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Background & objectives: Crohn’s disease (CD) is associated with a higher risk of malignancy, which is
attributed to disease behaviour and the usage of immunosuppressants. The burden of malignancy in CD
is scarcely reported from Asia. We report real-world data on CD-related malignancy from a northern
Indian cohort.

Methods: This retrospective analysis included individuals with CD who were followed up at the All India
Institute of Medical Sciences, New Delhi, from 2005 to 2021. The standardized incidence ratio (SIR)
was used to calculate the relative risk of malignancy in CD affected individuals compared to the general
population.

Results: In this study, 952 study participants were included, with a mean age at diagnosis of 36.9+15.11
yr; 61.1 per cent were male. The median follow-up duration was 34 months [IQR (interquartile
range): 19-73]. Most study participants received steroids (76.7%), immunomodulators (68.7%), or
anti-TNF therapy (10.8%). The overall incidence of malignancy was 1.05 per cent, indicating a 10.45
times higher risk in CD [SIR: 10.45; 95% Confidence interval (CI):4.98-17.96]. Eight out of 826, 1
of 106 and 1 of 25 study participants developed malignancy in the first, second and third decades,
respectively. The cumulative risk of malignancy was 2.7, 5.5, and 13.4 per cent in the first, second,
and third decades, respectively. Regarding bowel malignancies, one study participant each developed
ileocaecal adenocarcinoma, anorectal adenocarcinoma, malignant rectal fibrous histiocytoma, and
gastric adenocarcinoma. Extraintestinal malignancies included single cases each of follicular neoplasia
of the thyroid, neuroendocrine tumour of the pancreatic tail, breast cancer, hepatocellular cancer, oral
cancer, and prostate cancer. No cases of lymphoma or skin malignancy were reported.

Interpretation & conclusions: At 30 yr, the cumulative risk of malignancy among Indian CD-affected
individuals was 13.4 per cent, with a SIR of 10.45 (95% CI: 4.98- 17.96). The risk increased with
increasing age at disease onset and duration.
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Rudolf Virchow, in 1863, linked inflammation
with cancer when he observed leukocytes in the cancer
tissue!. Following this astute observation, numerous
inflammatory conditions have been causally associated
with cancers such as Helicobacter pylori-associated
gastritis (gastric cancer), viral hepatitis (hepatocellular
cancer), and chronic pancreatitis (carcinoma pancreas ).
Inflammatory bowel disease (IBD), which includes
ulcerative colitis (UC) and Crohn’s disease (CD), is a
chronic inflammatory condition of the gastrointestinal
tract. In India and other nations in the Asia-Pacific
areas, the prevalence of IBD is rapidly rising**. As
the burden increases and more efficient treatment
alternatives become available, clinicians treating these
patients are increasingly encountering complications
of long-standing IBD, such as intestinal as well as
extra-intestinal cancers, which contribute substantially
to this disease’s morbidity and mortality.

CD is more heterogeneous in terms of the extent
and depth of intestinal involvement between CD and
UC. Hence, the malignant complications in CD are
also more heterogeneous. Individuals with CD are at
an increased risk of intestinal malignancies other than
colitis-associated cancers, such as fistula-associated
cancers and small bowel adenocarcinoma/ lymphoma,
which are related to the extent of inflammation,
severity, and course of the disease®S. The risk of extra-
intestinal cancers such as of haematological system,
skin, hepatobiliary system and urogenital cancers is
also supposed to be elevated and is attributed to long-
term immunosuppressant use, especially thiopurines
and anti-TNF agents. Patients with CD have also
been shown to have higher risks of lymphomas and
malignancies of the stomach, lungs, breast, bladder,
kidney, brain, non-melanoma skin, thyroid, and
pancreas’?.

