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Abstract

Background—Inflammatory bowel disease (IBD) confers an increased lifetime risk of colorectal 

cancer (CRC). The pathogenesis of colitis-associated CRC is considered distinct from sporadic 

CRC, but existing data is mixed on long-term oncologic outcomes. This study aims to compare 

clinicopathological characteristics and survival between colitis-associated and sporadic CRC.

Methods—Data was retrospectively extracted and analyzed from a single institutional database 

of patients with surgically resected CRC between 2004 and 2015. Patients with IBD were 

identified as having colitis-associated CRC. The remainder were classified as sporadic CRC. 

Propensity score matching was performed. Univariate and survival analyses were carried out to 

estimate the differences between the two groups.

Results—Of 2275 patients included in this analysis, 65 carried a diagnosis of IBD (2.9%, 33 

Crohn’s disease, 29 ulcerative colitis, 3 indeterminate colitis). Average age at CRC diagnosis 

was 62 years for colitis-associated CRC and 65 for sporadic CRC. The final propensity score 

matched cohort consisted of 65 colitis-associated and 130 sporadic CRC cases. Patients with 

colitis-associated CRC were more likely to undergo total proctocolectomy (p<0.01) and had 

higher incidence of locoregional recurrence (p=0.026) compared to sporadic CRC patients. There 

were no significant differences in time to recurrence, tumor grade, extramural vascular invasion, 

perineural invasion, or rate of R0 resections. Overall survival and disease-free survival did not 
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differ between groups. On multiple Cox regression, IBD diagnosis was not a significant predictor 

of survival.

Conclusions—Patients with colitis-associated CRC who undergo surgical resection have 

comparable overall and disease-free survival to patients with sporadic CRC.
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Introduction

Inflammatory bowel disease (IBD) is a known lifetime risk factor for development of 

colorectal cancer (CRC). Colitis-associated colorectal cancer is considered a distinct entity 

from sporadic CRC. IBD patients require more frequent endoscopic surveillance and if 

found to develop a cancer they often undergo a more aggressive resection [1]. The molecular 

pathogenesis of cancer in IBD is thought to be distinct from the sporadic pathway due to 

the cumulative and multifocal neoplastic effects of chronic mucosal inflammation, although 

the exact mechanisms are yet to be understood. Whether these differences impact short- or 

long-term oncologic outcomes following appropriate treatment remains unanswered. Several 

studies report that, despite differences in tumor stage or location at diagnosis, IBD is not 

a prognostic factor for overall survival [2]–[4]. Others have found that colitis-associated 

CRC is associated with a higher incidence of synchronous and higher grade tumors, which 

translates to worse overall and disease-free survival [5]–[7]. However, with advancements 

in endoscopic surveillance and oncologic therapies, questions remain as to whether there 

is a true difference in prognosis regarding colitis-associated and sporadic CRC. This paper 

seeks to determine whether colitis-associated CRC carries a worse overall and disease-free 

survival compared to sporadic CRC.

Materials and methods

Study design

All data was extracted from a prospectively maintained and Institutional Review Board 

approved database, which included all patients who underwent surgical resection for 

colorectal cancer at a single tertiary care academic center between 2004 and 2015. 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines were followed and reported [8].

Patients were divided into two cohorts: 1) those with a history of colitis secondary to IBD 

and therefore characterized as having colitis-associated CRC, and 2) those with sporadic 

CRC. Demographic characteristics, pathologic features, and long-term disease outcomes 

were reviewed. Since this database is prospectively maintained, survival data were last 

updated in June 2022. Univariate analysis was done to compare demographics and tumor 

characteristics such as location, grade, and pathologic stage.
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Propensity score matching analysis was performed using a 1:2 nearest neighbor matching 

method without replacement, such that two unique sporadic CRC patients were selected for 

each colitis-associated CRC patient in the database (Figure 1). The covariates included age, 

gender, ASA, tumor location (colon or rectum), neoadjuvant therapy, and AJCC pathologic 

stage.

The primary outcome measure was overall survival (OS). Secondary outcome measures 

included disease-free survival (DFS), operative characteristics such as resection type, and 

pathologic characteristics such as extramural vascular invasion (EMVI), perineural invasion 

(PNI), and tumor grade and stage.

