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Abstract

Surgery for Crohn’s disease (CD) is not curative, as postoperative recurrence (POR) after ileocolonic resection is the rule in the
absence of prophylactic treatment. In the present article, we critically review available data on the role of anti-tumour necrosis
factor (TNF) agents and new biologics (including vedolizumab and ustekinumab) in the prevention and treatment of POR
after surgery in CD. Several studies (summarised in various meta-analyses) have confirmed the efficacy of anti-TNFs in the
prevention of POR. We identified 37 studies, including 1863 CD patients, with mean endoscopic POR at 6—12 months of 29%.
Only few randomised controlled trials (RCTs) have directly compared thiopurines and anti-TNFs, with controversial results,
although the superiority of the latter is supported by several meta-analyses. Infliximab and adalimumab seem equally effective.
The combination of anti-TNFs and immunosuppressives should be considered in patients previously exposed to anti-TNFs.
Several studies have shown that anti-TNFs remain an effective option to prevent POR also in patients with anti-TNF failure
before surgery. In fact, the use of the same anti-TNF before and after surgery might be effective for the prevention of POR.
Prophylactic anti-TNF treatment, once started, should be continued long term. Anti-TNFs are also effective for the treatment
of established POR. Retreatment with anti-TNFs for POR is a valid strategy even after their preoperative failure. In six stud-
ies (including 156 patients) evaluating vedolizumab, mean endoscopic POR at 6—12 months was 41%. The non-randomised
comparison of anti-TNFs and vedolizumab has provided controversial results. One placebo-controlled RCT confirmed that
vedolizumab is quite effective in preventing POR in CD patients with increased risk of recurrence. Seven studies (including
162 patients) evaluated ustekinumab, with a mean endoscopic POR at 6-12 months of 41%. The comparative efficacy of
ustekinumab and anti-TNFs is still unclear. Ustekinumab and vedolizumab seem to be equally effective, although the experi-
ence is very limited. In conclusion, to date, anti-TNFs are the most effective agents in preventing and treating POR in CD.
Anti-TNFs remain an effective option to prevent POR also in patients with anti-TNF failure before surgery. Vedolizumab
seems to be quite effective in the prevention of POR in patients with increased risk of recurrence. Ustekinumab is probably
also effective in the postoperative setting, although the comparative efficacy with anti-TNFs or vedolizumab is still unclear.
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and the growing utilisation of biologics have been associ-
ated with a reduction in the frequency of surgical resection
[1]. Nonetheless, surgery remains an important treatment
modality in patients with obstructive symptoms, penetrating
complications, or medically refractory disease. Although a
considerable number of patients necessitate surgery for CD,
it is important not to perceive surgery as a failure in the treat-
ment of the disease. Instead, surgery should be regarded as a
fundamental component of a comprehensive, multidiscipli-
nary approach to managing patients with CD.

Unfortunately, after surgery a high percentage of patients
develop new lesions in intestinal segments previously unaf-
fected by the disease, a phenomenon known as postoperative
recurrence (POR) [2-17]. Postoperative recurrence typically
presents a continuum of characteristics from histologic find-
ings to endoscopic lesions and clinical presentation. Thus,
mucosal lesions (usually assessed by ileocolonoscopy and
named endoscopic POR) generally develop early after sur-
gery—within a few months—and generally precede the
development of digestive symptoms (named clinical POR).
Once POR is established, a proportion of patients will
require new surgical resections (surgical POR) because of
refractory or complicated disease, with the additional risk of
losing intestinal functions. Since the severity of endoscopic
POR correlates fairly well with the likelihood of develop-
ing clinical POR in the near future [18], endoscopic POR is
commonly used as a surrogate marker for the risk of clinical
POR in clinical trials, and drives therapeutic decisions in
clinical practice.

Thus, although surgery can effectively address com-
plications related to CD, ultimately these approaches are
not curative: up to 90% of patients will demonstrate endo-
scopic POR in the neo-terminal ileum within 12 months of
surgery, and within three years, endoscopic POR is almost
universal [2—17]. Clinical POR is present in up to 50% of
patients within five postoperative years [19], and a repeat
intestinal resection is required in 25% of patients within
five years and 35% within 10 years [20]. Patients with
CD with a previous bowel resection should therefore be
evaluated, monitored, and treated appropriately, to prevent
irreversible intestinal loss.

The efficacy of several drugs for the prevention of POR
has been assessed [2—17]. Mesalamine is ineffective, or at
most minimally effective, for preventing endoscopic POR
[9, 21-28]. Imidazole antibiotics are associated with lower
short-term POR rates, but the effect is not sustained in
the long term [29]. Regarding thiopurines, a meta-anal-
ysis published in 2009 concluded that purine analogues
reduced clinical and overall endoscopic POR, but they
were not effective in the prevention of severe endoscopic
POR [30]. Also in 2009, a Cochrane review identified the
association of azathioprine/mercaptopurine with signifi-
cantly reduced risk of clinical and endoscopic POR, when
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compared with placebo [22]. More recently (2014) a sys-
tematic review concluded that evidence for routine use of
azathioprine/mercaptopurine treatment in postoperative
CD was heterogeneous and unconvincing [31]. A later
network meta-analysis concluded that thiopurines showed
greater efficacy in terms of clinical and endoscopic POR
prophylaxis compared with 5-aminosalicylates or placebo,
but with a higher incidence of adverse events [25]. A more
recent updated Cochrane analysis concluded—with moder-
ate certainty—that azathioprine and mercaptopurine were
superior to placebo for maintenance of surgically induced
remission of CD [32]. Finally, according to a recent net-
work meta-analysis, thiopurines can be considered supe-
rior to placebo in preventing endoscopic POR [28]. Nev-
ertheless, it should be noted that some of the classical
studies evaluating these drugs included low, very likely
sub-therapeutic, doses of thiopurines. In summary, thio-
purines appear to be effective in reducing POR in CD, but
with modest efficacy.

Current international guidelines on the postoperative
management of CD recommend primary prevention of POR
based on risk factors, including generally all patients except
those with pure fibrotic and short ileal stenosis [29, 33, 34].
Both European and American guidelines recommend start-
ing prophylactic postoperative medication with thiopurines
or anti-tumour necrosis factor (TNF) agents in CD patients
at high risk of POR [29, 33], with the most consistent risk
factors being smoking, prior intestinal resection, and pen-
etrating disease behaviour [35].

Despite the effectiveness of anti-TNF treatment in (non-
operated) CD, many patients fail this strategy. The introduc-
tion of newer biological agents with novel mechanisms of
action, namely vedolizumab and ustekinumab, has increased
medical options for disease control [36]. However, little is
known about the efficacy of anti-TNFs and these newer bio-
logical agents in the POR setting. In this context, the aim of
the present article was to critically assess, through a com-
prehensive narrative review, available data on the role of
anti-TNF agents and new biologics (including vedolizumab
and ustekinumab) in the prevention and treatment of POR
after surgery in CD.

2 Approach to the Literature

An electronic search was performed in PubMed up to Feb-
ruary 2023 using the following algorithm: (post-operative
OR postoperative OR "post operative" OR "ileocolic resec-
tion" OR "ileo-colic resection” OR "ileocolonic resection”
OR "ileo-colonic resection") AND recurrence AND Crohn's
AND (biologic OR biologics OR biological OR "anti-tumor
necrosis factor" OR "anti-tumour necrosis factor" OR anti-
TNF OR infliximab OR adalimumab OR golimumab OR
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certolizumab OR vedolizumab OR ustekinumab). Up to
February 2023, 421 articles were retrieved with this search
strategy. In addition, the reference lists of the selected arti-
cles, systematic reviews and meta-analyses, were reviewed
to identify additional studies of potential interest. Articles
published in any language were included. If a study was
duplicated, the most recent one fulfilling the inclusion cri-
teria was included.

3 Anti-TNF Agents

3.1 Efficacy of Anti-TNF Agents in the Prevention
of Postoperative Recurrence (POR)

Several studies have evaluated the efficacy of anti-TNF
agents for the prevention of POR in CD patients. Our main
outcome of interest in the present review was endoscopic
POR (defined as a Rutgeerts’ score of > i2 on ileocolonos-
copy), as this is robust and reproducible, and prevention of
endoscopic POR is a strong surrogate measure of surgical
POR the future [18]. Thus, the rate of endoscopic POR in the
studies evaluating the efficacy of anti-TNF agents is summa-
rised in Table 1 [37-72]. Some studies were excluded from
this table because no detailed information was available to
calculate endoscopic POR [73-95], another one was not con-
sidered because low infliximab doses were prescribed [96],
and finally, a study was excluded because it represented a
sub-analysis of an already included study [97]. In total, 37
studies were identified, including 1863 patients. Most were
observational studies, mainly retrospective. The anti-TNF
agents evaluated were infliximab (in most of the studies) and
adalimumab (less frequently), while certolizumab was only
assessed in one study. From data included in Table 1, the
mean endoscopic POR at 6-12 months in patients receiving
prophylactic anti-TNF treatment was 29% (weighted mean;
95% confidence interval [CI] 27-31%).i. RCTs on the effi-
cacy of anti-TNF agents in the prevention of POR

Only a few randomised controlled trials (RCTs) have
directly compared the efficacy of anti-TNF agents versus
placebo (or mesalamine) in the context of POR [39, 41, 47,
52] as summarised below.

In 2009, Regueiro et al published the first RCT comparing
infliximab against placebo for the prevention of POR in CD
[39]. The authors randomly assigned 24 patients with CD
and previous ileocolonic resection to receive either inflixi-
mab (5 mg/kg), first administered within 4 weeks of surgery
and continuously for one year, or placebo. The rate of endo-
scopic POR at one year (the primary endpoint) was signifi-
cantly lower in the infliximab group (1 of 11 patients; 9.1%)
compared with the placebo group (11 of 13 patients; 85%).

In the study by Yoshida et al, published in 2012, 31 CD
patients who had ileocolic resection within the previous 4

weeks were randomly assigned to scheduled infliximab at
5 mg/kg intravenously every eight weeks for 36 months (n
= 15) or without infliximab (control, n = 16) [41]. The pri-
mary endpoint was clinical remission, but endoscopic POR
was also evaluated. At 12 and 36 months, 100% and 93%
of patients in the infliximab group were in clinical remis-
sion, respectively, versus 69% and 56% in the control arm (a
statistically significant difference). Furthermore, the inflixi-
mab group achieved higher endoscopic remission (absence
of endoscopic POR) at 12 months, 79% versus 19%.