The relative risks for colorectal cancer (CRC) in
CD patients vary from 1.5-3%!°, CD was shown to be
a risk factor for intestinal cancer in a meta-analysis
involving more than 40,000 patients, and the incidence
of CD-associated malignancies was 0.8/1,000 pyd
(person-yr duration), with risk of colorectal and small
bowel malignancy being increased by factor of 2-3, and
18.7, respectively'’. However, in recent reviews and
cohort studies, the risk of cancer in IBD was either of
limited magnitude or similar to the general population,
adding to the heterogeneity in terms of absolute and
relative risk of malignancy in patients with CD*%!!,
Moreover, the reports on the cancer burden in IBD
(especially CD) from India and other developing

countries are relatively few as compared to the West.
Therefore, more studies are required from this part of
the world to provide information on the cancer risk
and, thus, preventive and surveillance strategies to
reduce the cancer-associated morbidity and mortality
in patients with CD. Hence, through this retrospective
study, we aimed to determine the burden of malignancy
in affected individuals with CD, focussing on the
standardized incidence ratio (SIR), incidence, and
cumulative risk of developing malignancy.

Material & Methods

This retrospective cohort study was undertaken
at the department of Gastroenterology and Human
Nutrition, All India Institute of Medical Sciences
(AIIMS), New Delhi, India, after obtaining the ethical
clearance from the Institutional Review Board.

Study population: All CD affected individuals who
visited the IBD clinic from July 2005 to December
2021 at the AIIMS, New Delhi, India, were included.
Study participants were monitored from the time of
their IBD diagnosis until the first cancer diagnosis,
their death, or December 2021, whichever came first.
Study participants lost to follow up were censored at
their last follow up, and their follow up duration was
considered only until the last follow up.

Study design and sample evaluation: This study was
a retrospective cohort study of a database maintained
prospectively. Information was gathered from the IBD
clinic's records, and the study participants were also
personally interviewed during their clinic visits. The IBD
clinic maintains a longitudinal database comprising all
data pertaining to the individual's condition, including
a thorough history, clinical examination, pertinent test
results, and follow-up symptom evaluation. To assess
the prevalence of malignancy in long-standing CD,
study participants’ data were collected on demographic
parameters, disease phenotype, age at onset of CD, age
at onset of malignancy, duration of disease, duration of
follow-up, and endoscopic or histological evidence of
malignancy, type of malignancy and their outcomes.

Outcome measures: The primary outcome of the study
was to estimate the SIR and incidence of malignancy
in affected individuals with CD. Secondary outcomes
included types of malignancy and their outcomes,
as well as the cumulative probability of developing
malignancy.
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Statistical analysis: For each variable, descriptive
statistics, including mean, standard deviation (SD),
median, interquartile range (IQR), and frequency
distribution were calculated. Data were presented
as mean SD or median (IQR) when appropriate.
Depending on whether the quantitative variables had a
normal or non-normal distribution, the Mann-Whitney
U test or Student's t-test was used for comparing the
two groups, and Fischer’s exact test or chi-square
test was used for comparing categorical data. Using
Kaplan-Meier analysis, the cumulative incidence risk
was estimated using the starting point as the time of
symptom onset and the ending point as the time of
malignancy identification or last follow-up for study
participants without cancer; STATA-14 was used for
the analysis. The SIR, which is a ratio of the observed
to the expected cases, was used to calculate the relative
risk of malignancy in CD affected individuals. The
confidence intervals (ClIs) of the SIR were calculated
using standard equation'.

The calculation of SIR was done using the
following formula:

Step 1: Incidence rate = (Number of new cancer
cases among Crohn's affected individuals) / (Total
number of Crohn's affected individuals)“100

Step 2: Convert the incidence rate to the incidence
per lakh population. Incidence per lakh population =
Incidence rate * 1000 Incidence per lakh population

SIR = (Observed incidence in Crohn's disease) /
(Expected incidence in the general population)

The following data was included to calculate
the SIR: In a recent study, the research estimated
~1,461,427 incident cases of cancer in India during
the yr 2022, with a crude rate of 100.4 per 100,000
population'3.

Results

Between July 2005 and December 2021, 952
CD affected individuals were registered at the
Inflammatory bowel disease (IBD) clinic under the
department of Gastroenterology and Human Nutrition,
AIIMS, New Delhi. The database of the cohort of CD
affected individuals was used to calculate the likelihood
of malignancy.

Baseline demographics of the cohort: The mean age of
the study population at the onset and diagnosis of CD
was 33.4+14.65 and 36.9 £ 15.11 yr, respectively. Of

the study participants, 582 (61.1%) were males, and
the median follow up duration was 34 (IQR: 16-73)
months.

