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Association of glucagon-like peptide-1 receptor
agonists with risk of cancers-evidence from a drug

target Mendelian randomization and clinical trials
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IExperimentaI Research

Background: Glucagon-like peptide-1 receptor (GLP1R) agonists have been approved by Food and Drug Administration for\
management of obesity. However, the causal relationship of GLP1R agonists (GLP1RA) with cancers still unclear.

Methods: The available cis-eQTLs for drugs target genes (GLP1R) were used as proxies for exposure to GLP1RA. Mendelian
randomizations (MR) were performed to reveal the association of genetically-proxied GLP1RA with 14 common types cancer from
large-scale consortia. Type 2 diabetes was used as positive control, and the GWASs data including 80 154 cases and 853 816
controls. Replicating the findings in the FinnGen study and then pooled with meta-analysis. Finally, all the related randomized
controlled trails (RCTs) on GLP1RA were systematically searched from PubMed, Embase, and the Cochrane Library to
comprehensively synthesize the evidence to validate any possible association with cancers.

Result: Atotal of 22 significant cis-eQTL single-nucleotide polymorphisms were included as genetic instrument. The association of
genetically-proxied GLP1RA with significantly decreased type 2 diabetes risk [OR (95%) =0.82 (0.79-0.86), P < 0.001], which
ensuring the effectiveness of identified genetic instruments. The authors found favorable evidence to support the association of
GLP1RA with reduced breast cancer and basal cell carcinoma risk [0.92 (0.88-0.96), P <0.001, 0.92 (0.85-0.99), P=0.029,
respectively], and with increased colorectal cancer risk [1.12 (1.07-1.18), P < 0.001]. In addition, there was no suggestive evidence
to support the association of GLP1RA with ovarian cancer [0.99 (0.90-1.09), P=0.827], lung cancer [1.01 (0.93-1.10), P=0760],
and thyroid cancer [0.83 (0.63-1.10), P=0.187]. Our findings were consistent with the meta-analysis. Finally, 80 RCTs were
included in the systematic review, with a low incidence of different kinds of cancer.

Conclusions: Our study suggests that GLP1RA may decrease the risk of breast cancer and basal cell carcinoma, but increase the
risk of colorectal cancer. However, according to the systematic review of RCTs, the incidence of cancer in patients treated with
GLP1RA is low. Larger sample sizes of RCTs with long-term follow-up are necessary to establish the incidence of cancers and
evaluate the risk-benefit ratios.
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Introduction U.S. Food and Drug Administration (FDA) on 4 June 2021 for
use in obese and overweight adult!'. GLP1R is expressed in
various tissues and organs, including the adipose, smooth muscle,
lungs heart, kidney and pancreas, and specific nuclei of the central
nervous system?. Glucagon-like peptide-1 receptor agonists

Semaglutide, an agonist of glucagon-like peptide-1 receptor
(GLP1R), was originally developed for the treatment of type 2
diabetes, and has been granted supplemental approved by the
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(GLP1RA) are also considered for the therapy of prediabetes,
liver disease, and neurodegenerative diseases”!. A recent multi-
course clinical trial suggests that weekly injections of semaglutide
in overweight or obese patients without diabetes result in reduce
the risk of death from cardiovascular events by 20%"!,

However, as GLP1RA is approved for weight control in more
countries around the world, it is unclear whether the potential
side effects can be tolerated when treating millions of individuals
with medications like semaglutide. The GLP1RA simulate gut
hormones, in addition to causing the common gastrointestinal
side effects such as nausea, vomiting, constipation, diarrhea, and
increases pancreatitis, bowel obstruction, and gastroparesis*l. A
study reported that a remarkably increase in pancreatic cancer
among patients who treated with GLP1IRAP!, but an extensive
review of preclinical and clinical studies by FDA and EMA con-
cluded that the causal relationship between GLP1RA and pan-
creatic adverse events was inconsistent'®., What about long-term
risks? However, no studies have been performed to systematically
explored the possible risk between this drug target agonist and
cancers.

