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Simple Summary: Inflammatory Bowel Diseases (IBDs) are increasingly prevalent pathologies
due to the rise in incidence in some geographic areas and the improvement in prognosis with the
development of new therapeutic targets. The increasing age of the IBD population is associated with
greater comorbidity, including intestinal and extra-intestinal cancer. The current or previous presence
of cancer makes the treatment of both IBD and cancer challenging. In this review, we summarize the
evidence on IBD cancer risk related to chronic inflammation and immunosuppressive therapy, as
well as a general approach to the management of patients with IBD and cancer.

Abstract: Chronic inflammation in patients with Inflammatory Bowel Disease (IBD) leads to an
increased risk of colorectal cancer, small bowel cancer, intestinal lymphoma and cholangiocarcinoma.
However, treatments for IBD have also been associated with an increased risk of neoplasms. Patients
receiving Thiopurines (TPs) have an increased risk of hematologic malignancies, non-melanoma
skin cancer, urinary tract neoplasms and cervical cancer. Anti-TNFs have been associated with a
higher risk of neoplasms, mainly lymphomas and melanomas; however, the data are controversial,
and some recent studies do not confirm the association. Nevertheless, other biologic agents, such as
ustekinumab and vedolizumab, have not shown an increased risk of any neoplasm to date. The risk of
malignancies with tofacitinib exists, but its magnitude and relationship with previous treatment with
TPs is not defined, so more studies from daily clinical practice are needed. Although biologic therapy
seems to be safe for patients with current cancer or a prior history of cancer, as has been demonstrated
in other chronic inflammatory conditions, prospective studies in this specific population are needed.
Until that time, it is crucial to manage such conditions via the combined clinical expertise of the
gastroenterologist and oncologist.

Keywords: Inflammatory Bowel Disease; cancer; immunosuppressive drugs; biologic therapy; tofaci-
tinib; treatment decisions

1. Introduction

Inflammatory Bowel Diseases (IBDs) are chronic inflammatory pathologies that mainly
involve the gastrointestinal tract, alternating relapses of inflammation and periods of
remission. IBDs include ulcerative colitis (UC), Crohn’s disease (CD) and indeterminate
colitis (IC) [1]. The global burden of IBD has increased due to higher incidence, longer
patient survival and the improvement of diagnostic techniques [1–5].

Age is the most important risk factor for cancer, and the trend of the IBD population is
increasing age, so exposure to malignancies is rising. In addition, chronic inflammation
and some treatments for IBD are also risk factors for neoplastic changes. The release of
proinflammatory mediators during IBD relapses leads to carcinogenesis by promoting
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oxidative stress that favors DNA mutagenesis, antiapoptotic pathways and migration,
angiogenesis and invasion phenomena [6].

Indeed, treatment of current neoplasms in IBD patients, as well as the treatment of IBD
in patients with prior malignancies, has become a challenge with limited evidence-based
data available, since patients with an active or recent history of cancer or those who develop
cancer while being treated with newer therapies are usually excluded from randomized
controlled trials. Consequently, it is essential to consider primary and secondary prevention
measures for neoplasms during daily clinical practice in IBD units [7].

Therefore, this article aims to review the risk of cancer related to chronic inflammation
in IBD and immunosuppressive or biologic treatments and, in addition, to propose a
general therapeutic strategy for patients suffering from IBD and neoplasia.

2. Literature Review

The search was conducted around October 2022 in PubMed, Embase, Science-Direct
and Medline. We used the following keywords: “Inflammatory Bowel Disease”, “Crohn’s
Disease”, “Ulcerative Colitis”, “cancer”, “neoplasms”, “thiopurines”, “biologic agents”,
“anti-TNF”, “vedolizumab”, “ustekinumab”, “tofacitinib” and “management”. Addi-
tionally, a manual search of the literature search was performed. Most relevant original
manuscripts written in English were selected for revision after access to full text versions
through open-access licenses or institutional access.

3. Chronic Inflammation and Cancer Risk
3.1. Colorectal Cancer
3.1.1. Epidemiology and Risk Factors

Colorectal cancer (CRC) is the third cause of cancer worldwide, being especially
common in developed countries. Although CRC is a very prevalent condition, mortality is
decreasing due to screening programs and the improvement of therapeutic strategies [8].

UC is known as a well-established risk factor for CRC [8–11], with a risk of 1% by
10 years, 2% by 20 years and 5% by >20 years [12]. Indeed, a 4–10-fold increased incidence
compared with sporadic CRC has been reported in patients with UC [13]. Nevertheless, the
association between CD and CRC has been more controversial [14–16]. However, the CRC
incidence in patients with IBD is declining over the years probably due to an improved
control of inflammation, maintenance therapy utilization, access to surgery in case of
medically resistant disease and surveillance programs implementation [12,15,16].

Several IBD-related risk factors have been described, and their presence guides the
most appropriate screening and surveillance strategy. Primary Sclerosing Cholangitis (PSC)
and severe inflammatory activity are the most consistent risk factors described [17,18].
The presence of post-inflammatory polyps traduces previous inflammatory severity and
can make it difficult to detect adenomas. Although traditionally pseudopolyps have been
associated with an increased risk of CRC [19,20], recent data suggest that they are not a
risk factor for CRC [21]. In addition, younger age at diagnosis of IBD and longer duration
of IBD have been described as risk factors for CRC [14]. Extension of IBD also influences
CRC risk, ranging from no increased risk in proctitis to the highest risk for extensive colitis,
while left-sided colitis shows an intermediate CRC risk. Other risk factors are family history
of first-degree relative with CRC and male gender [22].

3.1.2. Pathogenesis

IBD pathogenesis is not fully established, and it is believed to be a multifactorial
process resulting from the combination of genetic susceptibility and environmental factors
such as diet, smoking habit or stress [23]. IBD has been related to hygienic conditions,
dietary habits and overutilization of antibiotics, suggesting a probable relationship with
microbiota [24]. In fact, lower levels of bacteria associated with an anti-inflammatory effect,
such as Faecalibacerium prausnitzii or Roseburia spp., have been detected in IBD. Additionally,
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mucosal damage allows pathogenic bacteria such as Proteobacteria to penetrate and promote
inflammatory processes [25].

Tumorigenesis in patients with IBD follows the inflammation–dysplasia carcinoma
sequence instead of adenoma–carcinoma sequence described for sporadic CRC. Molecular
alterations in sporadic CRC appear in a different order and frequency in IBD-related CRC.
Whereas p53 mutation occurs earlier in IBD-related CRC, mutations in APC gatekeeper
gene occur later, just prior to carcinoma [26]. Three theories about bacterial involvement
in IBD-related CRC have been proposed: the alpha-bug hypothesis, driver–passenger
hypothesis and common-ground hypothesis. The first hypothesis affirms that a single
bacterium causes carcinogenesis, while the second believes that, after the effect of this first
bacterium, other opportunistic bacteria contribute. The common-ground hypothesis states
that increased bowel permeability allows bacterial invasion of submucosal tissue, leading
chronic inflammation and cancer [13].

3.1.3. Screening and Surveillance

The goal of screening programs is an early detection of CRC cancer, based on the
early detection of dysplasia and, for that purpose, three screening systems have been
developed [27]. Traditionally, dysplasia was investigated in each colonic segment, using
quadrantic random biopsies every 10 cm, plus targeted biopsies of any visible lesion [28,29].
Although this system is not strongly recommended by the American College of Gastroen-
terology (ACG) and the British Society of Gastroenterology (BSG) at this moment [30,31],
the European Crohn´s and Colitis Organisation (ECCO) [27] guidelines recommend it
when using only white-light scopes. With the improvement of image quality in endoscopy,
colonoscopy with dye spray chromoendoscopy using methylene blue or indigo carmine,
adding targeted biopsies to areas suspicious of dysplasia, has become the gold-standard
screening system, especially recommended in high-risk patients (for example, in previous
Low-Grade Dysplasia (LGD)). However, virtual chromoendoscopy with high definition
colonoscopes is an adequate alternative in low- and moderate-risk patients [32,33]. As
most neoplastic lesions are visible due to technological improvements, the role of random
biopsies has been progressively relegated to specific situations. Nevertheless, local factors
often influence the screening system used [27,28,34].

Most guidelines recommend starting screening colonoscopy over 8 years following
the onset of symptoms for all patients, except for patients with PSC (annual surveil-
lance colonoscopy following diagnosis) and proctitis (no specific surveillance program is
needed) [27,30,31]. Ongoing surveillance colonoscopy depends on the presence of high-
or intermediate-risk features and varies according to different guidelines, with the recent
ones ECCO 2017, ACG 2019 and BSG 2019 recommendations (Table 1). However, available
evidence from prospective randomized controlled trials is scarce.

Table 1. Colonoscopy surveillance recommendations according to the main international guidelines.

Risk Characteristics
Next Surveillance Colonoscopy

ECCO 2017 [27] ACG 2019 [30] BSG 2019 [31]

High

-Stricture or dysplasia detected within
the past 5 years

-PSC (start screening at the time of
diagnosis)

-Extensive colitis with severe active
inflammation

-Family history of CRC in first-degree
relative diagnosed younger than

50 years
1 year PSC 1 year

1 year

And extensive
colitis with

moderate activity
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Table 1. Cont.

Risk Characteristics
Next Surveillance Colonoscopy

ECCO 2017 [27] ACG 2019 [30] BSG 2019 [31]

Intermediate

-Extensive colitis with mild active
inflammation

-Post-inflammatory polyps
-Family history of CRC in first-degree

relative diagnosed at 50 years
and above

2–3 years

And extensive colitis
with moderate activity 1–3 years based on

the combined risk
factors for CRC and

the findings of
previous endoscopies

3 years

Low No features of intermediate and
high risk 5 years

5 years

And left sided
colitis and CD
colitis affecting
<50% of colon

Pouch
surveillance

Risk factors: dysplasia or cancer
identified after or at surgery, PSC,

family history of CRC, severe
pouchitis rapidly after pouch

formation with moderate to severe
villous atrophy, long retained

rectal cuff

Risk factors: 1 year
Asymptomatic patients:

no surveillance

Risk factors: 1 year
Asymptomatic

patients: no
surveillance or

5 years

ACG, American College of Gastroenterology; BSG, British Society of Gastroenterology; CRC, Colorectal Cancer;
ECCO, European Crohn´s and Colitis Organisation; PSC, Primary Sclerosing Cholangitis.

3.1.4. Treatment

An accurate histopathological diagnosis of dysplasia and description of endoscopic
features (polypoid lesions, non-polypoid lesions, invisible) is a cornerstone to choose the
most appropriate therapeutic strategy [27,28,34]. Parallel to the development of endoscopic
techniques, the traditional paradigm of recommending proctocolectomy for all patients
with any form of dysplasia has changed.

In the case of finding dysplasia in a colonic segment currently or previously affected by
colitis, it is necessary to consider if it comes from a visible lesion, its endoscopic resectability
and the presence of multiple foci. Conservative management can be performed, avoiding
surgery, when polypoid dysplasia or non-polypoid dysplasia can be completely excised and
there is no evidence of non-polypoid or invisible dysplasia elsewhere in the colon [29–31].

Due to the higher risk of high-grade dysplasia (HGD) or CRC development at 5 years
for non-polypoid dysplasia (65.2%) compared to polypoid dysplasia (6.0%), unresectable
non-polypoid dysplasia requires colectomy, regardless of the grade of dysplasia. Never-
theless, unresectable polypoid dysplasia can be managed with partial colonic resection or
surveillance in the case of low-grade dysplasia [28]. Surveillance colonoscopy is recom-
mended at 3–6 months before returning to annual surveillance after complete resection of
both polypoid and non-polypoid dysplastic lesions [28].