Among the overall cohort, in the majority [565
(59.3%)], the disease was diagnosed between 1740 yr,
with an almost equal number of study participants with
inflammatory (441; 46.3%) and stricture (442; 46.4%)
phenotypes. Sixty nine (7.2%) study participants had a
fistulizing phenotype. Perianal fistula was present in 92
(9.6%) study participants. Terminal ileal disease was
documented in 273 (28.7%), isolated colonic disease in
212 (22.2%), ileocolonic disease in 253 (26.6%), and
isolated proximal small bowel disease (L4 disease) in
48 study participants (5.04%). A history of alcohol use
was documented in 53 (5.5%) study participants. One
hundred and twelve (11.7%) study participants were
smokers, and 68 (7.1%) study participants reported
using chewable tobacco (Table I).

Two hundred one (21.1%) study participants had
a prior history of hospitalization, and 154 (16.1%) had
a history of surgery in the past. Among the overall
cohort, 731 (76.7%) study participants received
steroids; immunomodulator use was documented
in 654 (68.6%) and 103 (10.8%) received anti-TNF
therapy (Table I).

Incidence of malignancy in study participants with CD:
Ten study participants developed malignancy during
the follow up, with an overall incidence of 1.05 per
cent. Of these, four and six study participants developed
intestinal and extraintestinal malignancy, respectively.
Hence, the incidence of intestinal and extra-intestinal
malignancy was 0.42 per cent and 0.63 per cent,
respectively. Eight study participants developed
malignancy in the first decade; one developed during
the second decade and another during the third decade
of disease diagnosis. The incidence density was
2.16/1000 person-year follow up (95% CI: 1.16—4.02).
Incidence density for intestinal and extraintestinal
malignancies were 0.86/1000 person-year (95% CI:
0.32-2.3) and 1.29/1000 person-year (95% CI: 0.58-
2.89), respectively. The number of study participants
with disease duration of <10, 10-20 and >20 yr was
826, 101 and 25, respectively. Hence, the incidence
density was 2.05/1000 person-year for disease duration
under 10 yr, 1.66/1000 person-year for disease duration
between 10 and 20 yr, and 10.1/1000 person-year for
disease lasting more than 20 yr.

There was 10.45 times greater risk of malignancy
in CD (SIR, 10.45; 95% CI: 4.98- 17.96). Kaplan-Meier
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Table 1. Demographic and clinic data of study cohort (n=952)
Study parameters Outcome value
Mean age of onset £SD (yr) 33.4+14.65
Mean age of diagnosis + SD (yr) 36.9+15.11
Males/Females 582/370
Montreal classification
Age, n (%)

Al 92 (9.6)
A2 565 (59.3)
A3 295 (30.9)
Behaviour, n (%)

B1 441(46.3)
B2 442 (46.4)
B3 69 (7.2)
Location, n (%)

L1 273 (28.7)
L2 212 (22.2)
L3 253 (26.6)
L4 48 (5.04)
L1+4 112 (11.7)
L2+4 20 (2.1)
L3+4 34 (3.5)
Perianal disease, n (%) 92 (9.6)
Alcohol intake, n (%) 53 (5.5)
Smoking, n (%) 112 (11.7)
Chewable tobacco, n (%) 68 (7.1)
Total follow up disease duration (months) 34(16-73)
median (IQR)

EIM, n (%) 279 (29.2)
Medication use, n (%)

Steroids 731 (76.7)
Immunomodulators 654 (68.6)
Biologicals 103 (10.8)
History of hospitalization, n (%) 201 (21.1)
Prior history of surgery, n (%) 154 (16.1)

SD, standard deviation; EIM, extra-intestinal manifestation; IQR,

interquartile range

analysis revealed that the cumulative risk of acquiring
malignancy was 2.7 per cent in the first decade, 5.5
per cent in the second, and 13.4 per cent in the third
(Figure).

