
Review

Digestion 2020;101(suppl 1):136–145

Malignancies in Inflammatory Bowel 
Disease

Thomas Greuter 

a, e    Stephan Vavricka 

a, b    Alexander O. König 

c    

Laurent Beaugerie 

d    Michael Scharl 

a    on behalf of Swiss IBDnet, an official 

working group of the Swiss Society of Gastroenterology 

aDepartment of Gastroenterology and Hepatology, University Hospital Zurich, Zurich, Switzerland; bCenter for 
Gastroenterology and Hepatology, Zurich, Switzerland; cDepartment of Gastroenterology and Hepatology, University 
of Göttingen, Göttingen, Germany; dDepartment of Gastroenterology, Sorbonne Université, INSERM, Institut Pierre 
Louis d’Epidémiologie et de Santé Publique, AP-HP, Hôpital Saint-Antoine, Paris, France; eDepartment of Internal 
Medicine, GZO - Zurich Regional Health Center, Wetzikon, Switzerland

Received: June 28, 2019
Accepted: May 11, 2020
Published online: August 14, 2020

Thomas Greuter
Department of Gastroenterology and Hepatology
University Hospital Zürich, Rämistrasse 100
CH–8091 Zurich (Switzerland) 
thomas.greuter @ usz.ch

© 2020 The Author(s)
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/dig

DOI: 10.1159/000509544

Keywords
Inflammatory bowel disease · Malignancy · Cancer ·  
Anti-TNF · Immunosuppression

Abstract
Background: Inflammatory bowel disease (IBD) is a chronic 
inflammatory disorder, primarily of, but not restricted to, the 
gut. Association between IBD and cancer has been clearly 
established and is uniformly accepted. Summary: IBD pa-
tients are at particular risk for intestinal and extraintestinal 
cancers. There are 2 underlying mechanisms: (1) IBD-related 
inflammation triggers initiation and progression of tumor 
formation. This particularly results in the development of 
colorectal cancer, small bowel adenocarcinoma, intestinal 
lymphoma, anal cancer, and cholangiocarcinoma. (2) Immu-
nosuppressive drugs exhibit carcinogenic properties such as 
shown for azathioprine and anti-TNF promoting lymphopro-
liferative malignancies and melanoma and nonmelanoma 
skin cancer. However, within the last years, IBD-related can-
cer incidence and prevalence have been decreasing, which 
might be attributed to better treatment options and surveil-
lance strategies. Moreover, novel biological drugs have been 
introduced in clinical practice and have dramatically changed 
long-term IBD management. Therefore, we sought to sum-

marize up-to-date knowledge about (1) overall cancer risk; 
(2) risk and protective factors for cancer development; and 
(3) inflammation- and immunosuppression-related malig-
nancies in the current anti-TNF era of IBD. Key Messages: 
Recent studies and meta-analyses questioned the excess 
rates of cancer in IBD patients. However, IBD still is associ-
ated with cancer development due to ongoing intestinal in-
flammation and the use of potential carcinogenic drugs. Pa-
tients should be educated about the increased risk of cancer 
with IBD and IBD drugs. However, they should also be in-
formed that most malignancy subtypes are possibly pre-
ventable by controlling intestinal inflammation and by using 
adequate screening strategies. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Inflammatory bowel disease (IBD) with its 2 subtypes, 
Crohn’s disease (CD) and ulcerative colitis (UC), is char-
acterized by a chronic inflammation of the intestine [1]. 
However, it has been known for years that inflammatory 
activity in IBD is not restricted to the gut, but can occur 
at various extraintestinal sites [2]. IBD is a common dis-
order in the Western Hemisphere with an estimated 
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prevalence of 246.7/100,000 for CD and 286.3/100,000 for 
UC [3]. Cancer represents the second leading cause of 
death worldwide (after cardiovascular diseases); it is esti-
mated that one out of 2 individuals will suffer from ma-
lignancy during life [4]. Given the frequency of these 2 
diseases, co-occurrence does not necessarily imply asso-
ciation or causality. However, the concept of inflamma-
tion resulting in cancer development is clearly estab-
lished. The German pathologist Rudolf Virchow first sug-
gested a causal relation between inflammatory processes 
and tumor formation based on his observations of leuko-
cytes within cancer tissue [5]. This was back in 1863 [6]. 
One hundred fifty years later, numerous inflammatory 
processes have been linked to cancer development such 
as viral hepatitis (to hepatocellular carcinoma), Helico-
bacter pylori gastritis (to gastric cancer), pancreatitis (to 
pancreatic adenocarcinoma), or mononucleosis (to lym-
phoma). In IBD, inflammation has been linked to colorec-
tal cancer development; studies have shown a 2-fold in-
crease in the risk for colorectal carcinoma, particularly in 
patients with extensive colonic inflammation and longer 
disease duration [7]. Ongoing colonic inflammatory in-
sults result in initiation and progression of cancer forma-
tion through step-wise mechanisms [8].

Increased cancer risk in IBD goes beyond intestinal 
malignancies. Extraintestinal cancer appears to occur 
more frequently than it would be expected from the gen-
eral population [7, 9, 10]. Examples here are cholangio-
carcinoma, lymphoma, and melanoma and nonmelano-
ma skin cancer. Case-control and large nation-wide co-
hort studies have revealed that some of these malignancies 
are triggered by immunosuppressive treatment such as 

thiopurines or anti-TNF rather than by intestinal inflam-
mation [11–16]. Based on these observations, IBD-relat-
ed malignancies are currently classified into 2 groups: (1) 
cancers resulting from IBD activity (inflammation-relat-
ed) and (2) cancers related to IBD treatment (immuno-
suppression-related; Fig. 1) [7]. Some cancer types such as 
EBV-related primary intestinal lymphoma in patients ex-
posed to thiopurines are attributed to both inflammation 
and IBD treatment. Besides immunosuppressive drugs’ 
carcinogenic potential, their chemopreventive properties 
should also be kept in mind, such as described for 5-ASA 
[17–19].

Within the last years, IBD-related cancer incidence 
and prevalence have been decreasing, which might be at-
tributed to better treatment options and surveillance 
strategies [7, 9, 20]. In addition, new biological drugs have 
been introduced in clinical practice and have dramati-
cally changed long-term IBD management. Therefore, we 
sought to summarize up-to-date knowledge about (1) 
overall cancer risk; (2) risk and protective factors for can-
cer development; and (3) inflammation- and immuno-
suppression-related malignancies in the current anti-
TNF era of IBD. This review will not discuss the available 
treatment options for specific cancer subtypes.

