
GLP-1 Receptor Agonists and Cancer Risk in Adults With Obesity
Hao Dai, PhD; Yongqiu Li, MS; Yao An Lee, MS; Ying Lu, BA; Thomas J. George, MD; William T. Donahoo, MD;
Kelvin P. Lee, MD; Harikrishna Nakshatri, PhD; John Allen, PharmD; Yi Guo, PhD; Ramon C. Sun, PhD;
Jingchuan Guo, MD, PhD; Jiang Bian, PhD

IMPORTANCE Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are widely prescribed for
glycemic control in type 2 diabetes and have recently gained popularity for weight
management. However, their long-term impact on cancer risk remains uncertain.
Understanding this association is crucial for patient safety.

OBJECTIVE To compare the incidence of 14 cancers among adults with obesity prescribed
GLP-1RAs vs nonusers.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study followed a target trial
emulation design using 2014 to 2024 electronic health record data from OneFlorida+, a
multicenter health research network that integrates real-world clinical data from diverse
health care settings. Adults 18 years or older eligible for antiobesity medications without prior
cancer history were included. Participants were categorized as GLP-1RA users or nonusers,
matched 1:1 using propensity scores.

EXPOSURE Individuals taking vs not taking GLP-1RAs.

MAIN OUTCOMES AND MEASURES The primary outcomes were the incidence of 14 cancer
types, including 13 obesity-associated cancers (liver, thyroid, pancreatic, bladder, colorectal,
kidney, breast, endometrial, meningioma, upper gastrointestinal, ovarian, multiple myeloma,
and prostate) and lung cancer.

RESULTS A total of 86 632 matched adults (mean [SD] age, 52.4 [14.5] years; 68.2% female)
were included, comprising 43 317 GLP-1RA users and 43 315 otherwise eligible nonusers. The
incidence rates of the 14 cancers were 13.6 vs 16.4 per 1000 person-years, respectively,
indicating a significantly lower overall cancer risk among individuals taking GLP-1RAs (hazard
ratio [HR], 0.83 [95% CI, 0.76-0.91]; P = .002) compared with nonusers. In particular, taking
GLP-1RAs was associated with a reduced risk of endometrial cancer (HR, 0.75 [95% CI,
0.57-0.99]; P = .05), ovarian cancer (HR, 0.53 [95% CI, 0.29-0.96]; P = .04), and
meningioma (HR, 0.69 [95% CI, 0.48-0.97]; P = .05). However, GLP-1RAs were associated
with a marginally nonsignificant increased risk of kidney cancer (HR, 1.38 [95% CI, 0.99-1.93];
P = .04).

CONCLUSIONS AND RELEVANCE This retrospective cohort study found that taking GLP-1RAs
was associated with a reduced overall risk of cancer, including lower risks of endometrial,
ovarian, and meningioma cancers, among patients with obesity or overweight. However,
taking GLP-1RAs may be associated with an increased risk of kidney cancer, highlighting the
need for longer-term follow-up to clarify the underlying mechanisms and clinical implications
of these findings.
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O besity, characterized by excessive fat accumulation,1

is a significant public health concern in the US.2 As of
2021, more than 100 million US adults were living with

obesity,2 contributing to a growing burden of chronic dis-
eases and rising health care costs.3 Obesity significantly in-
creases the risk of developing several serious conditions, in-
cluding type 2 diabetes (T2D).2 More critically, obesity is
associated with at least 13 types of cancer,2 which account for
approximately 40% of all cancer diagnoses each year in the US.4

As obesity rates continue to rise, identifying effective inter-
ventions to mitigate cancer risk among individuals with obe-
sity is a critical public health priority.5,6