Due to the lack of long-term randomized controlled trials of
GLP1RA, Mendelian randomization (MR) can be conducted
to assess causality relationship between GLP1RA and various
types of cancer by using genetic variants in the GLP1R gene,
and overcome the potential bias from confounding and reverse
causation!”!, Drug target MR has been prioritized for clinical
trial design, and multiple studies have explored the potential
drug efficacy of different drug targets in related diseases!®~'11,
Here, we performed an MR analysis to comprehensively
explore the causal relationship between GLP1RA and 14
cancers. To verify and complement the MR results, we con-
ducted a systematic review of RCTs on GLP1RA to investigate
the association with cancers.

Methods

The overall investigation of this study is presented in Figure 1. We
first select the genetic instruments for GLP1R and conducted a
drug target MR to explore the causal relationship of the GLP1R
gene activation with 14 cancer outcomes. We performed the
positive control analysis to further examine the association of
exposures of interest with type 2 diabetes to ensure the reliability
of genetic instruments. We then repeated the analysis in the
FinnGen study to confirm the findings of the drug target MR and
meta-analysis the results. Finally, we try to systematic review the
randomized controlled studies on GLP1RA to comprehensively
synthesize the evidence to validate any possible association with
cancers. All the studies included in our analysis have been
approved by the relevant institutional review committee and
obtained the informed consent from participants.

MR analysis
Selection of genetic instruments

The GLP1R agonist which approved by FDA for blood glucose
and weight-regulated drug was included as exposures in this
study. As presented in Figure 1, the available cis-eQTLs for drugs
target genes (GLP1R) were used as the proxy of exposure to the
GLP1R agonists. The summary-level data for cis-eQTLs includ-
ing 235 single-nucleotide polymorphisms (SNP) were obtained

HIGHLIGHTS

e Our study explored the causal relationship between
GLP1R agonists (GLP1RA) and 14 cancers by
Mendelian randomization and systematic review.

e This study found the GLP1RA may decrease the risk of
breast cancer and basal cell carcinoma, but increase the risk
of colorectal cancer. The use of GLP1RA does not increase
the risk of ovarian cancer, lung cancer, and thyroid cancer.

e The systematic review of randomized controlled trails on
GLP1RA showed a low incidence of different kinds of
cancer.

from eQTLGen Consortium!'? (https://www.eqtlgen.org/), the
details of which are shown in Supplementary Table 1
(Supplemental Digital Content 1, http:/links.lww.com/JS9/
C455). We selected the common (minor allele frequency > 1%)
cis-eQTLs SNPs significantly (P < 5.0 x 10 ~®) associated with the
expression of GLP1R in blood as instrumental variables.
Moreover, the F-statistics > 10 to ensure instrumental strength
associated with exposure traits. In addition, we evaluated the
association of the genetic instruments with type 2 diabetes to
proxy the exposure of GLP1R agonists. Finally, considering
possible pleiotropic effects of the genetic instruments on potential
confounders, we excluded the pleiotropic SNPs that associated
with other potential confounders through the PhenoScanner
(http://www.phenoscanner.medschl.cam.ac.uk/).

Outcome sources

To avoid the potential bias due to diverse populations, we
restricted the genetic background the population in our drug
target MR to participants of European populations. we extracted
type 2 diabetes from a large meta-analysis of GWASs contain
80 154 cases and 853 816 controls!'*!, The data was downloaded
from the DIAGRAM-Consortium (http://diagram-consortium.
org/downloads.html). We collected GWAS summary-level data
of 14 common types cancer from large-scale consortia: brain,
oral, thyroid, esophageal, breast, lung, gastric, pancreatic, col-
orectal, prostate, ovarian, endometrial, basal cell carcinoma, and
multiple myelomal">~?2], The details of each cancer outcome are
presented in Supplementary Table 2 (Supplemental Digital
Content 1, http://links.lww.com/JS9/C4535).

