
ADA (58.6%) by further subtype analyses.
However, the complete remission rates were simi-
lar between the two agents (Figure 2(b),
Supplemental Figure 1B). In addition, 317
patients were observed in the medium-term main-
tenance therapy period. The overall symptom
alleviation and complete remission rates in 317
patients were 73.8 and 60.6%, indicating the
therapeutic efficacy could be sustained. In the
patients treated with IFX, 77.5 and 66.3%
achieved symptom improvement and complete
remission, while the corresponding rates for

patients treated with ADA were 67.6 and 65.1%
(Figure 2(c), Supplemental Figure 1C).

Nine studies including 328 patients evaluated
long-term maintenance therapy. The clinical-
symptom-remission rate in this period was 73.7 %,
and 58.7% of these patients received complete
resolution. The remission rates in patients who
received IFX and ADA were 72.9 and 80.6%,
respectively. Moreover, 65.6% of the IFX-treated
patients and 58.2% of the ADA-treated patients
achieved complete symptomatic remission
(Figure 2(d), Supplement Figure 1D). Besides,
the therapeutic effect over 100weeks was also
evaluated in 212 patients; 77.8 and 65.4% of the
patients achieved remission and complete allevia-
tion of the symptoms, respectively. Especially, the
complete remission rate was 86.1% among 20
patients with IFX treatment, but the correspond-
ing rate in patients receiving ADA was 43.7%
(Figure 2(e), Supplemental Figure 1E).

Anti-TNF-o agents maintain intestinal ulcer remis-
sion during different periods. Nine studies contain-
ing 237 patients were included in the short-term
period. The overall improvement rate of intestinal
ulcers was 74.5%, showing IFX with 78.4% and
ADA with 74.6%. The overall rate of intestinal
mucosal healing was 46.9%, and IFX and ADA
showed similar efficacies (78.4% wersus 74.6%)
(Figure 3(a) and (d)). During the long-term
period, mucosal ulcers were alleviated in 77% of
the 120 patients. Subtype analysis found that the
improvement rates account for 89.2 and 84.7% in
IFX and ADA treatment, respectively. The overall
mucosal healing rate was 60.9% in the patents with
long-term follow-up and the respective rates of
IFX- and ADA-treated patients reached 82.1 and
56.8% (Figure 3(b) and (e)). Furthermore, 80.1%
of the included patients (z=119) showed ulcer
improvement even in a longer therapeutic time of
52—-104weeks. Almost all included patients
(n=117) received ADA, and the subtype analysis
showed that the rate of improvement in these
patients was 80.4% (Figure 3(c)).