Glucagon-like peptide-1 receptor agonists (GLP-1RAs), a
new class of antihyperglycemic agents, have emerged as a
promising pharmacologic intervention for obesity and
related comorbidities. Initially developed for T2D treat-
ment, GLP-1RAs have demonstrated efficacy in promoting
weight loss, leading to US Food and Drug Administration
approval for chronic weight management in 2014.7,8 Beyond
their effects on glycemic control and weight loss, recent
studies suggest GLP-1RAs may also influence cancer
risk.9-11

Although these findings provide insight into the poten-
tial relationship between GLP-1RAs and cancer risk, all
existing studies have focused on comparisons among
glucose-lowering drugs (GLDs) in patients with T2D, leaving
uncertainty regarding their potential role in cancer preven-
tion in individuals with obesity regardless of diabetes sta-
tus. Additionally, previous studies often did not address
variation in treatment effects across different patient
groups, known as heterogeneity of treatment effects (HTE).
Factors such as age, sex, and baseline metabolic conditions
may influence how GLP-1RAs affect cancer risk, possibly
contributing to conflicting findings across international
studies.11,12 These discrepancies may be partially attribut-
able to differences in study design, comparator selection,
and confounding control, as well as variability in patient
characteristics.

To better address these challenges, a target trial emula-
tion study using real-world data from the OneFlorida+ Clini-
cal Research Network was conducted. The study design fol-
lowed a target trial emulation framework to minimize biases
inherent in observational research, specifically aiming to
reduce confounding and immortal time bias through the
emulation of a randomized trial framework.13,14 The inci-
dence of 14 cancer types was compared between GLP-1RA
users and nonusers among individuals with obesity and
overweight who were eligible for antiobesity treatment.
Specifically, 13 obesity-associated cancers were studied
(liver, thyroid, pancreatic, bladder, colorectal, kidney,
breast, endometrial, meningioma, upper gastrointestinal,
ovarian, multiple myeloma, and prostate) and lung cancer.
To further explore response variability, HTE and individual-
ized treatment effect (ITE) analyses using advanced
machine learning methods were incorporated to further
identify subgroups of patients who may derive the maximal
benefit or experience potential harm from GLP-1RA therapy
in relation to cancer risk.15

Methods

Study Design and Data Source
We conducted a target trial emulation (eTable 1 in Supple-
ment 1) using a retrospective cohort study with a new-user de-
sign, applying a time-dependent propensity score–matching
approach to balance baseline covariates between comparison
groups, thereby mimicking randomization. An intention-to-
treat analysis was conducted to investigate the association be-
tween GLP-1RAs and cancer risk among adults with over-
weight and obesity with and without T2D. This study was
approved and exempted from patient consent by the Univer-
sity of Florida Institutional Review Board because it was a ret-
rospective secondary analysis of existing electronic health rec-
ord (EHR) data. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.

Our study used real-world OneFlorida+ data, covering the
period from 2014 to 2024. OneFlorida+ consists of 14 health
care organizations and contains longitudinal patient-level EHRs
for 20 million individuals from Florida, Georgia, and Ala-
bama.

Study Population
The study included patients eligible for antiobesity medica-
tions (AOMs) between January 1, 2014, and January 31, 2024.
According to a 2013 American Heart Association/American Col-
lege of Cardiology/The Obesity Society guideline, which we ap-
plied to this study, AOM eligibility was defined as (1) having a
recorded diagnosis of obesity (body mass index [BMI; calcu-
lated as weight in kilograms divided by height in meters
squared] ≥30) or (2) a BMI of 27 to 29.9 with at least 1 weight-
related comorbidity.16 Patients were excluded if they were
younger than 18 years, had an active malignant neoplasm, or
were pregnant on the cohort entry date.

The exposure of interest was the initiation of GLP-1RA treat-
ment (eg, liraglutide, semaglutide, and tirzepatide, identi-
fied using RxNorm identifiers) (eTable 2 in Supplement 1). The
comparator group, defined as patients who did not initiate GLP-
1RA therapy during the study period, was constructed by align-
ing nonusers to GLP-1RA users within a ±1-week window of the

Key Points
Question Is taking glucagon-like peptide-1 receptor agonists
(GLP-1RAs) associated with the risk of developing cancer among
adults with obesity?

