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Abstract  Glucagon-like peptide-1 receptor (GLP-
1R) agonists, such as exenatide (Byetta, Bydu-
reon), liraglutide (Victoza, Saxenda), albiglutide 
(Tanzeum), dulaglutide (Trulicity), lixisenatide (Lyx-
umia, Adlyxin), semaglutide (Ozempic, Rybelsus, 
Wegovy), and tirzepatide (Mounjaro, Zepbound), 
are widely used for the treatment of type 2 diabetes 

mellitus (T2DM) and obesity. While these agents 
are well known for their metabolic benefits, there is 
growing interest in their potential effects on cancer 
biology. However, the role of GLP-1R agonists in 
cancer remains complex and not fully understood, 
particularly across different tumor types. This study 
aimed to evaluate the prognostic significance of 
GLP1R expression on overall survival across various 
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cancer types. Using a comprehensive analysis of gene 
expression data and survival outcomes a large cohorts 
of different tumor types, we employed Cox propor-
tional hazards survival analyses, coupled with false 
discovery rate determinations, to explore correlations 
between GLP1R expression and survival. The inte-
grated database included thousands of cancer speci-
mens with available overall survival time and event 
data from numerous independent cohorts, providing 
a robust platform for survival analysis. Our findings 
reveal that increased GLP1R expression is associ-
ated with improved overall survival in cancers such as 
bladder cancer, breast cancer, esophageal adenocarci-
noma, renal clear cell carcinoma, and thyroid carci-
noma. Conversely, higher GLP1R expression is linked 
to poorer survival outcomes in cervical squamous cell 
carcinoma, lung squamous cell carcinoma, stomach 
adenocarcinoma, and uterine corpus endometrial car-
cinoma. Additionally, GLP1R expression showed no 
significant impact on overall survival in cancers such 
as esophageal squamous cell carcinoma, colon can-
cer, head-neck squamous cell carcinoma, renal pap-
illary cell carcinoma, hepatocellular carcinoma, lung 
adenocarcinoma, ovarian cancer, and pancreatic can-
cer. In conclusion, GLP1R expression levels serve as 
an important biomarker with potential prognostic sig-
nificance across multiple cancers, demonstrating both 
protective and adverse associations depending on the 
tumor type. These findings highlight the complex role 
of GLP-1R agonists in cancer risk and survival, sug-
gesting that the therapeutic use of these agents should 
be carefully tailored to the individual patient’s cancer 
risk profile.

Keywords  GLP-1 receptor agonists · Cancer 
prognosis · Gene expression · Survival analysis · 
Tumor biomarkers · Type 2 diabetes treatment · KM 
plotter

Introduction

Glucagon-like peptide-1 (GLP-1) receptor agonists 
have emerged as a pivotal class of medications pri-
marily used in the treatment of type 2 diabetes mel-
litus (T2DM) and obesity [1, 2]. Approved GLP-1 
agonists include exenatide (Byetta, Bydureon), 
liraglutide (Victoza for diabetes, Saxenda for obe-
sity), albiglutide (Tanzeum), dulaglutide (Trulicity), 

lixisenatide (Lyxumia in Europe, Adlyxin in the U.S.) 
and semaglutide (Ozempic, Rybelsus for diabetes, 
Wegovy for obesity). Additionally, tirzepatide, a dual 
GLP-1 and GIP agonist (Mounjaro for diabetes, Zep-
bound for obesity) is another recent addition to this 
class of drugs. These agents function by mimicking 
the actions of endogenous GLP-1, a hormone that 
is secreted by the gut in response to food intake [1, 
2]. The activation of the GLP-1 receptor (GLP1R) 
triggers several physiological responses, including 
enhanced insulin secretion, inhibition of glucagon 
release, and delayed gastric emptying, all of which 
contribute to improved glycemic control and reduced 
body weight [1, 2]. Due to their efficacy, GLP1R ago-
nists are widely prescribed, with millions of patients 
benefiting from their metabolic effects.