Savarino et al evaluated, for the first time in an RCT,
whether the administration of adalimumab after resective
intestinal surgery reduced POR [47]. Fifty-one patients
with CD and previous ileocolonic resection were randomly
assigned to receive, after two weeks from surgery, adali-
mumab at the dose of 40mg every two weeks or mesala-
mine, and they were followed-up for two years. The rate of
endoscopic POR was significantly lower in the adalimumab
group (6.3%) compared with the mesalamine group (83%).
There was also a significantly lower proportion of patients
with clinical POR in the adalimumab group (12%) compared
with the mesalamine group (50%).

Finally, the “Prospective, Multicentre, Randomized, Dou-
ble-Blind, Placebo-Controlled Trial Comparing Remicade
(infliximab) and Placebo in the Prevention of Recurrence
in Crohn's Disease Patients Undergoing Surgical Resection
Who Are at an Increased Risk of Recurrence” (PREVENT)
study, a landmark RCT assessing POR after anti-TNF ther-
apy compared to placebo, was published in 2016 [52]. In
this pioneer trial, CD patients with at least one risk factor
for POR were randomised to receive infliximab (5 mg/kg
every 8 weeks without the usual initial induction sequence)
or placebo within 45 days of surgery. The primary endpoint
was clinical POR, defined as a composite outcome consist-
ing of a Crohn’s Disease Activity Index (CDAI) score > 200
and a > 70-point increase from baseline, and endoscopic
POR (Rutgeerts’ score > i2, determined by a central reader)
before or at Week 76. Endoscopic POR was a secondary
outcome in this trial. Fewer patients in the infliximab group
had clinical POR compared to the placebo group, but the dif-
ference was not statistically significant (13% vs 20%). How-
ever, the comparison for endoscopic POR did show clear
superiority of infliximab (22% vs 51%). Of note, only 18%
of patients with endoscopic POR also had recurrence based
on the CDAI, which emphasises the well-known limitations
of symptom-based scores in the postoperative setting [52].

Although the seminal PREVENT study showed the ben-
efit of infliximab in reducing endoscopic POR, the differing
results with regard to clinical and endoscopic POR resulted
in a failure to achieve the primary composite endpoint,
which in turn resulted in premature termination of the study,
thereby likely precluding enough time for clinical compli-
cations to develop [98]. In addition, this study used every
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Table 1 Studies evaluating the efficacy of anti-TNF agents for the prevention of endoscopic postoperative recurrence in Crohn’s disease

Year Author Anti-TNF Control group Endoscopic postoperative recur-
rence with anti-TNF n/N (%)
2006 Sorrentino [37] Infliximab Mesalamine 0/1 (0%)
2007 Sorrentino [38] Infliximab Mesalamine 0/7 (0%)
2009 Regueiro [39] Infliximab None 1/11 (9%)
2010 Sorrentino [40] Infliximab None 0/12 (0%)
2012 Yoshida [41] Infliximab None 3/14 (21%)
2012 Aguas [42] Adalimumab None 6/29 (21%)
2012 Papamichael [43] Adalimumab None 1/8 (12%)
2012 Sakuraba [44] Infliximab None 6/10 (60%)
2012 Savarino [45] Adalimumab None 0/6 (0%)
2013 Savarino [47] Adalimumab Mesalamine 0/16 (0%)
Thiopurines
2013 Armuzzi [48] Infliximab Thiopurines 1/11 (9.1%)
2014 Tursi [49] Infliximab Adalimumab None 3/20 (15%)
Infliximab: 2/10 (20%)
Adalimumab: 1/10 (10%)
2015 De Cruz [50] Adalimumab Thiopurines 6/28 (21%)
2015 Kotze [51] Infliximab Adalimumab Mesalamine 25/96 (26%)
Thiopurines Infliximab 16/59 (27%)
Adalimumab 9/37 (24%)
2016 Regueiro [52] Infliximab None 17/147 (12%)
2016 Preda [53] Infliximab Adalimumab None 8/26 (31%)
Infliximab 4/14 (29%)
Adalimumab 4/12 (33%)
2016 Takeshima [54] Adalimumab None 5/14 (36%)
2017 Collins [55] Infliximab Adalimumab None 10/39 (24%)
Certolizumab
2017 Loépez—Sanroman [56] Adalimumab Thiopurines 19/45 (42%)
2017 Allocca [57] Infliximab Adalimumab Mesalamine 12/44 (27%)
Thiopurines
2017 Fay [58] Infliximab Adalimumab None 26/73 (36%)
Infliximab 14/32 (44%)
Adalimumab 12/41 (29%)
2018 Asada [59] Adalimumab None 9/26 (35%)
2018 Fukushima [60] Infliximab Mesalamine 4/19 (21%)
2018 Auzolle [61] Infliximab Adalimumab None 26/66 (39%)
2018 Hiraoka [62] Infliximab Adalimumab None 17/36 (47%)
Infliximab 13/27 (48%)
Adalimumab 4/9 (44%)
2018 Yamada [63] Infliximab Adalimumab Thiopurines Vedolizumab 13/38 (34%)
2019 Caiiete [64] Infliximab Adalimumab None 52/152 (34%)
Infliximab 22/55 (40%)
Adalimumab 29/97 (30%)
2019 Maggiori [65] Infliximab Adalimumab Thiopurines 32/93 (34%)
2021 Riviere [66] Anti-TNF Thiopurines 3/18 (17%)
2022 Yanai [67] Infliximab Adalimumab Vedolizumab 90/224 (40%)
Ustekinumab
2022 Le Cosquer [68] Infliximab Adalimumab Thiopurines Vedolizumab 13/61 (21%)
Ustekinumab
2022 Buisson [69] Infliximab Adalimumab Mesalamine Thiopurines 45/184 (30%)
2022 Yu [70] Infliximab Adalimumab None 13/31 (42%)
2022 Buisson [71] Infliximab Adalimumab Ustekinumab 16/35 (46%)
2022 Axelrad [72] Infliximab Adalimumab Vedolizumab 61/223 27%
Ustekinumab

Endoscopic postoperative recurrence: Rutgeerts > i2 at 6-12 months, except in these studies: Fay [58] (median 15 months); Cafiete [64] (18

months); Sakuraba [44] (24 months); Takeshima [54] (median 25 months)
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8-week dosing for infliximab without induction; conceivably
the 3-dose induction could have led to even lower POR rates
[13, 15]. Another particularity of the PREVENT study is
that only 17% of patients received concomitant immuno-
suppressive drugs (such as thiopurines). Finally, infliximab
might have been started as late as 45 days after resection,
when early endoscopic POR may have already been present.
ii. Meta-analyses on the efficacy of anti-TNF agents in the
prevention of POR

Several meta-analyses including studies evaluating the
efficacy of anti-TNF agents for the prevention of POR in CD
have been performed so far, and are summarised in Table 2
[12, 25, 26, 28, 99-110].

3.1.1 Other Studies on the Efficacy of Anti-TNF Agents
in the Prevention of POR

Other studies, despite not being randomised-controlled, have
provided relevant information on the role of anti-TNF agents
in the prevention of POR. Shinagawa et al performed a sub-
analysis within their large multicentre retrospective analysis
of 1871 patients with CD who underwent intestinal resection
before and after anti-TNF therapy was introduced in Japan in
2002 [111]. In the overall multivariable analysis, the postop-
erative use of anti-TNF therapy was associated with a lower
need of surgery in the future.

Some surveys have assessed the clinical practice of
POR management. Nguyen et al examined the clinical
practice in the USA through a web-based survey sent to
all members of the American Gastroenterological Asso-
ciation (AGA) and the American College of Gastroenter-
ology [112]. In high-risk patients, 65% offered medical
prophylaxis—most often biologics—immediately after
surgery. In addition, an 11-question survey was distributed
among gastroenterologists attending the European Crohn’s
and Colitis Organisation (ECCO) congress [113]. With
regard to the class of drug, the number of POR risk fac-
tors influenced the choice of treatment favouring biologics
over thiopurines in 58% of respondents. In this group, 58%
would consider directly starting a biologic if > 2 risk fac-
tors were present, while 42% would make this choice only
for > 3 risk factors.

Regarding safety of anti-TNF agents specifically in the
prevention of POR scenario, a meta-analysis comparing
infliximab with non-biological agents, was unable to dem-
onstrate any difference in adverse events [103]. Even when
comparing infliximab with placebo, there were no differ-
ences in safety [114]. Moreover, a more recent meta-anal-
ysis showed that initiating postoperative anti-TNF therapy
was not associated with an increased rate of adverse events
[102].

In summary, several studies (summarised in various
meta-analyses) have shown the efficacy of anti-TNF agents

in the prevention of POR in CD patients, with a mean rate
of endoscopic POR at 6-12 months of “only”” approximately
30%. However, only a few RCTs have compared the efficacy
of anti-TNF agents versus placebo (or mesalamine) in the
context of POR.

3.2 Anti-TNFs Versus Thiopurines in the Prevention
of POR

The superiority of anti-TNF agents over thiopurines for the
prevention of POR after ileocolonic resection remains con-
troversial. In fact, available guidelines do not express a clear
preference for either agent in postoperative CD patients [29,
33]. For patients with surgically induced remission of CD,
the AGA guideline suggests using anti-TNF therapy and/
or thiopurines over other agents [33]; however, it acknowl-
edges that “there is low-quality evidence favouring anti-TNF
agents over thiopurines for reducing disease recurrence, with
possibly a large effect size”; and it also points out that “the
choice between anti-TNF and thiopurine monotherapy for
preventing disease recurrence should include assessment
of the patient’s risk of disease recurrence and risk-benefit
considerations in the context of patients’ values and prefer-
ences” [33]. On the other hand, the ECCO guideline states
that “to prevent POR the drugs of choice are thiopurines
or anti-TNFs”; however, it is also mentioned, “although
data are limited, anti-TNFs are the most effective treatment
according to indirect comparisons” [29].

