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Abstract

Background—Subtotal or total colectomy or proctocolectomy with permanent ileostomy (TC-
P1) may be a treatment option for medically refractory colonic Crohn's disease (CD).

Aim—To perform a systematic review and meta-analysis to evaluate the rate, risk factors and
outcomes of CD recurrence after TC-PI.

Methods—In a systematic review ending March 31, 2016, we identified 18 cohort studies (1438
adults) who underwent TC-PI for colonic CD (median follow-up, 7.4 years; interquartile range,
5.3-9.0). We estimated pooled rates (with 95% confidence interval [CI]) of clinical and surgical
recurrence, and risk factors for disease recurrence.

Corresponding author: Siddharth Singh, M.D., M.S., Assistant Professor of Medicine, Division of Gastroenterology, University of
California San Diego, 9500 Gilman Drive, La Jolla, CA 92093, sis040@ucsd.edu, Phone: 858-657-5271, Fax: 858-657-7259.

Disclosures: None of the authors have any relevant financial disclosures.
Author Contribution:

. Study concept and design: MF, PSD, SS

. Acquisition of data: MF, PSD, PM, AMF, SS

. Analysis and interpretation of data: MF, PSD, PM, SS

. Drafting of the manuscript: MF, PSD, SS

. Critical revision of the manuscript for important intellectual content: PM, AFM, SR, WJS
. Approval of the final manuscript: MF, PSD, PM, AFM, SR, WIS, SS

. Guarantor of the article: SS

Systematic Review Registration: PROSPERO #CRD42016039310



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fumery et al. Page 2

Results—On meta-analysis, the risk of clinical recurrence after TC-PIl was 28.0% (95% Cl,
21.7-35.3; 14 studies, 260/1004 patients), with a 5- and 10-year median cumulative rate of 23.5%
(range, 7-35) and 40% (range, 11-60), respectively. The risk of surgical recurrence was 16.0%
(95% ClI, 11.1-22.7; 10 studies; 183/1092 patients), with a 5- and 10-year median cumulative rate
of 10% (range, 3-29) and 18.5% (range, 14-34), respectively. The risk of clinical and surgical
recurrence in patients without ileal disease at baseline was 11.5% (95% Cl, 7.7-16.8) and 10.4%
(95% Cl, 4.5-22.5), respectively. History of ileal disease was associated with 3.2 times higher risk
of disease recurrence (RR, 3.2; 95% ClI, 1.8-5.6). Other inconsistent risk factors for disease
recurrence were penetrating disease and young age at disease onset.

Conclusions—Small bowel clinical recurrence occurs in about 28% of patients after TC-PI for
colonic CD. Disease recurrence risk is 3.2 times higher in patients with history of ileal disease,
and continued medical therapy may be advisable in this population. In patients without ileal
inflammation at surgery, continued endoscopic surveillance may identify asymptomatic disease
recurrence to guide therapy.

Keywords
Recurrence; ileostomy; Crohn's disease

Introduction

Despite significant advances in the treatment of Crohn's disease (CD), nearly 50% of
patients require surgery within 10 years of their diagnosis, and an additional 30% require
surgery at some point in their lifetime (1-3). Surgery is rarely curative for CD, and most
patients experience post-surgical disease recurrence, along a continuum of endoscopic,
clinical and surgical recurrence. The course of CD after surgery is difficult to predict,
however, the risk of clinical and/or surgical recurrence can be stratified and mitigated
through the early use of colonoscopy and prophylactic medical therapy among at-risk
individuals (4-7). However, the majority of these data have focused on CD patients
undergoing limited surgical resection with ileocolonic anastomosis (4-8).