Safety assessment of anti-TNF-a. agents in
intestinal BD

Seven studies (four about IFX, two about ADA
and the other one without statement of specific
subtype) with 153 patients reported adverse
events. Briefly, 40 patients (26.1%) had mild
infection, especially 2 (1.3%) had serious
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(a) Study Events Total Proportion 95%-Cl  Weight
IFX H
Iwata, 2011 10 10 ——a 1000 [0.6921.000] 17.2%
Lee, 2013 18 28 R 0643 [0.441;0.814] 219%
Hibi, 2016 7 1 = 0636 [0.308;0.891] 17.7%
Zhan, 2022 9 1 _ = 0818 [0.482,0977] 17.7%
Random effects model 60 —— 0793 [0.574;0.953] 74.4%
Heterogeneity: I° = 64%, ° = 0.0315, p = 0.04 H
'
ADA 1
Suzuki, 2020 153 323 —— H 0474 [0.418;0530] 25.6%
Random effects model 323 — ' 0474 [0.419;0.528]  26.6%
Heterogeneity: not applicable i
|
Random effects model 383 ——— 0.717 [0.495;0.898] 100.0%
Heterogeneity: I° = 84%, ©° X r T T T T T
Test for subgroup differences: x5 = 7.48, df = 1 (p < 0.01) 04 0.5 0.6 0.7 08 09
(b) Study Events Total Proportion 95%-Cl  Weight
IFX
Kinoshita, 2013 12 15 _—t 0.800 [0519;0.957] 59%
Hibi, 2016 8 1 0727 [0.300;0.940]  3.5%
Zhan, 2022 6 9 0667 [0.299;0.925]  25%
Fixed effect model 35 —_— 0.750 [0.608;0.893] 11.8%
Heterogeneity: /> = 0%, <* = 0, p = 0.76
ADA
Tanida, 2015 12 20 0600 [0361;0.809] 52%
Tanida, 2016 6 8 0.750 [0.349; 0.968] 27%
Suzuki, 2020 169 292 —— 0.579 [0.520;0.636] 74.8%
Fixed effect model 320 - 0.586 [0.532;0.639] 82.6%
Heterogeneity: /° = 0%, =054
Unclassified
Sugimura, 2019 10 22 —_— 0455 [0.244;0.678]  55%
Fixed effect model 22 — 0.455 [0.246;0.663]  55%
Heterogeneity: not applicable
Fixed effect model a7 — 0.598 [0.549;0.647] 100.0%
Heteregeneity: /* = 27%, +* = 0.0032, p = 0.22 f T T T T T 1
Test for subgroup differences: 3 = 6.43, df = 2 (b = 0.04) 03 04 05 06 07 08 09
(C) Study Events Total Proportion 95%-Cl  Weight
IFX
Iwata, 2011 10 10 1000 [0.692;1.000] 126%
Lee, 2013 13 28 0464 [0.275,0.661) 18.8%
Hibi, 2016 10 11 0909 [0.587;0.998] 13.2%
Zhan, 2022 4 7 0571 [0.184;0.901] 10.5%
Random effects model 56 0775 [0.433;0.993] §5.1%
Heterogeneity: 12 = 82%, <> = 0.0905, p < 0.01
ADA
Tanida, 2015 13 20 0650 [0.408;0.846] 16.9%
Suzuki, 2020 152 240 0633 [0.569;0.694] 25.0%
Zhan, 2022 1 1 1000 [0.025,1.000]  3.1%
Random effects model 261 0.676 [0.599; 0.749]  44.9%
Heterogeneity: I = 0%, <* = 0, p = 0.82
Random effects model 317 0.738 [0.568; 0.883] 100.0%
Heterogeneity: I = 67%, t* = 0.0222, p < 0.01
Test for subgroup differences: ;% = 0.58, df = 1 (p = 0.45)
(d) Study Events Total Proportion 95%-Cl  Weight
IFX
Iwate, 2011 10 10 1000 [0.692,1.000]  9.7%
Lee, 2013 9 23 0391 [0.197,0.615]  13.2%
Kinoshita, 2013 7 11 0636 [0.308;0.897]  10.1%
Hibi, 2016 8 10 0800 [0.444;0.075]  9.7%
Zhan, 2022 2 3 0667 [0.084:0892]  4.9%
Random effects model 57 0729 [0.426;0.958] 47.6%
Heterogeneity: I° = T6%, v* = 0.0722, p <0.01
ADA
Tanida, 2016 8 8 1000 [0.631,1.000] B87%
Inoue,2017 16 20 0800 [0.563;0.943] 12.7%
Suzuki, 2020 142 221 0643 [0.576;0.706] 18.0%
Random effects model 249 0.806 [0.575;0.966] 39.3%
Heterogeneity: I° = 77%, +° = 0.0324, p = 0.01
Unclassified
Sugimura, 2019 13 22 0591 [0.364;0.793] 13.1%
Random effects model 22 0591 [0.377;0.790] 13.1%
Heterogeneity: not applicable
Random effects model 328 0.737 [0.597; 0.859] 100.0%
Heterogeneity: I = 68%, 1* = 0.0254, p < 0.01
Test for subgroup differences: 5 = 1.92, df = 2 (p = 0.38)
(e) Study Events Total Proportion 95%-Cl  Weight
IFX
Iwata, 2011 10 10 1.000  [0.692;1.000]  15.9%
Kinoshita, 2013 4 8 05500 0157, 147%
Zhan, 2022 2 2 1.000 [0.158; 1.000] 7.4%
Random effects model 20 05896 [0.396;1.000]  38.1%
Heterogeneity: 1% = 74%, ©* = 0.1112, p = 0.02
ADA
Inoue.2017 9 20 0.450 19.3%
Suzuki, 2020 113 172 0.657 . . 24.0%
Random offects modol 192 0583 [0.384;0.771]  43.3%
Heterogeneity: I” = 68%, 1* = 0.0145, p = 0.08
Unclassifed
Kambayashi, 2020 16 17 0.941 [07130.999] 18.6%
Random effects model 17 05941 [0.765; 1.000]  18.6%
Heterogeneity: not applicable
Random effects model 220 - 0.778  [0.563; 0.944] 100.0%
Heterogeneity: I* = 77%, v* = 0.0428, p < 0.01 v
Test for subgroup differences: x5 = 7.30, df = 2 (p = 0.03) 0z 04 06 08
Figure 2. Pooled improvement proportion of clinical symptoms in patients treated by anti-TNF-a agents
in induction period (a), short-term (b), medium-term (c}, long-term (d), and a longer-term sustain period
(100 weeks) (e).
The study by Zhan (2022) was carried out in our institution and was not published before.
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(a) Study Events Total Proportion 95%-Cl  Weight
IFX
Iwata, 2011 10 10 - 1000 [0692;1.0001  4.3%
Kinoshita, 2013 7 12 _ 0583 [0277,0848]  52%
Hibi, 2016 9 1" — 0818 [0482;0.977] 4.8%
2