3.2.1 RCTs on the Efficacy of Anti-TNF Agents Versus
Thiopurines in the Prevention of POR

Few RCTs with small sample sizes have directly compared
the efficacy of thiopurines and anti-TNF agents in the post-
operative setting [47, 48, 56], as summarised below.
Armuzzi et al conducted the first prospective RCT com-
paring clinical and endoscopic POR in patients treated with
either infliximab or with azathioprine after curative resec-
tion for ileocecal CD [48]. In a small sample of 22 patients
with defined high risk for POR, the authors found that there
were no significant difference between the groups in terms
of endoscopic POR (40% in the azathioprine group vs 9%
in the infliximab group, p = 0.14). Obviously, this lack of
statistically significant difference may be simply due to the
small sample size and the consequent low statistical power.
Savarino et al conducted an RCT involving 51 patients
comparing adalimumab with azathioprine (or mesalamine)
[47]. Two years after surgery, the rate of endoscopic POR
was significantly lower in adalimumab-treated patients
(6.3%) compared with those receiving azathioprine (65%).
Finally, Lépez-Sanromén conducted a 52-week RCT
in which 84 patients with ileocolonic resection were
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randomised to either adalimumab or to azathioprine, both
associated with metronidazole [56]. The primary endpoint
was endoscopic POR at one year, as evaluated by a blinded
central reader. Treatment discontinuation was significantly
less frequent in the adalimumab (4.4%) than in the azathio-
prine group (23%). According to the intention-to-treat analy-
sis, therapy failed in 23/39 (59%) patients in the azathioprine
group and in 19/45 (42%) patients in the adalimumab group
(p = 0.12). Although the authors concluded that adalimumab
did not demonstrate a better efficacy than azathioprine for
prophylaxis of POR, it may be argued that the almost 20%
difference found between the two treatment strategies in this
study might be clinically relevant, although not statistically
significant probably due the low statistical power conse-
quence of the small sample size. Finally, it should be noted
that, in this study, the study drugs were administered to con-
secutive unselected patients, both with low and high risk of
POR; this is a key feature, as benign short indolent steno-
sis was the only condition excluded in this study, while the
populations of other studies are usually limited to patients
at high risk of POR.

Some relevant conclusions can be extracted from the
“Postoperative Crohn’s endoscopic recurrence” (POCER)
trial, although the randomisation was designed to compare
two postoperative management strategies (endoscopy vs
no endoscopy, and not anti-TNF vs thiopurines) [50, 115].
Patients at high risk of POR (smokers, perforating disease,
at least second operation) were treated after resection with
thiopurines, while thiopurine-intolerant patients received
adalimumab. Thus, the number of adalimumab-treated
patients was determined by the rate of thiopurine intoler-
ance. Nonetheless, the patient cohort was prospectively
well defined, the groups were comparable in relation to
their characteristics including previous drug therapy, and
endoscopic assessment was blind to treatment. In summary,
endoscopic POR occurred in 33 of 73 (45%) thiopurine- ver-
sus 6 of 28 (21%) adalimumab-treated patients. Therefore,
the authors concluded that, in patients at high risk of POR,
adalimumab was superior to thiopurines in preventing early
disease recurrence.

3.2.2 Meta-analyses on the Efficacy of Anti-TNF Agents
Versus Thiopurines in the Prevention of POR

As previously mentioned, several meta-analyses of studies
evaluating the efficacy of anti-TNF agents for the preven-
tion of POR in CD have been performed (Table 2). Some
included studies also with a treatment arm with thiopurines
so we could extract some conclusions on the relative effec-
tiveness of anti-TNF versus thiopurines. The most recent
meta-analysis concluded that biologics were more effective
over non-biological treatments in preventing endoscopic,

severe endoscopic, and clinical POR without increasing the
frequency of adverse events [12]. Moreover, the conclusion
of a superiority of anti-TNF over thiopurines in preventing
POR is supported by several network meta-analyses [25, 26,
28, 100-102, 104, 106].

However, interpretation of results from meta-analyses
(including network meta-analyses) is hindered by hetero-
geneity of included studies, with differences in: (1) type of
anti-TNF (infliximab, adalimumab); (2) dose and regimen
of the anti-TNF (induction plus maintenance vs only main-
tenance dose); (3) use of concomitant medication (mainly
thiopurines); (4) previous use of anti-TNF (naive or non-
naive); (5) number and type of risk factors for POR; (6)
outcome definitions (including a Rutgeerts’ score of i2 in
most of the cases, but also Rutgeerts’ i3 in some, and even
CDALI or Harvey-Bradshaw Index in others); and (7) length
of follow-up, among others.

To overcome the disadvantages of network analyses of
published data, Beelen et al performed a meta-analysis of
individual participant data, to compare the effect of thio-
purines and anti-TNF agents [110]. Randomised controlled
trials investigating thiopurines and/or anti-TNF agents after
ileocolonic resection were included. Primary outcome was
endoscopic POR (Rutgeerts’ score > i2). In their meta-
analysis, 645 patients from six studies were included. Three
of the studies directly compared thiopurines and anti-TNF
therapy [48, 50, 56], and three studies compared one of both
therapies (either anti-TNF or thiopurines) with placebo or
mesalamine [52, 116, 117]. In the total population, a supe-
rior effect was demonstrated for anti-TNF agents compared
with thiopurine for the prevention of endoscopic POR (rela-
tive risk, 0.52; 95% CI, 0.33-0.80) and also clinical POR
(relative risk, 0.50; 95% CI, 0.26-0.96). The advantage of
anti-TNF agents as compared with thiopurines was observed
both in the low- and high-risk groups (i.e., in those patients
previously exposed to anti-TNF agents and/or with penetrat-
ing disease behaviour).

Finally, when choosing between thiopurines and anti-
TNF agents for the prevention of POR, not only efficacy
results but also additional factors should be considered.
Thus, thiopurines have evident advantages over anti-TNF
agents with regard to costs and oral administration route
[56]. On the contrary, a major limitation of thiopurines is
their balance between safety and efficacy relative to TNF
antagonists [56].

In summary, although only few RCTs have directly com-
pared the efficacy of thiopurines and anti-TNF agents in the
postoperative setting, with somewhat controversial results,
the superiority of anti-TNF over thiopurines, even in low-
risk patients, is supported by several meta-analyses (includ-
ing network meta-analyses and an individual participant data
meta-analysis).
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3.3 Indications for Anti-TNF Agents
in the Prevention of POR

Prophylactic medication for prevention of POR in CD is
preferably tailored on individual risk stratification, followed
by endoscopy at six months to decide potential treatment
escalation [29, 33, 34]. Several risk factors have been iden-
tified that enable stratification of individuals at high or low
risk for POR after resection surgery. These factors are often
divided into patient-related, disease-related, and surgery-
related risk factors [14]. Smoking has been consistently
identified as the main patient-related risk factor for POR
[118]. However, evidence is inconclusive for other patient-
related factors such as age, sex, and age at disease onset,
whereas genetic factors have not been well studied [14].
With respect to disease-related factors, those include dura-
tion of CD prior to first surgery, history of previous CD sur-
gery, extent of gastrointestinal tract involvement, the pres-
ence of perianal disease, and complications of CD including
penetrating, fistulising, and stricturing CD [10, 13, 14, 29,
33,34, 50, 119].

It should be highlighted that, although identifying
patients who are at higher risk for POR is considered para-
mount in managing postoperative CD, there is no validated
score based on clinical features capable of predicting these
outcomes. In fact, risk factors for POR have never been pro-
spectively validated and guidelines differ in the definition of
a patient at high risk for recurrence, with the British Society
of Gastroenterology requiring the presence of at least two
risk factors [34], whilst the AGA and the ECCO mandate
the presence of a single risk factor [29, 33]. According to
the ECCO, the following are considered predictors of early
POR after ileocolonic resection: smoking, prior intestinal
surgery, penetrating disease at index surgery, perianal loca-
tion, granulomas in resection specimen, and myenteric plexi-
tis [29]. Of these, the three most frequently considered in the
literature are smoking, prior surgery, and penetrating disease
[92], which seem a sensible choice. As previously noted, the
main patient-related risk factor is smoking [118]. In addi-
tion, a history of previous bowel resection seems to justify
the indication of preventive postoperative therapy, given the
greater risk of short bowel syndrome if POR occurs [120].
Finally, it also seems reasonable that the presence of fistulis-
ing disease, the most severe CD phenotype, constitutes an
indication for preventive treatment. From another perspec-
tive, except for CD patients with a short resection indicated
for fibrotic small bowel stenosis and with no previous resec-
tions, preventive treatment (with thiopurines or anti-TNF
agents) should be started after surgery [2, 120].

The landmark POCER trial stratified individuals after
resection surgery into low or high risk of POR by catego-
rising individuals who smoked, had perforating disease, or
had history of at least one previous resection as high-risk

A\ Adis

(and therefore candidates for postoperative preventive treat-
ment), while those who did not have these risk factors were
deemed at low risk [115]. The POCER trial suggested that a
treat-to-target strategy (with ileocolonoscopy at six months
and treatment step-up if POR was detected) was superior
to a symptoms-driven approach in patients at high risk of
recurrence, irrespective of the initiation of the prescribed
immune-prophylaxis immediately after surgery. If there
is endoscopic POR upon the 6- to 12-month ileocolonos-
copy, medical therapy should be modified or intensified
[121]. Patients receiving thiopurines can be switched to an
anti-TNF agent or an anti-TNF agent can be added to their
regimen. Patients who are already taking anti-TNF can be
switched to another anti-TNF agent or to another biological
agent.

However, although prophylactic immunosuppression after
surgery in CD patients with several POR risk factors seems
appropriate, data are missing about the proper approach for
patients with only one risk factor for POR. Immunosuppres-
sive/biological medications are not free of side effects and
some still present a non-negligible cost for health care sys-
tems. Some observations favour step-up treatment guided
by early endoscopic evaluation with prophylactic treatment
reserved for carefully selected high-risk patients, in order
to avoid potential overtreatment of a significant number of
patients [122]. In this respect, in a very recent study, CD
patients with only one risk factor for POR (including pre-
vious intestinal resection, extensive small intestine resec-
tion, fistulising phenotype, history of perianal disease, and
active smoking), were retrospectively included [123]. Two
groups were formed based on whether immunosuppression
was started immediately after surgery (“prophylaxis group”)
or guided by endoscopy (“endoscopy-driven group”). No
differences between the immune-prophylaxis and the endos-
copy-driven approach were found regarding any endoscopic
POR, although a statistical beta error cannot be excluded due
to the small sample size of the study. The authors concluded,
nevertheless, that, in operated CD patients with only one
risk factor for POR, immediate immune-prophylaxis does
not decrease the rate of early clinical and endoscopic POR
[123].

Summarising, the majority of CD patients who currently
undergo surgery in clinical practice are at a high risk of
POR [50, 115, 124, 125]. Therefore, prophylactic treat-
ment with either thiopurines or anti-TNFs is recommended
by current guidelines in the presence of at least one of the
abovementioned clinical risk factors. The key question then
is to decide whether to choose thiopurines or anti-TNFs as
first-line in these patients. Both alternatives are considered
valid by European and American guidelines [29, 33]. Tra-
ditionally, it has been considered that patients should begin
with azathioprine/mercaptopurine, and reserve anti-TNFs for
cases of intolerance or failure of thiopurines. However, the



Biologics for Postoperative Recurrence of Crohn’s Disease

1189

relatively low efficacy of thiopurines and the greater efficacy
of anti-TNF treatment in this scenario (see above) raise the
possibility that these latter agents may be the treatment of
choice for any patient with at least one risk factor. Further-
more, most patients requiring surgery have previously failed
treatment with thiopurines and/or biologics, so the anti-TNF
option seems even more appropriate. Taking all together, it
seems that indication of thiopurines could be restricted to
exceptional cases.

