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ABSTRACT

The relationship between GLP-1 receptor agonists (GLP-1RAs) - including exenatide, liraglutide, dulaglutide,
semaglutide, and the dual GIP/GLP-1 agonist tirzepatide - and cancer risk in humans is profound. As thirteen
malignancies have been epidemiologically classified as obesity-associated cancers (OACs), and GLP-1RAs produce
substantial weight loss and the GLP-1 receptor (GLP-1R) is expressed across many tumor types, GLP-1 agonists should
be investigated for direct anti- neoplastic properties.

GLP-1 agonists beneficial effects concern hepatocellular carcinoma, colorectal cancer, endometrial cancer, ovarian
cancer, meningioma, gallbladder cancer, and multiple myeloma, with risk reductions in the range of HR 0.35-0.76 in
large cohorts versus insulin. Pancreatic, gastric, and esophageal cancers now appear neutral to mildly favorable, and
the initial concern regarding pancreatic cancer has been dispelled for the time. Breast cancer appears neutral-to-
favourable, supported by direct anti-tumor mechanisms demonstrated in cell lines. In thyroid and kidney cancer data
remains unclear whereas cholangiocarcinoma and neuroendocrine neoplasms remain points of conflicting evidence.

Keywords: GLP-1; Carcinogenesis; Human tumors; obesity related cancers

1 INTRODUCTION

1.1 GLP-1 biology and the rationale for oncological interest

Glucagon-like peptide-1 (GLP-1) is an incretin hormone secreted by enteroendocrine L cells of the distal ileum and colon
in response to nutrient intake, circulating in two equipotent forms — GLP-1(7-37) and GLP-1(7-36) amide — the latter
being the more abundant post-prandial species. Its discovery was traced by Liu (2024) [1] in a comprehensive
mechanistic review to 1982, when anglerfish proglucagon mRNA was found to encode glucagon-related peptide
sequences flanked by dibasic cleavage sites; the human and hamster GLP-1 genes were subsequently characterized by
Bell and colleagues in 1983, and Mojsov et al. (1986) and Holst and colleagues independently isolated GLP-1 from
human/pig tissue, showing that synthetic GLP-1 acted as a potent insulin secretagogue. The classical actions of GLP-1
— glucose-dependent insulinotropism, glucagon suppression, slowing of gastric emptying, and central satiety signaling
— have been reviewed authoritatively by Holst (2007) [2]. Mechanistically, as described by Mayendraraj et al. (2022)
[3], GLP-1R activation in pancreatic -cells recruits Gas, driving adenylate cyclase-mediated cAMP production, protein
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kinase A (PKA) and EPAC signaling, elevated intracellular Ca*, and ERK1/2 phosphorylation, with downstream effects
on proinsulin gene transcription and insulin release.

Beyond the pancreas, GLP-1 and its receptor are widely distributed. The seminal in vitro autoradiography study by
Korner et al. (2007) surveyed 419 human tumors and 209 non-neoplastic tissues and reported GLP-1R expression in
specific compartments of the pancreas, intestine, lung, kidney, breast, and brain, with high densities in
pheochromocytomas, brain tumors, and embryonic tumors but not in most carcinomas or lymphomas — positioning
the receptor as a candidate target for in vivo scintigraphy and targeted radiotherapy. Egan et al. (2003) [4] proposed
that GLP-1 also acts as a growth and differentiation factor for pancreatic islet -cells, foreshadowing a broader
discussion of proliferative effects that would later dominate the oncological literature.

The cellular and subcellular localization of GLP-1R across target organs is central to interpreting both the physiological
actions of the incretin system and the tissue-specific oncological signals traversed in this review. The definitive
immunohistochemical survey in primate and human tissue is that of Pyke et al. (2014) [5], who — using an extensively
validated monoclonal antibody in parallel with in situ ligand binding with [*?°I]-GLP-1 — established that in the
pancreas GLP-1R is predominantly localized in B-cells, with markedly weaker expression in acinar cells and no
detectable expression in pancreatic ductal epithelial cells; in the kidney and lung, the receptor is exclusively expressed
in smooth muscle cells of arterial and arteriolar walls; in the heart, expression is confined to the myocytes of the
sinoatrial node; in the gastrointestinal tract, the highest density is in the Brunner's glands of the duodenum, with lower-
level expression in gastric parietal cells, in the smooth muscle of the stomach's muscularis externa, and in myenteric
plexus neurons throughout the gut; and no expression is detected in primate liver or thyroid. Complementary
immunohistochemistry and autoradiography by Waser et al. (2015, Mod Pathol) [6] on 221 human thyroid and
pancreatic samples refined this picture: pancreatic insulin- and somatostatin-producing endocrine cells expressed a
high density of GLP-1R, acinar cells expressed the receptor in low amounts, and ductal epithelial cells were consistently
receptor-negative; neither normal nor hyperplastic human thyroids containing parafollicular C-cells expressed GLP-1R
by either method, and papillary thyroid carcinomas were negative — findings that ground the argument that the rodent
C-cell signal does not translate to human physiology, as also supported by Waser et al. (2011) [7], Gier etal. (2012) [8]
and Song etal. (2017) [9]. Korner et al. (2007), using [*2°1]-GLP-1(7-36)amide autoradiography on 419 tumors and 209
non-neoplastic tissues, mapped the receptor across specific compartments of the pancreas, intestine, lung, kidney,
breast and brain, with particularly high densities in pheochromocytomas, brain tumors and embryonic tumors. Beyond
these classical compartments, Mayendraraj et al. (2022) [3] locate GLP-1R additionally in the gastrointestinal tract,
cardiovascular system, brain, kidneys and immune cells, and Zhao et al. (2021, Front Endocrinol) [10] emphasize this
wide distribution as the basis for the class's pleiotropic actions. At the subcellular level, GLP-1R behaves as a canonical
class-B G-protein-coupled receptor: agonist binding at the plasma membrane recruits Gas to drive adenylate-cyclase-
mediated cAMP production, activation of PKA and EPAC, elevation of intracellular Ca?*, and downstream ERK1/2
phosphorylation (Mayendraraj et al. 2022), and rapid receptor endocytosis follows agonist stimulation — a trafficking
step Buenaventura et al. (2019) [11] show its importance for fine-tuning receptor responsiveness. McLean, Wong,
Campbell and Drucker (2021, Endocr Rev) [12], in their comprehensive re-appraisal, caution that many tissues and
cellular targets of GLP-1 action do not exhibit robust or detectable GLP-1R expression, that reliable receptor detection
is technically challenging and method-dependent, and that direct versus indirect actions are therefore difficult to
disentangle — a caveat particularly relevant to interpreting cross-tumor expression datasets. Two contemporary large-
scale surveys extend the picture into tumor biology: Alba et al. (2025, Discov Oncol) [13] used TCGA, GTEx and the
Human Protein Atlas to show marked variation across cancer types (low in breast, lung and colon; elevated in
esophageal, kidney and thyroid tumors, with rare amplifications in esophageal and ovarian cancers), and Ungvari et al.
(2025, Geroscience) [14] mapped tumor GLP1R expression against overall survival in TCGA cohorts, revealing tissue-
specific and sometimes opposite associations. Dedicated studies confirm this expression in tumor cell lines and
resections: Nie et al. (2018) [15] in every glioma cell line tested (U87, U251, U373, A172); Baran et al. (2024) [16] in 43
high-grade glioma resections; Cases et al. (2014) [17] in pancreatic neuroendocrine tumors; Ligumsky et al. (2012,
2024) in breast cancer; He et al. (2018) [18] and Nomiyama et al. (2014) [19] in human prostate cancer tissue and cell
lines. In neuroendocrine tumors the receptor is expressed at levels rarely seen elsewhere — Reubi and Waser (2003)
[20] identified concomitant expression of multiple peptide receptors on NETs, and Waser et al. (2012) [21] added GIP
receptor to the panel — a pattern that underpins the imaging and radionuclide-therapy applications discussed in
Section 5.

Contemporary interest in the anti- or pro-tumorigenic potential of GLP-1 receptor agonists (GLP-1RAs) — a class that
now includes exenatide (Byetta/Bydureon), liraglutide (Victoza/Saxenda), albiglutide (Tanzeum), dulaglutide
(Trulicity), lixisenatide (Lyxumia/Adlyxin), semaglutide (Ozempic/Rybelsus/Wegovy), and the dual GIP/GLP-1 agonist
tirzepatide (Mounjaro/Zepbound) — has two overlapping motivations. First, thirteen malignancies have been
epidemiologically classified as obesity-associated cancers (OACs), and GLP-1RAs achieve substantial weight loss;
second, GLP-1R expression has been documented across many tumor types, raising the possibility of direct anti-
neoplastic (or, conversely, pro-tumorigenic) effects. Reviews by Kupnicka et al. (2024) [22] and Moiz et al. (2025) [23]
synthesize the emerging picture: therapeutic use of GLP-1RAs has expanded rapidly beyond diabetes and obesity to
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cardiovascular disease, non-alcoholic fatty liver disease, neurodegenerative disorders, and substance-use disorders,
while early concerns about pancreatic and thyroid malignancy have been partly, though not fully, attenuated by newer
data. Reviews by Filippatos et al. (2014) [24], Smits and Van Raalte (2021) [25], and most recently Jalleh et al. (2026, J
Clin Invest) [26] delineate the class safety profile in detail, concluding that the most common adverse events are
transient gastrointestinal symptoms, that concerns for acute pancreatitis and pancreatic cancer have been dispelled by
long-term trials, but that a signal for thyroid cancer remains under scrutiny.

1.2 Population-level and pooled evidence on overall cancer risk

The single most cited real-world study is that of Wang, Xu, Kaelber and Berger (2024, JAMA Netw Open) [27], a
retrospective cohort based on electronic health records from 113 million US patients. They compared 1,651,452
patients with type 2 diabetes (T2D) with no prior OAC who were prescribed GLP-1RAs, insulins, or metformin during
2005-2018, using propensity-score matching and Cox proportional hazards models with 15-year follow-up. Compared
with insulin, GLP-1RAs were associated with significant risk reductions in 10 of 13 OACs — gallbladder (HR 0.35),
meningioma (0.37), pancreatic (0.41), hepatocellular (0.47), ovarian (0.52), colorectal (0.54), multiple myeloma (0.59),
esophageal (0.60), endometrial (0.74), and kidney cancer (0.76); the reduction in stomach cancer was borderline (HR
0.73, non-significant), and no reduction was seen for postmenopausal breast or thyroid cancer. Compared with
metformin, however, GLP-1RAs conferred no risk reduction for any cancer and were associated with an increased risk
of kidney cancer (HR 1.54).

Dai et al. (2025, JAMA Oncol) [28] extended this analysis into a non-diabetic obese population using target-trial
emulation in the OneFlorida+ network. Among 86,632 propensity-matched adults with obesity, GLP-1RA use was
associated with a significantly lower overall cancer risk (HR 0.83) and lower risks of endometrial (0.75), ovarian (0.53),
and meningioma (0.69), but a marginally non-significant increased risk of kidney cancer (HR 1.38). Wolff Sagy et al.
(2025, EClinical Medicine) [29] added a novel comparator: GLP-1RAs versus bariatric metabolic surgery (BMS) in 3,178
propensity-matched pairs from the Clalit health service in Israel, with median 7.5-year follow-up. Rates of obesity-
related cancer were similar (5.89 vs 5.62 per 1,000 person-years; adjusted HR 1.11), and mediation analysis suggested
that up to 41% of the pharmacotherapy's protective effect was independent of weight loss, invoking anti-inflammatory
or other pleiotropic mechanisms.

Nationwide registry studies from Korea and Israel refine this picture. Kim et al (2025, Diabetes Metab ]) [30], using the
Korean National Health Insurance Service (2004-2021, 7,827 propensity-matched participants), found no association
between GLP-1RA use and new-onset cancer overall, nor with pancreatic (IRR 0.74), thyroid (1.32), or medullary
thyroid cancer (0.34), although T2D patients as a whole had a 73% higher cancer incidence than the general population.
Lu et al. (2025, Obesity) [31] mined 2013-2020 Medicare claims to compare GLP-1RA initiators with either SGLT2i
(21,362 pairs) or DPP4i (20,962 pairs) initiators; overall cancer risk was similar, but GLP-1RAs were associated with
an increased kidney cancer risk versus SGLT2i (HR 1.43) and elevated endometrial cancer risk versus DPP4i (HR 1.55).
Levy et al. (2024, Cancers) [32], using the TriNetX US Collaborative Network across 1.1 million obese patients over five
years, likewise reported differential effects across drug and cancer combinations. Tartaglia et al. (2025, Cardiovasc
Diabetol) [33], analyzing 1,562,626 GLP-1RA initiators from TriNetX with 1:1 propensity matching, found substantially
reduced all-cause mortality (HR 0.554) and a small early excess of acute pancreatitis (HR 1.058, most marked in the
first six months) but no signal for chronic pancreatitis or pancreatic cancer.