Beyond their well-documented metabolic benefits, 
there is a growing interest in the potential effects of 
GLP1R agonists on cancer biology [3–9]. The wide-
spread use of these drugs, combined with the fact that 
cancer is a leading cause of morbidity and mortality 
globally, necessitates a deeper understanding of how 
GLP-1 signaling might influence cancer risk and sur-
vival. Emerging data suggest that GLP-1 and its down-
stream mediators, including fibroblast growth factor-21 
(FGF-21), could have significant roles in cancer devel-
opment and progression [3–5, 8, 10–40]. However, the 
relationship between GLP1R activation and cancer 
is complex, with some studies suggesting protective 
effects while others indicate potential risks [8].

Recent data highlight this complexity. A large-scale 
epidemiological studycompared the incidence of obe-
sity-related cancers in patients treated with GLP1R 
agonists versus those treated with insulin or metformin 
[3]. It found a significant reduction in the risk of sev-
eral cancers among GLP1R agonist users compared 
to insulin users, but no clear benefit compared to met-
formin, and even a potential increased risk of kidney 
cancer [3]. This raises critical questions about whether 
these observed effects are directly due to GLP-1 recep-
tor activation or are secondary consequences of weight 
loss and other metabolic changes induced by these 
drugs. The limitations of this study, including its ret-
rospective design and the difficulty in separating direct 
drug effects from the consequences of weight loss, 
underscore the need for further investigation.

This study was designed to evaluate the prognostic 
significance of GLP1R expression across various can-
cer types, with the hypothesis that GLP1R expression 
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might serve as an indicator of certain cancers’ sensi-
tivity to glucagon/GLP-1 signaling. We hypothesized 
that patients with tumors exhibiting high GLP1R 
expression could experience distinct survival out-
comes, potentially reflecting their tumors’ responsive-
ness to GLP1R activation. To test this hypothesis, we 
conducted a comprehensive analysis of survival data 
across multiple cancer types, using integrated cancer 
patient cohorts from the Kaplan–Meier Plotter plat-
form [41–43]. This approach allowed us to examine 
the relationship between GLP1R expression levels 
and patient outcomes, and to contextualize these find-
ings within the broader landscape of clinical data on 
GLP1R agonist use [41, 42].

Methods

Differential gene expression across multiple tissue 
types

We employed the database from the previously estab-
lished TNMplot project to compare gene expression 
levels between tumor and normal samples across 
multiple datasets [44]. In this platform we have inte-
grated data from The Cancer Genome Atlas (TCGA) 
and The Genotype-Tissue Expression (GTEx) reposi-
tories. RNAseq based gene expression data was pro-
cessed as previously described [44] and tumor tissues 
were compared to non-cancerous tissues from the 
same organ. Notably, normal whole blood from GTEx 
was used as the normal tissues for acute myeloid 
leukemia samples. Each tumor type was processed 
independently, and the differential gene expression 
was determined by computing a Mann–Whitney 
U-test. Statistical significance was set at p < 0.05. We 
employed a boxplot for the visualization of the data.

Survival analysis across different tumor types

Data was collected as previously described for breast 
[45], colon [46], lung [41], ovarian [47], gastric [48], 
and pancreatic [49] and other [50] cancers (Table 1).

We employed Cox proportional hazards regres-
sion analysis to assess the correlation between 
GLP1R and GCG expression and overall survival. 
As the gene arrays can have multiple probe sets for a 
selected gene, the probe set 208400_at was selected 

for GLP1R and 206422_at for GCG in the survival 
analysis. These probe sets were previously assigned 
the most representative for these genes [51].

To avoid missing a correlation due to different 
cutoff values (e.g., because of using a median gene 
expression as a cutoff), each analysis was performed 
by using the best available cutoff. In this, each availa-
ble cutoff value between the lower and upper quartiles 
of expression were evaluated, and the best performing 
cutoff was used in the final analysis. False discovery 
rate was computed to correct for multiple hypoth-
esis testing. In addition to hazard rate (HR), logrank 
p and 95% confidence intervals were also computed. 
Finally, Kaplan–Meier plots were drawn to visualize 
the survival differences between those patients who 
had high expression and those who had low expres-
sion of the selected gene.

