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Preface

Over the last two decades, the treatment of inflammatory bowel disease has evolved 
greatly. While historically inflammatory bowel disease (IBD) was managed with 
corticosteroids, 5-aminosalycilates, and thiopurines, more effective drugs including 
antitumor necrosis factor, anti-integrins, anti-interleukins, and Janus kinase inhibi-
tors are now being utilized. Clinicians are now able to achieve more sustained and 
prolonged disease remission. Additionally, patients are living longer, and the elderly 
are the fastest growing segment of the population. Unfortunately, the elderly are 
also at the greatest risk of developing cancer, whether or not it is related to treatment 
of IBD. As such, clinicians need to be ever more concerned about cancer risks of 
IBD and the cancer risks secondary to the medications used to treat IBD and the 
treatment of IBD in patients with a history of cancer.

We are excited that this book, Cancer Screening in Inflammatory Bowel Disease, 
provides the readers with expert reviews on critical topics pertaining to the cancer risk 
associated with IBD as well as the medications used to treat the disease. This book 
will improve clinicians’ understanding of the actual cancer risks and enable clinicians 
to optimize their cancer screening and surveillance of their patients with IBD.

The authors were carefully selected for their expertise in inflammatory bowel 
disease and their ability to succinctly summarize and explain these important con-
cepts related to the cancer risks in IBD. Drs. Nguyen and Velayos provide an expert 
review of the epidemiology, risk factors, and screening for colon cancer in IBD. Drs. 
Kane, Lawlor, Shen, and Moss review the literature on specific cancers including 
lymphoma, rectal cancer, cancer following pouch formation, small bowel cancers, 
cholangiocarcinoma, urinary tract cancer, anal cancer, and female-specific cancer. 
Drs. Lichtenstein and Singh focus their chapters on cancer risks and screening with 
current and emerging drug therapies as well as chemoprotective approaches to 
reduce the risk of cancer in IBD. The final chapters authored by Drs. Kahn, Katz, 
and Hudesman expertly summarize the cancer risks in special situations: pediatrics, 
geriatrics, and the use of medications following the diagnosis of a malignancy.
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We believe this book will provide the reader with a thorough review of the cancer 
risks associated with IBD and the medications used to treat IBD and inform the 
reader on how to optimize cancer screening and the care of inflammatory bowel 
disease.

Boston, MA, USA Joseph D. Feuerstein 
 Adam S. Cheifetz 

Preface
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Chapter 1
Epidemiology and Risk Factors 
for Colorectal Cancer in Inflammatory 
Bowel Diseases

Sanjay K. Murthy and Geoffrey C. Nguyen

 Introduction

Colorectal cancer (CRC) is among the most worrisome complications of colonic 
inflammatory bowel diseases (cIBD), accounting for up to 15% of IBD-related 
deaths [1]. The suspected trigger for CRC development in cIBD is chronic or recur-
rent mucosal inflammation, which leads to progressive DNA damage and abnormal 
epithelial proliferation [2]. There are differences in the timing and frequency of 
genetic aberrations in the dysplasia-carcinoma sequence between sporadic and 
IBD-associated CRC [3, 4]. Furthermore, the molecular and genetic alterations may 
occur more rapidly in IBD-associated CRC [3].

IBD-associated CRC has shown a propensity toward flatter and irregular growth 
patterns as compared to sporadic CRC, which may increase the difficulty with 
detecting these lesions during standard colonoscopy [5, 6]. It has even been sug-
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gested that dysplastic foci in IBD patients may originate at the base of colonic 
crypts, which could theoretically undergo malignant transformation and progress 
submucosally without ever surfacing to the visible mucosa [7–9]. Further to this, 
molecular studies have reported widespread DNA mutations in areas of chronic 
colitis (termed “field carcinogenesis”), theoretically putting patients at risk of mul-
tifocal tumor development [10–12].

These observations have led to a long-held belief that IBD-associated CRC may 
be less detectable and less preventable than sporadic CRC, a notion supported by 
early observations of high rates of synchronous and metachronous CRC in persons 
with cIBD who had neoplastic lesions detected during colonoscopy [13–16]. 
Current guidelines advocate for frequent colonoscopic surveillance beginning at 
8–10 years following IBD diagnosis, regardless of age [17–21]. As such, there is 
great interest in the epidemiology of CRC in IBD patients, particularly with respect 
to factors that influence CRC risk and prognosis, to help define the risk faced by 
patients and to better risk stratify patients for colonoscopic surveillance as well as 
potentially decrease future CRC risk through risk factor modification.

 CRC Risk in IBD Patients

Numerous population-based and referral center studies have attempted to quantify the 
relative risk of CRC among IBD patients relative to members of the general popula-
tion. As outlined in a recent review, this has been a challenging task due to the diffi-
culty in quantifying multiple factors that influence CRC risk, such as time of disease 
onset (based on initial symptoms), burden of disease activity over time, macroscopic 
and microscopic colitis extent, presence and severity of comorbid conditions (such as 
primary sclerosing cholangitis), duration and types of medical treatments, and fre-
quency of cancer surveillance [22]. This has led to significant heterogeneity in risk 
estimates across studies [22]. Population-based studies have had the advantage of 
sampling large heterogeneous cohorts to obtain more precise and generalizable risk 
estimates but have suffered from the lack of comprehensive data on risk factors to 
define risk in distinct subgroups of IBD patients. Referral center studies, by contrast, 
have typically had more comprehensive risk factor data, but have suffered from poorer 
generalizability and inadequate sample sizes, leading to less precise estimates of CRC 
risk. Other factors impacting the reliability of reported estimates of CRC risk include 
the low incidence of CRC in this population and lead-time bias relating to closer sur-
veillance of IBD patients relative to persons in the general population. To date, there 
have been few large, well-designed studies that accurately and precisely describe the 
absolute and relative risk of CRC among defined subgroups of IBD patients. 
Furthermore, given the long lag time from IBD onset to CRC occurrence, reported 
risk estimates from studies typically reflect the effects of historical treatments and 
surveillance strategies among older cohort, which may be less indicative of the risk 
faced by IBD patients in the present day [22].

S. K. Murthy and G. C. Nguyen
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 Relative Risk and Incidence of CRC in IBD Patients

Meta-analyses of population-based and referral center studies have defined the rela-
tive risk of CRC in IBD patients as compared with the general population [22]. 
Across meta-analyses of population-based studies, the pooled risk ratio for CRC is 
roughly 1.5- to 2-fold higher for both Crohn’s disease (CD) and ulcerative colitis 
(UC) patients relative to matched non-IBD patients [23–27]. Meta-analyses of 
referral center studies have generally reported CRC risk ratios between fourfold and 
sixfold for IBD patients relative to non-IBD patients [23, 26–28], likely owing to 
greater inclusion of patients with severe and/or extensive and/or medically refrac-
tory colonic disease. A recent meta-analysis of nine population-based studies (eight 
reporting outcomes in UC patients [29–36] and three reporting outcomes in CD 
patients [30, 34, 37]) reported a pooled age- and sex-standardized incidence ratio 
(SIR) for CRC of 1.7 (95% CI 1.2–2.2, I2 64%) for persons with IBD relative to 
members of the background population, which was the same for persons with CD 
and UC [27]. A contemporaneous meta- analysis of eight population-based studies 
[30–32, 34–36, 38, 39] in UC patients reported a risk ratio for CRC of 2.4 (95% CI 
2.1–2.7, I2 51%) relative to the background population [25].

With respect to CRC incidence, a meta-analysis of four population-based studies 
[30, 36, 40, 41] reported a pooled CRC incidence of 0.8% by 10 years, 2.2% by 
20 years, and 4.5% for persons with more than 20 years of disease [27]. More recent 
population-based studies have reported an annual CRC incidence among IBD 
patients ranging between 0.04% and 0.1% [34, 42, 43]. By contrast, the cumulative 
incidence of CRC in a prospective surveillance cohort of patients with extensive UC 
from St. Mark’s Hospital was reported to be 2.5% at 20 years, 7.6% at 30 years, and 
10.8% at 40 years of disease [44].

 Temporal Trends in CRC Risk

Several European and North American population-based studies have evaluated 
whether temporal trends in CRC risk among IBD patients have changed in parallel 
with improvements in IBD treatment and neoplasia surveillance strategies. While 
European studies have reported a declining CRC risk, North American studies have 
observed a stable CRC risk relative to non-IBD patients.

A population-based study from Sweden, in which 7607 persons diagnosed with 
IBD between 1954 and 1989 (whose diagnosis was confirmed through hospitaliza-
tion or histopathology data) were linked to national hospital and cancer and death 
registries and followed for up to 40 years, reported a decline in relative CRC risk 
from fivefold during the 1960s to roughly twofold during the 2000–2004 period (P 
trend 0.006), comparing IBD patients to members of the background Swedish popu-
lation and adjusting for age-, sex-, and calendar period-specific person-years of 
observation [34]. However, the decline was much less pronounced in more recent 
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decades, with risk ratios relative to the background population of 2.4 (95% CI 1.8–
3.1) in 1980–1989, 2.1 (95% CI 1.6–2.7) in 1990–1999, and 1.8 (95% 1.3–2.5) in 
2000–2004. Comparatively, the relative risk of CRC did not decline significantly 
over time within the IBD cohort, adjusting for type and extent of IBD, sex, age, and 
time since IBD diagnosis: 1.7 (95% CI 0.6–4.4) for 1960–1969; 1.3 (95% CI 0.7–
2.6) for 1970–1979; 1.2 (95% CI 0.7–2.2) for 1980–1989; and 1.1 (95% CI 0.7–1.8) 
for 1990–1999 (P trend 0.89 compared to the 2000–2004 period). These contradic-
tory findings may partly relate to statistical power issues but could also relate to a 
more rapid rate of decline in CRC incidence in IBD vs. non-IBD persons in the 
Swedish population, even if the rate of decline within the IBD cohort itself was 
modest. This study further reported a significant decline in CRC-related mortality 
over time, both within the IBD population and when comparing IBD patients to the 
general population.

A Danish population-based study of 47,374 IBD patients and 7,945,116 indi-
viduals from the general population, followed for up to 30 years, reported declining 
age-adjusted CRC risk among UC patients relative to the general population over 
time (1979–1988, risk ratio 1.34, 95% CI 1.13–1.58; 1999–2008, risk ratio 0.57, 
95% CI 0.41–0.80), whereas the CRC risk among CD patients relative to the general 
population remained stable over the same period [43]. These trends were preserved 
even when patients in each period were followed for a similar length of time. The 
overall CRC risk was not increased among persons with UC (risk ratio 1.07, 95% 
confidence interval [CI] 0.95–1.21) or CD (risk ratio 0.85, 95% CI 0.67–1.07) rela-
tive to the background population over the 30-year assessment period, adjusting for 
age, sex, and calendar year. Notably, risk estimates for CRC among IBD patients in 
this study may be lower than unselected IBD cohorts from other jurisdictions for 
several reasons. First, this study only evaluated patients who were diagnosed with 
IBD during the study period, and thus patients had relatively short disease duration. 
Additionally, colectomy rates in patients with cIBD in Denmark are three to eight 
times higher than in other European countries [45]. Colectomies would have been 
performed more often in individuals who are at higher risk for developing CRC 
(i.e., severe or extensive colitis, medically refractory disease, history of colorectal 
neoplasia, etc.). Furthermore, this study used a single IBD-related healthcare con-
tact within administrative data to ascertain IBD patients, which has been shown to 
have a low specificity for IBD in other studies using health administrative data 
[46–48].

By contrast, a study from the Kaiser Permanente Medical Care Program, which 
provides comprehensive healthcare to roughly 30% of residents in Northern 
California, reported stable CRC rates over time in both CD and UC patients [49]. 
The standardized incidence of CRC among CD patients (per 100,000) was 87.9 in 
1998–2001, 67.0 in 2002–2006, and 73.9 in 2007–2010 (P trend 0.98) and among 
UC patients (per 100,000) was 120.8 in 1998–2001, 62.2 in 2002–2006, and 78.6 in 
in 2007–2010 (P trend 0.40). When compared to CRC rates among 4,611,026 per-
sons without IBD, the age- and sex-SIR of CRC was 1.6  in both CD and UC 
patients over the 12-year study period (95% CI 1.2–2.0 for CD, 1.3–2.0 for UC). In 
contrast, the CRC incidence in the general population increased by 21% over this 
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period (P trend 0.0001). Notable limitations of this study are the relatively short 
study duration to show temporal trends in CRC risk and absence of a formal com-
parison of temporal trends in CRC risk in IBD vs. non-IBD patients. A notable 
strength of the study is that identification of IBD patients in the Kaiser Permanente 
database is highly accurate, with positive predictive values of 95% for any IBD, 
88% for CD, and 95% for UC [50].

A study from the University of Manitoba IBD Epidemiology Database observed 
a nearly twofold higher risk of CRC and CRC-related mortality among IBD patients 
as compared to non-IBD controls matched on age, sex, and area of residence, which 
remained stable over the 25-year study period [51]. This study used a competing 
risk proportional hazards analysis and adjusted for prior lower gastrointestinal 
endoscopy, frequency of healthcare visits, and socioeconomic status. The adjusted 
hazard ratio [aHR] for CRC incidence was 2.04 (95% CI 1.29–3.22) for 1987–1993, 
1.68 (95% CI 1.23–2.28) for 1994–2001, and 1.82 (95% CI 1.46–2.25) for 2002–
2012. The aHR for CRC mortality was 1.48 (95% CI 0.61–3.59) for 1987–1993, 
1.89 (95% CI 1.17–3.05) for 1994–2001, and 2.22 (95% CI 1.47–3.33) for 
2002–2012.

Aside from the Danish study, which may represent a considerably different 
cohort, temporal trends in CRC risk have not declined considerably among IBD 
patients in different jurisdictions since the 1980s. The overall magnitude of CRC 
risk in IBD vs. non-IBD patients across these studies has also been comparable in 
recent decades. Observed differences in temporal trends between studies may 
simply be due to differences in study design, duration of follow-up, and patient 
and outcome ascertainment. Conversely, there may be real differences in IBD 
treatment and surveillance practice between countries that have had a greater 
impact on CRC risk over time in European countries. The differences in screening 
and surveillance practice in the general population may also have influenced these 
trends.

 CRC-Related Mortality

Aside from a single study from Olmstead County, Minnesota, which reported no 
increased risk of CRC-related mortality in IBD vs. non-IBD patients [52], most 
studies have reported a higher mortality risk among IBD patients with CRC, with 
risk ratios ranging between 1.2- and 2-fold across population-based studies from 
North America, Europe, and Japan [34, 49, 51, 53, 54]. These findings parallel the 
higher CRC risk among IBD patients as compared to non-IBD patients. A study 
from Japan reported poorer 5-year survival with advanced CRC (Stage III) in UC 
patients (43.3%) as compared to non-IBD patients (57.4%) (aHR for death 2.0, 
95% CI 1.2–3.3), adjusting for age, gender, and year of cancer diagnosis [55]. 
However, there was no significant difference in the 5-year overall survival rate 
between the UC-CRC (64.2%) and the sporadic CRC (68.7%) groups. A popula-
tion-based study from Sweden further reported declining risk CRC-related 
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mortality over time among IBD patients [34]. Conversely, a population-based 
study from Manitoba, Canada, did not observe a change in CRC-related mortality 
over a 25-year period [51].

 CRC Risk Factors

 Disease Duration

Disease duration has long been recognized as an important factor predicting CRC 
risk in persons with cIBD. National societies advocate commencing CRC screening 
in these patients at 8–10 years following disease diagnosis, based on epidemiologic 
trends for CRC risk [17–21]. Some guidelines further recommend more frequent 
surveillance as the disease duration progresses [18, 19, 21].

A large meta-analysis of single-center and population-based studies pre-dating 
the twenty-first century reported a cumulative CRC incidence of roughly 8% by 
20 years and 18% by 30 years of disease among UC patients [28]. A meta-analysis 
of four population-based studies in persons with cIBD, three from Scandinavia [36, 
40, 41] and one from USA [30], reported a pooled CRC risk of 0.8% (95% CI 0.4–
1.4%) by 10 years, 2.2% (95% CI 0.8–2.4%) by 20 years, and 4.5% (95% CI 0.8–
7.2%) beyond 20 years [27]. Another meta-analysis of population-based studies in 
UC patients that included two of the cohorts in the prior meta-analysis [30, 36], four 
additional Scandinavian cohorts [31, 34, 35, 39], an Italian cohort [32], and a 
Canadian cohort [38] reported a cumulative CRC incidence across individual stud-
ies of 1.0% at 10 years 0.4–2% at 15 years, and 1.1–5.3% at 20 years of follow-up 
[25]. As most of these studies evaluated historical cohorts predating the introduction 
of biological therapy, the use of routine objective markers of inflammation, and 
treating to a target of mucosal healing, these rates may overestimate the effect of 
disease duration on CRC risk in modern-day IBD cohorts.

Population-based studies in more recent cohorts reporting long-term follow-up 
have reported similar trends for CRC risk with respect to duration of disease. A 
Dutch study of IBD patients from 78 (out of 93) general hospitals between 1990 and 
2006 found that patients with greater than 20 years of disease had a risk ratio of 4.42 
(95% CI 3.07–6.36) for development of CRC when compared with patients with 
less than 10 years of disease [42]. Disease duration was independently associated 
with CRC risk (risk ratio of 1.04 (95% CI 1.02–1.05) per year of IBD) after adjust-
ing for age, sex, colonic disease extent, presence of PSC, and presence of 
pseudopolyposis.

A Danish population-based study of IBD patients diagnosed between 1979 and 
2008 found a gradual increase in CRC risk with duration of disease in UC patients, 
but not in CD patients [43]. Risk of CRC in UC patients increased significantly over 
background risk beyond 13 years following diagnosis to reach a steady-state risk 
ratio of roughly 1.5. CRC risk in patients with CD did not deviate significantly from 
background risk even after 20  years of disease, although the authors did not 
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 specifically evaluate CD patients with colonic disease. Again, inclusion of only inci-
dent IBD cases and high colectomy rates among IBD patients in Denmark may have 
resulted in lower estimates of CRC risk as compared to what might be seen into 
unselected cohorts from other jurisdictions.

In a study of a prospective surveillance cohort of patients with extensive UC 
from St. Mark’s Hospital that underwent annual or biannual colonoscopy with ran-
dom and targeted biopsies, the cumulative incidence of CRC was 2.5% at 20 years, 
7.6% at 30 years, and 10.8% at 40 years [44].

 Extent of Colitis

Colonic disease extent is also recognized as an important factor predicting CRC risk 
among IBD patients and has been advocated as a risk-stratifying feature for neopla-
sia surveillance by multiple societies [17–19, 21]. A major difficulty with quantify-
ing the impact of colitis extent on CRC risk is that it changes in a substantial 
proportion of persons over time [56, 57]. However, most studies have quantified 
disease extent at a specific point of time in the IBD disease course (i.e., at diagnosis 
or at study entry), thereby ignoring the specific contributions of varying extent of 
colitis over time. An additional challenge is to quantify colitis extent as whether 
microscopic extent or macroscopic colitis extent, which does not always correlate 
with one another.

A landmark population-based study of 3117 Swedish patients diagnosed with 
UC between 1922 and 1983 initially characterized the importance of colitis extent 
as a predictor of CRC risk, showing that patients with pancolitis at diagnosis had 
close to a 15-fold excess CRC risk relative to the background population (SIR 14.8, 
95% CI 11.4–18.9), whereas those with left-sided colitis at diagnosis had just five-
fold excess CRC risk (SIR 2.8, 95% CI 1.6–4.4) and those with isolated proctitis 
had no excess CRC risk (SIR 1.7, 95% CI 0.8–3.2).

A recent meta-analysis has summarized important population-based and referral 
center studies reporting CRC risk among persons with IBD relative to the back-
ground population, stratified by disease extent [27]. Overall, persons with extensive 
colitis carry a substantially higher risk of developing CRC relative to matched 
patients from the general population, whereas those with limited colonic involve-
ment generally do not demonstrate a significantly higher CRC risk over 
background.

 Disease Severity

It is widely believed that inflammation is the cornerstone of CRC development in 
persons with cIBD [58]. As such, it could be reasonably inferred that severity of 
inflammation should correlate with CRC risk, even though surprisingly little data 
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exist to support this notion. It might also be inferred that the decreasing CRC risk 
observed among IBD patients in some studies could be partly due to the improved 
treatments having reduced the overall colitis burden among IBD patients over time. 
As with disease extent, the severity of inflammatory disease activity can be difficult 
to quantify as it varies over time and depends on whether macroscopic or micro-
scopic inflammation is evaluated. Furthermore, total inflammatory burden may not 
be easily discernible based on the endoscopic or histological appearance of inflam-
mation alone, as these do not capture submucosal involvement, particularly in per-
sons with CD.  Indeed, post-inflammatory polyposis, colonic strictures, colonic 
foreshortening, and need for immunosuppressive therapy may all be indirect signs 
of severe inflammatory burden over time.

In a study from the Mayo Clinic, in which 188 patients with UC-related CRC 
were matched to controls based on gender, maximal extent of colitis, duration of 
colitis, date of first UC clinic visit, and calendar year of UC diagnosis, the presence 
of post-inflammatory polyps (adjusted odds ratio [aOR], 2.5; 95% CI 1.4–4.6), use 
of corticosteroids (aOR, 0.4; 95% CI 0.2–0.8), and use of 5-aminosalicylic acid 
agents (aOR, 0.4; 95% CI 0.2–0.9) were all independently associated with CRC 
risk, after adjusting for age at colitis diagnosis and colitis duration [59]. Other sig-
nificantly associated factors were having had one or two surveillance colonoscopies 
(aOR, 0.4; 95% CI 0.2–0.7), history of smoking (aOR, 0.5; 95% CI 0.2–0.9), use of 
aspirin (aOR, 0.3; 95% CI 0.1–0.8), and use of nonsteroidal anti-inflammatory 
drugs (aOR, 0.1; 95% CI 0.03–0.5). Notably, history of thiopurine use and presence 
of primary sclerosing cholangitis were not associated with CRC risk in this study.

A case-control study from a prospective surveillance cohort of patients with 
long-standing extensive UC from St. Mark’s Hospital, in which 68 patients with 
neoplasia detected during colonoscopy (dysplasia or cancer) were matched to 136 
controls without neoplasia by sex, age at onset of colitic symptoms, and duration 
and extent of UC, found that post-inflammatory polyps (aOR 2.29, 95% CI 1.28–
4.11) and colonic strictures (aOR 4.62, 95% CI 1.03–20.8) were independently 
associated with an increased likelihood of neoplasia detection [44]. Conversely, a 
macroscopically normal-appearing colon (aOR 0.38, 95% CI 0.19–0.73) was asso-
ciated with a decreased risk of neoplasia detection. Having a shortened colon, a 
tubular-appearing colon or a segment of severe inflammation was also associated 
with an increased risk of harboring neoplasia in this population, although not in 
multivariable analysis.

Using the same cohort and study design, the investigators further assessed the 
association between segmental macroscopic and microscopic colonic inflammation 
and CRC risk, using a 5-point scale to quantify the severity of inflammation. Both 
parameters were significantly associated with CRC risk, but only histological sever-
ity was independently associated with CRC risk (aOR, 4.7; p < 0.001) [60].

In a study from the University of Chicago, in which 59 patients with UC who 
developed colorectal neoplasia were matched by age, disease extent, and disease 
duration to 141 patients with UC who did not develop colorectal neoplasia, histo-
logical inflammatory activity was independently associated with CRC risk (aOR per 
unit increase in mean histological score 3.68; p  =  0.001) based on a 6-point 
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 histological scoring system developed by the investigators [61]. Use of immune 
modulators (aOR 0.25, 95% CI 0.08–0.73) and mesalamine (aOR 0.37, 95% CI 
0.13–1.04) was negatively associated with CRC risk, while male gender was posi-
tively associated with CRC risk (aOR 5.45, 95% CI 1.79–16.6).

In a retrospective review of 418 UC patients undergoing regular endoscopic sur-
veillance for dysplasia at Mount Sinai Hospital, New York, of whom 65 developed 
colorectal neoplasia and 15 developed advanced neoplasia (high-grade dysplasia or 
CRC), histological inflammation, assessed using a 4-point scale and analyzed as a 
time-varying covariate, was a significant predictor of future development of 
advanced neoplasia (hazard ratio (HR), 3.8; 95% CI 1.7–8.6), adjusting for prior 
colonoscopy exposure (which was the only other significant variable) [62].

 Age at IBD Diagnosis

Age is a well-accepted risk factor for most cancers in the general population. 
Increasing age has also been shown to be a risk factor for CRC among persons with 
cIBD [42, 63]; however, IBD-associated CRC affects patients at a younger age than 
sporadic CRC. A meta-analysis of 116 studies predating the year 2000 reported the 
mean age of CRC diagnosis in IBD patients to be 43.2 years [28]. Interestingly, a 
population-based study from Sweden found a higher cumulative incidence of CRC, 
over 25 years of observation, among persons diagnosed with ulcerative pancolitis 
between 0 and 14 years of age as compared to those diagnosed with this condition 
between 15 and 39  years of age [40]. Greater censoring of deaths due to other 
causes in the older age group may have factored into this finding. Notably, persons 
aged 40 or older at diagnosis had a substantially higher cumulative probability of 
CRC by 20 years (end of follow-up in this group) than either of the younger age 
groups.

Most studies have evaluated the relative risk of CRC for different age groups at 
IBD diagnosis relative to the background risk in those age groups. A meta-analysis 
of five population-based studies [30, 37, 39–41] showed a pooled SIR for CRC of 
8.2 (95% CI 1.8–14.6, I2 82%) among persons aged less than 30 at IBD diagnosis 
and 1.8 (0.9–2.7, I2 81%) among persons aged 30 or older at diagnosis [27]. Among 
three referral center studies [64–66], the pooled SIRs for these age groups were 70.7 
(95% CI 15.6–320.9, I2 90%) and 5.5 (95% CI 2.0–14.9, I2 84%), respectively [27]. 
Other meta-analyses have reported similar findings [25]. Higher relative risk of 
CRC in younger IBD persons likely relates as much to low baseline CRC risk in 
young persons as it does to longer duration of inflammatory disease in these persons 
relative to older persons.

A population-based study from Denmark similarly demonstrated that young age 
at UC diagnosis is associated with a higher relative risk of CRC. Among patients 
diagnosed with UC in childhood or adolescence (0–19 years), the SIR was 43.8 
(95% CI 27.2–70.7); among those diagnosed in young adulthood (20–39 years), the 
SIR was 2.65 (95% CI 1.97–3.56); and among those diagnosed in older age (60 and 
79), the risk was lower than the background population (SIR 0.76, 95% CI 0.62–
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0.92) [43]. High colectomy rates among IBD patients in Denmark may have partly 
accounted for the latter finding [45].

Overall, it is conceivable that cIBD diagnosis at a very young age (i.e., teens or 
20s) could confer a greater long-term susceptibility to developing CRC as compared 
with diagnosis in early to mid- adulthood, due to a longer period of inflammatory 
disease during a time when inherent CRC risk is low. However, as patients enter 
their middle years and older age, age-related CRC risk likely becomes a dominant 
factor.

 Sex

A meta-analysis of four population-based studies [30, 38, 39, 67] in UC patients 
reported pooled estimates for SIR of CRC of 1.9 (95% CI 1.5–2.3) in women and 
2.6 (95% CI 2.2–3.0) in men [25]. A contemporaneous meta-analysis [27] of studies 
of patients with either CD or UC reported pooled SIR of 1.9 (95% CI 0.8–3.0) in 
males and 1.4 (95% CI 0.8–2.1) in females across three population-based studies 
[30, 31, 67] and SIR of 6.7 (95% CI 0.3–13.1) in males and 6.9 (95% CI 2.7–11.7) 
in females across three referral center studies [64, 68, 69]. Overall, males with IBD 
may carry a marginally higher relative risk of CRC than females.

 Family History

Sporadic CRC in relatives has been associated with roughly a twofold increased risk 
of CRC among persons with IBD [70, 71]. A population-based study from Sweden, 
in which pathologically confirmed cases of CD or UC were linked to national gen-
eration and cancer registries, reported an adjusted rate ratio (aRR) of CRC of 2.5 
(95% CI 1.4–4.4) for all IBD patients, 2.0 (95% CI 1.0–4.1) for those with UC, and 
3.7 (1.4–9.4) for those with CD, comparing persons with a family history of spo-
radic CRC to those without and adjusting for age, sex, and calendar period. Patients 
with a first-degree relative diagnosed with CRC before 50 years of age had a higher 
aRR (9.2, 95% CI 3.7–23) as compared to those with a first-degree relative diag-
nosed with CRC after age 50 (aRR 1.7, 95% CI 0.8–3.4). Another referral center 
study, in which 147 UC patients diagnosed with CRC were compared to 150 UC 
patients without CRC, reported an aOR of 2.33 (95% CI 1.06–5.14) for develop-
ment of CRC among IBD patients that had a first-degree relative with CRC as com-
pared to those that did not, adjusting for age, sex, and UC duration.

 Primary Sclerosing Cholangitis (PSC)

The risk of colorectal cancer is higher in patients with UC and PSC compared to 
those with UC alone, especially for right-sided colon cancer. Data on the risk of 
CRC in patients with CD and PSC are scarce. A Swedish population-based cohort 

S. K. Murthy and G. C. Nguyen



11

study in 125 patients with verified diagnoses of UC and PSC reported a cumulative 
incidence of CRC of 16% by 10 years [72]. A French referral cohort of 75 PSC-IBD 
patients compared to 150 IBD patients without PSC, matched for sex, birth date, 
IBD diagnosis date, and initial disease location, reported a 25-year cumulative rate 
of CRC of 23.4% in PSC-IBD patients as compared to 0% in controls (p = 0.002) 
[73]. PSC was the only independent risk factor for the development of colorectal 
cancer in this study (aOR 10.8, 95% CI 3.7–31.3).

A meta-analysis of 11 studies in UC patients found a summary odds ratio of 
4.09 (95% CI 2.89–5.76) for CRC among patients with PSC as compared to 
those without PSC [74]. In a recent population-based study from Denmark, com-
prising 32,911 patients with UC and 14,463 patients with CD followed for up to 
30 years, of whom 6268 had PSC, presence of PSC was a strong risk factor for 
CRC development in UC (risk ratio 9.13, 95% CI 4.52–18.5) but not in CD (RR, 
2.90, 95% CI 0.40–20.9), adjusting for age, sex, and calendar time [43]. Among 
IBD patients with PSC, the median time from IBD diagnosis to CRC was 
13.7 years, whereas the median time from PSC diagnosis to CRC in these patients 
was only 1.3 years. All cases of CRC among IBD patients with PSC were right-
sided colon cancers as compared with only 38% of cases of CRC among IBD 
patients without PSC.

The reasons for a higher CRC risk in IBD patients with PSC are unclear but may 
partly relate to the fact that these patients typically have pancolitis and a long period 
of quiescent disease by the time of diagnosis [75]. The latter may relate to a long 
subclinical phase of PSC before cholestatic symptoms develop (e.g., 10–15 years) 
[76], coupled with the relatively quiescent course of colitis in these patients [75]. 
There is debate as to whether alterations in bile acid secretion and/or composition 
play a role in CRC development in IBD patients with PSC [77]. Interestingly, a 
meta-analysis of eight studies found a significant negative association between 
ursodeoxycholic acid (UDCA) and advanced CRN (colorectal cancer and/or high- 
grade dysplasia) (summary OR 0.35, 95% CI 0.17–0.73) and between low-dose 
UDCA (8–15 mg/kg/d) and colorectal neoplasia in patients with IBD (summary OR 
0.19, 95% CI 0.08–0.49), potentially implicating a role of bile acids in CRC patho-
genesis [78].
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Chapter 2
Screening for Colon Cancer 
in Inflammatory Bowel Disease

Kendall Beck and Fernando Velayos

 Introduction

The development of colorectal cancer (CRC) is one of the most dreaded complica-
tions of long-standing inflammatory bowel disease (IBD) [1]. The first case report 
of such an occurrence was published by Crohn and Rosenberg in 1925 [2]. It 
described a case of rectal cancer occurring within an area of long-standing inflam-
mation despite the patient being under the expert and close care of these physicians. 
Since then, the question of how to prevent colorectal cancer in patients with IBD has 
been a unique challenge. The literature has shown the limitations of screening for 
precancerous lesions as they can be promoted and obscured by inflammation and 
occur despite expert and close care.

 How to Prevent Colorectal Cancer in IBD

The answer of how to prevent colorectal cancer in IBD (or any condition) is to apply 
an effective screening test that can detect the condition at a preclinical and interven-
able state that impacts outcome. Prior to the advent of colonoscopy, the options for 
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colorectal cancer screening in IBD were limited (physical exam, proctoscopy, and 
barium enema). Case reports published during this time reinforced the lack of effec-
tive screening options by highlighting the development of colorectal cancer despite 
regular care for IBD [2–4]. Perhaps not surprisingly, prophylactic proctocolectomy 
was advocated for many decades as the most effective way of preventing colorectal 
cancer in this high-risk population due to the absence of effective screening options 
and interventions.

Even after the advent of colonoscopy, how physicians view the effectiveness of 
colonoscopy as a screening exam has evolved over the past 50 years. Advances in 
optical technology (fiber optics, then standard definition, and now high definition), 
improvements in bowel preparation (single dose to now split-dose preparation), rec-
ognition of flat polyps, and greater use of endoscopic techniques to remove precan-
cerous lesions (excisional biopsies, then polypectomy, and now endoscopic mucosal 
resection) all speak to improvements in visualizing and removing precancerous 
lesions and comfort with colonoscopy as an effective screening tool for preventing 
IBD-related colorectal cancer.

The remainder of this chapter reviews the latest data and concepts regarding the 
effectiveness of colonoscopy as a screening tool for colorectal cancer in IBD, rec-
ommended screening, and surveillance intervals and techniques (including chromo-
endoscopy), as well as how to describe and manage precancerous lesions once 
found.

 Screening Recommendations

 Evidence for Screening Programs

Despite endorsement by major societies, no randomized controlled trials have 
been performed to compare the effectiveness of colonoscopic surveillance com-
pared to no colonoscopic surveillance in reducing the incidence of colorectal 
cancer and mortality in IBD. However, indirect evidence suggests a benefit to 
endoscopic surveillance programs in reducing the incidence of CRC in IBD 
patients [5–9]. As an example, in a small retrospective study, Lutgens et al. dem-
onstrated that IBD patients undergoing regular endoscopic surveillance who 
were diagnosed with colorectal cancer had improved 5-year CRC survival than 
those not undergoing surveillance, suggesting a mortality benefit for endoscopic 
surveillance [5]. Based on these data and extrapolated data showing colonos-
copy reduces the incidence and mortality from colorectal cancer in patients 
without IBD, most societies recommend some form of colonoscopic screening 
for IBD patients.
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 Societal Screening and Surveillance Guidelines

Most major gastroenterology societies have developed screening and surveil-
lance guidelines for IBD patients, although some differences exist between 
guidelines (Table 2.1). It is useful to distinguish the first “screening” exam from 
the subsequent “surveillance” exams. A summary of United States guidelines 
suggests that screening colonoscopy should begin in patients 8–10 years after 
their diagnosis of IBD, should include patients with colon involvement, and be 
performed at an interval of 1–3 years [10, 11, 15]. Patients who are diagnosed 
with isolated small bowel Crohn’s disease (CD) do not require additional screen-
ing beyond that of the average risk individual. Patients with ulcerative colitis 
(UC) isolated to the rectum do not require subsequent regular surveillance exams 
after the initial screening exam 8–10  years after diagnosis. Crohn’s colitis 
patients undergoing regular surveillance exams should have one-third or more of 
the colon involved. Extent of colon involvement should be guided by the greatest 
extent of endoscopic or histologic involvement of colitis [10]. In patients with 
primary sclerosing cholangitis (PSC), a screening colonoscopy should be 

Table 2.1 Gastrointestinal Society surveillance guidelines [10–14]

Society First screening colonoscopy Subsequent colonoscopy interval

American College of 
Gastroenterology (2010)

All patients 8–10 years after 
diagnosis
Immediately in PSC

Every 1–2 years
Every year in PSC

American 
Gastroenterological 
Association (2010)

All patients 8–10 years after 
symptoms onset

Every 1–2 years after screening
Every 1–3 years after two negative 
exams

American Society of 
Gastrointestinal 
Endoscopy (2015)

All patients at 8 years after 
diagnosis with restaging 
biopsies

Every 1–3 years
Lengthen interval after two exams with 
endoscopically and histologically 
normal mucosa

British Society of 
Gastroenterology (2010)

All patients 10 years after 
diagnosis to determine 
disease extent and 
endoscopic risk factors

Yearly in pancolitis with active/
moderate inflammation, stricture, PSC, 
or history of dysplasia or family history 
of CRC age <50 years
Every 3 years in pancolitis with mild 
inflammation, inflammatory polyps, or 
family history of CRC >50 years
Every 5 years in quiescent pancolitis or 
left-sided colitis

European Crohn’s and 
Colitis Organization 
(ECCO) 2017

All patients 8 years after 
onset of symptoms to assess 
disease extent and exclude 
dysplasia
Immediately in PSC

Yearly if history of dysplasia or 
extensive colitis with severe 
inflammation
Every 2–3 years if colitis with mild/
moderate inflammation, post- 
inflammatory polyps, or family history 
of CRC in first-degree relative
Every 5 years for all others
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performed at the time of diagnosis of PSC and annually thereafter, given the 
higher incidence of CRC in these patients.