Meta-analyses of randomized controlled trials (RCTs) tell a partially concordant story. Silverii et al. (2025, Diabetes Obes
Metab) [34], pooling 50 trials of =52 weeks' duration, found no significant difference in overall cancer risk (MH-OR
1.05); uterine cancer was significantly reduced in obesity trials (MH-OR 0.24) but not in diabetes trials, thyroid cancer
risk was elevated (MH-OR 1.55, more evident in longer-term trials), and colorectal cancer risk was elevated (MH-OR
1.27), the latter likely reflecting increased diagnostic work-up prompted by GLP-1RA gastrointestinal side effects.
Earlier, Silverii et al. (2024) [35] had reported in a meta-analysis of 64 RCTs a significant excess of overall thyroid cancer
(MH-OR 1.52; fragility index 1; 5-year number needed to harm 1,349) that persisted in trials 2104 weeks, though
papillary and medullary subtypes were individually non-significant. Cao et al. (2019) [36] had earlier found no
association between GLP-1RAs and cancer overall in an updated RCT meta-analysis. Jaradat et al. (2025, Cureus) [37],
meta-analyzing 9 RCTs (9,078 participants), reported that in non-diabetic overweight/obese participants GLP-1RAs
reduced body weight and HbA1c but revealed varying neoplasm incidences: liraglutide showed a statistically significant
odds ratio of 2.82 for cancer risk, and semaglutide trials gave mixed results. Ateiwi et al. (2026, Diabetes Res Clin Pract)
[38], the newest systematic review, reinforces the consistent theme of an overall neutral-to-favorable cancer signal with
heterogeneity across tumor sites. Ko et al. (2026, Ann Intern Med) [39] evaluated GLP-1RA and dual agonists across
obesity-related cancers, arriving at similarly nuanced conclusions.

Two large-scale expression-based analyses provide translational context. Ungvari et al. (2025, Geroscience) [14] mined

gene expression and survival data across many TCGA cohorts, finding that higher tumor GLP1R expression was
associated with better overall survival in bladder, breast, esophageal adenocarcinoma, renal clear cell, and thyroid
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carcinoma, but worse survival in cervical squamous, lung squamous, stomach adenocarcinoma, and uterine corpus
endometrial carcinoma — with no impact in colon, HNSCC, ovarian, pancreatic, hepatocellular carcinoma, or lung
adenocarcinoma. Alba et al. (2025, Discov Oncol) [13] confirmed marked cross-cancer heterogeneity in GLP-1R
expression using TCGA, GTEx, and the Human Protein Atlas, with low expression in breast/lung/colon and elevated
expression in esophageal/kidney/thyroid tumors; GLP-1R gene alterations were rare, predominantly amplifications in
esophageal and ovarian cancers. These datasets suggest that the receptor cannot be assumed to function similarly
across tumor types.

1.3 Mechanistic considerations relevant to carcinogenesis and REAL-WORLD data

The pluralistic literature identifies multiple biologically plausible mechanisms by which GLP-1RAs might reduce cancer
risk in obese and diabetic populations, several of which are independent of weight loss. Wilson, Lathigara and Kaushal
(2023) [40] summarize the parallels from bariatric surgery: a systematic review of 32 studies showed reduced overall
cancer incidence (RR 0.62), obesity-related cancer (0.59), and cancer-associated mortality (0.51), with particular
reductions in hepatocellular (RR 0.35), colorectal (0.63), pancreatic (0.52), gallbladder (0.41), breast (0.56),
endometrial (0.38), and ovarian cancer (0.45). They attribute these effects to visceral adipose dysfunction, aromatase
activity, and the release of inflammatory cytokines, adipokines, and exosomal miRNAs. GLP-1RAs recapitulate several
of these mechanisms without surgery. Tseng, Lee and Tseng (2015) [41] provided an early comprehensive review of
the mechanistic and epidemiological signal, noting that despite rodent evidence for pancreatic and thyroid effects,
human GLP-1R expression is low or absent on pancreatic ductal and thyroid tissue, plausibly attenuating rodent-
observed risks. Rosol (2013) [42] formalized the "on-target species-specific" hypothesis, demonstrating that C-cell
hyperplasia and neoplasia in GLP-1RA-treated rodents reflect GLP-1R expression that is not present, or is present in
only low numbers, on primate and human C-cells. Nauck and Friedrich (2013) [43] reviewed the pancreatic/thyroid
cancer question and concluded that available human data did not support a causal link. Zhang, Ma and Liu (2019) [44]
additionally frame incretin actions in the wider context of "age-related diseases," summarizing anti-tumor,
neuroprotective, cardioprotective, hepatic, and microvascular effects.

Chengetal. (2024, ] Diabetes) [45] provided real-world adverse-event surveillance in the Guangzhou health system and,
together with reports focused on semaglutide safety (Aroda etal. 2023, on pooled SUSTAIN and PIONEER data; Alkhatib
et al. 2025 on semaglutide's therapeutic breadth), reinforced that gastrointestinal disorders and biliary events
(cholelithiasis) are the dominant adverse-event categories, with malignant neoplasm rates broadly comparable to
comparators. Leong et al. (2026, JACC CardioOncol) [46] integrated the incretin literature with cardio-oncology,
emphasizing that GLP-1RA and dual GLP-1/GIP agonists lower risks of cardiometabolic disease that also drive cancer,
while data in active cancer patients (systematically excluded from trials) remain scarce.

Beyond the anchor studies described above, a rapidly expanding body of population-level analyses refines the picture.
Mao et al. (2025, ] Natl Cancer Inst) [47], using Merative MarketScan data for 919,609 overweight/obese T2D patients
(2016-2021), found that GLP-1 agonists were associated with lower obesity-related cancer risk across every glucose-
lowering comparator (metformin HR 0.90, DPP-4i 0.88, TZD 0.84, sulfonylureas 0.81, SGLT2i 0.73, insulin 0.70), and the
protection intensified with baseline weight — HR 0.95 in overweight, 0.90 in mild-to-moderate obesity, and 0.82 in
severe obesity (p-interaction = 0.032). Ipaye et al. (2025, Diabetes Obes Metab) [48] took a parallel approach in the
TriNetX network, comparing semaglutide (64,178 pairs), tirzepatide (19,682 pairs), and bariatric surgery (9,642 pairs)
each with DPP-4i controls: semaglutide reduced composite obesity-related cancer (HR 0.88), colorectal (0.80), liver
(0.75), and pancreatic (0.76) cancers; tirzepatide showed a significant reduction only for ovarian cancer (0.31); bariatric
surgery reduced composite (0.85), liver (0.56), and uterine cancers (0.59) but paradoxically increased gastric cardia
(HR 10.54) and esophageal cancer (HR 4.78). Chuang et al. (2025, Oncol Res) [49] found that initiating GLP-1RAs within
three months of T2D diagnosis was associated with modestly lower overall cancer risk (HR 0.93), with reductions in
digestive (0.81), respiratory (0.66), and female genital tract (0.87) cancers, and the benefit was more pronounced in
patients with BMI 230.

The Malmo Diet Cancer prospective cohort (Juji¢ et al. 2023, Sci Rep) provided a complementary vantage point: rather
than looking at pharmacological GLP-1RA exposure, it examined endogenous fasting and post-challenge GIP and GLP-1
in 3,049 participants; higher fasting GLP-1 was associated with lower incident first cancer (sub-hazard ratio 0.90 in
competing-risk regression), while other measurements were null. Cheng et al. (2024, ] Diabetes) [45] contributed real-
world Chinese pharmacovigilance data on adverse effects. Wu et al. (2022, Clin Drug Investig) [50] analyzed the US FDA
Adverse Event Reporting System (FAERS) for GLP-1RA monotherapy across 71,515 reports and, while confirming the
expected gastrointestinal and metabolic signal, flagged unexpected disproportionalities including renal-cell carcinoma,
drug-induced liver injury, and neoplasms benign/malignant (n = 1,989) — findings the authors themselves emphasize
require confirmation from pharmacoepidemiologic approaches.

Two mortality-focused analyses close the loop between cancer prevention and cancer outcomes. Mahadevan et al.
(2026, J Clin Endocrinol Metab) [51], using TriNetX (3,747 GLP-1RA vs 52,061 metformin recipients starting systemic

1710



World Journal of Advanced Research and Reviews, 2026, 31(03), 1707-1749

anti-cancer therapy within three months), found that GLP-1RA use was associated with significantly reduced all-cause
mortality (HR 0.875 overall; 0.786 in "new-start" subgroups) plus lower rates of hospitalization, sepsis, MACE,
pulmonary embolism, and pneumonia. Banerjee et al. (2024) [52] added an RCT meta-analysis of 17 trials (109,892
patients) demonstrating that GLP-1RAs reduce non-cardiovascular mortality (RR 0.90) alongside their well-established
cardiovascular mortality benefits. Hsu et al. (2025, Int ] Mol Sci) [53] analyzed 67 RCTs (207,606 participants) in a
network meta-analysis of cancer metastasis, finding that only efpeglenatide showed a statistically significant reduction
in metastatic cancer events (OR 0.26; NNT 188), an intriguing signal in need of replication. Frey (2026, Future Oncol)
[54] reviewed the mechanistic and observational evidence for combining GLP-1RAs with immune checkpoint inhibitors,
proposing that GLP-1RAs may function as "metabolic-immunologic adjuvants" by suppressing NF-kB-driven
inflammation, promoting macrophage repolarization, and reducing lipid-induced T-cell exhaustion — real-world
observations in renal, lung, colorectal, and breast cancer suggest better overall survival and fewer immune-related
adverse events with concurrent therapy.

Foundational reviews and mechanistic papers of continuing importance include Zhao et al. (2021, Front Endocrinol)
[10] on the pleiotropic effects of GLP-1RAs beyond the pancreas, McLean, Wong, Campbell and Drucker (2021, Endocr
Rev) [12], which revisits GLP-1 action and identifies technical challenges in reliable GLP-1R detection; Pyke etal. (2014)
[5], whose monoclonal-antibody immunohistochemistry established that in primates GLP-1R is present in pancreatic
[B-cells (not ductal cells), in vascular smooth muscle of the kidney and lung, in Brunner's glands, in sinoatrial myocytes,
and in myenteric plexus neurons but absent in primate liver and thyroid; and Vangoitsenhoven, Mathieu and Van der
Schueren (2012, Endocr Relat Cancer) [55], which was among the earliest reviews to frame the "GLP-1 and cancer: friend
or foe?" question and concluded that at that point the balance favoured benefit. Sarma and Sarma (2023) added a
molecular-docking analysis of G9a and GLP inhibitors (a separate biological "GLP" — G9a-like protein — that shares the
acronym), highlighting the transcriptional silencing role of H3K9 methyltransferases in lung, breast, bladder, colon,
cervical, gastric, skin, hepatocellular, and hematological malignancies; while unrelated to GLP-1RA pharmacology, the
paper is included here to disambiguate a common source of confusion in the literature. Samuel et al. (2022,
Biomolecules) [56] reviewed the specific case of tirzepatide, framing it as either "friend or foe" for diabetic cancer
patients. Ji et al. (2024, Front Endocrinol) [57] offers a compact overview of GLP-1RAs across neoplastic diseases.
Kounatidis et al. (2024, Biomolecules) [58] and Standl and Schnell (2025, Cells) [59] both integrate incretin-based
therapies into the broader "cardio-renal-metabolic-cancer syndrome" framework. Lu, Xu and Yang (2024, Medicina
Kaunas) [60] and MatuszewskKi et al. (2026, ] Clin Med) [61] summarize the non-glycemic effects of the class. Borner et
al. (2018, Neuropharmacology) [62] explored a related but distinct question — brainstem GLP-1 as a mediator of cancer
anorexia-cachexia syndrome in rat hepatoma models — showing that fourth-ventricular delivery of the antagonist
exendin-9 or NTS-directed genetic knockdown of GLP-1 ameliorated anorexia, weight loss, and muscle /fat depletion.
Related neuroendocrine work by MacLusky et al. (2000) [63], Arai et al. (2008) [64], and Gil-Lozano et al. (2014) [65]
delineates how GLP-1 activates the hypothalamic-pituitary-adrenal axis via CRH and the sympathoadrenal system,
providing context for stress-hormone effects that may be relevant to tumor biology.

Valencia-Rincén et al. (2025, J Clin Invest) offers the most recent comprehensive synthesis specifically addressing GLP-
1RAs and cancer risk, concluding that with few exceptions the evidence does not show increased cancer risk and may
show lower risk in some indications, while calling for translational insight into immune-modulating effects and for
careful preclinical designs that distinguish cancer risk from cancer progression. Pati et al. (2023, Cancers) [66] provide
the epidemiological baseline against which all this evidence must be interpreted: about 4-8% of all cancers are
attributed to obesity, with a ~17% increase in cancer-specific mortality, and weight-reducing interventions including
GLP-1 analogues and bariatric surgery are increasingly considered legitimate components of oncology care.