Replication with FinnGen study and meta-analysis

We performed the replication analyses of finding from the
‘Discovery’ results by using summary genetic cancer outcome
data from the FinnGen consortium (R9) (https://www.finngen.fi/
en)®*, The FinnGen research is a large-scale project including
genotype and clinical data with registries in up to 377 277
participants**!, The number of individuals included in replica-
tion analysis ranged from 133 164 to 306 119 and is shown in
Supplementary Table 2 (Supplemental Digital Content 1, http://
links.lww.com/JS9/C455). Moreover, we performed meta-ana-
lysis to pool the MR findings from the discovery and replication
analyses.
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Stage 1:
Genetic instruments
selection for GLP1R agonist

4 Twenty-two common cis-eQTLs (MAF>1%) in blood
for GLPIR gene (p<5.0x107%), F-statistic >10.
4 Positive control: Type 2 diabetes

4

4 The summary genetic association data from

Stage 2:
Two-sample mendelian
randomization analysis

Stage 3:
Systematic review

GWAS of 14 cancer outcomes (discovery)
4 The FinnGen studies (replication)
¢ Meta-analysis

J

¢ Search for PubMed, Embase, The Cochrane Library
and other systematic reviews for GLP1RA RCTS

480 RCTs included in review

Figure 1. Study design overall flowchart. eQTL, expression quantitative trait locus; GLP1RA, glucagon-like peptide-1 receptor agonists; MAF, minor allele fre-

quency; SNP, single-nucleotide polymorphism.

Statistical analyses

To reveal the causal effects of GLP1R agonist with 14 cancers, we
performed MR analysis utilizing the “TwoSampleMR’ R package
(version 0.5.8). The associations between cis-eQTLs and the
outcomes were calculated odds ratios (ORs) and corresponding
CIs by applying the random-effects inverse-variance weighted
(IVW) method. Positive control analysis was conducted to vali-
date the genetic instruments for GLP1R. Since GLP1R agonists
are already approved by the FDA for control blood glucose and
weight, we thus verified the association of genetic instruments
from eQTLs with type 2 diabetes as positive control study.
Moreover, the MR-PRESSO was used to detect outlier genetic
variants. In addition, we performed the MR-Egger intercept test
to evaluate the horizontal pleiotropy?*!, and Cochrane’s O value
was performed to assess the heterogeneity in IVW estimators, and
P <0.05 indicates the evidence of heterogeneity.

For the meta-analysis, we used estimated ORs and 95% CIL. I*
was used to evaluate heterogeneity across included studies, and if
I?> 50%, it is considered significant heterogeneity. To decrease
the influence of heterogeneity on the accuracy, all the analyses are
conducted using random effect model. Probability values of <
0.05 were considered statistic significantly. All the analysis were
done with R software (V4.3.0).

Systematic review clinical drug trials on GLP1R agonist

We systematically retrieved PubMed, Embase, and The Cochrane
Library for all related studies to 23 December 2023. The retrieve
strategies were a combination of Mesh Terms and free words, and
the full search strategies are provided in the supplementary
Table 3 (Supplemental Digital Content 1, http:/links.lww.com/
JS9/C455). The reference lists of relevant literatures and reviews
were also screened. Trails were retained if they were RCTs
reporting the association with any cancer or cancer events fol-
lowed GLP1RA treatment. We excluded studies included patient
under 18 years, and studies that were limited to treatment with
GLP1A alone. Non-English literature and literature where the full

text cannot be found are also excluded. Two reviewers (Y.M.S.
and Y.J.L.) independently screened titles and abstracts, and the
disagreements were resolved through consensus. The following
items were extracted from trails that conform to the inclusion
criteria: the first author, country, years, study design, condition of
patients, sample size, number of cases, cancer events, and follow-
up period.

Results

Genetic instruments selection

A total of 22 significant cis-eQTL SNPs were selected from
eQTLGen as genetic instrument for drug target gene GLP1R. The
F statistic of all instrument variants is over 47, which indicates no
bias caused by weak instrument in our study (Supplementary
Table 4, Supplemental Digital Content 1, http:/links.lww.com/
JS9/C455). In addition, the result of positive control proved that
GLP1RA significantly decreased the risk of type 2 diabetes [OR
(95%)=0.82 [0.79-0.86), P <0.001] and similar with replica-
tion analyses of FinnGen consortium [OR (95%)=0.89
(0.85-0.94), P <0.001], which was also consistent with meta-
analysis (Fig. 2), further ensuring the effectiveness of identified
genetic instruments.

