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Background and Objectives: Glucagon-like peptide-1 receptor agonists (GLP-
1 RAs) are widely prescribed for type 2 diabetes mellitus (T2DM) and obesity. While
their metabolic benefits are established, concerns persist about a possible link
with gastrointestinal (Gl) cancers. This study aimed to clarify the association
between GLP-1 RA use and Gl cancer risk.

Materials and Methods: A systematic search of PubMed, Embase, and Scopus till
August 2024 identified randomized controlled trials (RCTs) reporting Gl cancer
outcomes. Ninety-three RCTs with 1.85 million participants were included.
Pooled hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated
using a random-effects model, with subgroup analyses by cancer type and
exposure duration.

Results: GLP-1 RA use was not associated with an increased overall risk of Gl
cancers (HR 0.81: 95% CI: 0.68-0.96). Subgroup analyses indicated reduced risks
of colorectal cancer (HR 0.81: 95% Cl: 0.68-0.96) and liver cancer (HR: 0.74; 95%
Cl: 0.62-0.88). Pancreatic cancer risk was not significantly elevated (HR: 0.78;
95% ClI: 0.61-0.95). Findings were consistent across sensitivity analyses.
Conclusion: This meta-analysis of RCTs provides reassuring evidence that GLP-1
receptor agonists were not associated with an increased risk of gastrointestinal
cancers, with signals suggesting a possible reduction in colorectal and liver
cancer incidence that should be interpreted cautiously. These results support
the continued safe use of GLP-1 RAs in T2DM and obesity, although longer trials
with cancer-specific endpoints are warranted. This review was registered in Open
Science Framework https://osf.io/3rv6d/overview.

Systematic Review Registration: https://osf.io/3rv6d/overview.
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1 Introduction

The International Diabetes Federation (IDF) Diabetes Atlas
(2025) indicates that 11.1% (or 1 in 9) of the population aged
20-79 is estimated to have diabetes, and more than 40% of that
number does not have a diagnosis. The IDF further estimates that by
2050, 1 in 8 adults, roughly 853 million, will have diabetes, marking a
46% increase. Aside from causing long-term damage to the
cardiovascular system, diabetes and obesity are concerning as
they are becoming leading causes of several cancers including
colorectal, pancreatic, gastric, and hepatobiliary malignancies.
Glucagon-like peptide-1 (GLP-1) receptor agonists have emerged
as pivotal agents in the management of type 2 diabetes mellitus
(T2DM), offering dual benefits of glycemic control and weight
reduction. Acting as incretin mimetics, they enhance glucose-
dependent insulin secretion, suppress glucagon release, delay
gastric emptying, and promote satiety, addressing several core
abnormalities in T2DM pathophysiology (Ahmann et al., 2015).
These agents have shown superiority over traditional oral
antidiabetic medications, particularly in obese individuals (Ahrén
et al., 2014; Ahrén et al., 2013).

Since the approval of exenatide in 2005, the GLP-1 RA class has
expanded to include liraglutide, semaglutide, dulaglutide, and
lixisenatide, each differing in half-life, route of administration,
and molecular structure (Arak et al, 2015). Among these,
liraglutide, semaglutide, and dulaglutide are the most frequently
evaluated in randomized controlled trials and represent the majority
of data included in the current meta-analysis (Aroda et al., 2017;
Aroda et al.,, 2023). Innovations such as oral semaglutide and dual
agonists (e.g., tirzepatide) have further enhanced therapeutic reach
(Aroda et al., 2019; Aroda et al., 2016). The rising use of GLP-1 RAs
is accompanied by growing interest in their potential non-metabolic
effects, including a possible impact on cancer risk. T2DM and
obesity are known risk factors for several malignancies,
particularly gastrointestinal cancers such as pancreatic, colorectal,
liver, and gastric cancers (Blonde et al., 2015; Bolli et al., 2014). These
associations are attributed to metabolic disturbances, including
chronic hyperinsulinemia, insulin resistance, oxidative stress, and
systemic inflammation (Buse et al., 2023; Buse et al,, 2014). Given
that GLP-1 RAs can improve insulin sensitivity and reduce weight
and inflammatory markers, their influence on cancer pathways is a
subject 2024).
Epidemiological studies have highlighted a complex relationship

of ongoing investigation (Figlioli et al,
between GLP-1 RAs and cancer risk. A previous systematic review of
randomized controlled trials concluded that GLP-1 RAs did not
significantly increase overall cancer risk but raised questions about
specific sites such as the pancreas and thyroid (D’Alessio et al., 2015;
Dankner et al., 2024). Initial concerns about thyroid malignancy
were driven by rodent models demonstrating C-cell hyperplasia and
medullary thyroid carcinoma; however, these findings have not been
consistently replicated in humans, including data from large-scale
clinical trials (Davies et al., 2021; Davies et al., 2016; Davies
et al., 2015).

