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Abstract

Endoscopic and clinical recurrence of Crohn’s disease
(CD) is a common occurrence after surgical resection.
Smokers, those with perforating disease, and those
with myenteric plexitis are all at higher risk of recur-
rence. A number of medical therapies have been shown
to reduce this risk in clinical trials. Metronidazole, thio-
purines and anti-tumour necrosis factors (TNFs) are all
effective in reducing the risk of endoscopic or clinical
recurrence of CD. Since these are preventative agents,
the benefits of prophylaxis need to be weighed-against
the risk of adverse events from, and costs of, therapy.
Patients who are high risk for post-operative recurrence
should be considered for early medical prophylaxis with
an anti-TNF. Patients who have few to no risk factors
are likely best served by a three-month course of an-
tibiotics followed by tailored therapy based on endos-
copy at one year. Clinical recurrence rates are variable,
and methods to stratify patients into high and low risk
populations combined with prophylaxis tailored to en-
doscopic recurrence would be an effective strategy in
treating these patients.
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Core tip: This review summarizes and updates the cur-
rent state of the field of post-operative prevention of
Crohn's disease (CD) after surgery. This review starts
by discussing the natural history of postoperative recur-
rence followed by a summary of the most consistent
and evidence based risk factors. We then discuss the
evidence for medical prophylaxis of CD highlighting new
data regarding biologics. Finally we discuss cost effec-
tiveness and provide a potential novel treatment algo-
rithm for a clinician to use practically when caring for a
patient with CD after surgery.
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INTRODUCTION
Patients with Crohn’s disease (CD) have a high likelihood

of requiring surgery over their lifetime. Reasons for sut-
gical intervention include failure of medical therapy, or a
complication of stricturing or penetrating disease!. Tt is
estimated that half of patients will require surgery with-
in 10 years of diagnosis™” and around 80% of patients
will require surgery at some time in their life"®. Unfor-
tunately, surgery for CD is not curative and recurrence
is typically the rule. Symptomatic recurrence varies from
40%-80%"". Endoscopic recurrence is much higher
with up to 90% having lesions at 5 years'™"".

While the overall recurrence rates are high, the severity
of recurrence varies amongst individuals. Some patients
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may only develop mild endoscopic recurrence, and have
no symptoms, whereas others may present soon after sur-
gery with recurrent inflammation and clinical symptoms.
Interventional studies have measured a drugs ability to
prevent endoscopically-visible ulcers, or radiologically-
apparent luminal narrowing, or symptoms. Assessing
for severe endoscopic recurrence is useful, although still
a surrogate predictor of future clinical recurrence. The
wide variation of patients and outcomes used in clinical
trials makes this topic difficult for the treating physician
to apply to a given patient. The aim of this review is to
summarize the literature regarding the medications avail-
able for prevention of post-operative recurrence as well
as to discuss the different strategies for treating postop-
erative recurrence.

NATURAL HISTORY OF POST-OPERATIVE

CROHN'S

The natural history of CD generally follows phenotypic
patterns, whether in the pre-operative or post-operative
patient. As stated above, recurrence in general is com-

mon both endoscopically and symptomatically after
surgery. Crohn’s recurrence after ileocecal resection or
colectomy with ileorectal anastomosis tends to favor the
anastomosis site, specifically the small bowel proximal
to the anastomosis'. Initially aphthous ulcers develop
which then progress to larger ulcers and eventually
"% 1t was noted in the
late 1980s that patients who underwent surgery for a
perforating phenotype of disease had a different post-
operative course than those who underwent surgery for

complications of recurrent CD

non-perforating indications"”. This group examined
770 patients who underwent surgery for CD at Mt. Si-
nai Hospital in New York. They found that not only did
patients had a different course depending on their pre-
operative phenotype, but they found that patients who
required second and third operations, tended to do so
for the same initial indication. Thus, patients who re-
quired an initial operation for penetrating disease tended
to require a second, and potentially third, operation for
penetrating disease. Thus overall the site and prevailing
phenotype are thought to be similar before and after
resection