Discovery MR analysis on GLP1RA with cancers

The results from ‘Discovery” MR analysis found an obvious
protective effect on some cancers with the higher expression of
GLP1R gene in blood with the IVW method as the mainly causal
results, including oral cancer [OR (95%)=0.11 (0.07-0.15),
P <0.001], multiple myeloma [OR (95%)=0.32 (0.21-0.48),
P<0.001], breast cancer [OR (95%)=0.92 (0.88-0.96),
P<0.001], and basal cell carcinoma [OR (95%)=0.92
(0.85-0.99), P=0.029]. However, the IVW-MR analysis also
showed suggestive evidence that with the increased expression of
GLP1R gene, an increased risk of prostate cancer [OR
(95%)=1.09 (1.05-1.14), P<0.001], colorectal cancer [OR
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Study logOR  SE(logOR) Odds Ratio OR 95%-Cl  Weight

Mahajan et al -0.1985 0.0217 —'—' 0.82 [0.79;0.86] 51.5%

FennGenn -0.1165 0.0260 . 0.89 [0.85;0.94] 48.5%

Random effects model —I* | . 0.85 [0.79;0.92] 100.0%
0.8 1 1.25

Heterogeneity: I° = 83%, T = 0.0028, p = 0.02

Figure 2. Forest plot of associations of GLP1RA and Type 2 diabetes across Mahajan et al. and FinnGen.

(95%)=1.12 (1.07-1.18), P <0.001], endometrial cancer [OR
(95%)=1.15 (1.03-1.28), P=0.001], esophageal cancer [OR
(95%)=1.48 (1.19-1.85), P<0.001], and gastric cancer [OR
(95%)=1.74 (1.54-1.97), P <0.001]. In addition, there was no

supporting evidence to verify the association of GLP1R expres-
sion with pancreatic cancer, ovarian cancer, lung cancer and
thyroid cancer (Supplementary Table 5, Supplemental Digital
Content 1, http:/linksIww.com/JS9/C455). The Cochrane Q
statistics and MR-Egger intercept test proved that there were no
statistical heterogeneity and horizontal pleiotropy in IVW-MR
(Supplementary Table 6, Supplemental Digital Content 1, http://
links.lww.com/JS9/C455, 7, Supplemental Digital Content 1,
http:/links.lww.com/JS9/C4535).

Replication with FinnGen study and meta-analysis

Replication analyses were performed for GLP1R with 14 kinds
cancer, and only the associations of GLP1R expression with
breast cancer, basal cell carcinoma, thyroid cancer, and endo-
metrial cancer were consistent with Discovery analysis, the MR,
heterogeneity, and horizontal pleiotropy results are presented in
Supplementary Tables 8-10 (Supplemental Digital Content 1,
http:/links.lww.com/JS9/C455). Furthermore, we conducted
meta-analysis of Discovery and Replication analyses, the con-
sistent evidence of association with Discovery analysis including:
breast cancer and basal cell carcinoma, colorectal, thyroid, lung,
and ovarian cancer. The expression of GLP1R significantly
decreased the risk of breast cancer and basal cell carcinoma (Figs
3, 4), but with an increased risk of colorectal cancer (Fig. 5), and
no associated with thyroid, lung, and ovarian cancer
(Supplementary Figs 1-3, Supplemental Digital Content 2, http://
links.lww.com/JS9/C456). Other meta-analysis results are shown
in Supplementary Figs 4-11, http:/links.lww.com/JS9/C456.

Review of RCTs on GLP1R agonists

A total of 36 123 potentially relevant studies were identified from
our database and citation searches. The titles and abstracts of
7248 studies were screened, and 101 studies were scanned for full
text. Finally, the remaining 80 RCTs were included in our review.

The PRISMA flowchart shows the literature screening process
and reasons for exclusion in our report (Supplementary Fig. 12,
http://links.lww.com/JS9/C456). The trails were mainly con-
ducted in America, China, Korea, Japan, Canada, Sweden,
Denmark, Italy, Spain, Netherlands, Germany, Austria, France,
and UK. Detailed characteristics of the included RCTs are shown
in Supplementary Table 11 (Supplemental Digital Content 1,
http://links.lww.com/JS9/C455). In summary, the majority of
RCTs focused on the therapeutic effect of GLP1R agonist on type
2 diabetes, and a few studied on obesity, heart failure, nonalco-
holic steatohepatitis, type 1 diabetes, and carotid plaque. These
RCTs included only adults and the number of participants ranged
from 44 to 17 604. Most of the studies had shorter patient follow-
up periods, with only 10 RCTs exceeding 2 years Supplementary
Table 11 (Supplemental Digital Content 1, http:/links.lww.com/
JS9/C455). The incidence of different kinds of cancer among the
included studies was low, with a total of 65 328 participants in
the GLP1R treatment group, of which 1559 patients developing
cancer. Among the treated group, the larger number of cancers
diagnosed were pancreatic cancer (7= 63), breast cancer (n =48),
lung cancer (n=37), colorectal cancer (n=36), and prostate
cancer (n=234), and the detailed cancer data are presented in
Table 1.

