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A B S T R A C T

Background: We sought to determine whether preoperative exposure to anti-TNF therapy affects objective histological measures of fibrosis in the colorectum.
Methods: Ulcerative colitis (UC) patients who received infliximab as maintenance therapy pre IPAA surgery were identified and compared to anti-TNF-naïve matched
controls by age, sex, BMI, disease duration, albumin levels, and post-operative leak outcome. Hematoxylin and eosin- (H&E) and trichrome-stained slides from the
most distal, well-oriented, full-thickness section of colorectum from each patient's total colectomy specimen were evaluated. Blinded histopathological assessment of
the degree of fibrosis was performed using a semi-quantitative pictorial scale.
Results: Histological fibrosis in 65 patients from the therapy group was compared to 65 patients from the matched control group. There were no statistically
significant differences in the degree of fibrosis observed in any of the bowel layers. In the lamina propria, 29% of the control group and 28% of the treatment group
had fibrosis scores ≥3. Fibrosis scores were higher in the submucosa, with both groups having 66% of patients showing scores ≥3. Similarly, in the region above the
muscularis propria, 77% of the control group and 80% of the treatment group had fibrosis scores ≥3. In the subserosa, fibrosis scores were lower, with 25% of the
control group and 32% of the treatment group having fibrosis scores ≥3.
Conclusion: Resection specimens from UC patients treated with maintenance anti-TNF therapy who underwent IPAA surgery showed no significant differences in the
degree of histologic fibrosis in any of the bowel layers compared to a matched control group.

1. Introduction

Ulcerative colitis (UC) and Crohn's disease (CD), are idiopathic,
chronic intestinal conditions characterized by periods of remission and
relapses which are typically unpredictable and without clear inciting
factors [1]. Ulcerative colitis primarily affects the colon and rectum.
Numerous studies have shown that up to 20% of UC patients will re-
quire surgical intervention at some point in their disease course [2–4].
Surgery is traditionally recommended in the setting of fulminant UC, as
treatment for refractory UC, and/or for management of colorectal
dysplasia [5,6]. Ileal pouch-anal anastomosis (IPAA) surgery is a re-
constructive solution for patients following proctocolectomy that

allows for the avoidance of a permanent ileostomy [7–9].
Anti-TNF therapy, such as Infliximab (IFX), was introduced in treat-

ment algorithms for UC more than a decade ago and has been shown to be
an effective treatment option for patients with moderate to severe UC who
have failed conventional treatments and for patients with steroid-depen-
dent disease [10–12]. However, there is ongoing debate regarding the
effect of anti-TNF therapy on post-operative outcomes following IPAA
surgery. Some have reported that the preoperative administration of anti-
TNF agents increases the rates of postoperative leaks and septic compli-
cations [13], while others found that preoperative exposure to anti-TNF
therapy is not associated with early or late post-operative adverse events
[14–17]. A previous study in Crohn's disease patients reported that
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preoperative exposure to anti-TNF therapy causes a unique histologic
pattern of dense, paucicellular hyalinizing fibrosis in the submucosa and a
decrease in mucosal and submucosal inflammation [18]. However, in UC
patients, it is not clear whether anti-TNF therapy increases histological
measures of fibrosis in the colorectum. We hypothesized that dense sub-
mucosal fibrosis, if present, may be a factor in adverse anastomosis
complications following IPAA surgery in UC patients. As such, we sought
to determine whether preoperative exposure to anti-TNF therapy affects
histological measures of fibrosis in the colorectal resection specimens of
UC patients undergoing IPAA.