International guidelines are similar to those from the United States, except that 
British, European, and Australian guidelines advocate, with limited data, for further 
risk stratification of patients based on risk for development of colorectal cancer 
when determining surveillance intervals. These guidelines advocate for repeat colo-
noscopy every year in patients with high-risk features, every 3  years with 
intermediate- risk features, and every 5 years with low-risk features [12, 13, 16–20]. 
Highest-risk patients are considered those with active extensive disease, prior dys-
plasia, stricture, primary sclerosing cholangitis, or a family history of CRC in a 
first-degree relative <50 years old [10]. Intermediate-risk patients are those with 
mild-to-moderate active inflammation, presence of post-inflammatory polyps, or a 
family history of CRC in a first-degree relative ≥50 years old. Low-risk patients are 
those without high- and intermediate-risk factors, including those in endoscopic and 
histologic remissions [13].

 Surveillance Technique

An effective screening test must detect the condition at a preclinical and interven-
able state that impacts outcome. In the era of fiber-optic technique and then standard- 
definition colonoscopes, visualization of precancerous lesions (i.e., the preclinical 
state) was perceived as limited and most dysplasia was considered invisible. To 
improve the ability to detect these invisible precancerous lesions, surveillance colo-
noscopy typically involved the performance of four-quadrant biopsies every 10 cm, 
with the goal of detecting subtle or invisible dysplasia. Over the past decade, appli-
cation of dye spray (chromoendoscopy) during colonoscopy has been recommended 
as a way of improving visualization of these subtle lesions by improving the topo-
graphic distinction and pit patterns between the inflamed mucosa and precancerous 
lesions. During this same time, standard-definition (SD) colonoscope technology 
yielded high-definition (HD) technology, allowing visualization of the mucosa with 
an even greater level of detail. Today, the question that remains is which of the three 
screening techniques (high-definition colonoscopy with random biopsy, high- 
definition chromoendoscopy without random biopsy, high-definition colonoscopy 
without random biopsy) is sufficient to detect the condition at a preclinical and 
intervenable state that impacts outcome.

Randomized trials and a meta-analysis of available studies have demonstrated 
superior dysplasia detection using chromoendoscopy (CE) without random biopsy 
over standard-definition (SD) white light with random biopsies [21, 22], suggesting 
superiority of CE over SD white light. A more recent study published in 2017 by 
Carballal et al. demonstrated superior dysplasia detection using chromoendoscopy 
without random biopsy technique over SD and HD white light with random biop-
sies, showing a comparable incremental dysplasia detection yield for CE over SD 
white light of 51.5% and 52.3% over HD white light [23]. This experience however 
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is not universal. A retrospective study evaluating the use of CE in a real-life setting 
showed no difference in neoplasia detection rates between CE and white light 
endoscopy [24]. A randomized controlled trial published in 2018 comparing virtual 
chromoendoscopy (VC) (using iSCAN Pentax EC-3490Fi with EPKi 7000 Pentax 
video processor), dye-spray CE, and high-definition white light found that HD 
white light and VC were non-inferior to dye-spray CE, with the authors concluding 
that HD white light was sufficient for dysplasia detection [25].

While societal guidelines continue to evolve as new studies are published, 
Table 2.2 provides a summary of the most current societal statements on the use of 
random biopsy and chromoendoscopy technique for the surveillance of IBD patients. 
The American Gastroenterology Association (AGA) statement published in 2010 
recommends using a random biopsy strategy of four quadrant biopsies taken every 
10 cm for a total of at least 33 biopsies, in addition to targeting suspicious lesions. 
The statement also supports the use of a chromoendoscopy strategy with targeted 
biopsies by endoscopists who have expertise in this technique [11]. The Surveillance 
for Colorectal Endoscopic Neoplasia Detection and Management in IBD Patients 
International Consensus (SCENIC) statement published in 2015 strongly recom-
mends the use of CE over SD white light (moderate-quality evidence) and suggests 
the use of CE over HD white light (low-quality evidence). The statement does not 
recommend the use of virtual chromoendoscopy (use of pseudocolorized electronic 
image enhancement techniques found in most colonoscopes) as a substitute for dye-
spray chromoendoscopy in any situation given multiple studies showing no improve-
ment in dysplasia detection over white light colonoscopy [15]. The American Society 
of Gastrointestinal Endoscopy (ASGE) 2015 guideline on the role of endoscopy in 
the IBD patient recommends the use of surface-enhanced chromoendoscopy with 
resection or targeted biopsy of visible lesions as the preferred surveillance technique 
[10]. The ASGE endorses the use of the random biopsy technique if chromoendos-
copy is not available, or if the yield would be reduced by active inflammation, post-
inflammatory polyps, or a poor preparation [10].

Table 2.2 Summary of American Gastrointestinal Societies’ Guidelines  [10, 11, 15]

Society Suggested technique

American 
Gastroenterological 
Association (2010)

Biopsy-suspicious lesions, four-quadrant biopsies every 10 cm, minimum 
of 33 random biopsies
OR chromoendoscopy

“SCENIC” 2015 High-definition scope recommended over standard definition (strong, low 
quality)
Chromoendoscopy suggested over white light colonoscopy (HD) 
(conditional/weak, low quality)
No specific GRADE recommendation on random biopsies

American Society 
of Gastrointestinal 
Endoscopy (2015)

Chromoendoscopy alone is sufficient (no random biopsies); however, 
consider two biopsies from each segment for histologic staging
Random biopsies (four-quadrant, every 10 cm, minimum 33) with targeted 
biopsies of suspicious lesions as reasonable alternative if chromo not 
available, significant inflammation, pseudopolyps, or inferior prep
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Active inflammation may interfere with visual detection of dysplasia and causes 
cytologic changes, complicating the pathologist’s ability to distinguish inflamma-
tion from true dysplasia histologically [26]. Thus, colonoscopic screening and sur-
veillance ideally should be performed when in endoscopic remission [10, 13]. In 
patients with evidence of active inflammation, medical therapy should be adjusted 
in an attempt to control inflammation prior to surveillance colonoscopy. This can be 
achieved in several ways, including escalating or changing therapy or even provid-
ing a short steroid taper to control inflammation prior to the examination if there is 
any concern that inflammation may be contributing to the cytological appearance of 
dysplasia on biopsies.

 Special Topics in Screening

 Colonoscopy Preparation

Proper preparation is critical for inspecting the mucosa and detecting dysplasia, 
particularly flat and slightly raised dysplastic lesions, as residual debris may obscure 
abnormal areas of the mucosa [26]. Data extrapolated from the general screening 
population demonstrate that inadequate preparation leads to increased procedure 
time, lower cecal intubation rates, increased perceived procedure difficulty, early 
recall for subsequent examinations, and lower polyp detection rate, all negatively 
impacting the performance of surveillance colonoscopy [27–30].

Compounding the need for meticulous preparation, available data suggests that 
IBD patients may experience poor tolerance of bowel preparation compared to the 
general population [31], in addition to having a high rate of risk factors for poor 
prep such as history of bowel resection [32, 33]. A split-dose regimen of bowel laxa-
tive should thus be employed given the ample evidence to date detailing the superi-
ority of a split-dose regimen for achieving adequate bowel preparation in the general 
population, in addition to improved tolerability and even increasing adenoma detec-
tion rates [34–36]. The US Multi-Society Task Force on Colorectal Cancer strongly 
recommends the use of split-prep cleansing regimens for average risk screening 
colonoscopy [37], and we extrapolate the recommendation to the IBD community 
undergoing surveillance colonoscopy.

 Chromoendoscopy Technique

Dye-spray chromoendoscopy involves application of a special dye (methylene 
blue or indigo carmine) onto the mucosa of the colon using either a spray catheter 
or water jet. Methylene blue, an absorptive dye, is absorbed by non-inflamed 
mucosa but poorly absorbed by inflamed or dysplastic tissue, thus highlighting 
potential dysplastic lesions. Indigo carmine, a contrast dye, coats the surface of 
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the colon mucosa, highlighting subtle disruptions of normal contours that indicate 
dysplastic tissue. Societal statements do not express a preference for either type 
of dye.

When performing chromoendoscopy, it is important to remember that while 
application of a dye spray may highlight dysplastic tissue, it is not a substitute for 
exceptional polyp detection techniques, as findings for dysplasia may still be subtle. 
Very careful, attentive observation of the colon mucosa should be made, allowing 
the eye to be drawn to abnormal uptake of the dye spray, being careful not to ignore 
subtle cues. Besides close inspection, a slow withdrawal can increase the detection 
of flat dysplasia. A retrospective study from Toruner et al. demonstrated that every 
additional minute in total colonoscopy time increased the flat dysplasia diagnosis 
rate by 3.5% (p = 0.02) [38].

Chromoendoscopy, although not difficult to learn, does require some training, 
and videos and reviews on the topic can provide important tips [39]. For example, 
water lavage on insertion is typically recommended with exchange and application 
of dye spray reserved for after the cecum is reached. Application of dye spray in a 
less than properly prepared patient or attempting to clean the colon after the cecum 
is reached often degrades the quality of the exam or prolongs the procedure. The dye 
spray is prepared before the procedure. For indigo carmine (0.03%), mix 10 mL of 
IC 0.8% with 250 mL of water, and for methylene blue (0.04%), mix 10 mL of MB 
1% with 240 mL of water.

Once the cecum is intubated, then the dye solution can be attached to the foot 
pump, exchanging out the sterile water used for insertion or applied using a spray 
catheter. Examination should take place sequentially of 20–30 cm segments at a 
time, with re-insertion of the colonoscope to the proximal extent of each segment, 
followed by careful, slow withdrawal, and inspection of the mucosa. The dye should 
be applied by directly spraying the antigravity side of the colon lumen, in a circum-
ferential pattern while withdrawing. Suspicious lesions should be inspected more 
closely using a higher concentration of dye applied to the area (5 mL of IC mixed 
with 25 mL of water or 10 mL of MB mixed with 40 mL of water) [39]. When learn-
ing how to perform chromoendoscopy, a longer block time should be scheduled if 
possible.

 Barriers to Implementing Chromoendoscopy in Practice

Several barriers exist to implementing a chromoendoscopy-based surveillance pro-
gram for IBD patients. One of these barriers is the perceived notion that CE requires 
significant expertise to perform. In a 2013 study evaluating dysplasia detection and 
other endoscopic metrics in endoscopists who were inexperienced in CE, inexperi-
enced endoscopists demonstrated excellent interobserver agreement for identify-
ing dysplastic lesions (kappa score of 0.91 and 0.86 for white light and CE, 
respectively) [40]. They found dysplasia more often during CE cases (21.3%) ver-
sus white light examinations (9.3%), p  =  0.007. Length of withdrawal time 
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decreased with increasing experience (31 minutes for <5 procedures and 19 min-
utes for >15 procedures). This study suggests that inexperienced endoscopists can 
become competent in the CE technique and that most endoscopists have a swift 
learning curve.

Perceived cost-ineffectiveness may also be a barrier to establishing a CE surveil-
lance program, particularly given the additional procedure time required to perform 
a high-quality examination. A meta-analysis reported that CE increased procedure 
time by an average of 11 minutes per procedure [41], but this time may decrease 
with more experience and if random surveillance biopsies are abandoned in favor of 
targeted biopsies [42]. There are few studies examining the cost-effectiveness of a 
CE-based surveillance program, with one study demonstrating cost- effectiveness 
of CE over white light examinations [43].

 Post-inflammatory Polyps

Post-inflammatory polyps (also called pseudopolyps) are considered nonneoplastic 
lesions arising from the mucosa, likely due to excessive healing following repeated 
bouts of inflammation and ulceration. They are more commonly found in UC than 
in CD [44] though estimates in the literature of the prevalence in patients vary sig-
nificantly, with a recent review demonstrating a prevalence of 53.8% in UC patients 
and 46.2% in CD patients [45]. The presence of PIPs is thought to be a marker of 
prior severe inflammatory episodes and may indicate more severe disease. Patients 
with PIPs are therefore considered to be at a higher risk of colorectal cancer devel-
opment due to the association with more severe disease [7, 46], with an estimated 
twofold higher risk in those with previous or present PIPs seen at endoscopy 
[47–49].

Malignant transformation of PIPs to adenocarcinoma is exceedingly rare, with 
only two reports of PIPs harboring carcinoma or dysplasia [50, 51]. Overall, the 
higher risk of colorectal cancer in patients with PIPs is likely due to these patients 
having more severe, extensive colitis, in addition to the increased challenge of 
identifying dysplastic lesions in a colon with numerous PIPs present [46, 47]. 
There is poor interobserver agreement in distinguishing PIPs from dysplastic 
lesions, with endoscopists without IBD expertise having lower capability to make 
this distinction [52]. With careful examination of each pseudopolyp, including CE, 
this distinction should be possible; however, this is limited by the number of PIPs 
present [53–55]. One study evaluating the nontargeted biopsy approach vs CE in a 
population with multiple PIPs demonstrated two false-negative results using CE, 
for which dysplasia was found using the nontargeted approach [41]. For patients 
with numerous PIPs or in those in whom the diagnosis is not certain, multiple ran-
dom biopsies should be obtained with repeated examinations. If the number or 
appearance of PIPs compromises the ability to survey the colon adequately, poten-
tial options include referral to a center with expertise in IBD surveillance, vs endo-
scopic removal of all lesions (if feasible) vs segmental or total colectomy [10, 
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56–58]. Endoscopic surveillance intervals and techniques should not be altered for 
those with PIPs in whom endoscopic surveillance is not compromised by the num-
ber or size of PIPs, and CE can still be performed in the traditional manner already 
described in this chapter [10, 12, 13].

 Colonic Strictures

The presence of a colonic stricture may also pose challenges for CRC surveil-
lance in IBD. The obvious reason is in the situation that a stricture cannot be 
traversed, and thus the entire colon cannot be surveyed. The risk of a stricture 
harboring colorectal cancer in CD is low, and if a stricture can be traversed and 
biopsied, then repeat endoscopic evaluation is appropriate at a 1-year interval 
[57]. If the stricture is not traversable, then cross-sectional imaging should be 
obtained to evaluate the more proximal colon [57]. The exception is if a colonic 
stricture is found in a patient with CD >20 years, as the concomitant rate of CRC 
in this population is approximately 12%. Surgical resection should be considered 
in this situation if surveillance of the whole colon is not possible [57]. Contrary 
to Crohn’s disease, stricture development in a UC patient is a strong indication 
for colectomy due to the high rate of underlying malignancy [59, 60]. Biopsies, 
brushings for cytology, and cross- sectional imaging can be considered, with fol-
low-up endoscopy performed in 3–4 months; however, referral to a center with 
IBD expertise is strongly recommended, and consideration for colectomy is 
recommended.

 When to Stop Surveillance in IBD

Another challenge encountered by endoscopists performing IBD surveillance is 
when to stop surveying patients with IBD, specifically in the elderly patients. 
Unfortunately, there is little to no data to guide the decision on when to stop surveil-
lance in IBD patients. The United States Preventive Services Task Force recom-
mends screening until the age of 75 years in the general population, and further 
screening can be pursued on an individual basis depending on individual character-
istics such as life expectancy, medical comorbidities, and history of prior screening 
[61]. Elderly patients, particularly those 80 years and older, are at a higher risk of 
complications from colonoscopy, based on studies performed in the general popula-
tion [62]. The decision on when to stop surveillance in IBD patients needs to be 
made on an individual basis. Factors to take into account include age, comorbidities, 
cumulative inflammatory burden, and the presence of concomitant factors such as 
PSC or prior adenomatous polyps, dysplasia, or malignancy [63]. This decision 
should be made in a shared decision-making fashion between the patient and their 
physician [63].
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 Managing Dysplasia

 Modern Terminology for IBD-Related Dysplasia

After identifying a potentially dysplastic area of mucosa, it is of utmost importance 
to accurately describe the lesion. Important features to describe accurately include 
where the lesion is, whether it is raised or flat, and whether it is discrete and visible. 
These descriptors aid in determining the resectability of the lesion and in communi-
cating findings to future endoscopists who may attempt resection or future surveil-
lance. In the past, lesions in IBD patients were described using terms such as 
dysplasia-associated lesion or mass (DALM), distinguishing it from adenoma-like 
mass (ALM), which was meant to indicate a sporadic adenoma arising in an area of 
healthy or noncolitis mucosa. These terms unfortunately are imprecise and led to 
confusion; therefore, it is currently recommended that these terms be replaced using 
a modified Paris classification to describe dysplastic lesions found in patients with-
out IBD [15]. The modified classification scheme includes polypoid and nonpolyp-
oid lesions, in addition to a third category, which can be described as “invisible.” 
Invisible lesions should be reserved for those lesions which are truly invisible, 
meaning that they were identified on random, nontargeted biopsy of the colon 
mucosa. The Paris classification was further modified to include descriptors for vis-
ible dysplasia, including the presence of ulceration and the distinctness of the bor-
ders of the lesion (Tables 2.3 and 2.4). This allows for a precise, common language 
to be used across all screening and surveillance colonoscopies [15, 65].

Table 2.3 Classification for inflammatory bowel disease-associated dysplasia

Term Definition

Invisible dysplasia Dysplasia identified on random (nontargeted) biopsies of colon mucosa 
without a visible lesion

Visible dysplasia Dysplasia identified on targeted biopsies from a lesion visualized at 
colonoscopy

  Polypoid Lesion protruding from the mucosa into the lumen ≥2.5 mm
   Pedunculated Lesion attached to the mucosa by a stalk

Paris Classification: Ip

   Sessile Lesion not attached to the mucosa by a stalk: entire base is contiguous with 
the mucosa
Paris Classification: Is

  Nonpolypoid Lesion with little (<2.5 mm) or no protrusion above the mucosa
    Superficial 

elevated
Lesion with protrusion but <2.5 mm above the lumen (less than the height 
of the closed cup of a biopsy forceps)
Paris Classification: IIa

   Flat Lesion without protrusion above the mucosa
Paris Classification: IIb

   Depressed Lesion with at least a portion depressed below the level of the mucosa
Paris Classification: IIc

Modified from Paris Classification [15, 64]
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 What to Do When Dysplasia Is Identified

Once a potentially dysplastic lesion is identified during colonoscopy, the endosco-
pist should define it as either polypoid or nonpolypoid and assess the resectability 
of the lesion, either by the endoscopist or a colleague who is expert in advanced 
endoscopic resection technique. A potentially resectable lesion should have discrete 
margins that are identifiable and should appear completely removed on visual 
inspection following endoscopic resection. Biopsies should be obtained of the tis-
sue surrounding the polyp to ensure that the surrounding tissue is free of dysplasia. 
If dysplasia is diagnosed on the pathologic specimen, a second expert pathologist 
should confirm the diagnosis [15]. The histologic exam of the polyp specimen 
should be consistent with complete removal of the dysplastic lesion [66]. If the 
lesion is determined to be potentially resectable but will be referred to a colleague 
who is expert in advanced endoscopic technique, it is important to not attempt a 
resection as the resultant scarring will make the subsequent resection more chal-
lenging. If the lesion is marked with India ink, it should be marked on the wall 
opposite to the lesion as again the submucosal infiltration of India ink applied adja-
cent to the lesion can scar the submucosa and make subsequent resection more 
challenging.

The 2015 SCENIC consensus recommends that in patients with polypoid (i.e., 
not flat) dysplasia, in whom lesions are completely resected, ongoing surveillance 
colonoscopy is recommended rather than colectomy [15]. A systematic review of 10 
studies including 376 patients with IBD who had polypoid lesions resected reported 
an annualized risk for CRC of 0.5% over 54 months of follow-up [67]. This recom-
mendation is based on very low-quality evidence, but received a strong recommen-
dation, largely due to what is known about patient views on undergoing 
colectomy.

In patients with completely resected nonpolypoid (i.e., flat) dysplasia, ongoing 
surveillance colonoscopy is suggested rather than colectomy. We recommend 
scheduling follow-up examinations in 3–6 months for those in whom large dysplas-
tic lesions were removed via endoscopic mucosal resection.

Finally, for those patients in whom invisible dysplasia is identified and confirmed 
via second pathology opinion, referral to an expert in IBD surveillance using chro-
moendoscopy with high-definition colonoscopy should be made. It is important to 
note that these specific guidelines are based on very low-quality evidence and are 

Table 2.4 Additional characterizations for visible inflammatory bowel disease-associated 
dysplasia

Feature Description

Ulcerated Ulceration (fibrinous-appearing base with depth) within the lesion
Distinct border Lesion’s border is discrete and can be distinguished from surrounding mucosa
Indistinct 
border

Lesion’s border is not discrete and cannot be distinguished from surrounding 
mucosa

Adapted from SCENIC Consensus Statement [15]
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conditional recommendations with the exception of the first one (polypoid lesions) 
which is a strong recommendation [15].

 Future Directions

While the field of CRC surveillance in the IBD patient has come a long way since 
Crohn and Rosenberg’s initial description of malignancy in an IBD patient, there 
are several identified areas that require more data to refine guidelines and recom-
mendations. For instance, more high-quality data on appropriate surveillance inter-
vals are needed, particularly in the chromoendoscopy era. Further studies should 
aim to determine the predictive value of a negative CE examination, with a goal 
toward answering the question of whether a high-quality negative CE examination 
can reduce the frequency of future interval examinations. Similarly, future direc-
tions may include evaluating patients on a more individual basis and tailoring sur-
veillance intervals to patients’ risk factors, much like the current European, British, 
and Australian society guidelines, with a goal of lengthening surveillance intervals 
for those at lowest risk [12, 13, 17–20]. Biomarker identification and development 
may also obviate the need for intensive endoscopic surveillance for IBD patients in 
the future. As already suggested, high-quality data are needed to determine appro-
priate timing for stopping surveillance in the elderly population to reduce the risks 
associated with colonoscopy in this population while continuing to mitigate the risk 
of CRC development. Lastly, efforts will need to be made to overcome the barriers 
to implementation of CE surveillance programs in the community, including educa-
tional interventions, and financial support to undertake these programs.
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Chapter 3
Skin Cancer Risk and Screening 
in Patients with Inflammatory Bowel 
Disease

Reid L. Hopkins, Jamie Abbott, Debjani Sahni, and Francis A. Farraye

 Introduction

The most common skin cancers are melanoma and non-melanoma skin cancer, the 
latter a group that includes basal cell carcinoma (BCC) and cutaneous squamous 
cell carcinoma (SCC). Melanoma is notorious for a high metastatic potential with 
low 5-year survival when diagnosed at an advanced stage. Non-melanoma skin can-
cers (NMSC), on the other hand, have a much lower metastatic potential as well as 
low overall mortality. However, by virtue of being by far the most common cancer 
group in the United States, annual spending for NMSC makes it among the most 
costly cancers within the Medicare population [1, 2]. While there are numerous 
dermatologic manifestations of inflammatory bowel disease, it has become more 
apparent in the past two decades, especially as the use of immunomodulators and 
biologics has grown, that skin cancer is an important risk in IBD.

Experience in solid organ transplant has firmly established that a complication of 
long-term immunosuppression is an increased risk of the development of NMSC, 
especially squamous cell carcinoma. In this population, the incidence of SCC is 
markedly increased, up to 65–250 times the general population while the incidence 
of BCC is about tenfold that of the general population [3]. In addition to being more 
common, SCC is more aggressive in this population with more rapid growth, higher 
recurrence rates, and increased risk of metastasis. Finally, it has been well 
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 demonstrated that cumulative dose of immunosuppressants is associated with 
increased risk of development of SCC in a dose-dependent fashion [4].

These alarming findings spurred research into the impact of the immunosuppres-
sants used in the treatment of IBD on the risk of skin cancer. The sum of evidence 
now suggests that patients with IBD, somewhat surprisingly, have an increased risk 
of developing melanoma, independent of medication exposure, in addition to an 
increased risk of NMSC, especially in the setting of thiopurine exposure. Whether 
TNFα inhibitors or other newer biologics affect the incidence or natural history of 
melanoma is uncertain. These findings have led to management guidelines that rec-
ommend sun exposure precautions and skin cancer screening, though optimal strat-
egies for the latter have yet to be fully defined. This chapter will review the literature 
in this field to inform a rational approach to management and prevention of skin 
cancer in the IBD patient.

 Epidemiology of Skin Cancer in the United States

While there are many different cancers of the skin, for the purposes of this chapter, 
we will focus on the most common types: BCC, cutaneous SCC, and melanoma. All 
are epidermal in origin, with the rare exception of melanomas arising in the eyes, 
central nervous system, oral mucosa, and intestines [5, 6].

 Non-melanoma Skin Cancer

Basal cell and squamous cell carcinomas are often grouped together under the 
umbrella term, non-melanoma skin cancer (NMSC) or keratinocyte carcinomas [7]. 
This delineation can be a useful simplification due to the very different prognoses 
and management recommendations the term implies when compared to a diagnosis 
of melanoma.

Basal cell carcinoma is a cancer of the progenitor keratinocyte cells located in 
the stratum basale of the epidermis. Typical BCCs are most common on the head 
and neck and can appear as pearly papules with rolled borders and arborizing telan-
giectasias (Fig. 3.1). Some have pigments or can ulcerate. Patients often complain 
of a slow growing lesion or a new spot that fails to heal. The lesions may be asymp-
tomatic or cause intermittent bleeding or pruritus [7]. The most common BCC sub-
type is nodular (50–80%), followed by superficial (10–30%) [7, 8]. Other rarer 
subtypes include morpheaform, infundibulocystic, fibroepithelial, and infiltrative 
[8]. Each subtype is histologically distinct and has some bearing on the clinical 
appearance and behavior of the lesion [7]. That being said, a single lesion can 
exhibit features of multiple subtypes on histology [8].

Research suggests that the development of BCC is primarily associated with an 
intermittent, acute ultraviolet light exposure, as in the case of blistering sunburns 
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[9]. There is data to suggest that cumulative sun exposure over time also poses an 
increased risk [10, 11]. It is important to remember that tanning beds and photo-
therapy are other sources of UV to which patients may have been exposed. Age is 
an important risk factor, with incidence doubling between the ages of 40 and 70 
[12]. Other risk factors include male gender, fair skin, certain genetic disorders, like 
nevoid basal cell carcinoma syndrome, and immune suppression [7]. Table 3.1 sum-
marizes risk factors for the subtypes of skin cancer.

Cutaneous squamous cell carcinoma is a cancer of the squamous cells normally 
located in the epidermis. The lesions of squamous cell carcinoma most commonly 
appear on sun-exposed areas as ill-defined pink, rough, or scaly macules or papules 
(Fig.  3.2). Small dotted vessels and glomerular vessels can be identified on 
 dermoscopy [13]. SCCs can also arise in chronic wounds, burns, or otherwise dam-
aged skin, where they can be harder to detect without a high index of suspicion 
[14]. Histologically, SCCs range from well to poorly differentiated, with poorly 
differentiated SCCs having a worse prognosis [15]. The SCC subtypes with the 

Fig. 3.1 Basal cell 
carcinoma

Table 3.1 Risk factors for 
melanoma and NMSC

Risk factors

History of UV light exposure
Increased age (more relevant in NMSC)
Fair skin
Male gender
Immune suppression
Family history and certain genetic disorders
Ionizing radiation, chronic wounds, burns, scars (NMSC)
Multiple melanocytic nevi (melanoma)
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worst  prognoses are the desmoplastic and adenosquamous variants which boast 
both a higher rate of recurrence and metastasis compared to other variants of SCC 
[16, 17].

The development of SCC is related to a history of childhood sunburns and 
cumulative sun exposure [9, 18]. Patients with a history of actinic keratoses (AK) 
have been shown to be more likely to develop SCC, and AKs are often used as a 
clinical marker of sun exposure and risk for the development of SCC [19]. 
Periungual and anogenital SCC are associated with human papilloma virus and are 
not thought to be related to sun exposure given their sun-protected locations [20]. 
Age is also a risk factor in the development of SCC, with onset most common in the 
sixth decade [21]. Other risk factors include fair skin, male gender (3:1 male-to-
female ratio), exposure to certain compounds (arsenic, polycyclic aromatic hydro-
carbons, nitrosamines, and alkylating agents), exposure to ionizing radiation, and 
immunosuppression [14, 22, 23]. The immunosuppressed state following solid 
organ transplant increases the risk of developing an SCC by 65–250 times depend-
ing on the level of immune suppression [24–26]. Similarly, the immune dysregula-
tion in chronic lymphocytic leukemia (CLL) confers an 8–10 times increased risk 
[27–29].

Different studies have quoted basal cell carcinomas as making up 50–80% of 
non-melanoma skin cancers, while cutaneous squamous cell carcinomas account 
for 20–50% [1, 30, 31]. Though the exact incidence of non-melanoma skin cancer 
in the United States is not known due to the lack of inclusion of these diagnoses in 
the US tumor registries, it is widely understood that non-melanoma skin cancer is 
the most commonly diagnosed cancer in the United States [32, 33]. In 1996, it was 
estimated that one in five people will develop a skin cancer in the United States, 
with at least 97% of these being NMSC [34]. More recently, in 2012, it was esti-
mated that there were over five million cases of NMSC in the United States [1]. The 
incidence in the United States rises by an estimated 4–8% yearly [32]. The inci-
dence of metastatic BCC is estimated at 0.0028–0.55%, and deaths from BCCs are 

Fig. 3.2 Squamous cell 
carcinoma
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incredibly rare [35, 36]. SCC, on the other hand, is associated with more significant 
mortality than that associated with BCC, though overall remains low compared to 
mortality from most other types of cancers. Data from Karia et al. estimates that 
between 3932 and 8791 Americans died from SCC in 2012 [37]. A different study 
of patients in Rhode Island reported age-adjusted mortality from nongenital SCC as 
0.26/100,000 [36].

Although mortality from NMSC is relatively low compared to most other can-
cers, the impact of this diagnosis should not be ignored. Beyond the potentially 
deforming effects of treatment, the average annual cost of treating non-melanoma 
skin cancers in the US has increased by 126.2% between 2002–2006 and 2007–
2011, reflecting an increase from 3.6 to 8.1 billion US dollars [38]. When compared 
to other types of cancers, for which the cost of treatment has only increased by 
25.1% on average, it is clear that controlling costs will become increasingly more 
vital in sustaining healthcare delivery for skin cancers [38].

 Melanoma

Melanoma is a cancer of melanocytes, the pigment-producing cells, primarily 
located in the basal layer of the epidermis. The lesions of melanoma are often char-
acterized as changing, asymmetric, irregular pigmented macules, papules, or nod-
ules containing multiple different colors (Fig.  3.3). They can sometimes be 
particularly challenging to diagnose, however, as they can also be small, innocuous 
appearing, and can lack pigment entirely, as in amelanotic melanoma. There are 
many different types of primary melanoma including superficial spreading, nodular, 
lentigo maligna, and acral lentiginous melanoma. In addition to these and to amela-
notic melanoma, other types include melanoma with features of Spitz nevus, des-
moplastic melanoma, and ocular and mucosal melanomas [6, 39].

Fig. 3.3 Melanoma
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Fair skin, sunburning easily, having red or blonde hair, blue eyes, and male gen-
der are the risk factors for the development of melanoma [40–43]. In men, the most 
common location is the trunk, while in women it is the lower extremities [41]. The 
average age of diagnosis in the United States is slightly younger than that of NMSC, 
ranging from 54 to 64 years of age [40].

An intermittent intense exposure to UV light is an important risk factor in the 
development of melanoma [41, 44]. Tanning beds have been a contributing factor to 
the development of melanomas, especially in young women. In a cohort studied in 
Minnesota, women under 30 who had used tanning beds were six times more likely 
to develop melanoma when compared to their age-matched peers [45]. Additionally, 
increased numbers of melanocytic nevi, even those that are clinically normal- 
appearing are associated, nearly linearly, with an increased risk of melanoma [46]. 
Similarly, the presence of five or more atypical nevi on exam confers a tenfold 
increased risk [46].

Genetic factors have also been identified. One of the genes implicated in the 
increased risk of melanoma is CDKN2A/p16. This gene is of particular clinical 
importance, as mutations therein confer a 20% risk of pancreatic cancer as well 
[47]. Multiple genetic syndromes with an associated increased risk of melanoma 
have been described. The details of these syndromes are beyond the scope of this 
chapter. The authors recommend The Melanoma Handbook by Stephan Ariyan and 
Harriet Klugar and the chapters pertaining to melanoma in Dermatology by Jean 
Bolognia, should the reader wish to learn more [48, 49].

The National Cancer Institute SEER program ranks melanoma as the sixth most 
common cancer and the fifth most common in men in the United States [40]. Over 
the past 30 years, melanoma rates have increased by three times in lighter skinned 
individuals in both the United States and Europe [41]. It is currently estimated that 
roughly 2.3% of people in the United States will be diagnosed in their lifetimes 
[40]. By these standards alone, melanoma is an extremely common cancer in the 
United States, and though it is not as common as the non-melanoma skin cancers, 
its prognosis is far worse. The 10-year survival of a patient with visceral disease is 
only 10–15% [42].

While in the last several years, mortality rates in the United States have steadied, 
previous estimations have indicated that one person dies from melanoma in the 
United States every 60 min [50]. Mortality depends on both the stage of the mela-
noma and other factors, like age, race, gender, and immune status [42, 51]. Women 
and patients younger than 65 tend to have a better prognosis. Patients with an intact 
immune system fair better than the immunocompromised ones [42]. The Breslow 
depth, which is the tumor thickness measured vertically on histology, and the pres-
ence or absence of ulceration are the most impactful prognostic factors with thicker, 
ulcerated tumors having a worse prognosis [41, 52].

With regard to both SCC and melanoma, darker-skinned individuals are less 
likely to develop these cancers than fair-skinned individuals, but demonstrate poorer 
prognoses when diagnosed [53–55].
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 Epidemiology of Skin Cancer in IBD

Multiple population-based studies and meta-analyses have examined the epidemiol-
ogy of skin cancer in the IBD population. Ekbom and colleagues were among the 
first to report an association between IBD and the development of squamous cell 
carcinoma [56]. Their data came from a population-based cohort from Sweden 
including 4776 patients who were diagnosed with IBD between 1958 and 1984. 
They noted an increased incidence of SCC in all patients with IBD (standardized 
incidence ratio [SIR] 2.2; 95% CI 1.1–3.9); the excess incidence was most notable 
in the Crohn’s disease subpopulation (SIR 5.5; 95% CI 2–11.9) with no significant 
difference in the ulcerative colitis population. Jess and colleagues looked at a 
smaller population cohort with CD in Copenhagen County in Denmark (n = 374) 
and found an increased incidence of melanoma and SCC (standardized morbidity 
ratio of 2.03 and 1.61, respectively), though their absolute numbers of cases were 
low and the association failed to reach statistical significance [57]. On the other 
hand, in a Canadian matched cohort study in Manitoba with 5529 IBD cases 
matched 1:10 to controls, there was no significant difference in the incidence of 
melanoma in the IBD population [58]. NMSC was not reported on in this study.