Findings In this retrospective cohort study using a target trial
emulation design with electronic health records from OneFlorida+,
43 317 individuals taking GLP-1RAs were compared with 43 315
matched nonusers. Taking GLP-1RAs was significantly associated
with a reduced risk of overall cancer, particularly for endometrial,
meningioma, and ovarian cancers; however, GLP-1RAs were
associated with a nonsignificant increased risk of kidney cancer.

Meaning These findings suggest taking GLP-1RAs may influence
cancer risk, highlighting the need for long-term follow-up to
understand underlying mechanisms.
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initiation date to ensure temporal comparability of treatment
assignment. The index date was the first GLP-1RA prescrip-
tion date for users and the matched visit date for nonusers. Pa-
tients were excluded if they had no encounter in the year be-
fore the index date, had less than 30 days of follow-up, or had
prior malignant neoplasms.

Study Outcomes and Follow-Up
The study outcomes included 13 obesity-associated cancers
(liver, thyroid, pancreatic, bladder, colorectal, kidney,
breast, endometrial, meningioma, upper gastrointestinal,
ovarian, multiple myeloma, and prostate). Additionally, pre-
clinical studies suggested that GLP-1RAs suppress lung can-
cer cell proliferation in vitro and in vivo,17 and evidence
from population observational studies also showed a lower
lung cancer risk associated with GLP-1RAs.18,19 Therefore,
we also included lung cancer as a primary outcome. Out-
comes were identified through 1 or more corresponding
diagnosis codes in International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) or Interna-
tional Statistical Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) (eTable 3 in Supple-
ment 1). Patients were followed up from the index date until
the earliest of the following events: occurrence of the can-
cer of interest; death; last observation; or to the end of the
study period on January 31, 2024.

Covariates
Baseline covariates included demographics, comorbidities,
medications, and laboratory values (eTable 4 in Supple-
ment 1). Race and ethnicity data were extracted from EHRs to
describe the study population and enable subgroup analyses
if disparities were present. Race and ethnicity categories in-
cluded Hispanic, non-Hispanic Black, non-Hispanic White, and
other (eg, multiracial, Asian, Native Hawaiian or Other Pa-
cific Islander, and American Indian or Alaska Native). Medi-
cation information was collected during the year before or on
the index date and comorbidities were collected 3 years prior
to the index date.

Statistical Analysis
We performed 1:1 time-dependent propensity score matching
to balance baseline covariates between GLP-1RA users and non-
users (eMethods 1 in Supplement 1). We assessed balance via
standardized mean differences and Cohen d, with a standard-
ized mean difference less than 0.1 indicating negligible
imbalance.20 Cancer incidence rates were calculated, and Ka-
plan-Meier curves illustrated cumulative incidence per 1000
person-years. Cox proportional hazard regression models were
used to estimate hazard ratios (HRs) with 95% CIs by compar-
ing GLP-1RA users vs nonusers. Proportion assumptions were
examined for Cox models. Subgroup analyses were per-
formed to assess potential effect modifications by age (≥65 vs
<65 years), sex, race and ethnicity (Hispanic vs non-Hispanic
Black vs non-Hispanic White vs other), T2D (T2D vs no T2D at
baseline), obesity (overweight vs obese), and specific GLPs (spe-
cific GLP use vs nonuse, in terms of liraglutide, semaglutide,
and tirzepatide). To assess robustness, we used a Fine-Gray

subdistribution hazard model21 to account for the competing
risk of mortality.

ITE and HTE
We used doubly robust meta-learner22 for ITE estimation. A
logistic model estimated the propensity score for GLP-1RA use,
while the XGBoost regression model23 modeled cancer risk out-
comes. To ensure unbiased estimation, we applied a triple
cross-fitting strategy for ITE estimation and bootstrapping for
hyperparameter tuning within each round (eMethods 2 in
Supplement 1).