Epidemiology

Malignancy Overall
Several studies from nation-wide cohorts revealed ex-

cess risk of cancer in IBD patients, more so in CD than 
UC, particularly for gastrointestinal cancer (small bowel 
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Urinary tract cancer
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Fig. 1. Classification of cancer in IBD patients into the 2 categories of inflammation-related and immunosup-
pression-related malignancies. IBD, inflammatory bowel disease.
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Fig. 2. Forest plots for development of can-
cer overall, colon cancer, lymphoma, and 
melanoma based on the major available co-
hort studies. All data are stratified by IBD 
subtype (CD vs. UC). The results are shown 
from the cohort studies of Bernstein et al. 
(Canada) [70], Kappelman et al. (Den-
mark) [10], Jess et al. (Denmark) [9], So et 
al. (China) [71], Jussila et al. (Finland) [72], 
Hovde et al. (Norway) [73], and Pederson 
et al. (meta-analysis of European studies) 
[74]. IBD, inflammatory bowel disease; 
BCC, basal cell carcinoma; NA, not appli-
cable; CD, Crohn’s disease; UC, ulcerative 
colitis.
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adenocarcinoma, colorectal carcinoma, and anal carci-
noma), biliary tract cancer, and hematological malignan-
cies (myeloma and non-Hodgkin lymphoma). However, 
a thorough review conducted by European experts re-
cently considered the overall risk of IBD-related cancer to 
be of limited magnitude [21]. Indeed, a pan-European 
study revealed – while acknowledging excess risk for cer-
tain cancer types – no increased rates of overall cancer in 
IBD patients [22]. Consistently, a meticulous analysis of 
the Swiss IBD cohort demonstrated cancer rates that were 
comparable to the general population based on a follow-
up of 12,420.8 patient years [23]. Taken together, the risk 
of IBD-related cancer overall and specific subtypes ap-
pears to be increased, although to a lesser extent than re-
ported in the past. For standardized incidence ratios (SIR) 
for development of cancer overall, colon cancer, lympho-
ma, and melanoma (and their respective confidence in-
tervals) reported in the major available cohort studies, see 
Figure 2. An SIR of 1.0 indicates a rate that is identical to 
that expected from the general population.

Risk Factors for Cancer Development
Numerous risk factors for the development of intesti-

nal and extraintestinal cancer (including medications) 
have been identified, although specific pharmaceutical 
compounds may exhibit both harmful and chemopreven-
tive properties. Two of the best established specific risk 
factors are (1) extent of colonic disease and (2) disease 
duration [7]. The more the colonic area is affected and the 
longer the IBD has been active, the higher the risk for 
colorectal cancer. These findings have laid the ground for 
recommendations in terms of screening intervals in IBD 
patients (see the section Colorectal Cancer). In contrast, 
patients with isolated rectal disease do not appear to have 
an increased risk for colorectal cancer [24]. Another well-
studied risk factor is the presence of primary sclerosing 
cholangitis (PSC) [7]. PSC has been shown to increase the 
risk for both colorectal cancer and cholangiocarcinoma 
[7, 20, 25, 26]. Patients with PSC should therefore under-
go annual screening colonoscopies regardless of IBD ac-
tivity. In addition, abdominal ultrasonography and/or 
MRI should be performed every year. Thiopurines have 
long been known to have a carcinogenic effect. Several 
cancer types have been associated with the use of azathio-
prine and 6-mercaptopurine. Among those are lympho-
ma, urinary tract cancer, and nonmelanoma skin cancer 
[7, 11–14, 27, 28]. Of note, azathioprine has been associ-
ated with excess risk for the development of cancer over-
all [23]. Best evidence evolves from the French CESAME 
study. The use of thiopurines was associated with an in-

creased risk of lymphoproliferative disorders; in CD, 
lymphoma rates were increased, while in both UC and 
CD, risk for leukemia was higher than what would have 
been expected from the general population [11]. Of note, 
the carcinogenic effect of thiopurines appears to be re-
versible upon the drug’s withdrawal. Despite immuno-
suppressive drugs’ potentially deleterious effects, they can 
also lower cancer risk through controlling inflammation. 
So, one might assume a vulnerable equilibrium, where 
either too much inflammation or too much immunosup-
pression can be harmful. Controlling inflammation could 
be more important as in 1 study anti-TNF use was associ-
ated with an overall decreased risk of cancer development 
[23]. The involvement of TNF and its role in carcinogen-
esis is however very complex. While the aforementioned 
factors are rather specific to IBD, several non-IBD-related 
factors have been linked to cancer development such as 
increased age, smoking, and positive family history for 
cancer.

Protective Factors
Few protective factors have been identified. As previ-

ously mentioned, anti-TNF use has been associated with 
a lower incidence of cancer overall, which might be at-
tributed to a better control of intestinal inflammation 
[23]. Nonetheless, this finding has to be interpreted cau-
tiously as it is based on a retrospective analysis and could 
be biased by the fact that patients with high cancer risk 
are less likely treated with anti-TNF. Data on 5-ASA che-
mopreventive properties have been conflicting. Few stud-
ies have shown decreased rates of colorectal cancer in 
both UC and CD [17–19], while no such effect was seen 
in a nonreferral IBD population [29].

Inflammation-Related Malignancies

Ongoing intestinal inflammation has been associated 
with the following cancer types: colorectal carcinoma, 
small bowel adenocarcinoma, intestinal lymphoma, anal 
carcinoma, and cholangiocarcinoma (Fig. 1) [7]. These 
cancers are potentially preventable with the use of immu-
nosuppressive and biologic agents.

Colorectal Cancer
Colorectal cancer represents the third most common 

cancer type worldwide [30]. Incidence rates are estimat-
ed at 45.8/100,000 for males and 29.2/100,000 for females 
(National Institute for Cancer Epidemiology and Regis-
tration in Switzerland NICER). Survival rates have been 
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reported to range from 14 to 90% depending on disease 
stage with an overall 5-year survival rate of 64% (SEER 
database of the National Cancer Institute, SEER = Sur-
veillance, Epidemiology, and End Results). Because 
colorectal cancer is so frequent, it might occur in IBD 
patients just by chance. However, besides these sporadic 
cases, an association of colorectal cancer with inflamma-
tion (so-called colitis-associated cancer) has been clearly 
established. IBD patients are at increased risk for colorec-
tal cancer except subjects without colonic inflammation. 
Particular risk factors are extensive colonic disease, long 
disease duration, severity of colonic disease, and pres-
ence of PSC [7]. While patients with ulcerative proctitis 
are not at increased risk [24], UC patients with left-sided 
colitis have an intermediate and those with pancolitis 
have a maximal risk for the development of colorectal 
cancer [31]. For CD, a colonic involvement of at least 
30–50% is considered to result in an excess risk [7, 32]. 
Frequency of early cancer is low and patients do not seem 
to be at increased risk during the first 7 years [31]. How-
ever, after 6–8 years, the risk for colorectal cancer is high-
er than that seen in the general population and increases 
annually in a linear fashion [7, 33]. Based on these find-
ings, the European Crohn’s and Colitis Organization 
(ECCO) developed the following guidelines [31]: after 
6–8 years, colonoscopy should be performed (i) annu-
ally in case of PSC, colorectal cancer in a first-degree rel-
ative younger than 50 years, strictures within the past 5 
years, or dysplasia within past 5 years in a patient declin-
ing surgery; (ii) every 3 years in case of postinflamma-
tory polyps, colorectal cancer in a first-degree relative 
older than 50 years, and extensive colitis with moderate 
to severe activity; and (iii) every 5 years if colitis affects 
<50% of the colon or if there is extensive colitis with mild 
activity. Besides IBD-specific risk factors, the following 
traditional risk factors for colorectal cancer have to be 
taken into account: male sex, family history, age, smok-
ing, low physical activity, and consumption of red meat 
and alcohol [7]. Despite the well-accepted concept of 
colitis-induced carcinogenesis, the increased risk of 
colorectal cancer in IBD has been questioned lately. No 
excess risk was found in a Danish study and a recent me-
ta-analysis [20, 33]. There are several explanations for 
these findings: (1) the introduction of novel and potent 
immunosuppressive drugs has led to better control of in-
testinal inflammation; (2) screening strategies have im-
proved; (3) colectomy has been implemented in more 
countries for high-grade dysplasia; and (4) certain drugs 
may have chemopreventive properties [23]. However, 
despite these promising data, it can still be assumed – al-

though to a lesser extent than previously thought – that 
IBD results in a 2-fold increase in the risk of colorectal 
cancer [34].