An interesting observation into the pathogenesis of
post-operative CD is that the fecal stream is needed for
recurrence. Rutgeerts ez al” reported on five patients who
underwent ileal resection with ileocolonic anastomosis
and additionally had a temporary, diverting ileostomy
approximately 25-30 cm from their anastomosis site. At
six months time, the anastomoses of these patients were
compared to 75 other patients who underwent ileoco-
lonic anastomosis without diverting ileostomy. None of
the patients with the diverting ileostomy developed en-
doscopic or histologic changes consistent with CD com-
pated to 71% of patients in the control group who had
endoscopic recurrence at six months. All five patients
however, did develop endoscopic recurrence of disease
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at the anastomosis six months after the diverting ileos-
tomy was taken down'”, Further study demonstrated that
contact with intestinal fluid for only eight days was suf-
ficient to trigger early histologic changes in a previously
normal neo-terminal ileum and anastomosis' . Within
three months after ileocecectomy the neoterminal ileum
has been shown to have an increase in colonization with
colonic flora, specifically Escherichia coli (E. coli), Enterococc,
Bacteroides and Fusobacteria sppm. Animal studies have
also concluded that the presence of commensal bacteria
is required for post-operative recurrence to develop'”.
It remains unclear if these changes have a causative role
in post-operative Crohn’s recurrence, but they have been
implicated in IBD per 5" Thus, post-operative CD is
associated with alterations in the local microbiome, de-
velopment of local ulcers (endoscopic recurrence) and
subsequent resumption of clinical recurrence.

RISK FACTORS FOR RECURRENCE: RISK
STRATIFICATION

Multiple risk factors have been identified for postopera-
tive recurrence. Risk stratifying patients based on these

factors can thus help decide which patients to treat ag-
gressively. Unfortunately, few risk factors have been con-
sistent in the literature for predicting endoscopic, clinical
or surgical recurrence. Typically risk factors are divided
into patient-related factors, disease-related factors and
surgical-related factors. Of the patient related factors,
only smoking has consistently been identified as a pre-
dictor of postoperative recurrence. The odds ratio for
clinical recurrence for current smokers is between 2 and
37 Tt s the only modifiable risk factor and smoking
cessation appears to decrease the risk of recurrence to
that of a non-smoker!"”. Other patient related factors
such as age, sex, age at disease onset are inconsistent risk
factors in the literature™",

Disease related factors include duration of disease prior
to first resection, history of previous resection and pen-
etrating disease™*”. Duration of disease prior to first sur-
gery 1s not a consistent risk factor in the literature™*".
Most studies demonstrate that previous surgery for CD
is a risk factor for further surgerym’zz’zﬂ. A recent meta-
analysis demonstrated a hazard ratio of 1.5 for recur-
rence of disease for penetrating phenotype compared
to non-penetrating”. Unfortunately, there was sig-
nificant heterogeneity in the studies that went into the
meta-analysis and thus it is not entirely clear what the
relationship between penetrating disease and post-op-
erative recurrence truly is”. Further complicating the
issue is that penetrating and stricturing disease are not
always accurately diagnosed on clinical grounds. Up to
a third of patients who clinically have non-penetrating
disecase may have evidence of penetration at the time
of an operationm.

Surgical factors including length of resection, type
of anastomosis and histological disease left in the bowel
or granulomas in the resected specimen have not been
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Table 1 Risk factors for postoperative recurrence

Risk factor Strength of association (OR) Grade of evidence'
Active smoking 2 (1.3-3.4)" B
Penetrating disease 1.5 (1.2-1.9)* B
Prior resection 1.8 (1.1-2.9)* B
Myenteric plexitis 1.9 (1.0-3.5)™ C

'Based on American Gastroenterological Association guidelines. A: Multi-
ple, well-designed randomized controlled trials; B: At least one large well-
designed clinical trial with or without randomization; C: Based on clinical
experience, expert committees or descriptive studies.

consistently demonstrated to be risk factors for disease
recurrence” . However, myenteric plexitis in the resec-
tion specimen has been found to be predictive of post-
operative recurrence™ 7. One small study found plexitis
to be associated with prior intestinal surgery and shorter
duration of disease thus potentially accounting for some
of the variability of those risk factors as predictors of
disease™. Select risk factors that have been consistent in

the literature are shown in Table 1.

MEDICAL THERAPIES TO PREVENT
RECURRENCE

Multiple medications used for the treatment of Crohn’s dis-
ease have been studied for the prevention of post-operative
recurrence. Table 2 summarizes the endoscopic and clinical
recurrences rates 2s placebo from various trials.