Results

Differential gene expression across different tumor 
types

First, we have analyzed the gene expression levels of 
GLP1R and GCG across various normal and tumor 
tissues. GLP1R expression was significantly elevated 
in pancreatic tumors compared to normal pancre-
atic tissues, with the median expression reaching 
around 200 in tumors while remaining close to zero 
in normal tissues. Additionally, ovarian tissues also 
exhibited an increase in GLP1R expression in tumor 
samples compared to normal tissues, although the dif-
ference was less pronounced than in the pancreas. In 
other tissues, including adrenal, AML, colon, liver, 
lung, and renal tissues, GLP1R expression remained 
relatively low in both normal and tumor samples, sug-
gesting a tissue-specific overexpression of GLP1R in 
certain cancers (see Fig. 1).

Similarly, GCG expression was markedly higher 
in pancreatic tumor tissues, with the median value 
reaching approximately 35,000, compared to nearly 
zero in normal pancreatic tissues. This finding aligns 
with the known role of GCG in pancreatic function 
and its dysregulation in pancreatic cancer. Pros-
tate and ovarian tumors also exhibited a moderate 
increase in GCG expression compared to their nor-
mal counterparts, but the expression levels were sig-
nificantly lower than those observed in the pancreas. 



4416	 GeroScience (2025) 47:4413–4427

Vol:. (1234567890)

Ta
bl

e 
1  

C
lin

ic
al

 c
ha

ra
ct

er
ist

ic
s o

f t
he

 in
cl

ud
ed

 c
an

ce
r p

at
ie

nt
s. 

