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Background:  Despite  the  high  rate  of postoperative  recurrence  (POR)  in Crohn’s  disease  (CD),  there  is  no
widely  accepted  consensus  on  its prevention.
Aim:  To compare  the  efficacy  of  biological  and  conventional  therapies  in  preventing  POR  of CD.
Methods:  We  searched  four  electronic  databases  up  to April  2019  for articles  that examined  the  efficacy  of
different  preventive  therapies  against  POR.  Our  PICO  was:  (P) adults  with  CD who  underwent  intestinal
resection,  (I)  biological  agents,  (C)  conventional  therapies  or a placebo,  and  (O) clinical,  endoscopic,  and
histological  POR.
Results: Anti-TNF�  agents  were  significantly  better  in preventing  clinical,  endoscopic,  severe  endoscopic
and  histological  POR compared  to conventional  therapies  (OR:  0.508,  95%  CI: 0.309–0.834,  P =  0.007;
OR:  0.312,  95%  CI: 0.199–0.380,  P < 0.001;  OR:  0.195,  95%  CI:  0.107–0.356,  P  <  0.001;  and  OR:  0.255,  95%
CI:  0.106–0.611,  P =  0.002,  respectively),  as well  as in  the  subgroup  of nonselected  CD  patients  (OR:

0.324,  95%  CI: 0.158–0.664,  P = 0.002;  OR:  0.225,  95%  CI: 0.124–0.409,  P <  0.001;  and  OR:  0.248,  95%
CI: 0.070–0.877,  P =  0.031,  respectively).  Infliximab  and  adalimumab  proved  to be  equally  effective  in
preventing  endoscopic  POR.
Conclusion:  Anti-TNF�  agents  are more  effective  in preventing  clinical,  endoscopic  and  histological  POR
than  conventional  therapies,  even  in  nonselected  CD  patients.

© 2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Crohn’s disease (CD) is one of the main types of inflammatory
owel disease causing transmural inflammation at any part of the
astrointestinal tract. Up to 75% of patients with CD require surgery
or disease complications, and a high percentage of CD patients

elapse after surgery [1]. Due to postoperative medically refractory
isease or complications, around 50–60% of patients require repeat
urgical interventions [2]. Early recognition of postoperative recur-
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590-8658/© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All
rence (POR), defined by a continuum of histological, endoscopic
and clinical recurrence, is therefore crucial in the management of
patients to avoid bowel destruction [3].

Several different activity indices are used to grade clinical POR,
such as the Crohn’s Disease Activity Index (CDAI) [4], the Clinical
Recurrence Grading Scale (CRGS) developed by Hanauer [5], the
Harvey–Bradshaw Index (HBI) [6] and the Index of Inflammatory
Bowel Disease (IOIBD) [7]. However, these activity indices have
not proven adaptable for postoperative conditions, since nearly
70–80% of CD patients develop endoscopic recurrence without any

sign of clinical recurrence within the first postoperative year [8].
Therefore, ileocolonoscopy is recommended as the gold standard
method for diagnosing endoscopic lesions within the first year after
surgery, using the Rutgeerts’ scoring system [9]. Histologic recur-
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ence is based on a histologic activity score and the presence of
olymorphonuclear cells [10].

To address a major clinical challenge, there is a current need for
ecommendations on the best choice of preventive treatment for CD
atients after bowel resection. In clinical practice, patients with ≥2
stablished risk factors (e.g., active smoking, previous resections,
r penetrating or perianal disease) should be considered as being
t high risk for POR [11]. In this high-risk patient population, the
nitiation of prophylactic medical treatment is recommended to

aintain surgically induced remission [9,12].
Many studies have been conducted over the past years to

valuate the efficacy of different medications in preventing POR.
itroimidazole antibiotics may  reduce POR following ileocolic

esection, though frequent side-effects limit their use [13,14].
esults with 5-aminosalicylates (mesalamine; MSN) are contradic-
ory. Thiopurines such as azathioprine (AZA) and 6-mercaptopurine
6-MP) are obviously superior to placebos (PLAC) in preventing
oth clinical and endoscopic POR [15]. In contrast, AZA failed to
emonstrate its superiority over 5-ASA preparations in a previous
ochrane review [16].