For patients with extensive colonic or severe perianal CD refractory to medical therapy, for
whom limited resection with primary anastomosis may not be an option, subtotal or total
colectomy or proctocolectomy with permanent ileostomy (TC-PI) may be considered. In an
early population-based study from North America of patients with CD undergoing surgery,
approximately 10% patients underwent TC-PI (1, 9-11). However, there is limited data on
the rate of recurrence of active CD in the small bowel. Data from luminal CD suggests that
despite significant changes in disease behaviour over time, disease extent largely remains
stable with progression seen only in 6.5% of patients (1, 12), so it is conceivable that risk of
post-surgical disease recurrence in the small bowel would be low in these patients
undergoing a permanent ileostomy. Risk factors, both modifiable and non-modifiable,
associated with small bowel recurrence are also not well understood; knowledge of these
may inform management strategies including use of prophylactic pharmacological therapy,
and periodic endoscopic surveillance to diagnose and treat asymptomatic endoscopic
recurrence.
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Hence, to better understand the natural history of CD after TC-PI, we synthesized published
data through a systematic review with meta-analysis, and evaluated the rate of small bowel
recurrence and stoma-related complications after TC-PI. Furthermore, we evaluated risk
factors associated with disease recurrence. These data would be very informative in a
shared-decision making process before and after surgical resection, and allow for an
optimization of post-operative surveillance strategies among these individuals.

This systematic review followed the preferred reporting items for systematic reviews and
meta-analysis (PRISMA) standards, and followed an a priori published protocol (registered
at the International Prospective Register of Systematic Reviews, PROSPERO
CRD42016039310).

Study Selection

Studies were included if they were: (a) cohort studies, case series and randomized controlled
trials in (b) patients (adult or paediatric) with CD (c) who underwent TC-PI for known
colonic CD (with or without known small bowel disease), and reported (d) rate of small
bowel disease recurrence (clinical, defined as symptoms due to recurrence of CD in the
small bowel; surgical, defined as presence of active CD in small bowel necessitating surgical
resection) and/or risk factors associated with disease recurrence, (e) with a minimum of one
year of follow-up after TC-PI. While we acknowledge that there are differences in types of
colectomy, for this study, subtotal colectomy and total colectomy and proctocolectomy, with
permanent ileostomy were considered equivalent.

We excluded the following studies: (a) case-control or cross-sectional studies; (b) studies
with insufficient follow-up on the fate of TC-PI (i.e., only report occurrence of TC-PI, but
not outcomes with regard to small bowel recurrence); (c) studies on outcomes of temporary
fecal diversion through diverting ileostomy or colostomy; and (d) studies exclusively in
patients with active small bowel disease at time of TC-PI. In the case of multiple studies
from the same cohort, we included data from the most recent comprehensive report.

Search Strategy

We conducted a comprehensive search of multiple electronic databases from inception to
August 14, 2015, in adults with no language restrictions; this search was updated on March
31, 2016. The databases included: Ovid Medline, Ovid EMBASE, Ovid Cochrane Central
Reqgister of Controlled Trials, Ovid Cochrane Database of Systematic Reviews, Web of
Science, and Scopus. The search strategy was designed and conducted by an experienced
medical librarian with input from the study's investigators, using controlled vocabulary
supplemented with keywords, for studies on recurrence after TC-PIl in CD (see details in
Supplementary Appendix). In addition, conference abstracts (Digestive Disease Week,
United European Gastroenterology Week, American College of Gastroenterology annual
meeting, Advances in Inflammatory Bowel Diseases meeting organized by the Crohn's and
Colitis Foundation of America, and European Crohn's and Colitis Organization annual
meeting) from 2012 to 2015, as well as bibliography of the selected articles and review
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articles on the topic were manually searched for additional studies, with no language
restrictions. Two reviewers (PSD and PM) independently assessed the title and abstract of
studies identified in the primary search for inclusion, and the full text of remaining articles
were examined to determine whether they met inclusion criteria. Any discrepancy in article
selection was resolved by consensus, and in discussion with a third reviewer (SS).

