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Abstract

Patients with inflammatory bowel disease (IBD) often require long-term immunosup-
pressive or advanced therapy, raising concerns about treatment-associated malignancy
risk. This systematic review evaluated malignancy outcomes associated with biologic,
advanced small-molecule, and thiopurine therapies in adults with IBD. PubMed, Em-
base, the Cochrane Library, and Web of Science were searched from inception through
June 2025, with supplementary screening of Google Scholar and reference lists. Eligible
primary studies included randomized controlled trials and prospective or retrospective
cohort studies evaluating malignancy outcomes. Thiopurines were included because they
remain clinically important comparators and are central to combination-therapy risk. The
Newcastle-Ottawa Scale and the Cochrane risk-of-bias tool were used for observational
studies and randomized trials, respectively. Because of substantial clinical and method-
ological heterogeneity, we did not perform a de novo meta-analysis; pooled estimates from
previously published meta-analyses are reported only as contextual evidence. Twenty-eight
studies met the inclusion criteria. Thiopurines showed the most consistent malignancy
associations, including lymphoma, non-melanoma skin cancer (NMSC), acute myeloid
leukemia/myelodysplastic syndrome, and urinary tract cancer. Anti-tumor necrosis factor
(anti-TNF) monotherapy was not associated with a clear increase in overall cancer incidence,
although a modest lymphoma signal was reported in some datasets. Combination anti-TNF
plus thiopurine therapy showed the strongest lymphoma signal. Current evidence has not
demonstrated an increased malignancy risk with vedolizumab or ustekinumab, including
in available cohorts of patients with prior malignancy; however, confidence is limited by
observational designs, small event numbers, heterogeneous cancer histories, and limited
follow-up. IBD-specific data for Janus kinase inhibitors and sphingosine-1-phosphate re-
ceptor modulators remain comparatively immature, and long-term surveillance is required.
Overall, treatment decisions should integrate absolute baseline risk, age, smoking, prior
malignancy, prior NMSC, Epstein—Barr virus-related risk, disease-related cancer risk, and
cumulative immunosuppressive exposure.
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1. Introduction

Inflammatory bowel disease (IBD) encompasses two principal forms of chronic in-
testinal inflammation: ulcerative colitis (UC) and Crohn’s disease (CD) [1]. In the United
States alone, an estimated 2.4 to 2.8 million individuals are affected [2]. The pathogenesis
involves an interaction between immune responses, altered gut microbiota, genetic suscep-
tibility, and environmental triggers. Activated macrophages and dendritic cells produce
interleukin (IL)-12 and IL-23, which signal through Janus kinase (JAK) and signal trans-
ducer and activator of transcription (STAT) pathways to drive the inflammatory cascade.
Downstream activation of naive T cells leads to production of interferon (IFN)-y and tumor
necrosis factor (TNF) [1]. IFN-y exerts direct cytotoxic and antiangiogenic effects on tumor
cells, while IL-23 plays a dual role, contributing to antitumor surveillance through IFN-y
production but also potentially promoting tumorigenesis via IL-17/STAT3 signaling. TNF
participates in antitumor surveillance by promoting CD8+ T-cell priming and enabling
recognition and destruction of malignant cells.

Infliximab and adalimumab are monoclonal antibodies (mAbs) that neutralize TNF-c,
also suppressing IFN-y production. Both are approved for CD and UC. Certolizumab pegol
and golimumab are additional anti-TNF mAbs approved for CD and UC, respectively.
Mirikizumab targets IL-23 and is approved for moderate-to-severe UC [3,4]. Ustekinumab
blocks the shared p40 subunit of IL-12 and IL-23 and is used in moderate-to-severe CD.
Risankizumab, brazikumab, and guselkumab selectively inhibit IL-23 and are used in
CD management [4]. Vedolizumab, an anti-o437 integrin mAb, blocks lymphocyte traf-
ficking to the gut by preventing binding to mucosal addressing cell adhesion molecule-1
(MAdCAM-1), thereby reducing inflammation. It is approved for induction and mainte-
nance of remission in both UC and CD [3,4].

Tofacitinib is a JAK1/3 inhibitor approved for UC. Upadacitinib, a selective JAK1
inhibitor, is approved for both CD and UC. Two sphingosine-1-phosphate (51P) receptor
modulators, ozanimod (selective for S1P1 and S1P5) and etrasimod (selective for S1P1,
51P4, and S1P5) are approved for UC [5].

As patients with IBD live longer and receive increasingly diverse therapies, malig-
nancies may reflect aging, chronic inflammation, disease phenotype, surveillance intensity,
smoking, prior immunosuppressive exposure, or treatment effects. IBD itself increases
colorectal cancer risk, particularly with longer disease duration, greater colonic extent,
persistent inflammation, primary sclerosing cholangitis, and previous dysplasia. These
background risks must be distinguished from malignancy potentially attributable to therapy.
This review systematically evaluates malignancy risk associated with biologic, advanced
small-molecule, and thiopurine therapies in adults with IBD. Thiopurines were included
because they remain important comparator exposures and are central to the interpretation
of combination anti-TNF therapy.