N
ot

e 
th

at
 w

ith
 th

e 
ex

ce
pt

io
n 

of
 re

la
ps

e-
fr

ee
 su

rv
iv

al
 d

at
a,

 n
ot

 a
ll 

pa
tie

nt
s h

ad
 a

ll 
da

ta
 a

va
ila

bl
e

Fe
at

ur
e

B
la

dd
er

 
ca

rc
i-

no
m

a

B
re

as
t 

ca
nc

er
C

er
vi

ca
l 

sq
ua

-
m

ou
s 

ce
ll 

ca
r-

ci
no

m
a

C
ol

o-
re

ct
al

 
ca

nc
er

Es
op

ha
-

ge
al

 
A

de
no

-
ca

rc
i-

no
m

a

H
ea

d-
ne

ck
 

sq
ua

-
m

ou
s 

ce
ll 

ca
rc

i-
no

m
a

K
id

ne
y 

re
na

l 
cl

ea
r 

ce
ll 

ca
r-

ci
no

m
a

K
id

ne
y 

re
na

l 
pa

pi
l-

la
ry

 c
el

l 
ca

rc
i-

no
m

a

Li
ve

r 
he

pa
to

-
ce

llu
la

r 
ca

rc
i-

no
m

a

Lu
ng

 
ad

en
o-

ca
rc

i-
no

m
a

Lu
ng

 
sq

ua
-

m
ou

s 
ce

ll 
ca

rc
i-

no
m

a

O
va

ria
n 

ca
nc

er
St

om
-

ac
h 

ad
en

o-
ca

rc
i-

no
m

a

Th
yr

oi
d 

ca
rc

i-
no

m
a

U
te

rin
e 

co
rp

us
 

en
do

-
m

et
ria

l 
ca

rc
i-

no
m

a

Pa
nc

re
as

 
ca

rc
i-

no
m

a

N
um

be
r o

f 
pa

tie
nt

s
40

5
10

90
30

4
45

4
80

50
0

53
0

28
8

37
1

51
3

50
1

37
4

37
5

50
2

54
3

17
7

Se
x   F

em
al

e
10

7
10

79
30

4
21

4
23

13
3

18
6

76
12

1
27

6
13

0
37

4
13

7
36

7
54

3
80

  M
al

e
30

1
12

-
24

0
14

1
36

8
34

4
21

3
25

0
23

9
37

1
-

24
3

13
5

-
97

St
ag

e
  D

efi
ni

-
tio

n
A

JC
C

A
JC

C
FI

G
O

A
JC

C
A

JC
C

A
JC

C
A

JC
C

A
JC

C
A

JC
C

A
JC

C
A

JC
C

FI
G

O
A

JC
C

A
JC

C
FI

G
O

A
JC

C

  1
2

18
1

16
2

75
17

25
26

5
17

2
17

1
27

6
24

4
1

55
28

1
33

9
21

  2
13

0
61

9
69

17
6

70
71

57
21

86
12

1
16

2
21

11
2

52
51

14
6

  3
14

0
24

8
45

12
8

50
78

12
3

52
85

84
84

29
2

15
1

11
2

12
4

3
  4

13
4

20
21

64
8

25
9

82
15

5
26

7
57

39
55

29
4

Pa
th

ol
og

ic
al

 T
  1

3
27

9
14

0
11

29
45

27
1

19
3

18
1

16
9

11
4

N
A

20
14

3
N

A
7

  2
11

9
63

1
71

77
38

13
3

69
32

94
27

7
29

3
N

A
84

16
4

N
A

24
  3

19
4

13
8

20
30

9
77

96
17

9
60

80
47

71
N

A
16

8
17

0
N

A
14

1
  4

58
40

10
56

4
17

1
11

2
13

19
23

N
A

10
0

23
N

A
3

Pa
th

ol
og

ic
al

 N
  0

23
7

51
4

13
3

26
7

67
17

2
23

9
50

25
2

33
2

31
9

N
A

11
3

22
9

N
A

49
  1

46
36

1
60

10
5

64
65

16
24

4
95

13
1

N
A

99
22

3
N

A
12

3
  2

75
12

0
N

A
82

10
16

4
N

A
4

N
A

74
40

N
A

76
N

A
N

A
N

A
  3

8
76

N
A

N
A

6
7

N
A

N
A

N
A

2
5

N
A

74
N

A
N

A
N

A
Pa

th
ol

og
ic

al
 M

  0
19

6
90

8
11

6
33

3
12

1
18

7
42

0
95

26
6

34
6

41
1

N
A

33
4

28
0

N
A

79
  1

11
22

10
64

8
1

78
9

4
25

7
N

A
26

9
N

A
4



4417GeroScience (2025) 47:4413–4427	

Vol.: (0123456789)

In most other tissues, GCG expression remained low 
and consistent between normal and tumor samples, 
further underscoring the specificity of GCG overex-
pression in pancreatic cancer. These results highlight 
the potential of GLP1R and GCG as biomarkers for 
pancreatic cancer, given their marked overexpression 
in tumor tissues compared to normal tissues.

GLP1R expression and survival in different tumor 
types

We analyzed the correlation between overall survival 
and GLP1R gene expression changes across various 
cancers. Bladder carcinoma, esophageal squamous 
cell carcinoma, and lung adenocarcinoma showed no 
significant difference in survival based on GLP1R 
expression. In breast cancer, high GLP1R expres-
sion was associated with better overall survival 
(HR = 0.76, logrank p = 0.0019), as was the case in 
esophageal adenocarcinoma (HR = 0.35, logrank 
p = 0.057), renal clear cell carcinoma (HR = 0.73, 
logrank p = 0.0086), kidney renal papillary cell car-
cinoma (HR = 0.62, logrank p = 0.099), and thy-
roid carcinoma (HR = 0.42, logrank p = 0.021). 

Conversely, higher GLP1R expression correlated with 
worse survival in cervical squamous cell carcinoma 
(HR = 2.17, logrank p = 0.0074), head-neck squa-
mous cell carcinoma (HR = 1.57, logrank p = 0.0063), 
lung squamous cell carcinoma (HR = 1.47, logrank 
p = 0.0098), stomach adenocarcinoma (HR = 1.31, 
logrank p = 0.026), colon carcinoma (HR = 1.35, 
logrank p = 0.0032), and uterine corpus endome-
trial carcinoma (HR = 2.36, ogrank p < 0.0001). In 
liver hepatocellular carcinoma, there was a slight 
improvement in survival with high GLP1R expres-
sion (HR = 1.40, ogrank p = 0.097). In ovarian cancer, 
high GLP1R expression was associated with signifi-
cantly better survival (HR = 1.27, ogrank p = 0.14). 
These findings indicate that GLP1R expression has 
varying impacts on survival depending on the tumor 
type, highlighting the complex role of GLP1R signal-
ing in cancer prognosis (see Fig. 2).