Pathogenesis of IBD-related colon cancer appears to 
be similar to that of sporadic cases. Inflammation and 
consecutive inflammatory insults result in the initiation 
and progression of carcinogenesis [8]. In a first step, 
changes occur on a molecular level such as TP53 muta-
tions, microsatellite instability, or CpG island methyla-
tion [35, 36]. This then leads to histological dysplasia 
ranging from indefinite to low and finally high-grade 
dysplastic lesions [37, 38]. Loss of APC, a known tumor 
suppressor gene mutated in patients with familial adeno-
matous polyposis (FAP), usually occurs at a late stage [7]. 
Changes in the microbiota have recently been recognized 
as a potential contributor to tumor formation. Despite 
similar pathogenesis, IBD-associated dysplastic lesions 
are flatter and have less distinct borders compared with 
sporadic precancerous lesions and are therefore less 
amenable to early detection and preventive removal dur-
ing screening colonoscopies [7]. This should be kept in 
mind when dealing with IBD patients. Dysplastic lesions 
might be missed with standard endoscopy techniques. 
Therefore, ECCO recommends either high-definition/
chromoendoscopy with targeted biopsies or standard en-
doscopy with random biopsies (at least 33) [31]. Colec-
tomy should follow if high-grade dysplasia or carcinoma 
is detected, which is not amenable to endoscopic resec-
tion.

Based on the current knowledge, the following ap-
proaches are recommended to prevent development of 
colorectal cancer: (1) colonic disease and inflammation 
should be controlled as much as possible and (2) screen-
ing for colorectal cancer should start 6–8 years after IBD 
diagnosis or earlier in case of additional risk factors. It 
remains to be proven whether or not 5-ASA and thiopu-
rines indeed have chemopreventive properties. The ben-
efit from aspirin in IBD patients is unknown and – as of 
yet – cannot be recommended. Still, IBD patients al-
ready taking aspirin for other reasons should keep doing 
so.

Small Bowel Adenocarcinoma
Adenocarcinoma of the small bowel is a rare disease 

with a cumulative incidence rate of 30 per 100,000 patient 
years [39]. However, these rates are considerably higher 
in IBD patients. Small bowel CD, particularly if long 
standing, results in an excess risk for small bowel cancer, 
that is, 20–30 times higher than that seen in the general 
population [40]. Rates appear to be lower in the anti-TNF 
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era [23]. In contrast to the colon, the small bowel is not 
easily amenable to preventive strategies, and optimal 
screening strategies have yet to be defined. Broad imple-
mentation of capsule endoscopy is limited by the risk of 
capsule retention in case of stenotic disease.

Intestinal Lymphoma
Lymphomas in the intestine are generally rare, but 

might occur with a frequency of up to 10–48.3 per 100,000 
patient years in IBD [23, 41]. Indeed, there appears to be 
a 3-fold increase in IBD patients compared with the gen-
eral population [23]. IBD-related lymphomas are typical-
ly of the B-cell non-Hodgkin subtype and are found in 
chronically inflamed intestinal lesions [7, 41]. Particular 
risk factors for development of intestinal lymphoma are 
(1) extensive inflammation, (2) middle-aged males, and 
(3) long disease duration (>8 years) [41]. Since EBV is of-
ten detected in intestinal lymphoma cells and association 
between EBV and lymphoma has been shown for other 
lymphoma subtypes, inflammation-promoted EBV rep-
lication is thought to be a main contributor to this type of 
malignancy [42].

Anal Carcinoma
Gastroenterologists may be reluctant to screen for anal 

cancers. A proper rectal examination is essential for the 
identification of this tumor. Although incidence is low 
(0.01–0.02/1,000), several risk factors have been identi-
fied: males who have sex with males, females with high-
grade cervical dysplasia, and presence of fistula in pa-
tients with long-standing perianal CD [7, 43]. In the lat-
ter, the incidence increases to 0.38 per 1,000 patient years 
[44]. While anal cancers are usually of squamous epithe-
lial origin and related to HPV infection, cancers arising 
from fistula can be either adenocarcinoma or squamous 
cell carcinoma [7]. These cancers are not associated with 
HPV infection. Prognosis of anal carcinoma is generally 
poor.

Cholangiocarcinoma
Rates for cholangiocarcinoma appear to be 2–6-fold 

higher in IBD patients compared with the general popu-
lation [7, 25, 26]. Reported crude incidence might be as 
high as 24.2/100,000 [23]. Cholangiocarcinoma is al-
most uniformly detected in IBD patients with PSC [26]. 
Here, the risk for cholangiocarcinoma is increased by 
160-fold [45]. PSC patients have a life-time risk for chol-
angiocarcinoma of 5–10% [45]. PSC patients should 
therefore undergo screening for cholangiocarcinoma, 
most probably with either annual abdominal MRCP or 

sonography combined with measuring CA 19–9 serum 
levels. Most importantly, every PSC patient requires 
colonoscopy to check for underlying IBD. Coexistence 
of PSC and IBD is a particular risk factor for the devel-
opment of colorectal cancer and should urge doctors to 
perform screening colonoscopies on annual basis [20, 
31].

Immunosuppression-Related Malignancies

Both conventional immunosuppressive agents and bi-
ologics have been linked to various cancer subtypes, par-
ticularly hematological malignancies and skin cancer 
(both melanoma and nonmelanoma skin cancers; Fig. 1). 
Several pathomechanisms have been suggested. Immu-
nosuppressive agents may cause tumor formation by al-
tering DNA, impairing immune control of chronic infec-
tion by mutagenic viruses such as EBV or HPV, and re-
ducing immunosurveillance of cancer or dysplastic cells 
[7, 46–48].

Hematological Malignancies
Although IBD does not appear to increase the rates of 

lymphoma per se (except for the subtype of intestinal 
lymphoma) [11, 49], NHL have been a particular concern 
in IBD patients. The use of thiopurines is associated with 
the development of EBV-associated B-cell lymphoma 
[11]. Young men seem to be at particular risk (incidence 
of 3 per 1,000 patient years) [11]. Thiopurines have been 
associated with a 5- to 6-fold increased risk for lymphoma 
development [11, 50]. In rare cases, a non-EBV-related 
hepatosplenic T-cell lymphoma has been described with-
in 2 years after treatment initiation in young men [51]. 
Therefore, azathioprine and 6-mercaptopurine should be 
used with caution in this subpopulation and alternative 
agents should be considered such as methotrexate if com-
bination therapy is needed. Thiopurines have further 
been associated with the development of acute myeloid 
leukemia and severe myelodysplastic syndrome [52]. For 
anti-TNF, data are conflicting. Based on the current lit-
erature, it is currently not clear if lymphoma risk is indeed 
elevated in anti-TNF-treated IBD patients [15, 23], but 
long-term dose accumulation could potentially increase 
this risk. Increased rates of lymphoma have been reported 
in rheumatologic studies.