2  MAIN PART

2.1 Neuroendocrine neoplasms and GLP-1R-targeted imaging

Neuroendocrine neoplasms (NENs) — including well-differentiated neuroendocrine tumors (NETs) and poorly
differentiated neuroendocrine carcinomas (NECs) — express GLP-1R at levels rarely seen in more common carcinomas,
positioning the receptor as both a possible driver of tumor proliferation under GLP-1RA therapy and a promising
molecular target for imaging and radionuclide therapy. Shilyansky et al. (2025, Surgery) [67] directly tested whether
GLP-1RAs promote proliferation of GLP-1R-expressing NEN cells: they quantified GLP-1R gene and protein expression
in six NEN cellular models and assessed proliferative responses to semaglutide, demonstrating that receptor-positive
lines proliferate under GLP-1R stimulation — a finding that carries a clear cautionary message for patients with
insulinoma or other GLP-1R-expressing NENs receiving these agents. Set against this, Fawzy etal. (2025) [68], using the
TriNetX US Research Network with 1:1 propensity score matching, reported that in adults with NEN and either diabetes
or obesity, GLP-1RA users had significantly better overall survival than matched non-users — an association that, if real,
may reflect improvements in cardiometabolic comorbidity rather than direct anti-tumor effect, but that partially offsets
the mechanistic worry raised by Shilyansky.
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Molecular characterizations of GLP-1 and GLP-1R in NENs stretch back three decades. Tateishi et al. (1994) [69]
analyzed the molecular forms of GLP-1 in human pancreatic endocrine tumors and found predominance of the
intestinal-type GLP-1(7-36) amide form in glucagonoma, indicating that these tumors process proglucagon in a pattern
more similar to L cells than to a cells. Fiocca et al. (1987) [70] had earlier demonstrated glucagon/PP-related peptide
immunoreactivity in most rectal carcinoids, and Hirata et al. (2009) [71] refined the immunophenotype of rectal
carcinoids using gastrin, GIP, and GLP-1 as end-cell markers, showing three distinct endocrine sub-phenotypes. Fu et al.
(2019) [72] added PAXS5 cytoplasmic staining as a novel marker distinguishing well-differentiated rectal NETs. The
Korean Gastrointestinal Pathology Study Group (Sohn et al. 2015) analyzed 2,385 rectal NENs and evaluated L-cell
immunophenotype against 5- and 10-year overall survival. Byrne et al. (2001) [73] reported a striking clinical case: a
patient with a GLP-1-, GLP-2- and PYY-producing neuroendocrine carcinoma who presented with intestinal
proliferation and delayed transit, illustrating in vivo the trophic effects of these peptides.

A parallel imaging literature has grown around exendin-4-derived tracers targeting the massively over-expressed GLP-
1R on insulinomas. Reubi and Waser (2003, 2015) laid the conceptual groundwork by demonstrating concomitant
expression of multiple peptide receptors on NETs and demonstrating that triple-receptor targeting (somatostatin, GLP-
1, GIP) in vitro allowed detection of all tested gut and bronchial NETs. Waser et al. (2012) [21] added GIP receptor to
the picture. Behnam Azad et al. (2015) [74] synthesized and evaluated fluorescein- and 68Ga-labelled GLP-1(7-37)
analogues for optical and PET imaging. Xu et al. (2015) [75] evaluated [18F]AIF-NOTA-MAL-Cys39-exendin-4 for
insulinoma PET, and Zhang et al. (2019) [44] developed [68Ga]Ga-NOTA-MAL-Cys39-exendin-4 as a further tracer,
characterizing binding affinity in INS-1 cells and biodistribution. Eriksson et al. (2014, J Clin Endocrinol Metab) [76]
provided a clinical demonstration that [68Ga]exendin-4 PET could detect metastatic insulinoma. Kondo et al. (2021)
[77] developed indirectly radio- iodinated exendin-4 as an analytical tool for in vivo GLP-1R detection in disease
settings. Jansen et al. (2019) [78] reviewed exendin-4 analogues for insulinoma theragnostic, spanning nuclear imaging,
optical imaging, peptide receptor radionuclide therapy, and targeted photodynamic therapy. Shah et al. (2021, Clin
Endocrinol) [79] performed a systematic review and individual-patient-data meta-analysis of exendin-4-based imaging
for insulinoma localization, concluding that GLP-1R-based imaging shows higher sensitivity than other anatomic or
functional modalities. Withaar et al. (2021) [80], while primarily concerned with heart-failure with preserved ejection
fraction in a cardiometabolic phenotype, is included in this section because it appears in the source document; the study
demonstrated that liraglutide and dapagliflozin restore metabolic function in a preclinical HFpEF model with obesity
and type 2 diabetes.

The overall message from the NEN literature is dual: GLP-1R is a compelling molecular target for imaging and potentially
radionuclide therapy in insulinomas and other L-cell NETs, while at the same time therapeutic GLP-1RA exposure in
patients harboring unrecognized GLP-1R-expressing tumors may pose a specific proliferative risk that observational
survival data cannot yet dispel.

2.2 CNS tumors: gliomas, meningiomas, and metabolic neuro-oncology of GLP-1 receptors

The CNS is one of the sites where GLP-1RAs have generated the most nuanced signals: epidemiological studies show
reduced meningioma incidence with GLP-1RA exposure, while preclinical work on glioma converges on a direct anti-
tumor effect. Thomas et al. (2024) [81] applied precision-guided copy-number variation analysis to GLP1R, AMFR, GCG,
GPI and ACTA1 across three cancer types and found that higher GLP1R copy number in glioblastoma was associated
with better patient outcomes; conversely, higher GPI copy number in lower-grade glioma correlated with worse
outcomes, tying receptor amplification to more favorable prognosis in the highest-grade brain tumors and providing a
translational rationale for GLP-1RA testing in glioblastoma. Baran et al. (2024) [16] approached the question
histologically, examining calreticulin and GLP-1 expression in 43 high-grade glioma resections against 27 non-
pathological brain controls, and correlating levels with Ki-67, IDH-1 mutation, and tumor grade — establishing that
GLP-1 is present in high-grade glioma tissue at measurable levels linked to proliferative and molecular indicators.

Direct anti-neoplastic effects of GLP-1RAs on glioma cells are supported by two mechanistically distinct studies. Nie et
al. (2018) [15] showed that GLP-1R was expressed in every glioma cell line tested (U87, U251, U373, A172) and that
exendin-4 inhibited proliferation, migration, invasion, and epithelial-to-mesenchymal transition via the GLP-1R/SIRT3
axis, upregulating E-cadherin and downregulating mesenchymal markers. Wang et al. (2025, J Biochem Mol Toxicol) [82]
demonstrated that tirzepatide induces ferroptosis in glioblastoma cell lines through the SOX2/SLC7A11 axis, driving
lipid peroxidation, ROS accumulation, MDA elevation, reduced SOD activity, and a decreased GSH/GSSG ratio. Together,
these two studies suggest at least two distinct anti-tumor mechanisms available to the class in glioma: EMT suppression
through GLP-1R/SIRT3 signaling, and ferroptotic cell death through disrupted cystine/glutathione handling.

At the population level, Dai et al. (2025, JAMA Oncol) [28], already discussed above, reported a significant reduction in
meningioma incidence among GLP-1RA-treated adults with obesity (HR 0.69) — a finding compatible with the
meningioma reduction (HR 0.37) reported by Wang et al. (2024) [83] in T2D patients versus insulin. Kim and Song
(2025, Pharmacol Res) [84] provide the mechanistic framing for this in a comprehensive review of metabolic imbalance
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and brain tumors, arguing that hyperglycemia, insulin resistance, oxidative stress and altered adipokine profiles all
influence brain-tumor biology and that antidiabetic drugs — including GLP-1RAs, metformin, sulfonylureas, DPP-4
inhibitors and thiazolidinediones — may serve as adjunctive or repurposable agents. Gjersdal et al. (2024) [85] reported
a real-world clinical experience in the specific setting of hypothalamic obesity: four female patients treated with
semaglutide for six months after craniopharyngioma treatment achieved an average BMI reduction of 7.9 (weight loss
17.0%; 20.2 kg), with proportional reductions in fat and lean mass — a striking demonstration of GLP-1RA efficacy in a
neurosurgical population where standard weight-loss interventions frequently fail.

The wider CNS-related literature situates GLP-1RA neuroprotective and neuromodulatory effects. Trapp and Hisadome
(2011) [86] reviewed brainstem GLP-1 as neuropeptide, distinct from gut-derived incretin. Gandhi and Parhizgar (2025,
Front Endocrinol) [87] synthesize the case for GLP-1RAs as disease-modifying agents in Alzheimer's and Parkinson's
disease, invoking effects on synaptic plasticity, neuroinflammation, insulin signaling, mitochondrial function, and
proteostasis. Li et al. (2024) [88] tested the DPP-4 inhibitor sitagliptin in nonhuman primates and confirmed that it
elevates plasma and cerebrospinal fluid incretin levels, providing pharmacokinetic support for CNS applications of
incretin-enhancing therapy. Fang et al. (2019) [89] engineered a commensal bacterium (MG1363-pMG36e-GLP-1) to
continuously deliver GLP-1 in an MPTP mouse Parkinson model, reducing locomotor impairments and inflammatory
activation. Fujita et al. (2015) [90] showed that exenatide facilitates recovery from oxaliplatin-induced peripheral
neuropathy in rats — directly relevant to colorectal cancer chemotherapy tolerance. Till, Schlichting and Oberbach
(2015) [91] explored an orthogonal question, showing in a pediatric-oncology xenograft model that hepatoblastoma
and neuroblastoma modify circulating ghrelin, GLP-1, and PYY, positioning the gut-brain axis as part of the tumor-host
metabolic dialogue. Finally, Cheng et al. (2022) [92] modelled MEN1 with patient-origin induced pluripotent stem cells
and revealed GLP-1R-mediated hypersecretion of insulin, illustrating both the utility of iPSC models for endocrine
neoplasia and a mechanism by which GLP-1R activation could disturb glucose homeostasis in patients with MEN1-
associated tumors. The two remaining entries in this section — Sasaki et al. (2018) [93] on impaired GLP-1 secretion in
colorectal adenoma and Wang et al. (2026) [94] reassessing GLP-1RAs after colorectal cancer diagnosis — are more
properly discussed in the colorectal section below.

2.3 Head and neck cancer and GLP-1 expression

The thyroid is by far the most contested organ in the GLP-1RA cancer literature, and the head-and-neck section of the
source document is dominated by studies attempting to reconcile the rodent-derived C-cell signal with heterogeneous
human data. The rodent evidence itself is unambiguous. Byrd et al. (2015) [95] evaluated dulaglutide in chronic-toxicity
and carcinogenicity studies: rats dosed subcutaneously twice weekly for 93 weeks developed dose-related C-cell
hyperplasia, adenomas, and carcinomas, and transgenic mice showed thyroid C-cell effects with 26-week dosing.
Madsen et al. (2012) [96] documented that GLP-1R agonist exposure at 13 weeks in rodents was associated with dose-
dependent increases in plasma calcitonin and C-cell hyperplasia, and confirmed that these effects were mediated via
the C-cell GLP-1R. Rosol (2013) [42], reviewed above, formalizes this as an on-target, species-specific effect.
Hollingshead and Radi (2025) [97] provide the toxicological framing: in rats, thyroid tumors are common age-related
findings, and follicular tumors induced via hepatic UGT enzyme upregulation are widely accepted as of little relevance
to humans due to species differences in TSH-driven follicular cell proliferation.

Whether the C-cell signal translates to humans depends on whether human C-cells express functional GLP-1R. The
evidence here is deliberately mixed. Gier et al. (2012) [8] evaluated 12 medullary thyroid carcinomas, 9 cases of C-cell
hyperplasia, 17 papillary thyroid carcinomas, and 15 normal thyroid samples by immunofluorescence and found GLP-
1R expression in human medullary thyroid carcinoma and C-cell hyperplasia. Waser et al. (2011) [7] measured incretin
receptors in rodent and human thyroid using autoradiography and confirmed GLP-1R in rodent thyroid C-cells but
reported low or absent expression in most human thyroid tissue, arguing that the rodent effect does not translate. Waser
et al. (2015) [6] extended this in 221 human thyroid and pancreas samples using immunohistochemistry and
autoradiography, finding neither normal nor hyperplastic human thyroids to express GLP-1R at levels comparable to
rodents. Song et al. (2017) [9] examined GLP-1R and CD26 in human thyroid C-cells and reached similarly qualified
conclusions. Vertongen et al. (1994) [98] established the receptor's presence in the rat medullary carcinoma cell line
6/23, and Lamari et al. (1996) [99] demonstrated GLP-1R mRNA in murine CA-77 medullary carcinoma cells, with GLP-
1(7-37) upregulating both calcitonin and CGRP secretion — foundational data for the rodent model. Lunati et al. (2016)
[100] directly tested whether one year of liraglutide altered basal or calcium-stimulated calcitonin in T2DM patients
and found no significant change in a small clinical cohort, providing reassurance for standard-of-care monitoring.