3.4 Infliximab Versus Adalimumab
in the Prevention of POR

The benefit on preventing POR appears to be class specific
since adalimumab has shown similar efficacy results to inf-
liximab. The rate of endoscopic POR in the studies evaluat-
ing the efficacy of infliximab in particular, calculated from a
total of 429 patients from studies included in Table 1, is 24%
(95% CI, 20-28%). The respective figure for adalimumab
(378 patients) is very similar, 28% (95% CI, 23-32%). Fur-
thermore, some studies have evaluated, in the same protocol,
the POR with both infliximab and adalimumab, without find-
ing statistically significant differences [49, 51, 53, 62, 64].

In the first and only randomised study comparing inf-
liximab and adalimumab, Tursi et al assessed POR after
one year of treatment with both anti-TNFs as postoperative
prophylaxis in 20 CD patients with a high risk of recurrence
[49]. Among the ten patients treated with infliximab, two
(20%) had endoscopic POR compared to one (10%) in the
group of ten adalimumab patients (a non-statistically signifi-
cant difference, although the sample size of the study may
be relatively small to assess statistical significance). Finally,
several meta-analyses (including some network meta-analy-
ses) have confirmed similar efficacy of both anti-TNF agents
for the prevention of POR [12, 101, 106-108].

In summary, infliximab and adalimumab seem to be
equally effective in the prevention of POR in CD patients.

3.5 Anti-TNF Combination Therapy (Plus
Thiopurines) Versus Monotherapy
in the Prevention of POR

Administration of thiopurines increases infliximab levels,
reduces immunogenicity, and increases efficacy of inflixi-
mab in non-operated patients with CD [126] and ulcerative
colitis [127]. In the postoperative scenario, some retrospec-
tive cohort studies have compared the efficacy of infliximab
monotherapy and combination treatment with thiopurines
in preventing POR after surgery and have demonstrated that
the use of concomitant thiopurine was correlated with the
continuation of infliximab treatment [77]. More recently,
the endoscopic POR rate after treatment with thiopurines,
infliximab, and the combination of both has been reported

to be 34%, 20%, and 0%, respectively, confirming that com-
bination treatment is superior to monotherapy for preventing
POR [125]. In this respect, in the PREVENT trial, anti-drug
antibodies were detected in 16% of patients, all receiving
infliximab monotherapy [52].

Of note, one recent study has shown that, in patients
exposed to anti-TNFs prior to the surgery, combination
with anti-TNF and immunosuppressive agents was more
effective than anti-TNF monotherapy to prevent endoscopic
POR [69]. Thus, combination with anti-TNF and immuno-
suppressive agents should be considered in patients previ-
ously exposed to anti-TNF, particularly in those in whom
an immune response to biologics has already occurred [17].
However, in anti-TNF-naive patients, no difference was
found in POR rates between patients with or without con-
comitant immunosuppressive therapy, in agreement with
other reports [64]. Therefore, the use of combination therapy
could be supported by the higher risk of immunogenicity in
patients previously exposed to at least one anti-TNF [128].

In summary, combination with anti-TNF and immunosup-
pressive agents should be considered in patients previously
exposed to anti-TNF, particularly in those with previous loss
of response to these agents.

3.6 Timing of Anti-TNF Initiation—for
the Prevention of POR—After Surgical
Resection

Timing of anti-TNF initiation after intestinal resection
(top-down vs step-up) has not been established. The poten-
tial risks of step-up management (not initiating anti-TNF
immediately after resection but only if endoscopic POR
is confirmed at control colonoscopy several months later)
include higher rate of endoscopic POR that cannot be res-
cued by therapeutic escalation at six months and then leads
to higher risk of clinical POR and progression of bowel
damage. On the other hand, top-down strategy (prescribing
anti-TNF immediately after resection) could over-expose
some patients to biologics.

In the study by Buisson et al, the top-down strategy
led to a lower rate of endoscopic POR and higher pro-
portion of endoscopic remission at six months compared
with the step-up approach [71]. Although the authors did
not observe any significant superiority between these two
strategies regarding long-term outcomes, sub-group anal-
yses in patients without endoscopic POR at six months
demonstrated that top-down management was a better
option than step-up approach to prevent clinical POR and
progression of bowel damage. It is noteworthy that thera-
peutic intensification in case of early endoscopic POR at
six months did not rescue all the patients, highlighting how
preventing this early reoccurrence of endoscopic lesion
is a key point in the management of CD postoperative
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period. Accordingly, the authors concluded that top-down
strategy should be the preferred management to prevent
short- and long-term POR and is recommended to treat
all the patients with anti-TNFs after surgery except those
without any of the established risk factors.

In cases with anti-TNF treatment initiation after surgery
(top-down strategy), some authors have compared the pre-
cise starting time—early versus late—of the biologic for pre-
venting POR after ileocecal resection [72]. After adjusting
for factors associated with POR, compared with no anti-TNF
prophylaxis, the initiation of an anti-TNF agent within four
weeks following resection was associated with a reduction in
POR. Prior studies have suggested that histologic CD activ-
ity can commence within a week of faecal continuity restora-
tion [129]. Thus, timely administration of anti-inflammatory
(biological) therapies within four weeks of surgery may be
critical to halting the progression to endoscopic lesions.

In this respect, some investigators have identified the fre-
quency of delay and risk factors associated with a deferral in
the initiation of prophylactic post-surgical anti-TNF therapy
in high-risk CD patients [130]. Of note, a substantial number
of delays in initiating postoperative prophylactic biological
therapy was identified in high-risk patients: approximately
70% had a greater than 4-week delay, and 60% a greater than
8-week delay in post-surgical biological prophylaxis. Care at
an inflammatory bowel disease centre was associated with
timely therapy. The authors concluded, therefore, that con-
sultation with inflammatory bowel disease-specialised pro-
viders should be considered in peri-surgical irritable bowel
disease (IBD) care [130], emphasising the importance of
multidisciplinary care in the management of CD patients
[131].

D’Amico et al investigated the impact of postoperative
biological therapy on the incidence of endoscopic POR and
long-term outcomes in CD patients [95]. About one-third of
patients were treated with biologics at baseline colonoscopy.
A higher rate of endoscopic POR was detected in patients
without biological therapy at the time of colonoscopy com-
pared with those treated (81% vs 45%). Additionally, a
significant difference in the rate of long-term negative out-
comes was also detected between the two study arms. Par-
ticularly, patients on biological therapy had a lower risk of
hospitalisation and surgery compared with those not treated.
The authors concluded that operated patients could benefit
from early treatment with biological drugs as soon as they
have passed the postoperative setting regardless of endo-
scopic disease recurrence or risk factors.

It seems obvious that further prospective studies are nec-
essary to confirm whether all operated CD patients should
be treated with biological agents postoperatively regard-
less of endoscopic activity and risk factors. In this respect,
a Phase 4 RCT, the SOPRANO-CD study (‘“Prevention
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of Postoperative Endoscopic Recurrence With Endos-
copy driven Versus Systematic Biological Therapy”;
NCT05169593), will enrol approximately 300 operated
CD patients with at least one risk factor for POR in order
to evaluate the rate of endoscopic POR and the need for
unscheduled treatment adaptation; a group of patients will
be treated with biological agents immediately after surgery,
and a second arm will receive endoscopy-driven induction
of biological therapy. The results of this study are eagerly
awaited.

3.7 Efficacy of Anti-TNF Agents, After Their
Pre-surgical Failure, in the Prevention of POR

Anti-TNF therapy is frequently used in the treatment of
refractory CD. Unfortunately, primary or secondary treat-
ment failure of anti-TNF treatment is not uncommon [36,
132]. Therefore, in clinical practice, a substantial portion
of patients who receive anti-TNF agents after surgery have
been exposed to these agents prior to surgery. As the number
of patients who do not respond to multiple biologics and
require surgery increases, the decision regarding postopera-
tive treatment will become more complex. In this respect, it
is not clear whether patients who undergo intestinal resec-
tion after anti-TNF failure would benefit from reinstitution
of anti-TNF therapy to prevent POR, as only a few studies
have evaluated the effectiveness in this scenario [13, 69].

Some studies have reported that anti-TNF agents are less
effective for the prevention of POR in patients with previ-
ous exposure to anti-TNFs, compared with those naive to
these agents [55, 59, 62, 69, 111]. This may be simply due
to a primary pharmacodynamic failure to anti-TNF agents,
suggesting that a reasonable approach to prevent POR would
be choosing a biologic with an alternative mechanism of
action (non-TNF related) in those who had failed an anti-
TNF agent [17].

Supporting this idea, Collins et al showed that previous
exposure to two or more anti-TNF agents was a risk fac-
tor for CD endoscopic POR [55]. In the study by Hiraoka
et al, CD patients who underwent intestinal resection and
received anti-TNF agents after surgery were divided into
two groups according to the presence or absence of pre-
operative anti-TNF treatment; endoscopic POR was more
frequently observed in the anti-TNF restart group than in
the anti-TNF-naive group (68% vs 14%), concluding that
a change to different classes of biologics should be consid-
ered for those patients [62]. More recently, Shinagawa et al
evaluated patients with CD who underwent intestinal resec-
tion before and after anti-TNF therapy was introduced in
Japan (in 2002) [111]. After stratifying patients by anti-TNF
exposure prior to surgery, the postoperative administration
of anti-TNF was found to be effective in the biologic-naive
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group, but not in the group that failed anti-TNF therapy
before operation. However, it should be stressed that the
aforementioned studies have some relevant limitations. First,
they have a retrospective design. Second, the timing of endo-
scopic follow-up after surgery differed between patients.
Last, anti-drug antibodies, which may be one of the reasons
of the ineffectiveness of postoperative anti-TNF treatment,
were not measured.

The lower efficacy of restarting anti-TNF agents after
surgery in the aforementioned studies raises the question
about whether dose optimisation (intensification) of treat-
ment post-surgery could increase the efficacy of postopera-
tive anti-TNF treatment. In the study by Hiraoka et al, half
of the patients who showed endoscopic POR after surgery
did indeed respond to intensification of treatment, although
endoscopic remission was not obtained in most of the
patients and some required additional surgery [62]. In fact,
treatment intensification for patients with endoscopic POR
in the anti-TNF restart group showed limited responses, with
less than 10% of patients achieving endoscopic remission.