In the case of invisible dysplasia, the first step is to perform a chromo-endoscopy with
a high-definition endoscope in a referral center to rule out visible lesions missed on the
previous colonoscopy. If no visible lesion is identified, its management depends on the
grade of initial dysplasia: in the case of HGD, the patient should be referred to colectomy,
while in the case of LGD, an individualized decision between colectomy or surveillance
should be taken as 5 years of HGD or if the CRC rate is 21.9% (higher than polypoid lesions
but lower than non-polypoid lesions) [35]. Polyps that arise proximal to segments involved
are considered to be sporadic adenomas and should be treated accordingly [28].
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3.1.5. Primary Prevention

Nowadays, primary prevention does not replace screening and surveillance strategy.
The most important strategy for primary prevention is control of inflammation, because
this considerably reduces the risk of neoplasia. However, different drugs have been tested
for this purpose, such as5-Aminosalicylic Acid (5-ASA), which is weakly recommended by
BSG and ECCO, whereas ACG does not recommend it; and thiopurines (TPs), which are
not recommended by international guidelines [27,28,34].

Furthermore, 5-ASA has been proposed as a preventive measure for CRC through the
downregulation of cyclooxygenase-2 (COX-2) and inhibiting activation of transcription
of nuclear factor kB (NF-kB) and phospholipase D. Indeed, several retrospective case-
control studies found a significant protective effect of 5-ASA in UC, especially with doses
>1.2 g/day. However, it is unknown if this is related to an improved inflammation control
instead of being a specific drug effect. There is a lack of randomized prospective studies
confirming these findings [36,37].

Evidence regarding the chemoprotective effect of TPs and anti-TNFs is shown later in
this review.

3.2. Small Bowel Neoplasia

A recently published nationwide cohort study performed in Sweden and Denmark
revealed an eight-fold and two-fold increased risk of small bowel adenocarcinoma in
CD and UC, respectively [38]. Only patients with extensive UC were at increased risk,
while both patients with CD affecting small bowel/ileocecal region or colon had a high
risk. Recent diagnosis, ileal involvement and stricturing disease have been reported as
risk factors in patients with CD. PSC is also a risk factor in patients with UC [39]. In
addition, the risk of neuroendocrine tumors was increased by about two-fold in both UC
and CD [40,41].

Contrary to CRC, no optimal strategies for the screening of small bowel cancer are
available. Full visualization through ileoscopy may be inadequate, and although findings
in cross-sectional imaging can be suggestive of neoplasia, most cases are usually diagnosed
during surgery of complications. In the case of long-standing persistent stenosis, surgery
should be considered. No drug has demonstrated efficacy in primary prevention [42].

3.3. Intestinal Lymphoma

Primary intestinal lymphoma is mainly associated with immunosuppressant agents
such as TPs, although chronic intestinal inflammation could also play a role [42,43]. Similar
to the general population, B-cell non-Hodgkin´s lymphoma is the most common subtype in
patients with IBD (up to 83.9%). Nevertheless, primary intestinal lymphoma is overrepre-
sented in contrast to the general population. Between 4% and 75% of patients have positive
Epstein–Barr Virus status, so preventive measures can be intensified in that group [38].

3.4. Cholangiocarcinoma

Cholangiocarcinoma is a rare condition with poor prognosis that, in most cases, is not
associated with any recognized risk factor [44]. However, a two- to four-fold higher risk
of cholangiocarcinoma has been detected in patients with IBD compared to the general
population [45]. When comparing UC and CD, a two-fold increased risk for UC has been
described. Other risk factors are smoking habit, alcohol, older age at PSC diagnosis and the
presence of CRC or dysplasia in UC patients [46].

No specific surveillance recommendations have been made for patients with IBD,
so recommendations from liver scientific associations could be taken as reference. Cross-
sectional imaging (Magnetic Resonance Imaging or ultrasonography) and CA 19.9 have
been suggested for cholangiocarcinoma screening every 6–12 months in PSC patients by
American guidelines and some experts; however, ECCO does not support this strategy
specifically [46–51].
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4. IBD Existing Therapies and Cancer Risk

At the present, there are many drugs for IBD treatment which module the immune
response: immunosuppressants, mainly TPs and methotrexate (MTX); biologic therapies,
such as anti-TNFs, anti-integrin and anti-IL12/23; and, recently, small molecules, such
as jam-kinase inhibitors and SP1 modulators. The efficacy of these therapies has been
variably demonstrated in randomized clinical trials, and they are recommended by clinical
guidelines; however, these drugs have also been associated with an increased risk of
infections and neoplasms [47–52].

4.1. Thiopurines

TPs (azathioprine and mercaptopurine) have been associated with an increased risk of
hematologic malignancies, non-melanoma skin cancer (NMSC) and urinary-tract neo-
plasms [53,54], while the association with dysplasia and cervical cancer is controver-
sial [50,55–57]. The risk of cancer seems to be especially increased in older patients and in
combo-therapies with anti-TNFs [50,58,59]. A Spanish study with the ENEIDA registry
including 48,752 IBD patients treated with TPs reported that patients who initiated TPs
above 60 years old had an increased risk of neoplasms (1.5% vs. 0.2%; p < 0.001), and in
88.5% of patients, it leads to treatment discontinuation [58].

Regarding the risk of hematologic malignancies, a French cohort of 19,486 IBD patients
reported an increased risk of lymphoproliferative diseases (mainly lymphoma) of five times
for patients treated with TPs compared to those never exposed (adjusted HR (aHR), 5.28;
95% CI, 2.01–13.9; p = 0.0007) [55]. Furthermore, the risk of neoplasm was higher for those
with active treatment (2% vs. 1% vs. 1%; p = 0.0016), finding no differences in the adjusted
risk between patients with previous treatment and those never exposed (aHR 1.02; 95% CI
0.20–5.11; p = 0.9839). In a recent study, the risk of lymphoma in IBD patients treated with
TPs was similar to the French cohort (1.04 per 1000 patients-year) [60]. It should be noted
that although the risk of lymphoma is increased with TPs, the incidence remains relatively
low (0.9–1 per 1000 patients-year), and the risk is reversible after TP withdrawal [55,61].

It also seems to be an association between the risk of lymphoma, Epstein–Barr virus
(EBV) infection and TP therapy in IBD patients, probably due to T-cell apoptosis, leading to
uncontrolled proliferation of B cells infected by EBV [55,62]. Low TP compliance has also
been associated with an increased risk of EBV–lymphoma by an imbalance between cell
inhibition and proliferation [63]. Fatal lymphoproliferative disorders have been reported in
young male EBV–seronegative IBD patients under TP therapy; however, this risk is low (1 in
10,000) [55]. The risk of lymphoma is higher in CD and with persistent inflammation [64,65].
Hepatosplenic T-cell lymphoma has also been associated with TP monotherapy and combo-
therapy, although the risk is low [64].

In addition, the risk of acute myeloid leukemia and myelodysplastic syndrome is also
higher in patients with active TP therapy (17.0 per 100,000 patients-years in never exposed,
17.7 in past exposure and 30.4 in active TP therapy < 2 years-and 30.3 ≥ 2 years) [66]. Active
TP therapy, but not previous exposure, increases the risk of this neoplasm when compared
with no exposure (aHR = 3.05 for active TP < 2 years, p = 0.0014; aHR = 2.32 for active
TP ≥ 2 years, p = 0.0101; aHR = 1.47, p = 0.2110 for previous exposure). All patients were
diagnosed when they were above 51 years old.

In IBD patients, the risk of melanoma and NMSC is increased compared to the general
population (IRR = 1.29; 95% CI = 1.09–1.53 and IRR = 1.46; 95% CI = 1.40–1.53), especially
in CD [67]. TPs have also been associated with an increased risk of NMSC (OR = 1.85;
95% CI = 1.66–2.05) that persists even when TP therapy is discontinued (5.9 HR and
3.9 HR for active and prior use, respectively) [56,67]. On the contrary, no association has
been found between TPs and the risk of melanoma (OR = 1.10; 95% CI = 0.72–1.67) [67].
In fact, in a recent retrospective study, TP therapy was found to increase the risk of basal
cell carcinoma (HR = 1.52; 95% CI = 1.10–2.10) and squamous cell carcinoma (HR = 7.81;
95% CI = 4.56–11.05) but not melanoma (HR = 1.51; 95% CI = 0.50–4-54) [68]. However, the
risk of NMSC attributable to TPs is difficult to interpret since studies are heterogeneous and
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many factors involved in the risk of skin cancer are not taken into account (sun exposure,
skin phenotype, etc.) [68,69].

Concerning urinary-tract neoplasms, in the CESAME cohort, active TP therapy in-
creased the risk compared with no treatment (aHR 2.82; p = 0.04) [50]. Globally, the
incidence rate was 0.32/1000 patients-year, and it increases to 0.48/1000 patient-years in
active TP therapy and to 9.6/1000 patients-year in men older than 65 years old with active
TP therapy. The risk is similar to the general population in those with previous TP exposure.
In a recently published Dutch study, the incidence rate of urinary neoplasms under TP
therapy was lower than in the CESAME cohort (0.21/1000 patients-year) [60]. Other factors
may also modify this risk, such as Human Papilloma Virus (HPV) infection, which has
been associated with an increased risk of squamous bladder cancer [70,71].

Regarding the risk of other neoplasms, no association has been found between TPs and
cholangiocarcinoma or gallbladder cancer (HR 1.05; 95% CI 0.39–3.82) [72,73]. Concerning
gynecologic malignancies, although TPs have been associated with an increased risk of an
abnormal pap test [57,74], a recent meta-analysis did not find an increased risk of cervical
cancer in IBD patients treated with TPs (HR 0.96, 95% CI 0.60–1.50).

Despite all of the abovementioned, TPs have also been associated with a decreased
risk of CRC in IBD patients. In the CESAME cohort, in patients with long-term extensive
colitis, TP therapy was a protector factor for high-grade dysplasia and CRC (aHR = 0.28;
95% CI = 0.1–0.9; p = 0.03), probably due to a better inflammation control [22]. Similar
results were reported from the ENEIDA database, including 831 UC patients, with TP
exposure as an independent protective factor for CRC (OR = 0.21; 95% CI = 0.06–0.74;
p = 0.015) [75]. The protective effect was also found in a recent meta-analyses, including
95,397 patients; however, it was limited to patients with long-term disease (more than
8 years) [76]. On the other hand, a case-control study in the CESAME cohort failed to
show a chemoprotective effect of TPs in CRC; however, authors indicate that the study was
probably underpowered [77].

4.2. Anti-TNF

In observational studies, anti-TNFs have been associated with an increased risk of
cancer, mainly NMSC, melanoma and lymphoma, and less probably with its associa-
tion with other types of neoplasms [59,68]. However, some recent meta-analysis and
observational studies do not confirm these findings and suggest that the increased risk of
cancer could be limited to anti-TNFs in combo-therapies [46]. In a Denmark registry including
56,146 IBD patients, after adjustment for age, disease duration and TP exposure, there
was not an increased risk of cancer associated with anti-TNFs (RR = 1.07; 95% CI = 0.85–
1.36) [52]. In the TREAT long-term prospective registry of CD patients, the risk of malig-
nancy was similar between anti-TNFs (infliximab) and other therapies [78]. In a study in
the ENEIDA cohort, including 11,011 IBD patients, immunosuppressants and anti-TNFs
were not associated with an increased risk of cancer (HR = 0.73; 95% CI = 0.56–0.96 and
HR = 0.72; 95% CI = 0.52–1.001, respectively) [69]. In another study including CD patients
treated with adalimumab, combo-therapy but not monotherapy was associated with an
increased risk of NMSC (RR = 3.46; 95% CI = 1.08–11.06) and other neoplasms (RR = 2.82;
95% CI = 1.07–7.44) [79]. In a recently published systematic review trying to assess the risk
of malignancy of anti-TNFs, eleven studies evaluated the association between anti-TNFs
and malignancy, showing no increased risk in ten of them [80].

