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Abstract
AIM: To evaluate the impact of medical therapy on 
Crohn’s disease patients undergoing their first surgical 
resection.

METHODS: We retrospectively evaluated all patients 
with Crohn’s disease undergoing their first surgical re-
section between years 1995 to 2000 and 2005 to 2010 
at a tertiary academic hospital (St. Paul’s Hospital, 
Vancouver, Canada). Patients were identified from hos-
pital administrative database using the International 
Classification of Diseases 9 codes. Patients’ hospital 
and available outpatient clinic records were indepen-
dently reviewed and pertinent data were extracted. 
We explored relationships among time from disease 
diagnosis to surgery, patient phenotypes, medication 
usage, length of small bowel resected, surgical compli-
cations, and duration of hospital stay.

RESULTS: Total of 199 patients were included; 85 
from years 1995 to 2000 (cohort A) and 114 from years 
2005 to 2010 (cohort B). Compared to cohort A, cohort 
B had more patients on immunomodulators (cohort A 
vs  cohort B: 21.4% vs  56.1%, P  < 0.0001) and less 
patients on 5-aminosalysilic acid (53.6% vs  29.8%, 
P  = 0.001). There was a shift from inflammatory to 
stricturing and penetrating phenotypes (B1/B2/B3 
38.8% vs  12.3%, 31.8% vs  45.6%, 29.4% vs  42.1%, 
P  < 0.0001). Both groups had similar median time to 
surgery. Within cohort B, 38 patients (33.3%) received 
anti-tumor necrosis factor (TNF) agent. No patient in 
cohort A was exposed to anti-TNF agent. Compared 
to patients not on anti-TNF agent, ones exposed were 
younger at diagnosis (anti-TNF vs  without anti-TNF: 
A1/A2/A3 39.5% vs  11.8%, 50% vs  73.7%, 10.5% vs  
14.5%, P  = 0.003) and had longer median time to sur-
gery (90 mo vs  48 mo, P  = 0.02). Combination therapy 
further extended median time to surgery. Using time-
dependent multivariate Cox proportional hazard model, 
patients who were treated with anti-TNF agents had 
a significantly higher risk to surgery (adjusted hazard 
ratio 3.57, 95%CI: 1.98-6.44, P  < 0.0001) compared to 
those without while controlling for gender, disease phe-
notype, smoking status, and immunomodulator use.

CONCLUSION: Significant changes in patient pheno-
types and medication exposures were observed be-
tween the two surgical cohorts separated by a decade. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Surgery; Medication; Phe-
notype; Biologics; Anti-tumor necrosis factor; Immuno-
modulators; Inflammatory bowel disease

Core tip: Comparing two cohorts separated by a de-
cade of Crohn’s disease patients who required surgical 
resections, this study showed significant changes in 
patient phenotypes and medication usage. Those that 
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required surgery shifted from more inflammatory to 
stricturing and penetrating phenotypes, and had more 
immunomodulators but less 5-aminosalysilic acid expo-
sures. Patients treated with biologics had significantly 
longer time from Crohn’s disease diagnosis to surgery. 
However, they were at increased risk for surgery, sug-
gesting that biologics were often used too late in the 
patients’ treatment courses.
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INTRODUCTION
Crohn’s disease (CD) is a chronic idiopathic inflammato-
ry condition affecting the gastrointestinal tract. It often 
takes a relapsing and remitting course. Despite advances 
in medical management, many patients eventually devel-
op complications requiring surgical interventions[1-3]. Up 
to 60% of  CD patients require surgery within ten years 
of  their disease diagnosis[3,4]. Although surgical resec-
tion can be associated with long-lasting remission, it has 
many inherent complications[5]. Therefore, it is usually 
reserved for cases where medical management fails. To 
avoid or delay surgery while keeping patients in remis-
sion is a desirable goal in CD management.

Medical management of  CD traditionally involved 
a step-up approach[6,7]. Once in remission, patients are 
maintained with an immunomodulator (IM) or anti-
tumor necrosis factor (TNF) agent. Infliximab was ap-
proved by Health Canada for use in CD treatment in 
2001 and adalimumab was approved in 2008. They have 
demonstrated efficacy in inducing and maintaining CD 
remission in patients who have previously failed conven-
tional therapy[8-13]. However, due to costs and reimburse-
ment restrictions, early use of  anti-TNF agents is limited 
in Canada. The usual treatment approach remains in 
a step-up fashion. This study evaluated the impact of  
medical treatments on CD patients undergoing their first 
surgical resection at a tertiary academic hospital. In par-
ticular, we assessed time from disease diagnosis to their 
first surgical resection.