Zhan, 2022 0400 [0.053;0.853]  23%
Fixed effect model 38 ———— 0784 [0.625;0.914] 16.6%
Heterogeneity: /* = 71%, < = 0.0617, p = 0.02

Al

Tanida, 2015 12 20 —_— 0600 [0.361; 0.809] 8.5%
Tanide, 2016 7 8  — 0875 [0473,0997]  3.5%
Suzukl, 2020 103 138 —— 0746 [0.665,0.817] 57.3%
Fixed effect model 166 0.746 [0.673; 0.814] 69.4%

Heterogeneity: /2 = 17%, < = 0.0020, p = 0.30

Unclassified
Sugimura, 2019 9 16 —_— 0562 [0299,0.802]  6.8%
Kambayashi, 2020 13 17 —_— 0765 [0.501;0.932] 7.2%
Fixed effect model £l ————— 0670 [0.495;0.826] 14.1%
Heterogeneity: /* = 29%, < = 0.0060, p = 0.24
Fixed effect modal 287 - 0745 [0.683; 0.804] 100.0%
Heterogeneity: /* = 46%, & ! v T v 1
Test for subgroup differences: 02 04 06 08 1
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Zhan, 2022 3 5 _— 0600 [0.147:0.947]  44%
Fixed effect model 26 —— 0821 [0.632;0.960] 22.2%
Heterogeneity: {* = 0%, ¢ =046
ADA
Tanida, 2018 4 8 _ 0500 [0.157,0.843]  6.9%
Inoue 2017 1 20 R 0550 [0.315,0.769]  16.5%
Zhan, 2022 1 1 1000 [0.025,1.000]  1.2%
Fixed effect model 29 — 0568 [0.334;0.792] 24.6%
Heterogeneity: i = 0%, 7
Unclassified
Miyagawa, 2019 25 49 —8— 0510 [0.363;0.656] 39.9%
Sugimura, 2019 9 16 R 0562 [0.299,0.802] 133%
Fixed effect model 65 == 0523 [0.398;0.647] 53.2%
Heterogeneity: i = 0%, ©* = 0, p = 0.73
Fixed effect model 120 —— 0.609 [0.505;0.709] 100.0%
Heterogeneity: i = 22%, * = 0.0051, p = 0.26 T 1
Test for subgroup differences: 2 02 04 06 08 1
(C) Study Events Total Proportion 85%-Cl  Weight
ADA
Inoue,2017 12 20 0600 [0.361; 0.808] 16.9%
Suzuki, 2020 74 %6 0771 [0674;0850] T79.8%
Zhan, 2022 0 1 0,000 [0.000;0975]  1.2%
Fixed effect model 17 — 0801 [0.695;0.893] 97.9%
Heterogeneity: /% = 58%, < = 0.0193, p = 0.08
IFX
Zhen, 2022 1 2 0500 [0.013,0987]  2.14%
Fixed effect model 2 0.500 [0.000;1.000]  2.4%
Heterogeneity: not applicable
Fixed effect model 119 ——— 0.801 [0.694;0.895] 100.0%
Heterogenelty: /2 = 4d%, * = 0.0147, p = 0.15 r T T v
Test for subgroup differences: 12 = 0.57, df = 1 (p = 045) 0 02 04 08 0.8
(d) Study Events Total Praportion 95%-Cl Woight
IFX
Iwata, 2011 5 10 0500 [0.187,0.813] 11.0%
Kinoshita, 2013 3 12 0250 (0055,0572] 13.3%
Hibi, 2016 9 i 0818 [0482,0077] 14.0%
Zhan, 2022 1 5 0200 (00050716] 97%
Random effects model 38 0453 [0.000;1.000) 47.9%
Heterogeneity: I* = 78%, * = 0.0746, p < 0.01
ADA
Tanide, 2015 ° 20 0450 [0.231;0.688] 143%
Tanida, 2016 4 8 0500 [0.157,0843]  9.8%
Random effects mode! 28 0.464 [0.280; 0.649) 24.2%
Heterogeneity: 2 = 0%, ¥ =0, p = 0.81
Unclassified
Sugimura, 2019 5 18 0312 [0.110;0587] 14.0%
Karnbayashi, 2020 1 7 0647 [0383:0858] 14.0%
Random effects mode! ) 0480 [0.152;0.808]  28.0%
Heterogeneity: I = 76%, < = 0.0425, p = 0.04
Random effects model 9 0.469 [0.319;0.619] 100.0%