Data Abstraction and Quality Assessment

Data on study-, patient-, surgery-related characteristics, as well as outcomes of interest from
included studies were abstracted onto a standardized data collection form (MF, PM). Any
discrepancies were addressed by a joint re-evaluation of the original article. The
methodological quality of studies was assessed using National Institute of Clinical
Excellence (NICE) quality assessment for case series checklist.

Outcomes Assessed

The primary outcome measures were the proportion of patients with (a) clinical recurrence
(as defined in individual studies) and (b) surgical recurrence (recurrence requiring resection)
of CD after TC-PI, at last reported follow-up. In addition, we evaluated the proportion of
patients undergoing surgery due to stoma-related complications. To specifically estimate risk
of recurrence in patients with purely colonic disease without known small bowel disease, we
performed a sensitivity analysis restricting to cohorts in which none of the patients had
known ileal disease at time of TC-PI. In order to assess differences in rates of primary
outcome in the pre-biologic (before 1998) and biologic era (after 1998), we compared
weighted pooled rates in studies published in the corresponding period.

We, qualitatively and quantitatively (if feasible and reported in >2 studies), identified
demographic, clinical and treatment-related factors associated with recurrence of CD in the
small bowel.

Statistical Analysis

We used the random-effects model described by DerSimonian and Laird to calculate pooled
rates (and 95% confidence interval [CI]) of clinical recurrence, surgical recurrence and
stoma-related complications (13). In addition, to estimate 5- and 10-year cumulative rates of
clinical and surgical recurrence of CD, we reported median (and range). To identify risk
factors associated with recurrence, we pooled maximally adjusted risk estimate (odds ratio
or relative risk; to account for confounding variables), where reported, using random-effects
model. Specifically, to compare risk of recurrence in patients with and without known ileal
disease at time of TC-PI, we calculated pooled unadjusted RR using raw events from studies
which reported this. We assessed heterogeneity between study-specific estimates using the
inconsistency index (12), and used cut-offs of <30%, 30%-59%, 60%-75% and >75% to
suggest low, moderate, substantial and considerable heterogeneity, respectively (14). Small
study effects were assessed qualitatively using funnel plot asymmetry and quantitatively
using the Egger's regression test (15). All analysis was performed using Comprehensive
Meta-Analysis (CMA) version 2 (Biostat, Englewood, NJ).
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Of 2017 unique studies identified using our search strategy, 17 studies met our inclusion
criteria (10, 11, 16-28, 30, 31). In addition, we identified one abstracts from conference
proceedings (29) and hence, included a total of 18 studies for quantitative synthesis. Figure 1
shows the schematic diagram of study selection.

Characteristics of Included Studies

Table 1 describes the characteristics of included studies. The median number of patients was
72 (range, 14-182) and median follow-up was 7.4 years (range, 1.2-15). Studies were
performed and reported over a wide time period, with period of patient recruitment from
1934-2007, and period of publication from 1972-2014. While no studies were performed
exclusively in pediatric patients, six studies reported lower range of age <18 years. Overall,
ten studies were performed exclusively in the pre-biologic era (i.e., all patients were
operated and analysed before the availability of anti-TNF agents in 1998), one study
exclusively in the biologic era and three studies in the overlapping period (i.e., some patients
were operated before availability of anti-TNF agents in 1998 and others after 1998). Among
the eight studies that explicitly reported definition of clinical recurrence (10, 17, 23, 25,
27-29, 31), two didn't (17, 29) required confirmation of disease activity (through endoscopy
and/or imaging) in patients with new onset gastrointestinal symptoms. Six studies were
performed in North America (11, 16, 19, 23, 24, 31) and 12 in Europe (10, 17, 18, 20-22,
25-30). Of note, three studies were performed at a single centre (16, 23, 24), of which two
reported clinical recurrence over a non-overlapping period, and one reported surgical
recurrence; hence, all three studies contributed to the analyses.

Overall, the studies were at moderate risk of bias, 17 were performed in referral centres (10,
11, 16-26, 28-31) and one in population (27), seventeen were retrospective (10, 16-31) and
one prospective (11). Supplementary Table 1 details the quality of these included studies
according to NICE criteria.