Lately, the use of anti-tumour necrosis factor alpha agents (anti-
NF�; infliximab [IFX] and adalimumab [ADA]) for preventing POR
as come into focus. A subanalysis of the POCER study confirmed
he superiority of ADA over thiopurines for preventing endoscopic
OR in high-risk patients [17]. On the other hand, ADA failed to
emonstrate better efficacy than AZA for preventing POR in a non-
elected population (APPRECIA study) [18]. The PREVENT authors
oncluded that IFX prevents endoscopic POR but not clinical POR
19].

Previous head-to-head and network meta-analyses from 2014
o 2015 found that anti-TNF� agents are the most potent in pre-
enting clinical and endoscopic POR [20–23]. Since then, new
tudies have been released and novel biological agents in the treat-
ent of IBD have been introduced (e.g., vedolizumab (VDZ) and

stekinumab). We  therefore aimed to provide an update summa-
izing the currently available evidence on the efficacy of biological
gents in POR prevention. None of the previously published meta-
nalyses examined which patient population could benefit most
rom the introduction of preventive anti-TNF� treatment, therefore
e also aimed to answer this question.

. Material and methods

This meta-analysis was reported in accordance with the Pre-
erred Reporting Items for Systematic Reviews and Meta-Analyses
PRISMA) statement (Supplementary Table 1) [24]. The protocol
as registered in the International Prospective Register of Sys-

ematic Reviews (PROSPERO) and approved under identification
umber CRD42017083679.

.1. Literature search

We  conducted a computerized search up to 12 April 2019 in
he following four electronic databases: PubMed (http://www.
cbi.nlm.nih.gov/pubmed), EMBASE (https://www.embase.com),
he Central Cochrane Register of Controlled Trials (CENTRAL)
http://www.cochranelibrary.com) and Web  of Science (www.
ebofknowledge.com). The filter ‘humans’ was applied.

Based on the PICO format, we examined the population (P)
f adults with CD after intestinal resection. The outcomes (O)
xamined consisted of clinical, endoscopic, severe endoscopic

nd histological POR. Biologics (ADA, IFX, VDZ, golimumab, cer-
olizumab and ustekinumab) represented the intervention (I), and
he comparators (C) were different conventional, non-biological
reatment options (AZA, 6-MP, MSN  or PLAC). Preventive therapy
isease 51 (2019) 1086–1095 1087

was initiated within 2–6 weeks (defined as early initiation) after
surgery in all of the studies.

A systematic literature search was  performed with a combi-
nation of medical subject headings (MeSH) and free text terms:
Crohn AND (adalimumab OR infliximab OR certolizumab OR goli-
mumab  OR vedolizumab OR ustekinumab OR “anti-tumor necosis
factor” OR “monoclonal antibody” OR biologic) AND (postop* OR
surgery OR surgical OR postsurg* OR operation OR resection) AND
(recur* OR “flare-up” OR relaps* OR remission) AND (prevent* OR
prophyla*).

2.2. Study selection

After the database search, one author (AE) removed the overlap-
ping records and duplicates using reference management software
(EndNote X8, Clarivate Analytics, Philadelphia, PA, USA). First, the
list of potentially eligible records (by title and abstract) were
screened independently by two authors (AE and PS) to capture all
relevant records. Two  authors (AE and PS) screened the full texts
of the remaining articles for eligibility. Consensus involving a third
party (PH) resolved discrepancies when necessary.

Studies evaluating human CD patients (aged ≥18 years) who
underwent ileocecal, ileocolic or colonic resection due to per-
foration, stricture and penetrating complications related to
intra-abdominal abscess formation, drug therapy failure, disease
activity or internal fistula formation were eligible for inclusion.
English-language papers were selected, where therapy was  initi-
ated with the purpose of POR prevention within 2–7 weeks after
surgery. Studies comparing the efficacy of biologics and any con-
ventional, non-biological treatment options were included in our
meta-analysis.

We excluded review articles, case reports and scientific stud-
ies only published in abstract form, studies evaluating treatment
administered with an indication other than prevention of POR and
uncontrolled studies.