Papillary thyroid cancer (PTC) has generated a distinct sub-literature. Jung and Kwon (2014) [101] evaluated GLP-1R
expression in 56 PTC specimens by immunohistochemistry and correlated it with clinicopathological parameters,
arguing that PTC — the dominant thyroid cancer subtype — expresses GLP-1R at meaningful levels. Abdul-Maksoud et
al. (2022) [102] found in an Egyptian population that GLP-1R polymorphism (rs1042044) and GLP-1R expression were
associated with risk of PTC, adding a genetic epidemiology dimension. He et al. (2017) [103] studied insulin receptor,
IGF-1R, and GLP-1R in normal thyroid tissue, PTC tissues, and PTC cell lines and examined how insulin analogues and
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GLP-1R agonists influence proliferation and cellular energy metabolism. Zhang et al. (2023, Cell Mol Biol) [104] took the
opposite tack, showing that liraglutide inhibited proliferation and migration of two thyroid cancer cell lines
overexpressing GLP-1R (medullary TT/GLP-1R and papillary TCP-1/GLP-1R), pointing to a possible anti-tumor effect.
Wang et al. (2025, J Clin Endocrinol Metab) [105] went further, showing that semaglutide reprograms tumor-associated
macrophages via the GLP-1R/PPARG/ACSL1 pathway in a human PTC xenograft mouse model, suppressing tumor
growth — an immunometabolic mechanism relevant to any receptor-expressing solid tumor.

The clinical epidemiology has been shaped decisively by three positions. Bezin et al. (2023, Diabetes Care) [106]
performed a nested case-control study in the French SNDS database (T2D patients on second-line agents 2006-2018)
and reported an increased risk of thyroid cancer with GLP-1RA exposure, particularly for medullary and papillary
subtypes. Brito et al. (2025, JAMA Otolaryngol) [107] approached the question through target-trial emulation and found
overall no increased thyroid-cancer risk with GLP-1RAs compared with other glucose-lowering medications — a large,
methodologically rigorous null result. Bea et al. (2024) [108] used the Korean National Health Insurance Database
(2014-2020) with SGLT2i as an active comparator and found no elevated thyroid cancer risk with GLP-1RA versus DPP-
4i or SGLT2i in the Korean population. Pollack and Stokar (2025) [109] analyzed 89,646 TriNetX patients with T2DM
initiating GLP-1RA between 2014 and 2020 with propensity score matching and reported no increased thyroid cancer
risk. Sciscent etal. (2026) [110] confirmed this in a further TriNetX analysis for 5-year thyroid-cancer risk. Acheampong
etal. (2025) [111] compared incretin-based therapies with SGLT-2i in US older adults and found no signal. Morales et
al. (2025) [112] conducted a multinational retrospective active-comparator new-user cohort study across
administrative claims and EHR databases and found no elevated thyroid-tumor risk with GLP-1RA versus SGLT-2i. Liang
etal. (2019, Diabetes Obes Metab) [113] examined exenatide specifically against other antidiabetic drugs and found no
increased incidence of thyroid (or pancreatic) cancer using chart-validated algorithms. Meta-analyses converge on a
mixed signal. The Silverii et al. (2024) [35] meta-analysis of 64 RCTs already discussed found a significant increase in
overall thyroid cancer risk (MH-OR 1.52), while Cao et al. (2019) [36] and Hu et al. (2022) [114] in earlier RCT meta-
analyses found no association with thyroid disorders overall.

Two specialized analyses focus on active surveillance and DTC recurrence. Patrizio et al. (2025, J Endocr Soc) [115]
evaluated 18 patients with 19 papillary thyroid carcinomas <1.5 cm undergoing active surveillance who were exposed
to GLP-1RAs, finding no accelerated tumor kinetics. Patrizio et al. (2026) [116] then extended to a larger DTC cohort
(536 patients) at a New York tertiary centre, evaluating structural progression under GLP-1RA exposure. Balachandra
etal. (2025) [117] evaluated thyroid-cancer risk specifically in patients with thyroid nodules on GLP-1 analogues, using
TriNetX with a pediatric adjunct. Two pharmacovigilance approaches complement the cohort data: Mali, Ahuja and
Dubey (2021) [118] queried Eudra Vigilance for thyroid-cancer signals and found a detectable disproportionality; Abi
Zeid Daou et al. (2025) [119] queried the FAERS database from 2004 to Q1 2024 and reported reporting-odds-ratio
elevations for both semaglutide and tirzepatide; Makunts et al. (2024) [120] also queried FAERS for thyroid hyperplasia
and neoplasm signals. Feier et al. (2024) [121] systematically reviewed the semaglutide safety literature focusing on
thyroid outcomes; Espinosa De Ycaza et al. (2024, Thyroid) [122] provide a narrative review characterizing the current
state of "excessive worry about unproven risk"; and Chiu et al. (2012) [123] offer the historical review from before the
modern epidemiology was assembled. Lisco et al. (2023) [124] frame the ongoing debate directly — "is it the time to be
concerned?" — and Espinosa De Ycaza et al. reinforce that the population-level data do not support the rodent-derived
alarm.

Two Mendelian-randomization studies bring genetic causal inference into the discussion. Li, Shen and Pan (2025) [125]
used SMR with GTEx v.8 and UK Biobank data to test whether increased GLP-1R expression in thyroid and parathyroid
tissue causally affects function, finding that elevated GLP-1R expression was a risk factor for certain thyroid-related
endpoints. Zhang, Yang and Gao (2026, Endocr Pract) [126] combined MR with a 169-patient cohort study to examine
thyroid function and nodule development under GLP-1RA exposure and reported context-specific effects. Iuliano et al.
(2026, Curr Opin Oncol) [127] provide the metabolic framing: chronic hyperinsulinemia activates mitogenic
PI3K/AKT/mTOR signaling in the thyroid, and insulin resistance may be a shared driver linking obesity, type 2 diabetes,
and thyroid nodule/DTC growth. Brenta and Di Fermo (2024, Rev Endocr Metab Disord) [128] reach a similar
conclusion: thyroid cancer incidence has risen in parallel with diabetes, insulin resistance is a likely mediator, and
antidiabetic agents (including GLP-1RAs) may modify tumorigenesis. Mazza (2025) [129] reviews the interplay
between GLP-1RA and autoimmune thyroid disease (Hashimoto's and Graves'), highlighting that the metabolic
phenotype accompanying AITD may itself moderate GLP-1RA effects. Nuszkiewicz et al. (2023) [130] measured a panel
of adipokines and metabolic regulators (including GLP-1 and GIP) in head-and-neck cancer patients, mapping the
metabolic phenotype of this tumor type.

Two important clinical practice papers close the section. Kelly and Sipos (2025, J Clin Endocrinol Metab) [131]
synthesize the current approach to thyroid nodules in patients considering GLP-1RAs, noting the FDA black-box
warning for patients with personal or family history of MTC or MEN2A/2B and outlining the still-unsettled question of
screening for differentiated thyroid cancer. Watts et al. (2025) [132], the joint statement from the UK Society for
Endocrinology, British Thyroid Association, and British Association of Endocrine and Thyroid Surgeons, recommends
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against routine baseline thyroid ultrasound in GLP-1RA candidates, judging the balance of evidence to favour benefit.
Wilcox and Van Dril (2003) [133] contribute a case report of suppressed TSH after subcutaneous GLP-1RA initiation in
a post-thyroidectomy patient on levothyroxine, alerting clinicians to a monitoring signal. Finally, Harrison et al. (2025)
[134] report a PET/CT pitfall of practical importance: GLP-1RA-associated weight loss activates brown adipose tissue,
and FDG uptake in cervical BAT can mimic metastatic head and neck cancer — a diagnostic-error signal that oncologists
and radiologists need to internalize as GLP-1RA prescriptions expand.

2.4 Lung cancer, chronic pulmonary disease, and cancer-therapy cardiotoxicity under GLP-1RA

The lung cancer literature is dominated by real-world observational cohorts with generally consistent signals of
reduced risk under GLP-1RA exposure. Tabernacki et al. (2024) [135], using the TriNetX Analytics platform, compared
seven non-insulin antidiabetic agents with insulin in drug-naive T2DM patients and reported that GLP-1RAs were
associated with a significantly lower risk of lung cancer relative to insulin — consistent with the observation that insulin
therapy itself carries an elevated lung-cancer signal. Song et al. (2025, ] Gen Intern Med) [136] similarly showed lower
incidence of lung cancer among treatment-naive T2D patients starting GLP-1RAs. Chuang et al. (2025) [49] — already
discussed in the general section — reported a striking reduction in respiratory-tract cancers (HR 0.66) under early GLP-
1RA use. Chen et al. (2025, Front Oncol) [137] analyzed the National Healthcare Big Data (East) Center in China,
comparing GLP-1RA, DPP-4i, and SGLT-2i for their effects on survival in lung cancer patients with T2D and finding
differential associations across the three classes.

The mechanistic case for lung-cancer protection is supported by multiple preclinical and translational studies.
Pachimatla et al. (2025) [138] took a hybrid clinical-mechanistic approach: two clinical cohorts of overweight/obese
NSCLC patients showed improved outcomes with GLP-1RA exposure, and complementary mouse models identified
specific metabolic and immunological changes underlying the effect. Pu et al. (2023) [139] demonstrated that liraglutide
protects against lung senescence and oxidative damage under high-glucose conditions in vitro, alongside effects on lung-
cancer cell lines. Chen et al. (2024, FEBS Open Bio) [140] provided one of the more mechanistically striking findings:
liraglutide enhanced the efficacy of immune checkpoint blockade in murine lung and liver cancer models through
inhibition of neutrophil extracellular traps (NETs), decreasing circulating myeloperoxidase-DNA complex markers and
improving tumor control. Shao etal. (2025) [141] extended the class into a distinct clinical setting — malignant pleural
effusion in obese mice — showing that GLP-1RAs regulate the metabolomic profile of pleural fluid and slow effusion
progression. Song et al. (2022, BMC Pulm Med) [142] explored an adjacent axis, showing that GLP-2/GLP-2R signaling
affects the viability and EGFR-TKI sensitivity of PC9 and HCC827 non-small cell lung cancer cells, suggesting that the
wider proglucagon-derived peptide family influences targeted-therapy response.

Beyond direct anti-neoplastic effects, GLP-1RAs also confer respiratory benefits that indirectly improve cancer
outcomes. Yen etal. (2024, Thorax) [143] analyzed Taiwan's National Health Insurance Research Database and reported
that GLP-1RAs were associated with better cardiopulmonary outcomes and lower mortality in T2D patients with COPD.
Ho et al. (2025) [144] mined the TriNetX US Network and reported that GLP-1RAs were associated with reduced risks
of lung malignancy, pulmonary infection, and COPD exacerbations. Yang, Wang and Chen (2025) [145] reviewed the
broader effects of glucose-lowering agents on pulmonary disease. Guo et al. (2024) [146] demonstrated that liraglutide
alleviates sepsis-induced acute lung injury by regulating pulmonary surfactant secretion through inhibition of
autophagy, providing a mechanistic bridge between metabolic and respiratory effects. Hua et al. (2023) [147] narrate
the DPP4-family's association with lung diseases, and Beckers et al. (2017) [148] provide older work on DPP-4
inhibition in lung ischaemia-reperfusion injury.

The cardio-oncology and cardiovascular safety literature also intersects the lung section here. Pfeffer etal. (2015) [149],
the landmark ELIXA trial of lixisenatide, established the safety of the class in T2D patients with recent acute coronary
events — a foundational reassurance underpinning subsequent use in cancer patients. Quagliariello et al. (2024,
Pharmaceuticals) [150] reviewed the cardio-metabolic protective actions of GLP-1RAs in cancer survivors, invoking
anti-inflammatory, anti-atherogenic, and heart-failure-preventive mechanisms. Vignarajah et al. (2025, ] Am Heart
Assoc) [151] evaluated the role of GLP-1RAs in cancer therapy-related cardiac dysfunction (CTRCD) using TriNetX, and
Chiang et al. (2025) [152] demonstrated that GLP-1 agonists reduce major adverse cardiovascular events specifically in
cancer patients receiving immune checkpoint inhibitors — an important safety signal for the combination approach
flagged earlier. Wu et al. (2024) [153] reported that baseline clinicopathological characteristics predict response to
chemotherapy plus ICl in extensive-stage small-cell lung cancer, providing the clinical context in which GLP-1RA benefit
may be tested. Singh et al. (2024) [154] meta-analyzed cardiovascular events in overweight or obese non-diabetic
patients on GLP-1RAs versus placebo. Zhou et al. (2015) [155] reported cellular-level effects of exendin-4 on bone-
marrow mesenchymal stem cells relevant to myocardial infarction models. The lung literature, taken together, is one of
the more consistent portions of the field — reduced incidence, improved cardiopulmonary function, and enhanced
immunotherapy response converging around a single class effect.
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2.5 Gastrointestinal tumors and GLP-1 targeting

GI malignancies collectively represent the site with the most extensive GLP-1RA literature — reflecting both the direct
clinical relevance of upper-Gl side effects and the pathological overlap between the incretin system and the
enteroendocrine axis. At the systematic-review level, Figlioli et al. (2024, United European Gastroenterol J) [156] pooled
RCTs with at least 24 weeks of safety follow-up and found no overall signal of increased GI cancer risk with GLP-1RAs.
Wali etal. (2026) [157] reassess this in a broader meta-analysis that searched through August 2024 and reaches similar
reassurance across Gl sites, arguing that concerns about GI malignancy have been over-stated. Ju et al. (2024) [158]
applied two-sample Mendelian randomization to test causal relationships between antidiabetic drugs and GI disorders,
framing GLP-1RA effects in causal terms with germline instrumental variables. Ear et al. (2025) [159] directly examined
GLP-1R expression across diverse NENs (with attention to gastric NENs, which proton-pump inhibitors are known to
promote), providing an essential mechanistic caution about routine GLP-1RA use in patients with gastric
enteroendocrine pathology. Hubalewska-Dydejczyk et al. (2015) [160] reviewed GLP-1 and exendin-4 as imaging
agents for the endocrine pancreas — labelled 111In, 99mTc, 68Ga, 18F, and 64Cu analogues — establishing the pattern
of extra-pancreatic GLP-1R over-expression that also justifies imaging trials in gut tumors.