2. Methods

2.1. Study population

This was a single center, retrospective cohort study of patients with
UC undergoing IPAA at Mount Sinai Hospital in Toronto, Canada.
Mount Sinai Hospital treats a large population of IBD patients, and the
Inflammatory Bowel Disease Surgical Database has prospectively col-
lected clinical and demographic data for all IBD patients undergoing
surgery at the hospital. Published data from this database has been
utilized to evaluate several other IBD-related topics [8,9,14]. In this
present study, the data on all individuals with UC who underwent IPAA
from January 2002 to June 2013 were reviewed (n= 758). For the
remaining UC patients, clinical data regarding preoperative exposure to
infliximab (IFX), adalimumab (ADA) and other anti-TNF agents were
collected and used to determine patient eligibility for the treatment or
the matched control groups of this study. Anti-TNF drug exposure his-
tory was verified by review of inpatient and outpatient clinical records.
For each patient, we collected the gender, age at diagnosis, date of
diagnosis, IBD subtype, body mass index (BMI), albumin at the date of
the IPAA creation, anti-TNF exposure, duration of treatment, and the
time from the last infusion date to surgery (0–14 days, 15–30 days,
31–180 days and more than 180 days). In addition, we collected the
cumulative dosage of anti TNF therapy for each patient. We defined
maintenance therapy as accumulate dose>4 infusion/injection of Anti
TNF therapy before first stage surgery. Pouch leaks were documented
by clinical and radiologic means. An early leak was defined as occurring
from IPAA creation to 1 month of the last surgical procedure, and a late
leak was defined as being documented up to 6–12 months after the last
surgical stage. We also gathered the following information by reviewing
both inpatient and outpatient charts: prednisone (≥15mg/d) within 30
days from the first stage surgery, intravenous corticosteroids (CS) ex-
posure within 7 days from the first stage surgery, azathioprine or 6-
mercaptopurine (6-MP) exposure within 3 months of surgery, date of
hospitalization, date of surgery, age at surgery, main operative proce-
dure, surgical technique (open vs. laparoscopic), post-operative com-
plication (infectious and non-infectious), and disease severity and ex-
tension as per the Montreal classification [19].

Patients undergoing both three-stage and two-stage IPAA proce-
dures were included. A three-stage procedure involves subtotal co-
lectomy (first stage), IPAA and creation of a defunctioning ileostomy
(second stage), and finally closure of the ileostomy (third stage). A two-
stage procedure involves either: a) total abdominal proctocolectomy,
IPAA, and creation of a defunctioning ileostomy (first stage), followed
by closure of the defunctioning ileostomy (second stage); or b) subtotal
colectomy and end ileostomy (first stage), followed by IPAA without
defunctioning ileostomy (second stage).

This study was approved by the Mount Sinai Hospital Institutional
Research Ethics Board. The work was reported in line with the
STROCSS criteria [20].

2.2. Treatment group

Individuals receiving IFX as maintenance therapy (a priori defined
as more than four doses of IFX) with their last dose within 180 days of

the first stage of the IPAA procedure were eligible to be included in the
treatment group (n= 108). A sample size of 65 treated patients and 65
matched controls was adequate to achieve> 80% statistical power to
detect histological fibrosis changes. Therefore, from within the eligible
treatment group, a sample of 76 treated patients were randomly se-
lected for inclusion in the study. Eleven patients were excluded because
archived pathological slides or sample blocks were not available at our
institution. The final treatment group comprised 65 patients. Additional
clinical information including indication for surgery, postoperative
length of stay, and rates of wound infection and pelvic abscess, was
collected for all patients and compared between the treatment and
control groups to ensure there were no significant measurable differ-
ences in the clinical status between the groups.

2.3. Control group

Patients with no history of exposure to anti-TNF at any point in their
disease course and who had histological material available for evalua-
tion were eligible for inclusion in the control group (n=300). From
this group, 65 patients were selected for inclusion in the study selected
by matching 1:1 with the treatment group based on age, gender, UC
disease duration, body mass index (BMI), albumin level at the time of
colectomy, and the presence or absence of a postoperative pouch leak
within 30 days after surgery.

2.4. Primary outcome measure

The primary objective of this study was to determine whether pre-
operative exposure to anti-TNF therapy affects histological measures of
fibrosis in the rectum, as increased rectal fibrosis may be a potential
factor in adverse anastomosis complications following IPAA surgery.
Therefore, to estimate the extent of rectal fibrosis, the most distal, well-
oriented, full-thickness section taken from patients' colectomy speci-
mens were evaluated. This anatomic location would have been im-
mediately adjacent to the small cuff of remaining rectum to which the
pouch was ultimately anastomosed, and thus was thought to be most
representative of the degree of fibrosis in the residual rectum. In pa-
tients undergoing 3-stage procedures, the most distal well-oriented
section from the patients’ subtotal colectomies were evaluated. The
rectal stump was not selected for evaluation because of the potential
confounding effects of diversion proctitis.