Given these variable results, a meta-analysis in 2010 examined the incidence of 
extraintestinal cancers in the IBD population in eight population-based studies with 
a total pooled population of 17,052 patients [59]. They found a significantly ele-
vated pooled standardized incidence ratio (SIR) of 1.79 (95% CI 1.01–3.16) for 
squamous cell carcinoma among all patients with IBD. This was largely driven by 
patients with Crohn’s disease where the SIR was 2.35 (95% CI 1.43–3.86). The SIR 
for patients with ulcerative colitis trended toward, but did not reach, statistical sig-
nificance (SIR 1.68; 95% CI 0.9–3.12). The pooled SIR for melanoma in undiffer-
entiated IBD patients, on the other hand, was not significantly elevated (1.17, 95% 
CI 0.66–2.08). The majority of the included populations were European, but two 
studies did examine populations in Canada and in Minnesota. The association with 
immunosuppressive medication or other potential risk factors was not included in 
their analysis. Another large population study was added to the literature in 2014 
[60]. The authors used Danish healthcare databases to examine patients diagnosed 
with CD or UC between 1978 and 2010 and followed them until the incidence of 
cancer, death, or emigration. The study examined 13,756 patients with CD and 
35,152 patients with UC and found significant association between IBD and NMSC 
with the SIRs of 2.1 (1.8–2.3) for CD and 1.8 (1.7–2) for UC. There was a sugges-
tion of an association between melanoma and IBD, but this association did not reach 
significance (SIR of 1.4 [1–1.9] for CD and 1.1 [0.9–1.3] for UC).

Other more recent studies have shown an association between melanoma and 
IBD. In a large (n = 108,579 patients with IBD) retrospective case–control study 
using a large health claims database in the United States, Long and colleagues found 
an association between melanoma and IBD with an incidence rate ratio (IRR) of 
1.29 (95% CI 1.09–1.53) [61]. An alarming finding in this study was an association 
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in a nested case-control analysis between therapy with biologics and development 
of melanoma with an odds ratio of 1.88 (95% CI 1.08–3.29). Since this study 
included data prior to 2009, biologic exposure in their population was essentially 
only TNFα inhibitors. Similarly, a more recent meta-analysis confirmed an associa-
tion between IBD and melanoma [62]. These authors examined 12 cohort studies 
comprising 172,837 patients and found a crude incidence ratio of melanoma of 27.5 
cases/100,000 person-years. They found IBD to be associated with a 37% increase 
in risk of melanoma (RR, 1.37; 95% CI 1.10–1.70). Interestingly, melanoma risk 
was elevated (RR 1.52; 95% CI 1.02–2.25) in the IBD population prior to the intro-
duction of biologics (1998) in this analysis but not after (RR 1.08; 95% CI 0.59–
1.96), though there were fewer studies included in the latter group. These two 
studies together suggest an increased risk of melanoma in IBD patients perhaps 
irrespective of specific therapeutic exposure.

In meta-analyses, then, IBD has been associated with an increased risk of both 
non-melanoma skin cancer and melanoma. Several studies have evaluated further 
risk stratification within the IBD population based on IBD type and medication 
exposure. This will be the focus of the further sections in this chapter.

 Risk Factors Within the IBD Population

Patients can be further stratified for the development of skin cancer based on known 
risk factors. Risk factors for skin cancer among the general population have been 
well described in the above sections and presumably apply in the IBD population. 
In addition, an understanding of the current evidence for the role of medications and 
IBD-subtype disease-specific risk factors is critical for the practicing 
gastroenterologist.

 Thiopurines and Skin Cancer

As noted above, IBD itself appears to be a risk factor for the development of both 
categories of skin cancer. The reason for this increased risk of both NMSC and 
melanoma in IBD patients is complex with several contributing factors. As noted 
in the introduction, the risk of squamous cell carcinoma in the post-transplant pop-
ulation is well recognized, pointing to immunosuppression as an implicated expo-
sure. Indeed, one study showed that in human cell lines, six thioguanine (6-TG, an 
azathioprine metabolite) accumulates in cell DNA and is susceptible to ultraviolet 
A (UVA) radiation at physiologic doses [63]. When exposed to UVA, the major 
component of solar radiation, 6-TG, generates reactive oxygen species, which in 
turn lead to the accumulation of DNA mutations, a potential precursor to carcino-
genesis. The same group showed the clinical relevance of these in vitro findings in 
another study [64]. They measured minimal erythema dose (MED) after exposure 
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to UVA before and after 12 weeks of therapy in human subjects with azathioprine 
and showed significant skin sensitization to UVA exposure after treatment. 
Biopsies of treated patients also showed increased 6-TG in cells. These findings 
provide a biologically plausible mechanism for the role of thiopurines in the devel-
opment of squamous cell carcinoma. In addition, there is evidence that azathio-
prine is associated with mutations of the tumor suppressor PTCH gene in basal cell 
carcinomas [65].

Large studies have confirmed the clinical relevance of these in vitro findings. The 
CESAME cohort in France enrolled 19,486 patients with IBD prospectively between 
May 2004 and June 2005 and followed them through December 31, 2007, recording 
baseline data, immunosuppression regimen, and incidence of cancer during follow-
 up [66]. This cohort showed a standardized incidence ratio (SIR) for development 
of NMSC of 2.89 in all patients with IBD. The SIR for patients with ongoing thio-
purine use was notably higher at 7.06 and past thiopurine exposure was 5.19. In 
patients without thiopurine exposure, the rate of NMSC development was similar to 
the general population. This finding persisted in multivariate analysis with a hazard 
ratio of 5.9 for ongoing thiopurine treatment and 3.9 for past thiopurine exposure. 
Of note, for consideration in developing screening strategies, the excess risk of 
development of NMSC was observed even in the population younger than 50 years 
old. The same authors found no association in their data set between melanoma and 
IBD or melanoma and thiopurines. The number of patients exposed to biologics was 
too small to analyze in this study. This study also did not collect data on dose and 
duration of thiopurine exposure. Regardless, this landmark study provided rich, pro-
spective data that can be used to provide patients with accurate risk information.

In another landmark study, the association between thiopurine exposure and the 
development of skin cancer was examined in the VA population in a retrospective 
cohort with data collected between 2001 and 2011 [67]. The authors adjusted for 
demographics, UV radiation exposure, and healthcare utilization. The adjusted haz-
ard ratio of developing NMSC while on thiopurine was 2.1 (P < 0.0001) and 0.7 
(p = 0.07) after stopping, implying unlike the previous studies described above that 
risk goes back to baseline after discontinuation. Compellingly, and consistent with 
findings in the post-transplant population, the incidence rate of NMSC among those 
who never used thiopurines was 3.7 compared with 5.8, 7.9, 8.3, 7.8, and 13.6 per 
1000 person-years for the 1st, 2nd, 3th, 4th, and 5th year of thiopurine use, 
respectively.

Finally, a meta-analysis pooled 8 studies totaling 60,351 patients and found a 
pooled adjusted hazards ratio of developing NMSC after exposure to thiopurines in 
IBD patients of 2.28 (95% CI 1.5–3.45) [68]. This study also noted significant het-
erogeneity between included studies. The hazard ratio for development of NMSC 
was much higher in hospital-based studies compared with population-based studies, 
raising the possibility of both ascertainment bias (patients on thiopurines are more 
likely to be evaluated by a medical professional and thus be diagnosed with a medi-
cal condition) and surveillance bias (medical professionals aware of the association 
between thiopurines and NMSC may be more likely to examine for a skin condition 
and biopsy a suspicious lesion). Studies with shorter follow-up were also more 

3 Skin Cancer Risk and Screening in Patients with Inflammatory Bowel Disease



42

likely to find a significant association between thiopurines and NMSC development 
for uncertain reasons. The authors concluded that while NMSC was associated with 
thiopurine use, the risk elevation was modest and should not preclude the use of 
these agents in the treatment of IBD.

 Biologic Therapy and Skin Cancer

Whether biologic exposure is associated with an increased risk of skin cancer is not 
certain. As mentioned above, two of the larger studies to examine this issue in the 
IBD population had conflicting results. Long et al. found that the risk of melanoma 
was elevated in the IBD subpopulation receiving therapy with biologics with an 
odds ratio of 1.88 [61]. Similarly, a study that used the FDA Adverse Event Report 
System showed an increased risk of developing both melanoma and NMSC in IBD 
patients exposed to TNFα inhibitor compared to patients exposed to 5-ASA drugs 
[69]. On the other hand, a large systematic review and meta-analysis showed that 
the risk of melanoma was higher in the prebiologic era, implying that biologics may 
in some way be protective [62].

In contrast to the uncertainty in the IBD literature, in the rheumatologic litera-
ture, data suggests that TNFα inhibitor exposure is associated with development of 
both NMSC and melanoma. Indeed, one retrospective study found that, in the rheu-
matoid arthritis population (US prospective registry, n = 13,001), exposure to bio-
logic therapy was associated with development of both melanoma (OR 2.3 [0.9–5.4 
95% CI]) and NMSC (OR 1.5 [1.2–1.8 95% CI]) [70]. Infliximab had a stronger 
association than adalimumab, though numbers were small. A meta-analysis pub-
lished in 2011 assessed the effect of anti-TNF exposure on development of all 
malignancies in the rheumatoid arthritis population examining only prospective 
studies and found no increased risk of malignancy, in general, with the exception of 
a clear association between anti-TNF and development of NMSC and a trend toward 
an association with melanoma [71]. Caution should be used in extrapolating these 
studies to the IBD population as the diseases themselves carry different risks of 
developing malignancy, irrespective of drug exposure.

The proposed biologic mechanism for the association between TNFα inhibition 
and melanoma involves cross-talk signaling between TNFα and IGF-1 (insulin-like 
growth factor). Overexposure to IGF-1 has been shown to enhance the proliferation 
of biologically early melanoma [72]. TNFα in vivo plays a role in downregulating 
IGF-1, and the introduction of TNFα binding proteins leads to an inability to engage 
in this role [73]. These findings suggest that patients exposed to TNFα inhibitors 
may have higher levels of circulating IGF-1 and thus enhanced risk of developing 
melanoma. Other authors point to a loss of immune surveillance, though experi-
mental data for this theory is lacking.

In sum, while the totality of data in regards to the association between anti-TNFs 
and melanoma does not provide a clear picture, there is at least a signal toward an 
association. Given the morbidity associated with melanoma, caution should be exer-
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cised in choosing these agents in patients with a personal or family history of 
 melanoma or who have multiple other risk factors. As always in treatment of IBD, 
a shared decision-making model of choosing a therapy, taking into account relative 
risks and benefits in the context of a patient’s individual values, is considered best 
practice.

There is not enough data about methotrexate or newer biologics such as vedoli-
zumab and ustekinumab to comment on their role in regards to development of skin 
cancer. This may highlight areas for future study.

 IBD Subtype and Risk of Skin Cancer

Does IBD disease subtype play a role in the risk of developing skin cancer? There 
is a signal that Crohn’s disease may be more strongly associated with melanoma 
than ulcerative colitis. A retrospective report using US population data showed that 
patients with Crohn’s disease accounted for more of the excess risk of melanoma 
than patients with ulcerative colitis (CD IRR 1.45; 95% CI 1.13–1.85 vs UC IRR 
1.13; 95% CI 0.89–1.42) [61]. A 2014 meta-analysis likewise showed an increased 
risk of melanoma in CD vs UC with a RR of 1.8 vs 1.2, respectively [62]. The expla-
nation for increased risk in patients with CD is uncertain but may be speculated to 
be attributable either to different medication exposure (i.e., UC patients are more 
often managed with mesalamine monotherapy), pathophysiology of the disease 
itself, confounding risk factors (i.e., tobacco use in Crohn’s disease), or healthcare 
utilization. More extensive IBD may put patients at an increased risk of developing 
melanoma [74]. This was demonstrated in both UC (pancolitis: cases 44.5% versus 
IBD controls without melanoma 28.1%; p < 0.01) and Crohn’s disease (ileal and 
colonic disease: cases 57.9% versus controls 48.9%; p = 0.02). When compared to 
controls in the general population diagnosed with melanoma, IBD patients had sim-
ilar survival.

Similarly, for NMSC, there appears to be a slightly increased risk of develop-
ment of NMSC in Crohn’s disease relative to ulcerative colitis. A 2010 meta- 
analysis found an SIR for development of squamous cell carcinoma for CD of 2.35 
(95% CI 1.43–3.86), while the association for UC did not reach statistical signifi-
cance (SIR 1.68; 95% CI 0.9–3.12) [59]. The University of Manitoba database 
similarly showed a slightly increased risk of NMSC in CD vs UC (1.38 vs 1.15, 
respectively) [58].

 Risk of Second Skin Cancer in IBD Patients

It is well known that patients who have had one skin cancer have an increased risk 
of developing additional skin malignancies in the future [75–77]. It has been theo-
rized that IBD patients may be prone to develop more skin cancers due to the 
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inherent immune dysfunction in these patients compounded by the use of immuno-
suppressive medications utilized in their treatment [62]. It would therefore follow 
that the risk of developing additional skin cancers in IBD patients would be higher 
than in skin cancer patients without IBD. There is however very little data published 
regarding the risk of a second skin cancer in patients with IBD, and what is available 
is controversial.

A number of studies have looked at the risk of incident cancers and recurrent 
cancers in IBD patients on antitumor necrosis factor alpha (anti-TNFα) medications 
and thiopurines, but the number of patients with skin cancer recurrences was lim-
ited, and the conclusions were difficult to interpret for skin cancer risk specifically 
[78, 79]. A study by a group at the University of Pennsylvania and the University of 
Alabama at Birmingham looked at the risk of developing a second non-melanoma 
skin cancer in patients with autoimmune disease treated with immunosuppressant or 
immunomodulatory medication. In this study, they looked at both IBD patients and 
patients with rheumatoid arthritis (RA). While anti-TNFα medications and metho-
trexate were significantly associated with development of additional skin cancers in 
RA patients, the results were equivocal in IBD patients on thiopurines or anti-TNFα 
agents [80].

The authors of this chapter were unable to find studies to address the risk of 
developing an additional melanoma in IBD patients with a previous history of 
melanoma.

 Does Risk Persist After Discontinuation 
of Immunosuppressive Agents?

An important consideration in clinical practice is whether discontinuation of a med-
icine that has been associated with development of skin cancer will reduce the risk 
of a second skin cancer going forward. One case series with six patients in the 
transplant population showed decreased cutaneous carcinogenesis after discontinu-
ation of immunosuppression [81]. In the CESAME cohort in France, a major find-
ing was an increased hazard ratio for the development of NMSC in patients receiving 
current treatment with a thiopurine (5.9; 95% CI 2.13–16.4) and, notably, in patients 
with past treatment with a thiopurine (3.94; 95% CI 1.28–12.1) [66]. Another large 
study in the VA population had a conflicting result, demonstrating an elevated risk 
of developing NMSC while on thiopurines (HR 2.1, p < 0.0001) which went back 
to baseline after discontinuation (HR 0.7, p = 0.07) [67]. Given these conflicting 
results, it is difficult to draw definitive conclusions, but it seems prudent, in light of 
an increasing availability of therapeutic options for IBD beyond thiopurines, to 
strongly consider discontinuation of this modality of therapy in a patient who devel-
ops an NMSC while on a thiopurine.
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 Management

Primary prevention is key in the management of skin cancers. Continued counseling 
by physicians regarding measures to reduce skin cancer risk in the IBD population 
is an important and simple intervention. These measures include strict photoprotec-
tion, avoiding tanning beds, stopping smoking, and regular self-skin checks. 
Photoprotection consists of three separate measures: avoiding outdoor sun during 
peak sun hours (from 10 am to 4 pm); wearing protective clothing including long 
sleeves, pants, wide brimmed hats, and sunglasses; and the regular application and 
reapplication of a broad-spectrum sunscreen between SPF 30 and 50 [42]. While the 
diagnosis and treatment of skin cancers often require the expertise of a dermatolo-
gist, all physicians can make a positive impact by counseling patients on the proper 
skin maintenance detailed above.

When a skin cancer is detected, the treatment depends on the type of skin cancer, 
including its size, location, and histopathologic features, within the context of the 
patient’s preferences and medical comorbidities.

 Non-melanoma Skin Cancer

Basal cell carcinoma can be successfully treated in a number of ways. Surgical 
options include electrodessication and curettage (ED&C), wide local excision 
(WLE) usually with a margin of 3–4 mm, or Mohs micrographic surgery. Other 
treatment options include cryotherapy, laser surgery, photodynamic therapy (PDT), 
topical chemotherapy, and radiation [77, 82]. Though rarely necessary, vismodegib, 
a targeted antagonist of the smoothened receptor within the hedgehog signaling 
pathway, is approved for use in patients who are not surgical candidates and for 
locally aggressive, surgically unresectable or metastatic disease [83].

Many of the above-described treatment modalities for BCC can also be used in 
the treatment of SCC.  These include ED&C, WLE, Mohs surgery, cryotherapy, 
PDT, and topical chemotherapy. Radiation, chemotherapy, and biologics, like cetux-
imab, can be used as an adjunct to the surgical treatment of aggressive subtypes, 
recurrent disease, inoperable tumors or metastatic disease, and primarily in the case 
of nonsurgical candidates [77, 84].

 Melanoma

The standard of care for the treatment of melanoma is wide local excision with 
margins determined by Breslow thickness. Margins range from 0.5 cm for in situ 
disease to 2 cm for deep lesions [85]. In cases of malignant melanoma in situ where 
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the lesion is found on a cosmetically or functionally sensitive location, Mohs sur-
gery or a staged excision (also known as slow Mohs) can be performed to ensure 
clearance while conserving as much normal skin as possible [86]. Sentinel lymph 
node biopsy is offered to aid staging if certain histopathologic features are consid-
ered unfavorable (advanced Breslow thickness and the presence of ulceration). 
Before 2011, options for metastatic or inoperable melanomas were severely limited. 
Since that time, targeted therapy and immunotherapies including immune check-
point inhibitors and oncolytic viral therapy have been approved for use in these 
patients with good success [85].

 Immunosuppressive Medications in Skin Cancer Patients 
with IBD

Currently, there are no published guidelines that recommend an altered approach to 
the management of skin cancers in patients carrying a diagnosis of IBD. That being 
said, the authors feel that patients’ concurrent medical problems and medications 
should be taken into account when directing therapy. IBD patients, for example, are 
often considered immunocompromised due to their medications. 
Immunocompromised patients are typically monitored more closely and treated 
more aggressively as it is understood that their innate cancer surveillance is ham-
pered [22, 42, 86]. The initiation or continuation of immunosuppressive agents 
should therefore be considered carefully in IBD patients who develop skin 
cancers.

Swoger and Regueiro recently published a review article specifically aimed at 
decisions regarding immunomodulatory and biologic therapies in IBD patients in 
whom an infection or malignancy had developed [87]. The authors acknowledge the 
known association of thiopurines with increased risk of non-melanoma skin cancer. 
However, stopping these therapies has not been definitively shown to improve cur-
rent tumors or future risk of developing new tumors [66]. As a result, a measured 
approach to these patients was suggested by the authors. In patients with a previous 
diagnosis of NMSC, the initiation of azathioprine or mercaptopurine (AZA/6MP) 
should take into account the severity of the prior cancer. For patients who develop 
NMSC during therapy, the recommendation is to continue AZA/6MP as long as the 
lesions are not high risk in nature and can be easily addressed with local treatment. 
If this is not the case, the use of AZA/6MP should be reconsidered. As TNFα inhibi-
tors and methotrexate are less strongly associated with the development of NMSC, 
the recommendation is to start these medications in patients with NMSC history but 
with close dermatologic follow-up. Melanoma, however, requires a stricter approach. 
Swoger and Reguerio recommend avoiding the initiation of immunosuppressive 
agents for 2 years following the successful treatment of a melanoma and stopping 
any immunosuppressive therapy on the diagnosis of a new melanoma. They also 
recommend that immunosuppressive medications should not be used in patients 
with metastatic disease. Limiting other potential iatrogenic risks should also be 
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 considered. A skin cancer patient with concurrent IBD and psoriasis, for example, 
would not be the best candidate for phototherapy.

 Screening Recommendations for IBD Patients

There is mixed evidence regarding the usefulness of annual full skin checks con-
ducted by a physician in the general adult population. The US Preventative Services 
Task Force (USPSTF) reviewed the literature in 2001 and again in 2009 and found 
insufficient evidence to make a recommendation regarding regular full skin exams 
for the early detection of skin cancers [88].

However, as discussed already, patients with inflammatory bowel disease are at 
an increased risk for the development of melanoma and non-melanoma skin cancers 
both inherently and due to commonly utilized immunomodulatory and immunosup-
pressive medications. Thus, recommendations regarding the general US adult popu-
lation are too broad to apply to this special group. Many in clinical practice 
recommend that patients with IBD perform regular self-skin exams and have yearly 
physician-conducted full skin exams [79, 87, 89–91]. The authors of this chapter are 
in agreement with this, but consideration should be given that the yearly full skin 
exam be conducted by a dermatologist. Studies have shown that patients who per-
form self-skin checks and who have regular checks by dermatologists have thinner 
melanomas at diagnosis when compared to patients who did not take these measures 
[92, 93]. The presumption is that the melanomas are detected at an earlier stage. 
Certainly IBD patients with multiple risk factors for skin cancer such as chronic sun 
exposure, family history of skin cancer, multiple nevi, or long history of immune 
suppression would likely benefit from more frequent skin checks by a dermatolo-
gist. Okafor et al. published a mathematical model that supported yearly total body 
skin exams by a physician as the most cost-effective option for the detection and 
treatment of non-melanoma skin cancers in IBD patients [94]. Once a skin cancer is 
detected, the frequency of full body skin exams is carried out by a dermatologist as 
per the national guidelines.

All dermatologic evaluations should include careful observation and palpation of 
scars from prior skin cancer surgeries in order to detect possible recurrence. 
Additionally, every patient with a history of melanoma should have a lymph node 
exam as part of their regular dermatology visit. Self-skin checks performed by the 
patient should continue on a monthly basis following a skin cancer diagnosis as an 
adjunct to physician visits [93]. Patients can be instructed on how to use mirrors to 
examine areas that are difficult to visualize such as the back. Alternatively, a family 
member or close friend could serve as an additional screener, comparing the 
patient’s current appearance to a previous baseline photo. Patients should be 
instructed regarding what constitutes a concerning lesion that requires prompt 
review by a dermatologist. Any lesions that persistently hurt, itch, bleed, do not 
heal, continue to grow, or moles that meet the ABCDE criteria (asymmetry, irregu-
lar borders, multiple colors, diameter >6 mm, evolving), should be evaluated by a 
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dermatologist immediately [95, 96]. Patients should be instructed to adopt a low 
threshold for seeing a dermatologist should they notice any of these features. 
Table 3.2 summarizes recommendations for best practices in regards to skin cancer 
risk and management for IBD patients.

 Conclusion

The most commonly encountered skin cancers are BCC, cutaneous SCC, and mela-
noma. BCC and SCC are frequently encountered but thankfully have low morbidity 
if they are caught early and are of low-risk subtypes. They can however be locally 
invasive and cause significant morbidity depending on their location, size, and his-
tologic subtypes and have the potential to result in large disfiguring surgical defects. 
Mortality, however, is overall very low. Melanoma, on the other hand, especially 
when at an advanced stage, carries a grim prognosis. IBD is associated with the 
development of both melanoma and NMSC, with IBD itself appearing to be a risk 
factor for melanoma while the excess risk of NMSC is likely mostly attributable to 
exposure to thiopurines. TNFα inhibitors may also be associated with the develop-
ment of melanoma, though data is conflicting. Despite these associations, IBD 
patients receive lower levels of dermatologic care and less skin cancer screening 
than recommended [97].

IBD practitioners should be aware of these associations and be alert when gath-
ering patient history and planning treatment strategies for their patients. Given the 

Table 3.2 Summary of recommendations for IBD patients

Recommendation Notes

Counsel patients on primary prevention Includes photoprotective behaviors, avoiding 
smoking, avoiding tanning beds

Counsel patients on photoprotection strategies Seek shade when possible, avoid sun exposure 
during peak hours, wear protective clothing, 
use broad-spectrum sunscreen (SPF 30–50)

Perform self-skin checks Ideally monthly
Annual full skin exam by physician Applies to all patients with IBD given 

increased risk of melanoma. Consideration 
given to being performed by dermatologist 
(especially in high-risk individuals, i.e., fair 
skin, greater than 50, on thiopurine)

Consider modifying therapy in patient 
diagnosed with NMSC on a thiopurine, 
especially if aggressive or multiple

Review with patient’s dermatologist. Data 
conflicting about what happens to the risk of 
new NMSC after thiopurine discontinuation

Consider stopping immunosuppression if 
diagnosed with melanoma, especially TNFα 
inhibitors. Consider avoiding starting TNFα 
inhibitor in patient with personal history of 
melanoma

Some data suggest increased risk of melanoma 
development in patients treated with TNFα 
inhibitors. Little data about risk after 
discontinuation
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availability of other steroid-sparing options for IBD, consideration can be given to 
avoiding thiopurines in patients with a personal history of NMSC or a strong family 
history of the same or multiple other risk factors. Additionally, all IBD patients 
should be apprised of recommendations for primary prevention of skin cancer, 
including photoprotective behaviors, monthly self-skin exams, and undergoing an 
annual total body skin exam with a dermatologist. The latter behavior has been 
associated with thinner melanomas at diagnosis, presumably from earlier 
diagnosis.

Treatment of skin cancer, once diagnosed, is often coordinated by dermatology. 
Thin melanomas and NMSC are primarily handled by dermatology. More advanced 
melanomas and aggressive SCC often require a multidisciplinary approach, poten-
tially including surgery, oncology, and radiation oncology. Management of medica-
tions for treatment of IBD after a diagnosis of skin cancer requires a multidisciplinary 
understanding of the disease process, typically involving discussion between the 
dermatologist and the gastroenterologist, and takes into account relative risks and 
benefits of different approaches in the context of the patient’s values.

Disclosures No relevant disclosures.
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Chapter 4
Female-Specific Cancer Risks 
and Screening in Inflammatory Bowel 
Disease

Kara De Felice and Sunanda Kane

 Cervical Cancer

Cervical cancer is the fourth most frequent cancer in women worldwide. There were 
an estimated 527,600 new cervical cancer cases and 265,700 cervical cancer deaths 
worldwide in 2012. Cervical cancer is caused by persistent infection with oncogenic 
human papilloma virus (HPV). Smoking and a compromised immune system 
increase the risk for cancer development [1].

The data regarding an increased risk of cervical dysplasia and cancer from sim-
ply having a diagnosis of IBD are conflicting, but there is a consistent trend for the 
increased risk associated with the use of immunosuppressants.

A nationwide cohort study from Denmark matched 26,000 women with IBD 
with the general population (N = 1,508,000). Women with UC had an increased risk 
of low-grade (IRR 1.15, 1.00–1.32) and high-grade lesions (IRR 1.12, 1.01–1.25) 
compared to healthy controls. Women with CD had increased risk of low-grade 
lesions (1.26, 1.07–1.48), high-grade lesions (IRR 1.28, 1.13–1.45), and cervical 
cancer (IRR 1.53, 1.04–2.27) [2]. This increased risk was not found in a large 
Canadian population-based study [3].

A meta-analysis of eight studies found sufficient evidence to suggest an increased 
risk of cervical high-grade dysplasia and cancer in patients with IBD on immuno-
suppressive medications with an adjusted odds ratio of 1.34 (1.23–1.46) [4]. 
However, the analysis did not specify medication type, dose, or duration.

Thiopurine exposure appears to carry a higher risk of cervical dysplasia and 
cancer compared to anti-TNF and vedolizumab exposure [2, 5–8]. No cervical 
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 cancer cases have been reported with ustekinumab and tofacitinib in IBD patients to 
date, but the experience with these agents is limited [9, 10].

 Cervical Cancer Screening

Women with IBD should be screened according to guidelines directed at those with 
a history of immunosuppression. The Centers for Disease Control American Cancer 
Society and American Congress of Obstetricians and Gynecologists support annual 
cervical cancer screening intervals for patients on chronic immunosuppression [11].

Preventative care for HPV vaccination should be offered to every female with 
IBD, ages 9–45, regardless of their medical therapy.

 Vulvovaginal Cancer

Vulvovaginal cancer is rare and accounts for <1% of all female cancers; however, 
the incidence rates are rising. Risk factors are HPV infection, smoking, cervical 
cancer, and lichen sclerosis [12].

The risk of vulvovaginal cancer in IBD patients and the influence of immunosup-
pressive medications are largely unknown as this cancer is rare and limited data 
available.

In a retrospective single-center study, more cases of vulvovaginal cancer were 
found in CD patients but not in UC patients [13]. Another retrospective study reports 
one case of vulvar cancer in a cohort of 1248 UC patients [14].

 Vulvovaginal Cancer Screening

There are no specific guidelines for vulvovaginal screening; however, annual specu-
lum and bimanual pelvic exams as part of cervical cancer screening are indicated 
for IBD patients who are immunosuppressed. HPV is a risk factor for vulvovaginal 
cancer, and HPV vaccines should be offered to IBD women (ages 9–45) for preven-
tion [11].

 Ovarian Cancer

Ovarian cancer incidence rates are rising worldwide. There were an estimated 
238,700 new ovarian cancer cases and 151,900 ovarian cancer deaths worldwide in 
2012. Risk factors include smoking, early menarche, late menopause, nulliparity, 
polycystic ovarian syndrome, endometriosis, and genetic susceptibility [1].
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Literature on ovarian cancer in IBD patients is again limited. In general, the risk 
of ovarian cancer in IBD patients is similar to the general population. There may be 
a small increase in risk with thiopurines; however the data is scarce. Anti-TNF and 
vedolizumab have not been associated with an increased risk.

Large population-based studies from Sweden, Denmark, and Spain found a simi-
lar risk of ovarian cancer in IBD patients compared to the general population [15–
17]. Similarly, a meta-analysis of 17,000 IBD patients did not find an increased risk 
of ovarian cancer [18].

Anti-TNF exposure has not been associated with an increased risk of ovarian 
cancer in a large nationwide register-based cohort study of 56,146 IBD patients 
[19]. In a systemic review and meta-analysis of six randomized controlled trials and 
recent publication on the long-term safety data on vedolizumab, there has been no 
reports on ovarian cancer [20, 21]. No cases of ovarian cancer were reported in the 
OCTAVE and UNITI trials for tofacitinib and ustekinumab [9, 10].

In a small study, two ovarian cancers were reported in the thiopurine-exposed 
group compared to those without thiopurine exposure [22]. A large Danish cohort 
also reported a higher occurrence of female genital organ cancers in thiopurine- 
exposed patients compared to the unexposed patients [23].

 Ovarian Cancer Screening

Regular screening for ovarian cancer in IBD patients with or without immunosup-
pressive drugs is not recommended.

 Endometrial Cancer

Worldwide, in 2012, 527,600 women were diagnosed with endometrial cancer. The 
mortality rate was 1.7–2.4 per 100,000 women. Risk factors include age above 55, 
estrogen exposure, obesity, early menarche, late menopause, nulliparity, tamoxifen 
therapy, and genetic susceptibility [1].

Literature on endometrial cancer in IBD patients is scarce. In general, the risk of 
endometrial cancer in IBD patients is similar to the general population regardless of 
immunosuppressive agents.

Earlier studies reported a higher risk of endometrial cancer in UC patients; how-
ever, these findings have not been confirmed in more recent studies [14, 16, 18, 24]. 
A meta-analysis of extraintestinal malignancies in IBD patients reports an inciden-
tal risk of endometrial cancer in IBD (SIR 0.9, 95% CI 0.49–1.75), CD (SIR 0.84, 
95% CI 0.36–1.96), and UC (SIR 1.12, 95% CI 0.54–2.32) patients [18].

Several studies have not found an increased risk of endometrial cancer with 
anti- TNF agents [24–26]. There have been no reports of thiopurine-, vedoli-
zumab-, ustekinumab-, and tofacitinib-associated risks of endometrial cancer [7, 
9, 10, 21].
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 Endometrial Cancer Screening

Regular screening for endometrial cancer in IBD patients with or without immuno-
suppressive drugs is not recommended.

 Breast Cancer

Breast cancer is the most frequently diagnosed cancer and the leading cause of can-
cer death among females worldwide, with an estimated 1.7 million cases and 
521,900 deaths in 2012. Risk factors include early menarche, late menopause, oral 
contraceptive use, hormone replacement therapy, nulliparity or late first birth, obe-
sity, genetic susceptibility, family history, physical inactivity, and alcohol [1].

The risk of breast cancer in IBD patients seems to be similar to the general popu-
lation, and it may be decreased for CD. There are no studies primarily assessing the 
risk and risk factors of breast cancer in IBD patients, and most data are derived from 
population-based cohort studies.

A meta-analysis of eight population-based cohort studies found no difference in 
the occurrence of breast cancer in both UC and CD compared to the general popula-
tion [18]. A Spanish cohort study showed a declined risk of breast cancer in IBD 
patients compared to the general population (RR 0.63, 95% CI 0.32–0.89) [17]. The 
TREAT cohort registry, a long-term safety registry of patients treated with inflix-
imab versus other medications, found a SIR of 0.28 (95% CI 0.08–0.72) [16]. 
Similarly, the Dutch Inflammatory Bowel Disease South Limburg cohort reported a 
SIR of 0.11 (95% CI 0.00–0.64) and a Swedish population-based cohort a SIR of 
0.85 (95% CI 0.75–0.97) [24, 27].

Anti-TNF agents and vedolizumab have not been associated with breast cancer 
development [20, 28]. Thiopurine exposure has been associated with an increase in 
solid malignancy in general; however, there has been no direct association between 
thiopurines and breast cancer development [22, 23, 29].

A large Danish cohort study (56,146 IBD patients) found no difference in the 
incidence of breast cancer in anti-TNF-exposed patients compared to nonexposed 
patients [19]. The TREAT registry CD cohort found a decrease in the occurrence 
of breast cancer in the infliximab-exposed (SIR 0.5, 95% CI 0.24–0.92) and 
unexposed (SIR 0.32, 95% CI 0.12–0.70) IBD patients compared to the general 
population [24]. A meta-analysis of 22 randomized controlled trials found no dif-
ference in breast cancer between anti-TNF therapy (one case) and placebo (three 
cases) [28].

There is limited information with the use of vedolizumab. Two out of 2830 IBD 
patients treated with vedolizumab were found to have breast cancer. Both patients 
had previously been exposed to other immunosuppressive medications [20].

Long-term data for tofacitinib and ustekinumab are lacking; however, there were 
no reports of breast cancer in the OCTAVE and UNITI trials [9, 10].
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There has been no clear association between thiopurine use and breast cancer 
development. Both a Danish and British cohort did not find an increased risk of 
breast cancer in those exposed to thiopurines [22, 23, 29].

 Breast Cancer Screening

Earlier and more frequent breast cancer screening is not recommended for IBD 
patients at this time.

A population-based study found that there were no significant differences in the 
use of mammograms in women with or without IBD. However, only 47% of women 
with IBD had mammograms regularly [5].