Discussion

Obesity affects ~800 million people worldwide, and is associated
with increased rates of hypertension, type 2 diabetes, sleep dis-
orders, cardiovascular disease, and premature death, for which
raises concerns about weight management>>!, The FDA
approved semaglutide for the management of obesity, which
attracted attention on its safety for long-term use!’. We com-
prehensively investigated the genetic and clinical trials to explore
the causal association of using GLP1R agonist with cancers. We
found the expression of GLP1R gene in blood with the decreased
risk of breast cancer and basal cell carcinoma, but with a lower
increased risk of colorectal cancer, which were consistent in both
drug-target MR and meta-analysis. In addition, we found that the

Study logOR  SE(logOR) Odds Ratio OR 95%.Cl  Weight

Zhang et al -0.0834 0.0222 ﬂ“— 0.92 [0.880.96) 56.3%

FennGenn -0.1985 0.0465 —"—‘— 082 [0.75;0.90) 437%

Random effects model _l"—‘—- ! , 0.87 [0.78;0.98]  100.0%
0.8 1 1.25

Heterogeneity: /° = 80%, ©° = 0.0053, p = 0.03

Figure 3. Forest plot of associations of GLP1RA and basal cell carcinoma risk across Adolphe et al. and FinnGen.
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Study logOR  SE(logOR)
Adolphe et al. -0.0834 0.0389
FennGenn -0.1278 0.0433

Random effects model

Heterogeneity: 1= 0%, = 0,p=045

Odds Ratio OR 95%-Cl  Weight
0.92 [0.85;0.99]  554%
0.88 [0.81:0.96] 44.6%
0.90 [0.85; 0.95]  100.0%

0.9 1 14

Figure 4. Forest plot of associations of GLP1RA and breast cancer risk across Zhang et al. and FinnGen.

use of GLP1R agonists did not increase the risk of lung, thyroid,
and ovarian cancers. Although a few clinical trials reported
occurrence of breast cancer, pancreatic cancer, and thyroid can-
cer, etc. subsequent to use of the GLP1R agonist, these findings
need to be verified in larger multicenter randomized controlled
trials, especially with long follow-up periods.

Drug target MR can be used to explore new therapeutic targets
for diseases as well as complications of drugs, and have been
found to be effective in numbers conditions, such as coronary
heart disease, ischemic stroke, and cancers>*°!. Previous studies
have focused on the effectiveness of GLP1R agonists treatment on
type 2 diabetes and obesity, and recently demonstrated benefits
for cardiovascular disease®®3!!. However, few attentions have
been paid to the association of GIP1R agonists with cancers. In
our ‘Discovery” MR analysis verified the inverse associations
between GLP1R agonists and breast cancer and basal cell carci-
noma. GLP-1R is expressed in human breast cancer, and GLP-1
can attenuate breast cancer cell proliferation by activating GLP-
1R and subsequently inhibiting the activation of NF-kB®2!, In
addition, GLP-1R can increase the level of cAMP, activate the
downstream target CREB, and effectively inhibit the proliferation
of breast cancer cells?®>?!. Moreover, our findings replicate con-
sistently when pooled with the FinnGen study. However, a ran-
domized controlled trial with a sample size of 14 752 people, who
subcutaneous injections with GLP1R agonists showed no
decreased occurrence in breast cancer and basal cell carcinoma
after 3.2 years of follow-up®*l. Accordingly, the protective role of
GLP1R agonists in development of breast cancer and basal cell
carcinoma need further assessment in future clinical studies.