5-ASA

The use of mesalamine in the postoperative setting is ap-
pealing given its favorable safety profile, ease of adminis-
tration, and relatively lower costs to anti-TNFs. However
controversy exists over its efficacy. McLeod ¢ a/’" dem-
onstrated a 10% decrease in symptomatic recurrence (P =
0.03) with mesalamine at 3.0 g per day. Others have noted
a decrease in endoscopic recurrence with varying mesala-
mine formulations”™, Despite this, some small prospec-
tive and retrospective studies failed demonstrate a differ-
ence compared to placebopg’w]. Interestingly, Hanauer ez
al™" found that postoperative mesalamine demonstrated
a non-significant trend towards a clinical improvement
compared to placebo, but did not have any effect on
endoscopic or radiologic recurrence. A meta-analysis of
available prospective studies did demonstrate that me-
salamine decreased clinical as well as severe endoscopic
recurrence at 12 mo with a NNT of 8 (RR zs placebo: 0.70,
95%CI: 0.62-0.94)".,

Thiopurines

Azathioprine and 6-mercaptopurine are efficacious in
maintenance of CD and have been extensively studied in
the post-operative setting. Only two studies have com-
pared to a thiopurine to placebo and one was in combi-
nation with three months of metronidazole'*”. Both
trials showed a decrease of endoscopic recurrence in the
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Table 2 Recurrence rates with each agent discussed (range)

from randomized controlled trials, vs placebo rates

Agent Endoscopic recurrence Clinical recurrence
Drug Placebo Drug Placebo
Mesalamine 5%-51% 50% 11%-16% 19%-23%
Thiopurines ~ 2%-22% 50% 0%-36% 10%-50%
Anti-TNF 0%-21%" 81%-85%" 0%-20% 25%-46%
Antibiotics 13% 43% 7%-24% 25%-38%
Probiotics’ 9%-21% 15%-16% 9%-17% 6%-14%
Budesonide 52% 57% 57%° 70%°

Ranges of reported endoscopic and clinical recurrences for various thera-
pies and the range of placebo reports from those trials. Endoscopic recur-
rence rates are for severe (= i2) recurrence unless otherwise stated. Fol-
low-up time is 12 mo unless otherwise stated. 'Any endoscopic recurrence;
*Three to twelve months follow-up; *Combined clinical and endoscopic
recurrence. TNF: Tumour necrosis factor.

thiopurine arm at 12 mo. Pooling the data demonstrated
a favorable risk ratio for decreasing both clinical (RR s
placebo: 0.59, 95%CI: 0.38-0.92) and severe endoscopic
recurrence (RR #s5 placebo: 0.64, 95%CI: 0.44-0.92) with
thiopurines compared to placebom]

Other trials have compared thiopurine to mesalamine
formulation. However, superiority of a thiopurine over
mesalamine was unable to be shown in multiple tri-
als®™ ™ Tt s possible that side effects often prohibit ad-
herence of thiopurines[4(’]. The meta-analysis by Doherty
et al™ reported a higher risk of treatment discontinuation
due to side-effects in patients taking thiopurines. Long
term data from a retrospective analysis demonstrated that
thiopurine treatment for over 36 mo decreased surgical
recurrence compared to treatment less than 36 mo or
no treatment at all'*”. Thus long-term maintenance may
be beneficial especially in those who can tolerate the
treatment, but the side effect profile may be prohibitive
especially as mesalamine agents may provide a similar de-
creased risk of recutrrence.

Anti-TNF antibodies

Most recently anti-TNF therapeutic antibodies have been
studied in the prevention of post-operative prophylaxis.
Infliximab has been studied most, although there is some
emerging data for adalimumab. Early non-controlled re-
ports noted a decreased in both endoscopic and clinical
recurrence of CD postoperativelyl491. Subsequent pro-
spective controlled studies also demonstrated a benefit
compared to placebolso"r’”, mesalamine™” and thiopu-
rines”™. However, there have only been two randomized
trials comparing infliximab and both were compared
with placebo. Regueiro et al”™ demonstrated that endo-
scopic lesions were significantly lower at one year in the
infliximab group compared to controls (9.1% »s 84.6%
respectively, P = 0.0006), but were unable to detect a
significant difference in the clinical recurrence rate due
to small numbers. A follow up abstract from the same
group suggested that patients can have a benefit for up
to two years, although they will relapse if infliximab is
stoppedlw. Yoshida e# a/”” did demonstrate a decrease in
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the clinical remission rate at 12 mo with infliximab com-
pared to placebo (100% 25 68% respectively, P < 0.03).
Additionally adalimumab has demonstrated efficacy if
prevention of postoperative recurrence although data re-
mains small with a lack of controls®**". Preliminary data
from the POCER study was presented in abstract form
demonstrated that at 6 mo 94% of high-risk patients
treated with postoperative adalimumab were in endo-
scopic remission (i0-i1) 25 62% of high risk patients on
a thiopurine (P = 0.02)"”. However, patients on a thio-
purine who had recurrence had an escalation of therapy
to adalimumab. Thus at 18 mo, there was no difference
between endoscopic recurrence in patients who received
adalimumab immediately post operatively and those who
had tailored therapy based on 6 mo endoscopy[w]. Thus
early data from ongoing trials suggests that prophylaxis
with anti-TNF antibodies may be highly effective com-
pared to other treatments, although careful patient se-
lection is likely required to identify whom to administer
prophylaxis to.