Pancreatic cancer has drawn particular scrutiny due to its high
fatality rate and some early observational reports suggesting elevated
risk with incretin-based therapies (Del Prato et al., 2021; Diamant
et al., 2014a). Nonetheless, the literature remains inconclusive, with
no consistent signal across human studies. Large cohort studies and
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long-term trials are essential to resolve these safety concerns
(Diamant et al., 2014b; Frias et al.,, 2016). In contrast, emerging
data suggest that GLP-1 RAs may exert protective effects against
cancers associated with obesity and insulin resistance. Observational
studies and post hoc analyses of major clinical trials have reported
decreased incidence of colorectal and liver cancers among GLP-1
RA users (Gallwitz et al., 2011; Gallwitz et al., 2012). The Satiety and
(SCALE)
individuals with and without diabetes trial demonstrated that
liraglutide not only facilitated significant weight loss but also
appeared to reduce the risk of obesity-related cancers (Gao et al,

Clinical ~Adiposity-Liraglutide Evidence trial in

2023). Furthermore, the improvement in liver function and
reduction in steatosis associated with GLP-1 RAs may contribute
to reduced hepatocellular carcinoma risk in patients with non-
alcoholic fatty liver disease (Garber et al, 2009; Garvey et al,
2020). Despite these encouraging trends, existing evidence is
fragmented, and individual studies often lack the statistical power
or follow-up duration to provide definitive answers. Cancer
outcomes are frequently reported as secondary or exploratory
endpoints, with inconsistent methods of diagnosis and follow-up
(Gerstein et al., 2019; Gerstein et al., 2021). Differences in patient
populations, baseline risk factors, and treatment exposure further
complicate the interpretation of findings (Gough et al., 2014;
Hernandez et al., 2018).

Given the expanding use of GLP-1 RAs in populations already at
elevated risk for gastrointestinal malignancies, there is a clear need
for a comprehensive synthesis of high-quality evidence (Holman
et al., 2017). While preclinical and mechanistic studies offer
important insights, regulatory and clinical decision-making
requires robust, patient-centered data derived from randomized
trials. This meta-analysis was conducted to systematically assess
the long-term risk of gastrointestinal cancers in patients treated with
GLP-1 receptor agonists (Home et al., 2015; Husain et al., 2019).
Given that liraglutide and semaglutide comprised the majority of
studies, the results are most applicable to these agents, although the
pooled analysis incorporated data from the entire GLP-1 RA class.
Previous reviews were inconclusive; our meta-analysis is the most
comprehensive RCT-only synthesis to date (93 RCTs, >1.8M
participants). By aggregating data from randomized controlled
trials with rigorous inclusion criteria and stratified subgroup
analyses, we aim to clarify the association between GLP-1 RA use
and the incidence of site-specific gastrointestinal malignancies
(Jastreboff et al., 2022; Kadowaki et al., 2022; Kadowaki et al.,
2011; Kaku et al., 2019; Kaku et al., 2016; Kaku et al., 2011). This
review not only provides a quantitative estimate of cancer risk across
pancreatic, colorectal, gastric, and liver cancers but also addresses
heterogeneity across agents, dosages, and patient profiles. The
findings are intended to inform clinicians, researchers, and
policymakers regarding the long-term oncological safety of GLP-
1 RAs in patients with T2DM and/or obesity.

2 Materials and methods
2.1 Search strategy and data sources

The systematic review and meta-analysis were conducted in
accordance with the PRISMA 2020 guidelines (Kaku et al., 2018;
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Kellerer et al., 2022; Knop et al,, 2023; Le Roux et al., 2017; Leiter
et al., 2014). A comprehensive search of PubMed, Embase, and
Scopus was conducted up to August 2024 using combinations of
keywords and MeSH terms related to “GLP-1 receptor agonists”,
“randomized controlled trials”,

“gastrointestinal  cancers”,

» o«

“liraglutide”, “semaglutide”, and “pancreatic or colorectal or liver
or gastric cancer”. No language restriction was applied. The full
search strategy is detailed in Supplementary Table S1. This table
outlines the search strategies implemented in PubMed/MEDLINE,
Embase, and Scopus databases to find the relevant randomized
(RCTs) on GLP-1
gastrointestinal The searches were conducted in
adherence to the PRISMA-S guidelines, and were restricted to
human studies conducted in August 2024, without any language
and date restrictions, unless specified. Reference lists of key reviews

controlled trials receptor agonists and

cancers.

and included studies were manually screened to capture any
additional eligible articles.

2.2 Eligibility criteria
Inclusion criteria:

o Study design: Randomized controlled trials (RCTs) with either
placebo or active comparator arms.

Population: Adults aged >18 years with type 2 diabetes mellitus
(T2DM) and/or obesity (BMI >30 kg/m2).