2. Methods

This systematic review was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1) [6].

The protocol was not prospectively registered. This omission is acknowledged as a
methodological limitation because prospective registration reduces the risk of selective
methodological changes and outcome reporting. The review question, eligibility criteria,
and analytic framework are therefore reported explicitly below to improve transparency.

PubMed, Embase, the Cochrane Library, and Web of Science were searched from
database inception through June 2025. Google Scholar and reference lists of relevant
reviews and eligible studies were used for supplementary screening only. The search was
restricted to English-language publications. The original search was conducted using the
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concepts and terms reported below; however, the exact database-specific search strings
were not prospectively archived. We therefore report the search methodology transparently
without retrospectively presenting reconstructed strings as the exact historical searches.
Pharmacovigilance and regulatory safety databases were not systematically searched and
were not eligible evidence sources for the systematic review.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Figure 1. PRISMA Flow Diagram.

The search combined controlled vocabulary and free-text terms for the population
(“inflammatory bowel disease,” “Crohn disease,” and “ulcerative colitis”), exposures (anti-
TNF agents, vedolizumab, ustekinumab, selective IL-23 inhibitors, JAK inhibitors, S1P
receptor modulators, thiopurines, and combination therapy), and outcomes (“malignancy,”
“cancer,” “lymphoma,” and “non-melanoma skin cancer”). Database-specific syntax was
adapted for each platform.

Eligible studies included randomized controlled trials and prospective or retrospective
cohort studies evaluating malignancy outcomes in adults with IBD receiving anti-TNF
agents, anti-integrin therapies, anti-IL-12/23 or selective IL-23 inhibitors, JAK inhibitors,
S1P receptor modulators, thiopurine monotherapy, or anti-TNF/thiopurine combination
therapy. Thiopurines were included because they are clinically important comparators and
materially modify the interpretation of combination-therapy risk. Existing meta-analyses,
guidelines, prescribing information, and non-IBD datasets were not counted as included
primary studies; when cited, they were identified as contextual evidence.

Case reports, case series with fewer than 10 patients, pediatric-only studies, confer-
ence abstracts without full-text availability, narrative reviews, editorials, and non-English
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publications were excluded from the primary systematic review. Conference abstracts were
excluded even when they reported long-term extension data unless a full report meeting
eligibility criteria was available. Pharmacovigilance and regulatory safety databases were
not systematically searched.

Two reviewers independently screened titles and abstracts, followed by full-text review
of potentially relevant studies. Disagreements were resolved by discussion and consensus.

Two reviewers independently extracted study design, publication year, geographic
setting, population, sample size, follow-up duration, therapeutic exposure, comparator,
malignancy outcome definition, absolute event counts or incidence rates when available,
effect estimates with confidence intervals, and major adjusted covariates. Disagreements
were resolved by consensus. Effect measures—including HRs, aHRs, RRs, IRRs, ORs, and
SIRs—were retained as reported and were not treated as directly interchangeable.

A de novo quantitative meta-analysis was not performed because eligible studies
differed substantially in exposure definitions, comparator groups, malignancy outcomes,
effect measures, follow-up duration, and patient risk profiles, precluding a clinically coher-
ent common estimand. A qualitative synthesis was therefore conducted by drug class and
malignancy type. Pooled estimates from previously published meta-analyses are reported
only as contextual evidence and were not generated by the present review.

2.1. Review Question and PECO Framework

Population: adults (>18 years) with Crohn disease or ulcerative colitis. Exposure:
biologic therapy, advanced small-molecule therapy, thiopurine monotherapy, or anti-
TNEF/thiopurine combination therapy. Comparator: unexposed IBD populations, alterna-
tive IBD therapies, monotherapy comparators, or background population rates. Outcomes:
incident overall and site-specific malignancies, including lymphoma, NMSC, hemato-
logic malignancy, urinary tract cancer, and recurrent or new cancer among patients with
previous malignancy. The primary systematic-review evidence base was restricted to el-
igible primary IBD studies; meta-analyses, non-IBD datasets, and guidelines were used
only for contextual comparison, pharmacovigilance/biological plausibility, and clinical
framing, respectively.

2.2. Risk-of-Bias Assessment

Observational studies were assessed with the Newcastle-Ottawa Scale, including
selection, comparability, outcome assessment, and adequacy of follow-up. Randomized
trials were assessed using standard Cochrane risk-of-bias domains. Assessments were
performed independently by two reviewers and resolved by consensus (Figure 2). These
judgments were considered when interpreting certainty, particularly for rare outcomes
and observational comparisons vulnerable to confounding by indication, channeling bias,
exposure misclassification, surveillance bias, immortal time bias, and residual confounding.