Regarding melanoma, in a case-control study using an administrative database, anti-TNF
therapy was associated with an increased risk of melanoma, even after adjustment (OR = 1.88;
95% CI = 1.08–3.29), but not in the case of NMSC (OR = 1.14; 95% CI = 0.95–1.36) [67]. Another
study also found no association between infliximab and NMSC [78], but in a retrospective
study, anti-TNFs increase the risk of basal cell carcinoma (HR = 1.76; 95% CI = 1.08–2.87)
and melanoma (HR = 4.1; 95% CI = 1.32–12.73) but not squamous cell carcinoma (HR = 1.55;
95% CI = 0.48–5.04) [68]. Treatment with combo-therapy for more than one year has been
associated with the highest risk of NMSC (OR = 3.89; 95% CI = 2.33–6.46) [67], and it has
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also been associated with an increased risk of squamous cell carcinoma (HR = 7.83; 95% CI =
3.41–17.98) [68]. Another study also reported an increased risk of NMSC in patients treated with
combo-therapy [79].

The risk of lymphoma has also been investigated; however, assessing the risk of anti-
TNF monotherapy can be difficult because many patients have been previously treated
with TPs [64,81,82]. In a French cohort of 189,289 IBD patients, the incidence rate of this
neoplasm was higher in patients treated with anti-TNF monotherapy or combo-therapy
when compared with those unexposed (aHR = 2.41, p < 0.01; and aHR = 6.11, p < 0.01,
respectively) [59]. Moreover, combo-therapy significantly increases the risk of lymphoma
when compared to anti-TNF or TP monotherapy (aHR = 2.53, p < 0.001; and aHR = 2.35,
p < 0.01, respectively). Despite this increased risk, the absolute risk is low with all ther-
apeutic options (IR = 0.54 per 1000 person-years for TPs, 0.41 for anti-TNFs and 0.95 for
combo-therapy). When comparing TP and anti-TNF monotherapy, there were no differ-
ences in the lymphoma risk (aHR = 0.93; 95% CI = 0.60–1.44). In a recent systematic review
including 261,689 patients, combo-therapy (IRR = 3.71 per 1000 patients-year; p ≤ 0.01) and
monotherapy (IRR = 1.52 per 1000 patients-year; p = 0.023) were also associated with an
increased risk of lymphoma compared with no exposure to anti-TNFs or TPs [49] On the
contrary, other studies did not find an increased risk of lymphoma in patients treated with
anti-TNF monotherapy [83,84].

The most frequent lymphomas developed under immunosuppressive therapy are
B-cell, follicular and Hodgkin lymphoma [59,85,86]. In a case-series from the CONFER
project, 15 patients with intestinal lymphoma were included, and most of them were men
(12/15) and affected by CD (11/15) [43]. In 10 of 15 patients, the location was the IBD
affected area, and 9 patients had history of anti-TNF or TP exposure [87].

Contrary to TPs, anti-TNF therapy does not increase the risk of acute myeloid leukemia
and myelodysplastic syndrome (aHR = 0.86; p = 0.7462) [66].

The evidence of anti-TNFs in CRC chemoprevention is scarce; however, the implication
of the TNF factor in the development of this neoplasm suggests the potential protective
effect of these drugs [88]. In a U.S. cohort of IBD patients, anti-TNF therapy was found
to be a protective factor for the development of CRC in both CD and UC (OR = 0.69,
95% CI = 0.66–0.73, p < 0.0001; and OR = 0.78, 95% CI = 0.73–0.83, p < 0.0001) [89]. However,
in a case-control study including 41,176 patients from a Canadian database, there was no
association between anti-TNFs and CRC risk [90], and, in a Danish study, a protective effect
of anti-TNFs was not found [91].

4.3. Vedolizumab

Vedolizumab (VDZ) is a gut-selective monoclonal antibody against α4β7 integrin
that is approved for the treatment of moderately to severely active UC and CD. Although
long-term follow-up and real-world evidence are scarce, safety analyses of clinical trials
and open-label extension studies have not observed any significant increase in the risk of
solid-organ or hematologic malignancies. In the GEMINI long-term safety (LTS) study,
no trend was observed between the development of malignancy and age, sex, type of
malignancy or duration of VDZ exposure. The most common malignant neoplasm was
basal cell carcinoma, with a <1% incidence in UC and CD. The rate of all-site malignancies
was 9.8/1000 per year in UC and 8.3 in CD, suggesting that VDZ does not impact the
overall rate of malignancies [92].

Therefore, Colombel et al. in a phase 2/3 study did not report an increased risk of
malignancy [93]. A retrospective cohort study supported this findings compared with
anti-TNFs, and no difference was observed in the incidence of malignancy between VDZ
versus TNFα antagonists (IR = 1.28; 95% CI = 0.61–2.45) [94]. Studies in elderly patients,
who are at increased risk of cancer, are limited and controversial. Data for VDZ were
shown in the GEMINI trials, where the incidence of malignancies was similar in all
age subgroups [95].
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4.4. Ustekinumab

A pooled analyses of six phase 2/3 studies for CD and psoriasis showed a good
security profile for ustekinumab (UST) [83]. The incidence of malignancy (excluding
NMSC) was low and comparable with that of the placebo (0.4 vs. 0.2 per 100 person-years).
Combined across indications, the IRs for malignancies (excluding cervical cancer in situ
and NMSC) in the UST and placebo groups were 0.6 (95% CI, 0.3–1.0) and 0.3 (95% CI,
0.0–1.9), respectively, with overlapping 95% CIs. UST has also not been associated with an
increased risk of skin cancer [83].

Safety data of UST in elderly patients are limited. A real-world study from the
ENEIDA registry shows that UST is also effective in elderly patients with CD compared to
non-elderly population, and a higher rate of de novo neoplasms was observed, probably
related to the older age [84]. Moreover, in the IM-UNITI trial, rates of malignancy were not
increased between UST and placebo across all age subgroups [96,97].

4.5. Tofacitinib

Tofacitinib is an oral small molecule pan-Janus kinase (JAK) inhibitor, especially JAK 3
and JAK1, approved for the management of UC [98,99], whose efficacy and safety have been
investigated in the OCTAVE trials (Oral Clinical Trials for tofacitinib in ulcerative colitis) [100].

This drug has been associated with an increased risk of neoplasms [100–102]. A
higher frequency of NMSC in IBD patients receiving tofacitinib compared with the placebo
was found; however, in four out of five cases, there was a history of NMSC, all patients
had previous exposure to TPs and were in the 10 mg tofacitinib group. In the long-term
extension (OLE) study, named OCTAVE Open, which included 944 IBD patients with
follow-up of up to 7 years, the IRs for adjudicated NMSC were 0.96 (95% CI, 0.35–2.08),
0.68 (95% CI, 0.35–1.19) and 0.75 (95% CI, 0.45–1.19) for patients in the tofacitinib 5 mg,
tofacitinib 10 mg and tofacitinib all groups, respectively, and the most common NMSC
was basal cell carcinoma, with a total of 13 patients, mainly in the tofacitinib 10 mg
group [103,104]. This increased risk of NMSC associated with tofacitinib has also been
shown in rheumatoid arthritis (RA) and psoriasis [101,102].

Regarding malignancies other than NMSC, in the OCTAVE, open neoplasms were
reported in 7 (4.0%) patients in the tofacitinib 5 mg group and 18 (2.3%) patients in the
tofacitinib 10 mg group, with IRs of 1.03 (95% CI, 0.67–1.52), 1.09 (95% CI, 0.44–2.25),
1.00 (95% CI, 0.60–1.59) and 1.03 (95% CI, 0.67–1.52) for patients in the tofacitinib 5 mg,
tofacitinib 10 mg and tofacitinib all groups, respectively [103,104]. Cancers described were
four CRC, three breast cancer, two cervical cancer, two cancer of the penis, two soft tissue
sarcoma, two cholangiocarcinoma, two non-Hodgkin lymphoma, two melanoma and two
lung cancer.

An evaluation of tofacitinib safety data from clinical trials, including 1157 patients
over a 4.4-year period (1612.8 patient-years of exposure), was also published [105]. The
incidence rate of malignancies (excluding NMSC) was 0.7 (95% CI, 0.3–1.2). More than 80%
of patients had been previously treated with anti-TNFs, and all of them were previously
exposed to TPs. In the ORAL surveillance study in patients with rheumatoid arthritis
treated with tofacitinib, compared with those receiving anti-TNFs, there was an increased
risk of malignancies in a 5.5-year follow-up (6.1% for tofacitinib vs. 3.8% for anti-TNF, with
an HR for adjudicated cancers—excluding NMSC—of 1.48; 95% CI 1.04–2.09). Age above
65 years and smoking were also risk factors [106].
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There are not many real-world data in clinical practice on the safety profile of tofacitinib
in UC patients, but in the study of Deepak et al., including 260 UC patients, there were
only two malignancies [107], and in another real-world cohort of 113 IBD patients, only
one patient developed a neoplasm, with previous immunosuppressive exposure [107,108].

In conclusion, there appears to be a risk of malignancies with the use of tofacitinib,
which has been observed especially in some populations with RA. However, we need more
long-term studies to define the risk of tofacitinib in IBD. Regulatory agencies consider
it possible to estimate a similar (class) risk in other JAK inhibitors, such as filgotinib or
upadacitinib; however, this has not yet been confirmed.

5. Treatments Decisions in Patients with IBD and Current or Previous Cancer

According to estimates from the World Health Organization (WHO) in 2019, the
burden of cancer incidence and mortality is growing worldwide, to the point that cancer
constitutes the first leading cause of death before the age of 70 years in many countries,
including Europe and North America [109].

IBD therapy may impact the course of malignancies, and when a neoplasm appears,
the focus of attention for the physician turns towards the treatment of cancer, with the
interruption or not of IBD therapy being one of the most important dilemmas. Most
clinicians tend to discontinue immunosuppressants and indicate more surgery [7,110];
however, maintaining IBD therapy while treating cancer could also be an option [7,111]. The
reason why cessation is the most common trend is that some therapies, such as azathioprine,
methotrexate or anti-TNF, can negatively impact the survival of some neoplasms such
as CRC [112].

Discontinuation of therapy seems to be safe when the IBD is controlled. Axelrad et al.
reported that 66.7% of patients diagnosed of an extra-intestinal malignancy during the
course of IBD achieved remission during cytotoxic chemotherapy, while 17.4% developed
active IBD, with a greater risk of reactivation in the group who received both chemotherapy
and adjuvant hormone therapy (HR, 12.25; 95% CI, 1.51–99.06) [7]. Similar results were
shown by the Massachusetts General Hospital, where only 17% of patients with an inactive
IBD at the time of cancer diagnosis had a flare during a follow-up of 6 months, with
those with a high risk of flare being younger patients with CD, those with prior history of
anti-TNF therapy and those with previous hormonal therapy [111].

Related to radiotherapy in patients with IBD, gastrointestinal (GI) toxicity and 5-year
survival seem to be similar between patients with and without IBD [110], so it seems to be
a reasonable option for IBD patients.

In the case of the breakthrough of IBD activity, and after ensuring that symptoms
are not due to chemotherapy or an infection, which are the more frequent causes of GI
symptoms in IBD patients with active cancer, it is highly recommended to confirm the
flare by endoscopy. When IBD flare is confirmed, consensus and expert opinion point to
corticosteroids as the first and safest therapeutic option when IDB activity is uncontrolled;
more selective biologic molecules, such as VDZ, if possible, or anti-TNFs, are preferable
options as a backup plan in the absence of comparative studies. In patients suffering
mild disease, 5ASAs and enteral nutrition are preferable [113]. A practical management
approach for IBD patients with cancer is proposed in Figure 1.
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6. Management of Patients with IBD and Previous Diagnosis of Cancer

In relation to IBD patients who have had cancer in the past, clinical guidelines often
recommend restrictions in immunosuppressive and biological therapy. However, data are
scarce, and most of the risks attributable to immunosuppressants come from studies in the
post-transplant setting with a prior malignancy and high risk of recurrence: melanoma,
NMSC, urinary cancer, lung cancer, renal cell cancer, breast cancer and myeloma, especially
during the first 2 years post-malignancy [114].