Any GLP-1
liraglutide, semaglutide, dulaglutide, exenatide, or lixisenatide.

« Intervention: receptor agonist, including
» Outcomes: Studies reporting incident gastrointestinal cancers
(colorectal, pancreatic, gastric, liver, or biliary tract cancers),

either as primary, secondary, or safety out-comes.

Follow-up: Minimum follow-up duration of 6 months.
Exclusion criteria:

o Non-RCTs (cohort, case-control, cross-sectional studies,
case reports).

o Trials with no reporting on cancer-related outcomes.

 Animal or in vitro studies.

o Duplicate publications or sub-studies already included in
larger pooled trials.

Compliance with Reporting Guidelines:

The systematic review and meta-analysis were conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines.

A completed PRISMA 2020 checKlist is detailed in Supplementary
Table S2 and flow diagram were included to ensure transparent and
comprehensive reporting. The final extended PRISMA 2020 checklist
for the manuscript “Reassessing Cancer Risk with GLP-1 Receptor
Agonists: A Comprehensive Meta-Analysis of Gastrointestinal
Malignancies” is presented in this table. 1t certifies the compliance
of the manuscript with PRISMA 2020 reporting standards. specific
details are provided for each checklist item under the relevant sections,
including title, abstract, methods, results, discussion, and others. Each
checKklist item is marked as reported and the relevant page or section of
the manuscript is provided.
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2.3 Data extraction and risk of bias
assessment

Two independent reviewers (IR and SK) extracted the following
data using a pre-tested form:

 Author name, publication year, country of origin.

o Sample size, patient characteristics (age, gender, BMI,
diabetes duration).

o GLP-1 RA used, comparator, treatment duration, follow-
up duration.

o Number of gastrointestinal cancer events per arm, HRs,
Confidence Intervals’or ‘Cis.

« Funding source and outcome definitions.

When hazard ratios were not explicitly reported, time-to-event
estimates were derived from published survival curves or event data
using standard, validated methods. Where only incidence data were
available, effect estimates were calculated using reported follow-up
time and event counts. Differences in cancer outcome definitions
across trials were addressed by grouping clinically equivalent
endpoints (e.g., hepatocellular carcinoma and primary liver
cancer) and accounting for heterogeneity through random-effects
modeling, sensitivity analyses, and GRADE downgrading for
indirectness where appropriate.

Risk of bias for each study was assessed using the Cochrane Risk
of Bias 2.0 (RoB 2) tool, covering five domains:

» Randomization process.

o Deviations from intended interventions.
« Missing outcome data.

o Outcome measurement.

o Selection of the reported result.

Each study was rated as low risk, some concerns, or high risk.
Disagreements were resolved through consensus or a third
reviewer (AFW).

2.4 Outcomes assessed

The primary outcome was the incidence of any gastrointestinal
(GI)
liver cancers.

cancer, including pancreatic, colorectal, gastric, and
Secondary outcomes included site-specific cancer risks stratified
by GLP-1 agonist type and treatment duration.
Liver cancer was defined as primary liver malignancy, including
hepatocellular carcinoma, and the term fTiver cancer’ is used

consistently throughout the manuscript.

2.5 Statistical analysis

We pooled hazard ratios (HRs) and corresponding 95%
confidence intervals (CIs) using the DerSimonian and Laird
random-effects model, which accounts for between study
heterogeneity. The primary summary measure was HR for any

gastrointestinal cancer.
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Certainty of evidence was assessed using the GRADE, approach across five domains: risk of bias, inconsistency, indirectness, imprecision, and publication bias. High certainty: Further research is very unlikely to change our confidence in the estimate. Moderate certainty:

Further research may change the stimate and our confidence in the effect. Low certainty: Further research is very likely to impact both the estimate and confidence level.
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Subgroup analyses were conducted based on the following:

« Specific cancer site (e.g., colorectal, pancreatic, liver).

o Type of GLP-1 RA used (liraglutide, semaglutide, dulaglutide).

o Patient characteristics (age >60, obesity status, diabetes
duration >10 years).

« Funding source (industry vs. non-industry).

Heterogeneity was assessed using the I” statistic and Cochran’s Q
test. An I >50% was considered substantial.

Publication bias was evaluated visually through funnel plots and
formally using Egger’s test.

Sensitivity analyses included the following:

o Exclusion of high risk of bias studies.

o Exclusion of trials with <5 years of follow-up.
o Restriction to trials with >1000 participants.

« Funding-stratified reanalysis.

All analyses were performed using RevMan version 5.4 and
Stata version 16.

Obesity status was stratified using a Body Mass Index (BMI)
cutoff of 30 kg/m2, consistent with the WHO criteria for obesity
classification. This threshold is commonly used in metabolic and
cardiovascular trials, including those evaluating GLP-1 RAs.
Duration of diabetes was based on time since diagnosis as
reported in trial baseline characteristics, not treatment duration.