3. Results

Risk-of-bias assessment showed that large prospective and population-based cohorts
were generally at low risk of bias (NOS 7-9), whereas smaller retrospective cohorts, inte-
grated safety datasets, and open-label extensions were generally at moderate risk (NOS
5-6), mainly because of residual confounding, selected populations, limited comparator
structure, or ascertainment limitations. Randomized trials were generally at low risk across
core RoB 2 domains but had some concerns overall for malignancy outcomes because
cancer was a rare, non-primary endpoint and follow-up was limited relative to cancer
latency. No study was excluded on the basis of quality.
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3.1. Evidence Hierarchy and Risk-of-Bias Summary

Eligible primary IBD studies constitute the systematic-review evidence base. Pub-
lished meta-analyses are identified as contextual pooled evidence; non-IBD safety datasets
are discussed only for pharmacovigilance context; and guidelines are used only for clinical
framing. Large population-based cohorts were useful for rare-event detection but remained
vulnerable to residual confounding, confounding by indication, differential cancer surveil-
lance, and exposure misclassification. Randomized trials had stronger internal validity
but were generally underpowered for rare malignancies and had limited latency. These
limitations preclude definitive safety ranking of newer therapies.

3.2. Thiopurine-Associated Malignancy

The CESAME prospective cohort followed 19,486 IBD patients and found that the
incidence of lymphoproliferative disorders was 0.90 per 1000 patient-years (95% ClI,
0.50-1.49) among those receiving thiopurines, compared with 0.26 per 1000 patient-years
(95% CI, 0.10-0.57) in those who had never received them (multivariate aHR 5.28; 95% CI,
2.01-13.9; p = 0.0007) [7]. Lemaitre et al. studied 189,289 IBD patients from the French
National Health Insurance databases over a median of 6.7 years and identified 336 lym-
phoma cases; thiopurine monotherapy carried an aHR of 2.60 (95% CI, 1.96-3.44; p < 0.001)
for lymphoma versus unexposed patients [8]. In 2013, a Danish study found a relative
risk of 1.41 in thiopurine population [9]. Beigel et al. compared malignancy rates be-
tween thiopurine and anti-TNF groups in 666 IBD patients and found 20 malignancies in
18 thiopurine-treated patients versus 8 malignancies in 7 anti-TNF-treated patients (HR
4.15; 95% CI, 1.82-9.44; p = 0.0007). The age of 50 years or older was a significant risk factor
in both groups [10].

Kotlyar et al. similarly found this in meta-analysis, with a pooled SIR of 4.92 (95% CI,
3.10-7.78) for lymphoma in thiopurine-treated patients, higher among current users (SIR
5.71; 95% CI, 3.72-10.1) than former users (SIR 1.42; 95% CI, 0.86-2.34) [11]. The relative
risk was greatest in younger patients (under 30 years; SIR 6.99; 95% CI, 2.99-16.4). Men
were at significantly higher risk than women (SIR 4.50 vs. 2.29). Kandiel et al. had earlier
reported a pooled SIR of 4.18 (95% CI, 2.07-7.51; p = 0.03) for lymphoma [12].

Khan et al. showed that current thiopurine use for less than 2 years was associated
with increased AML/MDS risk (aHR 3.05; 95% CI, 1.54-6.06; p = 0.0014), with the risk
persisting for exposure of 2 years or longer (aHR 2.32; 95% CI, 1.22-4.41; p = 0.0101) [13].
The CESAME cohort also reported an elevated SIR for urinary tract cancer in thiopurine
recipients (SIR 3.40; 95% CI, 1.47-6.71; p = 0.006) [7].

Tables 1 and 2 summarize studies on thiopurine-related malignancies in IBD with
their results.

Table 1. Studies evaluating malignancy in Thiopurines—Demographics.

Study Year Design Country N Population Follow-Up Drug Exposure Comparator

[7] 2009 f;ﬁiifdwe France 19,486 IBD Median 35 mo Thiopurines Never-users
Population- . Thiopurine Unexposed

[8] 2017 based cohort France 189,289  IBD (>18 yrs) Median 6.7 yrs monotherapy IBD
Population- L