In spite of that evidence, as previously exposed, some studies do not find an increased
risk of neoplasms under immunosuppressive therapy [115]. For this reason, although
NMSC seems to be the most common type of recurrent cancer, some experts suggest that
TPs can be continued in this setting as these tumors are fully excised [116]. The situation is
different in EBV-related lymphoproliferative disease, where TPs should not be used [117].

Related to anti-TNF therapy, some studies show that there is not a greater risk of
developing new or recurrent cancer [115,118,119], but this excludes the risk of recur-
rent melanoma, a situation for which it seems better to avoid anti-TNFs [119]. More-
over, the ECCO consensus guideline recommends avoiding anti-TNF therapy during the
first 2 years after cancer therapy cessation, or 5 for cancers with high risk of recurrence
such as endometrial cancer, renal tract, melanoma, GI or lung cancer.

The experience with other biologic agents is limited regarding the risk of new cancer
or recurrence in patients with IBD. As aforementioned, UST and VDZ seem to not be
signals of increased malignancy risk [83]. Supporting this ascertain, Vedamurthy et al.
demonstrated that the risk of cancer recurrence was similar in VDZ compared to anti-TNFs
or no immunosuppressive regimens based on an IBD population with prior history of
cancer [120]. However, as happens with UST, the follow-up period of these studies tends
to be shorter (1 year) than in studies based on anti-TNFs. Moreover, it is important to
highlight that most of the patients who developed a new or recurring cancer had been
previously treated with other biologic agents, so no clear conclusions can be made.

Finally, tofacitinib has been associated with an increased risk of cancer and cardio-
vascular disease when compared to anti-TNF drugs (HR, 1.48; 95% CI, 1.04 to 2.09), so it
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should not be used in patients at risk, as aforementioned, if possible [106]. An algorithm
for the management of IBD patients with prior history of cancer is suggested in Figure 2.
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7. Conclusions

The coexistence of IBD and cancer in the same patient makes the treatment of both
pathologies a challenge. Discontinuation of therapy seems to be safe when IBD activity is
controlled. However, in the case of relapse of inflammatory activity steroids, vedolizumab
or anti-TNF is the most convenient therapeutic option, avoiding the prescription of im-
munosuppressants.

Although biologic use seems to be safe for patients with a current cancer or a prior
history of cancer, as has been demonstrated in other chronic inflammatory conditions, we
need to study specifically those patients with prospective studies to better answer how best
to treat patients with a current or previous cancer. At the present, the I-CARE is an ongoing
multicenter study, including 10,206 European IBD patients and aiming to investigate the
risk of malignancy associated with IBD-therapy, especially biologic therapy [121]. Until
long-term safety results are obtained from this large cohort, it is crucial to manage such
conditions via the combined clinical expertise of the gastroenterologist and oncologist.

Author Contributions: Conceptualization, V.L., S.G.-M., S.J.M.-D. and F.G.; writing—original draft
preparation, V.L., S.G.-M., S.J.M.-D., J.L.d.l.C. and C.J.G.-P.; writing—review and editing, V.L.,
S.J.M.-D. and F.G. All authors have read and agreed to the published version of the manuscript.
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Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2023, 15, 871 13 of 18

References
1. Chaparro, M.; Garre, A.; Ortiz, A.N.; Palomares, M.T.D.-L.; Rodríguez, C.; Riestra, S.; Vela, M.; Benítez, J.M.; Salgado, E.F.;

Rodríguez, E.S.; et al. Incidence, Clinical Characteristics and Management of Inflammatory Bowel Disease in Spain: Large-Scale
Epidemiological Study. J. Clin. Med. 2021, 10, 2885. [CrossRef] [PubMed]

2. Ng, S.C.; Shi, H.Y.; Hamidi, N.; Underwood, F.E.; Tang, W.; Benchimol, E.I.; Panaccione, R.; Ghosh, S.; Wu, J.C.Y.; Chan, F.K.L.; et al.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: A systematic review of population-based
studies. Lancet 2017, 390, 2769–2778. [CrossRef]

3. Björnsson, S.; Tryggvason, F.P.; Jónasson, J.G.; Cariglia, N.; Örvar, K.; Kristjánsdóttir, S.; Stefansson, T. Incidence of inflammatory
bowel disease in Iceland 1995–2009. A nationwide population-based study. Scand. J. Gastroenterol. 2015, 50, 1368–1375. [CrossRef]
[PubMed]

4. Lophaven, S.N.; Lynge, E.; Burisch, J. The incidence of inflammatory bowel disease in Denmark 1980–2013: A nationwide cohort
study. Aliment. Pharmacol. Ther. 2017, 45, 961–972. [CrossRef]

5. Kaplan, G.G. The Global Burden of IBD: From 2015 to 2025. Nat. Rev. Gastroenterol. Hepatology. 2015, 12, 720–727. [CrossRef]
[PubMed]

6. Biancone, L.; Armuzzi, A.; Scribano, M.L.; Castiglione, F.; D´Incà, R.; Orlando, A.; Papi, C.; Daperno, M.; Vecchi, M.; Riegler, G.;
et al. Cancer risk in inflammatory bowel disease: A 6-year prospective multicenternested case-control IG-IBD study. Inflamm.
Bowel Dis. 2020, 26, 450–459. [CrossRef]

7. Axelrad, J.; Fowler, S.A.; Friedman, S.; Ananthakrishnan, A.N.; Yajnik, V. Effects of Cancer Treatment on Inflammatory Bowel
Disease Remission and Reactivation. Clin. Gastroenterol. Hepatol. 2012, 10, 1021–1027.e1. [CrossRef] [PubMed]

8. Morgan, E.; Arnold, M.; Gini, A.; Lorenzoni, V.; Cabasag, C.J.; Laversanne, M.; Vignat, J.; Ferlay, J.; Murphy, N.; Bray, F. Global
burden of colorectal cancer in 2020 and 2040: Incidence and mortality estimates from GLOBOCAN. Gut 2022, 72, 338–344.
[CrossRef] [PubMed]

9. Winther, K.V.; Jess, T.; Langholz, E.; Munkholm, P.; Binder, V. Long-term risk of cancer in ulcerative colitis: A population-based
cohort study from Copenhagen County. Clin. Gastroenterol. Hepatol. 2004, 2, 1088–1095. [CrossRef]

10. Lakatos, L.; Mester, G.; Erdelyi, Z.; David, G.; Pandur, T.; Balogh, M.; Fischer, S.; Vargha, P.; Lakatos, P.L. Risk factors for ulcerative
colitis-associated colorectal cancer in a Hungarian cohort of patients with ulcerative colitis: Results of a population-based study.
Inflamm. Bowel Dis. 2006, 12, 205–211. [CrossRef]

11. Olén, O.; Erichsen, R.; Sachs, M.C.; Pedersen, L.; Halfvarson, J.; Askling, J.; Ekbom, A.; Sørensen, H.T.; Ludvigsson, J.F. Colorectal
cancer in ulcerative colitis: A Scandinavian population-based cohort study. Lancet 2020, 395, 123–131. [CrossRef]

12. Lutgens, M.W.M.D.; van Oijen, M.G.H.; van der Heijden, G.J.M.G.; Vleggaar, F.P.; Siersema, P.D.; Oldenburg, B. Declining risk of
colorectal cancer in inflammatory bowel disease: An updated meta-analysis of population-based cohort studies. Inflamm. Bowel
Dis. 2013, 19, 789–799. [CrossRef] [PubMed]

13. Popov, J.; Caputi, V.; Nandeesha, N.; Rodriguez, D.A.; Pai, N. Microbiota-Immune Interactions in Ulcerative Colitis and Colitis
Associated Cancer and Emerging Microbiota-Based Therapies. Int. J. Mol. Sci. 2021, 22, 11365. [CrossRef]

14. Canavan, C.; Abrams, K.R.M.J. Meta-analysis: Colorectal and small bowel cancer risk in patients with Crohn’s disease. Aliment.
Pharmacol. Ther. 2006, 23, 1097–1104. [CrossRef] [PubMed]

15. Jess, T.; Simonsen, J.; Jørgensen, K.T.; Pedersen, B.V.; Nielsen, N.M.; Frisch, M. Decreasing Risk of Colorectal Cancer in Patients
with Inflammatory Bowel Disease Over 30 Years. Gastroenterology 2012, 143, 375–381.e1. [CrossRef] [PubMed]

16. Kappelman, M.D.; Farkas, D.K.; Long, M.D.; Erichsen, R.; Sandler, R.S.; Sørensen, H.T.; Baron, J.A. Risk of Cancer in Patients
with Inflammatory Bowel Diseases: A Nationwide Population-based Cohort Study With 30 Years of Follow-up Evaluation. Clin.
Gastroenterol. Hepatol. 2013, 12, 265–273.e1. [CrossRef]

17. Krugliak Cleveland, N.; Rubin, D.T.; Hart, J.; Weber, C.R.; Meckel, K.; Tran, A.L.; Aelvoet, A.S.; Pan, I.; Gonsalves, A.; Gaetano,
J.N.; et al. Patients with Ulcerative Colitis and Primary Sclerosing Cholangitis Frequently Have Subclinical Inflammation in the
Proximal Colon. Clin. Gastroenterol. Hepatol. 2018, 16, 68–74. [CrossRef]

18. Shah, S.C.; Hove, J.R.T.; Castaneda, D.; Palmela, C.; Mooiweer, E.; Colombel, J.F.; Harpaz, N.; Ullman, T.; van Bodegraven,
A.; Jansen, J.; et al. High risk of advanced colorectal neoplasia in patients with primary sclerosing colangitis associated with
inflammatory bowel disease. Clin. Gastroenterol. Hepatol. 2018, 16, 1106–1113. [CrossRef]

19. Velayos, F.S.; Loftus, E.; Jess, T.; Harmsen, W.S.; Bida, J.; Zinsmeister, A.R.; Tremaine, W.J.; Sandborn, W.J. Predictive and Protective
Factors Associated with Colorectal Cancer in Ulcerative Colitis: A Case-Control Study. Gastroenterology 2006, 130, 1941–1949.
[CrossRef]

20. Baars, J.E.; Looman, C.W.N.; Steyerberg, E.W.; Beukers, R.; Tan, A.C.I.T.L.; Weusten, B.L.A.M.; Kuipers, E.; van der Woude, C. The
risk of inflammatory bowel di-sease-related colorectal carcinoma is limited: Results from a nationwide nested case-control study.
Am. J. Gastroenterol. 2011, 106, 319–328. [CrossRef]

21. Mahmoud, R.; Shah, S.C.; ten Hove, J.R.; Torres, J.; Mooiweer, E.; Castaneda, D.; Glass, J.; Elman, J.; Kumar, A.; Axelrad, J.; et al.
No Association Between Pseudopolyps and Colorectal Neoplasia in Patients with Inflammatory Bowel Diseases. Gastroenterology
2019, 156, 1333–1344.e3. [CrossRef]