MATERIALS AND METHODS
We retrospectively evaluated all patients with Crohn’s dis-
ease who had their first surgical resection in years 1995 
to 2000 (cohort A) and years 2005 to 2010 (cohort B) 
at a tertiary academic hospital (St. Paul’s Hospital, Van-
couver, Canada). These two time cohorts were selected 
based on the availability of  anti-TNF agents in Canada. 
We intended to further delineate the impact of  anti-

TNF agents on surgical resections. Only patients with 
excisional intestinal surgery were included in this study. 
Stricturoplasty, bypass, and elective surgical treatment of  
abscess were not considered. The surgical approach over 
the study time period did not change at this hospital. Pa-
tients were initially identified using an electronic search 
of  the hospital’s medical records using the International 
Classification of  Diseases 9 codes. Trained abstractors 
(Fu YTN, Hong T, Round A) conducted standardized 
chart reviews on all patients. Both hospital and available 
outpatient clinic charts were reviewed. The diagnosis of  
Crohn’s disease was accepted if  standard radiographic, 
endoscopic, or histological criteria were documented in 
the medical record. All diagnosis was confirmed with 
surgical pathology specimens. Crohn’s disease pheno-
types at the time of  surgery were recorded. Pertinent 
information regarding the patients’ baseline demograph-
ics, disease phenotypes, medication exposure, time from 
disease diagnosis to surgery, and details surrounding the 
first surgery specifically amount of  small intestine re-
sected, post-operative complications and length of  hos-
pital stay were retrieved from their charts. Azathioprine, 
6-mercaptopurine and methotrexate were designated as 
IM. The Montreal classification was used to denote dis-
ease phenotypes[14]. This study received full institutional 
ethics approval.

Statistical analysis
We performed χ 2 or Fisher’s exact tests for categorical 
variables and t-tests or Wilcoxon rank-sum test for con-
tinuous variables. Kruskal-Wallis test was used to com-
pare the time from disease diagnosis to surgery among 
three patient groups; patients in the 1995-2000 cohort 
(cohort A), patients exposed to, and not exposed to anti-
TNF agent in the 2005-2010 cohort (cohort B). Time-
dependent adjusted multivariate Cox proportional haz-
ard model was used to assess risk to surgical resection. 
We performed all statistical analyses using SAS Version 
9.2 (SAS Institute, NC, United States). All statistical tests 
were two-sided with a 0.05 significance level.

RESULTS
Eighty five patients with Crohn’s disease had their first 
surgical resection between the years 1995 to 2000 (cohort 
A) and 114 patients had first surgery between years 2005 
to 2010 (cohort B).

Comparing the two time cohorts, the patients had 
similar median age at the time of  surgery but there 
were more males in 2005-2010 (cohort B) (Table 1). 
Significantly different disease phenotypes were identi-
fied. There was a shift from inflammatory to strictur-
ing and penetrating diseases as well as a change from 
ileal and colonic to ileocolonic diseases (Table 1; co-
hort A vs cohort B: B1/B2/B3 38.8%/31.8%/29.4% 
vs 12.3%/45.6%/42.1%, P < 0.0001; L1/L2/L3 
32.9%/28.2%/38.8% vs 26.3%/14.9%/58.8%, P = 0.01). 
The patients also had significantly different medication 
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exposure. The later cohort B had significantly less 5-ami-
nosalysilic acid (5-ASA) but more IM exposure (Table 1; 
cohort A vs cohort B: 5-ASA 53.6% vs 29.8%, P = 0.01; 
IM 21.4% vs 56.1%, P < 0.0001). There was no differ-
ence in corticosteroid exposure, surgical details, median 
length of  hospital stay, post-operative complication rate, 
and median time from disease diagnosis to first surgical 
resection. The median time from disease diagnosis to 
surgery was 72 mo.

Within the 2005-2010 cohort (cohort B), 38 patients 
(33.3%) received anti-TNF therapy; 18 treated with inf-
liximab, five with adalimumab, and 15 with both agents 
sequentially. Only eight subjects were treated with anti-
TNF agent alone, and all others were treated concomi-
tantly with IM. No patient was exposed to anti-TNF in 
the earlier cohort A. Patients treated with and without 
anti-TNF agent had comparable median age at the time 
of  surgery and gender distribution (Table 2). However, 

those received anti-TNF agent were younger at disease 
diagnosis (Table 2; anti-TNF vs without anti-TNF; 39.5% 
vs 11.8%, 50% vs 73.7%, 10.5% vs 14.5%, P = 0.003), 
had more colonic diseases (23.7% vs 27.6%, 29% vs 7.9%, 
47.4% vs 64.5%, P = 0.01), and higher IM usage (79% 
vs 44.7%, P = 0.001). No difference was seen in cortico-
steroid and 5-ASA exposure, median length of  hospital 
stay, and post-operative complication rate.