Esophageal cancer has a single dedicated meta-analysis in the source document: Wu et al. (2025, Front Endocrinol) [161]
pooled RCTs comparing GLP-1RAs with control agents and reported no elevated esophageal-cancer risk in adults with
T2DM or obesity — consistent with the significant reduction reported by Wang et al. (2024) [83] versus insulin (HR
0.60). This must be interpreted alongside the Ipaye et al. (2025) [48] finding that bariatric surgery paradoxically
increases esophageal cancer (HR 4.78), which suggests that the mechanism of weight loss matters and that
pharmacological GLP-1RAs may be safer for the esophagus than mechanical restriction.

For gastric cancer, Hansen et al. (1988) [162] provided one of the earliest mechanistic observations, showing that
truncated GLP-1(7-37) activated cAMP in rat fundic glands and in HGT-1 human gastric cancer cells with high potency
— a foundational finding for GLP-1R activity in gastric epithelia. Chen et al. (2017, PLoS One) [163] demonstrated that
exendin-4 accelerated chronic gastric ulcer healing in streptozotocin-induced diabetic rats, indicating pleiotropic
mucosal-repair effects relevant to gastric oncogenesis (which often develops on a background of atrophic gastritis).
Hung et al. (2026) [164] conducted a systematic review and network meta-analysis of RCTs across GLP-1RAs, DPP-4
inhibitors, and SGLT-2 inhibitors, providing comparative evidence on gastric-neoplasm risk. The prevailing
epidemiological signal is mildly protective — Wang et al. (2024) [83] reported a borderline HR of 0.73 for stomach
cancer with GLP-1RA versus insulin — and the bariatric-surgery contrast in Ipaye et al. is again instructive (BS increased
gastric cardia cancer risk 10-fold, GLP-1RAs did not). Ayoub et al. (2024) [165] analyzed esophageal and gastric cancer
risk together in T2D patients receiving GLP-1RAs and found no increased incidence, contributing an additional US-based
cohort. Alves, Batel-Marques and Macedo (2012) [166] provided the historically important early meta-analysis of
exenatide and liraglutide adverse events focused on acute pancreatitis and cancer, establishing the initial baseline
against which modern findings are compared. Ueberberg etal. (2016) [167] examined histological changes in pancreatic
tissue from surgical specimens of patients exposed to incretin-based drugs. Kawakubo et al. (2020) [168] modelled
NASH progression to HCC in melanocortin-4-receptor knockout mice on a Western diet — a study more properly cited
in the liver section below. Akiyama et al. (2014) [169] demonstrated that GLP-1 stimulates type 3 iodothyronine
deiodinase expression in MIN6 insulinoma cells, an intriguing endocrine cross-talk finding. Ma et al. (2023) [170]
showed that high glucose promotes colorectal cancer progression via BMP4 signaling and that GLP-1RAs partially
reverse this — a mechanism to which we return in the colorectal section. Koehler, Kain and Drucker (2011) [171]
provided the earliest direct demonstration that GLP-1R activation inhibits growth and augments apoptosis in murine
CT26 colon cancer cells, laying the mechanistic foundation for the colorectal literature.

The liver is where GLP-1RAs generate their strongest and most reproducible anticancer signal, tightly interwoven with
their effects on metabolic dysfunction-associated steatotic liver disease (MASLD, formerly NAFLD) and metabolic
dysfunction-associated steatohepatitis (MASH/NASH). Type 2 diabetes and MASLD converge on shared insulin-
resistance pathways and both predispose to hepatocellular carcinoma (HCC); GLP-1RAs improve both metabolic
drivers, and — as multiple large-cohort studies now show — reduce the incidence of HCC and liver-related events. The
high-level context is set by reviews from Brunner and colleagues (2019, Curr Obes Rep) [172], Banini and Sanyal (2017,
Curr Opin Gastroenterol) [173], Sofogianni et al. (2020, World | Hepatol) [174], Budd and Cusi (2020, Curr Diab Rep)
[175], Duseja etal. (2023) [176] on the INASL nomenclature guidance, Miao etal. (2022, Clin Mol Hepatol) [177], Sumida
and Yoneda (2017) [178], Brouwers et al. (2024) [179], Mega et al. (2026, Life) [180], Phillips et al. (2025, J Clin Transl
Hepatol) [181], and Tilg et al. (2026, JAMA) [182], all of which converge on MASLD as a global epidemic, closely linked
to T2D and obesity, with progression through steatohepatitis, fibrosis, and cirrhosis into HCC.

The pivotal RCT in this space is Newsome et al. (2021, NEJM) [183], demonstrating that once-daily subcutaneous
semaglutide in NASH patients produced significantly higher rates of NASH resolution than placebo in a phase 2 trial
without a corresponding improvement in fibrosis regression. Celsa et al. (2025, Gut) [184] extended this in phase 2
evidence showing GLP-1RAs improve liver histology in MASH patients. Wester et al. (2024, Gut) [185] tested whether
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the histological benefit translates to clinical outcomes in real-world MASH cohorts and reported a signal favouring GLP-
1RA-treated patients on liver-related endpoints even without evident fibrosis regression. Harreiter et al. (2021) [186]
examined synergistic effects of exenatide plus dapagliflozin versus placebo plus dapagliflozin on hepatocellular lipid
after 24 weeks, showing incremental steatosis reduction with combination therapy.

Multiple large-cohort studies now report reduced HCC risk with GLP-1RAs. Wang et al. (2024, Gastroenterology) [187],
using large electronic health records, found significantly reduced HCC incidence with GLP-1RA versus other glucose-
lowering therapies. Kanwal et al. (2024, JAMA Intern Med) [188] directly evaluated GLP-1RA use versus other diabetes
agents in MASLD patients and reported significant reductions in adverse liver outcomes. Yang et al. (2024, ] Intern Med)
[189] compared GLP-1RAs with long-acting insulins and found lower cirrhosis and HCC incidence with GLP-1RAs. Plaz
Torres et al. (2022, Hepatology) [190] framed T2D as a recognized risk factor for HCC in patients with liver disease
independent of etiology and argued that treating T2D — especially with hepatoprotective agents — reduces HCC risk.
Mao et al. (2025, Clin Mol Hepatol) [191] analyzed liver and non-liver complications in T2D patients with MASLD
receiving GLP-1RAs and found consistent hepatoprotection. Choi et al. (2025, Liver Int) [192] reported hepatoprotective
effects of GLP-1RAs in MASLD patients with T2DM using propensity-score matching. Dalbeni et al. (2025, Cancer Med)
[193] quantified the magnitude of HCC-risk reduction in T2DM patients treated with GLP-1RAs. Pasta et al. (2025) [194]
and Elsaid et al. (2024, Aliment Pharmacol Ther) [195] contributed systematic reviews showing consistent
hepatoprotection. Chen et al. (2025, Diabetes Res Clin Pract) [196] analyzed HCC risk specifically in non-viral-etiology
patients with MASLD-T2D overlap. Sarker et al. (2026, Diabetes Obes Metab) [197] evaluated MASLD progression under
GLP-1RA exposure in T2DM patients. Konings et al. (2025, Eur J Clin Invest) [198] analyzed the more severe stages of
MASLD progression under incretin therapy.

The comparative-effectiveness question is addressed by Pradhan et al. (2025, Diabetes Care) [199], who compared GLP-
1RAs and SGLT-2 inhibitors separately against DPP-4 inhibitors and found favorable liver-outcome profiles for both
novel classes. Kuo et al. (2025) [200] similarly compared GLP-1RA and SGLT2i in long-term liver benefits. Choi et al.
(2026, Hepatol Commun) [201] tested whether combined SGLT2i and GLP-1RA use provides synergistic benefits for
liver fibrosis and reported an additive effect. Li et al. (2025, JHEP Rep) [202] provided a broad comparison of glucose-
lowering drugs across liver-outcome endpoints. Khanmohammadi et al. (2024) [203] reviewed population-based
evidence on glucose-lowering drugs and long-term liver outcomes. Lin et al. (2025, Eur J Clin Pharmacol) [204] analyzed
HCC risk under multiple antidiabetic agents, and Passos et al. (2025) [205] reviewed the intersection of T2DM and
multiple liver disease etiologies. Golub et al. (2025) [206] examined hepatic steatosis as an independent cardiovascular
risk factor and how GLP-1RAs modify it. Krishnan et al. (2025) [207] addressed the joint MASLD-T2DM clinical
challenge. Huang et al. (2025) [208] and Hussein et al. (2025) [209] provided further NASH-focused analyses. Mao and
colleagues' 2025 Clinical Molecular Hepatology paper (also cited above) links GLP-1RA use to both hepatic and non-
hepatic complications reduction. Issachar et al. (2026) [210] reported prospective real-world data on MASLD
progression under GLP-1RA. Niu et al. (2025) [211] evaluated long-term GI and hepatobiliary safety of GLP-1RAs in
T2DM. Yun et al. (2025, Liver Int) [212] examined SGLT2i, DPP-4i, and GLP-1RA efficacy specifically in chronic hepatitis
B patients. Tungekar et al. (2025) [213] reviewed HCC risk in T2DM under GLP-1RA. Miyake et al. (2022, Diabetes Ther)
[214] is an earlier report addressing NAFLD progression under diabetes therapy. In addition, the alcohol-liver axis
introduces a novel mechanism. John et al. (2026, Am ] Gastroenterol) [215] analyzed liver-related outcomes in patients
on GLP-1RAs and linked decreases in alcohol craving to improved liver endpoints — a plausible dual pathway
combining metabolic and neurobehavioural effects on alcohol use with direct hepatic actions.

Preclinical and mechanistic work traces the anti-HCC effects to multiple pathways. Zhou et al. (2017, Oncogene) [216]
demonstrated that exenatide directly inhibits HCC cell proliferation and induces apoptosis via GLP-1R-mediated
signaling. Lu et al. (2021, Transl Oncol) [217] showed that liraglutide suppresses HCC growth by inhibiting the IL-
6/STATS3 axis, blocking a canonical inflammation-driven oncogenic pathway. Chen et al. (2024, FEBS Open Bio) [140] —
cited above in the lung section — demonstrated that liraglutide enhances checkpoint-blockade efficacy in both lung and
liver cancers by inhibiting neutrophil extracellular trap formation, a mechanism that couples GLP-1RA therapy to the
tumor immune microenvironment. Kojima et al. (2020, Int ] Mol Sci) [218] evaluated GLP-1RA effects on NASH-to-HCC
progression in murine models. Kawakubo et al. (2020, Sci Rep) [168] modelled the same axis in MC4R-knockout mice
on a Western diet, mapping stepwise progression under GLP-1RA exposure. Krause et al. (2019, EXCLI J) [219] analyzed
liraglutide effects in HCC cell lines, following on from their 2017 study (Krause et al., Eur ] Pharmacol) linking GLP-1
agents to both increased cancer risk and inhibition of tumor growth. Li et al. (2019, Eur Rev Med Pharmacol Sci) [220]
showed liraglutide induces apoptosis in HepG2 cells at physiologically achievable doses. Chen-Liaw et al. (2017, In Vitro
Cell Dev Biol Anim) [221] demonstrated exendin-4 amelioration of steatosis in hepatocyte models. Xu et al. (2020, Tissue
Cell) [222] tested combined liraglutide and human umbilical cord mesenchymal stem cell therapy for NAFLD. Yamada
et al. (2021, Arch Biochem Biophys) [223] explored incretin action on transdifferentiation. Li et al. (2005, Mech Dev)
[224] characterised transdifferentiation of HepG2 cells to pancreatic cells under Pdx1, providing older but relevant
developmental context. Yokomori et al. (2020, BMJ Open Gastroenterol) [225] documented GLP-1R expression patterns
in NASH progression. Moreira et al. (2018, ] Nutr Biochem) [226] modelled dietary NAFLD progression under incretin
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exposure. Galatou et al. (2022, Antioxidants) [227] reviewed NASH biology, and Tsiampali et al. (2023) [228] reviewed
the pharmacological pipeline against NAFLD/NASH.