We also found indicated evidence for an association of
genetically-proxied GLP1R with increased risk of colorectal
cancer. GLP1R is expressed in normal colon tissue and has
recently been found to have elevated levels of DNA hyper-
methylation in colorectal cancer®**¢), In addition, GLP1R ago-
nists could enhance Wnt signaling, its activation plays a crucial
role in colorectal cancer development, for which using of GLP1R
agonists may have high risk of colorectal cancer®”!, However, a

recent retrospective study reported that GLP1R agonists were
associated with decreased the risk of colorectal cancer®!.
Although its large sample size, the potential biases inherent in
observational studies such as unmeasured or uncontrolled con-
founders and reverse causality, which need warrant further
validation of the conclusion. it is worth noting that the result of
meta-analysis was consistent with our ‘Discovery’ analysis, which
guarantees the reliability of our conclusions. Finally, there was
suggestive evidence to support GLP1R agonists were not asso-
ciated with the risk of lung, thyroid, and ovarian cancers, which
were consistent with clinical trials®***%],

There are several strengths as follows. Firstly, we explored the
associations of GLP1R agonists with 14 common types cancer in
large GWAS summary-level data and validated the findings in
FinnGen biobank. Secondly, we performed meta-analysis of
‘Discovery’ and ‘Replication’ analyses, increasing statistical
capacity and the breadth of analyses. Thirdly, the systematic
review of RCTs on GLP1R agonists were performed to stabilize
the evidence. Limitations also need to be noticed when inter-
preting our results. Firstly, the drug target MR findings reflect the
effect of long-period genetically-proxied GLP1R agonists on
cancer risk may not be consistent with results in clinical trials over
a relatively limited period of time. Secondly, we only found
consistent results for basal cell carcinoma, breast, colorectal,
lung, thyroid, and ovarian cancer in the pooled ‘Discovery” and
‘Replication’ analyses, but inconsistent finding for multiple
myeloma, brain, oral, esophageal, gastric, pancreatic, prostate,
and endometrial cancer. Much larger sample size of GWAS and
RCTs with long follow-up period are needed in the future.
Thirdly, our analyses were conducted with participants of
European ancestry, so the universality of our findings to non-
European populations is unclear. Fourth, we did not explore the
association of some rarer cancers and the subtypes of selected
cancers. Finally, our study was limited to cancer risk but not
progression, future studies should focus on the potential effect of
GLP1R agonists in cancer treatment and prognosis.

Study logOR  SE(logOR) Odds Ratio OR 95%-Cl  Weight

Fernandez-Rozadilla et al.  0.1133 0.0250 . 112 [1.07; 1.18] 88.1%

FennGenn 0.0488 0.0678 1.056 [0.92; 1.20] 11.9%

Random effects model e 111 [1.06;1.16] 100.0%
I 1

0.9

Heterogeneity: IZ =0%, tzz 0,p=0.37

Figure 5. Forest plot of associations of GLP1RA and colorectal cancer risk across Fernandez-Rozadlila et al. and FinnGen.
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The details of various of cancer from systematic review.

Subject GLP1R agonists (n) Placebo (n)
Overall participants 65 328 56 016
Cancers 1559 1498
Pancreatic cancer 63 53
Breast cancer 48 27
Lung cancer 37 39
Colorectal cancer 36 31
Prostate cancer 34 53
Thyroid cancer 29 17
Kidney cancer 19 11
Bladder cancer 17 14
Melanoma 14 6
Liver cancer 14 9
Gastric cancer 13 16
Lymphoma 11 6
Basal cell carcinoma 9 3
Oral cancer 7 6
Leukemias 6 14
Cervical cancer 6 2
Squamous cell carcinoma 5 3
Ovarian cancer 3 2
Bone cancer 2 5
Endometrial cancer 1 0
Uterine cancer 1 0
Multiple myeloma 0 1
Brain cancer 0 2
Head and neck cancer 0 3
Esophagus cancer 0 1

In summary, using multiple analytic approaches our study
found that genetically-proxied GLP1R agonists was associated
with protective effect on breast cancer and basal cell carcinoma,
but with an increased risk of colorectal cancer. In addition, we
found that GLP1R agonists did not increase the risk of lung,
thyroid, or ovarian cancers. All the findings of our analysis need
to be evaluated in RCTs with long follow-up duration.
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