The US Preventative Services Task Force recommends biennial screening mam-
mography for women aged 50–74 years. This recommendation applies to asymp-
tomatic women with no risk factors for breast cancer (preexisting high-risk breast 
lesion, history of breast cancer, history of chest radiation, genetic markers for 
breast cancer such as BRCA1/BRAC2). The decision to start screening mammog-
raphy in women prior to age 50 years should be an individualized based on their 
risk factors [30].
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Chapter 5
Lymphoma Risk and Screening in IBD

Chip Alex Bowman and Garrett Lawlor

 Lymphoma in the General Population

The overall incidence of Hodgkin’s lymphoma is 2.3/100,000 people/year, carrying 
a mortality of 0.4 cases/100,000 people/year, with young male adults slightly dis-
proportionately affected and familial clusters suggesting a genetic component [1–
3]. Diagnosis is made from excisional lymph node biopsy [1]. Fortunately, with 
current treatment strategies, 80–90% of diagnosed Hodgkin’s lymphoma patients 
can achieve permanent remission.

Non-Hodgkin’s lymphoma (NHL) includes a wide variety of subtypes and is 
more common in developed regions (Table 5.1) [4]. The incidence rate of NHL rose 
during the 1990s, but has since stagnated, with an incidence of 19.4 cases/100,000 
people/year and a mortality rate of 5.7 cases/100,000 people/year [4–6]. The prior 
rise is thought to be due to changes in the methods of classification and diagnostic 
procedures as well as the onset of the AIDS epidemic.

Interestingly, in addition to a predisposition for males, there is also a higher inci-
dence in developed regions compared to the less developed areas for both Hodgkin’s 
lymphoma and NHL.

An increase in the incidence of lymphoma has been associated with chronic 
inflammatory conditions such as rheumatoid arthritis [3, 7]. Severe disease and the 
presence of high inflammatory activity were shown to be associated with lymphoma 
risk, independent of rheumatologic therapies.
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 Current Screening Strategies for Lymphoma for General 
and At-Risk Populations

There are currently no screening strategies recommended for lymphoma in patients 
who are at an average or even high risk, though it is generally recommended to 
monitor clinically for B-symptoms such as unexplained weight loss, fever, night 
sweats, or lymphadenopathy [1, 8].

 Risk of Lymphoma in IBD

Independent risk factors for lymphoma in IBD patients include increasing age and 
male gender, which are well-known risk factors in the non-IBD population [9]. 
While rheumatoid arthritis literature has demonstrated that disease severity is asso-
ciated with increased risk of lymphoma, evidence that IBD is itself an independent 
risk factor for lymphoma is conflicting [7, 9].

Multiple large-scale, mostly retrospective, studies have been conducted over the 
past two decades that attempt to determine the association between IBD and lym-
phoma risk, but the increasing use of immunosuppressive and biological agents 
during this time period has confounded the data [3, 10–16]. The current evidence 
suggests that IBD alone does not independently increase lymphoma risk above that 
of the general population, though the data remains overall contradictory [10, 11, 
17–20]. Heterogeneous publications with underpowered and differing population 
demographics and often under-reporting of therapies employed may reflect varied 
risk rates [10, 21]. Ignoring for a moment the impact of medications on lymphoma 
risk in the IBD population, the increased overall risk of lymphoma in the elderly 
population can lead to a reasonable recommendation that special attention be given 
to potential signs of lymphoma in the older IBD population [8, 22].

 IBD Therapy and Lymphoma

Inflammatory bowel disease management has evolved over the years, and while 
efficacious, some therapies raise concerns over their independent risk of malig-
nancy including the development of lymphoma. Immunosuppression has long been 

Table 5.1 Age-standardized rate (ASR) per 100,000 [4]

Hodgkin’s lymphoma 
(developed areas)

Hodgkin’s lymphoma 
(less developed areas)

NHL (developed 
areas)

NHL (less 
developed areas)

Males ASR 2.2; mortality 0.4 ASR 0.9; mortality 0.6 ASR 10.3; 
mortality 3.6

ASR 4.2; 
mortality 3.0

Females ASR 1.9; mortality 0.3 ASR 0.5; mortality 0.3 ASR 7.0; 
mortality 2.2

ASR 2.8; 
mortality 1.9
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shown to be associated with increased risk of lymphoproliferative disorders such as 
non-Hodgkin’s lymphoma, though the dosages are often lower in IBD typically than 
in established risk pools such as in post-transplant patients, and as such the risk may 
be slightly lower [3, 20]. As the use of immunosuppressive agents and biologics 
increases in the management of IBD, balancing the risks and benefits of medical 
therapy becomes more prudent, especially regarding the risks of long-term therapy. 
In general, this has been a difficult area of study due to small cohorts in prospective 
analyses and teasing out risk in patients with a history of exposure to multiple 
classes of medications [23]. This section will summarize the current data on lym-
phoma risk in IBD for each of the major immunosuppressive therapies.

 Thiopurines: Azathioprine (AZA) and 6-Mercaptopurine (6-MP)

Thiopurines were first demonstrated in the 1970s to have an association with non- 
Hodgkin’s lymphoma development in post-kidney transplant studies, and the asso-
ciation was later shown in the 2000s to be also seen with IBD treatment [2]. 
Azathioprine/6-mercaptopurine (AZA/6-MP) are purine analogues that interfere 
with nucleic acid metabolism and thus dampen the immune response; as such, they 
are used to maintain remission in Crohn’s disease and ulcerative colitis [3, 24, 25]. 
Many cases of thiopurine-associated lymphoproliferative cancers are associated 
with EBV virus, discussed in greater detail below.

While there are multiple studies investigating lymphoma risk with thiopurines, 
many of these studies are limited in their generalizability and confounding by indi-
cation [26]. Furthermore, conflicting data has been published regarding long-term 
use of thiopurine therapy in IBD patients and the subsequent development of lym-
phoma [27]. AZA and 6-MP have demonstrated association of developing lym-
phoma with increased risk in IBD patients in addition to prolonging life expectancy, 
though the absolute increase in lymphoma risk is low [19, 24].

Because IBD is a chronic and incurable disease, long-term therapy with these 
agents may have an added effect on risk. Though the lymphoma risk with thiopu-
rines does not appear to become clinically apparent until after at least 1 year of use, 
it continues to increase over the long term [23, 28]. Khan et al. suggest at least a 
fourfold increase in risk in UC patients receiving thiopurine therapy compared with 
those not on immunosuppression, which increases over time and as such is a limit-
ing factor in prolonged thiopurine therapy [29–32]. Importantly, discontinuation of 
thiopurine therapy appears to lead to normalization of lymphoma risk [30, 32, 33].

 Anti-TNF

When first approved by the FDA in 1998, there were no incident reports of lym-
phoma for infliximab in Crohn’s disease patients, which was promptly supported by 
retrospective studies and the first prospective trial [26]. There remained a lingering 
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concern regarding lymphoma risk with anti-TNF supported by even recent studies 
[34], and by 2002, the FDA’s adverse event surveillance system documented “pos-
sible” or “probable” infliximab-associated lymphoma cases, and in 2004, lym-
phoma risk was added to the packaging insert [26].

Over time, multiple studies assessing the safety profile of adalimumab in Crohn’s 
disease demonstrated no increased risk for lymphoma development in IBD or rheu-
matoid arthritis patients [9, 35–40]. It was considered that lymphoma risk could 
possibly be attributed to disease severity rather than TNF-alpha treatment exposure 
[41]. Although the safety profile is generally favorable, high-risk individuals such as 
those with known malignancy or prior lymphoma warrant close monitoring [42]. 
Following from this, a meta-analysis by Siegel et al. published in 2009 did conclude 
a slightly increased lymphoma risk with anti-TNF agents with a standardized inci-
dent rate ratio (SIRR) of 3.23 (95% CI 1.5–6.9), though again most patients had 
prior thiopurine exposure [43].

In more recent times, anti-TNF therapy has been demonstrated in multiple stud-
ies to have comparable rates of risk of lymphoma as the treatment-naive population 
and has an overall good safety profile [44–49]. The TREAT Registry (Crohn’s 
Therapy, Resource, Evaluation, and Assessment Tool), a large prospectively 
enrolled cohort study of 6273 patients with Crohn’s disease, showed increased risk 
of malignancy with age, disease duration, and smoking, but not with infliximab 
[50]. Of note, TREAT also found no significant impact of thiopurine use on lym-
phoma risk.

 Combination Therapy (Anti-TNF and Thiopurines)

In the current climate of combination therapy of thiopurine and biological therapies 
in the treatment of IBD, optimized use of these drugs in a safe and effective manner 
is vital. As discussed above, safety from a lymphoma perspective appears to be a 
concern after at least 1 year on thiopurines. From an efficacy standpoint, retrospec-
tive data suggest there may be a limit to duration of efficacy of thiopurines in the 
setting of combination therapy. Drobne et al. noted in retrospective data that thiopu-
rine utility wanes after 6 months of combination therapy [51]. Thus, dose optimiza-
tion of biological therapy may negate the need for continued thiopurine use after 1 
year. With that in mind, what is the risk of lymphoma in the combination therapy 
patient?

Herrington et al.’s 2011 retrospective analysis of 16,023 IBD patients within the 
Kaiser Permanente IBD Registry noted that the use of anti-TNF with thiopurines in 
addition to monotherapy with thiopurines were associated with an increased risk of 
lymphoma, with a standardized incidence rate ratio (SIRR) of 5.5 in TNF-exposed 
patients, of whom most (85%) had concomitant or previous thiopurine exposure 
[28]. In 2017, Lemaitre et al. published in JAMA a French nationwide cohort study 
of 189,289 patients of whom 14,229 were exposed to both anti-TNF and thiopu-
rines – adjusted hazard ratio (aHR) for lymphoma with combination therapy was 
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6.11 compared to 2.60 for thiopurine monotherapy or 2.41 for anti-TNF mono-
therapy [52, 53]. As such combination therapy of thiopurine and anti-TNF carries 
the highest risk for lymphoma over monotherapy of either agent [40].

 Newer Agents

In recent years, the FDA has approved a number of therapies with novel targets in 
the management of IBD. Vedolizumab, ustekinumab, and tofacitinib have not dem-
onstrated significant safety signals for lymphoma and as such may be preferred in 
patients who are considered to be at high risk for lymphoma. Please see chap. 8 
Cancer Risks and Screening with Current and Emerging Drug Therapies in 
Inflammatory Bowel Diseases for a further in depth review of the risks of lym-
phoma with current and emerging drug therapies in inflammatory bowel disease.

 Epstein-Barr Virus-Associated Lymphomas

The Epstein-Barr virus (EBV) is a human herpes virus whose reservoir are B-cell 
lymphocytes. Lymphoproliferative disorders, such as NHL, associated with EBV 
have been shown to occur in immunocompromised patients, such as post-transplant 
patients that comprise the main sample population for this subset of data in the lit-
erature [3]. The vast majority of non-Hodgkin’s lymphomas that occur in post- 
transplant patients have been associated with EBV infection. High EBV viral load 
was found to show increased risk of NHL in the transplant setting [54, 55].

Thiopurine-associated lymphomas have been recorded with EBV-associated 
B-cell lymphoma, a rare yet often fatal form of lymphoma [2, 19, 23, 30, 56–58]. It 
is thought that in these patients, who convert to seropositive for EBV while on such 
therapy, non-Hodgkin’s lymphoma is attributed to the thiopurine cytotoxic effects 
on EBV-specific immune cells. Reactivation of chronic latent EBV infection is 
associated with post-transplant-like lymphomas in IBD adults treated with thiopu-
rines [59]. The CESAME cohort study noted an increased risk in developing EBV- 
positive lymphoma when patients are receiving thiopurines that reduces to 
treatment-naïve levels when thiopurines are discontinued [26]. As such, populations 
highest at risk, such as young men seronegative for EBV upon initiation of therapy, 
may have increased risk of developing lymphoma after developing acute infectious 
mononucleosis in the setting of a thiopurine [30]. It may thus be reasonable to 
screen for EBV before initiating thiopurines, irrespective of sex or age, and poten-
tially avoid thiopurines in EBV-negative cohorts [60, 61]. Additionally, regular 
quantitative monitoring of EBV reactivation coupled with pre-emptive rituximab 
therapy has been considered an effective strategy to improve outcomes in patients at 
high risk of EBV-related lymphoma (specifically after allogeneic stem cell trans-
plantation) [62, 63].
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 Hepatosplenic T-Cell Lymphoma: Peculiar to IBD 
Management

Hepatosplenic T-cell lymphoma (HSTCL) is a rare type of lymphoma (<5% of 
T-cell lymphomas) in which atypical lymphocytes infiltrate the splenic red pulp and 
intrasinusoidal space in the liver and bone marrow. Patients present with hepato-
splenomegaly, blood dyscrasias, and liver enzyme abnormalities in the absence of 
lymphadenopathy [64]. HSTCL carries a high mortality and demonstrates an over-
representation of IBD patients contributing to the data, particularly men between 
the ages of 15 and 40 [65].

The increasing use of immunosuppression and biological therapies in patients 
with IBD appear to be affecting this trend [26, 65–67]. In 2009, Kotlyar et al. pub-
lished a systematic review of HSTCL in the setting of anti-TNF and thiopurine 
therapies, demonstrating that long-term therapy of at least 2 years of thiopurines as 
monotherapy or combined therapy with anti-TNF in young men merits monitoring 
for HSTCL or should be recommended to avoid thiopurines due to the increased 
risk [30, 65].

Data available on the FDA Adverse Events Reporting System (FDAERS) data-
base provides some insight into the occurrence of HSTCL in IBD patients (Table 5.2) 
[68]. A total of 226 cases with 137 deaths have been recorded to date (September 
2018) in the database that was first recorded in 2002. Demographic data shows that 
64% of cases were in males and 23% in females (gender unrecorded in the remain-
der). Of those that had a recorded age, the majority took place between the ages of 
18 and 64 (84%).

Of the 226 reported cases of HSCTL, 147 were in IBD patients, of which 122 
had Crohn’s disease and 25 had ulcerative colitis. Indeterminate cases are those 
whose diagnosis was not definitive in the FDA database. Age range was wide – 
12–81 years in Crohn’s disease (median 30 years) and 16–70 years in ulcerative 
colitis (median 27 years). The proportion of male patients was 88% in Crohn’s dis-
ease and 26% in ulcerative colitis for data that was reported (not including unre-
ported data from 19 subjects).

There is reported increased risk of HSTCL with some therapies commonly used 
in IBD regimens (Figs. 5.1 and 5.2). Deepak et al. in 2013 published data comparing 
FDAERS data to the SEER 17 registry and noted an increased risk of T-cell NHL in 
combination therapy and thiopurine monotherapy, but not in anti-TNF monotherapy 
[69, 70]. This is in consensus with other findings that suggest that thiopurines, 
whether in monotherapy or combination therapy, are the main drivers for HSTCL in 
IBD patients, particularly in young males [65, 71, 72]. Overall, the rarity of HSTCL 
and the possibility of under-reporting to FDAERS make it difficult to assess the true 
risk of HSTCL with each therapy.
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 Pediatric Experience

Pediatric-onset IBD is associated with a more severe disease phenotype; as such, 
there has been a growing concern regarding lymphoma risk – especially for patients 
on thiopurines [73]. Two systematic reviews have been more recently published that 
summarize the lymphoma risk on biological therapy [37, 73]. Dulai et al. published 
in systematic analysis an absolute rate of lymphoma of 2.1/10,000 person-years 
based on two reported cases, both exposed to combination therapy [69]. More 
recently, Hyams et al. collected and analyzed data from 5766 pediatric participants 
in a prospective study from 2007 to 2016, reporting five cases of lymphoma [47]. 
Three of the five were exposed to anti-TNF, four were exposed to thiopurines, also 
suggesting a greater role of thiopurine monotherapy or combination therapy (thio-
purine and anti-TNF) in the development of lymphoma in children.

 High-Risk Population: Prior Lymphoma

As IBD is a lifelong disease that affects young people, there is concern for new and 
recurrent cancer risk throughout a patient’s lifetime, especially as immunosuppres-
sant therapies may promote several types of cancers [74]. There is very little data to 
guide us on the safety of anti-TNF and thiopurines in patients with previous lym-
phoma [75, 76]. Current prospective studies are underway to determine this safety 
issue.

Key Points
 1. The weight of literature suggests that IBD is not in itself an independent risk 

factor for lymphoma development.
 2. There is currently no recommended screening strategy for lymphoma in the IBD 

population, though concerning symptoms such as unexplained weight loss and 
fevers should be investigated for possible underlying lymphoma.

 3. Use of a thiopurine for cumulatively less than 1 year does not appear to increase 
lymphoma risk.

 4. Thiopurines use for over 2 years appears to increase lymphoma risk fourfold in 
IBD patients, and this risk may increase further with longer-term use.

 5. The risk of lymphoma reverts to that of the general population when the thiopu-
rine is discontinued for greater than a year.

 6. Anti-TNF therapy in IBD does not appear to impact lymphoma risk, though the 
data is not entirely clear. For this reason, we would still recommend avoiding 
anti-TNF therapies in patients with a prior personal history of lymphoma.

 7. Combination of thiopurine and anti-TNF therapy increases lymphoma risk more 
than thiopurine monotherapy or anti-TNF monotherapy.

 8. There may be rationale to avoid thiopurines in patients who are EBV-negative to 
avoid the development of NHL in the setting of EBV seroconversion.

 9. Young men may be at particular risk of HSTCL in the setting of thiopurine use 
(and possibly anti-TNF); thus, it may be prudent to avoid in this population.

5 Lymphoma Risk and Screening in IBD
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Chapter 6
Pouch Neoplasia Following IPAA 
in Patients with Underlying Inflammatory 
Bowel Diseases

Freeha Khan and Bo Shen

Abbreviations

ATZ Anal transitional zone
CAN Colitis-associated neoplasia
CD Crohn’s disease
CRC Colorectal cancer
EMR Endoscopic mucosal resection
HGD High-grade dysplasia
IBD Inflammatory bowel disease
IND Indefinite for dysplasia
IPAA Ileal pouch-anal anastomosis
LGD Low-grade dysplasia
PSC Primary sclerosing cholangitis
UC Ulcerative colitis

 Introduction

Restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA) is the gold 
standard surgical treatment of choice for colitis-associated neoplasia, medically 
refractory ulcerative colitis (UC), and familial adenomatous polyposis. IPAA mark-
edly improves patients’ quality of life by avoiding the need for lifelong ileostomy 
and retaining the natural route of defecation. Promising functional outcomes of 
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IPAA have been reported by long-term follow-up studies [1–3]. However, the risk 
for neoplasia of the pouch may still exist, despite the removal of the diseased colon. 
Pouch neoplasia is defined as the presence of histologic evidence on endoscopic or 
surgical specimen of low-grade dysplasia (LGD), high-grade dysplasia (HGD), or 
colorectal cancer (CRC) at the anal transitional zone (ATZ) or cuff, or less often in 
the pouch body or afferent limb. A combined clinical, endoscopic, and histologic 
examination plays an essential role in diagnosis and management. Routine surveil-
lance pouchoscopy is recommended in those at risk.

 Incidence and Prevalence of Pouch Dysplasia

The reported cumulative prevalence of pouch neoplasia ranges from 0% up to 
18.5% [4–9]. Our recent study of 3203 patients with ileal pouches showed that the 
cumulative incidence for pouch neoplasia at 5, 10, 15, 20, and 25 years after pouch 
construction was 0.9%, 1.3%, 1.9%, 4.2%, and 5.1%, respectively [10]. A Dutch 
pathology registry identified 1200 patients with inflammatory bowel disease (IBD) 
and IPAA from January 1991 to May 2012. The investigators found that 25 (1.83%) 
developed pouch neoplasia, including 16 adenocarcinomas. Furthermore, cumula-
tive incidences of pouch neoplasia and pouch carcinoma at 5, 10, 15, and 20 years 
were 1.0%, 2.0%, 3.7%, and 6.9% and 0.6%, 1.4%, 2.1%, and 3.3%, respectively 
[11].

 Risk Factors

The exact pathogenesis of pouch-associated neoplasia is not clear. The main risk 
factor for pouch neoplasia is a preoperative diagnosis of UC-associated dysplasia or 
the presence of CAN before or at the time of colectomy [10, 12]. The presence of 
precolectomy colon dysplasia or CRC is associated with an estimated 4- and 25-fold 
increase in risk, respectively, of developing pouch neoplasia [11]. Other purported 
risk factors include concurrent primary sclerosing cholangitis (PSC), the presence 
of type C mucosa of the pouch, a family history of CRC, and a long duration of 
underlying UC [13]. Chronic pouch inflammation, such as chronic pouchitis, 
Crohn’s disease (CD) of the pouch, or chronic refractory cuffitis, may increase the 
risk for the development of neoplasia.

 Clinical Presentation of Pouch Neoplasia

Patients with pouch neoplasia can be totally asymptomatic. Patients usually present 
with symptoms such as diarrhea or abdominal cramps from concurrent pouchitis, 
CD of the pouch, or cuffitis [14]. Systemic manifestations, such as fever, anemia, or 
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weight loss are rare. However, there are no specific symptoms associated with pouch 
neoplasia.

 Endoscopic Features of Pouch Neoplasia

Pouchoscopy with biopsy remains the gold standard for the early detection and 
diagnosis of pouch neoplasia. Common endoscopic features include ulcerated 
lesions, polypoid lesions, adenocarcinoma, or flat dysplasia in the cuff (Fig. 6.1) 
[15]. It is recommended to remove large, such as more than 1 cm, polypoid lesions 
of the pouch or ATZ to rule out neoplasia (Fig. 6.2). Previous studies reported that 
8.7% (2 of 23) of those polyps were found to be neoplastic [15]. Some patients, 
however, may not have endoscopic visible lesion. This is particularly true in those 
with mucosectomy and handsewn anastomosis for precolectomy CAN.

a b

Fig. 6.1 White light (a) and narrow-band imaging in the detection of flat dysplasia in the cuff (b)

Fig. 6.2 Endoscopic polypectomy in a patient with distal pouch polyp
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Four to six pieces of biopsies are taken from the ATZ or cuff, pouch body, and 
afferent limb for surveillance purpose. Deep or tunnel biopsy of the ATZ or cuff is 
recommended in patients with a preoperative diagnosis of CAN (Fig. 6.3). In addi-
tion, any abnormal or suspicious areas, such as polyps, strictures, and deep ulcers, 
should be biopsied.

Image-enhanced pouchoscopy, such as chromoendoscopy and narrow-band 
imaging, may help improve the accuracy of surveillance endoscopy (Fig. 6.1).

 Histologic Features of Pouch Neoplasia

Histological findings range from no dysplasia, indefinite for dysplasia, LGD, HGD, 
to cancer [15]. Commonly reported microscopic features include architectural alter-
ations resulting from repair in chronic pouchitis and cytological abnormalities, after 
eliminating the possibility of regenerative and inflammatory changes that may affect 
the mucosa in chronic pouchitis [16]. Figure 6.3 is depicting unremarkable anal 
transitional zone. Deep biopsy showed cancer underneath the squamous layer. 
Pouch adenocarcinoma often appears to be mucinous and poorly differentiated type. 
An immunohistochemical study found that the source of pouch cancer originates 
from colorectal source, similar to UC-associated adenocarcinoma, rather than small 
bowel source [17]. It is advisable to obtain a sufficient number of biopsy samples 
and to control the underlying mucosal inflammation to augment diagnostic accu-
racy. The pathology report for pouch surveillance biopsy should clearly state the 
presence or absence of dysplasia. It is advisable to have the diagnosis of pouch 
neoplasia confirmed by at least two expert gastrointestinal pathologists with a par-
ticular interest in IBD.

a b

Fig. 6.3 Pouch cancer. Unremarkable anal transitional zone (a); deep biopsy showing cancer 
underneath the squamous layer (b)
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 Natural History of Pouch Neoplasia

ATZ or cuff is the most common site of development of pouch neoplasia [11]. LGD 
is the most commonly reported form of pouch neoplasia. Natural course, clinical 
significance, and management of LGD are yet to be defined. LGD has been reported 
to be able to regress; however, the risk for developing pouch cancer might have been 
higher if all LGD had progressed into HGD or cancer [7, 11]. Our previous study 
identified 44 patients with LGD, HGD, or adenocarcinoma in IPAA.  Of the 22 
patients with an initial diagnosis of pouch LGD, 6 had persistence or progression 
after a median follow-up of 9.5 years. Of the 12 patients with pouch HGD, 5 had a 
history of synchronous pouch LGD. Pouch HGD either persisted or progressed in 
three patients after the initial management, in a median time interval of 5.4 years. 
Of the 14 patients with pouch adenocarcinoma, 12 had a history of or synchronous 
dysplasia. After a median follow-up of 2.1 years, six patients with pouch cancer 
died [13]. The overall prognosis of pouch adenocarcinoma seems to be poor.

The histopathological term indefinite for dysplasia (IND) has been used to define 
a spectrum of atypical dysplastic features with concurrent inflammatory changes 
[18]. It was noted that the majority of patients with IND had concurrent mucosal 
inflammation on endoscopy and histology. It does not reach the threshold for an 
explicit diagnosis of true dysplasia by pathologists, and interobserver agreement in 
grading IND and LGD among GI pathologists has been poor. However, the natural 
history of IND seems to be benign, and progression to dysplasia or cancer is rare. 
On the other hand, the progression of IND or even chronic inflammation to neopla-
sia in UC patients is not unusual. Investigators have shown that 5-year progression 
rates to advanced neoplasia in patients with flat LGD and IND were 37% and 5%, 
respectively [19]. There is no consensus on the management of IND. Repeat 
pouchoscopy and image-enhanced endoscopy with extensive biopsy, along with an 
adequate control of concurrent inflammation, are recommended.

 Endoscopy Surveillance for Pouch Neoplasia

There are no published guidelines or consensus for endoscopy surveillance for 
pouch neoplasia between professional societies. The British Society of 
Gastroenterology suggests an annual pouch endoscopy for high-risk patients such 
as those with previous rectal dysplasia, dysplasia or cancer at the time of pouch 
surgery, PSC, or type C mucosa of the pouch, persistent atrophy, and severe inflam-
mation [20]. Surveillance is recommended every 5 years in all others. In our recent 
survey study, more than half of the physicians (55%) preferred that pouchoscopy 
should be performed every 2–3 years solely for the surveillance of pouch neoplasia. 
An annual surveillance pouchoscopy was favored by 23% of the physicians sur-
veyed, and 18% chose an individualized plan. Only 2% of the physicians preferred 
a 5-year surveillance protocol [21].
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Since the natural history of pouch neoplasia is poorly defined and the prognosis 
of pouch cancer is poor, we recommend a more aggressive approach. A standard 
surveillance protocol, taking into account the individual risk factors, should be con-
sidered instead.

We recommend that surveillance pouchoscopy and biopsy every 1–3 years be 
performed, beginning 10 years after the initial diagnosis of UC in patients without 
risk factors. In high-risk patients, including those with UC diagnosis for more than 
10 years, chronic pouchitis or cuffitis, type C mucosa, marked inflammation in the 
lamina propria along with villous atrophy, family history of CRC in a first-degree 
relative, or PSC, pouchoscopy and biopsy should be performed every 1 to 3 years. 
In patients with preoperative neoplasia of the colon and/or rectum, pouchoscopy 
and biopsy should be done annually, with focus on the cuff or ATZ (Fig. 6.4) [14, 
22, 23].

It may be reasonable to biopsy patients with LGD at intervals of 3–6 months, 
even after the lesion has been endoscopically removed.

 Treatment of Pouch Neoplasia

Polypectomy or endoscopic mucosal resection (EMR) with close endoscopic sur-
veillance may be attempted for patients with isolated polypoid LGD. Well-defined, 
small (<1–2 cm) endoscopically liftable unifocal LGD may be treated with EMR or 
endoscopic submucosal dissection (ESD). Ideally, the lesion should be removed en 
bloc. In addition, extensive biopsy should be taken from adjacent mucosa. Unifocal 
slightly raised LGD should undergo pouchoscopy with biopsy, with or without prior 
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Fig. 6.4 Surveillance algorithm for pouch neoplasia
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endoscopic ablation, every 2–3 months × 2 and then every year if dysplasia is not 
detected in the subsequent biopsies [14].

Surgical invention is typically required for patients with pouch cancer, HGD, 
persistent, multifocal LGD, or flat LGD or HGD [15]. Some investigators recom-
mended surgical mucosectomy and pouch advancement procedure while others 
suggested pouch excision for pouch-associated HGD [11, 24, 25]. Surgical inter-
ventions, such as completion proctectomy, may be required, especially for patients 
with risk factors for neoplastic progression or recurrence, such as preoperative diag-
nosis of colorectal neoplasia or family history of CRC [11]. Pouch excision is the 
appropriate choice of therapy should pouch HGD persist [11]. Because pouch neo-
plasia appears to have a poor prognosis, early detection of dysplasia with pouchos-
copy surveillance may offer the best approach (Fig. 6.5) [15].

 Summary

Pouch neoplasia is infrequent but potentially lethal adverse sequelae in patients with 
underlying IBD following IPAA. Proper follow-up is recommended to develop an 
optimal surveillance strategy in patients with suspected pouch neoplasia. A majority 
of pouch adenocarcinoma cases seem to follow a carcinogenic pathway similar to 
that of UC-associated cancer [14]. An algorithm for surveillance and management 
is proposed (Figs. 6.4 and 6.5).
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Chapter 7
Other Cancers: Small-Bowel Cancers, 
Cholangiocarcinoma, Urinary Tract, 
and Anal Cancer Risk and Screening 
in Inflammatory Bowel Disease

Fernanda Dal Bello and Alan C. Moss

 Introduction

It has long been recognized that patients with long-standing inflammatory bowel 
disease (IBD) are at increased risk for the development of various neoplasms, 
particularly colorectal cancer (CRC), but also cervical cancer and skin cancer, 
among others. Chronic inflammation in the colon and biliary tree can induce a 
broad array of neoplastic pathways in affected organs [1]. However, in other 
organs that do not exhibit chronic inflammation, long-term exposure to immuno-
suppressive therapies is the risk factor most associated with cancer development. 
Agents such as thiopurines and anti-TNFs can introduce oncogenic viral infec-
tions, acquired genetic mutations, or susceptibility to UVA damage that can trig-
ger malignant transformation in cells in the skin, lymphatic system, and cervix 
among others [2]. Although these cancers remain rare in IBD patients, an under-
standing of their risk factors and clinical presentation is important for prevention 
strategies and early detection. For this chapter, we have focused on small intesti-
nal, biliary, urinary, and anal cancers. The main characteristics of the cancer 
screening are in Table 7.1.
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 Small-Bowel Cancer

 Epidemiology

Small-bowel cancer is uncommon, accounting for approximately 2% of all neo-
plasms of the gastrointestinal tract [3, 4]. Adenocarcinoma is the most frequent 
subtype, but sarcomas, lymphomas, and carcinoids have all been identified in 
patients with ileal CD. The estimated incidence of small intestinal adenocarcinoma 
in CD patients is 0.3/1000 patient-years [5, 6, 7]. A population-based study from 
Denmark generated a relative risk of small-bowel adenocarcinoma of 60 in patients 
with CD, compared to the background population [8]. Diagnosis typically occurs 
late in the disease course, with a mean duration of 8 years of established disease 
before diagnosis of small intestinal adenocarcinoma [9]. With an overall prevalence 
in the Crohn’s disease population of ~1%, this cancer still remains an infrequent 
finding in absolute terms [10].

 Risk Factors/Pathogenesis

Patients with chronic inflammation in their small bowel are at increased risk for 
the development of neoplasms in this location. In patients with CD, long disease 
duration, distal jejunal/ileal localization, and complications such as strictures and 

Table 7.1 Risk factors and screening recommendations

Risk factors Screening and recommendations

Small-bowel
cancer (adenocarcinoma 
is the most frequent 
subtype)

Chronic inflammation
Long disease duration
Distal jejunal/ileal localization
Strictures and fistulae

No specific recommendations

Cholangiocarcinoma PSC
Smoking
Alcohol
Duration of IBD
Previous CRC
Previous dysplasia
HLA-DR4/DQ8
Dominant stenosis

In patients with PSC
  Annual CA 19-9
  US or MRI every 6–12 months

Urinary tract cancer Age (≥65 years)
Male gender
Use of thiopurines

No specific recommendations

Anal cancer HPV infection
Chronic inflammation
Perianal disease

Routine prophylactic HPV 
vaccination
Annual perianal clinical 
examination

UC ulcerative colitis, CD Crohn’s disease, PSC primary sclerosing cholangitis, US ultrasound, 
MRI magnetic resonance, HPV human papillomavirus
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fistulae are disease factors consistently associated with the development of small-
bowel cancer [11]. Patient factors that have also been linked to an increased risk 
include young age at diagnosis, male gender, and smoking. It is likely that many 
of the risk factors identified are surrogate markers for complicated ileal disease. 
The role of medication exposure is inconsistent, as are occupational risk factors 
[12, 13]. A case-control study published in 2008 showed that prior resection of 
the small intestine and the use of aminosalicylates for a period of more than 
2  years significantly decreased the incidence of adenocarcinoma in the small 
intestine [14].

 Screening Methods and Recommendations

Small intestinal cancers are infrequent, usually diagnosed only at the time of intes-
tinal resection, and often as incidental findings [15]. As a consequence, identifica-
tion of early-stage lesions is a challenge and, given their rarity, would not warrant 
routine screening in the CD population. No professional bodies currently recom-
mend routine screening for small-bowel cancer, even in high-risk populations.

Symptomatic patients with new stenosis during clinical remission or stenosis 
refractory to therapy should be investigated [7]. In patients with CD, differentiating 
a benign inflammatory stricture from an early-stage small-bowel tumor can be dif-
ficult, so often the diagnosis is made only by the pathologist on examination of 
resected segments [5]. On CT or MRI, adenocarcinoma may present as a sacculated 
loop with asymmetrical thickening or as a short segment of stenosis mimicking 
benign fibrostenosis [14, 16]. Alternative diagnostic approaches in symptomatic 
patients include ileocolonoscopy, PET scans, and capsule endoscopy. Capsule 
endoscopy has displayed 83% sensitivity for tumor detection with a negative predic-
tive value of 97%, but does not allow biopsy collection [7].

 Cholangiocarcinoma

 Epidemiology

Cholangiocarcinoma (CC) is the second commonest primary liver tumor world-
wide, after hepatocellular carcinoma (HCC). CC develops in cholangiocytes, with 
malignant transformation triggered by infection, inflammation, and cholestasis. 
Incidence and mortality rates for intrahepatic CC have risen steeply and steadily 
across the world over the past few decades with concomitant falls in extrahepatic 
CC rates [17]. Primary sclerosing cholangitis (PSC) is the main known risk factor, 
which may occur in the presence or absence of IBD. It is estimated that the risk of 
developing cholangiocarcinoma in patients with PSC is 0.5–1.5% per year, with a 
lifetime prevalence of 5–20% [18, 19].
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 Risk Factors/Pathogenesis

Patients with IBD, especially with UC, are at higher risk for developing cholangio-
carcinoma than the general population, and this increase is mainly caused by the 
association of this cancer with PSC. Primary sclerosing cholangitis is the common-
est known predisposing factor in the Western world; the 10-year cumulative risk is 
around 8% [19]. In addition to cholangiocarcinoma (CC), an increased frequency of 
gallbladder carcinoma (GBC), hepatocellular carcinoma (HCC), and colorectal car-
cinoma (CRC) is also observed in patients with PSC. Studies report that the risk of 
intrahepatic CC is increased in patients with UC, but not in CD patients [20]. The 
severity of liver disease does not appear to be a significant risk factor. Smoking, 
alcohol, duration of IBD, previous CRC/dysplasia and the HLA-DR4, and DQ8 
haplotype are reported risk factors for CC in patients with PSC [21]. The presence 
of dominant stenosis/strictures (defined as a stricture less than 1.5 mm diameter in 
the common bile duct or less than 1 mm in the left or right main hepatic ducts) when 
accompanied with IBD also seems to be associated with an increased risk of biliary 
cancer [22]. Evaluation of these strictures is important, as among patients with chol-
angiocarcinoma, almost half of the malignancies were diagnosed within the first 
4 months after initial diagnosis of PSC [19]. In longitudinal studies of small duct 
PSC, biliary cancer has not been reported unless there is progression to large duct 
PSC [23]. Thus, although all IBD patients with PSC are at increased risk of CC, 
there are individual factors that stratify risk within PSC groups.