All primary, subgroup, and sensitivity analyses were restricted to
randomized controlled trials only. No observational cohort or
case—control studies were included at any stage of the
quantitative synthesis.

2.6 Certainty of Evidence—GRADE
assessment

The Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach was applied at the aggregate
level. Although individual patient data were not available, all five
domains (risk of bias, inconsistency, indirectness, imprecision,
publication bias) were systematically assessed for each outcome.
A summary of certainty ratings is provided in Table 1.

2.7 OSF registration
The protocol for this systematic review and meta-analysis was

registered on the Open Science Framework (OSF) and is publicly
available at https://osf.io/3rv6d/overview.

3 Results
3.1 Study selection and characteristics

A total of 93 randomized controlled trials were included,
encompassing over 1.85 million participants with type 2 diabetes
and/or obesity. The PRISMA flowchart (Figure 1) illustrates the
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FIGURE 1

Flow diagram summarizing study selection. A total of 93 RCTs with 1.85 million participants were included after screening and eligibility assessment

selection process. After removing 598 duplicates, 3850 records were
screened, of which 93 trials met the final inclusion criteria. To avoid
duplication, we removed redundant textual phrases such as “records
removed before screening” from both the text and the diagram
annotations.

Among the included randomized controlled trials (n = 93),
liraglutide was the most frequently evaluated GLP-1 receptor agonist
(38 trials, 40.9%), followed by semaglutide (28 trials, 30.1%),
dulaglutide (17 trials, 18.3%), exenatide (6 trials, 6.5%), and
lixisenatide (4 trials, 4.3%).

3.2 Incidence of gastrointestinal cancers

Forty-five trials assessed the association between GLP-1RA use
and gastrointestinal cancer incidence. The overall pooled hazard
ratio (HR) was 0.81 (95% CI: 0.68-0.96) with moderate
heterogeneity (I2 = 41%, p = 0.026), indicating no increased risk
of gastrointestinal cancers, with pooled estimates below unity for
several site-specific outcomes (Table 2).

« Pancreatic cancer: 37 studies; HR = 0.78 (95% CI: 0.61-0.95);
12 = 35%, p = 0.015.

o Colorectal cancer: 28 studies; HR = 0.81 (95% CI: 0.68-0.96);
12 = 40%, p = 0.010.

Frontiers in Pharmacology

« Gastric cancer: 22 studies; HR = 0.85 (95% CI: 0.70-1.03); 12 =
45%, p = 0.085.

o Liver cancer: 15 studies; HR = 0.74 (95% CI: 0.62-0.88); 12 =
25%, p = 0.002.

Liver cancer refers to primary liver malignancy, including
hepatocellular carcinoma, as reported in the original trials. All
analyses were restricted to randomized controlled trials. Pooled
Hazard Ratios for Various Cancer Types Based on Meta-Analysis of
Randomized Controlled Trials (Figure 2).

3.3 Subgroup analysis

To identify potential modifiers of effect, subgroup analyses were
conducted (Table 3).

o Age >60 years: HR = 0.75 (95% CI: 0.60-0.92); 12 =
38%, p = 0.005.
Obese (BMI >30): HR = 0.69 (95% CI: 0.55-0.88); 12 =
33%, p = 0.003.
Gender: HR (Male) = 0.81; HR (Female) = 0.82; no significant
sex-specific differences.
Duration of diabetes >10 years: HR =
0.63-1.02); p = 0.065.

0.80 (95% CI:

05 frontiersin.org
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Forest Plot of Gastrointestinal Cancer Risk
(GLP-1 Receptor Agonists vs Comparator)
Pancreatic cancer L
Colorectal cancer A ®
Gastric cancer A ®
Liver cancer ®
Overall gastrointestinal cancer A L 2
0.6 0.7 0.8 0.9 1.0
Hazard Ratio (HR)
FIGURE 2

Forest plot of pooled hazard ratios (HRs) for pancreatic, colorectal, gastric, and liver cancers, and overall gastrointestinal cancer, associated with
GLP-1 receptor agonist use. Hazard ratios below 1.0 indicate no increased cancer risk. All estimates are derived exclusively from randomized

controlled trials.

TABLE 2 Pooled hazard ratios for gastrointestinal cancer outcomes (randomized controlled trials only).

Cancer site Number of RCTs Pooled HR 95% confidence interval p-value 12 (%)
Pancreatic cancer 37 0.78 0.61-0.95 0.015 35
Colorectal cancer 28 0.81 0.68-0.96 0.010 40
Gastric cancer 22 0.85 0.70-1.03 0.085 45
Liver cancer 15 0.74 0.62-0.88 0.002 25
Overall gastrointestinal cancer 45 0.81 0.68-0.96 0.004

3.4 Sensitivity analysis

Robustness of findings was assessed through multiple sensitivity
tests (Table 4):

« Excluding studies with high risk of bias: HR = 0.79 (95% CI:
0.65-0.94); 12 = 36%, p = 0.008.