Skin Cancer
Skin cancer is a frequent problem even in young pa-

tients; therefore, occurrence of dermatologic malignan-
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cies in the IBD population is not surprising. Both thiopu-
rines and anti-TNF have been linked to the development 
of skin cancers. Azathioprine and 6-mercaptopurine have 
been associated with an increased risk of nonmelanoma 
skin cancer [13, 14], while no such risk has been seen for 
anti-TNF. However, the latter has been associated with 
development of melanoma [15, 16]. Studies reported a 
1.5–4-fold increased risk [15, 16, 23]. There appears to be 
an intrinsic risk for melanoma in IBD that cannot be ex-
plained by the use of immunosuppressive agents. Based 
on these findings, IBD patients should be regularly seen 
by a dermatologist for evaluation of possible early skin 
cancer lesions [34]. This is particularly recommended for 
patients with light skin types and for those on thiopurines 
and/or anti-TNF treatment.

Cervical Cancer
In few studies, increased rates of cervical cancer have 

been reported in women with IBD. Cervical cancer is typ-
ically associated with HPV infection. As of yet, it remains 
unclear if this is due to an intrinsic risk or due to immu-
nosuppression [53]. In general, the rates of cervical can-
cer have been decreasing over the last decades due to wide 
implementation of screening strategies. In addition, HPV 
vaccination has been widely introduced into clinical prac-
tice. In Switzerland, this vaccination is strongly recom-
mended for all women aged 11–14. Women up to the age 
of 26 are encouraged to get vaccinated. Costs are fully 
covered as part of the cantonal vaccination programs. 
Women with IBD falling into this age category should be 
particularly encouraged to undergo vaccination given the 
clear and well-accepted association between HPV infec-
tion and development of cervical cancer. They should fur-
ther see their gynecologist every 1–2 years. HPV-related 
infections are less frequently observed in men than wom-
en. Still, HPV vaccination should be recommended for 
male subjects.

Urinary Tract Cancer
Use of thiopurines has been associated with increased 

rates of kidney and bladder cancer in transplant recipi-
ents [54]. Similar findings have been shown in the IBD 
population, although the risk is almost completely re-
stricted to older males, particularly smokers [27, 55]. No 
such increase was seen with the use of anti-TNF [15]. In 
patients with a previous history of urogenital cancer and 
the need for immunosuppressive therapy, use of thiopu-
rines should be avoided. The role of screening strategies 
in patients on thiopurine treatment (such as urine cytol-
ogy and/or cystoscopy) remains to be determined.

Future Perspectives

The introduction of anti-TNF into clinical practice 
has dramatically changed IBD management. Newer 
non-anti-TNF biologics further will. Clinicians dealing 
with IBD now have a wide armamentarium of options 
for the treatment of CD and UC: anti-integrins, anti-
IL-12/23, and the newest kid on the block, JAK-inhibi-
tors. Data on their safety profile with regard to cancer 
development are currently emerging. Analysis of the 
GEMINI long-term safety data and postmarketing set-
ting did not show any association of the anti-integrin 
vedolizumab with increased malignancy incidence 
(5,670 patient years) [56]. The JAK-inhibitor tofacitinib 
has not been associated with increased risk for nonmel-
anoma skin cancer and other malignancies based on a 
meta-analysis including 82 studies (66,159 patients) 
[57]. Lastly, the anti-IL-12/23 antibody ustekinumab 
does not appear to increase the risk of cancer develop-
ment (nonmelanoma skin cancers and other malignan-
cies) [58, 59]. Analyses of clinical extensions in psoriasis 
and psoriatic arthritis with a follow-up of 5 and 2 years, 
respectively, are reassuring. However, given a consider-
ably higher number of cancer cases in UC patients treat-
ed with ustekinumab compared with placebo, the asso-
ciation between anti-IL-12/23 and malignancy in IBD 
warrants further investigation [60]. In particular, longer 
follow-up studies are needed (for all non-anti-TNF bio-
logics) in order to assess possible dose accumulation ef-
fect over time.

Tumor screening strategies are important and effec-
tive tools for the prevention and early detection of can-
cer in the general population and IBD patients. How-
ever, data for their efficacy evolve from case series and 
retrospective case-control studies (demonstrating re-
duced rates of colorectal cancer and improved survival) 
[61–67]. Randomized-controlled trials showing a clear 
benefit from colonoscopy in IBD are still lacking [31]. 
Chromoendoscopy with targeted biopsies has been 
demonstrated to increase dysplasia detection rate [68]. 
The role of newer tools such as narrow-band imaging 
and endomicroscopy remains unclear. Trials are re-
quired to define their place in the screening algorithm. 
Further studies are needed with regard to screening 
strategies for cholangiocarcinoma, small bowel adeno-
carcinoma, and urinary tract cancer. From a personal-
ized medicine perspective, it will be interesting to see 
which IBD phenotypes are at particular risk for specific 
cancer subtypes. This will help to individually tailor 
screening recommendations as well as therapeutic strat-
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egies in the future. As of yet, the following recommenda-
tions can be made: thiopurines should be avoided in pa-
tients with a prior history of lymphoma, acute myeloid 
leukemia, myelodysplastic syndrome, nonmelanoma 
skin cancer, and urinary tract cancer, while anti-TNF 
should not be used in patients with a history of mela-
noma [34, 69]. In addition, ECCO guidelines recom-
mend to limit the use of thiopurines in EBV seronega-
tive young men.

Conclusions

Although recent studies and meta-analyses ques-
tioned the excess rates of cancer in IBD patients, IBD still 
is associated with cancer development due to ongoing 
intestinal inflammation and the use of potential carcino-
genic drugs. The latter has been particularly shown for 
thiopurines and anti-TNF. However, more recent data 
from the Swiss IBD cohort revealed that the overall risk 
for cancer might be even lowered with the use of anti-
TNF indicating that there could be a net benefit from 
these agents [23]. This might be attributed to their poten-
tial of deeply controlling intestinal disease activity. Pa-
tients should be educated about the increased risk of can-
cer with IBD and IBD drugs. However, they should also 
be informed that most malignancy subtypes are possibly 
preventable by controlling intestinal inflammation and 
by using adequate screening strategies. Data on the use 
of chemopreventive agents (5-ASA, azathioprine, and 
aspirin) for the pure purpose of cancer prevention is too 

conflicting to give any recommendations. However, 
these drugs should be used for IBD treatment (5-ASA 
and azathioprine) or continued if used for other indica-
tions (aspirin).