Probiotics

Manipulation of the bacterial flora is an attractive mode
of preventing postoperative recurrence, as specific bac-
teria including bacteroides, fusobacteria and E. co/i have
been found in increased amount in the neo-terminal
ileum"". Both individual lactobacillus strains as well as
probiotic cocktails have been studied. Lactobacillus jobnso-
nii (LA1) and Lactobacillus rbamnosus GG (LGG), failed to
show any benefit in prevention of recurrence” . The
probiotic cocktail Synbiotic 2000 similarly failed to show
a benefit compared to placebo in a randomized con-
trolled trial™. Similarly the yeast Sacchromyces boulardii
did not demonstrate prevention of relapse in a random-
ized controlled trial of patients in medical remission.
However, a small study with VSL#3 did note that pa-
tients receiving the probiotic had less severe endoscopic
recurrence (lower Rutgeerts score) and reduced levels of
pro-inflammatory cytokines™. Ultimately, pooled data
failed to show any difference with regards to clinical (RR
vs placebo: 1.41, 95%CI: 0.59-3.36) or endoscopic recut-
rence (RR s placebo: 0.96, 95%CI: 0.58-1.58)",

Antibiotics

Nitroimidazole antibiotics including metronidazole and
ornidazole have been shown to decrease the risk of
clinical and severe endoscopic recurrence!™” . Further
llustrating the usefulness of antibiotics was a trial where
all patients received metronidazole for one month and
either azathioprine or placebo for one year. The overall
rate of recurrence was low which was attributed to the
widespread metronidazole use, although in combination
with azathioprine endoscopic recurrence was less fre-
quent and less severe”. However, nitroimidazole antibi-
otics are difficult to tolerate and cessation rates are high,
up to one third, limiting widespread clinical utility”™*".
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COSTS AND DURATION OF
CHEMOPROPHYLAXIS

The goal of therapy for post-operative prophylaxis is to
decrease clinical recurrence. Not all patients will develop
clinical recurrence and so treating everyone one may not
be cost effective or feasible. Two studies examined the
cost and feasibility of treating patients with vatious medi-
cal therapies in the postoperative setting. Doherty ¢ a/*”
noted that incremental cost-effectiveness ratio ICER), or
costs per QALY gained, was $1.8M for infliximab, when
compared with no prophylaxis. In their cost-effectiveness
model, azathioprine was the most cost-effective medica-
tion strategy over 1 year, when compared to “no prophy-
laxis”. Ananthakrishnan e a/" similarly noted that initial
therapy with infliximab is not cost effective although sug-
gested that antibiotics (metronidazole or ornidazole) were
cost effective when tolerated. Both of these studies made
assumptions of a recurrence rate of around 20%-30%
with no treatment. As the rate of recurrence increases,
the cost-effectiveness of an anti-TNF increases as well.