Absolute risk differences (RDs) with 95% CIs captured the
average exposure effect, with negative ITEs indicating ben-
efit and positive values indicating harm. Additionally, we con-
ducted HTE analyses based on the ITEs to explore risk varia-
tion across subgroups, using SHAP (Shapley Additive
Explanations) values24 and interpretable decision tree.25 P val-
ues were 2-sided, with P < .05 considered statistically signifi-
cant. All analyses were conducted using Python (Python Soft-
ware Foundation) and survival curves were produced using R
version 4.4.1 (R Foundation).

Results
The patient selection process is presented in Figure 1. After pro-
pensity score matching, the final cohort included 86 632 adults
(43 317 individuals taking GLP-1RAs and 43 315 matched non-
users). Baseline characteristics are detailed in eTable 4 and
eFigure 1 in Supplement 1. Participants had a mean (SD) age
of 52.4 (14.5) years, 68.2% were female, 44.2% were non-
Hispanic White, 50.7% had T2D, and 48.3% had obesity (BMI
≥30).

Figure 2 presents Kaplan-Meier plots showing the cumu-
lative incidence of overall cancer during follow-up. Cumula-
tive incidences for the individual 14 cancers are shown in eFig-
ure 2 in Supplement 1. The IR of the 14 cancers was 13.6 per
1000 person-years for GLP-1RA users and 16.4 per 1000 person-
years for GLP-1RA nonusers. The HR for overall cancer risk
among GLP-1RA users vs nonusers was 0.83 (95% CI, 0.76-
0.91; P = .002).

The forest plot for 14 cancer outcomes is shown in Figure 3.
Specifically, taking GLP-1RAs was associated with a statisti-
cally significant decreased risk of endometrial cancer (HR, 0.75
[95% CI, 0.57-0.99]; P = .05), ovarian cancer (HR, 0.53 [95%
CI, 0.29-0.96]; P = .04), and meningioma (HR, 0.69 [95% CI,
0.48-0.97]; P = .05). Notably, GLP-1RA use was associated with
a nonsignificant trend toward increased risk of kidney cancer
(HR, 1.38 [95% CI, 0.99-1.93]; P = .04). To evaluate the ad-
equacy of our sample and guide future research, we per-
formed a power and sample size projection analysis for endo-
metrial, ovarian, and meningioma cancers (eTable 5 in
Supplement 1).

Sensitivity and Subgroup Analyses
To account for competing risks, we conducted a Fine-Gray sub-
distribution hazard model, considering mortality as a com-
peting event (eTable 6 in Supplement 1). These results rein-
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forced the primary findings while ensuring robustness to
competing risk considerations. Furthermore, we conducted a
sensitivity analysis using a composite gynecologic cancer com-
bining endometrial and ovarian cancer. The results (HR, 0.68
[95% CI, 0.52-0.87]) provided increased statistical power and
strengthened the evidence. Additional post hoc analyses are
presented in eResults 1 in Supplement 1. Results of subgroup
analysis for 14 cancers can be seen in eFigure 3 in Supple-

ment 1. GLP-1RA use was associated with a reduced risk for mul-
tiple cancer types across most subgroups, except for kidney
cancer.

ITE and HTE Results
The details regarding data preprocessing and hyperparam-
eter tuning are shown in eResults 2 in Supplement 1. Further-
more, the estimated RDs were negative for endometrial can-
cer (RD, −0.08% [95% CI, −1.22% to 1.07%]), ovarian cancer
(RD, −0.03% [95% CI, −0.64% to 0.58%]), meningioma (RD,
−0.05% [95% CI, −0.95% to 0.86%]), and gynecologic cancer
(RD, −0.12% [95% CI, −1.33% to 1.08%]), suggesting potential
benefits of GLP-1RAs for these cancers; the estimated RD for
kidney cancer was 0.04% (95% CI, −0.70% to 0.77%), indicat-
ing a potential harm, although the CIs remained wide. All re-
sults were consistent with the Cox regression model. The ITE
distributions are shown in eResults 3 in Supplement 1.