22. Beaugerie, L.; Svrcek, M.; Seksik, P.; Bouvier, A.; Simon, T.; Allez, M.; Brixi, H.; Gornet, J.; Altwegg, R.; Beau, P.; et al. Risk of
Colorectal High-Grade Dysplasia and Cancer in a Prospective Observational Cohort of Patients with Inflammatory Bowel Disease.
Gastroenterology 2013, 145, 166–175.e8. [CrossRef]

http://doi.org/10.3390/jcm10132885
http://www.ncbi.nlm.nih.gov/pubmed/34209680
http://doi.org/10.1016/S0140-6736(17)32448-0
http://doi.org/10.3109/00365521.2015.1047792
http://www.ncbi.nlm.nih.gov/pubmed/25979112
http://doi.org/10.1111/apt.13971
http://doi.org/10.1038/nrgastro.2015.150
http://www.ncbi.nlm.nih.gov/pubmed/26323879
http://doi.org/10.1093/ibd/izz155
http://doi.org/10.1016/j.cgh.2012.06.016
http://www.ncbi.nlm.nih.gov/pubmed/22732273
http://doi.org/10.1136/gutjnl-2022-327736
http://www.ncbi.nlm.nih.gov/pubmed/36604116
http://doi.org/10.1016/S1542-3565(04)00543-9
http://doi.org/10.1097/01.MIB.0000217770.21261.ce
http://doi.org/10.1016/S0140-6736(19)32545-0
http://doi.org/10.1097/MIB.0b013e31828029c0
http://www.ncbi.nlm.nih.gov/pubmed/23448792
http://doi.org/10.3390/ijms222111365
http://doi.org/10.1111/j.1365-2036.2006.02854.x
http://www.ncbi.nlm.nih.gov/pubmed/16611269
http://doi.org/10.1053/j.gastro.2012.04.016
http://www.ncbi.nlm.nih.gov/pubmed/22522090
http://doi.org/10.1016/j.cgh.2013.03.034
http://doi.org/10.1016/j.cgh.2017.07.023
http://doi.org/10.1016/j.cgh.2018.01.023
http://doi.org/10.1053/j.gastro.2006.03.028
http://doi.org/10.1038/ajg.2010.428
http://doi.org/10.1053/j.gastro.2018.11.067
http://doi.org/10.1053/j.gastro.2013.03.044


Cancers 2023, 15, 871 14 of 18

23. Quaglio, A.E.V.; Grillo, T.G.; Souza De Oliveira, E.; Di Stasi, L.C.S.L. Gut microbiota, inflammatory bowel disease and colorectal
cancer. World J. Gastroenterol. 2022, 28, 4053–4060. [CrossRef] [PubMed]

24. Ghouri, Y.A.; Tahan, V.S.B. Secondary causes of inflammatory bowel diseases. World J. Gastroenterol. 2020, 26, 3998–4017.
[CrossRef] [PubMed]

25. Zuo, T.; Ng, S.C. The Gut Microbiota in the Pathogenesis and Therapeutics of Inflammatory Bowel Disease. Front. Microbiol. 2018,
9, 2247. [CrossRef] [PubMed]

26. Dirisina, R.; Katzman, R.B.; Goretsky, T.; Managlia, E.; Mittal, N.; Williams, D.B.; Qiu, W.; Yu, J.; Chandel, N.S.; Zhang, L.; et al.
p53 and PUMA Independently Regulate Apoptosis of Intestinal Epithelial Cells in Patients and Mice with Colitis. Gastroenterology
2011, 141, 1036–1045. [CrossRef]

27. Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, P.J.; Limdi, J.K.; Hayee, B.; Lomer, M.C.E.; Parkes, G.C.; Selinger, C.;
et al. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults. Gut
2019, 68 (Suppl. S3), s1–s106. [CrossRef]

28. Magro, F.; Gionchetti, P.; Eliakim, R.; Ardizzone, S.; Armuzzi, A.; Barreiro-de Acosta, M.; Burisch, J.; Gecse, K.B.; Hart, A.L.;
Hindryckx, P.; et al. Third European evidence-based consensus on diagnosis and management of ulcerative colitis. Part 1:
Definitions, Diagnosis, Extra-intestinal Manifestations, Pregnancy, Cancer Surveillance, Surgery, and Ileo-anal Pouch Disorders. J.
Crohn’s Colitis 2017, 11, 649–670. [CrossRef]

29. Choi, C.-H.R.; Rutter, M.D.; Askari, A.; Lee, G.H.; Warusavitarne, J.; Moorghen, M.; Thomas-Gibson, S.; Saunders, B.P.; Graham, T.;
Hart, A.L. Forty-Year Analysis of Colonoscopic Surveillance Program for Neoplasia in Ulcerative Colitis: An Updated Overview.
Am. J. Gastroenterol. 2015, 110, 1022–1034. [CrossRef]

30. Choi, C.-H.R.; Ignjatovic-Wilson, A.; Askari, A.; Lee, G.H.; Warusavitarne, J.; Moorghen, M.; Thomas-Gibson, S.; Saunders, B.P.;
Rutter, M.D.; Graham, T.; et al. Low-Grade Dysplasia in Ulcerative Colitis: Risk Factors for Developing High-Grade Dysplasia or
Colorectal Cancer. Am. J. Gastroenterol. 2015, 110, 1461–1471. [CrossRef]

31. Wanders, L.K.; Dekker, E.; Pullens, B.; Bassett, P.; Travis, S.P.; East, J.E. Cancer Risk After Resection of Polypoid Dysplasia in
Patients with Longstanding Ulcerative Colitis: A Meta-analysis. Clin. Gastroenterol. Hepatol. 2014, 12, 756–764. [CrossRef]
[PubMed]

32. Watanabe, T.; Ajioka, Y.; Mitsuyama, K.; Watanabe, K.; Hanai, H.; Nakase, H.; Kunisaki, R.; Matsuda, K.; Iwakiri, R.; Hida, N.; et al.
Comparison of Targeted vs. Random Biopsies for Surveillance of Ulcerative Colitis-Associated Colorectal Cancer. Gastroenterology
2016, 151, 1122–1130. [CrossRef]

33. Moussata, D.; Allez, M.; Cazals-Hatem, D.; Treton, X.; Laharie, D.; Reimund, J.M.; Bertheau, P.; Bourreille, A.; Lavergne-Slove,
A.; Brixi, H.; et al. Are random biopsies still useful for the de-tection of neoplasia in patients with IBD undergoing surveillance
colonoscopy with chromoendoscopy? Gut 2018, 67, 616–624. [PubMed]

34. Rubin, D.T.; Ananthakrishnan, A.N.; Siegel, C.A.; Sauer, B.G.; Long, M.D. ACG Clinical Guideline: Ulcerative Colitis in Adults.
Am. J. Gastroenterol. 2019, 114, 384–413. [CrossRef] [PubMed]

35. Nishio, M.; Hirasawa, K.; Chiba, S.; Ozeki, Y.; Sawada, A.; Ikeda, R.; Fukuchi, T.; Kobayashi, R.; Sato, C.; Inayama, Y.; et al.
Endoscopic resection is feasible for high-grade displasia in patients with ulcerative colitis. Scand. J. Gastroenterol. 2023, 58, 101–106.
[CrossRef]

36. Qiu, X.; Ma, J.; Wang, K.; Zhang, H. Chemopreventive effects of 5-aminosalicylic acid on inflammatory bowel disease-associated
colorectal cancer and dysplasia: A systematic review with meta-analysis. Oncotarget 2016, 8, 1031–1045. [CrossRef]

37. Bonovas, S.; Fiorino, G.; Lytras, T.; Nikolopoulos, G.; Peyrin-Biroulet, L.; Danese, S. Systematic review with meta-analysis: Use of
5-aminosalicylates and risk of colorectal neoplasia in patients with inflammatory bowel disease. Aliment. Pharmacol. Ther. 2017,
45, 1179–1192. [CrossRef]

38. Muller, M.; Broséus, J.; Feugier, P.; Thieblemont, C.; Beaugerie, L.; Danese, S.; Arnone, D.; Ndiaye, N.C.; Kokten, T.; Houlgatte, R.;
et al. Characteristics of Lymphoma in Patients with Inflammatory Bowel Disease: A Systematic Review. J. Crohn’s Colitis 2020, 15,
827–839. [CrossRef]

39. Axelrad, J.E.; Olén, O.; Sachs, M.C.; Erichsen, R.; Pedersen, L.; Halfvarson, J.; Askling, J.; Ekbom, A.; Sørensen, H.T.; Ludvigsson,
J. Inflammatory bowel disease and risk of small bowel cancer: A binational population-based cohort study from Denmark and
Sweden. Gut 2020, 70, 297–308.

40. Yu, J.; Refsum, E.; Perrin, V.; Helsingen, L.; Wieszczy, P.; Løberg, M.; Bretthauer, M.; Adami, H.; Ye, W.; Blom, J.; et al.
Inflammatory bowel disease and risk of adenocarcinoma and neuroendocrine tumors in the small bowel. Ann. Oncol. 2022, 33,
649–656. [CrossRef]

41. Bojesen, R.D.; Riis, L.B.; Høgdall, E.; Nielsen, O.H.; Jess, T. Inflammatory Bowel Disease and Small Bowel Cancer Risk, Clinical
Characteristics, and Histopathology: A Population-Based Study. Clin. Gastroenterol. Hepatol. 2017, 15, 1900–1907.e2. [CrossRef]
[PubMed]

42. Beaugerie, L.; Itzkowitz, S.H. Cancers Complicating Inflammatory Bowel Disease. N. Engl. J. Med. 2015, 372, 1441–1452.
[CrossRef] [PubMed]

43. Phillips, F.; Verstockt, B.; Ribaldone, D.G.; Guerra, I.; Teich, N.; Katsanos, K.; Filip, R.; Molnar, T.; Karmiris, K.; Kopylov, U.; et al.
Diagnosis and Outcome of Extranodal Primary Intestinal Lymphoma in Inflammatory Bowel Disease: An ECCO CONFER Case
Series. J. Crohn’s Colitis 2021, 16, 500–505. [CrossRef] [PubMed]

http://doi.org/10.3748/wjg.v28.i30.4053
http://www.ncbi.nlm.nih.gov/pubmed/36157114
http://doi.org/10.3748/wjg.v26.i28.3998
http://www.ncbi.nlm.nih.gov/pubmed/32821067
http://doi.org/10.3389/fmicb.2018.02247
http://www.ncbi.nlm.nih.gov/pubmed/30319571
http://doi.org/10.1053/j.gastro.2011.05.032
http://doi.org/10.1136/gutjnl-2019-318484
http://doi.org/10.1093/ecco-jcc/jjx008
http://doi.org/10.1038/ajg.2015.65
http://doi.org/10.1038/ajg.2015.248
http://doi.org/10.1016/j.cgh.2013.07.024
http://www.ncbi.nlm.nih.gov/pubmed/23920032
http://doi.org/10.1053/j.gastro.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/28115492
http://doi.org/10.14309/ajg.0000000000000152
http://www.ncbi.nlm.nih.gov/pubmed/30840605
http://doi.org/10.1080/00365521.2022.2107878
http://doi.org/10.18632/oncotarget.13715
http://doi.org/10.1111/apt.14023
http://doi.org/10.1093/ecco-jcc/jjaa193
http://doi.org/10.1016/j.annonc.2022.02.226
http://doi.org/10.1016/j.cgh.2017.06.051
http://www.ncbi.nlm.nih.gov/pubmed/28694132
http://doi.org/10.1056/NEJMra1403718
http://www.ncbi.nlm.nih.gov/pubmed/25853748
http://doi.org/10.1093/ecco-jcc/jjab164
http://www.ncbi.nlm.nih.gov/pubmed/34508639


Cancers 2023, 15, 871 15 of 18

44. Huai, J.-P.; Ding, J.; Ye, X.-H.; Chen, Y.-P. Inflammatory Bowel Disease and Risk of Cholangiocarcinoma: Evidence from a
Meta-analysis of Population-based Studies. Asian Pac. J. Cancer Prev. 2014, 15, 3477–3482. [CrossRef] [PubMed]