Clinical Recurrence after Total Colectomy with Permanent lleostomy

Fourteen studies reported rates of CD recurrence after TC-PI in 1004 patients (10, 16-21, 23,
25, 27, 28-31). On meta-analysis, the rate of clinical recurrence was 28% (95% Cl,
21.7-35.3; 260/1004 patients), with considerable heterogeneity (12=80%) (Figure 2). Median
5- (6 studies) and 10-year (5 studies) cumulative rates of clinical recurrence were 23.5%
(range, 7-35) and 40% (range, 11-60), respectively. When restricting the analysis to patients
without history of ileal disease, the rate of clinical recurrence was lower at 11.5% (95% ClI,
7.7-16.8; n=2 studies). Among three studies reporting time to recurrence, the median time to
recurrence ranged from 1 to 5.6 years (28-30). In six studies reporting the location of
recurrence in 132 patients, 81% patients experienced ileal, 3% jejunal, 2% upper
gastrointestinal tract and 14% extensive small bowel recurrence (10, 17, 20, 21, 25, 31).

Rates of clinical recurrence were similar among studies in the pre-biologic and biologic era
(published before 1998 vs. after 1998: 26.9% vs. 30.0%, p=0.64). No single study
contributed significantly to heterogeneity, based on visual inspection of the forest plots.
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Cumulative meta-analysis revealed that the rates of recurrence were higher in studies
published before 1990 and stable after that (Supplementary Figure 1). Due to considerable
heterogeneity, tests for small study effects were unreliable.

Surgical Recurrence after Total Colectomy with Permanent lleostomy

Ten studies including 1092 patients evaluated the risk for reoperation due to recurrence
(10-11, 17, 20-22, 24-26, 29). On meta-analysis, the rate of surgical recurrence was 16.0%
(95% ClI, 11.1-22.7; 183/1092 patients), with considerable heterogeneity (12=84%) (Figure
3). Median 5- (5 studies) and 10-year (4 studies) cumulative rates of surgical recurrence
were 10% (range, 3-29) and 18.5% (range, 14-34), respectively. Among the three studies
reporting time to recurrence, the median time to surgical recurrence ranged from 2.4 to 9.6
years (10, 25, 29.). When restricting the analysis to patients without documented ileal
disease at time of TC-PI, rate of surgical recurrence was lower at 10.4% (95% Cl, 4.5-22.5;
n=5 studies).

Rates of surgical recurrence were similar among studies in the pre-biologic and biologic era
(published before 1998 vs. after 1998: 19.3% vs. 10.8%, p=0.22). No single study
contributed significantly to heterogeneity, based on visual inspection of the forest plots.
Cumulative meta-analysis revealed that the rates of surgical recurrence were higher in
studies published before 1990, and stable after that. Due to considerable heterogeneity, tests
for small study effects were unreliable.

Surgery for Stoma-related Complications

Seven studies reported the rate of stoma-related complications requiring surgery after TC-PI
in 701 patients (10, 17, 19, 20, 24-26). On meta-analysis, the rate of re-operation was 15.6%
(95% Cl, 8.5-27.0; 108/701 patients), with considerable heterogeneity (12=78%)
(Supplementary Figure 2). In two studies that reported the indication for reoperation, the
most common reasons were: skin ulcerations (45%), stoma retraction (21%), stenosis (10%),
prolapse (10%), hernia (6%) and small bowel obstruction due to adhesions (6%) (10, 26).

Risk Factors Associated with Recurrence of Crohn's Disease

Ten studies evaluated factors associated with clinical and/or surgical recurrence. Given the
continuum of clinical and surgical recurrence, for evaluation of risk factors for recurrence of
CD, these outcomes were taken in a hierarchical order. The most consistent risk factor
associated with recurrence of CD was the presence of small bowel disease at time of TC-PI.
On meta-analysis of three studies that reported recurrence rates in patients with and without
ileal disease at baseline (19, 24, 29), presence of ileal disease at time of TC-PI was
associated with 3.2 times higher risk of disease recurrence (RR, 3.2; 95% Cl, 1.8-5.6)
(Supplementary Figure 3).