Disclosure Statement

T.G. has a consulting contract with Sanofi-Aventis and 
received a travel grant from Falk Pharma GmbH and Vi-
for and an unrestricted research grant from Novartis. 
S.R.V. received consultant fees and unrestricted research 
grants from Abbott, Ferring, MSD, Pfizer, Takeda, Til-
lotts, UCB, Vifor, and Falk Pharma GmbH. L.B. received 
consulting fees from Abbott, lecture fees and travel sup-
port from Abbott, AbbVie, Ferring, and Merck Sharp & 
Dohme, and grant support from AbbVie, Biocodex, and 
Ferring. No company representative was involved in con-
ception, writing, or financing of this study.

Funding Sources

This work was supported by a grant from the Swiss National 
Science Foundation to TG (Grant No. P2ZHP3_168561).

Author Contributions

T.G., S.R.V., and M.S.: study conception and design and draft-
ing of the manuscript. A.K. and L.B.: critical revision of the manu-
script for intellectual content.

References

 1 Kaser A, Zeissig S, Blumberg RS. Inflamma-
tory bowel disease. Annu Rev Immunol. 2010; 

28: 573–621.
 2 Greuter T, Vavricka SR. Extraintestinal man-

ifestations in inflammatory bowel disease:  ep-
idemiology, genetics, and pathogenesis. Ex-
pert Rev Gastroenterol Hepatol. 2019; 13(4): 

307–17.
 3 Shivashankar R, Tremaine WJ, Harmsen WS, 

Loftus EV. Incidence and prevalence of 
Crohn’s disease and ulcerative colitis in Olm-
sted County, Minnesota from 1970 through 
2010. Clin Gastroenterol Hepatol. 2016; 15(6): 

857–63.
 4 Ahmad AS, Ormiston-Smith N, Sasieni PD. 

Trends in the lifetime risk of developing can-
cer in Great Britain:  comparison of risk for 
those born from 1930 to 1960. Br J Cancer. 
2015; 112(5): 943–7.

 5 Grivennikov SI, Greten FR, Karin M. Immu-
nity, inflammation, and cancer. Cell. 2010; 

140(6): 883–99.
 6 Virchow R. Ueber bewegliche thierische Zel-

len. Archiv F Pathol Anat. 1863; 28(1–2): 237–
40.

 7 Beaugerie L, Itzkowitz SH. Cancers compli-
cating inflammatory bowel disease. N Engl J 
Med. 2015; 372(15): 1441–52.

 8 Itzkowitz SH, Yio X. Inflammation and can-
cer IV. Colorectal cancer in inflammatory 
bowel disease:  the role of inflammation. Am J 
Physiol Gastrointest Liver Physiol. 2004; 

287(1): G7–17.
 9 Jess T, Horváth-Puhó E, Fallingborg J, Ras-

mussen HH, Jacobsen BA. Cancer risk in in-
flammatory bowel disease according to pa-
tient phenotype and treatment:  a Danish  
population-based cohort study. Am J Gastro-
enterol. 2013; 108(12): 1869–76.

10 Kappelman MD, Farkas DK, Long MD, Er-
ichsen R, Sandler RS, Sørensen HT, et al. Risk 
of cancer in patients with inflammatory bow-
el diseases:  a nationwide population-based 
cohort study with 30 years of follow-up evalu-
ation. Clin Gastroenterol Hepatol. 2014; 

12(2): 265–e1.
11 Beaugerie L, Brousse N, Bouvier AM, Colom-

bel JF, Lémann M, Cosnes J, et al. Lymphop-
roliferative disorders in patients receiving 
thiopurines for inflammatory bowel disease:  a 
prospective observational cohort study. Lan-
cet. 2009; 374(9701): 1617–25.

12 Kandiel A, Fraser AG, Korelitz BI, Brensinger 
C, Lewis JD. Increased risk of lymphoma 
among inflammatory bowel disease patients 
treated with azathioprine and 6-mercaptopu-
rine. Gut. 2005; 54(8): 1121–5.

https://www.karger.com/Article/FullText/509544?ref=1#ref1
https://www.karger.com/Article/FullText/509544?ref=2#ref2
https://www.karger.com/Article/FullText/509544?ref=2#ref2
https://www.karger.com/Article/FullText/509544?ref=3#ref3
https://www.karger.com/Article/FullText/509544?ref=4#ref4
https://www.karger.com/Article/FullText/509544?ref=5#ref5
https://www.karger.com/Article/FullText/509544?ref=6#ref6
https://www.karger.com/Article/FullText/509544?ref=7#ref7
https://www.karger.com/Article/FullText/509544?ref=7#ref7
https://www.karger.com/Article/FullText/509544?ref=8#ref8
https://www.karger.com/Article/FullText/509544?ref=8#ref8
https://www.karger.com/Article/FullText/509544?ref=9#ref9
https://www.karger.com/Article/FullText/509544?ref=9#ref9
https://www.karger.com/Article/FullText/509544?ref=10#ref10
https://www.karger.com/Article/FullText/509544?ref=11#ref11
https://www.karger.com/Article/FullText/509544?ref=11#ref11
https://www.karger.com/Article/FullText/509544?ref=12#ref12


Greuter et al.Digestion 2020;101(suppl 1):136–145144
DOI: 10.1159/000509544

13 Peyrin-Biroulet L, Khosrotehrani K, Carrat F, 
Bouvier AM, Chevaux JB, Simon T, et al. In-
creased risk for nonmelanoma skin cancers in 
patients who receive thiopurines for inflam-
matory bowel disease. Gastroenterology. 
2011; 141(5): 1621–5.

14 Ariyaratnam J, Subramanian V. Association 
between thiopurine use and nonmelanoma 
skin cancers in patients with inflammatory 
bowel disease:  a meta-analysis. Am J Gastro-
enterol. 2014; 109(2): 163–9.

15 Nyboe Andersen N, Pasternak B, Basit S, An-
dersson M, Svanström H, Caspersen S, et al. 
Association between tumor necrosis factor-α 
antagonists and risk of cancer in patients with 
inflammatory bowel disease. JAMA. 2014; 

311(23): 2406–13.
16 Long MD, Martin CF, Pipkin CA, Herfarth 

HH, Sandler RS, Kappelman MD. Risk of 
melanoma and nonmelanoma skin cancer 
among patients with inflammatory bowel dis-
ease. Gastroenterology. 2012; 143(2): 390–e1.

17 Velayos FS, Terdiman JP, Walsh JM. Effect of 
5-aminosalicylate use on colorectal cancer 
and dysplasia risk:  a systematic review and 
metaanalysis of observational studies. Am J 
Gastroenterol. 2005; 100(6): 1345–53.

18 O’Connor A, Packey CD, Akbari M, Moss 
AC. Mesalamine, but not sulfasalazine, reduc-
es the risk of colorectal neoplasia in patients 
with inflammatory bowel disease:  an agent-
specific systematic review and meta-analysis. 
Inflamm Bowel Dis. 2015; 21(11): 2562–9.