USING ENDOSCOPIC SCREENING TO
TAILOR INTERVENTIONS

Endoscopic recurrence precedes clinical recurrence, but

not all endoscopic recurrence leads to clinical recur-
rence. Endoscopic changes are often noted as early as
2 mo following surgery” . Endoscopic recurrence rates
vary widely at 1 year without any treatment ranging from
28%-93%"". Overall, it is estimated that 20% of patients
with endoscopic recurrence will progress to clinic recur-
rence, although the severity of the endoscopic recurrence
can predict the likelihood of clinical recurrence™”. Over
a four year follow-up period, 100% of patients with se-
vere endoscopic recurrence (Rutgeerts scope of i2-i4)
developed symptomatic recurrence compared to only
9% of patients with a low score @(0-i1)™. Thus evalua-
tion of a patient within the first year following resection
of CD can effectively stratify patients at a high risk of
clinical recurrence. Patients who develop a high Rutgeerts
score (= i2) who are then treated with infliximab have
decreased clinical activity compared to treatment with
thiopurines or mesalamine™, One study demonstrated
that an endoscopically-tailored therapy (with any medi-
cal therapy) has a similar time to symptomatic recurrence
compared to immediate post operative prophylaxis’™.
Recently, preliminary results of the POCER study were
presented, supporting the use of endoscopically tailored
therapy. In this trial, all patients received three months
of antibiotics and high-risk patients (smoker, penetrating
disease, = second operation) received a thiopurine (or
every other week adalimumab if thiopurine intolerant).
Patients were then randomized to active care with a colo-
noscopy at 6 mo and step up of therapy if evidence of
recurrence (Rutgeerts score = i2) or standard of care. At
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Figure 1 Suggested algorithm for deciding when to administer post-operative prophylaxis based on effectiveness of treatment. Other considerations such
as cost and prior success or failure of treatment need to be individualized. Patients at high risk are those who have 2 or more of the following risk factors: smoking,
penetrating disease, history of prior resection, and myenteric plexitis. Based on the available evidence, we suggest first surveillance endoscopy be done at 6 mo time
for all patients. Treatment escalation at 6 mo should be considered for all patients with evidence of endoscopic recurrence (Rutgeerts = i2). For select patients who
achieve and maintain deep remission on therapy (Rutgeerts of i0 with normal histology), consideration can be given to de-escalation of therapy to either thiopurine

alone or close monitoring.

18 mo, significantly less endoscopic recurrence was seen
in the active care group s the standard of care group (49%
25 67% respectively, P = 0.028)".

An interesting option to explore in the future is im-
mediate prophylaxis followed by endoscopic assessment
and cessation of treatment if no endoscopic recurrence
or other surrogate marker for inflammations such as
serum inflammatory markers or fecal calprotectin. One
retrospective cohort demonstrated that patients who
achieve clinical remission on infliximab and maintain
maintenance therapy for one year have a 69% probability
of being disease free at 1 year after infliximab discontinu-
ation™, The STORI trial is a prospective cohort follow-
ing a group of patients who have received > 1 year of
therapy with infliximab and an immunomodulator and
achieved steroid free remission who then stop infliximab.
Over 50% of patients will not relapse at one year and
there may be a subgroup of patients in deep remission
who do even better' . Extrapolating this premise and
applying it to patients who achieve surgical remission fol-
lowed by a year of therapy is appealing and potentially
cost effective. One small study has evaluated one year
of infliximab for chronic refractory pouchitis following
colectomy for ulcerative colitis. Notably the patients who
responded completely to infliximab were able to discon-
tinue after one year without recurrence at follow-up!™.

IMPLICATIONS FOR PRACTICE

The questions of if and when to treat in the post-oper-
ative setting, as well as the optimal therapeutic regimen,
remains incompletely answered. Each patient requires
an individual risk assessment as well as careful consider-
ation to prior therapies and what led them to surgery'.
Opverall, tailored therapy is advisable as a general rule
given the cost and side effect profile of the majority of
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treatments. However, in the highest risk patients (Z.e.,
penetrating disease, history of prior resection, current
smoking), upfront infliximab use provides the greatest
benefit although it is not considered cost effective””
As long-term data on infliximab becomes available, the
balance of cost and prevention of disease may change.
Additionally as data becomes available for other anti-
TNFs, this model will need to be updated. Thus for
the highest risk patients, the decision for upfront anti-
TNF s tailored therapy remains unclear and must likely
be individualized. If the decision for tailored therapy is
made, then endoscopic evaluation should take place at
6 mo time as suggested by the recent POCER data™",
In patients who are not high risk, then an empiric course
of nitroimidazole antibiotic is likely to be cost effective,
if the patient can tolerate the therapy, with or without
maintenance thiopurine followed by endoscopic assess-
ment at 6 mo time ™77 A proposed algorithm for
post-operative prevention is shown in Figure 1. While
this approach is the most efficacious based on the avail-
able evidence, it is not the most cost effective and the
decision for upfront anti-TNF therapy or tailored thera-
py in high risk patients will need to be individualized.

The optimal treatment regimen is not known and
likely will depend heavily on the patient’s prior treat-
ments. The biologic naive patient may achieve the best
effect with an anti-TNE, although the cost effectiveness
of long-term prevention may not be favorable. While the
majority of data is with infliximab, it appears that adali-
mumab will be efficacious as well, necessitating further
cost effective analysis. Postoperative prophylaxis in CD
does decrease clinical recurrence. However the optimal
timing and type of therapy remain unknown. Stratifying
patients according to risk of symptomatic recurrence
and tailoring therapy is the ideal and most cost effective
way to treat patients, however these questions have not
been fully answered.
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