45. Scharl, S.; Barthel, C.; Rossel, J.B.; Biedermann, L.; Misselwitz, B.; Schoepfer, A.M.; Straumann, A.; Vavricka, S.; Rogler, G.; Scharl,
M.; et al. Malignancies in Inflammatory Bowel Disease: Frequency, Incidence and Risk Factors—Results from the Swiss IBD
Cohort Study. Am. J. Gastroenterol. 2019, 114, 116–126. [CrossRef]

46. Fung, B.; Lindor, K.D.; Tabibian, J.H. Cancer risk in primary sclerosing cholangitis: Epidemiology, prevention, and surveillance
strategies. World J. Gastroenterol. 2019, 25, 659–671. [CrossRef]

47. Torres, J.; Bonovas, S.; Doherty, G.; Kucharzik, T.; Gisbert, J.P.; Raine, T.; Adamina, M.; Armuzzi, A.; Bachmann, O.; Bager, P.; et al.
ECCO Guidelines on Therapeutics in Crohn’s Disease: Medical Treatment. J. Crohn’s Colitis 2019, 14, 4–22. [CrossRef] [PubMed]

48. Feuerstein, J.D.; Isaacs, K.L.; Schneider, Y.; Siddique, S.M.; Falck-Ytter, Y.; Singh, S.; Chachu, K.; Day, L.; Lebwohl, B.; Muniraj, T.;
et al. AGA Clinical Practice Guidelines on the Management of Moderate to Severe Ulcerative Colitis. Gastroenterology 2020, 158,
1450–1461. [CrossRef]

49. Chupin, A.; Perduca, V.; Meyer, A.; Bellanger, C.; Carbonnel, F.; Dong, C. Systematic review with meta-analysis: Comparative risk
of lymphoma with anti-tumour necrosis factor agents and/or thiopurines in patients with inflammatory bowel disease. Aliment.
Pharmacol. Ther. 2020, 52, 1289–1297. [CrossRef]

50. Bourrier, A.; Carrat, F.; Colombel, J.-F.; Bouvier, A.-M.; Abitbol, V.; Marteau, P.; Cosnes, J.; Simon, T.; Peyrin-Biroulet, L.; Beaugerie,
L.; et al. Excess risk of urinary tract cancers in patients receiving thiopurines for inflammatory bowel disease: A prospective
observational cohort study. Aliment. Pharmacol. Ther. 2015, 43, 252–261. [CrossRef]

51. Gornet, J.M.; Nissen, L.; Annese, V.; Pellino, G.; Beaugerie, L.; Egan, L.; Dierickx, D.; Katsanos, K.H.; Szymanska, E.; Scaldaferri,
F.; et al. European Evidence-based Consensus: Inflammatory Bowel Disease and Malignancies. J. Crohns. Colitis. 2015, 9, 945–965.

52. Andersen, N.N.; Pasternak, B.; Basit, S.; Andersson, M.; Svanström, H.; Caspersen, S.; Munkholm, P.; Hviid, A.; Jess, T. Association
Between Tumor Necrosis Factor-α Antagonists and Risk of Cancer in Patients With Inflammatory Bowel Disease. JAMA 2014,
311, 2406–2413. [CrossRef] [PubMed]

53. Blaker, P.A.; Arenas-Hernandez, M.; Marinaki, A.M.; Sanderson, J.D. The pharmacogenetic basis of individual variation in
thiopurine metabolism. Pers. Med. 2012, 9, 707–725. [CrossRef] [PubMed]

54. Tiede, I.; Fritz, G.; Strand, S.; Poppe, D.; Dvorsky, R.; Strand, D.; Lehr, H.A.; Wirtz, S.; Becker, C.; Atreya, R.; et al. CD28-dependent
Rac1 activation is the molecular target of azathioprine in primary human CD4+ T lymphocytes. J. Clin. Investig. 2003, 111,
1133–1145. [CrossRef] [PubMed]

55. Beaugerie, L.; Brousse, N.; Bouvier, A.M.; Colombel, J.F.; Lémann, M.; Cosnes, J.; Hébuterne, X.; Cortot, A.; Bouhnik, Y.; Gendre,
J.P.; et al. Lymphoproliferative disorders in patients receiving thiopurines for inflammatory bowel disease: A prospective
observational cohort study. Lancet 2009, 374, 1617–1625. [CrossRef] [PubMed]

56. Peyrin–Biroulet, L.; Khosrotehrani, K.; Carrat, F.; Bouvier, A.; Chevaux, J.; Simon, T.; Carbonnel, F.; Colombel, J.; Dupas, J.;
Godeberge, P.; et al. Increased Risk for Nonmelanoma Skin Cancers in Patients Who Receive Thiopurines for Inflammatory Bowel
Disease. Gastroenterology 2011, 141, 1621–1628.e5. [CrossRef] [PubMed]

57. Kane, S.; Khatibi, B.; Reddy, D. Higher Incidence of Abnormal Pap Smears in Women with Inflammatory Bowel Disease. Am. J.
Gastroenterol. 2008, 103, 631–636. [CrossRef]

58. Calafat, M.; Mañosa, M.; Cañete, F.; Ricart, E.; Iglesias, E.; Calvo, M.; Moranta, F.R.; Taxonera, C.; Nos, P.; Mesonero, F.; et al.
Increased risk of thiopurine-related adverse events in elderly patients with IBD. Aliment. Pharmacol. Ther. 2019, 50, 780–788.
[CrossRef]

59. Lemaitre, M.; Kirchgesner, J.; Rudnichi, A.; Carrat, F.; Zureik, M.; Carbonnel, F.; Dray-Spira, R. Association Between Use of
Thiopurines or Tumor Necrosis Factor Antagonists Alone or in Combination and Risk of Lymphoma in Patients with Inflammatory
Bowel Disease. JAMA 2017, 318, 1679–1686. [CrossRef]

60. Rezazadeh Ardabili, A.; Jeuring, S.; Mujagic, Z.; Oostenbrug, L.; Romberg-Camps, M.; Jonkers, D.; van Bodegraven, A.; Pierik,
M. Classic drugs in the time of new drugs: Real-world, long-term outcomes of thiopurine monotherapy in 1016 patients with
inflammatory bowel disease. Aliment Pharm. Ther. 2022, 56, 1030–1043. [CrossRef]

61. Kotlyar, D.S.; Lewis, J.D.; Beaugerie, L.; Tierney, A.; Brensinger, C.M.; Gisbert, J.P.; Loftus, E., Jr.; Peyrin-Biroulet, L.; Blonski,
W.; Van Domselaar, M.; et al. Risk of Lymphoma in Patients with Infla-mmatory Bowel Disease Treated with Azathioprine and
6-Mercaptopurine: A Meta-analysis. Clin. Gastroenterol. Hepatol. 2015, 13, 847–858.e4. [CrossRef] [PubMed]

62. de Francisco, R.; Castaño-García, A.; Martínez-González, S.; Pérez-Martínez, I.; González-Huerta, A.J.; Morais, L.R.; Fernández-
García, M.; Jiménez, S.; Díaz-Coto, S.; Flórez-Díez, P.; et al. Impact of Epstein-Barr virus serological status on clinical outcomes in
adult patients with inflammatory bowel disease. Aliment Pharm. Ther. 2018, 48, 723–730. [CrossRef] [PubMed]

63. Levhar, N.; Ungar, B.; Kopylov, U.; Fudim, E.; Yavzori, M.; Picard, O.; Amariglio, N.; Chowers, Y.; Shemer-Avni, Y.; Mao, R.; et al.
Propagation of EBV-driven Lymphomatous Transfor-mation of Peripheral Blood B Cells by Immunomodulators and Biologics
Used in the Treatment of Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2020, 26, 1330–1339. [CrossRef] [PubMed]

64. Cleveland, N.K.; Rubin, D.T. Cancer Prevention in Patients with Inflammatory Bowel Disease. Pract. Gastroenterol. 2021, 45, 12–28.
65. Kobayashi, T.; Udagawa, E.; Hibi, T. Lack of Increased Risk of Lymphoma with Thiopurine Therapy Regardless of Dose and

Duration of Treatment in Japanese Patients with Inflammatory Bowel Diseases. Digestion 2022, 103, 169–173. [CrossRef] [PubMed]

http://doi.org/10.7314/APJCP.2014.15.8.3477
http://www.ncbi.nlm.nih.gov/pubmed/24870743
http://doi.org/10.1038/s41395-018-0360-9
http://doi.org/10.3748/wjg.v25.i6.659
http://doi.org/10.1093/ecco-jcc/jjz180
http://www.ncbi.nlm.nih.gov/pubmed/31711158
http://doi.org/10.1053/j.gastro.2020.01.006
http://doi.org/10.1111/apt.16050
http://doi.org/10.1111/apt.13466
http://doi.org/10.1001/jama.2014.5613
http://www.ncbi.nlm.nih.gov/pubmed/24938563
http://doi.org/10.2217/pme.12.85
http://www.ncbi.nlm.nih.gov/pubmed/29776272
http://doi.org/10.1172/JCI16432
http://www.ncbi.nlm.nih.gov/pubmed/12697733
http://doi.org/10.1016/S0140-6736(09)61302-7
http://www.ncbi.nlm.nih.gov/pubmed/19837455
http://doi.org/10.1053/j.gastro.2011.06.050
http://www.ncbi.nlm.nih.gov/pubmed/21708105
http://doi.org/10.1111/j.1572-0241.2007.01582.x
http://doi.org/10.1111/apt.15458
http://doi.org/10.1001/jama.2017.16071
http://doi.org/10.1111/apt.17128
http://doi.org/10.1016/j.cgh.2014.05.015
http://www.ncbi.nlm.nih.gov/pubmed/24879926
http://doi.org/10.1111/apt.14933
http://www.ncbi.nlm.nih.gov/pubmed/30095176
http://doi.org/10.1093/ibd/izaa065
http://www.ncbi.nlm.nih.gov/pubmed/32322878
http://doi.org/10.1159/000519560
http://www.ncbi.nlm.nih.gov/pubmed/34983046


Cancers 2023, 15, 871 16 of 18

66. Khan, N.; Patel, D.; Trivedi, C.; Kavani, H.; Pernes, T.; Medvedeva, E.; Lewis, J.; Xie, D.; Yang, Y.-X. Incidence of Acute Myeloid
Leukemia and Myelodysplastic Syndrome in Patients with Inflammatory Bowel Disease and the Impact of Thiopurines on Their
Risk. Am. J. Gastroenterol. 2020, 116, 741–747. [CrossRef] [PubMed]

67. Long, M.D.; Martin, C.F.; Pipkin, C.A.; Herfarth, H.H.; Sandler, R.S.; Kappelman, M.D. Risk of Melanoma and Nonmelanoma
Skin Cancer Among Patients with Inflammatory Bowel Disease. Gastroenterology 2012, 143, 390–399. [CrossRef] [PubMed]

68. Narous, M.; Nugent, Z.; Singh, H.; Bernstein, C.N. Risks of Melanoma and Nonmelanoma Skin Cancers Pre- and Post-
Inflammatory Bowel Disease Diagnosis. Inflamm. Bowel Dis. 2022, izac171. [CrossRef]

69. Chaparro, M.; Ramas, M.; Benítez, J.M.; López-García, A.; Juan, A.; Guardiola, J.; Mínguez, M.; Calvet, X.; Márquez, L.; Salazar,
L.I.F.; et al. Extracolonic Cancer in Inflammatory Bowel Disease: Data from the GETECCU Eneida Registry. Am. J. Gastroenterol.
2017, 112, 1135–1143. [CrossRef]

70. Jimenez-Pacheco, A.; Exposito-Ruiz, M.; Arrabal-Polo, M.A.; Lopez-Luque, A.J. Meta-Analysis of Studies Analyzing the Role of
Human Papillomavirus in the Development of Bladder Carcinoma. Korean J. Urol. 2012, 53, 240–247. [CrossRef]