2.3. Data extraction

The following data were extracted from each included study
(Table 1 and Supplementary Table 2): first author, year of pub-
lication, study type (prospective/retrospective; randomized/non-
randomized), number of participating centres, length of the
follow-up, drug regimen and number of patients in each study arm.
As for the outcomes, the number of patients with clinical, endo-
scopic, severe endoscopic and histological POR  were collected in
each study arm. The baseline characteristics (Table 1) of the exam-
ined population were collected, including gender distribution, age,
disease duration and main risk factors (smoking, penetrating dis-
ease, perianal location and number of previous resections). Data on
the Montreal classification at the time of enrolment was  gathered
as well.

The endpoints of our meta-analysis were clinical, endoscopic,
severe endoscopic and histological POR. Studies used differ-
ent types of indices to define clinical recurrence, such as CDAI
[10,17–19,25,26], HBI [27–29], IOIBD [30] and Hanauer scores [31].
Endoscopic POR and severe endoscopic POR were defined with a
Rutgeerts score of ≥i2 and ≥i3, respectively. Histological recurrence
was determined by an expert pathologist [29] or by using the mod-
ified histology scoring system of D’Haens (an overall score greater
than 6 with at least a grade 1 polymorphonuclear score) [10,28].

Firstly, anti-TNF� agents (ADA or IFX) as interventions were
compared to different conventional, non-biological prophylactic

options (AZA, 6-MP, MSN  or PLAC). Next, comparisons of anti-TNF�
agents (ADA or IFX) versus thiopurines alone (AZA or 6-MP) were
examined separately. Thereafter, a head-to-head comparison of
ADA and IFX was  performed.

http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
https://www.embase.com
https://www.embase.com
https://www.embase.com
https://www.embase.com
http://www.cochranelibrary.com
http://www.cochranelibrary.com
http://www.cochranelibrary.com
http://www.cochranelibrary.com
http://www.webofknowledge.com
http://www.webofknowledge.com
http://www.webofknowledge.com
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Table 1
Baseline characteristics of patients in the studies analysed.

Author (year)
Study type
(number of
centers)

Drug (n) Male (%)
Age at
surgery
(years)

Disease
duration

Smoking n (%)
Perianal
disease n (%)

≥1 previous
resections n
(%)

Disease location at surgery n (%) Disease behavior at
surgery n (%)

L1 L2 L3 L4 B1 B2 B3

Armuzzi et al.
(2013)

RCT (1)
IFX (11) 7 (64) 34 (24–37)c 24 (15–81)c,h 5 (46) 5 (46) 4 (36) NA NA NA NA NA NA 7 (64)
AZA  (11) 8 (73) 32 (21–45)c 24 (12–54)c,h 5 (46) 6 (55) 4 (36) NA NA NA NA NA NA 5 (46)

Auzolle  et al.
(2018)

Prospective
cohort (1)

Anti-TNF� (66) NA NA NA NA NA NA NA NA NA NA NA NA NA
AZA/6-MP (40) NA NA NA NA NA NA NA NA NA NA NA NA NA

De  Cruz et al.
(2015)

RCT (18)
ADA (28) 11 (39) 39 (30–49)c 11 (6–18)c,h 10 (36) NA 12 (43) 17 (61) 2 (7) 9 (32) 0 (0) 3 (11) 8 (29) 17 (61)
AZA/6-MP (73) 40 (55) 33 (24–45)c 8 (3–18)c,h 28 (38) NA 21 (29) 34 (47) 4 (5) 35 (48) 0 (0) 5 (7) 16 (22) 52 (71)

Fukushima
et  al. (2018)

RCT (13)
IFX (19) 17 (90) 36.6 (19–55)d 5.5 (1–11)d,g 5 (26) NA 2 (11) 4 (21) 3 (16) 12 (63) 0 (0) 1 (5) 13 (68) 5 (26)
MSN  (19) 13 (68) 37.6 (23–74)d 6.2 (1–11)d,g 2 (11) NA 4 (21) 7 (37) 1 (5) 11 (58) 0 (0) 0 (0) 11 (58) 8 (42)