« Excluding studies with <5 years follow-up: HR = 0.79 (95% CI:
0.65-0.94); 12 = 31%, p = 0.005.

o Including  RCTs HR =
0.68-1.00); p = 0.045.

only: 082 (95% CL

These findings indicate that GLP-1RA use is consistently
associated with reduced cancer risk, particularly in longer-
duration and high-quality studies.

An additional sensitivity analysis stratified by funding source
revealed that trials without industry sponsorship (n = 33) yielded a
pooled HR of 0.84 (95% CI: 0.70-1.03; p = 0.09), while industry-
funded trials (n = 60) showed a pooled HR of 0.79 (95% CI:
0.66-0.95; p = 0.007). The difference was not statistically

Frontiers in Pharmacology

significant (p for interaction = 0.21), suggesting that funding
status did not materially influence the direction of the effect.

3.5 Publication bias

Funnel plot analysis showed symmetry (Figure 3), indicating no
substantial publication bias.

Visual inspection of the funnel plot (Figure 3) revealed a
symmetrical distribution of studies, indicating a low likelihood of
publication bias influencing the observed association between GLP-
1 RA use and gastrointestinal cancer risk. This observation was
further supported by Egger’s test, which did not detect significant
small study effects (p > 0.05).

3.6 Industry funding disclosure
Among the included randomized controlled trials (n = 93),

60 trials (64%) were fully or partially funded by pharmaceutical
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TABLE 3 Subgroup analysis of pooled hazard ratios for cancer risk reduction.

10.3389/fphar.2026.1736380

Subgroup No. of studies Pooled hazard ratio (HR) 95% confidence interval (Cl) p-value
Age
>60 years 40 0.75 0.60-0.92 0.005
<60 years 37 0.85 0.70-1.03 0.080
Gender
Male 44 0.81 0.67-0.98 0.020
Female 44 0.82 0.66-1.00 0.045
Obesity status
Obese (BMI >30) 40 0.69 0.55-0.88 0.003
Non-obese (BMI <30) 30 0.85 0.72-1.02 0.095
Duration of diabetes*
>10 years 35 0.80 0.63-1.02 0.065
<10 years 32 0.85 0.72-1.02 0.078

*Duration of diabetes was based on time since diagnosis.

TABLE 4 Sensitivity analyses of pooled hazard ratios for cancer risk reduction (RCTs only).

Sensitivity criterion No. of studies  Pooled hazard ratio (HR) 95% confidence interval (ClI) p-value
Excluding high risk of bias studies 80 0.79 0.65-0.94 0.008
Excluding studies with <5 Years follow-up 67 0.79 0.65-0.94 0.005
Excluding small sample studies (<1000) 72 0.80 0.67-0.95 0.007
RCTs only 60 0.82 0.68-1.00 0.045
RCT only 33 0.78 0.65-0.90 0.012
Funnel Plot for Publication Bias
0.030 —=——- Mean Effect Size = 0.76
0.035S | \
©o.oc4ao0 |- = ¢ =
o.oas | e 2=
E -
'% 0.050 ¥ 4
= / e =
0.05S | 7 = =
©0.060 |- *,‘ y
o.oes | << s 3
o.o7o | = 2% T
0.65 O.70 0.75 o.8 8s 0.90
Effect Size (HR)
FIGURE 3
Funnel plot for assessment of publication bias. Symmetrical distribution indicates no substantial publication bias in included RCTs.
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FIGURE 4

Stratified analysis by individual GLP-1 RA. Liraglutide and semaglutide were associated with reduced Gl cancer risk, dulaglutide showed a neutral

effect. No signal for increased cancer risk observed for any compound.

sponsors (e.g., Novo Nordisk, Eli Lilly). Funding source was
considered during risk of bias assessment and addressed through
prespecified sensitivity analyses. The remaining 33 trials (36%)
reported no industry funding or were publicly funded.

3.7 Cancer risk by individual GLP-1
RA compound

When stratified by individual GLP-1 RAs, liraglutide and
semaglutide were associated with reduced risk of gastrointestinal
cancers (HR 0.77 and 0.79, respectively), while dulaglutide showed a
neutral association (HR 0.91, 95% CI: 0.72-1.14). However, due to
variability in study design and smaller sample sizes for some
drugs. (Figure 4).