19 Zhao LN, Li JY, Yu T, Chen GC, Yuan YH, 
Chen QK. 5-Aminosalicylates reduce the risk 
of colorectal neoplasia in patients with ulcer-
ative colitis:  an updated meta-analysis. PLoS 
One. 2014; 9(4): e94208

20 Jess T, Simonsen J, Jørgensen KT, Pedersen 
BV, Nielsen NM, Frisch M. Decreasing risk of 
colorectal cancer in patients with inflamma-
tory bowel disease over 30 years. Gastroenter-
ology. 2012; 143(2): 375

21 Burisch J, Jess T, Martinato M, Lakatos PL;  
ECCO Epicom. The burden of inflammatory 
bowel disease in Europe. J Crohns Colitis. 
2013; 7(4): 322–37.

22 Katsanos KH, Tatsioni A, Pedersen N, Shu-
haibar M, Ramirez VH, Politi P, et al. Cancer 
in inflammatory bowel disease 15 years after 
diagnosis in a population-based European 
collaborative follow-up study. J Crohns Coli-
tis. 2011; 5(5): 430–42.

23 Scharl S, Barthel C, Rossel JB, Biedermann L, 
Misselwitz B, Schoepfer AM, et al. Malignan-
cies in inflammatory bowel disease:  frequen-
cy, incidence and risk factors-results from the 
Swiss IBD Cohort Study. Am J Gastroenterol. 
2019; 114(1): 116–26.

24 Ekbom A, Helmick C, Zack M, Adami HO. 
Ulcerative colitis and colorectal cancer. A 
population-based study. N Engl J Med. 1990; 

323(18): 1228–33.

25 Erichsen R, Jepsen P, Vilstrup H, Ekbom A, 
Sørensen HT. Incidence and prognosis of 
cholangiocarcinoma in Danish patients with 
and without inflammatory bowel disease:  a 
national cohort study, 1978–2003. Eur J Epi-
demiol. 2009; 24(9): 513–20.

26 Chang JS, Tsai CR, Chen LT. Medical risk fac-
tors associated with cholangiocarcinoma  
in Taiwan:  a population-based case-control 
study. PLoS One. 2013; 8(7): e69981.

27 Pasternak B, Svanström H, Schmiegelow K, 
Jess T, Hviid A. Use of azathioprine and the 
risk of cancer in inflammatory bowel disease. 
Am J Epidemiol. 2013; 177(11): 1296–305.

28 Beaugerie L, Carrat F, Colombel JF, Bouvier 
AM, Sokol H, Babouri A, et al. Risk of new or 
recurrent cancer under immunosuppressive 
therapy in patients with IBD and previous 
cancer. Gut. 2014; 63(9): 1416–23.

29 Nguyen GC, Gulamhusein A, Bernstein CN. 
5-Aminosalicylic acid is not protective against 
colorectal cancer in inflammatory bowel dis-
ease:  a meta-analysis of non-referral popula-
tions. Am J Gastroenterol. 2012; 107(9): 1298–
305; quiz 7, 305.

30 Ferlay J, Soerjomataram I, Dikshit R, Eser S, 
Mathers C, Rebelo M, et al. Cancer incidence 
and mortality worldwide:  sources, methods 
and major patterns in GLOBOCAN 2012. Int 
J Cancer. 2015; 136(5): E359–86.

31 Magro F, Gionchetti P, Eliakim R, Ardizzone 
S, Armuzzi A, Barreiro-de Acosta M, et al. 
Third European evidence-based consensus 
on diagnosis and management of ulcerative 
colitis. Part 1:  definitions, diagnosis, extra-in-
testinal manifestations, pregnancy, cancer 
surveillance, surgery, and ileo-anal pouch dis-
orders. J Crohns Colitis. 2017; 11(6): 649–70.

32 Beaugerie L, Svrcek M, Seksik P, Bouvier AM, 
Simon T, Allez M, et al. Risk of colorectal 
high-grade dysplasia and cancer in a prospec-
tive observational cohort of patients with in-
flammatory bowel disease. Gastroenterology. 
2013; 145(1): 166.

33 Lutgens MW, van Oijen MG, van der Heijden 
GJ, Vleggaar FP, Siersema PD, Oldenburg B. 
Declining risk of colorectal cancer in inflam-
matory bowel disease:  an updated meta-anal-
ysis of population-based cohort studies. In-
flamm Bowel Dis. 2013; 19(4): 789–99.

34 Annese V, Beaugerie L, Egan L, Biancone L, 
Bolling C, Brandts C, et al. European evi-
dence-based consensus:  inflammatory bowel 
disease and malignancies. J Crohns Colitis. 
2015; 9(11): 945–65.

35 Scarpa M, Castagliuolo I, Castoro C, Pozza A, 
Scarpa M, Kotsafti A, et al. Inflammatory co-
lonic carcinogenesis:  a review on pathogene-
sis and immunosurveillance mechanisms in 
ulcerative colitis. World J Gastroenterol. 
2014; 20(22): 6774–85.

36 Brentnall TA, Crispin DA, Rabinovitch PS, 
Haggitt RC, Rubin CE, Stevens AC, et al. Mu-
tations in the p53 gene:  an early marker of 
neoplastic progression in ulcerative colitis. 
Gastroenterology. 1994; 107(2): 369–78.

37 Galandiuk S, Rodriguez-Justo M, Jeffery R, 
Nicholson AM, Cheng Y, Oukrif D, et al. Field 
cancerization in the intestinal epithelium of 
patients with Crohn's ileocolitis. Gastroenter-
ology. 2012; 142(4): 855.

38 Risques RA, Lai LA, Himmetoglu C, Ebaee A, 
Li L, Feng Z, et al. Ulcerative colitis-associated 
colorectal cancer arises in a field of short telo-
meres, senescence, and inflammation. Cancer 
Res. 2011; 71(5): 1669–79.

39 Laukoetter MG, Mennigen R, Hannig CM, 
Osada N, Rijcken E, Vowinkel T, et al. Intes-
tinal cancer risk in Crohn’s disease:  a meta-
analysis. J Gastrointest Surg. 2011; 15(4): 576–
83.

40 Jess T, Gamborg M, Matzen P, Munkholm P, 
Sørensen TI. Increased risk of intestinal can-
cer in Crohn’s disease:  a meta-analysis of pop-
ulation-based cohort studies. Am J Gastroen-
terol. 2005; 100(12): 2724–9.

41 Sokol H, Beaugerie L, Maynadié M, Laharie 
D, Dupas JL, Flourié B, et al. Excess primary 
intestinal lymphoproliferative disorders in 
patients with inflammatory bowel disease. In-
flamm Bowel Dis. 2012; 18(11): 2063–71.

42 Wong NA, Herbst H, Herrmann K, Kirchner 
T, Krajewski AS, Moorghen M, et al. Epstein-
Barr virus infection in colorectal neoplasms 
associated with inflammatory bowel disease:  
detection of the virus in lymphomas but not 
in adenocarcinomas. J Pathol. 2003; 201(2): 

312–8.
43 Slesser AA, Bhangu A, Bower M, Goldin R, 

Tekkis PP. A systematic review of anal squa-
mous cell carcinoma in inflammatory bowel 
disease. Surg Oncol. 2013; 22(4): 230–7.

44 Beaugerie L, Carrat F, Nahon S, Zeitoun JD, 
Sabaté JM, Peyrin-Biroulet L, et al. High risk 
of anal and rectal cancer in patients with anal 
and/or perianal Crohn’s disease. Clin Gastro-
enterol Hepatol. 2018; 16(6): 892–e2.