[9] 2013 based cohort Denmark 45,986 IBD Up to 13 yrs Azathioprine Non-users

[10] 2014 CR(f}tlroOrstpethe Germany 666 IBD Variable Thiopurines ~ Anti-TNF
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Table 2. Studies evaluating malignancy in Thiopurines—Results.
Study Primary Malignancy Effect Measure  Estimate (95% CI) p-Value K.ey §ubgroup
Outcome Findings
IR 0.90/1000 PY
Lymphoproliferative 3 (receiving) vs.
[7] disorders aHR 5.28 (2.01-13.9) 0.0007 0.26,/1000 PY
(never-users)
336 lymphoma cases
[8] Lymphoma aHR 2.60 (1.96-3.44) 0.001 total; combo therapy
aHR 6.11 (3.46-10.8)
Lymphoid tissue cancer
[9] Overall cancer Rate ratio 1.41 (1.15-1.74) — RR 2:40 (1.13-5.11);
urinary tract cancer RR
2.84 (1.24-6.51)
Age > 50: 18.2%
. . (thiopurine) vs. 6.5%
[10] All malignancy HR 4.15 (1.82-9.44) 0.0007 (anti-TNF) developed
malignancy
3.3. Anti-TNF Monotherapy
In the Danish nationwide registry, Nyboe Andersen et al. followed 56,146 IBD patients
(median 3.7 years for the TNF-« antagonist-exposed group) and found an adjusted relative
risk of cancer of 1.07 (95% CI, 0.85-1.36) in exposed versus unexposed patients, with no
statistically significant difference [14]. The TREAT registry analysis of 6273 Crohn’s disease
patients similarly showed no meaningful difference in malignancy rates between infliximab-
treated and non-infliximab-treated patients (0.69 vs. 0.71 per 100 patient-years) [15].
However, Lemaitre et al. found that anti-TNF monotherapy carried a lymphoma
risk comparable to thiopurine monotherapy (aHR 2.41; 95% CI, 1.60-3.64; p < 0.001 vs.
unexposed) [8]. The Chupin et al. meta-analysis of 261,689 patients found a statisti-
cally significant lymphoma risk with anti-TNF monotherapy (IRR 1.52; 95% CI, 1.06-2.19;
p = 0.023), though the risk did not differ significantly from thiopurine monotherapy (IRR
0.72; 95% CI, 0.48-1.07; p = 0.107) [16].
Tables 3 and 4 summarize studies on TNF-monotherapy-related malignancies in IBD
with their results.
Table 3. Studies evaluating malignancy in Anti-TNF monotherapy—Demographics.
. . Drug
Study  Year Design Country N Population Follow-Up Exposure Comparator
Population- Median 3.7
[14] 2014  based Denmark 56,146 IBD (>15yrs) yrs TNF-o Unexposed
antagonists IBD
cohort (exposed)
. , Non-
[15] 2018 fr".sl:t’re““’e USA 6273 dciro};“ S Upto13yrs Infliximab infliximab-
CEISY sease treated CD
Population- . .
18] 2017  based France 189,289 IBD (>18 yrs) Median 6.7 Ar‘“’TEP Unexposed
cohort yrs monotherapy IBD
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Table 4. Studies evaluating malignancy in Anti-TNF therapy—Results.
Primary . o
Study Malignancy Effect Measure Estimate (35% p-Value K.ey :Subgroup
CD Findings
Outcome
No excess risk at
any specific
[14] Overall cancer ~ Adjusted RR 1.07 (0.85-1.36) NS cancer site;
adjusted for age,
sex, disease
duration
Real-world
Overall 0.69 vs. 0.71 per registry; no
[15] malignancy R 100 PY NS difference in
malignancy rates
Comparable to
thiopurine
[8] Lymphoma aHR 2.41 (1.60-3.64) 0.001 monotherapy
(aHR 2.60);
combo aHR 6.11

3.4. Combination Anti-TNF Plus Thiopurine Therapy

Lemaitre et al. reported an aHR of 6.11 (95% CI, 3.46-10.8; p < 0.001) for lymphoma
with combination therapy versus unexposed patients; the risk was 2.35-fold (95% CI,
1.31-4.22) and 2.53-fold (95% Cl, 1.35-4.77) higher than thiopurine and anti-TNF monother-
apy, respectively [8]. The Chupin et al. meta-analysis suggested this multiplicative effect
(pooled IRR 3.71; 95% CI, 2.30-6.00) [16].

A cross-sectional analysis of 75,673 IBD patients found that combined thiopurine/anti-
TNF prescription was significantly associated with increased NMSC risk (HR 5.08;
p =0.001) [17]. Osterman’s study of 1594 Crohn’s disease patients treated with adalimumab
showed increased risks of both NMSC (RR 3.46; 95% CI, 1.08-11.06) and non-NMSC
malignancies (RR 2.82; 95% ClI, 1.07-7.44) with combination versus monotherapy [18].
Axelrad et al. analyzed 54,919 IBD patients and found that the adjusted hazard ratio
for recurrent BCC in patients on thiopurine versus 5-ASA was 1.65 (95% CI, 1.24-2.19;
p = 0.0005), with no increased risk observed with other drug classes [19]. Yang et al. simi-
larly reported that combination therapy significantly increased lymphoma risk (IRR 3.36;
95% CI, 2.23-5.05; p < 0.001) [20]. A retrospective study of 108,579 IBD patients showed that
biologicals used with thiopurines for one year or longer carried a significantly increased
NMSC risk (adjusted OR 3.89; 95% ClI, 2.33-6.46) [21]. CESAME cohort of 16,023 IBD
patients showed that the standardized incidence rate ratio of lymphoma when patients
were prescribed anti-TNF with or without thiopurine was 5.5 for past use (95% CI, 4.5-6.6)
and 4.4 for current use (95% CI, 3.4-5.4), with diffuse large B-cell lymphoma (44%) being the
most common subtype [7]. Kotlyar et al. studied the association between HSTCL and anti-
TNEF/thiopurine therapies in IBD, finding that 20 patients were treated with azathioprine
and anti-TNF and 16 with azathioprine alone [11].