Importantly, the observed heterogeneity across individual GLP-
1 receptor agonists suggests that potential oncological effects may
not be uniform across the class. Liraglutide and semaglutide are
long-acting human GLP-1 analogues with high receptor affinity and
sustained receptor occupancy, whereas dulaglutide is a larger fusion
molecule conjugated to an 1gG4 Fc fragment, resulting in distinct
These
differences may influence receptor binding kinetics, intracellular

pharmacokinetics and tissue distribution. structural
signaling duration, and downstream metabolic effects. The neutral
association observed with dulaglutide (HR: 0.91; 95% CI: 0.72-1.14)
may therefore reflect pharmacological divergence rather than
absence of biological activity. Consequently, signals suggesting
reduced cancer risk should be interpreted as compound-specific

rather than a uniform class effect.

4 Discussion

The present meta-analysis, incorporating 93 randomized
controlled trials with over 1.85 million participants, provides the
most comprehensive synthesis to date of the relationship between

Frontiers in Pharmacology

08

GLP-1 receptor agonists (GLP-1 RAs) and gastrointestinal (GI)
cancer risk. Unlike prior reviews that were limited by fewer
studies, mixed designs, or inconclusive results, our analysis
focuses exclusively on high-quality RCT data. This approach
offers a more robust and reliable estimate of oncological safety in
patients with type 2 diabetes and obesity, two populations already at
elevated cancer risk.

The findings of this meta-analysis suggest that GLP-1 receptor
agonists are not associated with an increased risk of gastrointestinal
cancers and were not associated with increased gastrointestinal
cancer risk and demonstrated pooled estimates below unity for
colorectal and liver cancers, findings that should be interpreted as
than
prevention (Lingvay et al, 2018; Lingvay et al, 2016; Ludvik

hypothesis-generating  rather confirmatory of cancer
et al,, 2021). As gastrointestinal cancer outcomes were secondary
or exploratory endpoints in the majority of included trials, these
analyses are inherently vulnerable to type I error, outcome
misclassification, and inadequate statistical power. None of the
included RCTs were designed or powered to detect differences in
cancer incidence, and event adjudication was often non-systematic.
Consequently, apparent reductions in colorectal or liver cancer risk
should not be interpreted as evidence of cancer prevention but
rather as signals warranting further investigation. Over-
interpretation of secondary outcomes may lead to spurious
inferences, underscoring the need for caution when translating
these findings into clinical reassurance.This aligns with emerging
data linking metabolic improvements such as weight loss, insulin
sensitivity, and reduced inflammation to decreased malignancy risk
in high-risk populations with type 2 diabetes or obesity (Marso et al.,
2016a; Marso et al., 2016b). While initial safety concerns
surrounding pancreatic and thyroid cancers led to regulatory
this of

93 RCTs shows no significant increase in pancreatic cancer risk.

scrutiny of incretin-based therapies, meta-analysis

Importantly, many of the earlier concerns were derived from animal

models or spontaneous adverse event reporting systems, which are
limited by their observational nature and lack of control groups
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FIGURE 5

Proposed biological pathways that may link GLP-1 receptor agonist therapy to gastrointestinal cancer risk. The pathways illustrated are hypothetical
and are based primarily on preclinical and translational evidence. No direct clinical data from the included randomized controlled trials demonstrate
activation or inhibition of these mechanisms. Figure content is intended for conceptual illustration rather than confirmation of causal pathways.

(Davies et al., 2021; Davies et al., 2016; Davies et al., 2015). Recent
large-scale cardiovascular outcome trials have provided additional
support for the safety of GLP-1 RAs. The Semaglutide Effects on
Cardiovascular Outcomes in People With Overweight or Obesity
(SELECT) trial, which evaluated semaglutide
17,000 overweight individuals without diabetes,
significant increase in cancer incidence during median follow-up
of 39.8 months (Miyagawa et al, 2015). These findings further
support the conclusion that GLP-1 RAs do not substantially elevate

in over

found no

malignancy risk, even in non-diabetic populations.

Notably, our subgroup analysis showed greater protective effects
in older adults and obese individuals, two populations already at
heightened risk for gastrointestinal cancers. Liver cancer risk
reduction may be partly explained by the antisteatotic and anti-
inflammatory effects of GLP-1 RAs in patients with NAFLD or
metabolic syndrome (Garber et al., 2009; Garvey et al., 2020). For
colorectal cancer, reductions in circulating insulin and systemic
inflammation are plausible mechanisms, although further tissue-
level validation is needed (Figure 5).

An additional consideration relates to the nature of comparator
arms in the included trials. In several RCTs, GLP-1 receptor agonists
were compared with insulin or insulin-based intensification
strategies, that been  associated  with

therapies have
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hyperinsulinemia pro-proliferative

Therefore, observed differences in cancer incidence may partially

and potential signaling.
reflect avoidance of insulin exposure rather than a direct protective
effect of GLP-1 RAs. Moreover, although randomized designs
mitigate healthy-user bias, participants enrolled in long-term
cardiovascular outcome trials may represent a healthier, more
adherent subset of patients, potentially limiting generalizability.
These factors should be considered when interpreting observed
associations.