71. Muresu, N.; Di Lorenzo, B.; Saderi, L.; Sechi, I.; Del Rio, A.; Piana, A.; Sotgiu, G. Prevalence of Human Papilloma Virus Infection
in Bladder Cancer: A Systematic Review. Diagnostics 2022, 12, 1759. [CrossRef] [PubMed]

72. Biron, A.; Beaugerie, L.; Chazouillères, O.; Kirchgesner, J. Impact of thiopurines and tumour necrosis factor antagonists on
primary sclerosing cholangitis outcomes in patients with inflammatory bowel disease. Aliment. Pharmacol. Ther. 2022, 56, 857–868.
[CrossRef] [PubMed]

73. Zenouzi, R.; Weismüller, T.J.; Jørgensen, K.K.; Bubenheim, M.; Lenzen, H.; Hübener, P.; Schulze, K.; Weiler-Normann, C.; Sebode,
M.; Ehlken, H.; et al. No Evidence That Azathioprine Increases Risk of Cholangiocarcinoma in Patients with Primary Sclerosing
Cholangitis. Clin. Gastroenterol. Hepatol. 2016, 14, 1806–1812. [CrossRef]

74. Brunner, A.; Kruis, W.; Schömig-Markiefka, B.; Morgenstern, J.; Engels, M.; Büttner, R.; Forner, D.M. Prevalence of abnormal Pap
smear results in inflammatory bowel disease: A prospective study. J. Cancer Res. Clin. Oncol. 2022, 148, 3071–3079. [CrossRef]
[PubMed]

75. Gordillo, J.; Cabré, E.; Garcia-Planella, E.; Ricart, E.; Ber-Nieto, Y.; Márquez, L.; Moranta, F.R.; Ponferrada, Á.; Vera, I.; Gisbert,
J.P.; et al. Thiopurine Therapy Reduces the Incidence of Colorectal Neoplasia in Patients with Ulcerative Colitis. Data from the
ENEIDA Registry. J. Crohn’s Colitis 2015, 9, 1063–1070. [CrossRef]

76. Zhu, Z.; Mei, Z.; Guo, Y.; Wang, G.; Wu, T.; Cui, X.; Huang, Z.; Zhu, Y.; Wen, D.; Song, J.; et al. Reduced Risk of Inflammatory
Bowel Disease-associated Colorectal Neo-plasia with Use of Thiopurines: A Systematic Review and Meta-analysis. J. Crohn’s
Colitis. 2018, 12, 546–558. [CrossRef] [PubMed]

77. Carrat, F.; Seksik, P.; Colombel, J.-F.; Peyrin-Biroulet, L.; Beaugerie, L.; the CESAME Study Group. The effects of aminosalicylates
or thiopurines on the risk of colorectal cancer in inflammatory bowel disease. Aliment. Pharmacol. Ther. 2016, 45, 533–541.
[CrossRef]

78. Lichtenstein, G.R.; Feagan, B.G.; Cohen, R.D.; Salzberg, B.A.; Safdi, M.; Popp, J.W.; Langholff, W.; Sandborn, W.J. Infliximab for
Crohn’s Disease: More Than 13 Years of Real-world Experience. Inflamm. Bowel Dis. 2018, 24, 490–501. [CrossRef]

79. Osterman, M.T.; Sandborn, W.J.; Colombel, J.-F.; Robinson, A.M.; Lau, W.; Huang, B.; Pollack, P.; Thakkar, R.; Lewis, J. Increased
Risk of Malignancy with Ada-limumab Combination Therapy, Compared with Monotherapy, for Crohn’s Disease. Gastroenterology
2014, 146, 941–949.e2. [CrossRef]

80. Muller, M.; D’Amico, F.; Bonovas, S.; Danese, S.; Peyrin-Biroulet, L. TNF Inhibitors and Risk of Malignancy in Patients with
In-flammatory Bowel Diseases: A Systematic Review. J. Crohn’s Colitis. 2021, 15, 840–859. [CrossRef]

81. Dahmus, J.; Rosario, M.; Clarke, K. Risk of Lymphoma Associated with Anti-TNF Therapy in Patients with Inflammatory Bowel
Disease: Implications for Therapy. Clin. Exp. Gastroenterol. 2020, 13, 339–350. [CrossRef]

82. D’Haens, G.; Reinisch, W.; Panaccione, R.; Satsangi, J.; Petersson, J.; Bereswill, M.; Arikan, D.; Perotti, E.; Robinson, A.M.; Kalabic,
J.; et al. Open: Lymphoma Risk and Overall Safety Profile of Adalimumab in Patients with Crohn’s Disease with up to 6 Years of
Follow-up in the PYRAMID Registry. Am. J. Gastroenterol. 2018, 113, 872–882. [CrossRef] [PubMed]

83. Sandborn, W.J.; Feagan, B.G.; Danese, S.; O’Brien, C.D.; Ott, E.; Marano, C.; Baker, T.; Zhou, Y.; Volger, S.; Tikhonov, I.; et al. Safety
of Ustekinumab in Inflammatory Bowel Disease: Pooled Safety Analysis of Results from Phase 2/3 Studies. Inflamm. Bowel Dis.
2021, 27, 994–1007. [CrossRef]

84. Chaparro, M.; Garre, A.; Iborra, M.; Sierra-Ausín, M.; Barreiro-De Acosta, M.; Fernández-Clotet, A.; de Castro, L.; Boscá-Watts,
M.; Casanova, M.J.; López-García, A.; et al. Effectiveness and Safety of Ustekinumab in Ulcerative Colitis: Real-world Evidence
from the ENEIDA Registry. J. Crohn’s Colitis. 2021, 15, 1846–1851. [CrossRef] [PubMed]

85. Kobayashi, T.; Uda, A.; Udagawa, E.; Hibi, T. Lack of Increased Risk of Lymphoma by Thiopurines or Biologics in Japanese
Patients with Inflammatory Bowel Disease: A Large-Scale Administrative Database Analysis. J. Crohn’s Colitis 2019, 14, 617–623.
[CrossRef]

86. Herrinton, L.J.; Liu, L.; Weng, X.; Lewis, J.D.; Hutfless, S.; Allison, J.E. Role of Thiopurine and Anti-TNF Therapy in Lymphoma
in Inflammatory Bowel Disease. Am. J. Gastroenterol. 2011, 106, 2146–2153. [CrossRef]

87. Nocturne, G.; Boudaoud, S.; Ly, B.; Pascaud, J.; Paoletti, A.; Mariette, X. Impact of anti-TNF therapy on NK cells function and on
immunosurveillance against B-cell lymphomas. J. Autoimmun. 2017, 80, 56–64. [CrossRef] [PubMed]

88. Lucafò, M.; Curci, D.; Franzin, M.; Decorti, G.; Stocco, G. Inflammatory Bowel Disease and Risk of Colorectal Cancer: An
Overview from Pathophysiology to Pharmacological Prevention. Front. Pharmacol. 2021, 12, 772101.

http://doi.org/10.14309/ajg.0000000000001058
http://www.ncbi.nlm.nih.gov/pubmed/33982944
http://doi.org/10.1053/j.gastro.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/22584081
http://doi.org/10.1093/ibd/izac171
http://doi.org/10.1038/ajg.2017.96
http://doi.org/10.4111/kju.2012.53.4.240
http://doi.org/10.3390/diagnostics12071759
http://www.ncbi.nlm.nih.gov/pubmed/35885662
http://doi.org/10.1111/apt.17123
http://www.ncbi.nlm.nih.gov/pubmed/35789494
http://doi.org/10.1016/j.cgh.2016.07.032
http://doi.org/10.1007/s00432-021-03909-8
http://www.ncbi.nlm.nih.gov/pubmed/34981194
http://doi.org/10.1093/ecco-jcc/jjv145
http://doi.org/10.1093/ecco-jcc/jjy006
http://www.ncbi.nlm.nih.gov/pubmed/29370346
http://doi.org/10.1111/apt.13897
http://doi.org/10.1093/ibd/izx072
http://doi.org/10.1053/j.gastro.2013.12.025
http://doi.org/10.1093/ecco-jcc/jjaa186
http://doi.org/10.2147/CEG.S237646
http://doi.org/10.1038/s41395-018-0098-4
http://www.ncbi.nlm.nih.gov/pubmed/29867173
http://doi.org/10.1093/ibd/izaa236
http://doi.org/10.1093/ecco-jcc/jjab070
http://www.ncbi.nlm.nih.gov/pubmed/33860795
http://doi.org/10.1093/ecco-jcc/jjz204
http://doi.org/10.1038/ajg.2011.283
http://doi.org/10.1016/j.jaut.2017.02.001
http://www.ncbi.nlm.nih.gov/pubmed/28214146


Cancers 2023, 15, 871 17 of 18

89. Alkhayyat, M.; Abureesh, M.; Gill, A.; Khoudari, G.; Saleh, M.A.; Mansoor, E.; Regueiro, M. Lower Rates of Colorectal Cancer in
Patients with Inflammatory Bowel Disease Using Anti-TNF Therapy. Inflamm. Bowel Dis. 2020, 27, 1052–1060. [CrossRef]

90. Kopylov, U.; Vutcovici, M.; Kezouh, A.; Seidman, E.; Bitton, A.; Afif, W. Risk of Lymphoma, Colorectal and Skin Cancer in
Patients with IBD Treated with Immunomodulators and Biologics. Inflamm. Bowel Dis. 2015, 21, 1847–1853.

91. Weimers, P.; Ankersen, D.V.; Løkkegaard, E.C.L.; Burisch, J.; Munkholm, P. Occurrence of Colorectal Cancer and the Influence of
Medical Treatment in Patients with Inflammatory Bowel Disease: A Danish Nationwide Cohort Study, 1997 to 2015. Inflamm.
Bowel Dis. 2021, 27, 1795–1803. [CrossRef]

92. Loftus, E.V.; Feagan, B.G.; Panaccione, R.; Colombel, J.F.; Sandborn, W.J.; Sands, B.E.; Danese, S.; D’Haens, G.; Rubin, D.; Shafran,
I.; et al. Long-term safety of vedolizumab for in-flammatory bowel disease. Aliment Pharm. Ther. 2020, 52, 1353–1365. [CrossRef]
[PubMed]

93. Colombel, J.-F.; Sands, B.E.; Rutgeerts, P.; Sandborn, W.; Danese, S.; D’Haens, G.; Panaccione, R.; Loftus, E.V.; Sankoh, S.; Fox, I.;
et al. The safety of vedolizumab for ulcerative colitis and Crohn’s disease. Gut 2016, 66, 839–851. [CrossRef] [PubMed]

94. Singh, S.; Heien, H.C.; Sangaralingham, L.; Shah, N.D.; Sandborn, W.J. Risk of Malignancy with Vedolizumab Versus Tumor
Necrosis Factor-α Antagonists in Patients with Inflammatory Bowel Diseases. Dig. Dis. Sci. 2021, 67, 2510–2516. [CrossRef]
[PubMed]

95. Vedolizumab Is Safe and Effective in Elderly Patients with Inflammatory Bowel Disease. 2017. Available online: www.ibdjournal.
org (accessed on 1 December 2022).