Patients who received anti-TNF agent had longer me-
dian time from disease diagnosis to first surgical resec-
tion (Figure 1; 90 mo vs 48 mo, P = 0.02). Combination 
therapy with anti-TNF and IM lead to much extended 
median time to surgery when compared to anti-TNF or 
IM alone (Figure 2; 96 mo vs 60 mo, 96 mo vs 54 mo, P 
= 0.03). There was no difference in smoking status (P = 
0.82) or disease behavior (P = 0.33) in ones treated with 
and without anti-TNF agent (Table 2). The median time 
to surgery for patients not receiving anti-TNF therapy in 
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Cohort A 1995-2000 (n  = 85) Cohort B 2005-2010 (n  = 114) P  value

Age 33 (± 12.1) 31.5 (±13.9)  0.440
Gender (M/F) 30.6 (26)/69.4 (59) 54.4 (62)/ 45.6 (52)  0.001
Montreal classification
   Age at diagnosis (A1/A2/A3)   9.8%/74.4%/15.9% 21.1%/65.8%/13.2%  0.110
   Disease behavior (B1/B2/B3) 38.8%/31.8%/29.4% 12.3%/45.6%/42.1% < 0.0001
   Disease location (L1/L2/L3) 32.9%/28.2%/38.8% 26.3%/14.9%/58.8%  0.010
Medication exposure
   5-ASA 53.6 (45) 29.8 (34)  0.001
   CS 69.1 (58) 75.4 (86)  0.320
   IM 21.4 (18) 56.1 (64) < 0.0001
Surgical details
   Time from diagnosis to surgery (mo) 72 ± 83.8 72 ± 89.5  0.710
   Amount of small bowel resected (cm) 21 ± 12.6 23 ± 17.5  0.820
   Length of hospital stay (d) 10 ± 16.7 9 ± 8.0  0.050

Table 1  Demographic and surgical details for Crohn’s disease patients with first resections in years 1995-2000 (cohort A) and 
years 2005-2010 (cohort B)

Data are expressed as absolute numbers (percentage) or mean ± SD. 5-ASA: 5-aminosalysilic acid; CS: Corticosteroid; IM: Immunomodulator; M: Male; F: 
Female.

Anti-TNF (n  = 38) Without Anti-TNF (n  = 76) P  value

Age 29.5 (± 13.14) 33.5 (± 14.05) 0.10
Gender (M/F) 60.5 (23)/39.5 (15) 51.3 (39)/48.7 (37) 0.35
Smoking status (yes) 26.3 (10) 23.7 (18) 0.82
Montreal classification
   Age at diagnosis (A1/A2/A3) 39.5%/50%/10.5%   11.8%/73.7%/14.5%   0.003
   Disease behavior (B1/B2/B3)    18.4%/39.5%/42.1%    9.2%/48.7%/42.1% 0.33
   Disease location (L1/L2/L3) 23.7%/29%/47.4% 27.6%/7.9%/64.5% 0.01
Medication exposure
   5-ASA    29 (11) 30.3 (23) 0.88
   CS 81.6 (31) 72.4 (55) 0.28
   IM    79 (30) 44.7 (34)   0.001
Surgical details
   Time from diagnosis to surgery (mo) 90 ± 63.1      48 ± 100.2 0.02
   Amount of small bowel resected (cm) 23 ± 12.4 21.5 ± 19.3 0.92
   Length of hospital stay (d) 9 ± 8.6  10 ± 7.7 0.76

Table 2  Demographic and Surgical details for patients treated with and without anti-tumor necrosis factoragents in years 
2005-2010 (cohort B)

Data are expressed as absolute numbers (percentage) or mean ± SD. 5-ASA: 5-aminosalysilic acid; CS: Corticosteroid; IM: Immunomodulator; M: Male; F: 
Female.
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the 2005-2010 cohort (cohort B) was shorter compared 
to those in the 1995-2000 cohort (cohort A) (Figure 1; 
48 mo vs 72 mo).

Risk for surgical resection for patients in the 2005-2010 
cohort (cohort B) was assessed using time-dependent 
multivariate Cox proportional hazard model controlling 
for gender, disease phenotype, smoking status, IM, and 
anti-TNF use. Patients who were treated with anti-TNF 
agent had a significantly higher time-dependent risk 
to surgery (adjusted hazard ratio (HR) = 3.57, 95%CI: 
1.98-6.44, P < 0.0001) compared to those without. The 
median time from disease diagnosis to administration of  
anti-TNF agent was 66 mo and the median time from 
administration of  anti-TNF agent to surgery was 14 mo. 
This suggests that anti-TNF agent was used too late in 
the treatment course.

