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Abstract
Inflammatory bowel disease is associated with an increased risk of colorectal cancer. The study aims to identify the risk factors for
ulcerative colitis-colorectal cancer and to perform a survival curve analysis of the outcome.
This retrospective cohort study included 254 patients from March 2016 to October 2017. Age, age at diagnosis, follow-up time,

smoking status, and family history of colorectal cancer were analyzed as risk factors for colorectal cancer.
The mean patient age was 46.6±16.9 years; 5.5% of the patients were smokers and 49.6% had pancolitis. Six patients (2.36%)

had colorectal cancer, which was associated with age at diagnosis (odds/hazard ratio 1.059 [95% confidence interval: 1.001–1.121];
P= .04), family history of colorectal cancer (12.992 [1.611–104.7];P= .02), and follow-up time (0.665 [0.513–0.864]; P= .002). Active
smoking was the main identified risk factor, after both logistic (8.477 [1.350–53.232]; P= .02) and Cox proportional-hazards (32.484
[2.465–428.1]; P= .008) regression analysis. The risk of colorectal cancer was 3.17% at 10 years and 4.26% at 20 years of follow-up.
Active smoking and family history were identified as risk factors for colorectal cancer. These findings should aid the early

identification of patients who require vigorous surveillance, and prevent exposure to risk factors.

Abbreviations: CI = confidence interval, CRC = colorectal cancer, HR = hazard ratio, IBD = inflammatory bowel disease, OR =
odds ratio, UC = ulcerative colitis.
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1. Introduction

Inflammatory bowel disease (IBD) is associated with an increased
risk of colorectal cancer (CRC),[1] especially in patients with
ulcerative colitis (UC). Studies have shown that 10% to 15% of
all deaths in IBD patients are related to CRC, although this tumor
accounts for only 1% to 2% of CRC cases in the general
population.[2]

A population-based cohort study of 3117 UC patients reported
a standardized CRC incidence ratio of 5.7 (95% confidence
interval [CI]: 4.6–7.0) when compared with the expected CRC
incidence in the general population.[3] A meta-analysis of 116
studies including 54,478 UC patients identified 1698 cases of
IBD-CRC.[4] The risk of CRC has been suggested to markedly
increase with cumulative probabilities of 2% by 10 years, 8% by
20 years, and 18% by 30 years.[4] However, recent cohort studies
have suggested that the CRC risk in UC patients has decreased
over time,[5,6] with 1 study reporting that the cumulative
incidence of CRC was less than 1% at 10 years and only
1.1% to 2.5% at 20 years.[6] Yet, other studies have shown a
continued high incidence[7] or even an increasing incidence.[8]

The main risk factors for IBD-CRC include certain disease
characteristics such as age at onset,[9] extent and duration of
disease,[10] as well as non-IBD characteristics such as family
history of CRC[11] and concomitant diagnosis of primary
sclerosing cholangitis.[12]

Despite the increased incidence of IBD in developing countries
and the possible evolution to CRC, studies on the incidence of
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CRC and CRC-related risk factors in Latin America are lacking.
Identifying patients at risk with respect to risk factors, and
implementing appropriate surveillance is central to improving the
early diagnosis and selecting the adequate treatment of the tumor.
Therefore, the current study aimed to identify the risk factors for
CRC in UC patients, and to conduct a survival curve analysis of
the observed outcome.
2. Material and methods

2.1. Patients

A retrospective cohort study was performed on 284 eligible UC
patients. Data collection was performed from March 2016 to
October 2017. The inclusion criteria were age ≥15 years and
confirmed UC diagnosis. Patients lacking data such as age, sex,
and disease characteristics, or with unavailable UC-related CRC
data were excluded from the study. In all, 30 patients were
excluded because of the lack of essential data in the medical
records. Data were captured from the patients’ electronic charts
and all appointments were reviewed for collecting data.
Table 1

Clinical and endoscopic characteristics of patients with ulcerative
2.2. Clinical assessment