Tables 5 and 6 summarize studies on thiopurine-TNF combination-related malignan-
cies in IBD with their results.
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Table 5. Studies evaluating malignancy in Anti-TNF and Thiopurine combination therapy—

Demographics.
Stud Year Design Countr N Population Follow-U Drug Comparator
y & y P P Exposure P
Population- . Anti-TNF +
[8] 2017 based France 189,289 IBD (>18 Median 6.7 thiopurine Unexposed
yrSs) yrs IBD
cohort combo
Thiopurine +
Cross- . . Total
[17] - sectional France 75,673 IBD Variable anti-TNF treated TBD
combo
Retrospective Crohn’s Adalimumab  Adalimumab
[18] - P - 1594 . Variable combo vs. monother-
cohort disease
mono apy
[19] 2024 foe}tl‘frstpe“lve USA 54919  IBD Variable Thiopurine  5-ASA
Table 6. Studies evaluating malignancy in Anti-TNF and Thiopurine combination therapy—Results.
Primary Effect
Study Malignancy Estimate (95% CI)  p-Value Key Subgroup Findings
Measure
Outcome
Combo vs. thiopurine
mono: 2.35 (1.31-4.22);
[8] Lymphoma aHR 6.11 (3.46-10.8) 0.001 combo vs. anti-TNF
mono: 2.53 (1.35-4.77)
Thiopurine + anti-TNF
[17] NMSC HR 5.08 0.001 not associated with NHL
NMSC: 3.46 Both NMSC and
NMSC; (1.08-11.06); non-NMSC malignancies
[18] E?;L_I\E\fr?cc RR non-NMSC: 2.82 Significant significantly increased
gnancy (1.07-7.44) with combo
No increased recurrent
[19] Recurrent BCC aHR 1.65 (1.24-2.19) 0.0005 BCC risk with anti-TNF,

VDZ, or UST vs. 5-ASA

3.5. Vedolizumab

Singh et al. compared vedolizumab with TNF-o antagonists in IBD patients using
administrative claims data (4807 TNF-o antagonist-treated vs. 759 vedolizumab-treated
patients). After adjusting for age, sex, and race, there was no significant difference in
malignancy incidence (HR 1.15; 95% CI, 0.61-2.19) [22]. The GEMINI long-term safety
study of 2343 patients reported malignancy rates of 9.8 per 1000 per year in UC and
8.3 per 1000 per year in Crohn’s disease, consistent with background rates [23]. Colombel
et al. found that less than 1% (18 of 2830) of vedolizumab-treated patients developed
malignancy [24].

Tables 7 and 8 summarize studies on Vedolizumab-related malignancies in IBD with
their results.
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Table 7. Studies evaluating malignancy in Vedolizumab—Demographics.
Study Year Design Country N Population Follow-Up Comparator
[22] 2022 Retrospective 5, 5566  IBD Median2yrs ~ LNEX
cohort antagonists
[23] 2020 Open—%abel International = 2343 IBD (UC and Up to 7 yrs Background
extension CD) rates
Integrated . IBD (UC and Placebo
[24] 2017 safety analysis International 2830 CD) Upto5yrs (induction)
Table 8. Studies evaluating malignancy in Vedolizumab—Results.
Primary Effect
Study Malignancy Estimate (95% CI) p-Value Key Findings
Measure
Outcome
No difference after
[22] Overall HR 1.15 (0.61-2.19) NS adjusting for age, sex,
malignancy ’ ’ ' race; IR 11.6 vs.
9.0/1000 PY
5] Overall ® UC: 9.8/1000 PY; Rates consistent with
malignancy CD: 8.3/1000 PY 8o
population
[24] Overall Descriptive 1% (18/2830) — No clustering by
malignancy malignancy type
3.6. Ustekinumab
A pooled analysis of phase 2/3 studies involving 2574 patients showed low and similar
malignancy rates between placebo (0.34 per 100 PY; 95% CI, 0.04-1.21) and ustekinumab
(0.40 per 100 PY; 95% CI, 0.16-0.83) [25].
Tables 9 and 10 summarize studies on ustekinumab-related malignancies in IBD with
their results.
Table 9. Studies evaluating malignancy in Ustekinumab—Demographics.
Study Year Design Country N Population Follow-Up Comparator
[25] 2021 Pooled RCT International 2574  IBD Variable Placebo
analysis
Table 10. Studies evaluating malignancy in Ustekinumab—Results.
Primary
Study Malignancy Effect Measure  Estimate (95% CI) p-Value Key Findings
Outcome
Placebo: 0.34 o
[25] Overall IR per 100 PY (0.04-1.21); UST: NS Low and similar rates
malignancy between groups

0.40 (0.16-0.83)

3.7. Vedolizumab and Ustekinumab in Patients with Prior Malignancy

Vedamurthy et al. studied 463 IBD patients with prior cancer and found no increase
in the risk of new or recurrent cancer with vedolizumab (HR 1.38; 95% CI, 0.72-2.64) or
anti-TNF therapy (HR 1.03; 95% ClI, 0.65-1.64) compared with no immunosuppression [26].
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Hong et al. saw these findings in 390 patients, reporting no increased risk of subsequent
cancer with vedolizumab (aHR 1.36; 95% CI, 0.27-7.01) or ustekinumab (aHR 0.96; 95% CI,
0.17-5.41) [27]. Holmer et al. compared TNF-« antagonists with non-TNF biologics in IBD
patients with active or recent cancer, finding comparable progression-free survival (HR
0.76; 95% CI, 0.25-2.30) and recurrence-free survival (HR 0.94; 95% CI, 0.24-3.77) [28].