GCG expression and survival in different tumor types

In Fig. 3, we present Kaplan–Meier survival curves 
illustrating the correlation between GCG expression 
levels and overall survival across various tumor 

Fig. 1   GLP1R gene expression across normal and tumor tis-
sues in various cancer types. The box plot illustrates the 
mRNA expression levels of GLP1R in a range of normal 
(left) and tumor (right) tissues across multiple cancer types. 
The tissues analyzed include the adrenal gland, acute myeloid 
leukemia (AML; control: while blood from the GTEx), blad-
der, breast, colon, esophagus, liver, lung (adenocarcinoma and 
squamous cell carcinoma), ovary, pancreas, prostate, rectum, 

renal (clear cell carcinoma, chromophobe, papillary adenoma), 
skin, stomach, testis, thyroid, uterus (cervical squamous cell 
carcinoma, endocervical adenocarcinoma, endometrial carci-
noma), and others. Tissues labeled in red represent statistically 
significant differences between normal and tumor expressions, 
with higher or lower GLP1R expression observed in tumor tis-
sues. The black boxes indicate median values, while the whisk-
ers represent the range of expression levels
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types, comparing groups with high (red) and low 
(black) GCG expression. No significant difference 
in survival was observed for bladder carcinoma, 
esophageal squamous cell carcinoma, liver hepa-
tocellular carcinoma, colon cancer, or lung adeno-
carcinoma based on GCG expression. In contrast, 
high GCG expression was significantly associated 
with poorer survival in breast cancer (HR = 2.15, 

logrank p < 0.001), cervical squamous cell carci-
noma (HR = 1.83, logrank p = 0.0008), esophageal 
adenocarcinoma (HR = 2.91, logrank p = 0.0038), 
head-neck squamous cell carcinoma (HR = 1.65, 
logrank p = 0.0015), lung squamous cell carcinoma 
(HR = 1.74, logrank p = 0.0011), ovarian cancer 
(HR = 1.81, logrank p = 0.0073), stomach adenocar-
cinoma (HR = 1.81, logrank p = 0.009), and uterine 

Fig. 2   Correlation between GLP1R expression and over-
all survival across various tumor types. This figure presents 
Kaplan–Meier survival curves illustrating the correlation 
between GLP1R expression levels and overall survival in 

different tumor types. Each panel represents a distinct can-
cer type, with high (red) and low (black) GLP1R expression 
groups compared
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corpus endometrial carcinoma (HR = 2.35, logrank 
p < 0.0001). Conversely, higher GCG expression 
was correlated with better survival in renal clear 
cell carcinoma (HR = 0.43, logrank p < 0.001) and 
thyroid carcinoma (HR = 0.59, logrank p = 0.045), 
with a similar trend observed in renal papillary cell 
carcinoma (HR = 0.43, logrank p = 0.17).

Gene expression and prognostic implications of 
GLP1R and GCG in pancreatic cancer

Figure 4 provides a detailed analysis of the expression 
levels of GLP1R and GCG genes in normal, tumor, 
and metastatic pancreatic tissues and their respective 
correlations with overall survival in pancreatic cancer 

Fig. 3   Correlation between GCG expression and overall sur-
vival across various tumor types. This figure presents Kaplan–
Meier survival curves showing the correlation between GCG 

expression levels and overall survival in different tumor types. 
Each panel represents a specific cancer type, comparing high 
(red) and low (black) GCG expression groups
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patients. The results demonstrate a significant reduc-
tion in GLP1R expression in tumor tissues compared 
to normal pancreatic tissues (p = 3.64e-03), with even 
further downregulation observed in metastatic tis-
sues (p = 8.6e-04) (Fig.  4, Panel A). Kaplan–Meier 
survival analysis (Fig.  4, Panel B) indicates a trend 
toward improved overall survival in patients with 
higher GLP1R expression (hazard ratio [HR] = 0.89), 
though this trend did not reach statistical significance 

(logrank p = 0.13). These findings suggest a poten-
tial, albeit subtle, influence of GLP1R expression on 
patient outcomes. Similar to GLP1R, GCG expres-
sion was significantly decreased in tumor tissues com-
pared to normal tissues (p = 2.47e-03), with a more 
pronounced reduction in metastatic tissues (p = 5.57e-
09) (Fig.  4, Panel C). Importantly, Kaplan–Meier 
survival analysis (Fig.  4, Panel D) revealed a sig-
nificant association between higher GCG expression 