TBypes of malignancy:

Intestinal cancer: Of the four study participants
with bowel malignancy, one study participant had
adenocarcinoma of the ileocaecal area, one study
participant had anorectal adenocarcinoma, one
study participant developed malignant rectal fibrous
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Figure. Kaplan-Meier curve showing increasing incidence of
malignancy with increasing duration of disease.

histiocytoma and one study participant developed
gastric adenocarcinoma. All study participants were
males, and the disease duration at which malignancy
developed ranged from 3 to 28 yr. All except one study
participant had a complicated phenotype (stricture
or penetrating), and 50 per cent of study participants
had associated peri-anal disease (Table II). Only one
study participant had a history of smoking. All study
participants were exposed to steroids and a history of
immunomodulator and biologic use was present in 75
per cent of study participants. All study participants
were symptomatic; none had any family history of
cancer, and 2/4 had metastatic disease (Table II). Two
of these four study participants (one with ileocaecal
adenocarcinoma and the other with the anorectal
adenocarcinoma) succumbed to their illness.

Extra-intestinal cancer: Among the six study
participants with extraintestinal malignancies, each
one developed follicular neoplasia of the thyroid,
neuroendocrine tumour of the tail of pancreas, breast
cancer, hepatocellular cancer (HCC), squamous cell
carcinoma of the oral cavity and prostate cancer.
No study participant developed lymphoma or skin
malignancy. Thirty-three per cent of study participants
were males, and the disease duration at which
malignancy developed ranged from 1 to 17 yr (Table
ID). All except two study participants had a complicated
phenotype, and 16 per cent of study participants
had isolated perianal disease. All except one study
participant were symptomatic at presentation, none had
any family history of cancer, and 2/6 had metastatic
disease (Table II). The study participant who developed
HCC succumbed to her illness.
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Table III. Comparison of disease characteristics between
study participants who developed vs. those who didn't develop
malignancy

Parameters Study Study P value
participants  participants
who developed without
malignancy malignancy
(n=10) (n=942)
Mean age of 49.5+16.07 36.8 + 0.0083
diagnosis = SD 15.06
(yr)
Gender, Male; 5(50) 577 (61.2) 0.52
n (%)
Disease behaviour, n (%)
Bl 3(30) 438(46.4) 0.35
B2 6 (60) 436(46.2) 0.52
B3 1 (10) 68(7.2) 0.53
Location of disease, n (%)
L1 4 (40) 269(28.5) 0.48
L2 4(40) 208(22.08)  0.242
L3 1(10) 252(26.7) 0.306
L4 - 48(5.09) -
L1+4 1(10) 111(11.7) 1
L2+4 - 20(2.12) -
L3+4 - 34 (3.6) -
Perianal disease, 2 (20) 90(9.5) 0.251
n(%)
Smoking, n (%) 2 (20) 110(11.6) 0.33
Alcohol, n (%) 2 (20) 52 (5.5) 0.106
Tobacco, n (%) 2 (20) 67 (7.11) 0.16
Steroid, n (%) 6(60) 725(77) 0.206
Anti- TNF, n (%) 3(30) 100(10.6) 0.084
Immunomodulator 6 (60) 648 (68.7) 0.514
use, n (%)
History of surgery, 2 (20) 152 (16.1) 0.66
n (%)

Duration of
symptoms before
diagnosis of cancer
[Median (IQR)],
Months

Duration last -
follow up in those

without cancer

[Median (IQR)],

Months

TNF, tumour necrosis factor

48(14-97.5) - -

33(19-72.7) -

Comparison of disease characteristics between
study participants with malignancy vs. those without
malignancy: The mean age in year at diagnosis
was significantly higher in patients who developed

malignancy vs. those who did not (49.5+£16.07 vs.
36.8£15.06, P=0.0083). The gender distribution
was similar between these two cohorts. More study
participants with malignancy had complicated disease
behaviour and perianal disease, though the difference
was not significant (70% vs. 53.4% and 20% vs. 9.5%).
The disease location was not significantly different
between the two cohorts (Table III).

History of smoking, alcohol consumption,
tobacco and anti-TNF use though was higher in study
participants who developed malignancy, and the
difference was again not significant. History of surgery,
steroid and immunomodulator use was comparable in
the two cohorts (Table III).