Kotze  et al.
(2014)

Retrospective
(7)

ADA (37) 21 (57) 33.6 ± 12.1a 84 (2–300)f,h 4 (11) 9 (24) 12 (32) 13 (35) 4 (11) 20 (54) 0 (0) 4 (11) 18 (49) 15 (41)
IFX  (59) 38 (64) 31.1 ± 10.9a 82 (2–240)f,h 9 (15) 22 (37) 25 (42) 21 (36) 2 (3) 36 (61) 0 (0) 1 (2) 33 (56) 25 (42)

Lopez-
Sanroman
et  al. (2017)

RCT (24)
ADA (45) 19 (42) 35 (30–40)c 8.1b,g 11 (24) 4 (9) 3 (7) 26 (58) 0 (0) 19 (42) 2 (4) 0 (0) 0 (0) 20 (44)
AZA  (39) 23 (59) 37 (31–47)c 7.3b,g 9 (23) 8 (21) 3 (8) 23 (59) 0 (0) 16 (41) 3 (8) 0 (0) 0 (0) 11 (28)

Regueiro  at al.
(2009)

RCT (1)
IFX (11) 5 (46) 43 (28; 49)e 13 (1; 19)e,g 5 (46) NA 11 (100) 2 (18) 0 (0) 9 (82) 0 (0) 0 (0) 4 (25) 12 (75)
PLAC  (13) 3 (23) 32 (26; 45)e 9 (2; 12)e,g 1 (8) NA 13 (100) 3 (23) 0 (0) 10 (77) 0 (0) 0 (0) 4 (25) 12 (75)

Regueiro  at al.
(2016)

RCT (104)
IFX (147) 77 (52) 35 (26–45)c 8.4 ± 8.7a,g 38 (26) 17 (12) 68 (46) 144 (99) 0 (0) 89 (61) 6 (4) NA NA NA
PLAC  (150) 81 (54) 34 (25–44)c 6.4 ± 7.5a,g 37 (25) 13 (9) 79 (53) 146 (97) 0 (0) 76 (51) 6 (4) NA NA NA

Savarino  at al.
(2013)

RCT (1)
ADA (16) 8 (50) 45 (22–66)d 8.4 (1–17)d,g 9 (56) NA 4 (25) 9 (56) 0 (0) 7 (44) 0 (0) 0 (0) 4 (25) 12 (75)
AZA  (17) 9 (53) 49 (24–69)d 7.9 (1–17)d,g 4 (24) NA 2 (12) 8 (47) 0 (0) 9 (53) 0 (0) 0 (0) 5 (29) 12 (71)
MSN  (18) 8 (44) 46 (25–65)d 6.9 (1–18)d,g 6 (33) NA 5 (29) 8 (44) 0 (0) 10 (56) 0 (0) 0 (0) 4 (22) 14 (78)

Scapa  et al.
(2015)

RCT (1)
ADA (11) NA 30.5 ± 2.3a,h NA 1 (9) NA NA NA NA NA NA NA NA NA
6-MP  (8) NA 34.4 ± 2.5a,h NA 3 (38) NA NA NA NA NA NA NA NA NA

Sorrentino  at
al. (2007)

Prospective
pilot study (1)

IFX + MTX  (7) 4 (57) 36 (23–64)b 7 (3–14)b,g 2 (29) NA 2 (29) 5 (71) 0 (0) 2 (29) 0 (0) NA NA NA
MSN  (16) 11 (69) 40.5 (23–70)b 5.5 (1–23)b,g 4 (25) NA 1 (6) 11 (69) 3 (19) 2 (13) 0 (0) NA NA NA

Tursi  et al.
(2014)

RCT (1)
ADA (10) 5 (50) 34.5 (22–39)b 48 (6–144)b,g 2 (20) 4 (40) 3 (30) NA NA NA NA 0 (0) 0 (0) 8 (80)
IFX  (10) 4 (40) 30.5 (20–33)b 48 (6–130)b,g 3 (30) 4 (40) 4 (40) NA NA NA NA 0 (0) 0 (0) 3 (30)

Yamada  et al.
(2018)

Retrospective
(1)