The updated meta-analysis by Gupta et al. of 24,328 persons across immune-mediated
diseases found numerically lower cancer recurrence rates with ustekinumab (21 per
1000 PY; 95% CI, 0-44) and vedolizumab (16 per 1000 PY; 95% CI, 5-26) compared with no
immunosuppression (35 per 1000 PY; 95% CI, 27-43), anti-TNF agents (32 per 1000 PY; 95%
CI, 25-38) or combination immunosuppression (56 per 1000 PY; 95% CI, 31-81) [29].

Tables 11 and 12 summarize studies on Vedolizumab and Ustekinumab related malig-
nancies in IBD with their results.

Table 11. Studies evaluating malignancy in Vedolizumab/Ustekinumab with prior malignancy—
Demographics.

. . Follow- Drug
Study Year Design Country N Population Up Exposure Comparator
Retrospective IBD + prior Median VDZ;
[26] 2022 cohort USA 463 cancer 6.2 PY anti-TNF NolIS
27] Retrospective so0  BDFPHOr yoible  VDZUST  NolS
cohort cancer
. IBD +
[28] Retrospective Variable active/recent Variable TNF-o . Non—TN F
cohort antagonists biologics
cancer
Table 12. Studies evaluating malignancy in Vedolizumab/Ustekinumab with prior malignancy—
Results.
Primary Effect
Study  Malignancy Estimate (95% CI) p-Value Key Findings
Measure
Outcome
New /recurrent VDZ: 1.38 (0.72-2.64); CI corrected from original
[26] cancer HR anti-TNF: 1.03 NS manuscript (0.38-1.36); no
(0.65-1.64) increased recurrence risk
VDZ: 1.36 (0.27-7.01); Confirms safety in prior
[27] Subsequent cancer  aHR UST: 0.96 (0.17-5.41) NS malignancy setting
) PFS: 0.76 (0.25-2.30); Comparable cancer outcomes
[28] PES; RES HR RFS: 0.94 (0.24-3.77) NS regardless of biologic class

3.8. JAK Inhibitors (Tables 13 and 14 [30,31])

The completed tofacitinib UC clinical program, encompassing 1157 patients with
up to 9.2 years of drug exposure (3202 patient-years), showed a malignancy incidence
rate (excluding NMSC) of 0.88 per 100 patient-years (95% CI, 0.59-1.26) [30]. Sands et al.
analyzed NMSC risk in the tofacitinib UC program and found no significant difference
between tofacitinib 5 mg (IR 0.82; 95% CI, 0.47-1.34) or 10 mg (IR 0.45; 95% CI, 0.09-1.30)
versus placebo, though prior TNF inhibitor failure (HR 4.27; 95% CI, 1.42-12.87; p = 0.01)
was a significant independent risk factor [31].

Twenty adjudicated malignancies were identified across 1124 patients, with no dom-
inant malignancy pattern; 17 of 20 occurred in patients on 10 mg twice daily, but over
80% of patients predominantly received that dose. For NMSC, 19 cases were identified
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(IR 0.71/100 PY), with significant independent risk factors being prior NMSC history (HR
9.09, p = 0.0001), prior TNF inhibitor failure (HR 3.32, p = 0.04), and older age (HR 2.03
per 10-year increase, p = 0.0004); all NMSC cases in the pivotal trials had prior thiopurine
exposure. The Bezzio et al. meta-analysis found no difference in overall cancer risk be-
tween tofacitinib and placebo (RR 1.06; 95% CI, 0.86-1.31), though a slightly higher risk
was observed versus TNF inhibitors (RR 1.40; 95% CI, 1.06-2.08; p = 0.02) [32]. The Russel
et al. meta-analysis similarly found an increased malignancy risk for JAK inhibitors versus
TNF inhibitors (IRR 1.50; 95% CI, 1.16-1.94), but no difference versus placebo (IRR 0.71;
95% CI, 0.44-1.15) or methotrexate (IRR 0.77; 95% CI, 0.35-1.68) [33]. Rubbert-Roth et al.
reported that malignancy rates (excluding NMSC) with upadacitinib in RA ranged from
0.2 to 1.1 per 100 PY [34].

Tables 13 and 14 summarize studies on JAK inhibitor-related malignancies in IBD with
their results.

Table 13. Studies evaluating malignancy in JAK inhibitors—Demographics.