Interpretable Tree Analysis
We used single decision tree models to identify patient sub-
groups with varying GLP-1RA effects. Detailed interpretable
trees for endometrial, ovarian, meningioma, and kidney can-
cers are provided in eFigure 4A-D in Supplement 1.

Feature Importance for ITE Estimation
We applied SHAP values to identify the most influential fea-
tures contributing to ITE variation. The top 10 predictors for
each cancer highlighted critical clinical factors that may modify
the impact of GLP-1RAs on cancer risk (eFigure 5A-D in Supple-
ment 1). For example, baseline factors, such as heart failure,
hospitalization for heart failure, metformin use, GLDs, insu-

Figure 1. Study Group Selection Flow Diagram
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Figure 2. Cumulative Incidence of Overall Cancer in Patients Receiving
Glucagon-Like Peptide-1 Receptor Agonists (GLP-1RAs) Compared With
Patients Not Receiving GLP-1RAs
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lin, proton pump inhibitors, T2D, substance use, anticoagu-
lant use, and hypertension, contributed most to the estima-
tion of ITE for kidney cancer risk. The detailed SHAP results
can be seen in eResults 4 in Supplement 1.

Feature Distribution Differences Between Benefit and Harm Groups
Based on the top 10 influential features, we examined their dis-
tributions across the relative benefit and relative harm groups.
The results are shown in eResults 5 and eFigures 6 and 7 in
Supplement 1.

Discussion
In this retrospective cohort study using data from the One-
Florida+ Clinical Research Network from 2014 to 2024, it was
found that taking GLP-1RAs was associated with a significant
reduction in overall cancer risk among adults with obesity or
overweight, with or without T2D. Notably, significant risk re-
ductions associated with GLP-1RA use were observed for ovar-
ian, endometrial, and meningioma cancers. Although not sta-
tistically significant, a trend of risk reduction was noted for
pancreatic, bladder, and breast cancers. However, GLP-1RA use
appeared to be associated with an increased risk of kidney can-
cer, especially for those younger than 65 years or overweight
(BMI 27-29.9).

Given that more than 137 million individuals in the US are
currently eligible for GLP-1RA therapies, even modest changes
in cancer risk could have substantial public health
implications.26 This study is one of the first to assess the as-
sociation between GLP-1RA use and cancer risk in the broad,
real-world population with obesity or overweight who are eli-
gible for AOMs. Study findings align with previous work that
only studied patients with T2D11 and identified significant re-
ductions in endometrial, ovarian, and meningioma cancers.

These patterns raise the hypothesis that GLP-1RAs may be as-
sociated with a lower risk of hormone-sensitive malignant
neoplasms.27-29 Preclinical studies support the role of meta-
bolic and hormonal pathways in endometrial cancer develop-
ment. For instance, a study demonstrated that liraglutide in-
hibited the growth of Ishikawa endometrial cancer cells and
promoted apoptosis (programmed cell death) in a dose-
dependent manner.30 Given that obesity and hyperinsu-
linemia are major risk factors for endometrial cancer, the meta-
bolic effects of GLP-1RAs, particularly their role in weight loss
and insulin sensitivity improvement, likely contribute to this
association with reduced cancer risk.30-33 Another preclinical
study has shown that GLP-1RAs, such as exenatide, can in-
hibit the proliferation and invasion of ovarian cancer cells by
downregulating metalloproteinases and upregulating their in-
hibitors. These findings suggest a potential functional role of
GLP-1RAs in ovarian tissue and support their antitumor effect.34