VDZ (22) 8 (36) 25.5(23.0–30.7)c 9 (2.5–12.0)c,g 3 (14) 12 (55) 13 (59) 4 (18) 5 (23) 13 (59) 2 (9) 6 (27) 10 (46) 6 (27)
Anti-TNF�  (58) 30 (52) 36.0 (28.5–48.5)c 12 (4.0–18.0)c,g 7 (12) 16 (28) 37 (64) 16 (28) 8 (14) 34 (59) 4 (7) 9 (16) 24 (41) 25 (43)
AZA/6-MP (38) 18 (47) 40.5 (25.0–49.5)c 9 (1.0–15.0)c,g 4 (11) 6 (16) 17 (45) 14 (37) 5 (13) 19 (50) 4 (11) 4 (11) 11 (29) 23 (61)
MZD  (16) 7 (44) 44.0 (34.7–53.0)c 8 (5.5–18.2)c,g 1 (6) 8 (50) 8 (50) 6 (38) 4 (25) 6 (38) 0 (0) 3 (19) 6 (38) 7 (44)
PLAC  (69) 34 (49) 41.0 (30.0–54.0)c 8 (2.0–19.0)c,g 15 (22) 11 (16) 46 (67) 18 (28) 18 (28) 29 (45) 1 (1) 17 (25) 23 (33) 29 (42)

Yoshida  et al.
(2011)

RCT (1)
IFX + MSN  (15) 11 (73) 36.9 ± 11.6a 11.6 ± 8.8a,g 3 (20) NA 11 (73) 4 (27) 0 (0) 11 (73) 0 (0) NA NA NA
MSN  (16) 12 (75) 32.9 ± 10.2a 9.2 ± 7.1a,g 3 (19) NA 10 (63) 4 (25) 0 (0) 12 (75) 0 (0) NA NA NA

RCT: randomized controlled trial; IFX: infliximab; AZA: azathioprine; NA: non-available; 6-MP: 6-mercaptopurin; anti-TNF�: anti-tumor necrosis factor alpha; ADA: adalimumab; MTX: methotrexate; MSN: mesalamine; PLAC:
placebo;  VDZ: vedolizumab; MZD: metronidazole.

a Mean ± SD.
b Median (range).
c Median (IQR).
d Mean (range).
e Median (25%; 75%).
f Median (min–max).
g Years.
h Months.
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Subgroup analyses were carried out to investigate the dif-
erences deriving from patient selection. In our meta-analysis,
atients were considered to have a high risk of POR if they were
xposed to >1 of the following risk factors: active smoking, young
ge at diagnosis, penetrating or perianal disease at diagnosis, >1
esections and a resection within three years. As a comparator, a
roup of nonselected patients without risk factors for POR was used.

For safety analysis, adverse events (AE) and severe adverse
vents (SAE) were categorized in accordance with the definitions
f the International Conference on Harmonisation of Technical
equirements for Registration of Pharmaceuticals for Human use-
ood Clinical Practice (ICH-GCP) consensus guidelines [32].

.4. Risk of bias

The two investigators (AE and PS) first assessed the method-
logical quality of selected studies independently, and then
isagreements were resolved. If consensus could not be reached,
he authors asked for a second opinion from a third investigator
PH). The Cochrane Risk of Bias Tool was used [33] for a risk of bias
ssessment of the included RCTs. Seven items in this tool were rated
s having a low risk of bias (marked with a green plus sign), a high
isk of bias (marked with a red minus sign) and an unclear risk of
ias (marked with a yellow question mark).

A topic-tailored form of the Newcastle–Ottawa Scale (NOS) was
sed [34] to assess the risk of bias of the included observational
tudies. We  evaluated the included studies with eight items from
hree domains (selection, comparability and outcome). One star
as assigned to each item, except for comparability, for which a
aximum of two stars was possible. The highest possible score was

ine. Each item was classified as having a low risk of bias (marked
s a green plus sign equalling 1 star) or a high or unclear risk of bias
marked as a red minus mark equalling 0 star), corresponding to
ur specified definitions.