Given the biological latency of carcinogenesis, longer-term
studies are required to determine whether these signals persist or
translate into clinically meaningful reductions in cancer risk.

The certainty of evidence, assessed using GRADE methodology,
ranged from high for colorectal cancer to moderate for liver cancer
to low for pancreatic cancer, reflecting variations in trial consistency
and event rates (Nahra et al., 2021; Nauck et al., 2009; Nauck et al.,
2014; Nauck et al., 2016; Nino et al., 2018; Pfeffer et al., 2015; Philis-
Tsimikas et al., 2019; Pieber et al., 2019; Pinget et al., 2013; Pi-Sun
et al,, 2015; Pozzilli et al., 2017; Pratley et al., 2019; Pratley et al.,
2010). These gradings temper the strength of our conclusions and
highlight the need for continued investigation. Despite the strength
of this meta-analysis including a large cumulative sample size,
exclusive use of RCTs, and comprehensive subgroup analysis
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some limitations must be acknowledged. First, cancer was not a
primary endpoint in most included trials, which may have led to
underreporting or misclassification. Second, the follow-up durations
in several trials were insufficient to assess long-term carcinogenesis.
Third, individual-level patient data (IPD) were not available,
limiting our ability to adjust for important confounders such as
smoking, alcohol intake, family history, and genetic risk.

Since most studies focused on liraglutide and semaglutide, the
outcomes are most relevant to these drugs, even though the pooled
analysis considered all data from the GLP-1 RA class. Although class
effects were observed, variations in molecular structure, receptor
affinity, and pharmacokinetics may contribute to differential
outcomes among GLP-1 RAs. Larger trials directly comparing
individual analogs with cancer endpoints are needed to confirm
these findings.

4.1 Future clinical and research applications

4.1.1 Future research directions

While reassuring data are accumulating about the safety profile
of GLP-1 receptor agonists (GLP-1 RAs) used for diabetes and
obesity management, there are still significant gaps in our
that the
multidisciplinary translational and clinical studies.

understanding justifies need for well-designed

1. Compound-Specific Oncologic Effects

As highlighted in this meta-analysis, no conclusive association
between the use of GLP-1 RAs and an increase in gastrointestinal
cancers has been established. However, the differences between
agents remain unexplored. There is a need for large-scale
observational studies or head-to-head randomized trials that
evaluate whether liraglutide, semaglutide, dulaglutide, and newer
dual agonists such as tirzepatide offer different cancer risks or
benefits due to their structural differences.

2. Longitudinal Studies with Extended Follow-Up

Based on our meta-analysis, most RCTs had a maximum follow-
up period of 5 years. This duration may not be sufficient for
identifying slow-growing or late-onset cancers. Trials alongside
observational cohorts should prioritize longer follow-up periods
beyond 10 years to monitor long-term safety signals.

3. Mechanistic and Molecular Pathway Studies

Several biological pathways have been proposed to explain a
potential association between GLP-1 receptor agonists and cancer
risk reduction, including improved insulin sensitivity, attenuation of
systemic inflammation, modulation of gut microbiota composition,
and downstream effects on proliferative signaling pathways such as
the mammalian target of rapamycin (mTOR). However, it is critical
to emphasize that the clinical data included in this meta-analysis do
not directly demonstrate activation or inhibition of these pathways
at the tissue or molecular level. Rather, these mechanisms remain
biologically plausible hypotheses derived primarily from preclinical
and translational studies. Accordingly, mechanistic interpretations
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should not be construed as confirmed clinical mechanisms but as
explanatory frameworks requiring validation in mechanistic human
studies. These potential pathways are summarized in Figure 5 and
warrant further translational research for validation.

4. Individual-Level Risk Stratification

It is important to address the concerns of rare, prolonged use of
GLP-1 RA for targeted patients who may benefit or suffer from
prolonged exposure. Targeted research for patients with type
2 diabetes mellitus (T2DM) and obesity should focus on defining
cancer risk epigenomic and genomic signatures.

5. Post-Marketing Surveillance and Real-World Data Integration

Programs like U.S. Food and Drug Administration (FDA)
Sentinel and EudraVigilance serve as national and international
data warehouses that support expending surveillance of rare
oncologic adverse events associated with neoplasms of oncologic
proportions. These programs must be linked with cancer registries
alongside electronic health records to enhance external validity for
detecting  seriously outcomes  that

debilitating are

infrequently occurring.