Heterogeneity: I = 629%, «* = 0.0285, p <0.01
Test for subgroup differences: z2 = 0.01, df = 2 (p = 0.99)

(e) Study Events Total Proportion 95%-Cl Waeight
IFX
Iwata, 2011 9 10 0.900 [0.555; 0.997] 8.5%
Hibi, 2016 9 1 0.818 [0.482; 0.977] 9.3%
Zhan, 2022 3 5 0.600 [0.147; 0.947] 4.4%
Fixed effect model 26 0.821 [0.632; 0.960] 22.2%

Hetarogeneity: * = 0%, + = 0, p = 0.46

ADA

Tanida, 2016 4 8 0.500 [0.157; 0.843] 8.8%
Inoue, 2017 1 20 0550 [0.3150769] 16.5%
Zhan, 2022 1 1 1000 [00251000)  1.2%
Fixed effect model 29 0.568 [0.334;0.792] 24.6%
Heterogeneity: /% = 0%, < = 0, p = 0.67

Unclassified

Mivagawa, 2019 25 49 0510 [0.363 0.656] 39.9%
Sugimura, 2019 9 16 0.562 [0.298;0.802] 13.3%
Fixed effect model 65 0.523 [0.398; 0.647] 53.2%

Heterogenelty: /* = 0%, v = 0, p = 0.73

Fixed effect model 120
Heterogeneity: /% = 22%, ¢ = 0.0051, p = 0.26
Test for subgroup differences: 13 = 6.49, df = 2 (0 = 0.04)

0.609 [0.505;0.709] 100.0%

Figure 3. Alteration of intestinal ulcers for patients treated by anti-TNF-o agents: (a) pooled improvement
proportion in short term, (b) pooled improvement proportion in long term, (c) pooled improvement proportion
in longer term, (d) proportion of mucous healing in short term, and (e) proportion of mucous healing in long
term.

The study by Zhan (2022) was carried out in our institution and was not published before.
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infection and they discontinued the treatment.
Besides, 10 patients (6.5%) experienced infusion
reactions and other 10 patients (6.5%) got mild
adverse drug reactions.

Discussion

Our findings indicated that anti-TNF-a agents
could effectively mitigate clinical symptoms in
nearly 70% of the included patients, and the ther-
apeutic efficacy could be sustained over a long
period of time. Furthermore, anti-TNF-o agents
also contributed to intestinal ulcer improvement,
and almost 60% of the patients achieved com-
plete mucosal healing during the long-term
period. Further subtype analyses showed IFX
exerted its effect within a short period of time, but
ADA seemed to work at a slower rate and was
likely to be less effective in the clinical symptom
improvement during induction and early term
periods. In terms of intestinal mucosal ulcer alle-
viation, ADA and IFX took effects comparably in
every therapeutic period. Satisfactorily, only mild
adverse events were reported in all included stud-
ies. As a whole, the results of our study with larger
sample size were more credible than the previous
single-arm studies.