H&E and Masson's trichrome slides were evaluated. Assessment of
the degree of fibrosis in all large bowel layers was performed, including
within the lamina propria, the submucosa (SM), the SM immediately
above the muscularis propria (MP), and the subserosa. The SM im-
mediately above the MP rather than the MP itself was selected for
evaluation based on the early observation that fibrosis was accentuated
in this area in some patients, while no MP fibrosis was observed [18]. In
our study, a portion of the sample was evaluated by two GI pathologists
(JM, RR). There was excellent consistency between the two patholo-
gists, and the remainder of the sample was therefore assessed by one
pathologist (JM) blinded to the subjects' preoperative anti-TNF ex-
posure history. The degree of fibrosis was scored on a scale of 1–4,
based on a semi-quantitative pictorial scale created for this purpose
(Fig. 1). A score of 1 represents minimal to no fibrosis and a score of 4
represents severe fibrosis.

2.5. Statistical analysis

Clinical characteristics for matched patients were compared be-
tween the treatment and control groups. Frequency (percentage) or
median (± interquartile range) were reported. Significance was as-
sessed by Pearson Chi-square test for categorical variables and the
Wilcoxon rank sum test for continuous variables, respectively.

The fibrosis score was treated as a categorical variable. Fibrosis
scores for each large bowel layer were compared between matched
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patients in the treatment and control groups using the McNemar-
Bowker test. A sample size of 65 treated patients and 65 matched
controls was adequate to achieve>80% statistical power to detect
histological fibrosis changes. All analyses were conducted using SAS
v.9.2 (SAS Institute Inc., Cary, NC) with p < 0.05 considered sig-
nificant.

3. Results

3.1. Clinical characteristics of study population

Seven hundred ninety-eight IBD patients who had IPAA procedures
between 2002 and 2013 were reviewed. We excluded 25 CD patients
and 15 patients with incomplete information. The treatment group
comprised 65 patients selected randomly from among the 108 patients
who received maintenance anti-TNF therapy within 180 days of the
first stage of IPAA surgery. The control group comprised 65 patients
who never received anti-TNF therapy, matched 1:1 with patients in the
treatment group for age, gender, BMI, UC disease duration, albumin
levels, and post-operative leak outcome. There were no significant
differences in demographic or clinical variables between the anti-TNF
treatment group and the non-exposed group (Table 1). In particular, the

rate of infectious complications (presence of wound infection or pelvic
abscess) was similar in the anti-TNF exposed group compared to the
non-exposed groups (12.3% vs. 7.6%, p=0.41 for wound infection,
18.4% vs. 23%, p=0.41 for pelvic abscess, respectively). There were
also no significant differences in the postoperative IPAA leak rate be-
tween the exposed and control groups (10.7% vs. 13.8%, p=0.16).

3.2. Fibrosis scores

Histological fibrosis in the 65 patients from the therapy group was
compared to that in 65 patients from the matched control group.
Fibrosis scores for each large bowel layer assessed are presented in
Table 2 and Fig. 2. Overall, there was no statistically significant dif-
ference in fibrosis scores between the treatment and control groups at
any histologic level of the bowel wall. In the lamina propria, 29% of the
control group and 28% of the treatment group had fibrosis scores ≥3.
Fibrosis scores were higher in the submucosa, with both groups having
66% of patients showing scores ≥3. Similarly, in the region above the
muscularis propria, 77% of the control group and 80% of the treatment
group had fibrosis scores ≥3. In the subserosa, fibrosis scores were
lower, with 25% of the control group and 32% of the treatment group
having fibrosis scores ≥3.

Fig. 1. The visual scale used to assign fibrosis scores. Slides cut from formalin-fixed, paraffin-embedded tissue were stained manually with a trichrome stain.

Table 1
Clinical characteristics of IPAA study population.