DISCUSSION
The recent shift in medical management of  Crohn’s dis-
ease has decreased the cumulative surgical rate of  CD 
patients[15-20]. Our study echoed the observed trends that 
more IM but less 5-ASA products are currently used in 
CD management[18-22]. Immunomodulators are effective 
maintenance medications and azathioprine has been 
shown to modestly lower the risk of  surgery[23-25]. A re-
cent meta-analysis showed a combined pooled HR of  
0.59 for first intestinal resection with thiopurine use[26]. 
Therefore, selecting patients who are most likely to ben-
efit from IM may change the surgical rate of  patients 
with CD.

Anti-TNF agents are very efficacious in treating re-
fractory luminal and fistulising CD[8-13]. However, once 
CD is complicated with strictures and stenosis, surgical 
resection is typically the best therapeutic option. Our 
study confirmed that anti-TNF agents are the best for 
treating inflammatory CD[3,19,20,25,27]. We observed a sig-
nificant shift in disease phenotypes from inflammatory 
to stricturing and penetrating phenotypes in patients re-
quiring surgical resection. This shift in phenotypes sug-
gests that the changes in medical management have lead 
to more success in managing patients with inflammatory 
CD, but the therapies are less effective in structuring and 
penetrating diseases. Additionally, our study infers that 
younger patients had more aggressive disease and they 
were more likely to require anti-TNF agents as rescue 
treatment.

The reported time from CD diagnosis to surgery var-
ies widely in literature, ranging from one to 19 mo[17,27,28]. 
Our two cohorts had the same median time to surgery 
of  72 mo, much longer than reported in literature. Such 
discrepancies may be due to differences in regional surgi-
cal referral pattern. Interestingly, patients who did not re-
ceive anti-TNF therapy in our later cohort B (2005-2010) 
had shorter time to surgery than those in the earlier co-
hort A (1995-2000) (48 mo vs 72 mo). This suggests that 
either patients in the later cohort had more aggressive 
disease, or the phenotypes of  the patients being seen in 
this tertiary centre were more prone to surgery. Strictur-
ing and penetrating phenotypes were more common in 
the later cohort which is the likely cause of  the shorter 
time to resection. Patients with disease status that may 
warrant surgical resection in the earlier decade were, in-
stead, being placed on more aggressive medical therapy 
such as anti-TNF agent. Additionally, surgeons in the 
later time cohort may be more selective in operating on 
only the sicker patients although the overall surgical ap-
proach to CD management did no change throughout 
the study period.

A recent meta-analysis showed infliximab reduces 
hospitalization and major surgery[29]. Our study found 
that anti-TNF agents and combination therapy extend 
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Figure 1  Patients treated with anti-tumor necrosis factor agents had sig-
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TNF: Tumor necrosis factor.

Figure 2  Combination therapy using immunomodulator and anti-tumor 
necrosis factor agent further extended the median time from Crohn’s dis-
ease diagnosis to surgery for patients requiring surgery in years 2005 to 
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time from CD disease diagnosis to first surgical resection 
in CD patients. However, patients who received anti-
TNF agents in the later cohort had a higher time-depen-
dent risk to resective surgery. This suggests that anti-
TNF agent was used too late in the patient’s treatment 
course at our center. With earlier introduction of  anti-
TNF agent, the patients may have a different time course 
to surgery. In Bouguen and Peyrin-Biroulet’s review, the 
surgical risk for adult CD within 5 year at a referral cen-
tre ranged from 17% to 35% in pre-anti-TNF era and 
18% to 33% in anti-TNF era[4]. Our study reflects the 
changes described that, with wider and earlier use of  IM 
and anti-TNF agents, we begin to see how these medica-
tions can alter the natural history of  CD[4].

There are limitations to our study. As this is a single-
centered, retrospective study with a relatively small sam-
ple size, we are unable to establish causal relationships. 
Although there were only 38 patients who received anti-
TNF therapy in this study, it is proportionally higher 
when compared to the literature[18,20,21,30,31]. We found 
no significant difference in confounding variables to 
surgery such as smoking status and disease behavior in 
anti-TNF exposed and unexposed patients. A signifi-
cantly higher proportion of  patients were diagnosed at 
a young age in the anti-TNF exposed group. Younger 
patients with CD often have more aggressive disease 
that may lead to early surgery and requirement of  anti-
TNF agents[32-35]. Despite this, anti-TNF exposed still 
demonstrated longer median time to surgical resection. 
Studies conducted in tertiary centres may have skewed 
patient populations with more aggressive phenotypes as 
our study demonstrated.

Significant changes in patient phenotypes and medi-
cation exposure were observed between the two surgical 
cohorts separated by a decade. Patients received ant-
TNF agents had prolonged time to surgery and those 
on combination therapy had the longest median time to 
their first surgical resection. However, the study result 
suggests that anti-TNF agent was often used too late in 
patient’s treatment course.
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