Fig. 4   GLP1R and GCG gene expression and their impact on 
overall survival in pancreatic cancer. This figure presents the 
gene expression levels of GLP1R and GCG in normal, tumor, 
and metastatic tissues of pancreatic cancer, along with their 
correlation with overall survival in patients. Panel A shows 
that GLP1R expression is significantly lower in pancreatic 
tumor tissues compared to normal tissues (p = 3.64e-03) and 
further reduced in metastatic pancreatic tissues (p = 8.6e-04). 
Panel B displays the Kaplan–Meier survival curve, indicat-
ing that high GLP1R expression is associated with a non-sig-
nificant trend toward improved survival (HR = 0.89, logrank 
p = 0.13). Panel C illustrates that GCG expression is signifi-

cantly lower in pancreatic tumor tissues compared to normal 
tissues (p = 2.47e-03), with an even more pronounced reduc-
tion in metastatic pancreatic tissues (p = 5.57e-09). Panel D 
shows the Kaplan–Meier survival curve, where high GCG 
expression is significantly associated with improved over-
all survival in pancreatic cancer patients (HR = 0.82, logrank 
p = 0.016). These findings suggest that both GLP1R and GCG 
expressions are reduced in pancreatic tumor and metastatic 
tissues, with higher expression levels, particularly of GCG, 
potentially associated with better survival outcomes in pancre-
atic cancer patients
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and improved overall survival (HR = 0.82, logrank 
p = 0.016), emphasizing its potential role as a prog-
nostic marker in pancreatic cancer.

Discussion

This study presents a comprehensive analysis of the 
relationship between GLP1R and GCG expression 
and overall survival across various cancer types. Our 
findings demonstrate that increased GLP1R expres-
sion is associated with improved overall survival in 
certain cancers, such as bladder cancer, breast can-
cer, esophageal adenocarcinoma, renal clear cell car-
cinoma, and thyroid carcinoma. Conversely, higher 
GLP1R expression correlates with poorer survival 
outcomes in cancers such as cervical squamous cell 
carcinoma, lung squamous cell carcinoma, stomach 
adenocarcinoma, and uterine corpus endometrial 
carcinoma. Notably, GLP1R expression appears to 
have no significant impact on overall survival in can-
cers such as esophageal squamous cell carcinoma, 
head-neck squamous cell carcinoma, renal papillary 
cell carcinoma, liver hepatocellular carcinoma, lung 
adenocarcinoma, ovarian cancer, and pancreatic can-
cer. Similarly, increased GCG expression is linked to 
improved survival in renal clear cell carcinoma, liver 
hepatocellular carcinoma, lung squamous cell carci-
noma, and thyroid carcinoma. However, higher GCG 
expression is associated with decreased survival in 
breast cancer, cervical squamous cell carcinoma, 
esophageal adenocarcinoma, head-neck squamous 
cell carcinoma, ovarian cancer, stomach adenocar-
cinoma, and uterine corpus endometrial carcinoma. 
GCG expression did not significantly influence sur-
vival outcomes in bladder cancer, esophageal squa-
mous cell carcinoma, renal papillary cell carcinoma, 
lung adenocarcinoma, and pancreatic cancer.

The dual role of GLP1R expression in cancer sur-
vival highlights the complexity of GLP-1 signaling in 
cancer biology [8]. GLP-1R is expressed at both the 
mRNA and protein levels across a diverse array of 
tissues, including the lungs, vasculature, pancreatic 
islets and acini, gastrointestinal tract, kidneys, gonads, 
urogenital system, and thyroid [40, 52]. However, the 
expression levels can vary significantly between these 
different tissues [40, 52]. Cancers arising from these 
tissues frequently exhibit altered GLP-1R expression 

[33, 35, 40]. In some cancers, such as those in the 
bladder, increased GLP1R expression may be pro-
tective, potentially reflecting a beneficial response to 
GLP-1R activation. This could be due to mechanisms 
such as the anti-inflammatory effects of GLP-1 ago-
nists, their influence on metabolic pathways, or their 
ability to modulate cancer cell proliferation and apop-
tosis. On the other hand, the association between high 
GLP1R expression and decreased survival in cancers 
like cervical squamous cell carcinoma and lung squa-
mous cell carcinoma suggests that GLP-1R activation 
may promote tumor progression in these contexts. 
This might involve pathways related to cell growth 
and survival that are differentially regulated in these 
tumor types. The observation that GLP1R expression 
has no effect on survival in several other cancers sug-
gests that the impact of GLP-1R signaling is highly 
context-dependent and may vary based on the tumor 
microenvironment, genetic mutations, or other fac-
tors. The data on GCG expression further complicate 
this picture, showing both protective and harmful 
associations with cancer survival, depending on the 
cancer type.