No other clinical or demographic factors were consistently associated with increased risk of
disease recurrence. In two studies, young age at CD disease onset (<18y: HR for clinical
recurrence, 2.9) and at time of surgery (<30y: HR for surgical recurrence, 2.6) was
associated with increased risk of disease recurrence (25, 31). Complications of CD
phenotype leading to TC-PI (fistulas, abscesses and/or perianal disease) was also associated
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with increased risk of disease recurrence in three out of four studies where this was studied
(10, 19, 27, 31). Similarly, the use of biologic therapy prior to TC-PI (perhaps as a marker of
severe disease) was also associated with increased risk of clinical recurrence (HR, 3.7) (31).
Smoking was not associated with increased risk of recurrence of CD after TC-PI in one
study (10).

Only two studies reported on postoperative preventive therapies (10, 30). Amiot et a/
reported that none of the patients were administered prophylactic therapy after (TC-PI), and
13/16 with established clinical recurrence after TC-PI were treated with medications. Leal-
Valdivieso et al reported that of 16 patients treated with TC-PI, 7 were treated with
mesalamine and 3 with thiopurines for prevention of recurrence; of note, in their cohort,
37% had known ileal disease at time of TC-PI. However, the potential impact of these
therapies on prevention of recurrence was not reported.

Discussion

In this systematic review and meta-analysis of 18 cohort studies of 1438 patients who
underwent TC-PI for refractory colonic CD, we made several key observations for clinical
practice. First, about 1/3" of patients may develop clinical, and about 16% may develop
surgical recurrence after TC-PI for colonic CD. Second, history of ileal disease is a
consistent risk factor associated with a 3-fold increase in risk of disease recurrence.
Additionally, disease complications as fistula or abscess and/or perianal complications and
use of biologics prior to TC-PI, and young age at disease onset or surgery may be risk
factors for disease recurrence.

TC-Pl is perhaps the last therapeutic option for patients with medically refractory colonic
and/or perianal CD. Additionally, temporary fecal diversion with diverting ileostomy (with
concurrent medical therapy) is sometimes considered in patients with refractory perianal
and/or colonic CD with the intention of restoring bowel continuity at a later time with better
disease control. However, almost 2/3" of such patients may not undergo restoration of
bowel continuity and may end up with ‘permanent’ diverting ileostomy, with or without
completion colectomy (32). Despite the psychological and social impact of definitive
ileostomy, TC-PI may restore quality of life and permit return to social activities in patients
with uncontrolled active disease (33).

While there is considerable literature on rates, risk factors and outcomes of disease
recurrence after ileocolonic resection with primary anastomosis (7), there is limited
literature on outcomes of patients with permanent ileostomy. Though traditionally disease
location in CD is believed to be stable over time, we observed that about 1/3'd of patients
may develop clinical recurrence of CD in the small bowel over a median 7 year follow-up,
with varying extent. While this rate is considerably smaller than rates after primary
ileocolonic anastomosis in which patients experience near-universal endoscopic recurrence
and over 50% may develop clinical recurrence by 5 years, rate of CD recurrence after TC-PI
is high enough that it cannot be ignored, and TC-PI should not be labelled as a ‘curative’
procedure in these patients (4-8).
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Guidelines suggest early postoperative prophylaxis strategy and/or routine endoscopic
monitoring in patients with surgically induced remission through ileocolonic resection and
primary anastomosis based on a multitude of putative risk factors for disease recurrence (34,
35). However, there is paucity of literature on approach to management of CD after TC-PI.
Through our review, we identified presence of prior ileal disease as a consistent risk factor
for disease recurrence. This is probably akin to endoscopic recurrence in the neoterminal
ileum being a strong predictor of future clinical and surgical recurrence in patients with
ileocolonic anastomosis (36). In fact, Chongthammakun et al observed that patients with
Rutgeerts score >0 in the end-ileostomy had 8-fold higher risk of surgical recurrence and 5-
fold higher risk of needing IBD-related medications than patients without evidence of
subclinical endoscopic disease (37). In these patients, it may be reasonable to initiate
postoperative prophylactic therapy after TC-PI. Other risk factors include penetrating and/or
perianal complications, young age at disease onset and/or surgery were inconsistently
associated with increased risk of recurrence of CD after TC-PI, and in patients with these,
periodic endoscopic monitoring of end ileostomy may be considered.