Related mechanistic reviews and studies include Yadav et al. (2022, Pharmacol Res) [229], Mastoor et al. (2022,
Metabolites) [230] linking hepatic metabolism to the renin-angiotensin system in the context of incretin action, Hamed
et al. (2018, Arab ] Gastroenterol) [231] on liver-diabetes interactions, Itou et al. (2013) [232] on DPP-4 in hepatology,
Paternostro and Trauner (2022, J Intern Med) reviewing NAFLD phenotypes, Sarker et al. (2026) [197], Hanna et al.
(2025, Cancers) [233] on the epigenetic ageing of the liver and HCC, Huynh et al. (2023) [234] reviewing oral diabetes
medications and cirrhosis, Wang et al. (2025, Ann Med) [235] systematically synthesizing HCC risk factors, Arvanitakis
etal. (2022, Cancers) [236] reviewing GLP-1RAs specifically in HCC context, and Choi et al. (2025, Am J Gastroenterol)
[237] analyzing SGLT2i hepatoprotection. Titus and colleagues (2025, Drug Saf) [238] address cardio-renal-metabolic
safety signals in GLP-1RA use overall. Liu et al. (2024, Gut) [239] and Liu et al. (2025, Gastroenterology) [240] offer high-
profile reports (abstracts not extracted in the source) that reinforce the direction of the field. Zacharia et al. (2025)
[241], Cheraghpour et al. (2025, Clin Gastroenterol Hepatol) [242], and Hu et al. (2026, Front Pharmacol) [243] provide
contemporary syntheses of GLP-1RA use in liver disease and HCC. Till et al. (2015) [91] — cross-referenced above in
the CNS section — remains relevant here for the pediatric hepatoblastoma model demonstrating tumor effects on gut-
hormone regulation.

Taken together, the liver literature is the clearest test-case for the hypothesis that GLP-1RAs can prevent obesity-related
cancer: MASLD reduction, T2D control, and hepatoprotective mechanisms plausibly converge to lower HCC incidence,
and the cohort data reinforce this at population scale.

Cholangiocarcinoma has generated a small but distinctive controversy in the GLP-1RA literature because early cohort
data raised the possibility of a specific increased risk, whereas subsequent studies have provided more reassuring
results. The concern was crystalized by Abrahami et al. (2018, BM]) [244], a population-based UK Clinical Practice
Research Datalink study of 154,162 adults with T2D, which reported that use of GLP-1 receptor agonists and DPP-4
inhibitors was associated with an increased risk of cholangiocarcinoma. Barbato, Cadamuro and Fabris (2019, Clin Res
Hepatol Gastroenterol) [245] commented on whether this constituted a genuine adverse drug effect. Giorda et al. (2020,
Acta Diabetol) [246] followed with a nested case-control study in a T2D population and evaluated the association again,
providing an independent perspective from Italian data. Kaur et al. (2026, Indian | Gastroenterol) [247] analyzed
semaglutide-associated bile-duct cancer signals in VigiBase, the WHO's pharmacovigilance database, and reported a
disproportionality signal warranting continued monitoring Larger and more recent cohort studies have not confirmed
the Abrahami finding. Ueda etal. (2021, Diabetologia) [248] analyzed nationwide Scandinavian data (Sweden, Denmark,
Norway) and found no significantly increased cholangiocarcinoma risk with incretin-based drugs. Krishnan et al. (2024)
[249] used the TriNetX US retrospective cohort and reported no association between GLP-1RAs (or DPP-4Is) and
cholangiocarcinoma in the American T2DM population. Yonatan et al. (2025) [250] systematically reviewed the
evidence base, characterising the current picture as "inconclusive." The commentary by Trakoonsenathong, Chiu and
Saengboonmee (2024, World ] Gastroenterol) [251] frames the debate as "potential game changer" from the anti-cancer
direction, given contradictory epidemiological findings that must be weighed against emerging mechanistic evidence.

Preclinical data align more consistently on the direction of biological action. Chen etal. (2013, IntJ Mol Sci) [252] showed
that exendin-4 combined with oxaliplatin affected intrahepatic cholangiocarcinoma (ICC) cell lines and mouse models
via specific in vitro and in vivo endpoints. Chen et al. (2014, Mol Biol Rep) [253] demonstrated in 176 ICC patients that
high GLP-1R expression correlated with clinical variables and postoperative outcome, positioning the receptor as
prognostic. Chen et al. (2019, Oncol Rep) [254] showed that oxaliplatin reverses GLP-1R-mediated promotion of ICC by
altering FoxO1 signaling — a striking finding indicating that GLP-1R activation may promote ICC growth and that
chemotherapy can specifically counteract this axis. Trakoonsenathong et al. (2024, Sci Rep) [255] provided a partial
counterpoint in a follow-up preclinical study, reporting that liraglutide exhibited potential anti-tumor effects in iCCA
cells despite the receptor's promotional role in the Chen et al. (2019) [254] work, showing that GLP-1R expression was
significantly upregulated in iCCA tissues but that treatment with liraglutide inhibited progression in specific models.
Overall, this section illustrates the necessary uncertainty in a specific tumor type where receptor expression is high,
epidemiological data conflict, and preclinical mechanisms could support either direction of effect.

Pancreatic cancer sits at the historical centre of GLP-1RA oncology concerns. Early adverse-event signals — first
reported in the FDA FAERS database — implicated exenatide and later liraglutide in both acute pancreatitis and
pancreatic cancer, generating an epidemiological question the field has now largely, though not entirely, resolved in
favor of neutrality or benefit. Singh, Chang and colleagues (2013, JAMA Intern Med) [256] provided one of the first large
observational analyses to test the acute-pancreatitis signal, drawing attention to the possibility of a real class effect.
Alves etal. (2012) [166], Funch et al. (2014, Diabetes Obes Metab) [257] in a post-marketing liraglutide safety program,
Chalmer et al. (2015) [258], and Nreu et al. (2023) [259] followed with systematic assessments across data sources,
generally converging on no confirmed causal signal for pancreatic cancer.
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Modern meta-analyses of RCTs have been consistently reassuring. Monami et al. (2017) [260] meta-analyzed RCTs and
concluded no increased risk of pancreatic cancer with GLP-1RAs. Wang et al. (2018) [261] added six large
cardiovascular outcome trials (CVOTs) to the pool with no signal detected. Pinto et al. (2019) [262] applied trial-
sequential analysis to the RCT literature and again found no significant association. Cao et al. (2020) [263] confirmed
no elevation across a wider RCT set. Cao et al. (2023) [264] reproduced this finding in a further meta-analysis. Wen et
al. (2025) [265] evaluated pancreatitis and pancreatic cancer together in a systematic review of RCTs and reached
similar conclusions. Kalathiya et al. (2026) [266] directly compared GLP-1RAs with DPP-4i therapy for acute
pancreatitis and pancreatic cancer risk, providing head-to-head comparative evidence. Lauri et al. (2026) [267] offer a
further comprehensive review confirming reassurance. Tuersun et al. (2024) [268] targeted DPP-4 inhibitors
specifically for the same endpoints. Ailawadi et al. (2026) [269] framed the ongoing debate for the wider oncology
community.

Large real-world cohorts extend the reassurance. Liang et al. (2019) [113] — cited earlier for exenatide and thyroid
cancer — also examined pancreatic cancer and found no increased incidence. Ayoub et al. (2024) [165] analyzed
pancreatic-cancer risk in T2DM patients receiving GLP-1RAs and found no signal, aligning with earlier
esophageal /gastric findings from the same group. Muhammed et al. (2024) [270] evaluated pancreatic-event risk across
anti-diabetic medications and reported comparative reassurance. Xie et al. (2025) [271] analyzed real-world risk
drivers for pancreatic cancer. Faour et al. (2025) [272] provided a further evaluation of GLP-1RA-associated pancreatic
events. Zhang et al. (2017) [273] similarly reviewed incretin-based agents in this domain. Post et al. (2026) [274]
explored the bidirectional pancreatic-cancer-diabetes relationship. Ueberberg et al. (2016) [167] offered histological
data from surgical pancreatic specimens of patients on incretin-based drugs. Waser et al. (2015) [6] confirmed that GLP-
1R expression in normal and diseased human pancreas is much more restricted than in rodents. Williams et al. (2016)
[275] reviewed GLP-1 mimetic effects on the exocrine pancreas at the mechanistic level.

The Wang et al. (2024) [83] landmark cohort (T2D vs insulin) reported one of the largest single-study reductions in the
entire GLP-1RA cancer literature — pancreatic-cancer HR 0.41 — while Ipaye et al. (2025) [48] reported semaglutide-
associated pancreatic-cancer reduction (HR 0.76) versus DPP-4i. Chuang et al. (2025) [49] reported enhanced
pancreatic-cancer protection in obese subgroups. Together with the null RCT meta-analyses, the balance now clearly
favours no excess risk, and possibly reduced risk in some subpopulations.

Direct anti-tumor mechanisms in pancreatic cancer cell lines have been repeatedly demonstrated. Zhao et al. (2014, two
papers) reported that GLP-1 agents affected exocrine pancreas growth and evaluated whether GLP-1 promotes exocrine
growth in T2DM. Zhao et al. (2020) [276] showed that liraglutide modulates chemoresistance and chemosensitivity of
pancreatic cancer cells to gemcitabine, a clinically important finding for adjuvant-therapy design. Kiesewetter et al.
(2012) [277] explored GLP-1 signaling in pancreatic acinar cells. Cases et al. (2014) [17] demonstrated GLP-1R-induced
cellular growth and inhibition of apoptosis in pancreatic ductal cells, and Cases et al. (2015) [278] provided the
foundational review of GLP-1's proliferative and anti-apoptotic actions in pancreatic (3-cells. Wang et al. (2025, on GLP-
1-related prognostic tools) developed clinical prognostic instruments for pancreatic cancer. Zhang et al. (2018) [279]
elucidated pancreatic-cancer-associated diabetes mechanisms. Wu et al. (2025, pancreatic cancer) [280] demonstrated
the role of PMN-MDSCs in suppressing CD8+ TIL anti-tumor activity and identified therapeutic implications relevant to
GLP-1RA combination strategies. Bao et al. (2022) [281] developed early-distinction tools for pancreatic-cancer-
associated diabetes.

Complementary preclinical work maps GLP-1 action in the endocrine pancreas. Buteau etal. (2003) [282] demonstrated
that GLP-1 induces f3-cell growth via PI3-kinase and protein kinase C zeta pathways. Koehler and Drucker (2006) [283]
evaluated GLP-1R signaling in -cell proliferation, laying groundwork for pancreatic proliferation concerns. Zhou et al.
(2015) [155] examined B-cell protection under glucolipotoxicity via Akt activation. Lee et al. (2014, 2018, 2020)
explored GLP-1's actions on (3-cell regeneration, transdifferentiation from a-cells, and post-transplant 3-cell protection.
Cencioni et al. (2025) [284] analyzed metabolic-syndrome-driven pancreatic-ductal-adenocarcinoma onset. Deng et al.
(2022) [285] linked hyperinsulinemia to poor pancreatic-cancer outcomes. Xu et al. (2023) [286] elucidated androgen-
receptor-mediated glucose-stimulated insulin secretion in (-cells. Takano et al. (2015) [287] analyzed a-cell
hyperplasia mechanisms. Tong et al. (2025) [288] mapped a-to-f3 cell paracrine regulation. Smith and Meyerson (2020)
[289] analyzed the origin of pancreatic NETs. Wada, Tarhouny and colleagues (2014) [290] explored GLP-1R as a
therapeutic target in pancreatic NENs. Tiano and Mauvais-Jarvis (2015) [291] reviewed 3-cell estrogen-receptor effects.
Talmon et al. (2017) [292] contributed a case observation on pancreatic head adenocarcinoma. Masjkur et al. (2014)
[293] explored Hes3 signaling in pancreatic ductal cells and its therapeutic implications. Beyene et al. (2026) [294],
Shabil et al. (2024) [295], and Kuo et al. (2025) [200] offer additional systematic reviews on GLP-1RA hepatoprotection
in MASH — cross-cutting between liver and pancreatic sections. Uttenthal et al. (1985) [296] contributed the
foundational sequence analysis of human preproglucagon. Buenaventura et al. (2019) [11] characterized GLP-1R
endocytosis kinetics, relevant to receptor desensitisation under long-term GLP-1RA exposure. Felix et al. (2011) [297]
analyzed cachexia mediators in pancreatic cancer. Lagger et al. (2025) [298] offered the most recent comprehensive

1719



World Journal of Advanced Research and Reviews, 2026, 31(03), 1707-1749

review of pancreatic-adverse-event risk under GLP-1RA use. Laeeq (2024) [299] synthesized current therapeutics for
pancreatic carcinoma in the context of incretin-based agents.