96. Sandborn, W.J.; Rutgeerts, P.; Gasink, C.; Jacobstein, D.; Zou, B.; Johanns, J.; Sands, B.E.; Hanauer, S.B.; Targan, S.; Ghosh, S.; et al.
Long-term efficacy and safety of ustekinumab for Crohn’s disease through the second year of therapy. Aliment. Pharmacol. Ther.
2018, 48, 65–77. [CrossRef]

97. Feagan, B.G.; Sandborn, W.J.; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, J.R.; Blank, M.A.; Johanns, J.; Gao, L.-L.; Miao, Y.;
et al. Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N. Engl. J. Med. 2016, 375, 1946–1960. [CrossRef]

98. Panés, J.; Gisbert, J.P. Eficacia de tofacitinib en el tratamiento de la colitis ulcerosa. Gastroenterol. Hepatol. 2019, 42, 403–412.
[CrossRef]

99. Dowty, M.E.; Lin, J.; Ryder, T.F.; Wang, W.; Walker, G.S.; Vaz, A.; Chan, G.; Krishnaswami, S.; Prakash, C. The Pharmacokinetics,
Metabolism, and Clearance Mechanisms of Tofacitinib, a Janus Kinase Inhibitor, in Humans. Drug Metab. Dispos. 2014, 42,
759–773. Available online: https://dmd.aspetjournals.org/content/42/4/759 (accessed on 1 December 2022). [CrossRef]

100. Sandborn, W.J.; Su, C.; Sands, B.E.; D’Haens, G.R.; Vermeire, S.; Schreiber, S.; Danese, S.; Feagan, B.G.; Reinisch, W.; Niezychowski,
W.; et al. Tofacitinib as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. J. Med. 2017, 376, 1723–1736. [CrossRef]

101. Wollenhaupt, J.; Silverfield, J.; Lee Prof, E.B.; Curtis, J.R.; Wood, S.P.; Soma, K.; Nduaka, C.; Benda, B.; Gruben, D.; Nakamura,
H.; et al. Safety and efficacy of tofacitinib, an oral janus kinase inhibitor, for the treatment of rheumatoid arthritis in open-label,
longterm extension studies. J. Rheumatol. 2014, 41, 837–852. [CrossRef]

102. Bachelez, H.; van de Kerkhof, P.C.M.; Strohal, R.; Kubanov, A.; Valenzuela, F.; Lee, J.-H.; Yakusevich, V.; Chimenti, S.; Papachar-
alambous, J.; Proulx, J.; et al. Tofacitinib versus etanercept or placebo in moderate-to-severe chronic plaque psoriasis: A phase 3
randomised non-inferiority trial. Lancet 2015, 386, 552–561. [PubMed]

103. Sands, B.E.; Armuzzi, A.; Marshall, J.K.; Lindsay, J.O.; Sandborn, W.J.; Danese, S.; Panés, J.; Bressler, B.; Colombel, J.-F.; Lawendy,
N.; et al. Efficacy and safety of tofacitinib dose de-escalation and dose escalation for patients with ulcerative colitis: Results from
OCTAVE Open. Aliment. Pharmacol. Ther. 2020, 51, 271–280. [CrossRef] [PubMed]

104. Sandborn, W.J.; Lawendy, N.; Danese, S.; Su, C.; Loftus, E.V.; Hart, A.; Dotan, I.; Damião, A.O.M.C.; Judd, D.T.; Guo, X.; et al.
Safety and efficacy of tofacitinib for treatment of ulcerative colitis: Final analysis of OCTAVE Open, an open-label, long-term
extension study with up to 7.0 years of treatment. Aliment. Pharmacol. Ther. 2021, 55, 464–478. [CrossRef]

105. Sandborn, W.J.; Panés, J.; D’Haens, G.R.; Sands, B.E.; Su, C.; Moscariello, M.; Jones, T.; Pedersen, R.; Friedman, G.S.; Lawendy,
N.; et al. Safety of Tofacitinib for Treatment of Ulcerative Colitis, Based on 4.4 Years of Data from Global Clinical Trials. Clin.
Gastroenterol. Hepatol. 2019, 17, 1541–1550. [CrossRef] [PubMed]

106. Ozdede, A.; Yazıcı, H. Cardiovascular and Cancer Risk with Tofacitinib in Rheumatoid Arthritis. N. Engl. J. Med. 2022, 386, 1766.
107. Deepak, P.; Alayo, Q.A.; Khatiwada, A.; Lin, B.; Fenster, M.; Dimopoulos, C.; Bader, G.; Weisshof, R.; Jacobs, M.; Gutierrez,

A.; et al. Safety of Tofacitinib in a Real-World Cohort of Patients with Ulcerative Colitis. Clin. Gastroenterol. Hepatol. 2020, 19,
1592–1601.e3. [CrossRef]

108. Chaparro, M.; Garre, A.; Mesonero, F.; Rodríguez, C.; Acosta, M.B.-D.; Martínez-Cadilla, J.; Arroyo, M.T.; Manceñido, N.;
Sierra-Ausín, M.; Vera-Mendoza, I.; et al. Tofacitinib in Ulcerative Colitis: Real-world Evidence from the ENEIDA Registry. J.
Crohn’s Colitis 2020, 15, 35–42. [CrossRef]

109. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Es-timates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]

110. Rajca, S.; Seksik, P.; Bourrier, A.; Sokol, H.; Nion-Larmurier, I.; Beaugerie, L.; Cosnes, J. Impact of the diagnosis and treatment of
cancer on the course of inflammatory bowel disease. J. Crohn’S Colitis 2014, 8, 819–824. [CrossRef]

111. Axelrad, J.; Bernheim, O.; Colombel, J.-F.; Malerba, S.; Ananthakrishnan, A.; Yajnik, V.; Hoffman, G.; Agrawal, M.; Lukin, D.;
Desai, A.; et al. Risk of New or Recurrent Cancer in Patients with Inflammatory Bowel Disease and Previous Cancer Exposed to
Immunosuppressive and Anti-Tumor Necrosis Factor Agents. Clin. Gastroenterol. Hepatol. 2016, 14, 58–64. [CrossRef]

http://doi.org/10.1093/ibd/izaa252
http://doi.org/10.1093/ibd/izaa340
http://doi.org/10.1111/apt.16060
http://www.ncbi.nlm.nih.gov/pubmed/32876349
http://doi.org/10.1136/gutjnl-2015-311079
http://www.ncbi.nlm.nih.gov/pubmed/26893500
http://doi.org/10.1007/s10620-021-07073-4
http://www.ncbi.nlm.nih.gov/pubmed/34085174
www.ibdjournal.org
www.ibdjournal.org
http://doi.org/10.1111/apt.14794
http://doi.org/10.1056/NEJMoa1602773
http://doi.org/10.1016/j.gastrohep.2019.03.002
https://dmd.aspetjournals.org/content/42/4/759
http://doi.org/10.1124/dmd.113.054940
http://doi.org/10.1056/NEJMoa1606910
http://doi.org/10.3899/jrheum.130683
http://www.ncbi.nlm.nih.gov/pubmed/26051365
http://doi.org/10.1111/apt.15555
http://www.ncbi.nlm.nih.gov/pubmed/31660640
http://doi.org/10.1111/apt.16712
http://doi.org/10.1016/j.cgh.2018.11.035
http://www.ncbi.nlm.nih.gov/pubmed/30476584
http://doi.org/10.1016/j.cgh.2020.06.050
http://doi.org/10.1093/ecco-jcc/jjaa145
http://doi.org/10.3322/caac.21660
http://doi.org/10.1016/j.crohns.2013.12.022
http://doi.org/10.1016/j.cgh.2015.07.037


Cancers 2023, 15, 871 18 of 18

112. Khoury, W.; Lavery, I.C.; Kiran, R.P. Effects of Chronic Immunosuppression on Long-term Oncologic Outcomes for Colorectal
Cancer Patients Undergoing Surgery. Ann. Surg. 2011, 253, 323–327. [CrossRef] [PubMed]

113. Sebastian, S.; Neilaj, S. Practical guidance for the management of inflammatory bowel disease in patients with cancer. Which
treatment? Ther. Adv. Gastroenterol. 2019, 12, 1756284818817293. [CrossRef]

114. Penn, I. Cancers in renal transplant recipients. Adv. Ren. Replace Ther. 2000, 7, 147–156. [CrossRef]
115. Beaugerie, L.; Carrat, F.; Colombel, J.F.; Bouvier, A.M.; Sokol, H.; Babouri, A.; Carbonnel, F.; Laharie, D.; Faucheron, J.-L.; Simon,

T.; et al. Risk of new or recurrent cancer under immu-nosuppressive therapy in patients with IBD and previous cancer. Gut 2014,
63, 1416–1423. [CrossRef] [PubMed]

116. Swoger, J.M.; Regueiro, M. Stopping, continuing, or restarting immunomodulators and biologics when an infection or ma-lignancy
develops. Inflamm. Bowel Dis. 2014, 20, 926–935. [CrossRef] [PubMed]

117. Subramaniam, K.; D’Rozario, J.; Pavli, P. Lymphoma and other lymphoproliferative disorders in inflammatory bowel disease: A
review. J. Gastroenterol. Hepatol. 2012, 28, 24–30. [CrossRef]

118. Dixon, W.; Watson, K.D.; Lunt, M.; Mercer, L.K.; Hyrich, K.L.; Symmons, D.P.M.; British Society for Rheumatology Biologics
Register Control Centre Consortium; Register, B.S.F.R.B. Influence of anti-tumor necrosis factor therapy on cancer incidence in
patients with rheumatoid arthritis who have had a prior malignancy: Results from the British Society for rheumatology biologics
register. Arthritis Care Res. 2010, 62, 755–763. [CrossRef]

119. Strangfeld, A.; Hierse, F.; Rau, R.; Burmester, G.-R.; Krummel-Lorenz, B.; Demary, W.; Listing, J.; Zink, A. Risk of incident or
recurrent malignancies among patients with rheumatoid arthritis exposed to biologic therapy in the German biologics register
RABBIT. Thromb. Haemost. 2010, 12, R5. [CrossRef]

120. Card, T.; Ungaro, R.; Bhayat, F.; Blake, A.; Hantsbarger, G.; Travis, S. Vedolizumab use is not associated with increased malignancy
incidence: GEMINI LTS study results and post-marketing data. Aliment. Pharmacol. Ther. 2019, 51, 149–157. [CrossRef]

121. Peyrin-Biroulet, L.; Rahier, J.-F.; Kirchgesner, J.; Abitbol, V.; Shaji, S.; Armuzzi, A.; Karmiris, K.; Gisbert, J.P.; Bossuyt, P.; Helwig,
U.; et al. I-CARE, a European Prospective Cohort Study Assessing Safety and Effectiveness of Biologics in Inflammatory Bowel
Disease. Clin. Gastroenterol. Hepatol. 2022, in press. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1097/SLA.0b013e3181fc9d36
http://www.ncbi.nlm.nih.gov/pubmed/21178764
http://doi.org/10.1177/1756284818817293
http://doi.org/10.1053/rr.2000.5269
http://doi.org/10.1136/gutjnl-2013-305763
http://www.ncbi.nlm.nih.gov/pubmed/24162591
http://doi.org/10.1097/MIB.0000000000000002
http://www.ncbi.nlm.nih.gov/pubmed/24651584
http://doi.org/10.1111/jgh.12015
http://doi.org/10.1002/acr.20129
http://doi.org/10.1186/ar2904
http://doi.org/10.1111/apt.15538
http://doi.org/10.1016/j.cgh.2022.09.018

	Introduction 
	Literature Review 
	Chronic Inflammation and Cancer Risk 
	Colorectal Cancer 
	Epidemiology and Risk Factors 
	Pathogenesis 
	Screening and Surveillance 
	Treatment 
	Primary Prevention 

	Small Bowel Neoplasia 
	Intestinal Lymphoma 
	Cholangiocarcinoma 

	IBD Existing Therapies and Cancer Risk 
	Thiopurines 
	Anti-TNF 
	Vedolizumab 
	Ustekinumab 
	Tofacitinib 

	Treatments Decisions in Patients with IBD and Current or Previous Cancer 
	Management of Patients with IBD and Previous Diagnosis of Cancer 
	Conclusions 
	References