Control (n= 65) Anti TNF treated group (n= 65) p value

Female gender, n (%) 27 (41.5) 29 (44.0) 0.56
Age at surgery (yrs), median (IQR) 35 (25, 42) 32 (25, 40) 0.38
Disease duration (yrs), median (IQR) 5.8 (2.9, 10.4) 5.3 (4.0, 9.3) 0.35
Albumin before STC, median (IQR) 40.5 (32, 43.5) 40 (35, 42) 0.80
Body mass index, median (IQR) 24.1 (21.1, 26.8) 23.4 (21.6, 29.1) 0.10
Postoperative LOS, median (IQR) 9 (7, 12) 9 (7, 11) 0.22
Wound infection, n (%) 5 (7.6) 8 (12.3) 0.41
Pelvic abscess, n (%) 15 (23.0) 12 (18.4) 0.41
Indication for surgery, n (%)
Refractory to medication 57 (87.6) 58 (89.2) 0.51
Acute UC/toxic megacolon 4 (6.1) 1 (1.5)
Dysplasia/malignancy 8 (12.3) 2 (3.0)

Anastomotic leak, n (%) 9 (13.8) 7 (10.7) 0.16

LOS: Length of stay, STC: Subtotal colectomy. IPAA: Ileal-pouch anal anastomosis. UC, ulcerative colitis.
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4. Discussion

We believe this is the first matched, controlled study to evaluate the
effects of anti-TNF therapy on the histopathology of resected colorectal
specimens from subjects with UC undergoing IPAA. Compared to anti-
TNF-naïve matched controls, we found that resection specimens from
UC patients treated with maintenance anti-TNF therapy showed no
significant differences in the degree of histologic fibrosis in the lamina

propria, submucosa, submucosa just above the muscularis propria, or
the subserosa. In our previous publication, we showed that main-
tenance anti-TNF therapy prior to IPAA surgery does not increase the
risk of anastomosis failure or IPAA leak due to colonic fibrosis [14].

In contrast to our present results, Schaeffer et al. found significant
submucosal fibrosis in resection specimens of subjects with Crohn's
disease (CD) who underwent surgery following anti-TNF therapy
compared to matched controls who had not received anti-TNF therapy
within 180 days prior to surgery [18]. These results seem contrary to
expectations, because anti-TNF therapy combats the underlying in-
flammation that leads to fibrosis [21]. However, as Schaeffer points out,
it is possible that anti-TNF therapy causes a disruption in the balance
between TNF-α and transforming growth factor-β (TGF-β), which are
antagonistic cytokines with respect to their effects on collagen I. TNF-α
downregulates collagen I gene expression, while TGF-β has the opposite
effect, up regulating collagen I and promoting fibrosis by enhancing
extracellular matrix (ECM) deposition [22]. TGF-β has also been shown
in multiple studies to be upregulates in active CD and UC [23,24].

Other reports however, call into question the role of anti-TNF
therapy in the promotion of fibrosis. A recent large, multicenter study
of pediatric CD patients suggested that, in patients who go on to de-
velop strictures later in their disease course, a pro-fibrotic gene sig-
nature is detectable in intestinal mucosa at the time of IBD diagnosis,
well before the development of strictures [25]. In this cohort, anti-TNF
therapy was effective in preventing penetrating complications, but had
no effect on the development of strictures. These findings are in keeping
with our observation in the current study that histologic fibrosis was
independent of treatment with anti-TNF therapy. Moreover, there is
also some evidence that colonic fibrosis may ultimately become a self-
perpetuating process which can occur even in the absence of in-
flammation, perhaps suggesting why treatments focused on reducing
inflammation do not necessarily prevent strictures. This is thought to
occur through the activation of mesenchymal cells via integrins, which
are cell surface receptors that transmit signals from the stiff ECM to

Table 2
Histological score.

Control (n= 65) Anti TNF Treated Groupa (n= 65) p Value

Fibrosis in Lamina propria, n (%) 0.18
1 25 (38.4) 26 (40.0)
2 21 (32.3) 21 (32.3)
3 5 (7.7) 11 (16.9)
4 14 (21.5) 7 (10.8)

Fibrosis in submucosa, n (%) 0.29
1 8 (12.3) 6 (9.2)
2 14 (21.5) 16 (24.6)
3 27 (41.5) 23 (35.4)
4 16 (24.6) 20 (30.8)

Fibrosis above muscularis propria (%) 0.36
1 5 (7.6) 0 (0)
2 10 (15.4) 13 (20.0)
3 27 (41.5) 22 (33.8)
4 23 (35.4) 30 (46.2)

Fibrosis in subserosa, n (%) 0.71
1 26 (40.0) 22 (33.8)
2 23 (35.4) 22 (33.8)
3 10 (15.4) 14 (21.5)
4 6 (9.2) 7 (10.8)

Significance was assessed using the McNemar-Bowker test.
a Anti TNF-α Treated Group-defined as patients on Anti TNF-α maintenance

therapy, at least 4 4 infusion/doses of anti TNF and within 180 day before the
Subtotal colectomy.