The analyzed variables were current age, age at UC diagnosis, sex,
ethnicity, follow-up time, and smoking status. Smoking status was
evaluated at diagnosis and at the last visit recorded from the
patient’s chart. The patient was classified as an active smoker or
non-smoker. Former smokers were considered as non-smokers.
The presence of comorbidities such as hypertension, diabetes
mellitus, irritable bowel syndrome,mooddisorders such as anxiety
or depression, dyslipidemia, coronary insufficiency or cardiac
insufficiency, pulmonary diseases, osteoarthritis, psoriasis, and so
on were evaluated at each visit. The presence of a family history of
UC, Crohn’s disease, or CRC was also evaluated.
Clinical and endoscopic disease activity were assessed

according to the Mayo score.[13] The extent of intestinal damage
(proctitis, left-sided colitis, or extensive/pancolitis)[14] was
determined by reviewing the report of the first colonoscopy.
The presence of extra-intestinal manifestations such as

arthralgia, peripheral arthritis, ankylosing spondylitis, sacroilii-
tis, osteopenia, osteoporosis, erythema nodosum, pyoderma
gangrenosis, Sweet syndrome, episcleritis, uveitis, primary
sclerosing cholangitis, and venous thrombosis was recorded at
any moment of follow-up.
colitis.

(n=254)

Age (yr), mean (SD) 46.6±16.9
Active smoking, n (%) 14 (5.5)
Disease extent, n (%)
Ulcerative proctitis 59 (23.2)
Left-sided colitis 69 (27.2)
Pancolitis 126 (49.6)

Clinical disease activity, n (%)
Remission 111 (45.7)
Mild activity 83 (34.2)
Moderate activity 43 (17.7)
Severe activity 6 (2.4)
2.3. Clinical treatment

The medical treatment in use at the last recorded visit was
evaluated. The followingmedicationswere considered:mesalazine
tablet, suppository, or enema, sulfasalazine, azathioprine, predni-
sone, and biological therapy such as infliximab, adalimumab,
vedolizumab, or any investigational drug study in clinical trial.

2.4. CRC record

The presence of CRC and the date of cancer diagnosis were
evaluated. CRC was confirmed by histological analysis.
Endoscopic disease activity, n (%)
Remission 71 (31.8)
Mild activity 61 (27.4)
Moderate activity 71 (31.8)
Severe activity 20 (9.0)
2.5. Ethics statement

The studywas approved by the BotucatuMedical School Research
Ethics Committee (protocol number 50640915.2.0000.5411).
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The authors confirm that all researchwasperformed in accordance
with relevant regulations, and clarify that informed consent was
not obtained from the participants because the studywas based on
data collection. The Ethics Committee waived the need of the
application of the informed consent from the participants based on
the fact that many patients lost follow-up and some died.
2.6. Statistical analysis

Data are expressed as mean± standard deviation or median
(range) for continuous variables, and as frequency (proportion)
for qualitative variables. In order to study the associations
between the categorical variables, the Chi-square test and Fisher
exact test were used, when appropriate. Univariate logistic
regression model was performed to identify variables associated
with the outcome. Multivariate logistic regression model was
performed using significant clinical variables identified in the
univariate study or clinical variables relevant to the model. For
each independent factor, the odds ratio (OR) and 95% CI were
calculated. Survival analysis was performed using Kaplan–Meier
curves and the log-rank test; the initial event was considered the
UC diagnosis date and the final event was considered the CRC
diagnosis. Cox proportional-hazards regression exploring the
association between the variables and the outcome was
performed. A P-value of <.05 was considered statistically
significant. The statistical analyses were performed using SAS
version 9.3 for Windows (SAS Institute Inc., Cary, NC). All
authors had access to the study data.
3. Results

3.1. Clinical characteristics

The study included 254 subjects. Their mean age was 46.6±16.9
years, 93.3% were Caucasian, and 63.0% were women. The
mean age at diagnosis was 37.6±15.8 years. Regarding smoking
status, 11.9% of patients were smokers at diagnosis and 5.5%
were smokers at the last recorded appointment (Table 1). The
median follow-up time was 4.94 (1.77–11.4) years and the
median time between onset of symptoms and UC diagnosis was
153.3 (51.1–390.5) days.



Table 3

Multivariate logistic regression between evolution of colorectal
cancer and clinical variables in patients with ulcerative colitis.