There is limited data on the effectiveness of pharmacological therapy in preventing and
treating recurrence of CD in the small bowel after TC-PI as this population is typically
excluded from clinical trials. In the included studies, only two studies reported on
postoperative prophylactic therapy, and neither of these studies reported on the impact of
preventive therapy on the risk of recurrence (10, 30). Four studies reported on the
effectiveness of pharmacological therapies after established clinical recurrence, and of 85
patients treated, 27 responded to medical management (10, 16, 25, 30). However, it is
important to note that most studies were conducted in the prebiologic era. With the ever
expanding therapeutic options for management of CD, it is likely that most patients with
recurrence of CD in the small bowel would be amenable to medical management in the
current era.

The strengths of this systematic review include: (a) comprehensive and systematic literature
search with well-defined inclusion criteria; (b) assessment of multiple clinically relevant
short- and long-term outcomes of TC-PI in the management of refractory colonic and/or
perianal CD; (c) sub-group and cumulative meta-analysis sensitivity analyses to evaluate
changes in long-term outcomes with the advent and use of biologic agents; and (d)
systematic assessment of factors associated with long-term outcomes of temporary FD.

There are several limitations in our study. First, the meta-analysis was based on retrospective
observational studies performed at tertiary referral centres with inherent selection bias.
These studies were conducted over a wide time period, over which the endoscopic/radiologic
assessment and pharmacological management of CD has evolved. Second, while there was
complete follow-up for most studies, long-term follow-up was not uniformly available.
There were probably unmeasured confounding factors influencing decisions on management
after TC-PI, accounting for variations in practice and hence, considerable heterogeneity
between studies. Third, definition of clinical recurrence was not available for most of the
studies and varied when available. There was very limited data on perianal recurrence after
TC-PI. Finally, risk factors for CD recurrence were not consistently studied and reported.
Smoking status, the most consistent risk factor for recurrence after ileocaecal resection,
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couldn't be evaluated here because of paucity of available data. We did not attempt to contact
study investigators for additional unpublished data.

In conclusion, TC-PI for medically refractory colonic and/or perianal CD is not curative, and
about 1/3™ of patients experience clinical recurrence of CD in the small bowel;
approximately 16% may experience severe recurrence requiring surgery. Patients with
known subclinical ileal disease, presence of disease-related complications (like penetrating
and/or perianal disease), failure of biologic therapy prior to TC-PI, may be at high risk of
recurrence of CD after TC-PI, and may be considered for continued pharmacological
prophylaxis and/or periodic endoscopic monitoring of end ileostomy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study selection flow chart
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CLINICAL RECURRENCE after Total Colectomy with Permanent lleostomy
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Pooled summary rate (and 95% confidence interval) of clinical recurrence after total
colectomy and ileostomy in patients with Crohn's disease, using random effects model,
based on 14 studies with 1004 patients.
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SURGICAL RECURRENCE after Total Colectomy with Permanent lleostomy
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Figure 3.
Pooled summary rate (and 95% confidence interval) of surgical recurrence after total

colectomy and ileostomy in patients with Crohn's disease, using random effects model,
based on 10 studies with 1092 patients.
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