Given ovarian cancer is closely associated with obesity, hy-
perinsulinemia, and chronic inflammation,35 it is also plau-
sible that the metabolic improvements induced by GLP-1RAs
contribute to reduced risk. In a survey of human tumors, ap-
proximately 35% of meningiomas were found to express mea-
surable levels of GLP-1 receptors,36 suggesting that menin-
gioma cells may directly respond to GLP-1 or its analogs. GLP-
1RAs significantly improve metabolic profiles, and given that
meningiomas are known to exhibit hormone sensitivity,37 these
metabolic changes could plausibly influence tumor biology.
However, direct evidence linking GLP-1RAs to a reduced risk
of meningioma remains limited, aside from findings from a US
observational study.11 Further research is warranted to clarify
these potential biological mechanisms specifically in the con-
text of meningiomas.

For kidney cancer, the exploratory analysis indicated a
marginally elevated risk associated with taking GLP-1RAs. This
finding is consistent with a recent study, which reported a sig-

Figure 3. Risk of 14 Cancers in Patients Receiving Glucagon-Like Peptide-1 Receptor Agonists (GLP-1RAs) Compared With
Patients Not Receiving GLP-1RAs

Outcome
Hazard ratio
(95% CI)

86/29 379 (2.93)Endometrial cancer 0.75 (0.57-0.99)
70/43 317 (1.62)Colorectal cancer 0.88 (0.64-1.22)
54/43 317 (1.25)Thyroid cancer 0.77 (0.54-1.11)
151/13 938 (10.91)Prostate cancer 0.91 (0.73-1.15)
200/29 379 (6.81)Breast cancer 0.86 (0.71-1.03)
70/43 317 (1.62)Lung cancer 0.76 (0.55-1.04)
37/43 317 (0.85)Pancreatic cancer 0.84 (0.54-1.30)
83/43 317 (1.92)Kidney cancer 1.38 (0.99-1.93)
17/29 379 (0.58)Ovarian cancer 0.53 (0.29-0.96)
44/43 317 (1.02)Liver cancer 0.91 (0.60-1.38)
24/43 317 (0.55)Multiple myeloma 0.79 (0.46-1.35)
41/43 317 (0.95)Bladder cancer 0.97 (0.63-1.50)
55/43 317 (1.27)Meningioma 0.69 (0.48-0.97)
12/43 317 (0.28)Upper gastrointestinal cancer 0.60 (0.29-1.24)
891/43 317 (20.5)

115/29 741 (3.87)
76/43 315 (1.75)
67/43 315 (1.55)
145/13 561 (10.69)
234/29 741 (7.87)
88/43 315 (2.03)
42/43 315 (0.97)
58/43 315 (1.34)
32/29 741 (1.08)
46/43 315 (1.06)
29/43 315 (0.67)
40/43 315 (0.92)
76/43 315 (1.75)
19/43 315 (0.44)
1022/43 315 (23.6)Overall cancer 0.83 (0.76-0.91)

0 1.5 2.01.0
Hazard ratio (95% CI)

0.5

No./total No. (IR)
GLP-1RA Non–GLP-1RA

IR indicates incidence rate.
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nificant increase in kidney cancer risk among individuals tak-
ing GLP-1RAs compared with metformin in patients with T2D.11

GLP-1RAs have direct effects on kidney function mediated by
GLP-1RAs in kidney vasculature; however, these are not asso-
ciated with increased mitogenesis.38 The biological mecha-
nisms underlying a potential increased risk of kidney cancer
remain unclear, especially given that GLP-1RAs have been
shown to improve kidney function in other studies.39,40 Fur-
ther research is needed to clarify this potential risk.