Colorectal cancer

Estimate OR 95% CI P-value

Age at diagnosis (yr) 0.0576 1.059 1.001–1.121 .04
Active smoking (yes vs no) 1.0687 8.477 1.350–53.232 .02

CI=confidence interval, OR= odds ratio.
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Comorbidities were reported by 51.6% of patients. The most
prevalent were hypertension (24.8%), mood disorders (17.8%),
diabetes mellitus (15.0%), and dyslipidemia (12.3%). Family
history of UC was reported by 7.09% of the patients, family
history of Crohn’s disease by 0.79%, and a history of CRC
by 6.69%.
Regarding disease extent, 49.6% of the patients presented with

pancolitis and most were classified both with clinical (45.7%)
and endoscopic (31.8%) remission (Table 1). Mesalazine was the
most used medication, as mesalazine tablets (40.6%), mesalazine
suppository (24.4%), and mesalazine enema (1.57%). Azathio-
prine use was reported by 19.7%, prednisone by 15.4%, and
biological therapy was noted in 10.6% of patients, as infliximab
(5.12%), adalimumab (4.33%), and investigational drug in a
clinical trial protocol (1.18%).
Extra-intestinal manifestations were reported in 52.4% of the

patients. Themost prevalentwere arthralgia or peripheral arthritis
(26.0%), osteopenia or osteoporosis (14.2%), and anemia
(12.2%), followed by primary sclerosing cholangitis (4.72%),
ankylosing spondylitis (3.94%), and sacroiliitis (3.15%).
3.2. CRC

Six patients (2.36%) presented with CRC. Patients who
developed CRC had advanced age (P= .009) and a higher age
at diagnosis (P= .0009). Other associated factors were disease
extent/pancolitis (P= .04) and active smoking at the last recorded
appointment (P= .04) (Table 2). Presence of primary sclerosing
cholangitis was not associated with CRC (P= .99).
In the univariate logistic regression analysis, the presence of

CRC was associated with age at diagnosis (OR: 1.058; 95%
CI: 1.005–1.115; P= .03), active smoking (OR: 9.167; 95% CI:
1.395–60.237; P= .02), and hypertension (OR: 6.407; 95%
CI: 1.145–35.865; P=0.03). In the multivariate logistic regres-
sion analysis, the presence of CRC was associated with age at
diagnosis (OR: 1.059; 95% CI: 1.001–1.121; P= .04) and active
smoking (OR: 8.477; 95%CI: 1.350–53.232; P= .02); (Table 3).
The interaction between the variables was not significant (P= .99)
(data not shown).
The risk of developing CRC was 1.48% at 5 years of follow-

up, 3.17% at 10 years, and 4.26% at 20 years. The risk was
higher in smokers (P= .006) (Fig. 1), and did not differ with UC
extent (P= .05) (Fig. 1).
According to Cox proportional-hazards regression, the risk

factors for CRC were active smoking (HR: 32.484; 95% CI:
Table 2

Clinical variables according to colorectal cancer development in
patients with ulcerative colitis.

Colorectal cancer

No (n=248) Yes (n=6) P-value

Age (y), mean (SD) 46.4 (±17.0) 57.1 (±6.7) .009
Age at diagnosis (yr), mean (SD) 37.3 (±15.8) 51.9 (±5.9) .0009
Female sex, n (%) 156 (62.9%) 4 (66.7%) 1.00
Disease extent, n (%)
Ulcerative proctitis 59 (23.8%) 0
Left-sided colitis 69 (27.8%) 0 .04
Pancolitis 120 (48.4%) 6 (100%)
Active smoking, n (%) 12 (4.9%) 2 (33.3%) .04
Family history of colorectal
cancer, n (%)

15 (6.0%) 2 (33.3%) .05
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2.465–428.1; P= .008), follow-up time (HR: 0.665; 95% CI:
0.513–0.864; P= .002), and family history of CRC (HR: 12.992;
95% CI: 1.611–104.7; P= .02) (Table 4).
4. Discussion

CRC is a severe complication of IBD and, in the case of UC, the
CRC risk varies according to the family history of CRC, extent
and duration of the disease, and presence/absence of primary
sclerosing cholangitis.[15] Notably, we found that the incidence of
CRC was relatively low (2.36%) and active smoking was the
main CRC risk factor identified in UC patients.
In UC, smoking is considered a protective factor both for

disease onset and relapse.[16,17] Moreover, it is associated with a
decrease in hospitalization rates, relief of disease symptoms, and
improvement in clinical remission rates.[16] This protective ability
is probably caused by the modulation of the immune response,
change in inflammatory cytokine levels, and in mucus composi-
tion, in addition to vascular and prothrombotic effects and
changes in intestinal permeability.[18]