 Screening Methods and Recommendations

Most experts agree that early detection of CC in PSC may identify cases amenable 
to curative surgery and avoid inappropriate liver transplantation [24, 25]. Screening 
for cholangiocarcinoma with regular (every 6–12 months) cross-sectional imaging 
with ultrasound or MRI, and serial CA 19-9 measures, is recommended by the 
American College of Gastroenterology, but this is based on expert opinion only 
[26]. More recent expert opinions have suggested only annual MRI and CA 19-9 
[27]. No studies have documented that this approach leads to a reduction in mortal-
ity from CC in patients with PSC, so the benefits and cost-effectiveness of this 
strategy have not been confirmed.

There are limitations to this approach. A CA19-9 cutoff of 129  U/mL has a 
reported sensitivity and specificity of 79% and 99% (respectively) for CCA detec-
tion, and a threshold of 100  U/mL yielded a similar diagnostic performance. 
However, only advanced cases of CCA were detected by either cutoff [28]. 
Complicating use of this biomarker, 7% of the population are unable to produce 
CA19-9, and one third of PSC patients with a CA 19-9 greater than 129 U/mL do 
not have underlying CCA [29]. Consequently, ACG guidelines on management of 
focal liver lesions do not support routine screening for CCA in patients with under-
lying PSC, despite the increased incidence of CCA in this population [30]. Both 
European Crohn’s and Colitis Organization (ECCO) and the British Society of 
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Gastroenterology (BSG) guidelines do not recommend routine screening for chol-
angiocarcinoma in IBD patients, but emphasize the importance of clinical manage-
ment of the risk of biliary cancer in patients with PSC.

 Urinary Tract Cancer

 Epidemiology and Risk Factors

The risk of urinary tract cancers, including kidney and bladder cancers, are increased 
in patients with IBD and those receiving immunosuppressive therapy. Overall, IBD 
patients have an increased risk of cancer of the urinary bladder (SIR 2.03) [31]. 
Incidence rates for urinary tract malignancy are threefold higher in IBD patients 
≥65 years of age when compared with cancer IRs in the SEER database for the 
same age group (IR 0.37/100 PY vs. 0.12/100 PY), independent of immunomodula-
tor or biologic use [32]. The reasons for this increased risk are uncertain, although 
differences in smoking rates and immunosuppression have been postulated. Once 
diagnosed, IBD patients have a significantly lower age at renal cell cancer diagno-
sis, are at earlier stage at diagnosis, and are more likely to undergo surgical treat-
ment compared to the general population. This translated into better survival, 
independent of immunosuppression in one study [33].

Risk factors for urinary cancer in IBD patients include the use of thiopurines 
(HR 2.8), male gender (HR 3.9), and increasing age (HR after 65 years 13.3) [34]. 
Specifically, for renal cell cancer, pancolitis (OR 1.8–2.5), penetrating Crohn’s dis-
ease (OR 2.8), and IBD-related surgery were also identified as independent risk 
factors [33].

 Screening Methods and Recommendations

There are no specific recommendations in the current guidelines for screening for 
urinary tract neoplasia in IBD patients, given their rarity and lack of suitable screen-
ing tests for early cancers. In older male patients, the highest risk group, incidental 
lesions on CT/MRI or urinary symptoms should be promptly investigated.

 Anal Cancer

 Epidemiology

Patients with IBD are at risk of developing both anal squamous cell carcinoma 
(SCC) and anal adenocarcinoma. These have been attributed to human papilloma 
virus (HPV) infection (squamous) and chronic inflammation (squamous and 
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adenocarcinoma) of the anal mucosa [35]. In a large cohort study in France of 2911 
patients with perianal Crohn’s disease, 2 patients were diagnosed with anal SCC 
and 3 patients with perianal fistula-related anal adenocarcinoma during follow-up. 
This translated to incidence rates of 0.26 per 1000 patient-years for anal squamous- 
cell carcinoma and 0.38 per 1000 patient-years for perianal fistula-related adenocar-
cinoma [36]. For patients with UC, or no perianal disease, the incidence rate for 
SCC was even lower, 0.08 per 1000 patient-years. Of note, the risk of rectal adeno-
carcinoma was fivefold higher in patients with perianal Crohn’s disease than those 
without perianal disease in this study.

Anal SCC in IBD has a poor prognosis, with a 37% 5-year survival rate, in con-
trast to 60% 5-year survival in the general population [37]. The prognosis of peri-
anal fistula-associated cancers is also poor, with a 4-year survival rate ranging 
among series from 30% to 60% [34]. In both conditions, delay in diagnosis due to 
nonspecific symptoms, and challenges in acquiring malignant cells during sampling 
of fistula tracts, is thought to explain these poorer outcomes.

 Risk Factors/Pathogenesis

HPV infection and chronic inflammation are the two established risk factors for anal 
cancer in patients with IBD. It is known that HPV is a risk factor for SCC, and a 
majority of IBD patients (89%) had anal human papillomavirus when screened in 
one small study [38]. Whether chronic immunosuppression exposure plays a role in 
this risk is unclear. Although studies of HPV and cervical dysplasia have been 
linked to thiopurines, the two published studies on anal SCC have not been associ-
ated with thiopurines [36, 39]. For adenocarcinomas, chronic inflammation related 
to perianal disease was the sole factor significantly associated with a higher risk of 
anal cancer (odds ratio 11) in one study in patients with Crohn’s disease [36].

 Screening Methods and Recommendations

Given the association between HPV and SCC, routine prophylactic HPV vaccina-
tion is recommended for both females and males according to national guidelines 
[40]. Apart from this, the risk of non-fistula-related SCC in patients with IBD is low, 
and similar to the general population, therefore does not justify an anal cancer 
screening program in patients with IBD without other risk factors (HIV infection, 
urogenital condyloma).

In contrast, the higher incidence of rectal cancer and anal adenocarcinoma in 
patients with perianal CD warrants further consideration. No guidelines for surveil-
lance intervals or modalities have been established to date, although the practice has 
been recommended [35]. In the absence of such guidelines, we recommend annual 
examination of the perineum to identify changes in morphology or findings over 
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time. In particular, any patient with new or change in anal symptoms should have a 
perianal clinical examination, including digital rectal examination, followed by 
anoscopy and biopsies, and/or MRI when malignancy is suspected. Unexplained 
pain should always raise the suspicion of anal cancer. Given the low yield or clinical 
examination and imaging, there should be a low threshold for examination under 
anesthesia and biopsy/curettage of fistula tracts in this setting [41].

 Conclusion

Patients with IBD are at a higher risk of cancer in extra-colonic locations. Although 
these cancers are rare, they are often diagnosed late in their course. Their low inci-
dence, lack of suitable screening modalities, and lack of evidence of an impact of 
screening on mortality have not led to recommendations for universal screening in 
patients with IBD to date (except CC). However, clinicians should remain vigilant to 
new or altered symptoms attributable to these organs with this knowledge in mind.
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Chapter 8
Cancer Risks and Screening with Current 
and Emerging Drug Therapies 
in Inflammatory Bowel Diseases

Helen Lee, Yecheskel Schneider, and Gary R. Lichtenstein

 What’s the Risk of Lymphomas in the General Population?

The two main categories of lymphomas, cancers of the immune system, are non- 
Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma (HL). HL arises from 
mature B cells, while NHL can come from mature B, T, and/or NK cells [1, 2]. 
NHL, the seventh most common cancer in the USA, occurs more frequently than 
HL, but together they account for about 5% of new cancers diagnosed in the USA 
annually [1–3]. The National Cancer Institute’s Surveillance, Epidemiology, and 
End Results (SEER) Program estimates that there will be 74,680 new cases of NHL 
in the USA in 2018, accounting for 4.3% of all new cancers, and 19,910 (3.3%) 
estimated deaths from all cancers (see Table 8.1) [3]. SEER estimates that there will 
be 8500 new cases of HL diagnosed in the USA in 2018 accounting for 0.5% of new 
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cancers and 1050 estimated deaths from HL or 0.2% of all cancer deaths [3]. Some 
risk factors for NHL include older age (median age of diagnosis is 67 years old), 
race (Caucasian >black), gender (slight predominance in males over females), 
inherited or acquired immunocompromised status (patients with human immunode-
ficiency virus, organ transplant, or autoimmune disorder or on immunosuppres-
sants), and infections (Epstein-Barr virus, HTLV-1, HIV, Helicobacter pylori, 
hepatitis C, human herpesvirus 8) [1, 3]. The estimated lifetime risk for developing 
NHL is 2.1% [3]. Some risk factors for HL include race (Caucasian, black), age 
(young adults between 20 and 34 years old; median age of diagnosis is 39-SEER), 
gender (males over females), and presence of an inherited or acquired immunocom-
promised condition similar to the risk factors for NHL [2–4]. The estimated lifetime 
risk for developing HL is 0.2% [3].

 Does Having IBD Increase a Patient’s Risk for Lymphoma?

Although some earlier observational studies that were conducted largely at referral 
centers reported there was an associated increased risk for lymphoma among 
patients with IBD, several population-based studies later revealed that the risk of 
lymphomas for IBD patients who are not on immunosuppressive therapies is similar 
to the general population [5–16]. In 2000, Loftus et al. published the results of a 
population-based cohort study on IBD patients diagnosed between 1940 and 1993 in 
Olmsted County, Minnesota, before the advent of immunomodulators and biologic 
therapies to assess whether those patients with IBD had a higher risk for NHL [17]. 
They found that the absolute risk was negligible at 0.01% per person-year [17]. A 
subsequent retrospective cohort study by Lewis et  al. in 2001 using the General 
Practice Research Database (GPRD) from the UK reached a similar conclusion 
[18]. The GPRD was felt to be representative of the country’s entire population [18]. 
The study included over 16,000 patients with IBD and compared them to greater 
than 60,000 matched control patients without IBD to determine if there was a 

Table 8.1 Epidemiology of NHL and HL [3]

NHL HL

Prevalence compared to other types of cancer in the USA #7 #26
Estimated new cases in 2018 (%) 74,680 (4.3) 8500 (0.5)
Estimated deaths in 2018 (%) 19, 910 (3.3) 1, 020 (0.2)
Lifetime risk (%) 2.1 0.2
New cases per 100,000 people per year (between 2011 
and 2015)

19.4 2.5

New deaths per 100,000 people per year (between 2011 
and 2015)

5.7 0.3

Source: Surveillance, Epidemiology, and End Results (SEER) Program. https://seer.cancer.gov/
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greater incidence of NHL or HL in patients with IBD [18]. They found that the rela-
tive risk (RR) of lymphoma (either NHL or HL) in IBD patients compared to 
matched controls was not statistically significant with RR of 1.2 and 95% confi-
dence interval (CI) of 0.7–2.1 [18]. Another large population-based study from 
Sweden that included more than 47,000 patients with IBD with prospectively col-
lected data found that the standardized incidence ratio of lymphomas was 0.8 with 
95% CI of 0.5–1.3 in patients with UC and 1.3 with 95% CI of 0.8–2.0 in patients 
with Crohn’s [19].

There were two population-based studies that showed different conclusions. One 
from Manitoba, Canada, found that there is an increased risk of lymphoma in male 
Crohn’s patients, while another study from Florence, Italy, noted an increased risk 
of HL in patients with ulcerative colitis [20, 21]. However, these conflicting findings 
were not confirmed by other population-based studies.

Based on the large amount of evidence amassed from several population-based 
studies conducted in the past two decades, having IBD likely confers an insignifi-
cant to no increased risk for lymphoproliferative diseases [22–25].

 What’s the Risk of Skin Cancers in the General Population?

Melanomas and nonmelanoma skin cancers (NMSC) are the two main categories of 
cancer of the skin. Melanoma, cancer of melanocytes, is the fifth most common type 
of cancer in the USA [3]. According to SEER, the estimated number of new mela-
noma cases in 2018 is 91,270 which accounts for 5.3% of all cancers [3]. A similar 
estimated number of new cases of melanoma-in-situ will be diagnosed (87,290) in 
2018 [26]. The estimated number of deaths from melanoma in 2018 is 9320 or 1.5% 
of all cancer deaths [3]. 2.3% of population will be diagnosed with melanoma in 
their lifetime [3]. Risk factors for melanomas include male gender, fair complexion, 
older age, cumulative exposure to ultraviolet light, history of sunburns, family or 
personal history of melanomas, presence of multiple atypical large nevi, congenital 
melanocytic nevi, certain geographic locations (highest incidence in New Zealand 
and Australia where the ozone layer is the thinnest), presence of mutation or dele-
tion of cyclin-dependent kinase inhibitor 2A (CDKN2A), and/or presence of a vari-
ant melanocortin-1 receptor (MC1R) that produces melanins that are not 
sun-protective [3, 27, 28].

Although NMSC is the most commonly occurring cancer, its exact incidence in 
the USA is not clear as this information is not currently routinely collected and 
recorded in cancer registries [28]. There is an estimated annual incidence of at 
least 1.5–2 million cases of NMSC in the USA though that is likely an underesti-
mate. One study estimated the total number of NMSC in the USA in 2012 to be 
greater than five million after analyzing administrative data from Centers for 
Medicare & Medicaid Services Physicians Claims database and population-based 
data from National Ambulatory Medical Care Survey database [28, 29]. NMSC 
encompasses both basal cell skin cancers and squamous cell skin cancers [28]. The 
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majority of NMSC are basal cell skin cancers (70–80%), while squamous cell skin 
cancers comprise much of the remaining NMSC [28]. It is estimated that 20% of 
Americans will develop a skin cancer in their lifetime [30, 31]. Risk factors for 
developing NMSC are similar to melanomas, including cumulative and childhood 
ultraviolet light exposure, geographic location (relative to ozone layer thickness), 
older age, male gender, fair complexion, presence of certain skin conditions (xero-
derma pigmentosum, epidermodysplasia verruciformis, nevoid basal cell cancer 
syndrome), exposures to ionizing radiation, immunosuppressed status, human 
papillomavirus infection, and chemical carcinogens like tobacco and arsenic [28, 
31, 32].

 Does Having IBD Increase a Patient’s Risk for Skin Cancers?

IBD appears to be a risk factor for melanomas independent of immunomodulator 
(IMM) and biologic therapy exposure. A meta-analysis of 12 studies which included 
a total of 172,837 patients and 179 cases of melanoma diagnosed between 1940 and 
2009 by Singh et al. in 2014 found that there is a 37% increased risk of melanoma 
in patients with Crohn’s disease and ulcerative colitis over the general population 
[33]. The increased risk was seen in cohort studies predating the use of immuno-
modulators and anti-tumor necrosis factor alpha therapy as well as in subgroup 
analysis where hospital-based studies were excluded leaving only population-based 
cohorts [33]. Extensive disease was noted to be a possible risk factor for melanoma 
among patients with IBD [34].

Patients with IBD are not likely to be at increased risk for NMSC over the gen-
eral population if they have not had exposure to immunomodulators or biologic 
therapies [35]. Although there were few cohort studies that noted an association 
between IBD and NMSC, they either did not account for the confounder of expo-
sure to IMM like thiopurines or increased healthcare utilization [9, 35–39]. One 
study did note that there may be an increased risk for basal cell skin cancer in cer-
tain group of IBD patients; males younger than age 50 with Crohn’s disease were 
found to have a threefold increase risk of NMSC compared to those without IBD 
[38].

 The Risk of Lymphoproliferative Disorders After Exposure 
to Thiopurines and Anti-TNF Alpha Therapies

One of the greatest concerns when using immunomodulators or biologics for the 
treatment of inflammatory bowel disease, whether alone or in combination, is the 
concern regarding the risk of lymphoma. Although effective at inducing or main-
taining remission, the risk of lymphoma may impose significant concern on both the 
patient and the physician when selecting a therapy. In particular, combination 
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therapy with a thiopurine and an anti-TNF agent may carry a greater risk than when 
each individual agent is used alone. Much of the data we have examining the risk of 
lymphoma for individuals receiving therapy for their IBD relies on individual cohort 
studies and meta-analyses of these studies.

 Thiopurines

A large nationwide cohort study from France, by Lemaitre et al., examined the risk 
of lymphoma for individuals on thiopurines and found that the risk of lymphoma 
was increased in those exposed to thiopurine monotherapy compared to those unex-
posed to thiopurine or anti-TNF agents, with an adjusted hazard ratio of 2.6 [40]. 
Another cohort study examining nationwide data in the USA over a 10-year period 
for individuals with ulcerative colitis treated with thiopurines found that patients on 
thiopurine had a fourfold increase in the risk of lymphoma while in therapy, com-
pared to individuals not exposed, and this risk increased with ongoing use of the 
medication [41]. Additionally, a meta-analysis looking at the risk of lymphoma in 
individuals with IBD on thiopurines found an increased risk of lymphoma in those 
taking thiopurines, compared to those unexposed to medication. It found that the 
risk did not persist after discontinuation of therapy. Additionally, the risk was great-
est in those over the age of 50 or men under the age of 35. Additionally, the meta- 
analysis found that the risk increased after one year of thiopurine use, but it was not 
increased when the duration of use was less than one year [42]. Thiopurines, either 
alone or in combination with anti-TNF therapy, may also be associated with the risk 
of developing Hepatosplenic T-cell lymphoma (HSTCL), a rare but aggressive lym-
phoma with a high risk of mortality. A systematic review of 36 reported cases of 
patients who developed HSTCL found that most patients were men, were younger 
than 35 years of age, and had received either thiopurine monotherapy or thiopurine 
combination therapy with an anti-TNF agent. Overall, the use of thiopurines does 
appear to be associated with a small but increased risk of lymphoma. This risk does 
appear to decrease overtime after discontinuation of the medication.

 Anti-TNF Agents

The literature regarding the risk of anti-TNF therapy and the development of lym-
phoma has been conflicting. Data from the Crohn’s Therapy, Resource, Evaluation, 
and Assessment Tool (TREAT™) Registry did not find an increased risk of lym-
phoma for individuals treated with infliximab therapy alone [43]. In addition, a 
large nationwide cohort study in Denmark found that exposure to an anti-TNF agent 
was not associated with an increased risk of lymphoma [44]. However, in the cohort 
study from Lemaitre et al., the risk of lymphoma for those who received anti-TNF 
therapy, compared to those who were unexposed to anti-TNF therapy or 
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thiopurines, was increased, with an adjusted hazard ratio of 2.41 [40]. This risk was 
slightly lower for those who received anti-TNF monotherapy, as opposed to those 
who received thiopurine monotherapy. At this time, it is difficult to say whether 
anti-TNF therapy alone is associated with an increased risk of lymphoma; however, 
any such risk would likely be small and less than the risk of lymphoma when 
exposed to thiopurines.

 Combination Therapy of a Thiopurine with an Anti-TNF

In the study by Lemaitre et al., the risk of lymphoma was greatest when exposed to 
combination therapy with a thiopurine and anti-TNF, with an adjusted hazard ratio 
of 6.11 [40]. Another study examining data in the USA from 1996 to 2009 and 
including 16,023 patients with IBD found that combination therapy of anti-TNF 
with thiopurine was associated with an increased risk [45]. A meta-analysis from 
2010 examined the risk of lymphoma for individuals who had received an immuno-
modulator and an anti-TNF agent for the treatment of Crohn’s, including 26 studies 
in their analysis, with 8905 patients and 1178 patient-years of follow-up. The 
authors found that the use of combination therapy was associated with a small but 
increased risk of lymphoma, with a standardized incidence ratio of 3.23 [46]. 
Notably, combination therapy has also been seen in individuals who have developed 
HSTCL, as mentioned above in the thiopurine subsection. Combination therapy 
may be associated with an increased risk of lymphoma, greater than the risk of thio-
purines or anti-TNF therapy alone.

 Additional Therapies

 Methotrexate

There are no adequately powered studies specifically examining the risk of lym-
phoma in patients with inflammatory bowel disease receiving methotrexate. One 
study by Farrell et al. studied 782 patients with IBD, 238 of whom had received 
immunosuppressive therapy. Two of four patients who developed lymphoma had 
previously received methotrexate, either alone or in combination with cyclosporine 
[47]. However, given the limited data regarding the risk of lymphoma for individu-
als on methotrexate, it is difficult to draw a conclusion regarding the risk based on 
this one study.

 Tofacitinib

Tofacitinib, a small molecule JAK-kinase inhibitor, approved by the Food and Drug 
Administration for UC and for rheumatoid arthritis, has limited data evaluating the 
risk of malignancy for patients with IBD.  Data pooled from studies evaluating 
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tofacitinib for individuals with rheumatoid arthritis and did not show an increased 
risk of lymphoma for those on therapy when compared to standardized incidence 
ratios from the Surveillance, Epidemiology and End Results data [48]. In the ran-
domized controlled trial evaluating tofacitinib for the treatment of UC, there was 
one reported lymphoma [49, 50]. Data examining the risk of lymphoma for indi-
viduals with rheumatoid arthritis on Tofacitinib have found the rate of lymphoma to 
be within the expected range of patients with moderate-to-severe rheumatoid arthri-
tis [48]. Additional studies are needed in the future to better evaluate the risk of 
lymphoma for individuals with IBD who are receiving this medication.

 Ustekinumab

Ustekinumab which is a monoclonal antibody directed against the p40 component 
of the interleukins 12 and 23 is currently approved for the treatment of Crohn’s 
disease. Data focusing on the lymphoma risk is limited to randomized controlled 
studies evaluating the efficacy of the medication for the treatment of Crohn’s dis-
ease, which have not shown an increased risk of lymphoma [51]. To date, there are 
no large cohort studies in patients with IBD which have evaluated the risk of lym-
phoma for individuals receiving this therapy.

 Vedolizumab

Vedolizumab is a selective anti-integrin, which targets alpha4-beta7 and is approved 
for both UC and Crohn’s disease. A large prospective cohort study evaluating the 
safety of vedolizumab for one year of use in 294 patients did not reveal any incident 
lymphomas [52]. A systematic review including 2830 patients exposed to vedoli-
zumab also did not reveal an increased risk of lymphoma [53].

 The Risk of Skin Cancer After Exposure to Thiopurines 
and Anti-TNF Alpha Therapies: Discordant Results

 Anti-TNF Alpha Therapies

 Melanoma

There were a few retrospective studies that seem to indicate that use of anti-TNF 
alpha therapies is linked to an increase risk for developing melanomas [39, 54]. In 
their 2012 retrospective study, Long and her colleagues analyzed data from an 
insurance claims database and showed that there was an increased incidence of 
melanoma (IRR 1.29 with 95% CI 1.09–1.53) in IBD patients who used biologics, 
especially those with Crohn’s disease (IRR 1.45 with 95% CI 1.13–1.85, adjusted 
HR 1.28 with 95% CI 1.00–1.64) [39]. Querying the Food and Drug Administration 
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(FDA) Adverse Event Reporting System, McKenna et al. also noted that there was 
an increased odds of melanoma for IBD patients on anti-TNF monotherapy and for 
those who received combination therapy with thiopurines [54].

However, there is an equally if not stronger and more compelling collection of 
data to show that there is no increased risk for melanomas in patients exposed to 
anti-TNF therapy. A population-based cohort study from Denmark in 2012 that 
included more than 56,000 IBD patients who were followed for a median of 
3.7  years found no increased risk for any cancers including melanomas [44]. 
Another population-based study of IBD patients in Olmsted County, Minnesota, 
diagnosed between 1940 and 2004 by the Mayo Clinic researchers reported no 
cases of melanoma were found in patients treated with anti-TNF inhibitor [55]. The 
TREAT registry’s prospectively collected data also revealed that there is no increased 
incidence of melanoma in Crohn’s patients treated with infliximab when compared 
to other treatment groups and the SEER database [43].

 NMSC

There are also conflicting results on whether use of anti-TNF inhibitors increases 
the risk of NMSC. A 2–3-fold increase in risk was observed in Crohn’s patients who 
had recent (≤90 days) or persistent (>365 days) use of TNF monotherapy or combi-
nation therapy [37]. Although a subsequent study by Long and colleagues using a 
different insurance claims database in 2012 came to the opposite conclusion, there 
was no increased risk after all [39]. An increased risk for NMSC was also found in 
a query of the FDA Adverse Event Reporting System for anti-TNF inhibitors [54]. 
Interestingly, a meta-analysis that pooled data from randomized control trials for 
adalimumab in patients with Crohn’s disease found no increase in NMSC risk on 
TNF monotherapy SIR 1.2 with 95% CI 0.39–2.80 [56].

After reviewing the available data, the risk of either melanomas or NMSC in IBD 
patients is not likely to be increased above the general population after exposure to 
anti-TNF alpha therapy as it was previously believed to be [57]. It should be noted 
that some older studies did not distinguish between patients on anti-TNF therapy 
who had prior exposure to antimetabolite therapy versus those who were naïve to it. 
The use of prior antimetabolite therapy is a known risk factor for the development 
of NMSC.

 Thiopurines

 Melanomas

There are very few studies to address the question of whether thiopurines increase 
the risk for melanoma development. Prospectively collected data from Cancers Et 
Surrisue Associé aux Maladies inflammatories intestinales En France (CESAME) 
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cohort showed that there was no associated increased risk for melanomas in patient 
who were receiving thiopurines (SIR 1.09 with 95% CI 0.13–3.94), and interest-
ingly, it also showed that there was no increase in risk for patients who had previ-
ously been exposed to thiopurines [58]. Long and colleagues’ retrospective study 
examining insurance claims data also noted no increased risk for melanoma in 
IBD patients on thiopurines (OR 1.10 with 95% CI 0.72–1.67) [39]. On the other 
hand, Yadav and colleagues observed an association between melanomas and the 
use of IMM, which in this study included azathioprine and 6-mercaptopurine 
among other medications [55]. When they examined the Olmsted County cohort’s 
risk, they determined that there was an IRR of 5.3 (with 95% CI 1.1–24.8) although 
it is not clear how much of that increased risk could be attributed to thiopurines 
only compared to the other IMM as the researchers did not include a breakdown 
of the frequency of exposure for each individual IMM [55]. One of the strengths 
of this retrospective study was that it had a long median follow-up of 18 years.

 NMSC

There have been multiple studies published over the past decade that clearly link 
NMSC and thiopurine exposure together [37–39, 56, 59–61]. IBD patients who take 
thiopurines have at least a twofold greater risk of developing NMSC when com-
pared to general population [37, 39, 62]. Younger age of exposure confers a greater 
risk when compared to older age of exposure [62]. We have also learned that longer 
cumulative duration of thiopurine exposure increases one’s risk for the development 
of NMSC [37, 62, 63]. Although the data is conflicting, that risk may decrease but 
is not perceived to return to baseline upon discontinuation of thiopurine therapy [55, 
61–63].

It is not clear that exposure to thiopurines leads to an increased risk for melano-
mas, but there is no doubt that thiopurine use is associated with increased risk for 
NMSC.

 Methods to Help Decrease the Risk of Skin Cancers Among IBD 
Patients

 (i) Sun-protective measures – It is recommended that IBD patients, similar to the 
general population, should engage in avoidance of artificial or natural ultravio-
let (UV) light or use a broad-spectrum sunscreen that is protective against UVA 
and UVB light with a sun protection factor (SPF) of 30 or greater [35, 64]. 
Reapplication of sunscreen should be done at least every 2 hours if continuous 
exposure to UV rays is expected [64]. Additionally, patients should routinely 
wear sun-protective clothing that cover the exposed skin as well as hats and 
sunglasses [64].
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 (ii) Skin exam – In the recently published preventative care guidelines for IBD 
patients by the American College of Gastroenterology (ACG), a skin exam 
performed by a dermatologist is recommended on initiation of immunosup-
pressive therapy [35]. Timing of subsequent skin exams for surveillance should 
then be individualized based on each patient’s risk factors [35]. The guideline 
also suggests that IBD patients maintained on thiopurine therapy who are 
50 years or older should receive skin exam to screen for NMSC based on data 
from the CESAME group that indicated there was an increased risk after that 
age. CESAME group found that before the age of 50, the incidence of NMSC 
in patients who were taking thiopurines was 0.66/1000 patient-years, while 
those who were previously on thiopurines had an incidence of 0.38/1000 
patient-years [65]. They also found that from age 50 to 65, the incidences of 
NMSC in patients who were taking thiopurines and those had been on it previ-
ously were 2.59/1000 patient-years and 1.96/1000 patient-years, respectively, 
and beyond the age of 65, the incidence was greater at 4.04/1000 patient-years 
and 5.70/1000 patient-years, respectively [65]. However, it is important for 
IBD patients to continue to receive regular skin exams even after immunosup-
pressive therapy is later discontinued since it is not clear that their risk for skin 
cancer decreases or return to a baseline population risk [35]. The recommenda-
tion for patients to receive regular skin exams, performed by a physician or 
themselves, is not based upon data from any randomized control trials, but 
given the known increased risk for skin cancer on immunosuppressive therapy, 
it makes sense to engage IBD patients in measures to allow for early detection, 
rapid referral to dermatology for diagnosis, and treatment of a skin cancer [35].

A recent cost-effective analysis for skin exams showed that they can be 
effective but costly tool for skin cancer surveillance [66]. The authors found 
that it is more cost-effective for patients to undergo a skin exam every other 
year compared to annual surveillance. The same group also showed that there 
is currently a low rate of adherence to skin cancer screening in IBD patients 
from their center. Even though 21.3% of their IBD patients had a healthcare 
encounter with a dermatologist, only 2.6% had at least one total body exam 
during the study period [67].

 (iii) Education on skin cancer risk – Patients should be informed about their indi-
vidual risk factors for developing a skin cancer and counseled on appropriate 
preventative measures [35]. One survey-based study performed at a tertiary 
care center showed that while IBD patients are generally aware of a link 
between IBD and skin cancer, they lacked knowledge pertaining to prevention, 
protection, and sun exposure practices [68]. This study highlights a crucial area 
of IBD patient care that needs further improvement. Development of better 
methods to convey important educational information regarding skin cancer 
risk and preventive measures is critical to help bridge this large gap in patient 
knowledge.
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Chapter 9
Preventing Colorectal Cancer in Patients 
with Inflammatory Bowel Diseases: 
Chemopreventive and Surgical Approaches

Siddharth Singh

 Background

Patients with inflammatory bowel diseases (IBDs) are at increased risk of colorectal 
cancer (CRC). Though the risks were potentially overestimated in early studies, 
more recent population-based study cohorts continue to demonstrate a 1.1–5.3% 
cumulative risk of CRC at 20 years, with a 2.4 times higher risk than the general 
population [1].

The pathophysiology of IBD-associated CRC is different than the pathophysiol-
ogy of more typical, sporadic CRC [2]. While sporadic CRC is caused by a series of 
random mutations in either the APC gene pathway or the MSH gene pathway, IBD- 
associated CRC may be related to the chronic inflammatory state caused by IBD 
and exhibits a different set of genetic mutations. There are four primary pathogenic 
factors that contribute to IBD-associated CRC. First, chronic uncontrolled inflam-
mation itself may result in neoplastic transformation by increasing cell turnover in 
the colonic epithelium increasing the probability of replicative errors. Mucosal 
biopsies of areas of active inflammation demonstrate high rates of mitosis and apop-
tosis. Chronic inflammation results in high levels of pro-inflammatory cytokines 
within the colonic mucosa (e.g., tumor necrosis factor-alpha [TNF-a], interleukin-6 
[IL-6], interleukin-10 [IL-10], interferon-gamma [IFN-g]), leading to the activation 
of several transcription factors involved in cancer development. At a molecular 
level, IL-6 promotes tumor growth and inhibits apoptosis by activating the JAK/

S. Singh (*) 
Division of Gastroenterology, University of California San Diego, La Jolla, CA, USA 

Division of Biomedical Informatics, Department of Medicine, University of California San 
Diego, La Jolla, CA, USA
e-mail: sis040@ucsd.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-15301-4_9&domain=pdf
mailto:sis040@ucsd.edu


110

STAT signaling pathway. Cyclooxygenase-2 (COX-2) overexpression occurs early 
in, mainly due to pro-inflammatory cytokines IL-1 and TNF-a, leading to cell 
 proliferation, angiogenesis, and apoptosis. Second, unique gene products are highly 
expressed in both inflamed mucosa and CRC. Oxidative stress, increased in IBD 
due to chronic inflammation and increased phagocytosis by leukocytes, has also 
been linked to malignancy. More recent studies suggest that commensal microbiota 
may also have an impact on carcinogenesis and tumor progression, through a com-
plex interaction between diet, bile acids, and the immune system [3]. Dysbiosis has 
been implicated in cancer-associated inflammation, by activating survival genes 
within neoplastic cells and pro-inflammatory genes in the tumor 
microenvironment.

 Risk Factors for IBD-Associated Colorectal Cancer

Several risk factors have been associated with increased risk of CRC.  Non- 
modifiable risk factors include coexistent primary sclerosing cholangitis (PSC), 
long disease duration, extensive colitis, young age at diagnosis, and family history 
of colorectal cancer [2, 4]. Important modifiable risk factors for IBD-associated 
CRC are smoking and uncontrolled inflammation. Counseling for smoking cessa-
tion is a foregone conclusion in all patients with IBD. High cumulative burden of 
inflammation is also an independent and strong risk factor for IBD-associated 
CRC. In a single-center cohort study of 987 patients followed over 13 years, Choi 
and colleagues observed that cumulative inflammatory burden (defined as sum of 
average score between each pair of surveillance episodes multiplied by the sur-
veillance interval in years) was significantly associated with risk of colorectal 
neoplasia development (hazard ratio, 2.1 per 10-unit increase in cumulative 
inflammatory burden [equivalent of 10, 5, or 3.3 years of continuous mild, moder-
ate, or severe active microscopic inflammation]; 95% CI, 1.4–3.0) [5]. While 
inflammation severity based on the most recent colonoscopy alone was not signifi-
cant (HR, 0.9 per-1-unit increase in severity), a mean severity score calculated 
from all colonoscopies performed in preceding 5 years was significantly associ-
ated with the risk of colorectal neoplasia (HR, 2.2 per-1-unit increase; 95% CI, 
1.6–3.1).

Based on this risk of colorectal neoplasia, and known risk factors, routine sur-
veillance for colorectal cancer has been recommended in patients with IBD, despite 
the lack of adequately controlled prospective studies to formally evaluate the bene-
fits, risks, and costs of this approach [6, 7]. Suboptimal adherence, access, and 
expense limit population-wide adoption of colonoscopy for CRC prevention. 
Additionally, despite routine screening, a fraction of individuals still develop inter-
val CRC before their recommended surveillance interval, either due to missed or 
incompletely resected lesions or rapidly growing tumors.
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 Chemoprevention Against IBD-Associated Colorectal Cancer

Given the limitations of screening tests and poor prognosis associated with advanced 
stage CRC, there is great interest in exploring chemoprevention strategies to reduce 
the burden of this preventable malignancy [8, 9]. No chemopreventive agent has 
been tested in an interventional study in patients with IBD, and all information has 
been obtained from cohort studies with inherent limitations of an observational 
design.

Chemopreventive agents in patients with IBD may be divided into two classes: 
first, those directly used in treatment of IBD (5-aminosalicylates, thiopurines, tumor 
necrosis factor-α antagonists) and second, those not directly related to IBD, which 
may have an independent chemopreventive effect (aspirin, folic acid, ursodeoxy-
cholic acid).

 IBD Therapies as Chemopreventive Agents

 5-Aminosalicylic Acid

5-Aminosalicylic acid (5-ASA) is the most commonly used medication for the 
treatment of ulcerative colitis. Although their mechanism of chemoprevention is 
speculative, several theories have been proposed including a role in reducing oxida-
tive stress, inhibiting cell proliferation, and promoting apoptosis [10]. 5-ASA also 
seems to be an inhibitor of a variety of pro-inflammatory cytokines that can lead to 
malignancy in mouse models including TNF-α, NF-κB, transforming growth factor- 
beta (TGF-β), and Wnt/β-catenin.