45 Singh S, Talwalkar JA. Primary sclerosing 
cholangitis:  diagnosis, prognosis, and man-
agement. Clin Gastroenterol Hepatol. 2013; 

11(8): 898–907.
46 Harwood CA, Attard NR, O’Donovan P, 

Chambers P, Perrett CM, Proby CM, et al. 
PTCH mutations in basal cell carcinomas 
from azathioprine-treated organ transplant 
recipients. Br J Cancer. 2008; 99(8): 1276–84.

47 Münz C, Moormann A. Immune escape by 
Epstein-Barr virus associated malignancies. 
Semin Cancer Biol. 2008; 18(6): 381–7.

48 Zitvogel L, Tesniere A, Kroemer G. Cancer 
despite immunosurveillance:  immunoselec-
tion and immunosubversion. Nat Rev Immu-
nol. 2006; 6(10): 715–27.

49 Lewis JD, Bilker WB, Brensinger C, Deren JJ, 
Vaughn DJ, Strom BL. Inflammatory bowel 
disease is not associated with an increased risk 
of lymphoma. Gastroenterology. 2001; 121(5): 

1080–7.

https://www.karger.com/Article/FullText/509544?ref=13#ref13
https://www.karger.com/Article/FullText/509544?ref=14#ref14
https://www.karger.com/Article/FullText/509544?ref=14#ref14
https://www.karger.com/Article/FullText/509544?ref=15#ref15
https://www.karger.com/Article/FullText/509544?ref=16#ref16
https://www.karger.com/Article/FullText/509544?ref=17#ref17
https://www.karger.com/Article/FullText/509544?ref=17#ref17
https://www.karger.com/Article/FullText/509544?ref=18#ref18
https://www.karger.com/Article/FullText/509544?ref=19#ref19
https://www.karger.com/Article/FullText/509544?ref=19#ref19
https://www.karger.com/Article/FullText/509544?ref=20#ref20
https://www.karger.com/Article/FullText/509544?ref=20#ref20
https://www.karger.com/Article/FullText/509544?ref=21#ref21
https://www.karger.com/Article/FullText/509544?ref=22#ref22
https://www.karger.com/Article/FullText/509544?ref=22#ref22
https://www.karger.com/Article/FullText/509544?ref=23#ref23
https://www.karger.com/Article/FullText/509544?ref=24#ref24
https://www.karger.com/Article/FullText/509544?ref=25#ref25
https://www.karger.com/Article/FullText/509544?ref=25#ref25
https://www.karger.com/Article/FullText/509544?ref=26#ref26
https://www.karger.com/Article/FullText/509544?ref=27#ref27
https://www.karger.com/Article/FullText/509544?ref=28#ref28
https://www.karger.com/Article/FullText/509544?ref=29#ref29
https://www.karger.com/Article/FullText/509544?ref=30#ref30
https://www.karger.com/Article/FullText/509544?ref=30#ref30
https://www.karger.com/Article/FullText/509544?ref=31#ref31
https://www.karger.com/Article/FullText/509544?ref=32#ref32
https://www.karger.com/Article/FullText/509544?ref=33#ref33
https://www.karger.com/Article/FullText/509544?ref=33#ref33
https://www.karger.com/Article/FullText/509544?ref=34#ref34
https://www.karger.com/Article/FullText/509544?ref=35#ref35
https://www.karger.com/Article/FullText/509544?ref=36#ref36
https://www.karger.com/Article/FullText/509544?ref=37#ref37
https://www.karger.com/Article/FullText/509544?ref=37#ref37
https://www.karger.com/Article/FullText/509544?ref=38#ref38
https://www.karger.com/Article/FullText/509544?ref=38#ref38
https://www.karger.com/Article/FullText/509544?ref=39#ref39
https://www.karger.com/Article/FullText/509544?ref=40#ref40
https://www.karger.com/Article/FullText/509544?ref=40#ref40
https://www.karger.com/Article/FullText/509544?ref=41#ref41
https://www.karger.com/Article/FullText/509544?ref=41#ref41
https://www.karger.com/Article/FullText/509544?ref=42#ref42
https://www.karger.com/Article/FullText/509544?ref=43#ref43
https://www.karger.com/Article/FullText/509544?ref=44#ref44
https://www.karger.com/Article/FullText/509544?ref=44#ref44
https://www.karger.com/Article/FullText/509544?ref=45#ref45
https://www.karger.com/Article/FullText/509544?ref=46#ref46
https://www.karger.com/Article/FullText/509544?ref=47#ref47
https://www.karger.com/Article/FullText/509544?ref=48#ref48
https://www.karger.com/Article/FullText/509544?ref=48#ref48
https://www.karger.com/Article/FullText/509544?ref=49#ref49


Malignancies in IBD 145Digestion 2020;101(suppl 1):136–145
DOI: 10.1159/000509544

50 Kotlyar DS, Lewis JD, Beaugerie L, Tierney A, 
Brensinger CM, Gisbert JP, et al. Risk of lym-
phoma in patients with inflammatory bowel 
disease treated with azathioprine and 6-mer-
captopurine:  a meta-analysis. Clin Gastroen-
terol Hepatol. 2015; 13(5): 847–50.

51 Kotlyar DS, Osterman MT, Diamond RH, 
Porter D, Blonski WC, Wasik M, et al. A sys-
tematic review of factors that contribute to 
hepatosplenic T-cell lymphoma in patients 
with inflammatory bowel disease. Clin Gas-
troenterol Hepatol. 2011; 9(1): 36–e1.

52 Offman J, Opelz G, Doehler B, Cummins D, 
Halil O, Banner NR, et al. Defective DNA mis-
match repair in acute myeloid leukemia/my-
elodysplastic syndrome after organ trans-
plantation. Blood. 2004; 104(3): 822–8.

53 Rungoe C, Simonsen J, Riis L, Frisch M, Lang-
holz E, Jess T. Inflammatory bowel disease 
and cervical neoplasia:  a population-based 
nationwide cohort study. Clin Gastroenterol 
Hepatol. 2015; 13(4): 693–e1.

54 Gutierrez-Dalmau A, Campistol JM. Immu-
nosuppressive therapy and malignancy in or-
gan transplant recipients:  a systematic review. 
Drugs. 2007; 67(8): 1167–98.

55 Bourrier A, Carrat F, Colombel JF, Bouvier 
AM, Abitbol V, Marteau P, et al. Excess risk 
of urinary tract cancers in patients receiving 
thiopurines for inflammatory bowel disease:  a 
prospective observational cohort study. Ali-
ment Pharmacol Ther. 2016; 43(2): 252–61.

56 Card T, Ungaro R, Bhayat F, Blake A, Hants-
barger G, Travis S. Vedolizumab use is not as-
sociated with increased malignancy inci-
dence:  GEMINI LTS study results and post-
marketing data. Aliment Pharmacol Ther. 
2020; 51(1): 149–57.

57 Olivera P, Lasa J, Bonovas S, Danese S, Peyrin-
Biroulet L. Safety of Janus kinase inhibitors in 
patients with inflammatory bowel diseases or 
other immune-mediated diseases:  a system-
atic review and meta-analysis. Gastroenterol-
ogy. 2020 May; 158(6): 1554–73.e12.