Discussion

We report the incidence of malignancy in a
reasonably large cohort of study participants with
CD from northern India. The incidence of intestinal
malignancy was 0.42 per cent, and the overall
incidence (both intestinal and extra-intestinal) was
1.05 per cent. Most of these study participants had
the onset of CD beyond the fifth decade and had a
complicated phenotype, and among study participants
with intestinal malignancy, most were exposed to
immunomodulators and biologics. However, we
could not determine the risk factors for malignancy
due to our cohort's low number of study participants
with malignancy. Interestingly, no study participant
developed lymphoma or skin cancer, the two most
frequent malignancies reported with azathioprine and
anti-TNF use in IBD'.

IBD involves persistent inflammation and intestinal
damage, potentially leading to cancer through various
pathways, although the precise mechanism remains
incompletely understood'. Intestinal mucosa in IBD
has higher levels of pro-inflammatory cytokines like
interleukin-6 (IL-6) and tumour necrosis factor- o
(TNF- a). IL-6, via activation of STAT3, can promote
the carcinogenesis of colorectal cancer by facilitating
proliferation and inhibiting the apoptosis of epithelial
cells. Furthermore, TNF-o could also promote
tumorigenesis by activating the NF-kB pathway!'¢. In
active CD or UC, inflammatory cells expressing COX-
2 and NOS-2 produce reactive oxygen and nitrogen
species, accelerating intestinal ageing and increasing
susceptibility to genetic and epigenetic changes
promoting carcinogenesis'®. In conclusion, the primary
risk factor for triggering local tumorigenesis is the
persistent inflammation of intestinal tissue in IBD.
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A recent study in India estimated 1,461,427 incident
cancer cases in 2022, with a crude rate of 100.4 per
1,00,000 population'. In our study of 952 CD affected
study participants, 10 developed malignancy, yielding
an incidence rate of 1050 per 1,00,000 individuals
with CD. The SIR was 10.45 (95% CI: 4.98-17.96),
indicating a heightened risk of malignancy compared
to the general population. The overall incidence density
of malignancy was 2.1/1000 person-yr of follow
up. For intestinal and extra-intestinal malignancy, it
was 0.86/1000 person-yr and 1.29/ 1000 person-yr,
respectively.

The incidence rate of colorectal cancer in CD was
53.3 per 1,00,000 person-yr worldwide, according to a
meta-analysis'’. In a recent cohort study from Sweden
and Denmark, the incidence rate of small bowel
cancer in CD was 24.4 per 100,000 person-yr'®, and
the prevalence of small bowel cancers, according to
another meta-analysis, was 1.15/1000 patients in CD".
One study participant each in our study developed
ileocaecal and anorectal adenocarcinoma. Hence, the
incidence and prevalence rates of small bowel and
colorectal cancer in the present study were similar to
the earlier reported investigations. The risk of CRC
in UC increases with increasing disease duration, as
shown by a recent Asian meta-analysis and a cohort
study from northern India***!. In the meta-analysis of
Asian patients with ulcerative colitis, involving 31,287
patients, 293 colorectal cancer cases were identified.
The risk of colorectal cancer was 0.02 per cent (95%
CI: 0-0.04) at 10 yr, 4.81 per cent (3.26-6.36) at 20 yr,
and 13.91 per cent (7.09-20.72) at 30 yr®. Similarly,
in the present study the risk of malignancy increased
with increasing disease duration, and the cumulative
risk of developing malignancy was 2.7 per cent in the
first, 5.5 per cent during the second, and 13.4 per cent
in the third decade.

Two study participants with colonic disease
had malignancy affecting the rectum. Both study
participants were undergoing routine surveillance for
colorectal cancer. The first study participant, diagnosed
with anorectal adenocarcinoma, was discovered to
have metastatic disease at diagnosis despite undergoing
endoscopic surveillance where no dysplastic lesions
were detected. The second study participant was also
identified to have a rectal polyp during surveillance,
which, upon polypectomy, revealed malignant fibrous
histiocytoma.