However, other investigators have reached opposite con-
clusions, that is, that anti-TNF remains an effective option to
prevent POR for patients operated upon with previous anti-
TNF failure. In other words, they suggest that, for patients
with CD who receive anti-TNF agents preoperatively,
continuing their use after surgery could be recommended.
Sakuraba et al showed that the rate of maintained remission
in the post-operative setting was similar between those who
were naive to infliximab therapy and those who continued
on this treatment after surgery [77]. Likewise, in the study
by de Barcelos et al, preoperative therapy with infliximab
or adalimumab did not affect the incidence of endoscopic
POR [84]. Similarly, a recent prospective study evaluating
risk factors for POR, failed to find any effect of prior anti-
TNF exposure on efficacy [61]. More recently, Cafiete et al
observed no relationship between previous exposure to anti-
TNFs and success at preventing POR [64]. In the study by
Beelen et al, the advantage of anti-TNF agents as compared
with thiopurines was observed not only in low- but also in
high-risk patients, i.e., in those previously exposed to anti-
TNF agents [110]. Finally, Yu et al [70] reviewed patients
who had undergone the first intestinal resection due to CD
and divided them into two groups: TNF inhibitor users in
both the preoperative and postoperative periods, and TNF
inhibitor users only in the preoperative period; the rates of
surgical and endoscopic POR were not different between
either group.

As the presence of intestinal complications is known to
be one of the risk factors of the lower efficacy of anti-TNF
agents, the requirement for surgery early after initiation of
anti-TNF treatment may not indicate primary ineffective-
ness of the agent but insufficient effectiveness owing to the

presence of intestinal complications, thereby explaining the
favourable results in the post-operative scenario despite pre-
vious anti-TNF failure [133]. Therefore, in these patients,
removal of intestinal complications by surgery might “recon-
stitute” the efficacy of anti-TNF agents. Others have tried to
explain it by arguing that anti-TNF treatment shortly after
surgery, when there are still no signs of active disease, could
interfere with the initial pathogenic mechanisms of tissue
damage, changing the natural evolution of the disease. Based
on these results, some authors have suggested maintaining
the anti-TNF treatment if these agents were used preopera-
tively, and then performing early screening to evaluate and
adjust medications. This strategy might spare further pos-
sible biological treatment options in the future.

Nevertheless, the main limitation of the previously
reviewed studies is that a control group, treated with a dif-
ferent biological agent than an anti-TNF, was not included.
Preoperative anti-TNF therapy requirement might simply
be a surrogate marker of a more severe, refractory disease
(to any treatment) before surgery, therefore not necessar-
ily implying a worse response when readministering anti-
TNF treatment (compared with other alternatives, such as a
non-anti-TNF biological agent). In fact, both vedolizumab
and ustekinumab have generally been shown to also be less
effective in anti-TNF exposed patients [36]. Unfortunately,
the two main strategies used to treat a patient with primary
non-response to an anti-TNF agent—switching to a second
anti-TNF or swapping to vedolizumab/ustekinumab—have
not been properly compared [36].

Recently, some studies have compared the efficacy
of anti-TNF with that of other biologics to prevent POR.
Yanai et al reported that continuation of anti-TNF treatment
after surgery resulted in a similar rate of endoscopic POR
as swapping to a different mechanism of action [67]. On
the other hand, Le Cosquer et al included CD patients who
underwent bowel resection after failure of at least one anti-
TNF treatment [68]. Among the 119 patients included, 71
received an anti-TNF (26 infliximab, 45 adalimumab) and
25 another biologics (18 ustekinumab, 7 vedolizumab) to
prevent POR. Rates of POR at two years were lower (24%)
in patients treated with anti-TNFs than in the others (45%).

In summary, although some studies have reported that
anti-TNF agents are less effective for the prevention of POR
in patients with previous exposure to anti-TNFs (compared
with those naive to these agents), several other investigations
have shown that anti-TNF treatment remains an effective
option to prevent POR also in patients operated upon with
previous anti-TNF failure, suggesting that the previous fail-
ure to these agents does not necessarily imply that a drug
with another mechanism of action (such as vedolizumab or
ustekinumab) should be prescribed.
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3.8 After One Anti-TNF Failure Before Surgery, Is
It Better to Readminister the Same Anti-TNF
Agent or to Switch to a Different Anti-TNF
to Prevent POR?

When dealing with POR, both patients and treating physicians
can face the dilemma of choosing between the same anti-TNF
agent or switching to a different anti-TNF agent. Theoretically,
it seems reasonable to think that once a first anti-TNF agent
has failed preoperatively, the chances of response after pre-
scribing the same anti-TNF should be lower. A pharmacoki-
netic mechanism could explain the failure when prescribing
the same anti-TNF after surgery. Thus, it is known that most
cases with a secondary loss of response are associated with the
development of anti-drug antibodies [134]. The anti-drug anti-
bodies developed prior to surgery to a specific anti-TNF agent
probably also work against the same anti-TNF after surgery.
Therefore, those who initially responded to anti-TNF agents
but subsequently lost the response (and required surgery) are,
theoretically, expected to develop POR despite administering
the same anti-TNF treatment postoperatively [135].

However, some studies have suggested the opposite, i.e.,
that the consistent use of the same anti-TNF agent before and
after the surgery may be effective in the prevention of POR.
In a clinical trial evaluating the prophylaxis of POR, three
patients used the same anti-TNF (infliximab) before and
after surgery and none had clinical POR one year after sur-
gery [39]. In another study, the efficacy of the consistent ver-
sus switched anti-TNF approaches in patients with (already)
recurrent CD after ileocolonic resection was compared [79].
During the median follow-up of 1.5 years, 17% of patients
in the consistent group and a similar figure (19%) in the
switched group required the repeat resection of ileocolonic
anastomosis. Nevertheless, this last study was observational,
retrospective, had a small sample size, and serum drug levels
and antibody concentrations were not routinely measured.
In any case, these results support the speculation that bowel
resection surgery may change the body’s “immune thermo-
stat”, resulting in a renewed ability to respond to (the same)
medical therapy [79].

In summary, although theoretically, it might be thought
that once a first anti-TNF agent has failed preoperatively, a
different anti-TNF agent should be prescribed, some studies
have suggested that the consistent use of the same anti-TNF
agent before and after the surgery may be effective in the
prevention of postoperative POR, and therefore could be
considered a valid option.

3.9 Anti-TNF Regimen (Dose and Induction)
in the Prevention of POR

In theory, low-dose infliximab—treated patients could
develop sub-therapeutic trough levels, and anti-infliximab
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antibodies, and might lose response to therapy. To verify
this hypothesis in the post-operative setting, infliximab
pharmacokinetics and clinical/endoscopic response were
checked in a group of five patients in endoscopic remission
after one year of therapy with infliximab 3 mg/kg [96]. In
these low-dose—treated patients, after 18 additional months
of therapy, endoscopy continued to show mucosal remis-
sion and no patients developed clinical POR, despite having
lower trough levels compared to those treated with 5 mg/kg.
Obviously, due to the very small sample size of this study,
these results should be considered with caution, and standard
doses of anti-TNF should be used for the time being. Finally,
it is unknown whether the usual initial induction regimen
(e.g., infliximab at 0, 2 and 6 weeks) should be used when
starting an anti-TNF in the post-operative setting to prevent
POR [39], since some authors have administered from the
beginning infliximab at 8-week intervals without any initial
induction dose [41].

3.10 Therapeutic Drug Monitoring and POR

Higher concentrations of anti-TNF drugs are associated with
better outcomes, including clinical remission and mucosal
healing, in patients with active luminal CD [136]. Similarly,
some studies have found that higher serum drug concen-
trations of anti-TNFs are associated with reduced rates of
POR after ileocolonic resection [58, 97, 137-139]. As a
paradigmatic example, the PREVENT trial evaluated almost
300 patients who had an ileocolonic resection for CD and
received either infliximab or placebo [52]. Inverse corre-
lation between serum infliximab concentrations and POR
rates was found (i.e., the higher the concentration, the lower
the rates of POR). In detail, pharmacokinetic data from the
PREVENT trial showed that higher infliximab drug concen-
tration quintiles were associated with lower endoscopic POR
rates, and the lowest POR rates were in the highest quintile
(> 7.7 pg/mL). The lack of a clear plateau suggests that the
optimal drug concentration required to prevent POR may
not yet be clearly delineated. Of patients with adequate drug
concentrations (> 4.2 pg/mL), 20% had endoscopic POR
compared with 36% with inadequate drug concentrations
[52]. This could provide a rationale for the use of proac-
tive drug monitoring in the postoperative setting in order to
improve long-term outcomes.

Similarly, a recent systematic review, including studies
which assessed infliximab concentrations and endoscopic
POR in CD, confirmed higher concentrations mostly associ-
ated with lower POR rates [140]. However, this meta-anal-
ysis has important methodological limitations: only four
studies were included, with low or moderate methodological
quality, and several problems such as non-blinding as well as
arestricted and often heterogeneous population sample; fur-
thermore, the interval between dosage of infliximab serum
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levels and colonoscopy also varied in different studies.
Taken together, these issues limit the evaluation of results,
which therefore should be interpreted with caution [140].

Other studies have shown opposite results. A sub-analy-
sis from the POCER trial, including 52 patients with serum
concentrations of adalimumab measured after ileocolic
resection, showed that patients in endoscopic remission had
similar adalimumab concentrations compared to those with
POR [141]. Also, there were no statistically significant dif-
ferences when adalimumab concentrations were compared
between each different Rutgeerts’ score category (i0 to i4)
[141]. In another study, patients were treated with low-dose
infliximab (3 mg/kg) postoperatively to prevent endoscopic
POR, and all patients remained in clinical and endoscopic
remission for an average of 18 months following surgery,
despite sub-therapeutic infliximab drug concentrations
(mean 2.0 pg/mL) [96]. In the study by Fay et al, although
lower infliximab trough concentrations were associated with
endoscopic POR, this same association was not observed
for adalimumab-treated patients [58]. Moreover, despite
the significant difference between groups with or without
POR in some studies previously mentioned, low infliximab
concentrations were still observed in many patients without
POR, supporting the hypothesis that the actual threshold in
the postoperative scenario can be somewhat different than
in non-operated luminal CD: in addition, it is possible that
relatively low infliximab levels are sufficient to control anas-
tomotic inflammation. Anyway, it has been suggested that,
in patients who have had resection of all gross disease and
are started on anti-TNF prophylaxis in a timely manner, the
role of therapeutic drug monitoring may be more limited
due to the lack of drug clearance from inflammatory burden
consumption [16].

In summary, the role of therapeutic drug monitoring
in the prevention of POR is unclear (as it is also unclear
the cut-off point to define high/low trough levels, which
could be slightly different than in luminal disease), and
RCTs with adequate methodological quality are warranted
to clarify this topic.