.5. Statistical analysis

All meta-analytic calculations were performed with Compre-
ensive MetaAnalysis software Version 3 (Biostat, Inc., Englewood,
J, USA). Since binary outcomes were used, odds ratios (OR) with a
5% confidence interval (CI) were calculated, using the random-
ffects model developed by DerSimonian and Laird [35]. Forest
lots were used to display the results of the statistical analysis. All
nalyses were two-tailed and P < 0.05 was considered as significant.

Heterogeneity was assessed using Cochrane’s Q and the I2 statis-
ics. In the case of the Q statistic, Q exceeds the upper-tail critical
alue of chi-square with k-1◦ of freedom. I2 represents the per-
entage of effect size heterogeneity, which cannot be explained
y random chance. According to the Cochrane Handbook, hetero-
eneity could be interpreted as moderate between 30 and 60%, as
ubstantial between 50 and 90% and as considerable above 75% [33].

Meta-regression was used to detect the effect of length of
ollow-up on the effect sizes if we had at least 10 publications
eporting the same outcomes. Our null-hypothesis was  that the
oefficients are zero. The results were described with regression
oefficients, 95% CI-s, probability-values (P) and the explained vari-

nces of the models (R2 analogs).

Publication bias was evaluated by visual inspection of the funnel
lot due to the small number of articles included in our meta-
nalysis.
isease 51 (2019) 1086–1095 1089

3. Results

3.1. Study selection

Our comprehensive literature search identified a total of 1143
records (shown on the PRISMA flow chart; Supplementary Fig. 1) in
four electronic databases (143 articles in PubMed, 704 in EMBASE,
83 in CENTRAL and 213 in Web  of Science). After the removal of
duplicates, 722 records remained, of which 694 were excluded by
title and abstract. According to our inclusion and exclusion crite-
ria, 23 potentially eligible articles were considered for inclusion
based on full texts. Out of these studies, nine were excluded due
to the following reasons: two studies did not meet the criteria
on the outcome measures [36,37], three studies were previously
published systematic reviews or meta-analyses [38–40], one study
did not report the outcomes by treatment [41] and three studies
had no control arm [42–44]. Finally, the 14 remaining studies ful-
filled all inclusion criteria and were included in the meta-analysis
[10,17–19,25–31,45–47].

3.2. Characteristics of the studies included

The main characteristics of the included studies are listed in
Supplementary Table 2. The studies were published from 2007
to 2018, and the follow-up period in the studies ranged from 6
to 36 months. Finally, we used the data from 14 studies, includ-
ing a total of 1224 CD patients (573 patients received biologics,
and 620 patients received non-biological drugs). Ten articles were
randomized controlled trials (RCT) [10,17–19,25–28,30,47], four
[17,18,25,47] and six studies [10,19,26,28,30,31] compared the effi-
cacy of ADA and IFX to non-biological comparators (AZA, MSN  and
PLAC), respectively. Two  studies compared anti-TNF� agents to
conventional, non-biological therapies [29,46]. Two papers [27,45]
reported on the head-to-head efficacy of ADA  and IFX in prevent-
ing POR: one of them was  a retrospective study [45], the another
one was  an RCT [27]. Two articles only included high-risk patients
in their analysis [17,28], and eight ones involved nonselected CD
patients [10,18,19,25,26,29–31].

Only one study by Yamada et al. compared the efficacy of VDZ
and conventional therapies with respect to the prevention of POR
[29]. Due to the low number of VDZ patients and to that the same
group (AZA) was  compared to both VDZ and anti-TNF� patients,
we were unable to set up a VDZ subgroup in our meta-analysis.

3.3. Comparison of preventive anti-TNF  ̨ versus conventional
therapy for POR

Twelve studies assessed POR comparing anti-TNF�
therapy to different, non-biological prophylactic options
[10,17–19,25,26,28–31,46,47] (Figs. 1–3). There was  a signif-
icantly lower rate of clinical, endoscopic, severe endoscopic
and histological POR in the anti-TNF� group compared to the
non-biological treatment group (OR: 0.508, 95% CI: 0.309–0.834,
P = 0.007; OR: 0.312, 95% CI: 0.199–0.489, P < 0.001; OR: 0.195,
95% CI: 0.195–0.356, P < 0.001; and OR: 0.255, 95 CI: 0.106–0.611,
P = 0.002, respectively). Substantial heterogeneity was detected
only in the case of histological recurrence (I2 = 63.2%, P = 0.066),
while the analysis showed moderate heterogeneity in the case of
clinical, endoscopic and severe endoscopic recurrence (I2 = 38.4%,
P = 0.102; I2 = 38.0%, P = 0.088 and I2 = 35.3%, P = 0.159, respectively)
(Supplementary Table 3).