In non-IBD patients, smoking has been associated with an
increased risk of CRC,[19] more than that associated with a family
history of CRC.[20] This mechanism could be related to
angiogenesis induction and/or suppression of cell-mediated
immunity facilitating tumor growth.[21] Tobacco smoke contains
carcinogens such as aromatic amines, nitrosamines, heterocyclic
amines, and polycyclic aromatic hydrocarbons,[22] which can
lead to the production of abnormal DNA and mutations in CRC-
suppressor genes and CRC-oncogenes, resulting in tumor
development.[23] Furthermore, smoking may modify the rela-
tionship between susceptibility to single-nucleotide polymor-
phism and CRC risk, supporting the existence of gene-smoking
interactions.[24]

However, it is important to emphasize that UC-CRC is distinct
from sporadic CRC, both in disease mechanism and presenta-
tion,[25] and does not display the classic adenoma-carcinoma
sequence. Chronic inflammation repeatedly destroys the mucosa
epithelia promoting increased epithelial proliferation as a repair
mechanism which may be uncontrolled leading to CRC.[26] The
inflammatory infiltrate generates reactive oxygen species, which
causes oxidative stress and damage to DNA, proteins and lipids,
and contributes to the generation of dysplastic lesions.[25–27]

Furthermore, cytokines released from chronic inflammation
participate in all stages of cancer development, including tumor
initiation, tumor promotion, angiogenesis, and metastasis.
Activated NF-kB upregulates the expression of many pro-
inflammatory mediators, such as cytokines, TNF-a, and IL-6, in
addition to adhesion molecules, which play a critical role in
tumor development.[28]

Only a few studies have identified smoking behavior as a CRC
risk factor in UC patients and have evaluated the mechanisms by

http://www.md-journal.com
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Figure 1. Kaplan–Meier survival curve showing the relationship between follow-up time (days) and colorectal cancer development in patients with ulcerative colitis.
(A) According to smoking status (P= .02). (B) According to disease extent (P= .05).
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which smoking leads to CRC. IBD and cancer are complex
diseases resulting from an interaction between genetic and
environmental factors, such as smoking behavior. The chronic
inflammation and the compounds produced by cigarettes have
deleterious effects on intestinal health and the added effects may
increase the chances of tumor onset. Furthermore, some studies
point to an intestinal microbiome alteration in IBD and in
smokers, which, in addition to an impaired mucosal barrier, may
play a role in UC-CRC development.[29–31]

We also observed that CRC risk increased according to age at
diagnosis; further, older age at IBD onset may be related to a
more aggressive development of IBD-CRC and early inclusion
in screening programs might be considered for this group of
patients.[9] A recent multicenter study conducted in Hong Kong
Table 4

Cox proportional-hazards regression analysis of the relationship betwe
with ulcerative colitis.

Estimate

Age (yr) 0.05458
Clinical disease activity (yes vs no) 0.91396
Follow-up time (yr) �0.40728
Active smoking (yes vs no) �3.48075
Family history of CRC (yes vs no) 2.56431

CI= confidence interval, CRC=colorectal cancer, HR=hazard ratio.
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revealed that 5.8% of older-onset patients developed flat
dysplasia, with similar rates between those with <8 and ≥ 8
years of disease, suggesting that older age at IBD onset, rather
than disease duration, is a leading risk factor for IBD-CRC.[32]

Similar findings were noted in a population study conducted in
93 general hospitals in the Netherlands.[33] The authors
reported that in 251 IBD-related CRC cases, the median time
from IBD diagnosis to CRC diagnosis was 12 years (inter-
quartile range 4–20) and IBD diagnosis at older age (HR for age
10 years older 2.25; 95% CI: 1.92–2.63) was related to early
CRC.[33] Previous studies have shown that colonocyte telomeres
shorten with age almost twice as rapidly as in normal controls,
which may explain this faster evolution of CRC in older
patients.[34]
en colorectal cancer development and clinical variables in patients