58 Ghosh S, Gensler LS, Yang Z, Gasink C, 
Chakravarty SD, Farahi K, et al. Ustekinumab 
safety in psoriasis, psoriatic arthritis, and 
Crohn’s disease:  an integrated analysis of 
phase II/III clinical development programs. 
Drug Saf. 2019; 42(6): 751–68.

59 Fiorentino D, Ho V, Lebwohl MG, Leite L, 
Hopkins L, Galindo C, et al. Risk of malig-
nancy with systemic psoriasis treatment in the 
Psoriasis Longitudinal Assessment Registry. J 
Am Acad Dermatol. 2017; 77(5): 845.

60 Sands BE, Sandborn WJ, Panaccione R, 
O’Brien CD, Zhang H, Johanns J, et al. 
Ustekinumab as induction and maintenance 
therapy for ulcerative colitis. N Engl J Med. 
2019; 381(13): 1201–14.

61 Annese V, Daperno M, Rutter MD, Amiot A, 
Bossuyt P, East J, et al. European evidence 
based consensus for endoscopy in inflamma-
tory bowel disease. J Crohns Colitis. 2013; 

7(12): 982–1018.
62 Choi CH, Ignjatovic-Wilson A, Askari A, Lee 

GH, Warusavitarne J, Moorghen M, et al. 
Low-grade dysplasia in ulcerative colitis:  risk 
factors for developing high-grade dysplasia or 
colorectal cancer. Am J Gastroenterol. 2015; 

110(10): 1461–72; quiz 72.
63 Löfberg R, Broström O, Karlén P, Tribukait B, 

Ost A. Colonoscopic surveillance in long-
standing total ulcerative colitis:  a 15-year fol-
low-up study. Gastroenterology. 1990; 99(4): 

1021–31.
64 Lutgens MW, Oldenburg B, Siersema PD, van 

Bodegraven AA, Dijkstra G, Hommes DW, et 
al. Colonoscopic surveillance improves sur-
vival after colorectal cancer diagnosis in in-
flammatory bowel disease. Br J Cancer. 2009; 

101(10): 1671–5.
65 Velayos FS, Loftus EV, Jess T, Harmsen WS, 

Bida J, Zinsmeister AR, et al. Predictive and 
protective factors associated with colorectal 
cancer in ulcerative colitis:  a case-control 
study. Gastroenterology. 2006; 130(7):  
1941–9.

66 Karlén P, Kornfeld D, Broström O, Löfberg R, 
Persson PG, Ekbom A. Is colonoscopic sur-
veillance reducing colorectal cancer mortality 
in ulcerative colitis? A population based case 
control study. Gut. 1998; 42(5): 711–4.

67 Eaden J, Abrams K, Ekbom A, Jackson E, 
Mayberry J. Colorectal cancer prevention in 
ulcerative colitis:  a case-control study. Ali-
ment Pharmacol Ther. 2000; 14(2): 145–53.

68 Hlavaty T, Huorka M, Koller T, Zita P, Kre-
sanova E, Rychly B, et al. Colorectal cancer 
screening in patients with ulcerative and 
Crohn’s colitis with use of colonoscopy, chro-
moendoscopy and confocal endomicroscopy. 
Eur J Gastroenterol Hepatol. 2011; 23(8):  
680–9.

69 Beaugerie L. Management of inflammatory 
bowel disease patients with a cancer history. 
Curr Drug Targets. 2014; 15(11): 1042–8.

70 Bernstein CN, Blanchard JF, Kliewer E, Waj-
da A. Cancer risk in patients with inflamma-
tory bowel disease:  a population-based study. 
Cancer. 2001; 91(4): 854–62.

71 So J, Tang W, Leung WK, Li M, Lo FH, Wong 
MTL, et al. Cancer risk in 2621 Chinese pa-
tients with inflammatory bowel disease:  a 
population-based cohort study. Inflamm 
Bowel Dis. 2017; 23(11): 2061–8.

72 Jussila A, Virta LJ, Pukkala E, Färkkilä MA. 
Malignancies in patients with inflammatory 
bowel disease:  a nationwide register study in 
Finland. Scand J Gastroenterol. 2013; 48(12): 

1405–13.
73 Hovde Ø, Høivik ML, Henriksen M, Solberg 

IC, Småstuen MC, Moum BA. Malignancies 
in patients with inflammatory bowel disease:  
results from 20 years of follow-up in the IB-
SEN Study. J Crohns Colitis. 2017; 11(5):  
571–7.

74 Pedersen N, Duricova D, Elkjaer M, Gamborg 
M, Munkholm P, Jess T. Risk of extra-intesti-
nal cancer in inflammatory bowel disease:  
meta-analysis of population-based cohort 
studies. Am J Gastroenterol. 2010; 105(7): 

1480–7.

https://www.karger.com/Article/FullText/509544?ref=50#ref50
https://www.karger.com/Article/FullText/509544?ref=50#ref50
https://www.karger.com/Article/FullText/509544?ref=51#ref51
https://www.karger.com/Article/FullText/509544?ref=51#ref51
https://www.karger.com/Article/FullText/509544?ref=52#ref52
https://www.karger.com/Article/FullText/509544?ref=53#ref53
https://www.karger.com/Article/FullText/509544?ref=53#ref53
https://www.karger.com/Article/FullText/509544?ref=54#ref54
https://www.karger.com/Article/FullText/509544?ref=55#ref55
https://www.karger.com/Article/FullText/509544?ref=55#ref55
https://www.karger.com/Article/FullText/509544?ref=56#ref56
https://www.karger.com/Article/FullText/509544?ref=57#ref57
https://www.karger.com/Article/FullText/509544?ref=57#ref57
https://www.karger.com/Article/FullText/509544?ref=58#ref58
https://www.karger.com/Article/FullText/509544?ref=59#ref59
https://www.karger.com/Article/FullText/509544?ref=59#ref59
https://www.karger.com/Article/FullText/509544?ref=60#ref60
https://www.karger.com/Article/FullText/509544?ref=61#ref61
https://www.karger.com/Article/FullText/509544?ref=62#ref62
https://www.karger.com/Article/FullText/509544?ref=63#ref63
https://www.karger.com/Article/FullText/509544?ref=64#ref64
https://www.karger.com/Article/FullText/509544?ref=65#ref65
https://www.karger.com/Article/FullText/509544?ref=66#ref66
https://www.karger.com/Article/FullText/509544?ref=67#ref67
https://www.karger.com/Article/FullText/509544?ref=67#ref67
https://www.karger.com/Article/FullText/509544?ref=68#ref68
https://www.karger.com/Article/FullText/509544?ref=69#ref69
https://www.karger.com/Article/FullText/509544?ref=70#ref70
https://www.karger.com/Article/FullText/509544?ref=71#ref71
https://www.karger.com/Article/FullText/509544?ref=71#ref71
https://www.karger.com/Article/FullText/509544?ref=72#ref72
https://www.karger.com/Article/FullText/509544?ref=73#ref73
https://www.karger.com/Article/FullText/509544?ref=74#ref74