Study Year Design Country N/PY Population Drug Comparator
Integrated
[30] 2024 clinical International 11°1Y57 pts/3202 ucC Tofacitinib —
program
RCT . . e
[31] 2022 . International =~ Variable ucC Tofacitinib Placebo
analysis
Table 14. Studies evaluating malignancy in JAK inhibitors—Results.
Primary Effect
Study  Malignancy Estimate (95% CI) p-Value Key Findings
Measure
Outcome
No dose-dependent increase;
Malienancy excl 20 malignancies in 1124 pts;
[30] NMSgC y ' IR per 100 PY  0.88 (0.59-1.26) — no clustering by type; all
NMSC cases had prior
thiopurine exposure
Prior TNFi failure HR 4.27
[31]  NMSC IR per 100PY O M8 082 (047134, g (142-12.87; p = 0.01)

10 mg: 0.45 (0.09-1.30) significant risk factor

3.9. S1P Receptor Modulators

In the phase 3 True North trial of ozanimod, cancer was diagnosed in 1 patient during
induction (BCC) and 4 patients during maintenance (BCC, rectal adenocarcinoma, colon
adenocarcinoma, and breast cancer), with low incidences [35]. The True North open-label
extension through approximately 3 years of continuous treatment showed that malignancy
occurred infrequently with no new safety associations [36]. The data from Rubin et al.
pooled 3652 patients with UC or relapsing MS across 16,144 patient-years of ozanimod
exposure over 10 years and found a malignancy rate of 0.4 per 100 PY that remained low
and stable throughout the observation period [37]. For etrasimod, the phase 3 ELEVATE UC
52 and ELEVATE UC 12 trials reported no malignancies across either trial. The ENLIGHT
UC trial in East Asian patients similarly reported no malignancies [38,39].

Tables 15 and 16 summarize studies on S!P receptor modulator related malignancies
in IBD with their results.
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Table 15. Studies evaluating malignancy in S1P Receptor Molecules—Demographics [35-39].

Study Year Design Country N/PY Population Drug Comparator
[35] 2021 Phase 3RCT  International 1012 ucC Ozanimod Placebo
Open-label . . .
[36] — pen- International = Variable ucC Ozanimod —
extension
Integrated
& . 3652 uc + .
[37] 2026 long-term International . Ozanimod  —
pts/16,144 PY relapsing MS
safety
[38] — Phase 3 RCTs International Variable ucC Etrasimod Placebo
. . UC (East .
[39] — Phase 3RCT  East Asia Variable - ( Etrasimod Placebo
Asian)
Table 16. Studies evaluating malignancy in S1P Receptor Molecules—Results.
Primary Malignancy . ° .1
Study Effect Measure Estimate (95% CI) Key Findings
Outcome
. . BCC, rectal adenocarcinoma,
. o 1 (induction); 4 .
[35] Overall malignancy Descriptive . colon adenocarcinoma, breast
(maintenance) ..
cancer; incidences low
No new safety associations
[36] Overall malignancy Descriptive Infrequent through ~3 yrs continuous
treatment
. Low and stable over 10 years;
37 Overall malignanc IR per 100 PY 0.4 ’
371 ghancy P largest S1P dataset
[38] Overall malignancy Descriptive 0 malignancies No malignancies in either trial
. L . . No malignancies; confirms
[39] Overall malignancy Descriptive 0 malignancies 18 . .
safety in East Asian population
Selection Comparability Outcome Total Score . e
Study Design (0-4) ©0-2) ©0-3) ) Overall Risk of Bias
Beaugerie ot al. (CESAME), 2009 Prospective cohort 4 2 3 9 Low
Lemaitre et al., 2017 Population-based cohort 4 2 3 9 Low
Pasternak et al., 2013 Population-based cohort 4 2 3 9 Low
Beigel et al., 2014 Retrospective cohort 3 1 2 6 3
Nyboe Andersen et al., 2014 Population-based cohort 4 ] 3 9 Low
Lichtenstein et al. (TREAT), 2018 Prospective registry 4 1 3 8 Low
Singh et al. (vedolizumab vs anti-TNF) Administrative claims cohort 3 2 2 7 Low
GEMINI long-term safety study Long-term extension cohort 3 1 2 6
Colombel et al. (vedolizumab safety) Integrated safety cohort 3 1 2 6 erate
Vedamurthy et al. (prior malignancy cohort) Retrospective cohort 3 2 2 7 Low
Hong et al. (prior malignancy cohort) Retrospective cohort 3 2 2 7 Low
Holmer et al. (active/recent malignancy cohort) Retrospective cohort 3 2 2 7 Low
Panés et al. (tofacitinib UC program), 2024 Integrated clinical-program cohort 3 1 2 6
Rubin et al. (ozanimod long-term safety), 2026 Integrated long-term safety cohort 3 1 2 6
True North open-label extension Open-label extension cohort 3 1 2 6
A i NOS, Ottawa Scale; TNF, tumor necrosis factor; UC, ulcerative colitis.
Note: The Newcastle-Ottawa Scale luates three of study groups (maximum 4 points), of groups ( 2 points), and ascertainment of outcome

Study Ran:omizmion Deviations fron‘1 Intended
rocess Interventions
1 ot al. (pooled 'ab phase 2/3), 2021 Low Low
Sands et al. (tofacitinib RCT analysis), 2022 Low Low
Sandborn et al. (True North), 2021 Low Low
ELEVATE UC 52/12 Low Low
ENLIGHT UC Low Low

RCT,

trial; RoB 2, C: ane Risk of Bias 2 tool; UC, ulcerative colitis.