The superiority of anti-TNF� treatment over thiopurines could

only be demonstrated in the case of endoscopic POR  (OR: 0.392,
95% CI: 0.241–0.639; P < 0.001) (Supplementary Figs. 2–4).

Twelve studies were eligible for meta-regression. No statisti-
cally significant linear correlation was  observed between clinical
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Fig. 1. Comparison of preventive anti-TNF� versus c

nd endoscopic POR and time during the examined follow-up
P = 0.154 and P = 0.411, respectively) (Supplementary Figs. 5 and
).

.4. Comparison of infliximab and adalimumab for the
revention of endoscopic POR

An evaluation of the homogeneous data (I2 = 0.0%; P = 0.640)
rom the two head-to-head comparison studies [27,45] found no
ignificant difference between ADA and IFX with regard to endo-
copic POR rates (OR: 0.799, 95% CI: 0.329–1.940; P = 0.620) (Fig. 4).

.5. Efficacy of prophylactic anti-TNF  ̨ agents in nonselected CD
atients

Only two studies assessed the efficacy of anti-TNF� agents with
egard to POR in high-risk patients [17,28], while eight studies did
ot separate patients into risk groups (i.e., they did not include

 selected patient group) [10,18,19,25,26,29–31] (Fig. 5a–c). Anti-
NF� agents showed a significantly better efficacy in preventing
linical, endoscopic and severe endoscopic POR in a nonselected
D population (OR: 0.324, 95% CI: 0.158–0.664, P = 0.002; OR: 0.225,
5% CI: 0.124–0.409, P < 0.001; and OR: 0.248, 95% CI: 0.070–0.877,

 = 0.031, respectively). The overall heterogeneity was the high-
st in the analysis of severe endoscopic POR (I2 = 55.3%; P = 0.062)
Supplementary Table 3).

.6. Safety analysis

Six of the fourteen studies reported the rate of adverse events

AEs) of postoperative preventive treatments [10,17–19,25,28],
hile three studies reported the rate of SAEs [17–19]. No significant
ifference was observed in AE or SAE rates between the anti-
NF� and the conventional treatment groups (OR: 0.860, 95% CI:
tional therapy for clinical postoperative recurrence.

0.457–1.617, P = 0.639; and OR: 1.018, 95% CI: 0.641–1.617, P = 0.94,
respectively) (Supplementary Fig. 7a and b).

3.7. Risk of bias assessment

Risk of bias assessments of the included studies are shown in
Supplementary Fig. 8. In RTCs, random sequence generation was
described in sufficient detail in only 40% and allocation conceal-
ment in only 30% of the articles. Four studies were open-label
studies; they therefore carried a high risk of bias due to lack of
blinding among participants and personnel. In four studies, the
assessment of outcomes was unblinded or not described accurately.
All of the studies were judged as being low risk with regard to the
item of incomplete outcome, excepting the study of Scapa, which
was only published in abstract form. All of the studies were judged
as being free from other potential sources of bias, excepting the
study of Scapa (unclear risk of bias) and the study of Fukushima
(high risk of bias). As for selective reporting, we failed to identify
half of the studies in trial protocol databases; they were therefore
considered to have an unclear risk of bias in this regard.