Fig. 2. Fibrosis scores in each of the bowel layers assessed. The y-axis represents the fibrosis score (1–4) and the x-axis represents the number of patients achieving
that score. The treatment group is shown in orange and the control group is in blue. There were no significant differences in the fibrosis scores between the treatment
and control groups for any of the bowel layers. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this
article.)
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fibroblasts [26]. These extracellular signals, in addition to TGF-β sig-
naling, activate a kinase cascade within the mesenchymal cells that
includes Rho-associated protein kinase (ROCK), which leads to fibrosis
[27]. In fact, ROCK inhibitors are currently being explored as novel
anti-fibrotic therapeutic agents [28].

While our study found no statistically significant differences in the
degree of fibrosis between the treatment and control groups with re-
spect to anti-TNF therapy prior to IPAA surgery, fibrosis is still a pro-
blem for UC patients. The reported prevalence of fibrosis-associated
colonic strictures in UC patients is between 1.5% and 11.2% compared
to 8% in CD patients [29,30]. In addition, multiple studies have found
that 100% of histological specimens collected from UC patients un-
dergoing colectomy had some degree of fibrosis even without stricture,
which appears to be proportional to the degree of inflammation [31].
The degree of inflammation is also related to disease duration, which
we controlled for in this present study by matching treatment and
control groups to UC disease duration.

The gut microbiome has also been implicated as an important pro-
fibrotic factor, particularly in UC patients, due to the dense colonic
microbiota compared to the sparsely populated small bowel microbiota
[25,32]. Ligands like flagellin from both gram-positive and gram-ne-
gative bacteria of the gut microbiota are thought to activate toll-like
receptors (TLR2, TLR4 and TLR5), which activate the NF-κB cascade
resulting in profibrotic cytokine and chemokine secretion by colonic
mesenchymal cells that are suspected to contribute to fibrosis [33,34].
Our study supports the notion that fibrosis is driven by mechanisms
other than TNF in UC patients.

Our study had several limitations. First, it is acknowledged that the
sample size was relatively small. However, importantly, we obtained
sufficient statistical power and used matched controls to help minimize
confounding. Second, there is potential selection bias, since we were
only able to use colectomy specimens from refractory UC patients.
Thus, our study population was limited to UC patients who were non-
responders to anti-TNF therapy, indicating the inflammatory process
was not driven by TNF. It is important to note, however, that this cohort
was necessary in order to obtain resection specimens to examine all
layers of the large bowel for the presence or absence of fibrosis. The
alternative of endoscopic biopsy, which could have included UC pa-
tients who were non-refractory and responsive to anti-TNF therapy, can
only visualize the mucosal layer of the colon and was therefore in-
sufficient for our study. Third, this is a retrospective study that re-
presents data from a single, large tertiary IBD center in North America.
However, One of the strengths of our study is that it included well-
matched groups with similar demographic and clinical profiles to
minimize confounding variables.

We acknowledge that a prospective, multi-center study in the future
would be ideal to better understand the influence of anti-TNF therapy
on fibrosis but, such a study would be difficult to perform.

Currently, the decision about performing IPAA in UC patients in two
stages or three stages, is largely based on the clinical severity of the
disease with consideration regarding the degree of inflammation as well
as the preoperative exposure to anti-TNF, immunosuppressants and
steroid therapies [35]. In our study we controlled for these major
confounders finding that, in contrast to previous reports [35–37], pre-
operative exposure to anti-TNF in UC patients who underwent IPAA is
not associated with increased fibrosis.

5. Conclusion

In summary, in a large cohort of UC patients who underwent IPAA
surgery at a single, tertiary care center, the resection specimens from
UC patients treated with maintenance anti-TNF therapy who underwent
IPAA surgery showed no significant differences in the degree of histo-
logic fibrosis compared to a matched control group. Based on our
findings, exposure to anti-TNF therapy in UC patients should not play a
significant role in surgical decision-making regarding possible adverse

anastomosis complications due to fibrosis in the colorectum following
IPAA surgery.
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