This therapeutic effect could be illustrated in terms
of the pathogenesis and pathophysiological mecha-
nism of BD. BD arises from a dysregulation of the
immune response of T-cells, especially the T
helper type 1 (Thl) cells. Multiple cytokines
related to Thl cells have been reported to promote
TNF-o production, which eventually results in
mucosal damage and contributes to the progress of
intestinal BD.3¢ With respect to such a pathogen-
esis, it is conceivable to verify the effectiveness of
anti-TNF-o agents against intestinal BD. In con-
trast to conventional immunosuppressors that
extensively work on multiple molecular pathways,
anti-TNF-o agents play a more specific and valid
role. As a result, patients with intestinal BD unre-
sponsive to conventional treatments might be
treated effectively with anti-TNF-a, agents.37-38

As IFX and ADA were two subtypes of anti-TNF-
o agents which shared a common therapeutic
mechanism in intestinal BD, they were mainly
studied in most of the included studies. IFX is a
chimeric monoclonal antibody, whereas ADA is a
fully humanized. Nowadays, ADA has been
approved as the standard treatment for intestinal
BD in some east Asian countries.>?3° However,

some discrepancies were noted in the outcomes of
IFX and ADA treatments in this study. IFX
exerted its effect within a short time from adminis-
tration. Even in the induction period, almost 80%
of the IFX-treated patients have shown improve-
ment of clinical symptoms, and half of them
achieved complete resolution. Moreover, the ther-
apeutic effect of IFX was continuous in the mid-
dle- and long-term maintenance periods, and most
patients (82.1%) sustained long-term mucosal
healing. Conversely, ADA worked at a slower rate
and appeared less effective in the induction and
early term periods. The improvement rate of the
clinical symptoms was approximately 50% in the
middle- and long-term maintenance periods
among the ADA-treated patients. While in terms
of the efficacy of mucus ulcer alleviation, ADA
seemed comparable to IFX, and there was little
difference in the ulcer improvement rates between
IFX- and ADA-treated patients in various thera-
peutic periods analyzed. Interestingly, the charac-
teristics of these two subtypes that took effect in
intestinal BD resembled those of inflammatory
bowel disease.40:41

This study had some limitations. First, almost all
included articles were single-arm studies, and
most patients received anti-TNF-o treatment
after they received conventional treatments. Thus,
direct comparisons could not be made between
the anti-TNF-a agents and other conventional
medicines. Second, the sample sizes for ADA and
IFX in the subgroup analyses were highly diverse.
The efficacy of ADA was evaluated in a larger
population, while that of IFX was evaluated in a
smaller population. Therefore, the overall efficacy
of IFX is prone to be affected by the extremely
abnormal results of the included studies. Third,
studies from different countries adopted multiple
criteria to evaluate the disease severity, and the
timing of therapeutic efficacy evaluation varied
widely across the included studies. This could
potentially be a source of significant bias.

A series of measures were taken to moderate the
influence of these limitations. We set strict inclu-
sion criteria; only patients diagnosed with intesti-
nal BD according to the criteria definitively were
included in this study. Moreover, our analyses
only incorporated studies that clearly reported the
efficacy evaluation times, then we integrated the
heterogeneous estimation time into broad treat-
ment periods according to the medicine adminis-
tration regimen (Table 2).
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This study indicated the effectiveness of anti-
TNF-a agents for intestinal BD. To better under-
stand the efficacy of biologics for intestinal BD,
more studies about the first-line efficacy of other
biologics in addition to anti-TNF-o are neces-
sary, especially their comparison with conven-
tional treatments.

Conclusions

According to this retrospective case series and
meta-analysis, anti-TNF-a treatment is effective
for clinical symptom remission and intestinal
ulcer healing in intestinal BD. Data from our own
institution and the results of the meta-analysis
indicated that anti-TNF-a agents could alleviate
the disease in approximately 70% of the patients
who were refractory to conventional treatments.
Furthermore, IFX exerted its effect on the clinical
symptoms remission within a short period of
time, while ADA worked at a slower rate. They
took effects comparably in terms of intestinal
mucosal ulcer alleviation. In addition, anti-TNF-
o treatment was safe with few adverse side effects.
In conclusion, anti-TNF-a agents could be
another choice for patients with refractory intesti-
nal BD to improve their prognosis. However,
future studies should be conducted to investigate
the roles of other biologics, especially their effi-
cacy in the first-line treatment of intestinal BD.
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