Regarding the risk of intestinal malignancy in CD,
prior studies identified stricture formation/ penetrating

disease as risk factors®’. In our study, two of the
four study participants with bowel malignancy had
stricturing and one study participant had a fistulizing
phenotype, and two of these study participants also
had perianal fistulizing disease. Therefore, study
participants with stricturing and fistulizing diseases
are probably at higher risk and should remain under
surveillance. The evidence on perianal fistula related
cancer in CD is limited to case series, and possible risk
factors include associated colonic disease and chronic
perianal disease, similar to our study participant?.

Patients with IBD are also at increased risk of extra-
intestinal cancers®, with the extent of risk depending
on the cancer type and IBD type. Immunosuppressive
treatments may promote extra-intestinal malignancies
by hampering immune surveillance or inducing DNA
damage?®. Thiopurine use has been linked to a significant
increase in the incidence of lymphomas and non-
melanoma skin malignancies among IBD patients®.
However, our investigation did not show that study
participants receiving immunosuppressive treatments
had an increased incidence of lymphoproliferative
malignancy'*. Ina Chinese cohort study, haematological
and urinary tract cancers were more common in elderly
onset IBD, while thyroid cancer was higher in the
adult-onset group?®. Although Hashimoto's thyroiditis
and Grave's disease, two autoimmune thyroid illnesses,
have been linked to IBD and specifically CD, there is
no data on the association between IBD and thyroid
cancer?’. One study participant each in our study did
develop follicular thyroid cancer and prostate cancer;
the study participant who developed thyroid cancer had
no exposure to any immune suppressant, while the one
with prostate cancer was exposed to thiopurines. Other
extra-intestinal malignancies included neuroendocrine
tumour of the pancreatic tail, right breast cancer, oral
squamous cell carcinoma and HCC. The evidence of
association of these malignancies with CD is scant, and
it is possible that these patients might have developed
cancer independent of CD.

In the present study, the crude incidence of
malignancy in study participants with CD was 1050
per 1,00,000 population, which is higher than the
national crude incidence of 100.4 per 100,000 in
the general population'®. Several factors, including
ethnicity, genetics, nutrition and variations in
colonoscopy surveillance, which are known to affect
the risk of IBD-related malignancy, could account for
the greater malignancy prevalence in our study cohort.
However, these data are only from a single tertiary care
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hospital that deals with more severe and complicated
cases of IBD, which could lead to referral bias and
overestimation of the risk of cancer. Unlike the present
study, in a recent survey conducted by European
experts, a pan-European study and analysis of the
Swiss IBD cohort, the risk of cancer in IBD was similar
to that in the general population®%. Similar to overall
malignancies, the risk of CRC in IBD has also been
questioned recently, probably related to better control
of inflammation and improved surveillance strategies®.
Among the Asian studies, in a recent population-based
cohort study from China, there were no significant
differences in cancer risk between CD patients and the
general population®’; however, in another study, the risk
of colorectal cancer was higher in patients with elderly
onset disease, similar to our study, where 2/3" of study
participants had age of onset >50 yr’'. Recent studies
from Italy and Denmark also confirm our observation
of an increased risk of malignancy in CD*>*, However,
in a study from our centre, the prevalence of CRC in
UC was 1.97 per cent as compared to 0.4 per cent
prevalence of intestinal malignancy in CD in the present
investigation, suggesting a lower risk of malignancy in
CD as compared to UC?'.,

However, our study had some limitations. First,
this was a retrospective analysis, though the records
were maintained prospectively. Because of the
retrospective design, some study participants were
lost to follow up. However, we accounted for them by
censoring them at the last follow up, and the follow
up duration was considered only until their last follow
up. Secondly, though we could estimate the burden of
malignancy compared to that in the general population,
the predictors could not be estimated because of very
low numbers of study participants with malignancy.
Thirdly, these data reflected a referral bias and
possibly overestimated the risk of malignancy. Fourth,
the median duration of follow up was quite short (34
months), and we had a very small number of study
participants with a 30 yr follow up. Lastly, we did not
have a comparison group without a CD. However, we
could circumvent this by comparing the risk with that
of the general population in the study published by
Sathishkumar et a/*.

Overall, to conclude, we observed a noticeable
occurrence of both intestinal and extra-intestinal
malignancies among affected individuals with CD from
India. Elderly and patients with complicated diseases
might be at a higher risk and require close surveillance.
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