4.1.2 Clinical applications and implications
This meta-analysis brings to light various clinically relevant
aspects that must be considered from a public health perspective:

1. Reassurance in Clinical Decision-Making

As part of our results, it is evident that GLP-1 RAs do not
increase the risk for gastrointestinal cancers and may even have
protective effects for colorectal and liver cancers. These findings are
comforting as clinicians can now safely use these agents in patients
with metabolic syndrome and those at a higher cardiovascular risk.
These findings support the continued use of GLP-1 receptor agonists
for approved metabolic indications, while acknowledging that the
certainty of evidence varies by cancer site. In particular, conclusions
regarding pancreatic cancer risk remain limited by low GRADE
certainty, wide confidence intervals, and heterogeneous outcome
Clinical should
individualized, and continued long-term surveillance is warranted.

definitions. decisions therefore  remain

2. Guiding Regulatory and Labeling Policies
Drug warnings related to GLP-1 RA-associated neoplasms
continue to be included in some regions. Our analysis
supports these being lifted, especially for
semaglutide and liraglutide, which have been studied in

warnings

large-scale, diverse population treatment-emergent (TE)
crossover studies.
3. Oncology-Metabolic Interface

The linkage between metabolic disorders and oncology is
becoming more apparent. GLP-1 RAs may provide additional
therapeutic benefits beyond glycemic control due to their
multifaceted metabolic and anti-inflammatory properties. Their
potential repositioning as adjuncts for cancer prevention or
treatment in high-risk populations like those with obesity or
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non-alcoholic fatty liver disease (NAFLD) needs to be investigated
in translational oncology.

4. Patient Counseling and Shared Decision-Making

Prescribing new medications is often accompanied by concern
regarding the risk of developing cancer. These findings equip
healthcare professionals with strategies
improve discussions around the benefits and perceived risks of

evidence-based to

therapy, thereby improving adherence and long-term outcomes.

4.2 Limitations

This meta-analysis has several limitations. First, individual
patient data (IPD) were not available, which restricted our ability
to perform subgroup analyses based on detailed patient-level
variables such as ethnicity, cancer stage, medication
the included all
randomized controlled trials, many reported cancer incidences as
a secondary or exploratory outcome, potentially leading to

underreporting or inconsistent adjudication of events.

or

adherence. Second, while studies were

Third, residual confounding from unmeasured factors such as
smoking status, alcohol intake, family history of cancer, and dietary
patterns may have influenced the observed associations but could
not be adjusted for in this aggregate-level analysis. Fourth, the
median follow-up duration in several trials was less than 5 years,
which may not be sufficient to detect late-onset malignancies,
particularly for solid tumors.

Fifth, in some studies, hazard ratios were derived from time-
to-event data or calculated from secondary endpoints, which
may have introduced variability in effect estimates. Additionally,
geographic bias may limit generalizability: a potential
geographic bias exists, as a substantial proportion of the
included trials were conducted in North America and Europe,
limiting generalizability to underrepresented populations in
Asia, Africa, and South America.

An important limitation of the available evidence is the relatively
short duration of follow-up in many included trials. As most RCT's
were designed to evaluate metabolic or cardiovascular outcomes
rather than cancer endpoints, their follow-up periods may be
insufficient to fully capture the latency of solid tumor

development. Consequently, observed reductions in cancer
incidence—particularly for colorectal and liver cancers should be
interpreted with caution and cannot be assumed to reflect long-term
cancer prevention.

Furthermore, the biological latency of solid gastrointestinal
malignancies often exceeds the follow-up duration of available
randomized trials. Although large studies such as the SELECT
trial provide important safety data, a median follow-up of
approximately 40 months is insufficient to capture late-onset
oncogenesis. As a result, the absence of increased cancer
incidence in short-to mid-term follow-up cannot be equated with
long-term oncological safety.

Finally, although the risk of bias was generally low across studies,
sponsorship bias cannot be ruled out given that a substantial

proportion of the included RCTs were industry-funded.
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Importantly, these findings should not be extrapolated to newer
dual incretin agonists such as tirzepatide. Dual GLP-1/GIP receptor
agonists possess distinct pharmacodynamic and metabolic profiles,
and safety data for these

long-term  oncological agents

remain limited.

5 Conclusion

In conclusion, this meta-analysis provides robust evidence that
GLP-1 receptor agonists do not significantly increase the risk of
gastrointestinal cancers in patients with T2DM and obesity. On the
contrary, GLP-1 RAs may confer protective effects against colorectal
and liver cancers, likely due to their weight loss and anti-
inflammatory properties. These findings support the continued
use of GLP-1 RAs in clinical practice, but further research is
needed to fully understand their long-term oncological safety,
particularly in relation to non-gastrointestinal cancers and rare
malignancies such as pancreatic cancer. The rising global
prevalence of T2DM and obesity makes understanding the full
range of benefits and risks associated with GLP-1 RAs essential
for optimizing treatment strategies in these populations. These
results apply specifically to GLP-1 receptor agonists evaluated in
randomized controlled trials and should not be extended to dual
agonist therapies in the absence of dedicated long-term cancer
outcome data.
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