Statistical analysis

Statistical analysis was performed using Stata/SE 17.0. Descriptive statistics were computed 

using univariate analysis. Overall survival and disease-free survival curves for both groups 

were constructed using the Kaplan-Meier method, and the curves were compared using 

the log-rank test. All time-to-event periods were expressed in months from the date of 

initial surgical resection. Multiple Cox regression analysis was performed to investigate 

the predictive value of IBD diagnosis in the context of other variables including patient 

demographics, neoadjuvant therapy, and pathologic stage.

Results

A total of 2275 patients were included in this analysis who underwent surgical resection 

for colorectal cancer at our institution between 2004 and 2015. Of these, 65 patients carried 

a diagnosis of IBD (2.9%). 33 patients had Crohn’s disease, 29 had ulcerative colitis, and 

3 had indeterminate colitis. The average age at CRC diagnosis was 62 years for patients 

with colitis-associated CRC and 65 years for those with sporadic CRC. Prior to propensity 

score matching, there were no significant differences in age, gender breakdown, ASA, tumor 

site in colon vs. rectum, presence of synchronous tumors, pathologic stage, or receipt of 

neoadjuvant chemotherapy or radiation.

After propensity score matching, the final cohort consisted of 65 colitis-associated CRC 

patients and 130 sporadic CRC patients (Table 1). Mean age of each group was 62 

and 61 years, respectively. The colitis-associated CRC group was 42% female, and the 

sporadic CRC group was 41% female. Both groups had 26.2% of tumors located in the 

rectum. Procedures were classified as total proctocolectomy, segmental colonic resection, 

proctectomy including abdominoperineal resection and low anterior resection, and transanal 

excision (Table 1). Patients with colitis-associated CRC were significantly more likely than 

their sporadic CRC counterparts to undergo a total proctocolectomy (27.7% vs. 0.8%, 

p<0.001), although both groups were matched for tumor location. The remaining procedure 

types did not differ significantly between groups.

There were no differences between the groups in tumor grade, tumor stage, presence of 

extramural vascular invasion, small or large vessel invasion, perineural invasion, or rates of 

R0 resection achieved (Table 2). Patients with colitis-associated CRC were at greater risk of 

locoregional recurrence (RR 8.5, 95 CI (1.02, 71.51), p = 0.047). Locoregional recurrence 
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was diagnosed in 7.7% of colitis-associated CRC patients, and in 0.7% of sporadic CRC 

patients (p=0.026). Only 1 patient with sporadic CRC in this cohort, who had a colonic 

tumor, developed locoregional recurrence. By contrast, 5 patients with colitis-associated 

CRC (3 colonic tumors, 2 rectal tumors) developed locoregional recurrence. However, there 

were no differences in rates of distant metastases (20% in colitis-associated CRC vs. 12.6% 

in sporadic CRC), or in the time to diagnosis of either type of recurrence. Median time 

to diagnosis of a locoregional recurrence was 12.2 months for colitis-associated CRC vs. 

17.8 months for sporadic CRC. Median time to diagnosis of metastatic disease was 6.3 

months for colitis-associated CRC vs. 10.2 months for sporadic CRC. Median follow up 

time was 5.0 years for the colitis-associated CRC group and 4.1 years for the sporadic CRC 

group. There were no differences in rates of adjuvant chemotherapy or radiation between 

the two groups. Among the patients who did not undergo a total proctocolectomy initially, 4 

patients developed a metachronous colorectal adenocarcinoma detected during the follow up 

period (3 colitis-associated and 1 sporadic CRC), and 3 developed high-grade dysplasia (all 

sporadic CRC). There was no significant difference in the rate of either occurrence between 

groups. Definitive management of these cases included complete excision with polypectomy 

(in 2 sporadic CRC cases), additional segmental resection (in 2 colitis-associated and 1 

sporadic CRC case), total abdominal colectomy (in 1 sporadic CRC case), and completion 

total proctocolectomy (in 1 colitis-associated CRC case).

There were no significant differences in overall survival (OS) or disease-free survival (DFS) 

between the two groups (Figure 2). Overall survival rates at 1 year and at 5 years were 

93.7% and 73.1% respectively in the colitis-associated CRC group, compared to 93.7% and 

77.1% in the sporadic CRC group. Disease-free survival rates at 1 year and at 5 years were 

92.2% and 67.5% respectively in the colitis-associated CRC group, compared to 93.7% and 

74.1% in the sporadic CRC group. On multiple Cox regression analysis, a diagnosis of IBD 

was not found to be predictive of OS or DFS when adjusting for age, gender, receipt of 

neoadjuvant therapy, pathologic stage, and whether R0 resection was achieved.