3.11 Can Anti-TNF Treatment Ever be Stopped
When Prescribed for the Prevention of POR?

A clinically relevant question is whether, after having pre-
scribed anti-TNF for prevention of POR, stopping anti-
TNF treatment after some time (e.g. one year) post-surgery
in patients in clinical and endoscopic remission leads to
recurrence [142-144].

In their pioneer study, Regueiro et al randomly assigned
24 patients with CD who had undergone ileocolonic resec-
tion to receive infliximab or placebo for one year and dem-
onstrated that infliximab prevented endoscopic POR [39].

At the end of the trial, 11 patients were offered open-label
continuation of infliximab; eight of the 11 patients elected
to stop the drug and all eight patients had endoscopic POR
at one year, and more than 60% (5 of 8) had to undergo
another surgery within 5 years, despite restarting immu-
nosuppressive therapy; while three patients of the previ-
ous infliximab arm decided to continue with infliximab
and remained well without signs of endoscopic or clinical
relapse.

In another study, 12 patients who started infliximab
after surgery were still free of clinical and endoscopic
POR of CD three years later [40]; however, discontinua-
tion of infliximab led to endoscopic POR after four months
in 10 of 12 patients (83%). Fortunately, remission was
achieved after re-treating all 10 patients with infliximab.

Finally, in a recent postoperative study, nearly three-
quarters of the infliximab patients stopped treatment at
one year after resection while in complete endoscopic
remission; all of these patients subsequently experienced
endoscopic POR and most required additional surgery
[145]. Twelve patients with endoscopic POR, all of whom
were treated for 12 months with placebo in the context
of the initial randomised postoperative prevention trial,
were initiated on anti-TNF therapy; 7 of 12 patients (58%)
achieved endoscopic and clinical remission after reinitiat-
ing anti-TNF therapy, whereas 5 of 12 (42%) ultimately
needed another surgical resection [145].

In summary, CD POR shortly after discontinuing anti-
TNF therapy indicates a lack of long-term effects or rever-
sal of the pathophysiological mechanisms of CD. Conse-
quently, patients with a high risk for POR (those where an
anti-TNF has been prescribed) need some form of long-
term immunosuppressive therapy to prevent relapse of dis-
ease thereby probably benefiting from long-term anti-TNF
maintenance.

3.12 Cost Effectiveness of Anti-TNF Treatment
to Prevent POR

A decision analysis model examining the cost effectiveness
of the various strategies to identify the appropriateness of
therapies for patients in differing risk strata could serve an
important role in informing clinical practice and decision
making.

In 2011, Ananthakrishnan et al developed the first ana-
lytic decision model in the postoperative setting, compris-
ing five strategies: no treatment, azathioprine, antibiotics,
upfront infliximab, and tailored infliximab (which consisted
of no upfront therapy with initiation of this agent only in
patients with severe endoscopic POR at six months) [146].
Upfront infliximab was the most efficacious strategy but was
not cost effective. Reserving infliximab use for high-risk
patients with early endoscopic POR was more cost effective
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than upfront use in all patients. However, there were no trial
data on the efficacy of infliximab in preventing POR beyond
one year to inform such a model. Thus, it is possible that
over a longer follow-up period, the upfront infliximab arm
may accrue more health benefits, rendering it cost effec-
tive. Furthermore, it should be considered that this study
was published in 2001, when anti-TNF biosimilars (much
cheaper) were not available.

One year later, in 2012, Doherty et al published a cost-
effectiveness analysis reporting that thiopurine drugs had the
most favourable incremental cost-effectiveness ratio (ICER)
in the prevention of clinical POR up to one-year post-surgery
[147]. Infliximab yielded marginally higher quality-adjusted
life years (QALYs) compared to all strategies.

More recently, in 2017, Candia et al assessed whether
postoperative management should be based on biological
therapy alone or combined with thiopurines, and whether
the therapy should be started immediately after surgery
or guided by either endoscopic or clinical POR [148]. A
Markov model was developed to estimate expected health
outcomes in QALY and costs (in Canadian dollars) accrued
by hypothetical patients with high recurrence risk after ile-
ocolic resection. According to this decision analysis, thio-
purines immediately after surgery and addition of anti-TNF
agents guided by endoscopic POR was the optimal strategy
of post-operative management in patients with CD; however,
the high cost of administering biologics to all patients ren-
dered it not cost effective in the vast majority of scenarios.

A relevant limitation of all aforementioned studies is
that the main analysis did not take into consideration the
expiration of patent protection of biologics and the general
introduction of biosimilar drugs. In this respect, considering
that the main advantage of biosimilars is their cost, some
authors have conducted a re-analysis of the data address-
ing this point. If biosimilar drugs had the same effect as
biologics and their cost were lower than 44% of the cur-
rent cost (estimated in 2017), the optimal strategy would be
combination therapy with anti-TNF and thiopurines agents
immediately post-surgery [148].

In summary, the cost effectiveness of anti-TNF treatment
to prevent POR is still unclear, mainly because the profile of
patients to whom they should be administered has not been
definitively established and because the studies were carried
out at a time when biosimilars were not available.

3.13 Efficacy of Anti-TNF Agents for the Treatment
(Not for the Prevention) of POR

Approximately 50% of patients without primary prevention
of POR will need rescue therapy within the first year after
surgery [120]. Furthermore, even in patients who start thio-
purines early after surgery, endoscopic POR occurs in up to
40% within one year [120].
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Mesalamine has demonstrated a very limited efficacy for
the treatment of POR [120]. Thiopurines, although useful,
are hampered by a high rate of intolerance and their slow
mechanism of action, and thus they may not be the most suit-
able option in patients with already existing clinical POR.
Therefore, biological agents seem to be the best potential
choice in this clinical scenario.

However, in contrast to relatively abundant data on anti-
TNF agents for the prevention of POR, data regarding treat-
ment of POR with anti-TNF therapy are scarce [43, 145,
149-152] as summarised below.

Yamamoto et al showed, as early as in 2009, that 75%
of patients starting infliximab six months after surgery for
endoscopic POR improved endoscopic inflammation com-
pared with 38% of azathioprine- and 0% of mesalamine-
treated patients [149]. Furthermore, complete mucosal heal-
ing was achieved in 38% of patients on infliximab when
compared with 13% of those receiving azathioprine and 0%
of mesalamine-treated patients. Accordingly, the mucosal
interleukin (IL)-1p, IL-6, and TNF levels significantly
decreased in the infliximab group, while they increased in
the mesalamine group, and did not change in the azathio-
prine group.

In 2012, Papamichael et al reported results from a cohort
of 15 CD patients with endoscopic POR six months after
surgery and consecutive treatment with adalimumab [43].
After 24 months of therapy, 60% of patients were in endo-
scopic remission, although 27% experienced clinical POR
and 13% needed surgery. In the study by Sorrentino et al,
69% of CD patients had endoscopic improvement and 54%
had complete mucosal healing after receiving infliximab for
six-month POR [150].

More recently, a multicentre, retrospective study of
patients with CD who underwent therapy with anti-TNF
agents for endoscopic POR (Rutgeerts’ score > il) was
published by Caiiete et al [152]. A total of 179 patients
were included: 83 were treated with infliximab and 96 with
adalimumab. Endoscopic improvement was observed in
61%, including 42% who achieved endoscopic remission
(Rutgeerts’ score < i2). Concomitant use of thiopurines
and treatment with infliximab (vs adalimumab) were asso-
ciated with endoscopic improvement and remission; these
results were confirmed in a propensity-matched score
analysis.

It is not known whether initiating anti-TNF treatment
immediately after surgery prevents future CD complications
and surgery more effectively than waiting to treat endoscopic
POR. In the study by Regueiro et al, all patients who initi-
ated infliximab within four weeks of surgery and continued
long-term treatment avoided additional surgery [145]. In
contrast, 58% of the initially placebo-treated patients who
started infliximab in response to one-year endoscopic POR
had improvement in endoscopic inflammation, but nearly
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one-half required additional surgery. The authors also found
that patients with less severe endoscopic POR responded
better to the initiation of infliximab. Thus, in patients with
a Rutgeerts’ score of i2 endoscopic remission was induced,
whereas no i4 patients and only two of the i3 patients had
endoscopic improvement. Furthermore, all patients with i4
scores and half of the i3 patients required another surgery
despite initiation of infliximab [145].

The influence of the moment at which treatment with anti-
TNFs is started on its efficacy is also not well known. An
attractive explanation for the apparently weaker efficacy of
anti-TNFs when given later after surgery could be related
to the actual mechanism of action of TNF. Recent data sug-
gest that this cytokine may control the fine balance between
T regulatory (Treg) cells and T helper 17 (Th17) effector
cells, which in turn may critically regulate mucosal repair
and destruction [150]. Thus, blockade of TNF immediately
after surgery could afford a favourable Treg/Th17 ratio and
block inflammation altogether. However, anti-TNF treatment
would be less effective once a renewed immune reaction and
florid inflammation have been induced after surgery [150].

Finally, the efficacy of anti-TNF treatment in patients
with POR and associated complications, typically stenos-
ing phenotype, is unknown. In the study by Freeman et al,
anti-TNF treatment was used in three gastrointestinal partial
obstruction cases: two with complete relief and one with
partial response [151].

In summary, it seems that anti-TNF agents are effec-
tive not only for the prevention but also for the treatment
of established POR. Whether treating already established
endoscopic POR would approach the consistently high endo-
scopic remission rate seen in the studies initiating anti-TNF
treatment within one month of surgery (that is, as prophy-
laxis of POR) is still unknown, although the aforementioned
efficacy figures reached in treatment studies seem to be
somewhat lower.

3.14 Efficacy of Anti-TNF Agents, After Their
Pre-surgical Failure, in the Treatment of POR

It could be speculated that, when a previous anti-TNF treat-
ment has failed before surgery, these same agents would
be less effective to treat POR after surgery. Although most
studies assessing the efficacy of anti-TNF agents to treat
POR have included a low percentage of patients who failed
anti-TNF preoperatively [149, 150, 152], this does not seem
to be the case, as a beneficial effect of anti-TNF therapy
for POR has been demonstrated in more than 50% of the
patients. Assa et al reported on 53 patients with CD who
underwent intestinal resection and were treated with anti-
TNF agents postoperatively [153]. Patients were stratified
to those with preoperative anti-TNF pharmacodynamic fail-
ure (i.e., despite adequate drug levels) and those with no

preoperative anti-TNF treatment. Unexpectedly, no signifi-
cant differences were observed at 14 weeks and 12 months
of postoperative anti-TNF treatment, including endoscopic
remission rate: mucosal healing was observed in 50% for
pharmacodynamic failure, and in 45% in controls. Similarly,
in the study by Cafiete et al previously mentioned, exposure
to anti-TNF agents before the index surgery was not associ-
ated with a lower efficacy of anti-TNF therapy once POR
occurred [152].