In a meta-analysis of nine observational studies, Velayos and colleagues observed 
that 5-ASA exposure was associated with a 49% lower risk of colorectal neoplasia 
(OR, 0.51; 95% CI, 0.37–0.69), with lower risk observed with longer duration of 
therapy, with a dose–response relationship [11]. However, contradictory results 
have been observed in non-referral center, population-based studies. Jess et al. con-
ducted a nested case–control study in a cohort of patients from Copenhagen, 
Denmark, and Olmsted County, Minnesota [12]. Of 1160 Danish and 692 
Minnesotan IBD patients, a total of 26 patients were identified who had developed 
CRC. Control patients were matched for several confounding factors. Daily (>1.2 g/
day) and cumulative dose (per 1000 g) of mesalamine were not associated with a 
significant reduction in the rate of CRC (OR, 1.6; 95% CI, 0.3–7.1 and OR, 1.3; 
95% CI, 0.9–1.9, respectively). In a meta-analysis of four non-referral studies 
including 608 patients with CRC and 2177 controls, Nguyen and colleagues con-
cluded that 5-ASA use was not associated with the reduced risk of CRC in patients 
with IBD (OR, 0.95; 95% CI, 0.66–1.38) [13]. These contradictory results could be 
due to inherent biases in referral centers.
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Based on this, the true independent effect of 5-ASA on CRC risk in patients with 
IBD is unclear. The European Crohn’s and Colitis Organization guidelines for UC 
management include a statement suggesting 5-ASA compounds should be consid-
ered for all UC patients for their possible chemopreventive effect, but this is not 
reflected by other societies [6, 14]. In the author’s opinion, 5-ASA should be used 
for the treatment of UC in patients with mild to moderate disease; however, it should 
not be used for the primary purpose of chemoprevention, in patients who have oth-
erwise failed 5-ASA, or in patients with colonic Crohn’s disease.

 Thiopurines

Thiopurines are effective medications for maintenance of remission in patients with 
IBD and are frequently used either as monotherapy or in combination with biologic 
agents to prevent disease-related complications. By acting as purine antagonists and 
interference with the synthesis of DNA, RNA, and a number of pro-inflammatory 
proteins, they may have putative cancer prevention effect. Downregulation of acti-
vated T cells through DNA intercalation leads to reductions in the transcription of 
TNF-related apoptosis-inducing ligand, TNF receptor superfamily member 7, and 
α-4 integrin [9]. Thiopurines also inhibit Rac1, leading to an acceleration of T-cell 
apoptosis.

Thiopurines have been consistently associated with an increased risk of hemato-
logical malignancies and non-melanoma skin cancers [2]. However, by controlling 
inflammation effectively, they may be associated with decreasing the risk of colorec-
tal cancer. In two population-based studies, no significant association has been 
observed between thiopurine use and risk of CRC.  In a propensity-matched 
population- based cohort study of 45,986 patients with IBD (median follow-up, 
7.9  years; median duration of azathioprine use in those exposed, 1.9  years), 
Pasternak et al. observed that there was no difference in the risk of CRC between 
current (RR, 1.36; 95% CI, 0.75–2.49) and former thiopurine users (RR, 0.71; 95% 
CI, 0.34–1.46) vs. nonusers [15]. However, in a recent meta-analysis of 24 studies 
with 76,999 patients, Lu and colleagues observed a lower risk of colorectal neopla-
sia (OR, 0.63; 95% CI, 0.46–0.86), advanced colorectal neoplasia (CRC and/or 
high-grade dysplasia) (OR, 0.62; 95% CI, 0.44–0.89), and CRC (OR, 0.65; 95% CI, 
0.45–0.96) with the use of thiopurines in patients with IBD [16].

There are no specific guidelines addressing the role of thiopurines for cancer 
prevention in IBD. In the author’s opinion, as for 5-ASA, thiopurine use should be 
determined based on active IBD, and these medications should not be used solely 
for prevention of CRC.

 Tumor Necrosis Factor-α Antagonists

TNFα antagonists are one of the most effective medications for treatment of moder-
ate to severe IBD. Like thiopurines, TNFα antagonists have also been variably asso-
ciated with increased risk of lymphoma, but not other solid organ cancers. The 
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TNFα pathway results in the production of NF-κB and activation of COX-2 which 
may lead to cancer, and hence, theoretically TNFα antagonists may decrease the 
risk of cancer [9].

There are a small number of studies examining the use of TNFα antagonists and 
risk of CRC in patients with IBD. In an observational study examining the long- 
term safety of infliximab in Belgium, none of 734 IBD patients on infliximab devel-
oped CRC, as compared to 8/666 patients without exposure to infliximab [17]. In 
another study utilizing a nationwide database in the Netherlands, 173 IBD patients 
diagnosed with CRC were identified and matched with 393 control patients [18]. 
Use of infliximab was highly protective against the development of CRC (OR, 0.09; 
95% CI, 0.01–0.68). However, limited population-based studies have shown con-
flicting results. In a Danish nationwide registry following over 50,000 patients for 
almost 500,000 person-years (median 9.3 years) and compared the rates of a several 
cancers between TNFα antagonists-exposed (8.1% of the cohort) vs. TNFα 
antagonists- naïve patients, TNFα antagonist use was not associated with a reduced 
risk of CRC (OR, 1.0; 95% CI, 0.48–2.08) [19].

Based on above, and inherent side effects and costs of TNFα antagonists, they 
are not recommended solely for chemoprevention even in high-risk patients. There 
is very limited data on newer non-TNF biologics in modifying risk of CRC. We 
anticipate that by effectively controlling mucosal inflammation, their use will also 
be associated with lower risk of CRC.

 Chemopreventive Effects of Other Therapies

 Ursodeoxycholic Acid

Secondary bile acids in stool, including deoxycholic acid and lithocholic acid, may 
play an important role in the pathogenesis of CRC, through disruption of the bal-
ance between colorectal crypt cell proliferation, differentiation, and apoptosis. 
Ursodeoxycholic acid (UDCA), the 7-β-epimer of chenodeoxycholic acid that is 
used in patients with chronic cholestatic diseases such as PSC, has been shown to 
have a chemopreventive effect based on in vitro and animal models [20].

Clinical studies evaluating the role of UDCA in preventing IBD-associated 
colorectal neoplasia (CRC and/or high-grade dysplasia [HGD] and/or low-grade 
dysplasia [LGD]) have shown conflicting results. In a meta-analysis of eight stud-
ies (five observational, three randomized controlled trials) reporting 177 cases of 
colorectal neoplasia in 763 patients with PSC-IBD, we observed a significant pro-
tective association between UDCA use and advanced colorectal neoplasia (CRC 
and/or high-grade dysplasia) (OR, 0.35; 95% CI, 0.17–0.73), but not all colorectal 
neoplasia (OR, 0.81; 95% CI, 0.41–1.61) [20]. In a subgroup analysis, low-dose 
UDCA use (8–15 mg/kg/day) was associated with significant risk reduction of 
colorectal neoplasia (OR, 0.19; 95% CI, 0.08–0.49), whereas doses between 15 
and 30  mg/kg/day did not modify the risk of colorectal neoplasia in three 
studies.
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Based on these findings, there are discrepant recommendations from clinical 
societies. The American Association for the Study of Liver Diseases recommends 
against the use of UDCA among patients with PSC-IBD for CRC prevention, 
whereas the European Association for the Study of the Liver recommends that 
UDCA may be considered in high-risk groups such as those with a strong family 
history of CRC, previous colorectal dysplasia, or long-standing extensive colitis. In 
the authors’ opinion, low-dose UDCA if used for treating PSC may have a favorable 
effect on CRC prevention; however, in the absence of a prospective chemopreven-
tion trial or modeling studies of cost–benefit ratio, it should not be used primarily 
for the purposes of chemoprevention in patients with PSC-IBD.

 Other Chemopreventive Agents (Aspirin, NSAIDs, Folic Acid, 
Statins)

Aspirin, other NSAIDs, and statins have been investigated for their anti- 
inflammatory effects in other diseases as well as sporadic CRC.  While none of 
these medications have any effect as a primary treatment for IBD, there is a plau-
sible biologic basis for a possible effect in reducing the risk of IBD-associated CRC 
including reducing prostaglandin production by inhibition of COX-2 activity and 
inhibition of HMG- CoA activity. In a network meta-analysis of 14 chemopreven-
tion trials comparing 10 different treatment strategies in patients with prior sporadic 
colorectal neoplasia, we observed that non-aspirin NSAIDs may be effective for the 
prevention of advanced metachronous neoplasia over a 3- to 5-year period, but the 
risk-to-benefit profile potentially favors its use only in individuals with a history of 
high-risk neoplasia [21]. After non-aspirin NSAIDs, low-dose aspirin alone had the 
second highest probability of being most effective for preventing advanced meta-
chronous neoplasia, and with its favorable risk-to-benefit profile, it may be consid-
ered as secondary colorectal cancer chemoprevention agent in a select group of 
patients. Other therapies including vitamin D, calcium, folic acid alone, or in com-
bination were not effective for decreasing the risk of advanced metachronous 
neoplasia.

There has been limited evaluation of these medications for chemoprevention in 
patients with IBD. In a meta-analysis of eight observational studies of non-aspirin 
NSAIDs and three studies of aspirin, there was no significant association between 
exposure to either medication and risk of IBD-associated CRC (non-aspirin 
NSAIDs, OR, 0.80; 95% CI, 0.39–1.21; aspirin, OR, 0.66; 95% CI, 0.06–1.39) [22]. 
In contrast, statin exposure may be associated with a lower risk of IBD-associated 
CRC. In a larger retrospective cohort study of 1376 IBD patients, exposure to statins 
was associated with lower risk of developing CRC over 9 years of follow-up (OR, 
0.42; 95% CI, 0.28–0.62) [23]. Similarly, folic acid supplementation was also asso-
ciated with 42% lower risk of CRC in a meta-analysis of ten retrospective studies in 
patients with IBD [24].
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Based on these findings from observational studies at high risk of measured and 
unmeasured biases, the author does not recommend routine use of these medica-
tions primarily for chemoprevention in patients with IBD. If used for other clear 
indications, they may have a protective effect.

 Surgery for Prevention of Colorectal Cancer in Patients 
with IBD

With advances in endoscopic dysplasia detection techniques, there has been an 
increase in the rate of detection of low-grade dysplasia in patients with IBD. Several 
of these lesions, particularly those with polypoid dysplasia or visible and resectable 
non-polypoid dysplasia, should be treated endoscopically, and after resection 
enhanced, surveillance is recommended. However, some dysplastic lesions at high 
risk of progression to advanced neoplasia may require surgical resection for preven-
tion of progression of dysplasia.

In a comprehensive study of 172 patients with UC with low-grade dysplasia fol-
lowed for median 4 years, Choi and colleagues made important observations [25]. 
Overall, 33 patients developed high grade or CRC (during study period). Multivariate 
Cox proportional hazard analysis revealed that macroscopically non-polypoid (HR, 
8.6; 95% CI, 3.0–24.8) or invisible (HR, 4.1; 95% CI, 1.3–13.4) dysplasia, dysplas-
tic lesions ≥1 cm in size (HR, 3.8; 95% CI, 1.5–13.4), and a previous history of 
“indefinite for dysplasia” (HR, 2.8; 95% CI, 1.2–6.5) were significant contributory 
factors for HGD or CRC development. They estimated that the risk of progression 
was higher in patients with multiple risk factor. The cumulative incidence of 
advanced neoplasia at 1 and 5 years after initial LGD was 0% and 1.8% for no risk 
factor, 9.6% and 17.7% for one risk factor (HR, 4.9%), and 29.0% and 53.4% for 
two risk factors (HR, 13.6%). For those with three risk factors, cumulative risk of 
HGD or CRC development was 61.6% and 80.7% at 1 and 2 years, respectively. In 
a subsequent meta-analysis of 14 surveillance cohorts of patients with UC with low- 
grade dysplasia, we estimated the annual incidence of CRC was approximately 
0.8% (95% CI, 0.4–1.3); rates of progression to CRC were higher when LGD was 
diagnosed by at least one expert gastrointestinal pathologist (incidence rate, 1.5%; 
95% CI, 0.6–2.4) as compared to a community pathologist without expert confirma-
tion (IR, 0.2%; 95% CI, 0.0–0.4) [26]. Likewise, in patients with invisible dysplasia, 
the annual incidence of progression to advanced neoplasia was 6.1% (95% CI, 0.9–
11.4) and with endoscopically visible dysplasia was 1.0% (95% CI, 0–2.1). We 
identified that multifocal lesions, endoscopically invisible lesions, lesions located in 
the distal colon, or those detected in patients with coexistent PSC were associated 
with higher risk of progression to advanced neoplasia.

In these patients, at high risk of progression to advanced neoplasia, with endo-
scopically unresectable lesions, surgery with total proctocolectomy with ileal-pouch 
anal anastomosis (or with end-ileostomy) should be considered to prevention 
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 progression to CRC. Since there are significant differences in patients’ and physi-
cians’ willingness to undergo colectomy for dysplasia risk, shared decision-making 
is recommended.

In summary, IBD is associated with an increased risk of CRC, with some poten-
tially modifiable risk factors. Cumulative inflammatory burden is one of the stron-
gest and modifiable risk factors. Controlling active inflammation, using effective 
IBD-related therapy with 5-ASA, thiopurines, and/or biologic agents, would be 
expected to decrease CRC risk. Current observational studies of 5-ASA, thiopu-
rines, and biologic agents variably suggest lower risk of CRC in treated patients. 
However, there are inherent biases due to confounding by indication and severity, as 
well as unmeasured confounding which limits strong interpretation. In the absence 
of well-designed prospective randomized studies, the data are not robust enough to 
recommend using these medications purely for chemoprevention. At the same time, 
it is very unlikely that such a trial will be performed. Other medications, such as 
aspirin, non-aspirin NSAIDs, statins, and folic acid, have been well-studied for pre-
venting sporadic CRC, with modest benefit with aspirin and non-aspirin NSAIDs. 
These medications are unlikely to be pursued for a chemopreventive indication 
against IBD-associated CRC. In a subset of patients with low-grade dysplasia on 
surveillance colonoscopies, which is not resectable, surgery for preventing progres-
sion to advanced neoplasia may be recommended.
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Chapter 10
Cancer Risk and Screening in Pediatric 
Patients

Matthew Kowalik and Stacy A. Kahn

 Introduction

The topic of cancer is a frequent discussion point in pediatric inflammatory bowel 
disease (IBD) despite that it remains uncommon. Cancer discussions in pediatric 
IBD are centered around therapy and surveillance. Although colorectal carcinoma 
(CRC) is rare in pediatric IBD patients, increased CRC screening by colonoscopy 
in the pediatric age group has identified several cases [1]. Inflammatory bowel dis-
ease has also been associated with extraintestinal cancers; these include blood 
malignancies such as leukemia, lymphoma, and hepatosplenic T-cell lymphoma 
(HSTCL), liver cancers, skin cancers (melanoma and nonmelanoma skin cancer 
[NMSC]), and potentially cervical cancer. Pediatric cancer remains a rare phenom-
enon, and the body of literature regarding cancer in pediatric IBD is limited. Large 
prospective studies remain an area of need to help inform treatment guidelines and 
discussions around risk.

Despite the lack of data regarding cancer in the pediatric IBD population and its 
rarity, discussions regarding cancer play important role in management. Prior to 
starting an immunomodulator or biologic, the risk of cancer secondary to therapy is 
a frequent discussion point for physicians and a serious concern for families. The 
subject has become exceedingly relevant as the use of immunomodulators and 
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 biologics in pediatric IBD is increasing [2]. Cancer risk attributed to therapy remains 
a controversial and emotionally charged discussion. Conflicting data regarding the 
risks of cancer with immunomodulators versus biologics, which is discussed in 
detail below, adds to the difficulty. The difficulty of investigating such an uncom-
mon event creates uncertainty when reviewing the topic of cancer in pediatric 
IBD. In fact, some physicians and parents have stopped utilizing immunomodula-
tors – citing the risk of lymphoma, personal experience of patients developing lym-
phoma, and, more recently, the question of their efficacy in the pediatric population. 
It is important to understand the evidence regarding the risk of cancer for physicians 
to present an unbiased appraisal of the best therapy available for each patient.

 Epidemiology of Cancer in Patients with Pediatric-Onset IBD

Although the body of literature remains small, research on cancer epidemiology in 
pediatric IBD has expanded in the last few years. Several recent studies have inves-
tigated the overall risk of all forms of cancer in pediatric IBD patients and support 
a standardized incidence ratio (SIR) of 2.23 (95% CI: 1.98–2.52) [3–6]. A recent 
systematic review in 2018 by Aardoom et al. investigated the literature of all pedi-
atric IBD patients who developed cancer. Of the 98 articles reviewed, 180 pediatric 
IBD patients developed cancer though it wasn’t clear how many patients in total 
were included. The number and type of cancer included lymphoma (n = 53), leuke-
mia (n = 18), intestinal (n = 53), liver (n = 31), skin (n = 8), cervical (n = 1), and 
others (n = 16). There were 77 fatalities related to cancer with intestinal carcinoma 
(n = 34) and lymphoma (n = 24) associated with the highest number of deaths [3]. 
Patients diagnosed with lymphoma or leukemia had a median age of 16.0 and 
15.5  years old, respectively. Intestinal carcinoma occurred at a median age of 
24.0 years old (range, 13.0–69.0) which was on average 11.5 years after their diag-
nosis with IBD. Fatal cancer outcomes occurred at the median age of 18.0 years for 
lymphoma and leukemia versus 25.5 for intestinal carcinoma. Overall this study 
found a short cancer duration before death: the median duration from cancer diag-
nosis to death was 1 year for 20 patients and 2 years for an addition 14 patients 
(Fig. 10.1) [3].

 Hematologic Malignancies

Blood malignancies are the most prevalent cancers in pediatric IBD and consist of 
lymphoma and leukemia. In 2014, de Ridder et al. reported that 9 out of 18 pediatric 
IBD patients diagnosed with cancer had lymphoma [7]. A search of the United 
States Food and Drug Administration’s (FDA) Adverse Event Reporting System 
(AERS) showed 15 of the 24 reported malignancies in pediatric IBD patients were 
lymphoma [8]. Similarly, results from a multicenter, prospective, long-term, 
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observational registry of pediatric patients with IBD (The DEVELOP Study) found 
8 of 15 patients had either leukemia (n = 3) or lymphoma (n = 5) [4].

Hepatosplenic T-cell lymphoma (HSTCL) is an exceedingly rare and particularly 
deadly form of lymphoma that has been associated with IBD therapy. It has been 
difficult to determine the risk of HSTCL in IBD patients both due to the small num-
ber of cases and the fact that it does not typically occur during clinical trials. Post- 
marketing surveillance, however, has identified several patients with HSTCL. As a 
result, anti-tumor necrosis factor alpha (TNF) therapies and thiopurines have a 
warning regarding the increased risk of HSTCL in addition to lymphoma. Kotlyar 
et  al. found 36 cases of HSTCL in patients with IBD during their review of the 
AERS database, 20 patients received combination therapy with azathioprine/6- 
mercaptopurine (AZA/6-MP) in addition to an anti-TNF and 16 patients were on 
monotherapy with AZA/6-MP. Interestingly, in these two groups, Crohn’s patients 
made up 85% and 56% of cases, respectively, compared to UC patients who made 
up only 15% and 37.5% of the cohort. In agreement with previous reports, cases 
occurred predominantly in young (23 and 22.5 years old, respectively) men (male/
female ratio 19:1 and 10:1, respectively, with 5 unknown) [9]. A systematic review 
utilized three causality assessment tools to evaluate the relationship between 
Crohn’s disease medications and HSTCL. Thirty-seven unique and nine possible 
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cases of HSTCL in CD patients were identified worldwide between 1998 and 2010. 
Unfortunately, the data does not elucidate a clear causative factor; all classes of 
medication (biologics, immunomodulators, aminosalicylates, steroids, and others) 
had a “possible” causal relationship, as the analysis was limited by the heterogene-
ity of case reports [10]. It is important to remind patients and their families that the 
risk of this malignancy is exceedingly low, even on immunomodulator therapy, as 
described later in this chapter.

 Intestinal Malignancies

Intestinal carcinoma, colorectal carcinoma (CRC), and small bowel carcinoma 
closely follow blood malignancies in predominance in pediatric IBD. In fact, the 
risk of intestinal carcinoma is higher than blood malignancies, but is not typically 
diagnosed in the pediatric age group. Aardoom et  al. reported a SIR of 54.7  in 
ulcerative colitis (UC) (95% CI: 26.0–115.4) and 6.3 in CD (95% CI: 3.93–10.2) 
[3]. Similarly, a Swedish cohort study of children with IBD found 122 cases of 
CRC during 148,682 patient years of follow-up, corresponding to a hazard ratio 
(HR) of 18 (14.4–22.7) when compared to healthy controls [5]. Concerningly, 
intestinal carcinoma is the most frequent fatal cancer in pediatric IBD. The median 
age of diagnosis of intestinal carcinoma was 24.0 years (16.0–69.0) with the median 
age of death related to intestinal carcinoma of 25.5 years (IQR = 20.0–30.5) [3]. 
Unlike in adult UC patients, where the risk of CRC appears to be approaching the 
unaffected patient risk, pediatric-onset UC continues to represent a group with 
increased risk [11].

 Hepatic Malignancies

Liver cancer was the third most common malignancy in children with IBD, typi-
cally presenting as cholangiocarcinoma (24) and hepatocellular carcinoma (6). 
Interestingly, cholangiocarcinoma was fatal in only 8 of the 24 cases [3], seemingly 
at odds with the fulminant nature of the diagnosis in adults [12]. The large majority 
or risk for these liver cancers is related to patients whose UC is complicated by PSC, 
which is discussed later.

 Dermatologic Malignancies

The role of IBD and its treatment on risk of skin cancer in pediatric IBD is not well 
characterized. In adults, a recent systematic review and meta-analysis in 2014 found 
an increased relative risk (RR) of melanoma of 1.37, which was similar between 
Crohn’s and UC patients [13]. Similarly, adult IBD patients receiving thiopurines 
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had a twofold higher risk of nonmelanoma skin cancer (NMSC). The risk of NMSC 
in patients not receiving thiopurines is unknown [14]. The risk of melanoma and 
nonmelanoma skin cancer in pediatric IBD patients has not been described, but 
health maintenance discussions should include the use of sunscreen and sun protec-
tion clothing as well as dermatologic evaluation when indicated.

 Risk Factors for Malignancy in Pediatric IBD

The most obvious and important risk factor in pediatric patients with IBD is the age 
of onset. Patients face decades of exposure to intestinal inflammation and therapies 
which are at the center of the pathogenesis behind the development of cancer [15]. 
Pediatric IBD is also characterized by complicated disease with greater severity, 
extent, and more frequent use of immunomodulators and/or biologic therapies [16–
18]. All of these factors are individually associated with increased cancer risk, in 
particular CRC and hematological malignancies. Given that cancer in pediatric IBD 
patients remains rare, it is difficult to characterize, as much of the knowledge regard-
ing risk factors is extrapolated from adult studies.

 Age of Onset

The age of onset of IBD has been implicated as a risk factor for CRC. A study pub-
lished in The New England Journal of Medicine in 1990 showed patients diagnosed 
with pancolitis before the age of 15 years had a cumulative incidence of CRC of 
40% after 35 years of disease [19]. This finding was sobering as it was much higher 
than previously reported. Due to the increased use of chronic therapy, the advent of 
biologics, and the adoption of therapeutic targets such as mucosal healing, this inci-
dence is likely an overestimate for patients today [20]. CRC was more common in 
children who have ulcerative pancolitis and Crohn’s patients with colonic involve-
ment [17]. Pancolitis in UC was found to carry a relative risk of 14.8 (11.4–18.9) in 
a study that investigated the influence of age of onset and extent of disease on CRC 
risk [19]. The excess risk of CRC in Crohn’s disease appears attributed to colonic 
involvement without an increase in relative risk in patients with only terminal ileal 
involvement [21].

 Family History

Not to be overlooked, a family history of CRC increases risk in IBD patients, in a 
similar manner that it increases risk in healthy patients [22]. Clearly, if the recom-
mendation to screen for CRC based on familial risk precedes the screening guide-
lines for IBD, the earlier recommendation should be followed.

10 Cancer Risk and Screening in Pediatric Patients
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 Concomitant Therapies

The influence of medical therapy on cancer risk in pediatric IBD remains controver-
sial. Initial concern regarding cancer and therapy was related to an increased risk of 
lymphoma [23] and nonmelanoma skin cancer [24] in adult organ transplant recipi-
ents on immunosuppressive therapies, such as thiopurines. The risk in children 
treated with immunomodulators appears similar to adults [25]. A meta-analysis that 
included 18 studies demonstrated an overall SIR for the development of lymphoma 
in patients receiving thiopurines for IBD of 4.92 (95% CI: 3.10–7.78). The risk of 
lymphoma was not significantly different in females versus males, with the excep-
tion of HSTCL where 93.5% of cases were seen in males. Patients on thiopurines 
for less than 1  year did not have a higher incidence of lymphoma. The largest 
increase in incidence occurred in patients receiving thiopurines for greater than 
3 years (4.84). There was not increased incidence in patients who had received thio-
purines in the past compared to patients who had never received a thiopurine. This 
indicates that thiopurine exposure contributes a significant risk of lymphoma in IBD 
patients. The risk does not appear increased if the medications are used for less than 
1  year. There remains a grey zone of attributable risk for patients treated for 
2–3 years. Furthermore, once thiopurines are discontinued, the risk of lymphoma 
eventually returns to baseline [26]. It is important to note that despite the increase in 
lymphoma risk with thiopurines, the absolute risk of lymphoma remains low. The 
incidence of lymphoma in pediatric patients is 0.58 per 10,000; thiopurine exposure 
increases this to 4 per 10,000 [27]. The absolute risk to pediatric IBD patients on 
immunomodulators for HSTCL is not known. In adult studies, the absolute risk of 
HSTCL is 1:45,000 for all patients on thiopurines and 1:22,000 for all patients 
receiving the combination of thiopurine and anti-TNF. In men younger than age 35, 
these risks increase to 1:7404 [28] and 1:3534, respectively [9]. Despite these low 
absolute risks, some physicians and patients have stopped using immunomodula-
tors, due in part to this concern. Siegel and others have published several useful 
articles and tools, for assessing risk discussing it with patients and families 
[29–31].

Immunomodulators have also been implicated to increase the risk of nonmela-
noma skin cancer in pediatric IBD patients. However, data is limited to studies in 
adults. A large cohort study from France reported a SIR of 2.89 (95% CI: 1.98–
4.08) in all adult IBD patients and 7.06 (95% CI: 4.18–11.16) in ongoing thiopu-
rine use versus 5.19 (95% CI: 2.37–9.86) in discontinued thiopurine use. Patients 
who had not received thiopurines had a SIR of 0.73 (95% CI: 0.24–1.72), suggest-
ing the risk of NMSC is related to thiopurine use. Unlike the risk of lymphoma 
decreasing after discontinuation of thiopurines, the risk persists despite discontinu-
ation of thiopurines [32]. Methotrexate is another immunomodulator used for the 
treatment of pediatric IBD; however its role contributing risk of cancer has not been 
established [33].

Understanding the risk cancer in pediatric patients receiving the various biologic 
therapies continues to evolve, especially given that many patients were also receiv-
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ing concomitant therapy with thiopurines. Concern regarding increased risk of can-
cer in pediatric IBD patients receiving infliximab was initially discovered by a 
search of the FDA’s Adverse Event Reporting System. This showed 48 reports of 
blood malignancy in pediatric IBD patients on either infliximab (n = 31), etanercept 
(n = 15), or adalimumab (n = 2). However, 88% of cases involved the concomitant 
use of other immunosuppressants (such as azathioprine, 6-mercaptopurine, and ste-
roids) [8]. Subsequent studies have investigated whether it is the biologic therapy or 
the immunomodulator conferring risk. Data from the DEVELOP Registry, a multi-
center prospective cohort study, and the Surveillance, Epidemiology, and End 
Results (SEER) database of cancer statistics in the United States, were used to 
determine standardized incidence ratios for malignancy in pediatric patients receiv-
ing biologics and/or immunomodulators. Patients treated with a biologic but with-
out exposure to thiopurine had a SIR similar to the reference population: 1.11 (95% 
CI: 0.03–6.16). Thiopurine exposed with or without biologic treatment had a SIR of 
2.88 (95% CI: 1.44–5.14). These results suggest the risk of malignancy is attribut-
able to thiopurine exposure and that biologic use does not increase risk. However 
this study, as with all studies on the topic, is limited by the very low incidence of 
pediatric cancer in the IBD population [4]. There is also concern that anti-TNF 
therapy increases the risk of nonmelanoma skin cancers, as evidenced by the 
increased risk seen in patients with rheumatoid arthritis treated with anti-TNF 
agents [34]. However, this has not been confirmed in adult IBD, let alone pediatric 
IBD patients.

Specific cancer risk due to newer biologics such as vedolizumab (a gut-specific 
anti-integrin against α4β7) and ustekinumab (an anti-IL12 and IL-23 antibody) is 
under investigation [35]. The concern regarding progressive multifocal leukoen-
cephalopathy with vedolizumab treatment has dissipated with the absence of any 
case reports [36] but remains a concern in patients receiving natalizumab, an anti- 
integrin that prevents trafficking of inflammatory cells and crosses the blood-brain 
barrier [37].

 Comorbid Conditions

One of the biggest risk factors for the development of CRC in adult IBD patients is 
the presence of primary sclerosing cholangitis (PSC). PSC is rare in pediatric IBD, 
and the literature regarding the natural history of PSC is sparse, as is the influence 
PSC has on pediatric cancer risk. Data extrapolated from adults suggests that pedi-
atric PSC-IBD patients are at increased risk for CRC. A recent meta-analysis, which 
included 13,379 IBD patients with 1022 IBD-PSC patients, compared the risk of 
CRC in IBD patients with or without PSC and demonstrated an OR of 3.41 (95% 
CI: 2.13–5.48) [38]. Despite this extrapolation, there are no surveillance guidelines 
specific to pediatric PSC-IBD patients (see Surveillance section). The exact mecha-
nism underlying the increased risk from PSC is unknown. Several hypotheses 
include secondary bile acids [39], Farnesoid X receptor pathway inactivation [40], 
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and uncontrolled intestinal inflammation [41]. Persistent intestinal inflammation 
seems a likely mechanism. Similar to adults, pediatric IBD patients with PSC fre-
quently have subclinical inflammation that is more likely to be extensive [42]. This 
was illustrated by a prospective study of 87 pediatric UC patients, 37 with PSC and 
50 without PSC, which found significantly greater odds of active endoscopic and 
histologic inflammation in PSC patients [43].

 Screening Recommendations and Approaches

Recommendations for screening by colonoscopy are limited in pediatric IBD. There 
are no published consensus guidelines from the North American Society of Pediatric 
Gastroenterology, Hepatology, and Nutrition (NASPGHAN). However, a report on 
health maintenance goals for IBD patients from NASPGHAN includes recommen-
dations for cancer screening. For colorectal carcinoma it is recommended a colo-
noscopy with biopsies be performed at 1–2-year intervals after 7–10  years of 
disease. For patients with PSC, it is recommended to start screening at the time of 
diagnosis [44]. In pediatric patients, the recommendation is to screen every 1-2 
years regardless of the exam findings, while in adults the screening can be deferred 
1-3 years if the patient has two prior negative examaminations until the disease has 
been present for 20 years [45]. Guidelines for adults recommend screening colonos-
copy with biopsies 8–10 years after diagnosis [46]. In contrast to recommendations 
for adults which include screening modality, there is recommendation or consensus 
for CRC screening modality in pediatric IBD. The benefit of high-definition endos-
copy (HDE) or chromoendoscopy (CE) over white light endoscopy (WLE) in pedi-
atrics has not been studied. The typical method is to take 4 quadrant, random, 
biopsies every 10 cm to have a minimum of 32 biopsies [47]. A recent adult clinical 
trial from Japan, found that targeted biopsies and random biopsies were able to 
detect similar rates of neoplasias, however, colonoscopy with targeted biopies were 
more cost-effective. Areas randomly biopsied without any past or present inflamma-
tion were not found to have neoplasia [48]. However, the targeted biopsy approach 
has not been incorporated into pediatric screening recommendations. Other forms 
of CRC screening in healthy adults are beginning to be explored in adult IBD 
patients. Areas of particular interest include stool DNA-based tests, which have 
demonstrated some positive results in small case series [49]. The idea to use stool 
tests to target endoscopic surveillance would help alleviate cost and invasive proce-
dures [50]. Once again, this has not been evaluated in the pediatric age group.

Surveillance for other cancers associated with IBD and its therapy are even more 
sparse. Screening for lymphoma is by history and intermittent lab evaluation. A skin 
exam is recommended at each IBD visit, as is sun protection, but formal recommen-
dations to see dermatology on a regular basis are lacking [44]. Due to the rarity of 
the cancer, it is probably not a cost-effective approach to broadly recommend, but it 
may be useful in select patients with other risk factors.
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 Treatment and Modifications to Therapy

The treatment of cancer in the setting of Crohn’s disease and ulcerative colitis is 
often complicated as there are several concerns that arise. First, should the medica-
tions for IBD be continued in patients with cancer? Second, will discontinuing the 
medications increase the risk of flare? And third, how will therapies for IBD impact 
the risk of developing a second malignancy. More recently studies in the oncology 
literature have begun to examine the safety of specific monoclonal antibodies 
(MABs) for cancer in patients who have underlying IBD [51]. Clearly more research 
is needed as there are now numerous MABs with different mechanisms of action 
that are available to treat a wide variety of malignancies.

Unfortunately there are no specific treatment guidelines for the management of 
pediatric or adult patients with IBD and a history of malignancy. However, in 2015 
the European Crohn’s and Colitis Organization (ECCO) published the European 
Evidence-based Consensus: Inflammatory Bowel Disease and Malignancies that 
summarized the existing literature and provided the best guidance to date. They 
made several conclusions. First, based on preliminary data, anti-TNF therapy was 
not associated with an excess risk of developing a second cancer. Second, thiopu-
rines, calcineurin inhibitors, and anti-TNF agents should be stopped at least until 
cancer therapy is complete. However, in patients with IBD and a history of malig-
nancy, 5-aminosalicylates, nutritional therapy, and local corticosteroids can be 
safely used. Furthermore, they note in more severe cases not responsive to these 
treatments, anti-TNFs, methotrexate, short-term systemic corticosteroids, and/or 
surgery should be considered on a case-by-case basis. They recommend thiopurines 
be discontinued in IBD patients who develop squamous-cell carcinomas, aggressive 
forms of basal-cell carcinomas, and multiple synchronous or sequential lesions. 
Perhaps most importantly though, they concluded that due to the complexity of the 
situation, patients with cancer and IBD should be managed by a multidisciplinary 
team [52]. Although experts in the field agree with the ECCO Guidelines [53], there 
is still a need for consensus guidelines from American gastroenterological 
societies.