All of the included observational studies were considered low-
risk studies with regard to each item, except for assessment of
outcome. From this point of view, all four studies were assigned
zero stars because none of them detailed blinding for the outcome
assessment (whether endoscopic operators performing control
endoscopies were blinded or not). In the study of Auzolle, the com-
parability of the cohorts of patients could not be judged based
on the article content. According to our assessment, the included
observational studies achieved six to eight points out of a maximum
of nine.
4. Discussion

Most of the patients with CD require surgery during their life-
time. Within one year, 80% of operated patients develop endoscopic
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Fig. 2. Comparison of preventive anti-TNF� versus conventional ther
OR. However, there is no widely accepted consensus on the pre-
ention of POR, though the issue has been approached through
ultiple meta-analyses and a Cochrane review in recent years.
r (a) endoscopic and (b) severe endoscopic postoperative recurrence.
In our meta-analysis, we  used the most up-to-date data from
14 clinical studies, of which most were RCTs. Most of the included
studies compared the efficacy of anti-TNF� agents to non-biological
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Fig. 3. Comparison of preventive anti-TNF� versus conventional therapy for histological postoperative recurrence.
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Fig. 4. Direct comparison of infliximab and adalimu

omparators in preventing clinical, endoscopic, severe endoscopic
nd histological POR. The minority compared the efficacy of ADA
nd IFX. We  made an effort to synthesize all the possible compar-
sons in our meta-analysis.

Firstly, we evaluated the efficacy of anti-TNF� agents compared
o non-biological comparators. Based on our results, anti-TNF�
gents were significantly more effective in preventing clinical,
ndoscopic, severe endoscopic and histological POR. Our findings
onfirm results from previous meta-analyses [20–22]. As part of
ur comparison, we analysed the efficacy of anti-TNF� agents com-
ared to the thiopurine-treated group. Anti-TNF� agents proved to
e better in all kinds of analysed POR prevention, but their superior-

ty over thiopurines could only be detected in the case of endoscopic
OR.

Secondly, we performed a direct, head-to-head comparison
etween ADA and IFX in preventing endoscopic POR. We  found that
he efficacy of these two anti-TNF� agents is nearly the same, thus

onfirming previously performed indirect comparisons [21,48].

Thirdly, uniquely in the literature so far, we aimed to iden-
ify groups of patients who will benefit most from a preventive
nti-TNF� treatment after resection. We  therefore compared the
or preventing endoscopic postoperative recurrence.

anti-TNF� agents to controls in the high-risk and nonselected CD
patient subgroups. The analysis indicated that nonselected patients
enjoy the benefits of preventive anti-TNF� treatment with respect
to clinical, endoscopic and severe endoscopic POR as well, indepen-
dently from risk stratification.

Our meta-analysis has several strengths worth highlighting. A
high number (1124) of operated CD patients were enrolled in the
analyses, and most of the included studies were RCTs. This is the
first meta-analysis involving subgroup analyses on patient selec-
tion upon risk stratification. A head-to-head comparison between
IFX and ADA was  also possible, which confirmed previous indirect
comparisons. Today, mucosal healing is considered as one of the
hardest endpoints in predicting long-term clinical success in IBD
[49]. Closely related to this, we examined the efficacy of anti-TNF�
treatment compared to conventional therapies with respect to the
prevention of histological POR.

However, we are aware that our findings suffer from several lim-

itations. First, we  could not investigate the effect of co-treatments
used in the different treatment arms. Second, the follow-up period
in the included studies ranged between six and 36 months,
although most reported the results at one year. Finally, we  could



A. Erős et al. / Digestive and Liver Disease 51 (2019) 1086–1095 1093

 for (a

n
o
p

e

Fig. 5. Efficacy of preventive anti-TNF� agents in nonselected CD population

ot evaluate the effect of new biologics (e.g., VDZ and ustekinumab)
n POR prevention, since there have been just very few results

ublished on this field.

In summary, the results from our meta-analysis confirm that
arly initiated postoperative anti-TNF� treatment is currently the
) clinical, (b) endoscopic and (c) severe endoscopic postoperative recurrence.

most effective therapeutic choice in preventing the continuum of
histological, endoscopic, and clinical POR without increasing the

frequency of AEs. Our findings suggest that it is unnecessary to
select patients after intestinal resection based on risk factors since
even nonselected populations can benefit from early initiated pro-
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hylactic anti-TNF� therapy postoperatively. Both IFX and ADA are
qually effective in preventing endoscopic POR. Further large RCTs
re needed to confirm and strengthen our results.
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