In vitro and preclinical studies highlight the com-
plexity of GLP-1 signaling in cancer biology. For 
instance, GLP-1R agonists like liraglutide have been 
shown to slow the progression of cholangiocarci-
noma by inhibiting cell migration and reducing tumor 
growth, despite the association of GLP-1R expression 
with poor histological grading in intrahepatic chol-
angiocarcinoma tissues [10]. Additionally, GLP-1R 
activation inhibits glioma cell migration, invasion, 
and epithelial-to-mesenchymal transition, [22] as well 
as suppresses the growth and promotes apoptosis in 
ovarian [28] and prostate cancer cells [34]. Lentivi-
ral overexpression of GLP-1R has also been demon-
strated to attenuate prostate cancer cell proliferation 
by inhibiting cell cycle progression [20]. Moreover, 
GLP-1R agonists, including liraglutide, have been 
shown to inhibit proliferation, cell cycle progression, 
and/or migration in lung [13], pancreatic [31, 32], 
prostate [26], endometrial [15, 23], and murine colon 
cancer cells [38], although they were reported to 
promote the proliferation of breast cancer cells [14]. 
Contrarily, other studies have indicated that GLP-
1R agonists do not affect the growth or survival of 
human pancreatic [53], colon [25], or thyroid cancer 
cells [27]. Furthermore, liraglutide has been shown 
to enhance the chemosensitivity of pancreatic cancer 
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cells to gemcitabine [18] and prostate cancer cells 
to enzalutamide [19], and to increase radiosensitiv-
ity in prostate cancer cells through AMPK activation 
and subsequent inhibition of p-mTOR, cyclin B, and 
p34cdc2 activation [24]. Notably, both liraglutide and 
the GLP-1 receptor agonist exenatide significantly 
increased intestinal growth in healthy mice without 
promoting dysplasia or tumor formation in the colons 
of carcinogen-treated mice [37]. These findings 
underscore the multifactorial nature of cancer and the 
need to understand the specific roles that GLP-1 sign-
aling plays in different tumorigenic processes.

Our findings are consistent with existing literature 
that shows a mixed impact of GLP-1 receptor ago-
nists on cancer risk and outcomes in humans [5, 8]. 
For instance, in the study by Wang et al., a retrospec-
tive cohort design was employed to investigate the 
impact of GLP-1 receptor agonists on the incidence 
of 13 obesity-associated cancers in patients with 
type 2 diabetes [3]. The study analyzed data from 
over 1.6 million patients, comparing those treated 
with GLP-1 receptor agonists against those treated 
with insulin or metformin. The findings revealed 
that the use of GLP-1 receptor agonists was associ-
ated with a significant reduction in the risk of several 
cancers compared to insulin. Specifically, patients 
using GLP-1 receptor agonists exhibited a lower 
risk of esophageal, colorectal, endometrial, gallblad-
der, kidney, liver, ovarian, and pancreatic cancers, 
as well as meningioma and multiple myeloma [3]. 
In contrast, compared to metformin, GLP-1 receptor 
agonists did not demonstrate a significant reduction 
in cancer risk and were associated with an increased 
risk of kidney cancer [3]. Interestingly, in our study, 
high GLP-1R expression was not associated with 
poorer survival for either type of kidney cancer stud-
ied. These results suggest that while GLP-1 receptor 
agonists may offer protective effects against certain 
obesity-related cancers, particularly when compared 
to insulin, their impact varies by cancer type and may 
be less favorable compared to metformin. The find-
ings also imply that insulin use could potentially pro-
mote cancer growth, underscoring the importance of 
considering cancer risk when selecting antidiabetic 
therapies. A recent study by Bukavina et al. [5] ana-
lyzed a large claims-based clinical data set to investi-
gate the association between GLP-1 receptor agonist 
use and the incidence of urologic cancers, including 
prostate cancer, kidney cancer, and bladder cancer, 