The remaining tension is between the robust epidemiological reassurance and specific mechanistic observations that
GLP-1R activation can promote acinar and ductal proliferation in certain preclinical settings — a tension the field
addresses by pointing to the low or absent GLP-1R expression on human pancreatic ductal cells (Pyke et al. 2014, Waser
etal. 2015) and to the failure of long-term RCTs and cohorts to detect any signal.

Colorectal cancer (CRC) has produced a signal that is mostly favorable but with important caveats. Wang et al. (2024)
[83] reported a striking HR of 0.54 for CRC in GLP-1RA versus insulin. Chuang et al. (2025) [49] reported a lower risk
of digestive-tract cancers overall (HR 0.81), particularly in obesity. Ipaye et al. (2025) [48] reported semaglutide-
associated CRC reduction (HR 0.80) versus DPP-4i. Cuomo et al. (2025) [300] studied five-year mortality after primary
colon cancer diagnosis under GLP-1RA use, considering BMI, and identified survival benefits. Dosda et al. (2026) [301]
evaluated all-cause mortality in T2D patients treated for CRC using a real-world health database and found GLP-1RA
associated with improved survival. Wang, Huang and Chen (2026, Diabetes Metab) [302] — also cited above — reassess
this literature and highlight limitations of causal inference from cohort designs, especially immortal-time bias and
treatment-selection confounding. Silverii et al. (2025) [34] meta-analyzed 50 RCTs and found a small but statistically
significant increase in CRC risk (MH-OR 1.27) in shorter-term trials, but the authors attribute this to increased CRC
surveillance triggered by gastrointestinal side effects rather than true carcinogenicity, since the signal disappears in
longer trials. Guo et al. (2026) [303] systematically reviewed intestinal cancer risk with GLP-1RA use. Mari, Alamin and
colleagues (2026, Am | Med Sci) analyzed GLP-1RA initiation and risk of both CRC and colonic polyps.

Two contradictory older reports frame the ongoing debate. Abrahami et al. (2018, Diabetes Care) [244] reported that
evidence for GLP-1 analogues and DPP-4 inhibitors with respect to CRC was contradictory, and used the UK Clinical
Practice Research Datalink to attempt resolution. Kamarudin et al. (2019) [304] reviewed the mixed picture of
antidiabetic medications and CRC. Zhong et al. (2025) [305] reviewed potential adverse gastrointestinal outcomes.
Kakkar and colleagues (2014) [306] offered an early perspective.

Preclinical anti-tumor evidence is more consistent. Koehler, Kain and Drucker (2011) [171], cited above, demonstrated
that GLP-1R activation inhibits growth and augments apoptosis in murine CT26 colon cancer cells. Zhang et al. (2025,
Cancer Res Commun) [307] demonstrated tirzepatide's anti-tumor effect on CRC, providing a specific dual-agonist
mechanistic case. Ma et al. (2023) [170] linked high-glucose-driven CRC progression to BMP4 signaling and showed
GLP-1RA reversal. Wenjing et al. (2017) [308] reviewed GLP-1RA effects on cell proliferation and survival via PI3K
signaling in relevant tissues. Sun et al. (2014) [309] discussed anti-cancer potentials of GLP-1RAs, while cautioning
about mechanistic uncertainty. Kissow et al. (2012) [310] analyzed the parallel roles of GLP-1 and GLP-2 in intestinal
endocrine cells. Masur et al. (2006) [311] provided classical data on GLP-1/GLP-2 secretion in gut biology. Jin (2008)
[312] reviewed the pathophysiological landscape of T2D as it relates to CRC development. Zac-Varghese et al. (2014)
[313] linked LKB1 (a Peutz-]Jeghers tumor suppressor) to proglucagon-expressing intestinal cells, providing insight into
GI polyposis. Yorifuji et al. (2016) [314] evaluated DPP-4 inhibitors and colorectal-neoplasia risk in T2DM. Phuah et al.
(2026) [315] explored gut-microbiota-derived indole metabolites and their effects on GLP-1 secretion, connecting
microbial metabolism to intestinal endocrine tone. Glass et al. (2017) [316] analyzed intestinal preproglucagon-
expressing cell sub-populations to guide therapeutic strategy. Jiang et al. (2015) [317] reviewed peripheral insulin
resistance and -cell dysfunction as they relate to enteroendocrine biology. Sasaki et al. (2018) [93], previously cited,
reported impaired GLP-1 secretion in patients with colorectal adenoma after oral glucose loading — a distinct
diagnostic signal.

Two specific practical concerns dominate current colorectal practice. Ueda et al. (2024) [318] analyzed whether GLP-
1RAs and DPP-4 inhibitors increase the risk of intestinal obstruction — an important clinical adverse-event category
given the profound slowing of gastric emptying with GLP-1RA use — and Chen et al. (2026) [319] further examined
intestinal-obstruction safety signals in real-world data. Yuan et al. (2026) [320] applied drug-target Mendelian
randomization to test the causal link with GI events, generally providing reassurance. Yorifuji etal. (2016) [314], Kissow
etal. (2012) [310], and Zac-Varghese et al. (2014) [313] collectively provide the mechanistic backdrop for these safety
endpoints.

The interface of GLP-1RAs with CRC immunotherapy is emerging as a distinct therapeutic axis. Saghafi et al. (2026)
[321] reviewed immune checkpoint inhibitors in CRC — particularly in microsatellite-instability-high (MSI-H) and
mismatch-repair-deficient (d{MMR) tumors — and the way GLP-1RAs modulate the tumor immune microenvironment
to potentiate durable response. Temperley et al. (2026) [322] evaluated GLP-1RA use in the setting of total neoadjuvant
therapy (TNT) for rectal cancer, where higher rates of pathological complete response create opportunities for adjuvant
metabolic modulation. Wang et al. (2024, without abstract in the source) and Wang et al. (2026) [94] both position GLP-
1RAs as candidates for CRC care beyond diagnosis. Nguyen et al. (2024) [323] reviewed the wider obesity-CRC axis and
treatment implications.
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2.6 Prostate cancer and GLP-1 receptors effect

The prostate cancer literature shows generally consistent evidence for a protective GLP-1RA effect, alongside distinct
mechanistic work in receptor biology and radiation biology. At the population level, Skriver et al. (2023) [324] analyzed
the Danish real-world setting and reported that GLP-1RA use was associated with reduced prostate cancer risk. Lu et
al. (2022) [325] reported real-world evidence that both GLP-1 receptor agonists and DPP-4 inhibitors have
chemopreventive effects on prostate cancer, addressing a gap in cohort-level confirmation of the preclinical signal. Lin
et al. (2024) [326] added a further real-world analysis of incretin-based drugs and prostate cancer incidence. Chou et
al. (2025) [327] compared SGLT2i and DPP-4i in a Taiwanese T2DM population and reported reduced new-onset
prostate cancer with SGLT2i, providing indirect comparative context. Sharma et al. (2025) [328] and Fang et al. (2025)
[329] reviewed the epidemiologic and mechanistic evidence for GLP-1RA chemoprevention in prostate cancer. Drewa
et al. (2025) [330] framed the incretin-hormone-dependent pathway modulation as a potential prostate cancer
intervention. Alhajahjeh et al. (2024) [331] provided a broader review of GLP-1 biology in cancer with a prostate focus.

Mechanistically, Bera et al. (2025) [332] showed that semaglutide activates GLP-1R signaling not only in classical target
cells but also in tumor cells, and identified specific mechanisms operative in prostate cancer models. He et al. (2018)
[18] demonstrated that exendin-4 had antitumor effects in prostate cancer specifically. Nomiyama et al. (2014) [19] and
Iwaya et al. (2017) [333] reported early evidence for anti-cancer effects of incretins in prostate cell models. Li et al.
(2017) [334] explored GLP-1-analog effects on hormone-responsive prostate cancer cell lines. Wenjing et al. (2020)
[335] built on their earlier work to show anti-prostate-tumor activity of a GLP-1 analogue. Stein et al. (2024) [336]
demonstrated that liraglutide reduces prostate cancer incidence in vivo and reduces in vitro proliferation and in vivo
growth of prostate cancer cell lines, extending the direct-effect hypothesis. Besschetnova et al. (2023) [337] explored
epigenetic reprogramming in prostate cancer progression and treatment resistance, providing the context for how GLP-
1RAs might synergise with epigenetic therapies. Murphy et al. (2025) [338] reviewed obesity and metabolic syndrome
as prostate cancer risk factors and the potential of GLP-1RAs in this setting. Knura et al. (2021) [339] provided the
diabetes-prostate cancer correlation review.

Two specific clinical scenarios round out the section. Kajitani et al. (2020) [340] reported a case of a 79-year-old man
who developed severe visceral fat accumulation, fatty liver, and new-onset diabetes eight months after orchiectomy for
prostate cancer, treated with canagliflozin — illustrating the metabolic disruption that follows androgen deprivation
and the potential role of GLP-1RAs in mitigating it. Andrianu et al. (2024) [341] examined radiation-therapy toxicities
in localized prostate cancer and considered how GLP-1RA use may modify radiation-induced early urinary toxicities.
Model et al. (2021) [342] reviewed the physiology of androgen reduction — whether from ageing, gender-affirming
treatment, or prostate cancer — as it interacts with GLP-1RA action. Mercola et al. (2026) [343] analyzed the genomic
mechanisms of increased prostate cancer risk in migrating Asian and Hispanic populations to countries with higher
affluence, providing epidemiologic context for how metabolic changes drive cancer risk.

2.7 Breast, endometrial and ovarian cancer under GLP-1 activity

Breast cancer is the most common malignancy among women and — like prostate cancer — is closely linked to obesity,
insulin resistance, and metabolic syndrome, particularly in the hormone-receptor-positive postmenopausal setting.
Piccoli et al. (2021) [344] analyzed liraglutide's clinical development program and reported no increased breast cancer
risk. Hicks et al. (2016, BMJ) [345], using the Clinical Practice Research Datalink, reported no increased incident breast
cancer risk with GLP-1 analogues compared with DPP-4 inhibitors — an important early result from a well-conducted
UK cohort. Sarti et al. (2025) [346] reviewed the pharmacological prevention of hormone-receptor-positive breast
cancer in high-risk women, situating GLP-1RAs alongside SERMs and aromatase inhibitors in the prevention toolkit.
Xande et al. (2025) [347], Parsons et al. (2025) [348], and Naaman et al. (2022) [349] provided epidemiological and
mechanistic reviews on the obesity-breast cancer axis and the potential of GLP-1RAs to modify it, particularly in
postmenopausal women where aromatase-driven estrogen from adipose tissue drives HR+ disease.

Preclinical evidence for direct anti-tumor action in breast cancer is extensive. Ligumsky et al. (2012) [350] provided
one of the earliest demonstrations that GLP-1 has effects on breast cancer cell biology, and Ligumsky et al. (2024) [351]
synthesized the accumulated evidence linking GLP-1RAs to breast cancer prevention in T2DM and obesity. Hashimoto
etal. (2021) [352] analyzed diabetes as a breast cancer risk factor and the therapeutic potential of GLP-1RAs. Tanaka
etal. (2021) [353] reported anti-breast-cancer effects of exendin-4 and characterized the associated tissue-protective
mechanisms. Iwaya et al. (2017) [333] — cited above for prostate cancer — extended their incretin-cancer work to
breast cancer. Liu et al. (2022) [354] analyzed the role of GLP-1R signaling in breast cancer cells, characterizing direct
receptor-mediated effects. Shadboorestan et al. (2021) [355] demonstrated that liraglutide inhibits breast cancer cell
growth. Stanisavljevic et al. (2024) [356] showed that semaglutide exhibits immunomodulatory and antitumor effects
in breast cancer models. Atasoy et al. (2025) [357] demonstrated synergistic effects between GLP-1RAs and
radiotherapy in preclinical breast cancer models, an important translational finding for combination oncology. Santos
etal. (2026) [358] provided a comprehensive assessment of GLP-1R expression and activity across human tumors, with
particular relevance to breast cancer.
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Two mortality-oriented studies from the diabetic breast cancer intersection are particularly informative. Lemon et al.
(2022) [359] evaluated metformin and survival in women with T2DM and hormonally-mediated cancers (breast,
endometrial, ovarian), providing comparative context for GLP-1RA effects. Sukumar et al. (2026) [360] reported
treatment patterns, weight loss, and outcomes in breast cancer survivors using GLP-1RAs — an important real-world
safety-and-efficacy signal for the survivor population where use is growing rapidly. De and colleagues (2025) analyzed
HR+/HER2- early-stage breast cancer outcomes with adjuvant endocrine therapy and considered how obesity
modification via GLP-1RAs might improve recurrence-free survival. Fujiwara etal. (2017) [361] provided the intestinal-
neoplasia-diabetes mechanistic link relevant to hormonally-mediated cancers.