More recently, a real-world cohort study was performed
on 66 CD patients who underwent ileocecal resection after
anti-TNF therapy failure (it should be emphasised that all
patients had received these agents preoperatively), and who
were retreated with anti-TNF therapy for symptomatic POR
[154]. A strength of this study is that it included detailed
sub-analyses, depending on the nature of preoperative
anti-TNF failure (primary non-response, secondary loss of
response, intolerance), retreatment with the same versus
different anti-TNF agent, and preoperative exposure to one
versus more than one anti-TNF agents. Remarkably, no dif-
ferences in treatment failure were found with regard to the
nature of preoperative anti-TNF failure, switch of anti-TNF
agent, and number of preoperative anti-TNF agents.

The fact that the retreatment with anti-TNF therapy is
an effective strategy for POR might be explained by the
definition of preoperative failure. Some patients might
have symptoms due to fibro-stenotic structure or too severe
lesions to benefit (before surgery) from medical treatment.
After surgery and removal of most severe (or fibro-stenotic)
lesions, those patients might respond to anti-TNF [68]. On
the other hand, the extreme burden of tissue TNF within
severely inflamed tissue in the pre-surgical setting may result
in failure of anti-TNF antibodies to neutralise local TNF
production [155]. A recent study has shown that response
to anti-TNF therapy is associated with the number of TNF
expressing cells in the mucosa [156]. In an interesting
study, Yarur et al demonstrated that in moderate-to-severely
inflamed tissue from adult patients with IBD, the anti-TNF
to TNF ratio was lower, implying that there was insufficient
drug to neutralise TNF [155]. Moreover, severely inflamed
tissue had a lower drug level compared with samples with
mild-to-moderate inflammation, resulting in high serum-to-
tissue anti-TNF ratio. A plausible explanation for this finding
is that in severely inflamed tissue with high inflammatory
burden, local high levels of TNF serve as a sink for anti-TNF
antibodies, and that tissue injury and local hypoxia might
further limit drug penetrance to its target [153]. In this case,
intestinal resection of the severely inflamed segment may
restore efficacy of traditional biological therapy such as anti-
TNF agents. Although retreatment with anti-TNF therapy
may be an effective strategy for POR, it has been shown
that treatment of established mucosal lesions appears less
effective when compared with earlier, preventive strategies
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[150, 157]. In this respect, recent studies indicate that Treg
differentiation and function may play a significant role in
the pathogenesis of CD [158]. Thus, it is possible that, by
restoring Treg function/number, infliximab could prevent
POR. However, infliximab could be less effective in restor-
ing mucosal integrity when a local inflammatory response
has already started and spread in the intestinal mucosa
[158, 159]. Furthermore, a potential delay in the initiation
of anti-TNF treatment may result in a lower response rate
in established lesions compared with upfront use before the
development of significant POR. In a follow-up to their trial,
Regueiro et al found a higher rate of clinical POR in patients
started on infliximab at one year after surgery compared
with those who used infliximab from the immediate post-
operative period [39].

Finally, some studies have shown that treatment is more
effective in patients receiving anti-TNF in combination with
an immunomodulator compared to patients receiving inflixi-
mab/adalimumab monotherapy [154]. This observation is in
line with previous data, which suggest that immunomodu-
lators may need to be started or continued in IBD patients
upon initiation of anti-TNF therapy, based on the presump-
tion that immunosuppressive therapy is expected to substan-
tially improve efficacy, increase serum drug concentrations,
and reduce immunogenicity [126, 127, 154].

In summary, retreatment with anti-TNF therapy for POR
is a valid strategy even after preoperative failure. However,
this biological treatment will probably be less effective when
mucosal lesions are already present (compared with preven-
tive strategies).

4 Biological Agents Other Than Anti-TNFs

In recent years, there has been greater use and interest in
newer biologics, e.g., vedolizumab and ustekinumab, to pre-
vent POR. A survey study of gastroenterologists attending
the 2019 ECCO congress found that 62% and 56% of gastro-
enterologists with access to vedolizumab and ustekinumab,
respectively, would prescribe these drugs in the postopera-
tive setting [113]. The authors of this report noted that this
was an “unexpectedly high” percentage of physicians who
would already consider these biologics as reliable treatment
despite little published data [113]. Generally, these newer
biologics are reserved for patients who have failed anti-TNF
agents or are contraindicated to them [14, 160].

4.1 Vedolizumab
Vedolizumab is a selective humanised immunoglobulin

G1 monoclonal antibody to a4f7 integrin that blocks lym-
phocyte trafficking to gut mucosa [161, 162]. Both RCTs
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and observational studies have shown the efficacy of ved-
olizumab to induce clinical and endoscopic remission in
patients who were naive to, and who previously failed anti-
TNF agents [163, 164]. Vedolizumab is increasingly used
as postoperative prophylactic treatment for CD patients,
especially in those at high risk for POR [63].

It has been suggested that the use of vedolizumab in the
postoperative setting could have an underlying pathophysi-
ological rationale: the presence of submucosal lymphocytic
plexitis in the proximal surgical margin has been associated
with higher risk for POR after ileocolonic resection [165].
Vedolizumab is able to block lymphocytic trafficking among
myenteric and submucosal plexus, including those of the
perioperative bowel, in a context where the inflammatory
burden has been markedly reduced by surgery.

The efficacy of vedolizumab to prevent endoscopic POR
is summarised in Table 3 [63, 67, 68, 72, 166—168]. In total,
6 studies were identified, including 156 patients—all were
observational studies. From data included in Table 3, the
mean endoscopic POR at 6-12 months was 41% (95% CI
from 33 to 49%).

In 2018, Yamada et al compared the risk of POR between
patients receiving vedolizumab and anti-TNF agents in
the postoperative setting [63]. Based on propensity score-
matched, patients treated with vedolizumab had a higher
rate of endoscopic POR than those treated with anti-TNF
agents (25% vs 66%). In fact, vedolizumab use was the only
factor independently associated with an increased risk of
endoscopic POR in the multivariate analysis.

More recently, Yanai et al compared anti-TNF therapy
(224 patients) to vedolizumab (39 patients) and ustekinumab
(34 patients) to prevent POR in a real-world setting [67].
As expected, patients treated with vedolizumab and usteki-
numab were more biologic experienced, with higher rates of
previous surgery. Endoscopic POR rates by treatment groups
were 40% for anti-TNF, 33% for vedolizumab, and 62% for
ustekinumab. However, after controlling for confounders
with propensity score matching, the risk of endoscopic POR
within one year of the three drugs was comparable.

Axelrad et al compared biologic type for preventing POR
after ileocecal resection [72]. Prophylaxis with vedolizumab
(as with ustekinumab) was not associated with a reduction
in POR compared with patients who did not receive prophy-
laxis, although the sample size of this study was quite lim-
ited (27 patients).

Finally, vedolizumab has recently been compared with
ustekinumab in the postoperative setting in a multicentre
study based on the Spanish ENEIDA registry, showing simi-
lar results with both biological agents [166] (this relevant
study will be discussed in detail in the next section focused
on ustekinumab).

However, the findings from the studies evaluating the
efficacy of the new biologics in the prevention of POR,
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Table 3 Studies evaluating the efficacy of vedolizumab for the prevention of endoscopic postoperative recurrence in Crohn’s disease

Year Author Endoscopic postoperative recurrence in the Endoscopic postoperative

control group (%) recurrence with vedolizumab
n/N (%)

2018 Yamada [63] Anti-TNFs (34%) 15/20 (75%)

2022 Yanai [67] Anti-TNFs (40%) 13/39 (33%)
Ustekinumab (62%)

2022 Le Cosquer [68]" Anti-TNFs (24%) 2/7 (28%)
Ustekinumab (44 %)

2022 Axelrad [72] Anti-TNF (27%) 4/27 (15%)
Ustekinumab (21%)

2023 Maiiosa [166] Ustekinumab (42%) 8/20 (40%)

2023 D’Haens [167, 168] Placebo 22/43 (51%)

Endoscopic postoperative recurrence: Rutgeerts’ > i2 at 6-12 months, except in these studies: Mafiosa [166] (within 18 months); Axelrad [72]

(median follow-up of 29 months)

T Anti-TNF treatment had previously failed in all patients

and especially comparing vedolizumab and ustekinumab,
should be interpreted with caution for a number of reasons
that will be reviewed in the next section. In particular, as
there are probably relevant differences in the background
characteristics of the patients treated with vedolizumab
and anti-TNF agents, further investigation including ran-
domised-controlled trials is required before recommend-
ing the use of vedolizumab in preventing CD POR. In this
respect, a placebo-controlled RCT, the REPREVIO trial,
has just been completed (REPREVIO; EudraCT 2015-
000555-24) [167, 168]. In this multicentre study, patients
who had an ileocolonic resection and who had at least one
risk factor for POR (e.g., active smoking, at least one pre-
vious resection, surgery for a perforating complication, or
previous exposure to anti-TNFs) were randomly assigned
to receive vedolizumab 300 mg (n = 43) or placebo (n =
37) at Weeks 0, 8, 16, and 24 after surgery. Patients under-
went ileocolonoscopy six months after surgery. Eighteen
patients in the vedolizumab group had a Rutgeerts’ score
of i0 (i.e., were in endoscopic remission) at Week 24
versus only one in the placebo group; 3 had a Rutgeerts’
score of il (vs 5 in the placebo group), 12 had a Rutgeerts'
score of i2a (vs 8), and 7 had a Rutgeerts’ score of i2b
(vs 6); of note, no patients in the vedolizumab group had
a Rutgeerts’ score of i3 (vs 6 in the placebo), and only
3 had a Rutgeerts' score of i4 (vs 11 in the placebo). In
summary, patients in the vedolizumab group had a 78%
chance of having a lower Rutgeerts’ score than patients
in the placebo group. From this study it can be concluded
that starting vedolizumab within 4 weeks of ileocolonic
resection is highly effective to reduce both the incidence
and the severity of POR in CD patients with increased risk
of recurrence.

A recent meta-analysis investigated and compared the
efficacy of different biologics for POR prevention [12].

First, vedolizumab prevented endoscopic POR in a simi-
lar manner to non-biological treatments. Second, among
the various types of biologics, anti-TNF agents were more
effective than vedolizumab in preventing endoscopic POR,
although only 2 studies with a total of only 100 patients
were included in this meta-analysis.