HTE and Clinical Implications
Interpretable decision trees identified clinically relevant sub-
groups with potential differential responses to GLP-1RA
therapy. For endometrial cancer, depression appeared to
modify treatment response, with patients diagnosed with de-
pression showing a modest association with reduced risk, while
those without depression but taking oral corticosteroids did
not benefit. These findings are consistent with literature link-
ing depression, systemic inflammation, and metabolic dys-
regulation, suggesting possible neuroimmune mediation of
GLP-1RA effects.41,42 In meningioma, an association with re-
duced risk was observed among patients taking antidepres-
sants, but not in those not taking antidepressants or not using
proton pump inhibitors. Preclinical studies suggest that sero-
tonergic antidepressants can directly affect tumor cell sur-
vival and the tumor microenvironment. Evidence indicates a
potential antitumor effect through apoptosis induction,43 in-
hibition of tumor growth via disruption of mitogenic
pathways,44 and immunomodulatory actions, such as reduc-
ing tumor-promoting inflammation and enhancing antitu-
mor immune responses,45 which may plausibly influence me-
ningioma biology. Furthermore, the GLP-1 receptor and
serotonin signaling pathways may interact synergistically. GLP-
1RAs enhance central serotonin signaling, while selective sero-
tonin reuptake inhibitors increase serotonin availability, po-
tentially amplifying GLP-1–mediated effects.46,47 For kidney
cancer, depression was again associated with a potential pro-
tective signal, whereas substance use was linked to increased
risk, implying a possible harmful interaction.

ITE Variability and Predictive Features
Study analysis also revealed that the efficacy of GLP-1RAs in
cancer prevention may be influenced by individual clinical and
metabolic factors. Regarding kidney cancer, a higher preva-
lence of insulin, metformin, and oral anticoagulant use, along
with lower rates of substance use, was associated with re-
duced cancer risk among individuals taking GLP-1RAs. This
finding aligns with research suggesting that taking certain sub-

stances is linked to an increased risk of kidney cancer,48,49 while
GLDs showed a potential association with reduced kidney can-
cer risk,50 although strong evidence is still lacking.51

Limitations
This study has limitations. First, observational studies evalu-
ating drug effects inherently carry risks of confounding by in-
dication and unmeasured confounding. Notably, longitudi-
nal assessments of BMI were not included. Thus, the study
could not disentangle whether the observed cancer risk re-
duction was due to GLP-1RAs themselves or drug-induced
weight loss. Additionally, glycemic control, another potential
driver of cancer risk, was not evaluated longitudinally, restrict-
ing understanding of the role of GLP-1RA–induced glycemic im-
provement. Second, the performance of machine learning–
based modeling heavily relies on data quality. Although cross-
validation and bootstrapping techniques were used for model
assessment and refinement, the incorporation of additional
high-quality, longitudinal data could further enhance re-
sults. Third, the study focused exclusively on cancer-naive pa-
tients, and therefore, the findings may not generalize to popu-
lations with a previous cancer diagnosis or second cancer risk.
Although the cohort was large, several cancer types had low
event counts (such as ovarian and pancreatic cancers, which
are generally low), resulting in wide CIs and limited statisti-
cal power. These findings should be interpreted with cau-
tion. Future studies with larger sample sizes are warranted to
validate these associations. Fourth, tumorigenesis is often a
prolonged process. Given the relatively recent approval and
widespread uptake of GLP-1RAs, the study’s follow-up dura-
tion may not have been sufficient to fully capture their long-
term effects on cancer risk. This limitation, rooted in the un-
derlying biology of cancer development, highlights the need
for extended longitudinal follow-up in future research.

Conclusions
GLP-1RAs were associated with a reduced overall risk of can-
cer, including lower risks of endometrial cancer, ovarian can-
cer, and meningioma, among patients with obesity or over-
weight, regardless of T2D status. However, taking GLP-1RAs
might be associated with an increased risk of kidney cancer,
especially among patients younger than 65 years or those with
overweight. These findings highlight the importance of tai-
lored risk assessments and underscore the need for further
long-term studies to clarify the impact of GLP-1RAs on cancer
risk in high-risk populations.
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