Discussion

Colitis-associated CRC and sporadic CRC are distinct in their presumed pathogenesis 

and approach to treatment, although there is no consensus as to whether this translates 

to a notable difference in outcomes. In this single-center retrospective study, IBD does 

not impact overall or disease-free CRC survival. Our findings are consistent with several 

previously published studies. A meta-analysis of 20 studies comparing outcomes of CRC 

patients with and without IBD found comparable 5-year overall survival, although IBD 

patients were found to have more synchronous tumors, more poorly differentiated tumors, 

and more rectal tumors [3]. Several prior studies also used propensity matching based on 

factors including age, sex, tumor stage, tumor location, and even time period of surgery. 

One such study which examined data from the Irish National Cancer Registry from 1994 

to 2005 found no survival differences after propensity matching, and did not find IBD to 

be a significant prognostic factor for oncologic outcomes [2]. Thicoïpé et al. performed 

another 3:1 matched study over a similar time frame to the present study, which found 

no differences in 5-year disease-free survival or overall survival [4]. Data from matched 

studies spanning from the 1970s to 2015 have repeatedly demonstrated no overall or 
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disease-free survival differences [9], [10], suggesting that despite potential morphological 

differences and advances over time in surveillance and treatment, long term outcomes 

remain comparable regardless of IBD.

On the other hand, multiple studies examining both matched and unmatched data over a 

similar time frame report worse 5-year overall survival for colitis-associated CRC [5]–[7]. 

One specifically found age-related 5-year survival differences, most pronounced in the 18–

49-year age group (56.8% vs 71.4% in sporadic cancer, p<0.001) [11]. However, another 

large study analyzing the SEER database of CRC patients from 1991 to 2006 found only 

slightly worse, but not significantly worse, median cancer-specific survival among IBD 

patients (32.9 months vs. 42.4 months) [12], which could be multifactorial.

Amidst this background of mixed data, the prognosis of colitis-associated CRC remains 

unclear and the pathogenesis of CRC in IBD patients is incompletely understood. It is 

known that chronic intestinal inflammation leads to neoplastic changes over time, which is 

distinct from the pathways that precede sporadic CRC [13]–[15]. Recognized components 

of the sporadic CRC pathway, such as genetic mutations in APC, DNA hyper-methylation, 

and microsatellite instability, also appear to play a role in colitis-associated CRC. However, 

underlying chronic inflammation impacts the timing and frequency of these changes in some 

way, leading to varying patterns of carcinogenesis which can be multifocal. The question 

remains how these differences impact long-term oncologic outcomes. We suspect that 

although the risks of initial development of CRC, multifocal neoplasia, and local recurrence 

are greater in IBD patients, their long-term prognosis is evened out by rigorous surveillance 

and more extensive resections. Our findings support the growing body of literature that 

overall and disease-free survival are comparable between these two groups.

As expected, proctectomy was performed significantly more frequently in the IBD cohort 

then the sporadic CRC cohort. This difference was noted before and after propensity 

matching for tumor site, which aligns with both current guidelines on approach to CRC 

in patients with colitis [1] and with the increased risk of synchronous tumors among 

IBD patients [4], [12], [16], [17]. However, contrary to common practice and current 

guidelines, segmental resection was the most commonly performed operation not just for 

sporadic CRC cases but also for colitis-associated CRC patients. Use of segmental resection 

in colitis-associated CRC may contribute to our inability to identify higher incidence of 

synchronous tumors within the IBD patient cohort. Additionally, this operative strategy of 

limited resection may play an underlying role in the observed higher rate of locoregional 

recurrence in the colitis-associated CRC cohort, since we observed locoregional recurrence 

more frequently among patients with primary colonic tumors, rather than rectal tumors. 

In these cases, residual dysplasia may have been present but not removed at the time 

of segmental resection. The increased rate of locoregional recurrence in colitis-associated 

CRC in this analysis is similar to prior findings by Renz et al [6]. However, contrary to 

the study by Renz et al., the greater rate of locoregional recurrence did not translate to a 

difference in disease-free or overall survival. In addition, the rate of metachronous cancers 

diagnosed during the follow up period did not differ significantly between the sporadic 

and colitis-associated CRC cohorts. This supports the notion that even with less extensive 
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resections, close endoscopic surveillance is a successful strategy in improving long-term 

outcomes in IBD patients.