Two direct clinical scenarios complete the section. Cornelio et al. (2026) [362] analyzed cardiovascular benefits of GLP-
1RA therapies in women with breast cancer and T2D, addressing the cardio-oncology intersection. Brown et al. (2024)
[363] examined GLP-1RA use in axillary lymph node dissection patients with high BMI and insulin resistance,
addressing lymphedema prevention. Santella et al. (2020) [364] tested the intriguing hypothesis that weight loss on
GLP-1RA therapy improves breast-cancer detection sensitivity — a diagnostic-imaging consideration. Hung et al. (2026)
[164] provided the systematic review addressing concerns about pro-oncogenic effects of GLP-1RA and SGLTZ2i
therapies, arriving at a generally reassuring conclusion.

Endometrial and ovarian cancers are among the sites where GLP-1RA benefit is most consistently reported, reflecting
their strong association with obesity, insulin resistance, unopposed estrogen, and polycystic ovary syndrome. Wang et
al. (2024) [83] reported HR 0.52 for ovarian cancer and 0.74 for endometrial cancer with GLP-1RA versus insulin. Dai
et al. (2025) [28] reported HR 0.53 for ovarian and 0.75 for endometrial. Ipaye et al. (2025) [48] reported ovarian-
cancer reduction (HR 0.31) with tirzepatide versus DPP-4i. Bourou et al. (2024) [365] reviewed the endometrial cancer
landscape and its drivers, including unopposed estrogen, obesity, and insulin resistance. Riedinger et al. (2024) [366]
reviewed the expanding scope of GLP-1RA use amid the obesity epidemic and its gynecological implications. Kong and
Kadan-Lottick (2024) [367] evaluated tirzepatide and other pharmacotherapeutic interventions for endometrial-cancer
prevention, arguing that combating obesity may reduce EC incidence and improve outcomes. Hagemann et al. (2025)
[368] evaluated the combination of progestin therapy with semaglutide in conservative endometrial cancer treatment,
exploring GLP-1RA-assisted weight loss in fertility-sparing management. Hsieh et al. (2026) [369] tested whether the
addition of GLP-1RA to progestin therapy reduces hysterectomy rates in patients with endometrial intraepithelial
neoplasia and endometrial cancer under fertility-sparing management. Podder et al. (2026) [370] reviewed treatment
options for obesity-associated, hormone-resistant, and fertility-preserving endometrial cancer, highlighting GLP-1RAs
as a rising modality.

Real-world observational cohorts extend the epidemiology. Rothman et al. (2025) [371] used the UK Clinical Practice
Research Datalink to test whether incretin-based drugs are associated with decreased endometrial cancer risk in
women with T2D. Tseng et al. (2025) [372] analyzed GLP-1RA and SGLTZ2i oncogenic potential in gynecological
malignancies and reported reassurance. Yen et al. (2026) [373] evaluated endometrial cancer risk in patients with
obesity and metabolic disorders under GLP-1RA exposure. Moshayedi et al. (2025) [374] reviewed the obesity-
endometrial cancer axis and the role of effective weight management. Violette et al. (2023) [375] analyzed the interplay
of obesity, PCOS, and T2DM in driving malignant endometrial transformation. Karkia et al. (2025) [376] evaluated
plasma adipokines as endometrial-cancer biomarkers. Wang et al. (2025) [82] analyzed all-cause mortality in women
with ovarian cancer under GLP-1RA use, providing evidence for survival benefit. Kosowska et al. (2017) [377] reviewed
diabetes-ovarian-cancer interactions.

Preclinical work characterizes GLP-1R action directly on gynecological cancer cells. He et al. (2016) [378] tested
whether GLP-1 receptor agonists promote growth of human ovarian cancer cells; contrary to the pro-proliferative
concern, the study demonstrated cell-line-specific effects that are largely inhibitory. Liu et al. (2026) [379] analyzed
subtype-specific ovarian cancer biology under GLP-1R activation, showing heterogeneous effects across ovarian cancer
subtypes and pointing to the need for individualised approaches. Tang et al. (2026) [380] explored anti-diabetic drug
repurposing in ovarian cancer therapy. Khan et al. (2025) [381] analyzed GLP-1R and NPY receptor expression in
reproductive tissues under gonadal regulation, providing endocrine context. Zhu et al. (2021) [382] contributed to the
ovarian-cancer literature (no abstract in source). Li et al. (2022) [383] explored the role and mechanism of GLP-1R in
endometrial carcinoma via receptor overexpression and knockdown experiments. Li et al. (2024) [88] further
investigated GLP-1R properties in endometrial cancer in vitro. Zhang et al. (2016) [384] demonstrated anti-cancer
effects of exenatide on endometrial cancer cells; Zhang et al. (2021) [385] built on this by showing that exendin-4
modulates the response of endometrial cancer cells to chemotherapy under high-glucose conditions. Kanda (2018)
[386] provided background on GLP-1RA effects. Devis-Jauregui et al. (2021) [387] reviewed autophagy in endometrial
cancer, providing a mechanistic axis relevant to GLP-1RA effects.
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2.8 Hematologic malignancies and other tumor types under the GLP-1 prism

The hematologic-cancer literature is dominated by a small set of observational cohorts and mechanistic reviews, given
that active hematologic malignancy patients were largely excluded from GLP-1RA trials. Irons et al. (2026) [388]
analyzed patients with T2DM taking multiple metabolic-pathway-targeting agents and evaluated the incidence of
hematologic malignancies under GLP-1RA exposure. Lin et al. (2025) [389] and Lin et al. (2026) [390] reviewed and
analyzed the effects of GLP-1RAs, SGLT2i, and DPP-4i on hematologic malignancy risk, providing a comparative-drug
context for this understudied endpoint. The Wang et al. (2024) [83] landmark cohort reported HR 0.59 for multiple
myeloma with GLP-1RA versus insulin — one of the more striking risk reductions in the OAC panel. Grandhi et al. (2024)
[391] directly examined the impact of GLP-1RAs on the natural history of monoclonal gammopathy of uncertain
significance (MGUS) in T2D patients, finding that GLP-1RA exposure was associated with reduced progression to
multiple myeloma. Tentolouris et al. (2026) [392] reinforced this in a similar analysis of MGUS progression under GLP-
1RA exposure. Lopez and colleagues (2026) [393] contributed further evidence (no abstract in source). Ebbesen et al.
(2019) [394] evaluated GLP-1RA effects in autologous stem cell transplantation, showing potential mitigation of
chemotherapy-induced mucositis and its downstream bacterial translocation and systemic inflammation — a
supportive-care mechanism relevant to intensive hematology.

Two additional cancer sites feature in this section. Pradhan et al. (2024) [395] analyzed GLP-1RA use and both
melanoma and non-melanoma skin cancer risk versus sulfonylurea comparators. Feng et al. (2024) [396] and Haq et al.
(2024) [397] reviewed metformin's protective effects against skin cancer, providing indirect comparative context.
Pimenta et al. (2026) [398] analyzed sarcomas, particularly liposarcoma, as a model of dysfunctional mesenchymal-
stem-cell differentiation and the potential of GLP-1RAs to modulate this axis. Honors and Kinzig (2014) [399] reviewed
cancer cachexia and available treatment strategies, providing the clinical context for GLP-1RA's paradoxical potential
in both wasting and metabolic modulation.

Table 1: Results table

Cancer type Risk direction Key findings / evidence

Hepatocellular Reduced risk Consistent reduction across multiple large cohorts (Wang 2024,
carcinoma (HCC) Kanwal 2024, Yang 2024), mainly via MASLD/MASH reduction
Colorectal cancer Reduced risk HR 0.54 vs insulin (Wang 2024); mild increase in surveillance

detection in RCT meta-analysis (MH-OR 1.27) attributed to
increased screening from GI side effects, not true carcinogenesis

Endometrial cancer Reduced risk HR 0.74 (Wang 2024), 0.75 (Dai 2025); strong link to
obesity/insulin resistance
Ovarian cancer Reduced risk HR 0.52 (Wang 2024), 0.53 (Dai 2025), 0.31 with tirzepatide
(Ipaye 2025)
Meningioma Reduced risk HR 0.37 (Wang 2024), 0.69 (Dai 2025)
Gallbladder cancer Reduced risk HR 0.35 vs insulin (Wang 2024)
Multiple myeloma Reduced risk HR 0.59 (Wang 2024); reduced progression from MGUS to
myeloma (Grandhi 2024, Tentolouris 2026)
Prostate cancer Reduced risk | Danish/Taiwanese cohorts plus mechanistic data in cell lines
(preliminary)
Breast cancer Neutral to | No increased risk (Hicks 2016 BM], Piccoli 2021); direct
favourable antitumor mechanisms in vitro
Pancreatic cancer Neutral / reassuring | Multiple RCT meta-analyses show no signal; HR 0.41 in one large
cohort (Wang 2024)
Gastric cancer Mild favourable | HR 0.73 (borderline, non-significant) vs insulin (Wang 2024)
trend
Esophageal cancer Neutral / favourable | HR 0.60 (Wang 2024); no increase in meta-analysis (Wu 2025)
Thyroid cancer Conflicting findings | RCT meta-analysis shows MH-OR 1.52 (Silverii 2024); many large

cohorts are null (Brito 2025, Bea 2024, Pollack 2025); rodent C-
cell signal not fully confirmed in humans
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Kidney (renal) cancer Increased risk (vs | HR 1.54 vs metformin, 1.43 vs SGLT2i, 1.38 in non-diabetic obese
certain patients (Dai 2025)
comparators)

Cholangiocarcinoma Conflicting findings | Initial concern (Abrahami 2018, BM]); not confirmed in

Scandinavian data (Ueda 2021) or TriNetX (Krishnan 2024)

Neuroendocrine Theoretical concern | Proliferation shown in GLP-1R-positive cell lines (Shilyansky

neoplasms (NENSs) 2025); conversely, better survival in observational data (Fawzy
2025)

Lung cancer Reduced risk Lower incidence vs insulin across multiple cohorts (Tabernacki

2024, Song 2025)

Glioma / CNS tumors Reduced risk | Exendin-4 inhibits glioma proliferation (Nie 2018); better
(preclinical) glioblastoma outcomes with higher GLP1R copy number

3 CONCLUSION

GLP-1 receptor agonists show a consistent pattern of reduced risk for many obesity-associated cancers. The strongest
and most reproducible signals of benefit concern hepatocellular carcinoma (via MASLD reduction), colorectal cancer,
endometrial cancer, ovarian cancer, meningioma, gallbladder cancer, and multiple myeloma. The picture for pancreatic
cancer, once a source of significant concern, is now dominated by neutrality-to-benefit; the picture for prostate cancer
is favorable but preliminary; the picture for breast cancer is neutral-to-favorable and mechanistically supported by
direct anti-tumor effects on cell lines. Two areas of continuing concern warrant closer surveillance: thyroid cancer,
where a modest but statistically significant signal exists in some (but not all) meta-analyses and where rodent evidence
is unambiguous even though human relevance is disputed on receptor-expression grounds; and kidney cancer, where
multiple studies report modestly increased risk versus specific comparators (metformin, SGLT2i, DPP-4i).

Three orthogonal lines of evidence support a coherent biological story. First, the class produces substantial weight loss
and improves the metabolic drivers (hyperinsulinaemia, chronic inflammation, adipose dysfunction, elevated free IGF-
1) that link obesity to cancer. Second, direct anti-tumor actions have been demonstrated in cell lines and animal models
across many cancer types, operating through GLP-1R/SIRT3-mediated EMT suppression (glioma), IL-6/STAT3 axis
inhibition (HCC), ferroptosis induction via SLC7A11 (glioblastoma), tumor-associated macrophage reprogramming
(PTC), and NET inhibition (lung, liver). Third, immunomodulatory effects — cAMP-PKA-AMPK signaling suppression of
NF-kB-driven inflammation, macrophage repolarisation, improved CD8 T-cell metabolic fitness, and reduced lipid-
induced T-cell exhaustion — position the class as a possible metabolic-immunologic adjuvant to immune checkpoint
inhibitor therapy, with real-world observational data across renal, lung, colorectal, and breast cancers already
suggesting improved survival and fewer immune-related adverse events.

The tensions in the literature — the residual signal for thyroid and kidney cancer, the mechanistic proliferation of NEN
cells expressing GLP-1R, the diagnostic-imaging pitfalls introduced by rapid weight loss and BAT activation, the excess
acute-pancreatitis risk in the first six months of therapy, the paradoxical increases in esophageal and gastric cardia
cancers after bariatric surgery (but not GLP-1RAs) — do not overturn the overall picture but do delineate the
boundaries within which the class should be prescribed with caution. The next generation of randomized trials, ideally
including patients with active cancer, may be required to convert the current observational reassurance into firm
therapeutic guidance.
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