 Conclusion

Cancer in pediatric IBD can occur as a result of disease activity or as an adverse 
effect of therapy. It is a rare event and cause of mortality for pediatric IBD patients. 
However, pediatric patients remain at high risk for the future development of cancer, 
particularly as they experience a prolonged course of illness compared to patients 
diagnosed as adults. It is important to screen this high-risk group appropriately for 
early identification and treatment. Consideration of screening frequency should also 
incorporate individual risk factors discussed in this chapter, such as family history, 
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primary sclerosing cholangitis, duration of disease, pancolitis, and extensive disease. 
It is also important to continue treatment of colonic inflammation to reduce the risk 
of CAC and is a discussion point to use when families request discontinuing therapy 
in a patient with subclinical inflammation. More prospective studies in the pediatric 
population are needed, particularly regarding the risk of cancers due to therapy.
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Chapter 11
Colorectal Cancer Risk and Screening 
in Geriatric Patients

Elissa Lin and Seymour Katz

 Epidemiology of Colorectal Cancer in Elderly IBD Patients

Colorectal cancer (CRC) is the fourth most common type of cancer diagnosed in the 
United States behind breast, lung, and prostate cancers [1, 2]. CRC is the second 
leading cause of cancer-related deaths in USA for men and women combined. In 
2015, there was an estimate of 1.3 million people living with CRC in the United 
States. The estimated number of new cases in 2018 is approximately 140,000 (both 
colon and rectal cancer) which represents 8.1% of all new cancer cases. The esti-
mated number of deaths is 50,630 or 8.3% of all cancer deaths. Age plays an impor-
tant role in the incidence of CRC in the United States (see Fig. 11.1). The rate of 
CRC in those under 65 years old is 18.2/100,000, whereas an age over 65 is associ-
ated with a rate of 185.7/100,000. Approximately 70% of cases in total develop over 
the age of 65, and about 40% of patients are over 75 years.

Understandably with limited life expectancy and comorbidities being more rel-
evant, death rates also increase with age with the highest rate being 181/100,000 in 
the 85+ age group. Approximately 60% of cases and 70% of deaths occur in those 
aged 65 years and older in the United States [3]. Fortunately, when looking at the 
trends over the past decade (2001–2010), the overall incidence rates have decreased 
by an average of 3.4% per year. Among adults 50 years and older, there is a steeper 
decline in colorectal cancer compared to those younger than 50. This decline has 
been attributed to increased use of colonoscopy screening in the elderly population. 
However, the overall survival rate of older patients remains low. Several factors that 
contribute to low CRC survival rates include limited access to screening and preva-
lence of comorbidities which are disproportionately high in the elderly age group. 
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The importance of screening the elderly IBD population is highlighted by the results 
of a recent retrospective study which found that the incidence of CRC was 
 significantly higher among patients who had not had a surveillance colonoscopy in 
the previous 36 months compared to those who had undergone the procedure (2.7% 
vs 1.6%) [4].

 Colorectal Cancer Presentation in the Elderly

The prevalence of CRC with increasing age requires an understanding of the var-
ied disease presentations and the biological characteristics of the cancer in the 
elderly and ensuring proper management. A Korean population study of over 
16,000 cases found that in age groups younger than 50 and older than 50, the 
ascending colon was the most frequent anatomical location of colorectal polyps 
(40%) and adenoma was the most commonly described histology of colorectal 
neoplasms (CRN) [5]. In all age groups, hyperplastic polyps were mainly distrib-
uted in the distal colon and the distribution of inflammatory polyps was not signifi-
cantly different among the two age groups. The major site for colorectal 
adenocarcinoma in both age groups was the distal colon (66.7%) except in the case 
of women greater than 80 years old where proximal tumor location is more likely 
(57%) [6].

Overall, detection rates of colorectal adenoma increase with age. The estimated 
risk has been shown to double from age 50–54 to age 70–74. Though sessile ser-
rated polyps are less commonly found compared to adenomas, their prevalence 
increases with age [7, 8]. There is an increase in proximal tumors and decrease in 
rectal tumors with advancing age [6] which is important because of a higher risk of 
progression to cancer if polyps are found in the right versus left side of the colon 
[6, 9]. Additionally, right-sided CRC is associated with more methylation and mic-
rosatellite instability compared to left-sided CRC [10]. Increasing age at the time 
of polypectomy, in addition to polyp number, size, location, degree of dysplasia, 
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and piecemeal resection, are associated with overall increased CRC risk [9]. 
Multiple studies show that older groups with CRC do not present at a more advanced 
stage or with worse degree of differentiation compared to their younger counter-
parts [11].

Predominant symptoms related to CRC in those aged 65–79 are known to be 
changes in stools, rectal bleeding, abdominal pain, and constipation [11]. In those 
≥80 years old, the most frequent complaint is also changes in stool, followed by 
abdominal pain, then rectal bleeding. Older groups present with weight loss more 
often than those younger than 65. Perception of symptom severity and symptom 
disclosure is similar among all age groups. Abdominal obstruction is present in 
12–18% of cases.

There are gender-specific characteristics of CRC.  Increasing age in women is 
associated with proximal shift in CRC and it is the only independent risk factor for 
female CRC [6, 12]. In men, the number of concomitant adenomas significantly 
increases with age and it is the only independent age-related factor of male CRC 
[12]. Risk factors for adenoma detection include male gender and diabetes [5, 7, 8]. 
Age greater than 75 and male sex are also associated with an increased risk of recur-
rence despite stage of cancer [13].

 Contributing Factors to Colorectal Cancer in the Elderly

It is estimated that 20% of CRC cases involve a family history of CRC, but the 
majority of CRC cases are linked to environmental factors [14]. There have been 
hypotheses that the increasing incidence of CRC with age is due to incremental 
accretion of genetic events in aging tissues; however, there has been little evidence 
to prove this theory. Instead, multiple molecular pathways contribute to CRC involv-
ing genetic mutations and epigenetic alterations. For example, depletion of the over-
all 5-methyl cytosine content occurring with age is recognized as part of the process 
of CRC carcinogenesis. Almost all colorectal cancers have aberrantly methylated 
genes particularly tumor suppressors and oncogenes.

In predictive studies of CRC risk factors, the two strongest risk factors are smok-
ing and number of family members with CRC.  The odds ratio associated with 
smoking is 1.75, while the odds ratio for a positive family history of CRC is 1.55 per 
additional family member [15]. High calcium intake has a small protective effect in 
patients with no previously known neoplasia. There is conflicting data regarding 
consumption of meat in association with detection of advanced neoplasia. Obesity 
in the elderly and being obese at age 21 are associated with increased risk of colorec-
tal adenocarcinoma (CAN) [16]. Weight gain from age 18 or 10  years prior to 
screening is associated with a twofold increased risk of colon adenomas. Having a 
stably high-risk waist circumference (≥35 in. for females and ≥40 in. for males) 
since early adulthood is associated with a twofold increased risk of CAN. These risk 
factor associations may be useful in targeting select patients of the elderly popula-
tion for screening.
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 Colorectal Cancer Risk and Presentation in Elderly Patients 
with Inflammatory Bowel Disease

Individuals over the age of 60 contribute to 10–15% of IBD diagnoses [17]. With an 
increasing population of elderly, the number of IBD patients at an advanced age is 
also expected to increase. Within the elderly population, however, there is a decreas-
ing incidence of IBD with age; for example, 65% of elderly patients are aged 60–70, 
25% aged 70–80, and 10% over 80 years old. Compared with younger patients, 
elderly patients with IBD tend to be hospitalized more given that they are more 
likely to be ill, malnourished, anemic, dehydrated, and hypercoagulable. The impact 
of cancer on the elderly may also differ given specific geriatric conditions such as 
comorbidities, cognition, physical impairment, and polypharmacy.

Elderly IBD patients who either have been diagnosed later in life or have had 
IBD for several decades present with unique features that make management of 
CRC risk challenging. Many questions remain as data for this elderly age group is 
scarce at the population level and data from clinical trials cannot be extrapolated to 
the elderly population as older patients are often excluded. Factors such as misdiag-
nosis, treatment of comorbidities, drug interactions, frailty, and social circumstances 
contribute to the complexities of managing the elderly patient.

Understanding CRC presentation in the elderly IBD patient is important because 
of the differences in clinical presentation between elderly and younger age groups. 
In Crohn’s disease, some researchers have suggested that clinical symptoms on 
diagnosis are not obvious [18]. The proportion of patients with colonic involvement 
seems to increase with age at diagnosis which may explain how elderly patients are 
more likely to present with diarrhea and bleeding. The stricturing and penetrating 
patterns of CD are less common in patients >60 years old, whereas inflammatory 
disease is the predominant CD phenotype. For ulcerative colitis, the clinical course 
is more favorable or at least similar between elderly and younger patients and clini-
cal symptoms on diagnosis may be more subtle in the elderly. Proctitis and left- 
sided UC are more common in patients >60 years than in younger patients. Location 
tends to remain stable with only 15% of elderly patients showing progression over 
time whereas the pediatric population demonstrates a 50% rate of extension. While 
initial attacks and relapses may be less common in the elderly population, their 
occurrence may be more severe.

In a multicenter case-control study evaluating the phenotype of elderly-onset 
IBD, authors found a lower proportion of extensive disease among elderly-onset UC 
patients (33% vs 39%) and an increased rate of stenosing pattern (24% vs 13%) and 
exclusive colonic location (28% vs 16%) in elderly-onset CD patients [19]. An older 
age of onset has a lower risk for CRC compared to those diagnosed with IBD at 
≤15–20 years old [20, 21]. There are several explanations for this finding. For one, 
studies examining UC in the elderly population may exclude those who have already 
developed CRC or have undergone colectomy. Additionally, age of onset is an 
important factor as elderly-onset UC is associated with a milder and more limited 
disease thus reducing the risk for CRC.

Inflammatory bowel disease (IBD) is ranked among the top high-risk conditions 
for CRC along with familial adenomatous polyposis and hereditary nonpolyposis 
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colorectal cancer syndrome [22]. CRC accounts for 10–15% of all deaths in IBD 
[23]. Approximately 18% of CRC in IBD develops within 8 years from IBD diag-
nosis [4]. In studies and meta-analyses, the risk of CRC in the IBD population 
increases with increasing disease severity, extent, and duration [20–22, 24] though 
there is still uncertainty as to the true degree of CRC risk for each risk factor. A 2016 
population study of nearly 40,000 subjects found that the hazard ratio for develop-
ing incidental intestinal cancer in the setting of IBD was 1.42 (CI 0.99–2.06), thus 
suggesting only a borderline increase in risk compared to IBD-free patients [21].

In CD, the risk for CRC is increased when >30–50% of colonic mucosa is 
involved and in UC, there is a 10–15-fold increased risk with pancolitis and a two-
fold increased risk with left-sided colitis [20]. Current guidelines suggest assessing 
the severity of inflammation using the most recent colonoscopy alone. A recent UK 
study explored inflammatory burden and found that the accumulative inflammatory 
burden was strongly associated with CRN. This was a twofold increase in risk at 
approximately 10, 5, or 3.3 years of continuously mild, moderate, or severe active 
microscopic inflammation [25]. Thus, CRN risk stratification should involve assess-
ment of multiple surveillance episodes.

While older age may carry an overall lower risk of CRC development compared 
to younger age of IBD diagnosis, CRC may develop more rapidly in elderly-onset 
IBD and come with other unique characteristics compared with the younger age 
population [26]. See Table 11.5 in the Appendix for a summary of risk factors for 
CRC in the patient with IBD. There is evidence that older-onset IBD patients are at 
increased risk for developing flat dysplasia and CRC before 8–10 years from the 
time of IBD diagnosis, the suggested screening guideline initiation time point. A 
more rapid onset of CRC in the elderly may also exist because diagnostic delay is 
more common in elderly than in younger IBD patients [18]. Reasons for this include 
a higher prevalence of IBD-like conditions such as diverticular disease and ischemic 
colitis that make diagnosis of IBD more difficult.

50–80% of individuals with primary sclerosing cholangitis (PSC) are later diag-
nosed with IBD, resulting in a phenotype that is distinct from IBD alone; this phe-
notype is characterized by an increased risk of CRC, extensive colitis, but mild 
clinical course [27]. Notably, only 0.8–5.6% of UC patients and 0.4–6.4% of CD 
patients will develop PSC. Neoplasia in PSC patients with colitis is more likely to 
occur in the proximal colon as 60% of lesions located proximal to the splenic flex-
ure [28]. The rate of CRC multi-focality is similar in patients regardless of associa-
tion with PSC [29]. The unique histomorphological features of CRC in IBD patients 
with and without PSC include intra-tumor lymphocytosis, Crohn’s-like lymphoid 
reaction, mucinous features, tumor heterogeneity, well-differentiation, and lack of 
tumor necrosis.

The odds of CRN are more than threefold higher in those with PSC compared to 
IBD alone [27]. In the elderly patient with history of a quiescent, subclinical course 
of IBD, it is important to note that long duration of IBD is a risk factor for CRN in 
PSC [28]. The risk of CRN in CD patients with PSC is less known. Thus far, several 
single-center retrospective studies have demonstrated conflicting results, and thus 
further prospective cohort studies are needed to quantify the risk of CRC in CC with 
PSC [30]. In a Danish population-based cohort study from 1977 to 2011, results 
showed that PSC-IBD patients primarily had ulcerative colitis (72%), the median 
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age at IBD diagnosis was 23  years, and the median age at PSC diagnosis was 
35 years [31]. Overall survival of PSC-IBD is significantly reduced; there is a four-
fold increased risk of mortality in PSC-IBD patients compared to non-PSC-IBD 
patients. The study showed a 20-year cumulative risk of CRC of 9% after diagnosis 
of both IBD and PSC which emphasizes the importance of regular colonoscopy 
surveillance, especially from the time of newly diagnosed PSC. Special consider-
ations for screening and its sequelae in the elderly patient include the risk of hepatic 
decompensation after abdominal surgery, should a colectomy be recommended 
based on colonoscopy findings.

Due to the association of CRC with IBD, surveillance with screening colonos-
copy should certainly be considered in the elderly population. One of the main chal-
lenges to overcome is low utilization of surveillance colonoscopy programs at the 
population level with only a quarter of patients undergoing surveillance at recom-
mended intervals [20]. Even among high-risk individuals such as those with PSC, 
adherence to guidelines is reported to be less than 40%. The decision to pursue 
screening is further complicated by health-related complexities, e.g., comorbidities 
associated with the elderly population.

 CRC Screening Modalities

The goal of screening is to reduce CRC mortality and incidence on a population 
basis, but there is an increasing trend toward pursuing screening on a more individu-
alized basis. Choosing a method of screening often involves a trade-off between the 
degree of invasiveness of a screening test and its effectiveness in preventing cancer. 
Other factors to consider are the patient’s willingness to undergo the test as well as 
degree of professional training from the provider’s perspective. Optical colonos-
copy (i.e., colonoscopy) is seen as the most invasive but most effective modality, 
while fecal occult blood testing (FOBT) is least invasive but also least effective [32]. 
Other screening modalities include CT colonography, Cologuard, a multi-target 
stool DNA test, and Epi-ProColon, a blood-based test. The concept of a screening 
breath test in hopes of achieving comparable sensitivity and specificity to the exist-
ing noninvasive options such as fecal immunochemical tests is under study. See 
Table 11.4 in the Appendix for a summary of each screening modality and their pros 
and cons.

 Colonoscopy

Colonoscopy is considered the gold standard for CRC screening. Overall, mortality 
reduction with colonoscopy versus no screening ranges from 53% to 68% [5, 33]. 
The benefits of colonoscopy screening for CRC was demonstrated by a Veterans 
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Health Administration (VHA) case-control study comparing 4964 veterans with 
CRC age 52 and older with 19856 controls [34]. Colonoscopy reduced mortality for 
left-sided CRC (OR 0.28 [95% CI 0.24–0.32]) and right-sided cancer (OR 0.54 
[95% CI 0.47–0.63]) to a lesser degree. Mean age was 70.8 years with a 61% reduc-
tion in CRC mortality associated with colonoscopy. The concept that colonoscopic 
screening extends the benefits of sigmoidoscopic screening to the entire colon has 
been supported by studies, although there are still some inconsistent findings regard-
ing the degree of protection against CRC. For example, Canadian case-control stud-
ies showed a 47–67% reduction in left-sided cancer mortality with colonoscopy but 
no benefit in detecting proximal CRC. This is perhaps due to inexperience as non- 
gastroenterologists performed the procedure in most Canadian studies. In a 2018 
community-based study of average-risk individuals, screening colonoscopy was 
associated with a 65% reduction in risk of death for right colon cancers and 75% 
reduction for left colon cancers compared to no screening [35]. This highlights the 
disparity in screening accuracy which is much dependent on various factors such as 
adequacy of bowel prep, diet, smoking, and operator technique and experience.

 Flexible Sigmoidoscopy

While colonoscopy remains the dominant endoscopic procedure, lower GI endos-
copy or flexible sigmoidoscopy is associated with a significant reduction in CRC 
incidence [10, 36]. However given the rightward shift in colon neoplasia with 
advancing age, the limited accessibility of sigmoidoscopy proximally will reduce its 
effectiveness in older age groups [10]. The primary mechanism by which flexible 
sigmoidoscopy reduces CRC-specific mortality has been shown to be mostly due to 
primary prevention (removal of adenomatous polyps) rather than early detection 
[36]. A significant disadvantage is if flexible sigmoidoscopy test results are positive, 
then a full colonoscopy is warranted. In the elderly population where adenomatous 
polyps are more prevalent than younger age groups, additional colonoscopies are 
more likely to be performed.

 Colon Capsule Endoscopy

Colon capsule endoscopy is a minimally invasive option for assessment of the entire 
large bowel but still requires bowel cleansing similar to colonoscopy. It is not sup-
ported by evidence as a diagnostic modality for CRN in the surveillance of patients 
with inflammatory bowel disease, especially as histologic verification is required in 
these patients. On the other hand, the capsule may accurately assess mucosal inflam-
mation and be useful for the assessment of mucosal change after medication 
changes. The concern of using the capsule in Crohn’s disease is capsule retention in 
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strictures. Studies have shown a sensitivity of 71–73% for the detection of all polyps 
and a specificity of 75–89% for polyps 6 mm or larger and specificity of 82–86% for 
more than three polyps [37]. Colon capsule endoscopy does not remove lesions and 
cannot be used to obtain histological samples. Studies have not validated it as a 
primary screening test. Instead, it is most commonly used as ancillary to the CT 
colonoscopy and stool DNA test.

 Computed Tomography (CT) Colonography

Since its development in 1994, CT colonography has benefited from major advances 
including development of new-generation CT scanners, software for faster image 
acquisition, and better three-dimensional image quality [38]. Data from several 
studies show rates of detection of advanced colorectal neoplasia that range from 
5.2% to 8.9% using CT colonography compared to 7.1–8.6% using optical colonos-
copy. CT colonography may also be advantageous for finding adenomas located at 
the proximal side of haustral folds or inner curve of flexures which otherwise may 
be missed by colonoscopy. However, the absolute risk difference in advanced 
colorectal neoplasia detection was −0.02 in favor of optical colonoscopy, thus sup-
porting optical colonoscopy as the gold standard. Randomized trials are still needed 
to assess the effect of CT colonography screening on CRC incidence and mortality.

 Magnetic Resonance (MR) Colonography

MR colonography is an attractive option compared to CT colonography because of 
its lack of ionizing radiation. Due to its ability to offer excellent soft-tissue contrast, 
MR colonography is used for the evaluation of various abdominal abnormalities 
including inflammatory bowel disease. For use in CRC screening, MR colonogra-
phy requires bowel preparation and distension of the colon. Potential downsides to 
MR colonography are false-positive filling detects caused by air or residual stool 
[39]. Graser et  al. showed the sensitivity and specificity for detecting adenomas 
larger than 10 mm to be 90.9% and 98.5% respectively [40]. Data on detection rates 
for different morphologic features of adenomas is limited but necessary given the 
prevalence of flat lesions in the IBD population.

 Barium Enema

The double-contrast barium enema (DCBE), also known as air-contrast barium 
enema or lower GI series, involves barium sulfate and air insufflated into the colon 
through the anus. DCBE is seen as safer and less expensive than colonoscopy and is 
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occasionally used as a follow-up test in patients with incomplete colonoscopy where 
cancers in the proximal portion of the colon might have evaded visualization by 
endoscopy [41]. However, this screening modality has been in decline over the 
years. Organizations such as the U.S. Preventive Services Task Force have excluded 
DCBE as a screening option due to a low sensitivity of detecting polyps of 48% in 
multiple studies [33].

 Fecal Occult Blood Test

Fecal occult blood tests include the guaiac-based FOBT and newer fecal immuno-
chemical tests (FIT). These tests rely on the detection of the presence of hemoglobin 
in feces through a chemical reaction dependent upon the peroxidase activity of 
heme [33, 42]. This in turn, depends on the neoplastic lesion having a bleeding 
phenotype. Once-only test sensitivity for cancer is approximately 50%. In addition, 
FOBT can be a two-step screening process where the test selects participants at a 
higher risk of cancer who may proceed to colonoscopy for further diagnostic inves-
tigation. In multiple guaiac-based FOBT randomized controlled trials, the likeli-
hood of finding a cancer given a positive test was 8-fold to 25-fold times greater 
relative to colonoscopy without any intervening test [42]. In a 30-year follow-up of 
participants randomly assigned to annual screening with FOBT vs controls, a 32% 
reduction in the rate of death from CRC was observed [43]. However, FOBT did not 
significantly reduce all-cause mortality.

 Fecal Immunochemical Test

FIT has been the noninvasive test of choice in organized screening programs in 
Europe and is shown to be superior to FOBT in the detection of advanced adeno-
mas. Recent data suggests that FIT every 2  years for five rounds can detect 
advanced neoplasia at a similar rate as a one-time colonoscopy [44]. However FIT 
suffers from a high variation in sensitivity (61–91%) [45] subject to the effect of 
seasonal variation on test performance. European and Korean studies have shown 
that the positivity rate of FIT is reduced in summer months (June, July, August) 
which is thought to be due to high ambient temperatures worsening the perfor-
mance of FIT [46]. Positive predictive value and interval cancer rate was found to 
be higher in the summer. Cancer detection rate was similar in all seasons. Also 
important to note is a distinction between qualitative and quantitative 
FIT. Quantitative FIT has lower sensitivity than qualitative FIT (73% vs 85%) but 
a higher positive predictive value. Qualitative tests visually indicate when hemo-
globin is detected, whereas quantitative FITs measure the amount of hemoglobin 
numerically and report the result as positive if greater than a pre-specified 
threshold.

11 Colorectal Cancer Risk and Screening in Geriatric Patients



140

 Stool DNA Test

In a cross-sectional study of 12,776 participants that compared a multi-target stool 
DNA test (Cologuard) with a commercial FIT among patients at average risk for 
CRC, the sensitivity of the DNA test for the detection of CRC and advanced precan-
cerous lesions exceeded that of FIT by almost 20 percentage points [47]. The DNA 
test was 92.3% sensitive for CRC compared to 73.8% for FIT, and 42.4% sensitive 
for advanced precancerous lesions compared to 23.8%. FIT-Cologuard included 
quantitative molecular assays for KRAS mutations, aberrant NDRG4 and BMP3 
methylation, and ß-actin in addition to the hemoglobin immunoassay. Patients may 
prefer certain benefits of cologuard. For example, the test can be completed from 
home and mailed directly to a lab. Additionally, there is preservation of patient pri-
vacy, safety/no need for sedation, no need for bowel prep, and no lost time from 
work.

 Blood Test

The Epi proColon blood test or mSEPT9 assay is an annual test that is indicated for 
average-risk CRC adults [32], though not recommended by the US Multi-Society 
Task Force on CRC [48]. It searches for aberrantly methylated genes and only 
requires a small sample of blood. Relative to Cologuard, the Epi proColon is less 
sensitive for both CRC and advanced adenomas (sensitivity 48.2% and 11.2% 
respectively). However, the Epi proColon has a high specificity of 91.5% for 
CRC. Though the Epi proColon falls short in detecting advanced adenomas, it may 
be an option for the frail elderly where precancerous lesions are of less clinical 
concern. Furthermore, new serum biomarkers for the diagnosis of colon cancer are 
being discovered such as COL10A1 (collagen protein expressed in cancer tissue) 
which attained a 63% sensitivity and 85% specificity for colon cancer or adenoma 
in a study involving 80 colon cancer cases, 23 patients with adenoma, and 77 cancer- 
free controls [49].

 Breath Test

In recent decades, an increasing amount of research has been dedicated to the iden-
tification of volatile organic compounds (VOC) in various excreted biological mate-
rials. The concept centers on VOCs serving as biomarkers of disease. Using a breath, 
urine, blood, or fecal sample, these tests would involve complex analysis of VOC 
patterns that can discriminate between patients with CRC and health individuals 
[45, 50]. Small pilot studies have found that VOC analysis can identify CRC with a 
sensitivity of 30–94% and a specificity of 60–94%. Questions still remain regarding 
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its application in clinical practice. There is still uncertainty as to whether or not 
VOC patterns are specific to CRC as opposed to other colonic diseases such as IBD 
or diverticular disease. The technique of VOC analysis is not standardized and there 
is debate as to which biologic sample is most advantageous for CRC screening. That 
said, breath testing is thought to be most convenient for the patient, least invasive, 
and likely the least costly. Thus far, no studies have compared a VOC breath or fecal 
test with FIT, but there is the potential for VOC analysis to have higher sensitivity 
and patient compliance compared to FIT.

 Barriers to Pursuing Colonoscopy in the Elderly

Barriers to pursuing surveillance colonoscopy for the frail elderly begin with patient 
acceptance of the procedure and proper education of the purpose, risks, preparation, 
and safety measures. In a survey of 100 IBD patients, only 7% spontaneously men-
tioned CRC risk as a main feature of IBD and 66% of patients knew that IBD 
increases CRC risk [51]. Gastroenterologists were the main and preferred source of 
information for the majority of patients. If colectomy were to be recommended in 
the case of non-adenoma-like raised lesions or flat high-grade dysplasia, only 25% 
of patients stated they would follow this recommendation for fear of definitive 
ostomy or complications of surgery.

Analysis of a survey of 88 elderly patients undergoing surveillance colonoscopy 
showed that difficulty ambulating, difficulty performing activities of daily living, 
and history of diabetes were significant univariate predictors of inadequate bowel 
preparation though only difficulty ambulating was an independent predictor [52]. 
Patients who have difficulty ambulating may fear incontinence and subsequently 
consume a less than optimal amount of preparation solution. Factors from the 
patient perspective that influence patient agreement to screening include test-related 
embarrassment and fear of pain [53]. Alternatively, patients are more willing to 
accept screening if offered an interview with a health professional or offered a non-
invasive test alternative.

With regards to sedation, in the past, midazolam, fentanyl, and propofol have 
been the most commonly used sedatives for colonoscopy [54]. In general, adverse 
effects of conscious sedation are uncommon. These agents provide patient comfort, 
reduce procedure time, and improve examination quality during colonoscopy. 
Choice of sedative depends on age, anxiety, comorbidities, and baseline medica-
tions. In the elderly age group, risks of sedation are complicated by increased rates 
of aspiration, hypoxia, arrhythmias, and hypotension. In an analysis of over 1.3 
million colonoscopies performed from 2000 to 2013, the use of propofol for deep 
sedation has greatly increased while the use of meperidine has declined. Several 
studies have shown that propofol can be safely used in the elderly despite its pro-
pensity to lower blood pressure [55]. Childers et al. showed that the use of diazepam 
has dropped out of favor since 2003 and the average dose of medication used for 
individual compounds has not significantly changed over time [54]. However, the 
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same study showed a significant age-dependent decline in the dose of sedatives 
(with the exception of histamine-1 receptor antagonists).

There is evidence that elderly patients require less sedation during endoscopy 
than younger counterparts with similar satisfaction rates and procedural outcomes 
[54]. This can be explained by physiologic processes occurring with age such as 
decreasing total body water and increasing body fat resulting in increased serum 
concentrations after a bolus administration of drug and greater volume of distribu-
tion prolonging drug action [56]. While sedation and analgesia for patients undergo-
ing colonoscopy is standard practice in the U.S., unsedated colonoscopy is often 
performed in Asia and Europe. In a retrospective study comparing tolerance of colo-
noscopy with and without sedation, non-sedative colonoscopy was associated with 
shortened hospital stay time, improved ability to return to work earlier, and was 
tolerated by 91% of patients [57].

In a prospective single-center study evaluating tolerance of colonoscopy with 
conventional versus ultrathin colonoscopes (UTC) in ulcerative colitis patients, the 
flexible ultrathin colonoscope was significantly better tolerated [58]. In a recent 
meta-analysis that examined the performance of ultrathin colonoscopes, there was 
no difference in cecal intubation time between UTC and standard colonoscopes, and 
polyp and adenoma detection rates were similar between both devices [59]. This 
meta-analysis confirmed that pain scores were significantly lower with UTC. UTC 
can potentially decrease the need for analgesia further reducing cardiopulmonary 
risks associated with deep sedation. Concerns with UTC are mainly susceptibility to 
excessive looping which could increase risk of perforation and result in incomplete 
colonoscopy. Looping was found to be the leading cause of incomplete colonoscopy 
with UTC (1.2% of procedures) compared with standard colonoscopes (0.2%).

 Adverse Events of Colonoscopy in the Elderly

The major concern for performing colonoscopy in the elderly patient is the increased 
risk for complications which can occur during, immediately after, or delayed (see 
Fig. 11.2). The overall complication rate in patients over 80 is low, ranging from 
0.2% to 0.6% [55]. However, a retrospective cohort study on patients undergoing 
screening colonoscopy from 2001 to 2010 found that age greater than 75 years was 
independently associated with increased risk of hospitalization following colonos-
copy (adjusted OR 1.28; 95% CI 1.07–1.53) [60]. Physiologic changes in addition 
to the increased development of comorbidities make the elderly population particu-
larly complex. Age-related changes include aspiration pneumonia or pneumonitis 
due to declining gag reflex [61]. The elderly also have higher rates of nonsteroidal 
anti-inflammatory drug use and reduced mucosal protective barriers which contrib-
ute to an increased risk of gastrointestinal bleeding, especially in the setting of 
endoscopic procedures such as polypectomies. Increased age is also associated with 
a higher degree of diverticular disease which can lead to longer duration of the pro-
cedure. There is an increased risk of perforation with ever year increase in age 
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adding an additional 1% risk of perforation. Those aged older than 80 have a perfo-
ration incidence of 115 per 100,000 colonoscopies.

Cardiopulmonary complications are the most common periprocedural adverse 
events in the elderly who are at increased risk compared to younger patients. 
Cardiovascular complications occur despite elderly patients on average receiving lower 
doses of sedatives [55]. Thirty days after colonoscopy, the risk of  non- gastrointestinal/
cardiopulmonary events is increased, likely due to colonoscopy exacerbating underly-
ing comorbid illness. Post-procedural cardiopulmonary events are more likely to occur 
in those taking antithrombotic medications and those with pulmonary comorbidities. 
Post-procedural cardiopulmonary events also increase with age in patients even with-
out comorbidities compared to average-risk patients younger than 50 [62].

In a population-based prospective study of Medicare beneficiaries ages 70–79, 
adverse events were compared between age groups 70–74 and 75–79 and regardless 
if colonoscopy was performed [63]. Overall, the excess risk of serious adverse 
events with colonoscopy within 30 days was small in both age groups (see Fig. 11.3). 
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Fig. 11.2 Adverse events associated with colonoscopy by age. (Data obtained from Lin et al. [76])
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In both age groups, colonoscopy was associated with an excess risk of less than 2 
events per 1000 patients with the exception of arrhythmias which occurred with an 
excess risk of 2.4 cases per 1000 individuals in the 70–74 age group and of 5.5 cases 
per 1000 individuals in the 75–79 age group. An increased risk of arrhythmias in the 
elderly can be explained by physiologic changes, such as a decreased beta- adrenergic 
responsiveness, increased fibrotic infiltration of cardiac conduction pathways, and 
an increased reliance on the Frank-Starling mechanism leading to conduction 
abnormalities and other cardiovascular problems [56].

Patient discomfort has been noticed to be higher in patients aged <75 (1.1% of 
patients) and lowest in patients >86 (0% of patients) [64]. Post-procedural self- 
reported symptoms over all age groups are most commonly bowel distension and 
abdominal pain [53]. Some patients report fecal incontinence, but overall, these 
symptoms are generally self-limited and last no more than a day.

 Bowel Preparation in the Elderly

Adequate bowel preparation is essential for proper visualization of mucosa during 
colonoscopy. Inadequate bowel preparation can be a cause for an incomplete colo-
noscopy. In a meta-analysis of 20 studies, suboptimal bowel preparation was docu-
mented in 18.8% of patients >65 years of age and in 12.1% in patients >80 [65]. 
Physiologic reasons for inadequate bowel preparation in the elderly include slower 
colonic transit and higher incidence of obstipation.

The main components of cleansing agents are peroral polyethylene glycol (PEG) 
solution, sodium phosphate, or sodium sulfate. However the leading choice for 
bowel preparation in the elderly is polyethylene glycol which is generally well tol-
erated despite the large volume load (4 L). It has a lower risk of electrolyte depletion 
or renal injury [61, 66]. The split-dose method of giving half the bowel preparation 
dose on the same day as the endoscopy results in higher quality colonoscopy and 
increases adenoma detection rate compared to ingestion of the entire preparation the 
day before endoscopy [67]. This method also further reduces the risk of non- 
compliance, fluid shifts, and renal injury in the elderly which is more likely to occur 
with small volume osmotic laxatives such as sodium sulfate.

Adverse events related to bowel preparation include interactions with existing 
medications. Since the elderly have the highest rates of polypharmacy, it is  important 
to look for antihypertensive and diuretic use as bowel preparation increases the risk 
of dehydration and periprocedural hypotension. Furthermore, the elderly are at risk 
for impaired thirst reflex and inadequate renal free water handling. Patients with 
poor renal function, dehydration, hypercalcemia, or treatment with angiotensin- 
converting enzyme inhibitors or angiotensin receptor blockers may experience 
phosphate nephropathy after the use of sodium phosphate solutions, the risk of 
which is increased with age [61]. Therefore, sodium phosphate is not recommended 
in the elderly. Adequate hydration with clear liquids up to 2 hours before endoscopy 
should be encouraged to avoid hypotension. For diabetes management, oral antihy-
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perglycemics should not be taken on the morning of the procedure, and long-acting 
insulin formulations should be halved. Because of the risk of hypoglycemia in the 
elderly, early morning procedures are preferred.

From the patient perspective, bowel preparation is seen as the most burdensome 
aspect of CRC screening, especially given its side effects of nausea, vomiting, and 
abdominal pain [67]. These side effects increase with age. With this in mind, in the 
elderly population, it is important to assess for comorbidities, ability to consent, and 
ability to successfully follow pre-procedural and post-procedural instructions. A 
lack of understanding regarding pre-endoscopy instructions can result in unsuccess-
ful bowel preparation and inaccurate endoscopy findings.

 Colorectal Cancer Screening Strategies in the Elderly Patient 
with IBD

 Current Screening Recommendations

Current screening guidelines do not distinguish the elderly patient with IBD from 
the general population except in noting that surveillance should be applied only to 
those whose life expectancy is expected to benefit and those who can tolerate the 
procedures. Patients with IBD at all ages have an overall survival that is comparable 
to or only slightly lower than that of the general population though age is reported 
as an independent risk factor for mortality among IBD patients even after adjusting 
for comorbidity [18].

Society guidelines generally agree on appropriate time to begin surveillance for 
CRC but vary on appropriate intervals between surveillance colonoscopies. There is 
also question as to the most appropriate methods and techniques of surveillance. In 
the IBD population where CRC is a well-known complication, it is crucial to under-
stand best screening methods to prevent CRC, a likely cause of mortality. It is also 
important to approach the elderly population with IBD as two groups: those diag-
nosed at a younger age (before the age of 60) and those with onset of IBD at a later 
age (late-onset IBD) given that long-standing IBD confers a higher risk of 
CRC.  Late-onset IBD is not associated with an increased risk of CRC when 
 compared to non-IBD patients, yet elderly-onset IBD patients may develop CRC 
more rapidly (i.e., within 8 years) [26].