Colorectal cancer

HR 95% CI P-value

1.056 0.987–1.129 .11
2.494 0.363–17.139 .35
0.665 0.513–0.864 .002
32.484 2.465–428.1 .008
12.992 1.611–104.7 .02
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In addition to smoking and age, other factors increase the risk
of CRC, such as long duration of the disease, presence of
pancolitis, and moderate/severe or persistent inflammatory
activity.[10,15,35] The presence of persistent inflammation
increases by 2-fold the CRC risk for approximately 10, 5, or
3.3 years for continuously mild, moderate, or severe active
microscopic inflammation, respectively.[36] Despite the high
moderate to severe activity rate, both clinical (20.1%) and
endoscopic (40.8%), and the high prevalence of extensive disease
(49.6%), these factors were not associated with the presence of
CRC in the present study. We would like to emphasize that we
did not study the accumulative inflammatory burden as a risk
factor for CRC and this could have interfered with the results.
We also identified that a family history of CRC increased CRC

risk. A population-based cohort study including 19,876 IBD
patients[11] observed that a family history of CRC was associated
with more than a 2-fold risk of IBD-CRC (adjusted risk ratio 2.5;
95% CI: 1.4–4.4) and the individuals with a first-degree relative
diagnosed with CRC before 50 years of age had a higher risk (risk
ratio 9.2; 95% CI: 3.7–23). Other risk factors not related to IBD
such as the male sex and the presence of primary sclerosing
cholangitis[12,15–17,35] are also associated with CRC develop-
ment. In our study, we did not identify sex or primary sclerosing
cholangitis as CRC risk factors, probably due to the low
prevalence of primary sclerosing cholangitis (4.72%) in our
patients.
Similar to the UC-CRC incidence rate, which decreased from

4.29/1000patients/yr in studies published in the 1950s to 1.21/
1000patients/yr in the last decade,[37] the cumulative risk of CRC
in UC patients has been decreasing over the most recent decades,
as shown by a review published by Yashiro in 2014.[35] The
cumulative CRC risk was of 2% at 10 years,[4] 5% to 7% at 20
years, 7% to 14% at 25 years, and 18% at 30 years[35] in studies
published from the 1980s to 2001. Otherwise, recent studies have
shown a cumulative risk of 0.4% to 0.5% at 10 years, 1.1% to
4.1% at 20 years, and 2.3% to 7.6% at 30 years,[35] which may
reflect better disease control, high rates of surgery, and
chemoprevention use for UC, in addition to more frequent
surveillance colonoscopy.[35]

Although our patients have difficulty accessing surveillance
colonoscopy and drug treatment such as biological therapy, our
CRC rates are low, comparable to the most recent studies.
However, 30 patients were excluded from the analysis due to the
lack of important data, which may have caused a selection bias in
the study. These patients could compose the most severe group of
the sample. Therefore, population studies are necessary to clarify
the reasons for this low cumulative rate.
Accumulating studies suggest that long-term inflammation

control is vital for CRC prevention; thus, anti-inflammatory
therapy might be useful for chemoprevention in UC patients. A
recent review suggested mesalamine use for all UC patients but
the current level of evidence is too low for thiopurines and anti-
TNF agents.[38] The first screening colonoscopy should be offered
over 8 years following the onset of symptoms,[38] with the
interval for further surveillance guided by the presence of related
risk factors, in addition to factors such as post-inflammatory
polyps, personal history of colonic dysplasia, and colonic
strictures.[39]

Regarding the present study, it should be emphasized the small
simple size limits data extrapolation to the UC population.
Longitudinal studies including a greater number of patients are
necessary to confirm the causal factors in the association between
5

risk factors such as active smoking and older age at onset and
IBD-CRC development, in addition to evaluating the duration of
tobacco exposure and the intensity of this exposure. Further-
more, dietary factors were not available for inclusion in our
analysis, and other risk factors such as thiopurine use and the
presence of premalignant lesions evaluation were not studied.
5. Conclusions

The present study showed that CRC development in UC patients
was relatively low and that the main risk factor for CRC was the
presence of active smoking. Despite the outlined limitations, the
results of this study contribute to the knowledge about the risk
factors for IBD-CRC and highlights smoking as an important risk
factor. This is important not only for the early identification of
patients who require vigorous surveillance or tight control of the
inflammatory process, thus, allowing better rates of early tumor
detection with consequently higher cure rates, but also to achieve
less exposure to risk factors and a decreased possibility of tumor
onset.
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