(maximum 3 points). Total scores of 7-9 were considered low risk of bias, 5-6 moderate risk of bias, and <5 high risk of bias.

Missing Outcome Measurement of Selection of the
Data the Outcome Reported Result
Low Low £ err
Low Low
Low Low
Low Low
Low Low m

Figure 2. ROB [7-10,14,22,24,26-28,30,37].

Note: The overall judgment of “some concerns” primarily reflects the use of malignancy as a rare, non-primary safety outcome, limited numbers of events, and follow-up durations
that may be insufficient to capture long-latency malignancies.

Overall Risk
of Bias
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3.10. Selective IL-23 Inhibitors

Selective IL-23 inhibitors were within the prespecified scope, but mature malignancy
evidence was insufficient for robust class-level conclusions. Available trial and extension
datasets contain few cancer events and limited latency. The absence of a current signal
should therefore not be interpreted as proof of long-term safety; ongoing registry and
post-marketing surveillance is required.

4. Discussion

This systematic review found substantial variation in the strength and nature of malig-
nancy signals across IBD therapies. Thiopurines showed the most consistent associations
with malignancy, particularly lymphoma, non-melanoma skin cancer, urinary tract cancer,
and selected myeloid malignancies, while combination anti-TNF plus thiopurine therapy
showed the strongest lymphoma signal [7-13,17-21]. In contrast, anti-TNF monother-
apy was not consistently associated with an increase in overall malignancy, although
a modest lymphoma signal was reported in some datasets [8,14-16,20]. Available data
for vedolizumab and ustekinumab, including cohorts of patients with previous malig-
nancy, have not demonstrated an increased risk, but confidence is limited by observational
study designs, small event numbers, heterogeneous cancer histories, and limited follow-
up [22-29]. Evidence for selective IL-23 inhibitors, JAK inhibitors, and S1P receptor modu-
lators remains less mature, and the absence of a current signal should not be interpreted as
established long-term safety [30-39].

Interpretation of these findings requires consideration of both absolute and relative
risk. In the CESAME cohort, thiopurine exposure was associated with a lymphoproliferative
disorder incidence of 0.90 per 1000 patient-years compared with 0.26 per 1000 patient-years
among never-users, despite a substantially larger relative hazard estimate [7]. By contrast,
the TREAT registry reported nearly identical overall malignancy rates with and without
infliximab (0.69 vs. 0.71 per 100 patient-years) [15]. HSTCL illustrates the same principle:
the association is clinically important, particularly in young men with prolonged thiopurine
exposure, but the event remains rare in absolute terms [40,41]. Relative estimates should
therefore be interpreted alongside event counts or incidence rates when available, and
different measures of association should not be treated as directly comparable.

Previous malignancy should not be treated as a homogeneous risk state. Active, recent,
remote, recurrent, and new primary cancers have different clinical implications, and a
remote basal cell carcinoma is not equivalent to a recently treated melanoma, lymphoma,
colorectal cancer, or other solid-organ malignancy. Available cohorts frequently combine
these categories and include relatively few cancer events; their findings should therefore
be interpreted according to cancer type, interval since treatment, recurrence risk, and
multidisciplinary oncology input [26-29].

The ORAL Surveillance malignancy signal should not be dismissed as irrelevant to IBD.
It is particularly relevant to older patients, current or former smokers, and patients with
cardiovascular or prior malignancy risk factors [42]. The trial also identified broader safety
concerns, including major adverse cardiovascular events and mortality [42]. Although
the same malignancy signal has not been clearly reproduced in IBD-specific datasets, a
susceptible-subgroup or latency-dependent class effect remains possible, and continued
long-term surveillance is warranted.

Available S1P receptor modulator data show low malignancy event rates, but follow-
up remains limited relative to the latency of many cancers [35-39]. Current evidence,
therefore, does not establish long-term malignancy safety, and continued post-marketing
surveillance is required.

https:/ /doi.org/10.3390/ gidisord8030038


https://doi.org/10.3390/gidisord8030038

Gastrointest. Disord. 2026, 8, 38 14 of 16

5. Conclusions

Current evidence has not demonstrated an increased malignancy risk with vedolizumab
or ustekinumab, including in available cohorts of patients with prior malignancy; however,
confidence remains limited by observational designs, small event numbers, heterogeneous
cancer histories, and limited follow-up. Evidence for selective IL-23 inhibitors, JAK in-
hibitors, and S1P receptor modulators remains less mature. Treatment selection should
therefore be individualized rather than based on a definitive safety ranking.
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MS, multiple sclerosis; NHL, non-Hodgkin lymphoma; NMSC, non-melanoma skin cancer; NOS,
Newcastle-Ottawa Scale; NS, not significant; OLE, open-label extension; OR, odds ratio; PECO,
population, exposure, comparator, and outcome; PFS, progression-free survival; PRISMA, Preferred
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controlled trial; RFS, recurrence-free survival; RoB 2, Cochrane Risk of Bias 2 tool; RR, risk ratio
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