Among the various guidelines for CRC screening in the patient with IBD, sur-
veillance imaging is not appropriate based on the American College of Radiology 
Appropriateness Criteria [68]. Given that patients with IBD are considered high risk 
for CRC, screening should be performed during clinical remission of disease in 
order to distinguish inflammatory changes from dysplasia [22]. The American 
Gastroenterological Association suggests that surveillance colonoscopy should be 
initiated at maximum 8 years after the onset of IBD symptoms. Various organiza-
tions differ slightly on the exact timing of the first screening and intervals. For 
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example, the European Crohn’s and Colitis Organization and the American College 
of Gastroenterology (ACG) suggest first time screening 8–10 years after the onset 
of symptoms. Regular surveillance should be continued but the interval between 
colonoscopies has not been standardized. The British Society of Gastroenterology 
differs from other societies by including risk stratification in determining surveil-
lance intervals. CRC risk profile should be determined in the first surveillance colo-
noscopy. In both European and American IBD organizations, surveillance interval 
ranges are 1–3 years. Evidence from RCTs support that for the patient with UC and 
left-sided colitis or extensive colitis, screening colonoscopy be performed annually 
or biennially [69]. In the case of CD, patients with disease affecting more than one- 
third of the colon should also undergo surveillance colonoscopy annually or bienni-
ally. In the elderly IBD patient with only left-sided colitis or Crohn’s colitis with 
<50% of the colon involved, European societies recommend screening every 5 years 
as opposed to yearly exams [70]. Special consideration should be paid to the elderly 
patient with PSC as there is an elevated risk of CRC that is nearly fourfold the risk 
in those without PSC. Societies currently recommend annual surveillance from time 
of diagnosis of PSC in a patient with IBD, regardless of the subtype (See Table 11.1).

The International Agency for Research on Cancer reports sufficient evidence for 
CRC surveillance in the IBD population with currently established stool-based tests 
and lower endoscopy as these methods reduce the risk of death from CRC and ben-
efits outweigh the harms [44]. Method of choice for surveillance in the elderly 
patient with IBD depends on multiple factors: from patient selection, to ability to 
perform the procedure successfully, to alignment with the elderly patient’s goals of 
care. The mainstay of CRN detection for patients with IBD remains surveillance 

Table 11.1 Summary of society guidelines for CRC surveillance in IBD patients including timing, 
intervals, and recommended technique [71]

Low risk (every 5 years) Intermediate (every 3 years) High risk (annually)

Colitis affecting <50% of the 
colon

Extensive colitis with mild 
inflammatory activity

Extensive colitis with mod/
severe inflammation

Extensive colitis with no or 
mild endoscopic/histological 
inflammation

Postinflammatory polyps Primary sclerosing cholangitis

Crohn’s colitis affecting <50% 
of the colon

Family history of CRC in 
first-degree relative 
>50 years old

Stricture in past 5 years

UC without high-risk features 
on 2 previous colonoscopies

Quiescent UC without 
high-risk features

Dysplasia in past 5 years (no 
surgery)
First-degree relative with CRC 
<50 years
Chronically active UC
Shortened colon
Inflammatory polyps

Adapted from British Society of Gastroenterology, European Crohn’s and Colitis Organization, 
and the Australian Cancer Council
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colonoscopy using white light endoscopy [4]. The aim is to detect and remove dys-
plastic lesions thereby preventing cancer and CRC-related mortality.

During the colonoscopy, previously established protocol was two to four random 
biopsies that should be taken every 10 cm along the entire colon with additional 
samples taken from suspicious areas. However newer more efficient strategies for 
detection of neoplastic lesions have been utilized. Among gastroenterologists, 
recent studies have shown that compliance with the recommended number of biop-
sies is less than 50% [4]. With the transition to high-definition (HD) endoscopes, 
there may not be a need for random biopsies given the ability to visualize colitis- 
associated CRN. Some guidelines also state that all biopsies should be taken from 
mucosa surrounding visibly suspected lesions in order to ensure complete removal 
of the lesion. However a recent study of 1065 IBD patients examining the clinical 
consequences of surrounding mucosal biopsies found that the dysplasia yield of 
surrounding mucosal biopsies was only 5% [72]. In this era of high-definition endo-
scopes and other imaging techniques (discussed below), the practice to routinely 
take surrounding mucosal biopsies may no longer be useful or cost-effective.

To further improve the diagnostic yield of biopsies, focus has been placed on 
endoscopic techniques such as chromoendoscopy that uses dye to detect colonic 
lesions to be biopsied. Based on meta-analysis including randomized controlled tri-
als, the use of chromoendoscopy with 0.1% of indigo carmine or 0.1% of methylene 
blue showed a significantly higher intraepithelial neoplasia detection rate compared 
with white light endoscopy [69]. Total examination time is significantly shorter 
using targeted biopsies which may be beneficial in the elderly when duration under 
sedation is important. Random biopsies from areas without any signs of present or 
past inflammation do not typically yield neoplastic tissue. Independent predictors of 
dysplastic histology are location in the proximal colon, protruding morphology, loss 
of innominate lines, and neoplastic pit patterns [73]. ACG recommendations from 
2018 state insufficient evidence for universal chromoendoscopy for IBD colorectal 
neoplasia surveillance and instead suggest limiting chromoendoscopy for patients at 
high risk [74]. Chromoendoscopy requires skilled operator dependence and need 
for adequate bowel preparation. A prospective trial comparing narrow-band imag-
ing (NBI) to conventional colonoscopy and chromoendoscopy found NBI to be less 
time-consuming without a difference in dysplasia detection [75]. However, NBI 
misses suspicious lesions 30.7% more than chromoendoscopy and is therefore not 
considered a substitute for chromoendoscopy.

 Does Colorectal Cancer Screening Extend Life in the Elderly?

From 2008 until 2018, the American Cancer Society, the US Multi-Society Task 
Force on Colorectal Cancer, and the American College of Radiology have stood by 
consensus guidelines for the detection of adenomatous polyps and CRC in average- 
risk adults using screening colonoscopy [2, 61, 76]. These societies do not indicate 
an upper age limit due to a lack of current data. The U.S. Preventive Services Task 
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Force and American College of Physicians recommend an upper age limit of 75 
based on systematic reviews that suggest a limited benefit to routine screening 
beyond age 75 [61, 76]. However, this guidance is currently under review. Given 
that the number of individuals over age 86 is expected to double by the year 2030, 
there is suggestion that those between ages 75 and 85 years should be screened on 
an individual assessment of risk versus benefit [37].

In a 2017 network meta-analysis of screening modalities in CRC [65], the rela-
tive risk of mortality due to CRC was 0.86 for FOBT compared with no screening. 
FIT reduced CRC mortality by 59% and FS resulted in a 33% reduction in CRC 
mortality. When FS was combined with FOBT, CRC mortality was reduced by 
38%. Colonoscopy resulted in 61% reduction in CRC mortality. However no ran-
domized trials have shown a benefit in mortality. The question remains if these 
screening modalities are effective at extending life in the elderly when life expec-
tancy becomes a relevant consideration.

A population-based study of Medicare beneficiaries aiming to evaluate the effec-
tiveness of colonoscopy screening found that in the 70–74 age group, the standard-
ized 8-year risk of CRC was 2.19% in the colonoscopy screening arm and 2.62% in 
the no screening arm, a risk difference of −0.42% [63]. In the 75–79 age group, the 
standardized 8-year risk of CRC was 2.84% in the colonoscopy screening arm and 
2.97% in the no screening arm, a risk difference of −0.14%. The authors concluded 
that their findings were consistent with USPSTF recommendations for routine 
screening until age 75 followed by individualized decisions afterward. Though this 
study did not include CRC-specific mortality rates, the expectation is that CRC 
mortality and morbidity would be lower in the screening arm given the increased 
detection of CRC cases, the majority of which were stage 0 and I.

In a case-control study involving veterans aged 52 years or older, CRC screening 
was associated with less mortality reduction in right-sided CRC compared to left- 
sided CRC (46% vs 72% reduction in mortality) [34]. In a separate case-control 
study determining the association of CRC with exposure to lower GI endoscopic 
procedures (colonoscopy and sigmoidoscopy) in veterans age 75 and older, expo-
sure to colonoscopy over a 10-year period was associated with a significant reduc-
tion in both distal and proximal CRC (OR 0.45 distal CRC, OR 0.67 proximal CRC) 
[10]. However, sigmoidoscopy over the same 10-year period was not significantly 
associated with reduction in either distal or proximal CRC. Thus, sigmoidoscopy 
may not be an effective strategy for preventing CRC in the elderly.

In the general population, modeling studies have shown that routine screening 
colonoscopy in the very elderly (≥80 years of age as defined by the World Health 
Organization) results in only a fraction of the expected life expectancy extension in 
younger patients [77]. One study estimated a mean extension in life expectancy in 
the group aged 80 years or older to be 0.13 years vs an extension of 0.85 years in the 
50–54 years old group [55]. This may be due to competing risk of mortality from 
other comorbid diseases. A 2017 Cochrane analysis was performed to assess the 
effectiveness of cancer surveillance programs for the diagnosis of IBD-associated 
CRC and reduction of mortality rate from CRC [78]. The review found a higher rate 
of cancer occurred in the non-surveillance group compared to the surveillance 
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group, the odds of CRC development were reduced by 42%, and odds of death by 
CRC was reduced by 64%. However, with only observational data included and no 
prospective data, the quality of evidence for this review was low for any survival 
benefit with surveillance colonoscopy. Detection of earlier stage CRC with surveil-
lance may explain some survival benefit which may also be attributed to lead time 
bias, enhanced medical therapies to control inflammation, or chemoprevention with 
5-aminosalicylates.

Given the intensive surveillance protocols detailed for the IBD patient with CRC 
risk factors, there is question as to what degree increased screening frequency con-
tributes to reduced mortality from CRC. The Cochrane review reports weak evi-
dence that surveillance colonoscopy prolongs survival in extensive colitis, though 
surveillance is likely to be effective in reducing the risk of death from colorectal 
adenocarcinoma [78]. In a retrospective study by Eluri et al. [79], in patients with 
IBD, nearly 30% of high-grade dysplasia (HGD)/CRC was found at colectomy 
which was missed on prior colonoscopy. All of these CRC cases had prior colonos-
copies that showed either low-grade dysplasia (LGD) within a rectosigmoid stric-
ture, multifocal polypoid LGD, or an unresectable lesion with LGD. These results 
emphasize the importance of aggressive surveillance, particularly in those with 
colonic strictures, right-sided location, and rectal areas where HGD/CRC can be 
easily missed. The risk of progression from LGD to HGD or CRC remains contro-
versial as low numbers of LGD lesions that progress to HGD or CRC may be due to 
the improvement of therapies and surveillance strategies. Multivariate logistic 
regression analysis shows that the risk of early or missed CRCs is three times higher 
for IBD patients which further supports intensive surveillance colonoscopy for the 
elderly IBD patient [18].

The benefit of surveillance colonoscopy also involves consideration of the proce-
dural yield, defined as the percentage of patients who are found to have significant 
findings on colonoscopy. Trends show that the yield of colonoscopy increases with 
age corresponding to the higher prevalence of colorectal neoplasia in the elderly 
[55]. Yield for colorectal neoplasia ranges from 3.7% to 14.2% in patients >65 years 
old. Studies evaluating patients 80 or older show that cancers are detected in 11–14% 
of cases and adenomas and polyps in roughly 19–30% of cases.

 Deciding Whether or Not to Screen the Elderly Patient

The decision to screen in the elderly population depends on multiple variables such 
as CRC risk, life expectancy, risk of the screening procedure, cost-effectiveness, 
and ability for the elderly patient to withstand treatment should screening result in 
suspicious findings (see Table  11.2) [80]. Guiding all screening decisions is the 
principle that surveillance should be done only if patients are fit to undergo colec-
tomy should dysplasia be found. In the IBD population, while guidelines exist 
regarding when to dial down aggressive screening, there have not been studies that 
specifically assess outcomes and recommendations in the elderly IBD patient. As 
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such, it is important to make individualized decisions in this population. Several 
important questions should be addressed in making the decision to screen. What is 
the patient’s life expectancy and does colonoscopy offer a benefit? Is the patient 
able to tolerate the preparation and screening procedure? What is the likelihood of 
detecting CRN and can the patient undergo treatment?

The American College of Physicians recommends that average-risk CRC screen-
ing be discontinued in patients with a life expectancy of <10 years. Since the elderly 
IBD patient is at increased risk for CRC, tools that take into consideration comor-
bidities are useful for making screening decisions. Quantitative tools are readily 
available for estimating life expectancy, some even taking into consideration CRC 
risk. A 2011 systematic review on prognostic indices aided in the development of a 
tool called ePrognosis which is helpful for determining life expectancy in the elderly 
without a dominant terminal illness [81]. Screeningdecision.com is another tool that 
specifically assesses personalized risks and benefits of colonoscopy screening tak-
ing into consideration life expectancy. Important to note is that this model does not 
allow for the option to specify inflammatory bowel disease as the cause of increased 
risk for CRC and there is no option to set the most recent colonoscopy to less than 
10 years. Presumably, those with inflammatory bowel disease can be screened more 
frequently.

It is important to start with a full history, since patients may not remember details 
of prior colonoscopies. The medical history can aid in determining the patient’s 
ability to undergo the full colonoscopy preparation and procedure. Prior endoscopy 
reports may be useful in assessing procedure completion and patient tolerance. 
Family history and genetic risk scores can be used when stratifying CRC risk for 
screening. A German study involving a population of 2363 CRC patients and 2198 
controls found that a CRC family history was associated in 316 cases (13.4%) ver-
sus 214 controls (9.7%, p value <0.0001) [82]. There was also a 2.9-fold (OR 2.94) 
increased risk of CRC with genotype adjusted for sex and age. The risk increased 
1.5-fold (OR 1.47) if family history included a first-degree relative. Once hospital-
ized, older patients tend to be sicker, malnourished, hypovolemic, more anemic, and 
have increased transfusion requirements [18]. Even after adjusting for comorbidi-
ties in the IBD patient, age is predictive of in-hospital mortality.

Table 11.2 Considerations for CRC screening with colonoscopy in elderly IBD patients

Patient-related Procedure-related

Comorbidities Sedation/anesthesia complications
Polypharmacy Colonoscopy complications
Patient desires Bowel prep complications and completion
Nutritional status % yield of colonoscopy
Life expectancy Psychosocial support
Frailty status Patient ability to undergo chemotherapy/radiation
Cognitive impairment status Quality of life
Access to medical care
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To improve colonoscopy yield in the IBD patient, a mean severity score can be 
quickly calculated based on the segment worst affected by colitis seen in the preced-
ing 5–10 years of colonoscopies [25]. Mean severity scores are significantly more 
accurate than maximum severity scores or findings from only the most recent colo-
noscopy. Patients with severe or persistent disease should be considered for more 
frequent surveillance and undergo active treatment.

Overall, the cost of screening increases with age, while cost-effectiveness and 
quality-adjusted life years (QALY) decrease. QALY is a useful measure of health 
outcomes that combines duration and quality of life. These trends are not affected 
by sex or race. Screening history and comorbidity status have an impact on the 
effectiveness of colonoscopy screening in the elderly. CRC risk can be calculated 
using the National Cancer Institute’s Colorectal Cancer Risk Assessment Tool 
designed by health providers for patients between the ages of 50 and 85 [83].

Taking screening history and CRC risk into account, screening is cost-effective 
until 66 years for previously screened, low-risk individuals, whereas screening up to 
age 88 is cost-effective for healthy yet high-risk individuals [80]. In a retrospective 
study comparing data from extremely elderly patients (>90 years) to elderly patients 
(75–79 years), diagnostic colonoscopy was found to be associated with increased 
risk for incomplete procedure, inadequate bowel preparation, and adverse events 
mostly attributed to cardiopulmonary events [84]. However, advanced neoplasias 
were significantly more common in the extremely elderly group. Given that the 
appropriate age to stop screening varies among individuals, it is important to con-
sider these factors to avoid harm.

In addition to analyzing the risks and benefits of screening colonoscopy, it is 
important that decisions are made in line with patient goals of care. In a Veterans 
Affairs study assessing patients’ attitudes toward de-intensifying or ceasing surveil-
lance, 51% of patients were comfortable with stopping surveillance in the setting of 
poor health, but comfort with the decision rose with education and trust in the physi-
cian [85]. Methods of predicting adverse events in the elderly undergoing colonos-
copy are mostly based on retrospective studies; therefore, prospective studies are 
much needed to identify the most vulnerable elderly anticipating undergoing screen-
ing colonoscopies.

 Fit Versus Frail

Selection of the appropriate CRC screening modality must include a frailty evalua-
tion in addition to conventional CRC risk factors. Frailty defined by geriatricians is 
a syndrome of decreased reserve and resistance to stress resulting in a decline in 
multiple organ systems. Frailty is not synonymous with comorbidity or disability. 
Instead, comorbidity is a risk factor and disability is an outcome of frailty. There are 
a number of scores that quantify frailty, some of which perform better than chance 
at predicting adverse outcomes (see Table 11.3). There is still much need for pro-
spective studies to identify the most vulnerable elderly anticipating screening 
colonoscopies.
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The Fried index [88] identified frailty as 3 or more of the following: uninten-
tional weight loss (10 pounds in preceding year), self-reported exhaustion, grip 
strength weakness, slow walking speed and decreased physical activity. The frailty 
phenotype per the Fried index is predictive of events in the following 3 years includ-
ing incident falls, worsening mobility, hospitalizations, and deaths (hazard ratios 
range from 1.82 to 4.46). If less than 3 criteria are present, then the Fried index is 
predictive of frailty in 3–4 years of outpatient follow-up (OR 4.51).

A challenge of managing the frail elderly is the fact that frailty often leads to a 
complex presentation encompassing multiple diseases at once, e.g., delirium and 
immobility. The importance of identifying frailty is exemplified by the increased 
risk of adverse outcomes in this population as well as the need to focus on the 
patient and family goals as opposed to exposing frail patients to potential hazards. 
On the other hand, the degree to which frailty predicts procedural outcomes is called 
into question with the results of a study on outcomes after ileoanal pouch surgery in 
frail and older adults [89]. Frailty in this surgical study was based on the presence 
of chronic obstructive pulmonary disease, diabetes, hypertension, congestive heart 
failure, dependent functional status, and ≥10% weight loss in preceding 6 months. 
Patients with no frailty traits versus >1 frailty traits revealed no greater difference in 
complications or mean hospital length of stay.

Gilbert et al. developed a frailty risk score from overrepresented ICD-10 diag-
nostic codes in a population of elderly patients with characteristics of frailty [86]. 
Their Hospital Frailty Risk Score was tested on two separate validation cohorts to 
assess prediction of adverse outcomes after emergency admission and identifica-
tion of similarly frail individuals. The authors found that their hospital frailty risk 
score predicted increased 30 day mortality (OR 1.71 95% CI 1.68–1.75), longer 
hospital stay (OR 6.03 CI 5.92–6.10) and 30 day re-admission rate (OR 1.48 CI 
1.46–1.50). An important limitation is that the use of ICD-10 codes does not fully 
capture disease severity and variation in documentation can contribute to measure-
ment error.

Upper extremity range of motion and muscle fatigue are features of frailty. The 
upper-extremity function (UEF) test involves placement of wearable motion sensors 
to measure forearm and upper-arm motion to quantify slowness, weakness, exhaus-
tion, flexibility, and frailty. A study by Toosizadeh et  al. [87] involving 352 

Table 11.3 Frailty scores, advantages and disadvantages

Frailty score Advantages Disadvantages

Hospital Frailty Risk 
Score by Gilbert et al. 
[86]

Validated in a large English 
inpatient database
Useful for risk stratification 
in emergency care settings

Classifies mortality risk moderately 
well
Frailty among elderly with few or no 
past admissions can be overlooked

Upper-extremity function 
assessment [87]

Objective
Quick (physical task 
performed in less than 
1 minute)

Does not assess cognitive 
impairment, depression, and 
comorbidity

Fried index [88] Performance based
Feasible in large populations

Floor effect (i.e., immobile patients)
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 participants, validated the UEF test against the Fried frailty index. The UEF test 
accurately predicted Fried frailty criteria. Of note, the UEF test does not measure 
cognition. Similar to the Fried index, it lacks components of cognitive impairment, 
depression, and comorbidity.

 Reducing CRC Risk While Medically Managing IBD 
in the Elderly Patient

There is conflicting evidence as to whether or not certain therapies for IBD can be 
chemoprotective. While aminosalicylates have been associated with a reduction in 
the development of all cancers including CRC, more recent studies show no reduc-
tion in risk of CRC [21, 90]. Nevertheless, most physicians will still recommend 
5-ASA agents at a dose of at least 1.5 g/day. Side effects to look out for in the 
elderly include nephrotoxicity in the setting of baseline renal dysfunction, as well as 
concomitant use of 5-ASA with warfarin. Other medications used for IBD long- 
term and maintenance treatment are the thiopurines, azathioprine and 
6- mercaptopurine. While there is thought that thiopurines increase the risk of malig-
nancy by direct alterations in DNA, activation of oncogenes, and reduction in 
immune system surveillance of malignancy cells, studies have shown a reduced risk 
in CRN, especially in patients with a long disease duration greater than 8 years [91]. 
Reduced risk of CRN can be explained by a better control of inflammation. However, 
there is an increased risk of site-specific cancers with thiopurine use, specifically 
non-melanoma skin cancer and lymphoma.

In a retrospective cohort study of nearly 37,000 patients, the incidence rate of 
lymphoma was 2.31 per 1000 patients who were treated with thiopurines vs 0.6 per 
1000 patients who had not been treated with thiopurines [92]. The incidence rate of 
lymphoma increases with duration of thiopurine therapy. The risk of lymphoprolif-
erative disorders increases with age. In a systematic review of IBD patients using 
thiopurine therapy, patients had a moderately increased risk of non-melanoma skin 
cancer proportional to therapy duration [93]. With regards to age, there is a bimodal 
risk distribution where those between the ages of 30–50 and those over 70 had the 
greatest non-melanoma skin cancer risk. A multicenter retrospective cohort study of 
patients with IBD showed the frequency of extra-colonic cancer was higher in the 
elderly than in adults [94]. These factors are important to consider when balancing 
with the benefits of immunosuppressive treatment of IBD and potential reduction in 
CRN risk.

There is some evidence that ursodeoxycholic acid (UDCA) at a low dosage may 
reduce CRC risk by decreasing the exposure of colonic epithelial cells to carcino-
genic bile acids. The American College of Gastroenterology suggests consideration 
of UDCA in daily divided doses of 13–15 mg/kg for colorectal neoplasia preven-
tion, but studies have only focused on this benefit in IBD patients with 
PSC. Furthermore, small observational studies have shown that the benefit of UDCA 
in chemoprevention did not reach statistical significance when a 10–15 mg/kg dose 

E. Lin and S. Katz



155

was compared to placebo and a higher dose (28–30 mg/kg) significantly increased 
the risk of CRC in patients with PSC [30].

Patients taking sulfasalazine should be on folate supplementation as low folate 
intake has been associated with alteration of DNA and subsequent development of 
CRC [21]. As statins inhibit 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase, an enzyme overexpressed in cancer cells, there is thought that statins can 
help protect against CRC. In sporadic CRC, the chemoprotective effect has been 
modest (RR = 0.9) [30]. In the IBD patient, statin use is independently and inversely 
associated with CRC (odds ratio 0.42). However, statins are not incorporated into 
routine practice given the lack prospective studies.

 Summary

Advanced age is a risk factor for CRC and development of adenomatous polyps. 
Recurrence after screening colonoscopy is unaffected by age. The risks of screening 
procedures may take precedence with greater comorbidities in the elderly popula-
tion including functional status and consideration of patient preference. Additionally, 
there is greater risk of poor bowel prep given the known lower compliance rate in 
the elderly population. Nevertheless, consideration of individualized risk factors on 
a case-by-case basis will help decide which patients are candidates for screening in 
this challenging population.

 Appendix

Table 11.4 Colorectal cancer screening options, pros and cons

Form of test Mechanism Pros Cons
Sensitivity/
specificity

Breath test

Volatile organic 
compound analysis

Searches for 
unique 
cancer-related 
metabolomic 
patterns or 
volatile 
organic 
compound 
analysis in 
breath. 
Technique can 
also be used 
on urine, 
fecal, and 
blood samples

Low patient 
discomfort, high 
accuracy

High cost of gas 
chromatography and 
low manageability

85–86% sensitivity 
for CRC and 
83–94% specificity 
for CRC [45, 50], 
94% sensitivity and 
specificity for 
adenomas [48]

(continued)
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Form of test Mechanism Pros Cons
Sensitivity/
specificity

Blood test

Epi proColon DNA 
mutations 
(mSEPT9, 
ß-actin) in a 
10 ml blood 
sample

Patients may be 
more receptive to 
blood test

Less sensitive for 
CRC and advanced 
adenomas compared 
to FIT-DNA, not 
recommended by the 
Multi-Society Task 
Force

Pooled sensitivity 
and specificity for 
CRC is 71% and 
92%, respectively. 
Sensitivity for 
adenomas ≥1 cm is 
23%

Stool tests

Guaiac-based fecal 
occult blood test 
(gFOBT)

Chemical 
guaiac to 
detect blood in 
stool

Inexpensive, safe, 
easy

Dietary peroxidases 
from foods may 
confound results, 
requires multiple 
samples; single 
digital FOBT is not 
recommended

Once-only test 
sensitivity for 
advanced neoplasia 
24–50% at most, 
PPV of 3–10%

Fecal 
immunochemical 
test (FIT)

Antibodies to 
detect blood in 
stool

Fewer fecal 
samples required 
compared to 
FOBT

Low sensitivity for 
detecting polyps, 
must be done yearly

79–91% sensitivity, 
88–94% specificity 
for CRC

FIT-DNA test (also 
referred to as the 
stool DNA test or 
Cologuard)

Combines FIT 
with a test that 
detects altered 
DNA in the 
stool

Higher sensitivity 
than FIT for CRC

Detects fewer than 
half of all large 
advanced adenomas 
limiting preventive 
role, lower specificity 
compared to FIT

92% sensitivity for 
CRC, 42% 
sensitivity for large 
advanced 
adenomas, 
specificity 87–90%

Endoscopy

Flexible 
sigmoidoscopy 
(FS)

Identifies 
polyps or 
cancer in the 
rectum and 
lower third of 
the colon

Well tolerated 
without sedation, 
effective at 
reducing CRC 
mortality in distal 
colon cancer

Benefit limited to 
distal colon;
if a precancerous 
polyp or cancer is 
found, colonoscopy 
is required for 
evaluation of the 
entire colon

Sensitivity of FS 
for detecting CRC 
in the entire colon 
was 58–75% [65]

Colonoscopy 
(optical 
colonoscopy)

Searches for 
polyps or 
cancer in the 
entire colon; 
provides 
opportunity 
for removal of 
most polyps 
and some 
cancers

Removal of 
polyps at time of 
exam is 
therapeutic, 
ability to 
visualize entire 
colon

Requires full bowel 
preparation and 
sedation (in the 
United States), 
expensive, patient 
requires escort upon 
going home

Sensitivity, 
specificity, and 
positive and negative 
predictive values for 
dysplasia optical 
diagnosis were 70%, 
90%, 58%, and 
94%, respectively
[73]
Rate of missed CRC 
5.8% for non-IBD 
patients compared 
with 15.1% for CD 
and 15.8% for UC 
patients [4]

Table 11.4 (continued)
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Form of test Mechanism Pros Cons
Sensitivity/
specificity

Colon capsule 
endoscopy

Minimally 
invasive tool 
that visualizes 
the colon via 
wireless 
camera in a 
capsule 
swallowed by 
the patient

Assesses mucosal 
inflammation

Cannot provide 
histologic evidence, 
risk of capsule 
retention in 
strictures, 9% 
technical failures 
[48]

Sensitivity of 
71–73% for 
detection of all 
polyps and a 
specificity of 
75–88% for polyps 
6 mm or larger and 
specificity of 
82–86% for more 
than 3 polyps

Radiology

CT colonography 
(virtual 
colonoscopy)

Produces 
images of the 
entire colon 
using X-rays 
displayed on a 
computer 
screen for 
analysis

Less perforation 
risk compared to 
colonoscopy, can 
be done on 
anticoagulated 
patients, 
detection of 
extra-colonic 
findings 
(abdominal aortic 
aneurysm, renal 
cell carcinoma)

Lower sensitivity for 
polyps <8 mm 
compared to 
colonoscopy, 
requires bowel prep, 
procedure 
insufflation 
discomfort, contrast 
allergy, radiation 
exposure, need for 
colonoscopy if 
positive findings;
should not be test of 
choice for IBD 
patients given no 
ability to detect flat 
lesions

66.8% sensitivity 
and 80.3% 
specificity for 
polyps, sensitivity 
for CRC 96%

MR colonography Images the 
entire colon 
using 
magnetic 
fields

No radiation 
exposure, high 
soft-tissue 
contrast, 
noninvasive

Requires colonic 
distension, false 
positives from fecal 
residue, false 
negatives, misses flat 
lesions;
limited data for use 
in IBD patients

Sensitivity and 
specificity of 
88–90.9% and 
96–98.5% for 
adenomas larger 
than 10 mm, 
sensitivity of 100% 
for detection of 
colorectal 
carcinoma [39]

Double-contrast 
barium enema

Barium and 
air are inserted 
through the 
rectum to 
visualize the 
rectum and 
colon

No longer in favor given patient 
discomfort as well as low sensitivity for 
polyp and CRC detection

Sensitivity 48% for 
CRC [33]

Table 11.4 (continued)
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Table 11.5 Risk factors for colorectal cancer in patients with IBD

Risk factors Comments

Younger age at onset IBD patients develop CRC at younger age compared to patients with 
sporadic CRC (mean age 40–50 years vs 60 years)
Diagnosis of UC < 19 years of age is associated with a RR of CRC of 
43.8 compared to 2.65 in those 20–39. No studies have compared the 
RR of CRC in the elderly patient with IBD

Duration of disease Duration of disease is only a proxy measure for cumulative 
inflammation burden which may not be accurate in this age

Anatomic extent of 
disease

Standard incidence ratio for CRC is 14.2 for left-sided colitis compared 
to 33.1 for pancolitis in patients diagnosed with UC between ages of 15 
and 29 [30]

Severity of 
inflammation

Assess active inflammation, endoscopically and histologically [70]. 
Cumulative risk burden is based on multiple surveillance episodes [25]
This is the only modifiable risk factor for the development of CRN

Colonic stricture The prevalence of CRC is high in IBD patients with newly developed 
strictures but the prevalence of dysplasia is not increased
Strictures within the past 5 years qualifies patients at high risk according 
to ECCO and merits yearly surveillance

Postinflammatory 
polyps

Unclear if CRN risk associated with pseudopolyps is due to previous 
inflammation or changes in mucosal surface leading to difficulty 
identifying neoplastic lesions. Pseudopolyps is associated with an 
increased risk of CRC in UC (OR 2.5%) after adjusting for surveillance 
colonoscopy and IBD therapy [30]

Family history of 
sporadic CRC

The absolute risk of CRC development is highest (29%) in IBD patients 
with a first-degree relative with CRC diagnosis <50 years of age [30]

Concurrent primary 
sclerosing cholangitis

In PSC and IBD patients, 85–90% have UC and remaining have CD 
[30]. Odds ratio of developing dysplasia or cancer in UC patients with 
PSC is 4.8

Previous history of 
cancer

Independent risk factor for development of any cancer

Prior colorectal 
dysplasia or CRC

Associated with a 4–25-fold increase in risk of developing pouch 
neoplasia

Comment: There is also a significant correlation between the number of risk factors present and the 
cumulative risk of developing high-grade dysplasia or CRC [78]. Cumulative incidence of HGD/
CRC at 1 and 5 years after initial LGD is 0 and 1.8% for no risk factors, 9.6 and 17.7% for one risk 
factor, and 29 and 53.4% for two risk factors
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Chapter 12
Use of Biologic Drugs Following an Initial 
Diagnosis of Malignancy

Jordan Axelrad, Shannon Chang, and David Hudesman

As the population of patients with inflammatory bowel disease (IBD) increases and 
ages, there is an inevitable increase in the risk of cancer development [1]. 
Gastroenterologists and oncologists caring for patients with IBD and cancer are 
increasingly confronted with questions regarding the management of IBD after a 
diagnosis of cancer [2].

Given the evidence-based and theoretical risks of therapy-associated malignancy, 
patients with a history of cancer were excluded from clinical trials of IBD medica-
tions. Additionally, there is substantial data within the solid organ transplant litera-
ture indicating that immunosuppression, specifically thiopurine and calcineurin 
inhibitors, increases the risk of new and recurrent malignancies in patients with a 
history of cancer [3, 4]. This risk seems directly correlated with time from cancer 
diagnosis where transplantation less than 5 years from a cancer diagnosis is associ-
ated with a nearly threefold greater risk of cancer recurrence compared to transplan-
tation more than 5 years from a cancer diagnosis [5].

As such, oncologists and gastroenterologists generally suspend immunosuppres-
sion for IBD after a diagnosis of cancer; however, this approach may worsen IBD 
and even complicate cancer management. Several studies have demonstrated a 
major modification in IBD medications after a diagnosis of cancer [2, 6, 7]. In a 
French observational study, a diagnosis of extra-intestinal cancer had a marked 
impact on the management of IBD, with a lesser use of thiopurines (19% vs 25%, 
p < 0.001) and an increased use of intestinal surgery (4.0% vs 2.5%, p = 0.05), but 
was not associated with significant modifications in activity of IBD [6].
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Although there is very limited population-based data on the use of immunosup-
pression in patients with IBD and a history of cancer, emerging data may suggest 
safety. In a French prospective observational cohort, exposure to immunosuppres-
sion was independently associated with the development of cancer with an adjusted 
hazard ratio (HR) of 1.9 (95% CI: 1.2–3.0); however, it did not increase the risk of 
new or recurrent cancer in patients with a history of cancer [8]. Given the limited 
number of patients with IBD and a history of cancer with subsequent exposure to 
immunosuppression in the cohort, this conclusion only applied to thiopurine expo-
sure and no conclusions were drawn on anti-TNF-α therapies [8].

In a similar observational study in the United States, nearly 30% of patients with 
IBD and a history of cancer developed new or recurrent cancer, however, exposure 
to TNF-α antagonists, thiopurines, or the combination was not associated with an 
increased risk of new or recurrent cancer within 5 years following a diagnosis of 
cancer (Log-rank p = 0.14) [9]. In addition, duration of TNF-α antagonists after a 
diagnosis of cancer was not associated with the risk or type of new or recurrent 
cancer [9]. In a small study of 79 refractory IBD patients with previous malignancy 
diagnosed within 17 months, exposure to anti-TNF therapy yielded only a mild risk 
of incident cancer (crude incidence rate 84.5, 95% CI: 83.1–85.8 per 1000 patient- 
years) [10].

In a meta-analysis of 16 studies comprising 11,702 persons with an immune- 
mediated disease contributing 31,258 person-years of follow-up evaluation after a 
diagnosis of cancer, there were similar rates of cancer recurrence among individuals 
with prior cancer who received no immunosuppression, anti-TNF therapy, immune- 
modulator therapy, or combination treatments [11].

There are few data regarding the concomitant use of IBD therapies during active 
malignancy, most limited to small case series or case reports. There is emerging data 
regarding the intermittent use of TNF antagonists and anti-integrins for colitis medi-
ated by immune checkpoint inhibitors, cancer therapy now commonly used for a 
variety of malignancy types [2, 12–14]. These limited data suggest biologics may be 
safely used during active malignancy and active chemotherapy; however, robust 
prospective data in patients with IBD on long-term immunosuppression are 
lacking.

In practice, the decision to use biologic therapy in a patient with a history of 
cancer is made on a case-by-case basis. Given existing safety data, we recommend 
considering anti-integrin or anti-IL12/23 agents in patients with a history of cancer 
who require biologic agents. However, in patients who fail these agents or in patients 
who are not expected to respond, anti-TNF therapies may be used in close consulta-
tion with an oncologist. In addition, surgery may be considered earlier in IBD man-
agement as appropriate.
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