We used propensity score matching to address the large sample size difference and potential 

presence of confounders between the colitis-associated CRC and sporadic CRC groups 

in this study. This approach can strengthen the analysis of observational studies when 

randomization is not possible, as in this case where the variable of interest is presence of 

inflammatory bowel disease. However, propensity score matching has some potential pitfalls 

due to the variability in matching methods that may be used, and due to the unavoidable 

reduction in sample size and therefore statistical power. To try to avoid these pitfalls, we 

ran multiple versions of logistic regression models with different covariates before choosing 

the final model with acceptable balance. As demonstrated by Figure 1, there is reasonable 

balance in propensity score distribution between the colitis-associated and sporadic CRC 

groups. All patients with colitis-associated CRC were included in the final matched cohort, 

and we used a 1:2 matching method without replacement to minimize how much the final 

sample size of sporadic CRC patients was reduced.

Other limitations besides sample size include the fact that this was a retrospective study, and 

therefore does not have certain data available that may have impacted our analysis such as 

use of biologics or steroids in IBD patients. This study was done at a single tertiary care 

center which inherently limits its external validity.

Conclusion

Although inflammatory bowel disease confers a higher lifetime risk of the development of 

colorectal cancer than the general population, it is not associated with worse disease-free or 

overall survival. This equivalence in survival remains true despite a higher risk of observed 

locoregional recurrence in patients with colitis-associated CRC, likely due to improvements 

in medical and surgical oncologic care.
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Figure 1. 
a) Distribution of all calculated propensity scores from 0 to 1.0 among matched and 

unmatched control and treated units. Control units refers to the sporadic CRC group, while 

treated units refers to the colitis-associated CRC group. b) Histogram representation of the 

distribution of propensity scores among all patients and among the final matched cohort.

Raje et al. Page 8

J Gastrointest Surg. Author manuscript; available in PMC 2024 April 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Kaplan-Meier survival estimates comparing sporadic CRC vs. colitis-associated CRC. a) 
Overall survival curve in months shows no difference between groups. b) Disease-free 

survival curve in months shows no difference between groups.
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Table 1.

Patient demographics and clinical characteristics by group. Data are presented as mean (SD) for continuous 

measures, and % (n) for categorical measures.

Sporadic CRC Colitis-associated CRC P-value

N=130 N=65

Age 61 (14) 62 (15) 0.70

Sex 0.92

 Female 41% (53) 42% (27)

 Male 59% (77) 58% (38)

Tumor Site 1.00

 Colon 72% (94) 72% (47)

 Rectum 26% (34) 26% (17)

 Synchronous tumors 2% (2) 2% (1)

Type of Resection

 APR or LARa 28% (37) 15% (10) 0.051

 Segmental colonic resection 68% (88) 55% (36) 0.11

 Transanal excision 3% (4) 2% (1) 0.67

 Total proctocolectomy 1% (1) 28% (18) <0.001

a
APR = abdominoperineal resection. LAR = low anterior resection.
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Table 2.

Pathologic characteristics and oncologic outcomes by group. Data are presented as % (n).

Sporadic CRC Colitis-associated CRC P-value

N=130 N=65

Tumor Grade 0.49

 Low-intermediate grade 70% (91) 62% (40)

 High grade 20% (26) 26% (17)

 Unspecified 10% (13) 12% (8)

Tumor Stage 0.38

 Tis 8% (10) 3% (2)

 T1 19% (25) 25% (16)

 T2 18% (24) 15% (10)

 T3 34% (44) 28% (18)

 T4 21% (27) 29% (19)

Lymphovascular invasion 48% (62) 45% (29) 0.68

Extramural vascular invasion 27% (35) 31% (20) 0.57

Perineural invasion 18% (24) 20% (13) 0.80

R0 resection 98% (127) 94% (61) 0.17

AJCC pathologic stage 0.99

 Stage 0 2% (3) 2% (1)

 Stage 1 38% (50) 38% (25)

 Stage 2 25% (32) 28% (18)

 Stage 3 25% (32) 23% (15)

 Stage 4 10% (13) 9% (6)

Adjuvant chemotherapy 36% (47) 43% (28) 0.62

Adjuvant radiation 5% (6) 3% (2) 0.61

Locoregional recurrence 1% (1) 8% (5) 0.002

 Colon primary 100% (1) 60% (3)

 Rectum primary - 40% (2)

Metastases 13% (17) 20% (13) 0.29

Median follow up (months) 49 59.4 0.45
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