Finally, the efficacy of vedolizumab for the treatment
(not for the prevention) of POR has recently been evalu-
ated. Macaluso et al included 58 CD patients with a base-
line colonoscopy at 6-12 months from the ileocolonic
resection showing endoscopic POR and treated them with
vedolizumab [169]. Endoscopic success (defined as reduc-
tion of at least one point of Rutgeerts’ score) was reported
in 48% of patients. Clinical failure was reported in 19% of
patients at one year, and in 33% at the end of follow-up. A
new resection was required in 7 patients (12%). Therefore,
vedolizumab may be considered as an effective option, not
only for the prevention of POR, but also for its treatment.

4.2 Ustekinumab

Ustekinumab, an antagonist of the p40 subunit shared by the
IL-12 and IL-23, has shown a higher effectiveness than pla-
cebo in patients with luminal moderate-to-severe CD [170].
Both RCTs and observational studies have demonstrated the
efficacy of ustekinumab to induce clinical and endoscopic
remission in patients with CD [171, 172]. Thus, this biologi-
cal agent may also be effective in the prevention of POR.
In a recent multicentre Spanish study evaluating the use
of new (non—anti-TNF) biological agents in the postopera-
tive setting, a larger number of patients treated with usteki-
numab than with vedolizumab for the prevention of POR
was reported, despite the fact that the latter was licensed for
CD two years earlier [166]. It has been speculated that this
could be because some physicians believe that vedolizumab
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works less effectively in ileal disease (based on differences
in T cell trafficking in the ileum and the colon [173]) or
because the supposedly delayed onset of vedolizumab action
may prompt the use of ustekinumab instead of vedolizumab
for the prevention of POR [166].

The rate of endoscopic POR in the studies evaluating
the efficacy of ustekinumab in the postoperative setting
is summarised in Table 4 [67, 68, 71, 72, 166, 174, 175].
In total, seven studies, all observational and included 162
patients, were identified. From data included in Table 4, the
mean endoscopic POR at 6-12 months was 41% (95% CI
33-49%). This figure was exactly the same as that calculated
for vedolizumab (see above, Table 3).

In a French study, ustekinumab was compared to azathio-
prine using propensity score matching, and was found to be
associated with lower rates of recurrence: endoscopic POR
(Rutgeerts’ index > i2) at six months was 28% versus 54%
[175]. In a US study, Axelrad et al compared biologic type
for preventing POR in CD patients after ileocecal resection
[72]; prophylaxis with ustekinumab (as with vedolizumab)
was not associated with a reduction in POR compared with
those patients who did not receive prophylaxis, although the
sample size of this study was small (28 patients).

Very recently, ustekinumab has been compared with ved-
olizumab in the postoperative setting. In the study by Mafiosa
et al, CD patients in whom one of these two biological agents
was prescribed for the prevention of POR within three
months of ileocolonic resection were identified in the Span-
ish ENEIDA registry [166]. Forty patients were treated with
ustekinumab and 25 with vedolizumab. Most (80%) had at
least one risk factor for POR (prior resections, active smoking,
perianal disease, or penetrating disease behaviour), and all the
patients had been previously exposed to anti-TNF therapy. The

cumulative probability of clinical POR at 12 months after sur-
gery was similar for ustekinumab and for vedolizumab: 32%
and 30%, respectively. Endoscopic assessment within the first
18 months after surgery was available for most (70-80%) of
the patients, the rate of endoscopic POR was again similar:
42% for ustekinumab and 40% for vedolizumab. Neverthe-
less, these figures should be taken with caution due to the
shorter median follow-up in the ustekinumab group. Finally,
one patient treated with ustekinumab and two with vedoli-
zumab underwent a new intestinal resection. Therefore, the
authors concluded that ustekinumab and vedolizumab seem to
be (equally) effective in the prevention of POR in patients at
high risk, with observed endoscopic POR rates close to those
previously reported for anti-TNF agents.

Finally, some studies have evaluated the efficacy of usteki-
numab for the treatment (not for the prevention) of POR. In
the previously mentioned study by Macaluso et al, 44 patients
started ustekinumab for the management of POR [176]. Only
five patients (11%) were naive to biologics, while most had
previous failure to one (61%), two (16%), or even three (11%)
biologics. Endoscopic success (defined as reduction of at
least one point of Rutgeerts’ score) was reported in 22 out of
44 (50%) patients, of whom 12 (27%) achieved a Rutgeerts’
score 10 or i1, suggesting that ustekinumab could be a prom-
ising option for the treatment of POR of CD.

A recent meta-analysis investigated the efficacy of dif-
ferent biological agents in the postoperative setting and
showed that ustekinumab prevented endoscopic POR in
a similar manner to non-biological treatments [12]. Sub-
sequently, two studies directly compared the efficacy of
ustekinumab to other biologics for the prevention of POR
and found that anti-TNF agents performed more efficiently
than ustekinumab.

Table 4 Studies evaluating the efficacy of ustekinumab for the prevention of endoscopic postoperative recurrence in Crohn’s disease

Year Author Endoscopic postoperative recurrence in the Endoscopic postoperative

control group (%) recurrence with ustekinumab
n/N (%)

2021 Hallouch Toutouh [174] No control group 3/3 (100%)

2021 Buisson [175] Thiopurines (54%) 9/32 (28%)

2022 Yanai [67] Anti-TNFs (40%) 21/34 (62%)
Vedolizumab (33%)

2022 Le Cosquer [68]" Anti-TNFs (24%) 8/18 (44%)
Vedolizumab (28%)

2022 Axelrad [72] Anti-TNF (27%) 6/28 (21%)
Vedolizumab (15%)

2022 Buisson [71] Anti-TNFs (46%) 8/19 (42%)

2023 Maiiosa [166] Vedolizumab (40%) 12/28 (42%)

Endoscopic postoperative recurrence: Rutgeerts’ > i2 at 6-12 months, excepting in these studies: Mafiosa [166] (within 18 months); Axelrad

[72] (median follow-up of 29 months)
TAll patients had previously failed to anti-TNF treatment
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4.3 Limitations of Studies Assessing the Efficacy
of Vedolizumab and Ustekinumab
in the Prevention of POR

The conclusions from the studies (and also meta-analyses)
comparing the efficacy of several biological agents (anti-
TNFs vs ustekinumab vs vedolizumab) in the postoperative
setting should be taken with caution as these studies have
relevant methodological limitations summarised below.

1) Most of the studies are retrospective.

2) No head-to-head RCT has been conducted comparing
two biological agents.

3) Sample sizes are generally small.

4) There is a high risk of potential residual confounding
despite multivariable modelling (or propensity matched analy-
sis), particularly as individuals receiving a specific biologic
could have more severe disease as judged by more patients
with multiple prior resections and often second-line therapy to
a previous biologic. In this respect, patients receiving vedoli-
zumab or ustekinumab have almost universally been previously
treated with biologics, most commonly at least one anti-TNF
agent, which may indicate that they had a more medical refrac-
tory disease. Unfortunately, no degree of statistical adjustment
can fully resolve the potential for residual confounding [13].

5) Some authors have used the Simple Endoscopic Score
(SES-CD) rather than the Rutgeerts’ score to define endo-
scopic POR, to simultaneously assess the degree of inflam-
mation in the ileum and colon; however, unlike the Rut-
geerts’ score, SES-CD has not been correlated with a risk
of clinical POR.

6) Finally, the majority of the patients have been treated
postoperatively without an induction dosing of the biologi-
cal agent, which may have reduced the effect of all these
treatments.

5 Conclusions

Despite multiple advances in the medical treatment of CD,
a significant proportion of patients ultimately require sur-
gical resection at some point during their disease course.
Unfortunately, surgery is not curative, and POR after
ileocolonic resection is very common in the absence of
prophylactic treatment. Therefore, the prevention of POR
is a high priority. However, until now, traditional drugs
have been either ineffective (i.e., mesalamine) or poorly
effective (i.e., thiopurines) in preventing POR.

Several studies (summarised in various meta-analyses)
have shown the efficacy of anti-TNF agents in the preven-
tion of POR in CD patients (Table 2). We identified 37
studies, including 1863 patients receiving prophylactic
anti-TNF treatment, and the calculated mean endoscopic
POR at 6-12 months was “only” 29% (Table 1). Although

only few RCTs have directly compared the efficacy of thio-
purines and anti-TNF agents in the postoperative setting,
with somewhat controversial results, the superiority of the
latter is supported by several meta-analyses. Infliximab
and adalimumab seem to be equally effective in this sce-
nario. The combination of anti-TNF and immunosuppres-
sive agents should be considered in patients previously
exposed to anti-TNFs, particularly in those with previous
loss of response to these agents. Although some studies
have reported that anti-TNFs are less effective for the
prevention of POR in patients with previous exposure to
anti-TNFs, others have shown that these agents remain an
effective option to prevent POR also in patients operated
upon with previous anti-TNF failure. Although theoreti-
cally, it may be reasonable to assume that once a first anti-
TNF agent has failed preoperatively, a different anti-TNF
should be prescribed, some studies have suggested that the
consistent use of the same anti-TNF agent before and after
the surgery may be effective in the prevention or POR.
The role of therapeutic drug monitoring in the preven-
tion of POR is unclear. Discontinuing anti-TNF agents in
postoperative patients in remission is followed by rapid
POR in the majority of them; therefore, prophylactic anti-
TNF treatment should be continued in the long term. The
cost effectiveness of anti-TNF treatment to prevent POR is
still unclear, mainly because data on biosimilars have not
been considered. Anti-TNF agents are effective not only
for the prevention but also for the treatment of established
POR. Finally, retreatment with anti-TNF therapy for POR
is a valid strategy even after preoperative failure to these
agents.

Regarding vedolizumab, six studies (including 156
patients) have evaluated the efficacy of this biological
agent in the prevention of POR, and mean endoscopic
POR at 6-12 months was calculated to be 41% (Table 3).
The non-randomised comparison of anti-TNFs and ved-
olizumab in the postoperative setting has yielded contro-
versial results, with some studies suggesting an advantage
of one drug or another. Very recently, the first and only
placebo-controlled RCT (REPREVIO trial) has confirmed
that vedolizumab is quite effective in reducing both the
incidence and the severity of POR in CD patients with
increased risk of recurrence.

With respect to ustekinumab, seven studies (including 162
patients) have evaluated its efficacy to prevent POR, with a
mean endoscopic POR at 6-12 months of 41% (Table 4),
exactly the same figure as that calculated for vedolizumab.
The comparative efficacy of ustekinumab against anti-TNF
agents in the prevention of POR is still unclear. Ustekinumab
and vedolizumab seem to be (equally) effective in the pre-
vention of POR in patients at high risk, although the com-
parative experience is very limited. Further investigation of
larger populations in an RCT is required to compare the
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efficacy of these two biological agents against anti-TNFs
(and between themselves) in the postoperative setting.
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