in patients with T2DM. The analysis, which included 
data from 1,276,762 patients prescribed various anti-
diabetic medications, revealed that GLP-1 receptor 
agonist use was associated with a higher risk of blad-
der cancer compared to SGLT2 inhibitors (HR 1.47), 
kidney cancer compared to metformin (HR 1.45), and 
prostate cancer compared to insulin (HR 1.32) [5]. 
These findings suggest a potential increased risk of 
urologic malignancies with GLP-1 receptor agonists. 
Interestingly, in our study, high GLP-1R expression 
was associated with significantly increased survival 
in both bladder carcinoma and renal clear cell carci-
noma, while it had no effect on survival in renal pap-
illary cell carcinoma. Other studies have also reported 
that the use of sitagliptin and exenatide significantly 
increases the risk of pancreatitis and pancreatic can-
cer compared to other therapies [39]. Additionally, 
Mendelian randomization studies suggest that GLP-1 
receptor agonists may decrease the risk of breast can-
cer while potentially increasing the risk of colorectal 
cancer [4]. Yang et al. [54] conducted a comprehen-
sive analysis of the U.S. Food and Drug Adminis-
tration Adverse Event Reporting System (FAERS) 
database, spanning from 2004 to 2021, to investi-
gate the association between glucagon-like peptide-1 
receptor agonists (GLP-1RAs) and tumor-related 
adverse events. The study identified a total of 3,593 
tumor adverse event reports linked to GLP-1RA use, 
with a significant proportion involving pancreatic 
(30.5%) and thyroid (12.9%) cancers [54]. Notably, 
the reporting odds ratio (ROR) for pancreatic cancer 
was elevated at 3.19 (95% CI: 2.95–3.45), indicat-
ing a higher reporting frequency compared to other 
drugs [54]. Conversely, the ROR for thyroid cancer 
was 1.72 (95% CI: 1.50–1.97), suggesting a less pro-
nounced association. The study also observed that the 
RORs for pancreatic and thyroid cancers were higher 
with long-acting GLP-1RAs compared to short-acting 
ones [54]. These findings underscore the importance 
of vigilant monitoring for tumor-related adverse 
events in patients undergoing GLP-1RA therapy, par-
ticularly concerning pancreatic and thyroid cancers. 
Taken together, the results emphasize the complex-
ity of GLP-1R signaling across different cancer types 
and suggest that the effects of GLP-1 receptor activa-
tion may vary widely depending on the specific tumor 
biology. Further investigation is necessary to validate 
these associations and to determine whether they are 
causal or influenced by confounding factors.
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In contrast to concerns raised in the broader lit-
erature [6–8], our study found that higher GLP1R 
expression was associated with substantially better 
survival in patients with thyroid carcinoma. Consist-
ent with our findings, a previous study reported that 
GLP-1R expression in papillary thyroid carcinomas 
is negatively correlated with tumor multifocality 
[35]. These findings are particularly intriguing given 
the FDA’s warnings about the potential increased 
risk of thyroid cancer, specifically medullary thyroid 
carcinoma, in patients treated with the GLP-1 recep-
tor agonists [6, 7]. The positive correlation between 
high GLP1R expression and improved survival in our 
study suggests that, while GLP-1 receptor agonists 
may increase the risk of developing thyroid cancer, 
those tumors with higher GLP1R expression could 
be more responsive to GLP-1R signaling, leading to 
better clinical outcomes. This could imply a potential 
protective role of GLP1R in the context of established 
thyroid cancer, possibly by modulating tumor behav-
ior [12] or enhancing the efficacy of treatment. How-
ever, the exact mechanisms underlying this relation-
ship remain unclear, and further research is needed to 
fully understand how GLP1R expression influences 
thyroid cancer progression and survival.

This duality in GLP-1R’s role may reflect the com-
plex interplay between the drug’s metabolic effects, 
its direct action on cancer cells, and the broader hor-
monal and environmental context within the body. 
Several potential mechanisms could explain the 
observed effects of GLP-1 agonists on cancer devel-
opment and survival. These include the role of GLP-
1R in regulating fibroblast growth factor 21 (FGF21) 
synthesis, which has been implicated in cancer biol-
ogy, as well as its anti-inflammatory effects, which 
could suppress tumor-promoting inflammation. 
Weight loss induced by GLP-1 agonists may also play 
a protective role by reducing obesity-related cancer 
risks. Conversely, the promotion of insulin secretion 
by GLP-1 agonists could, in certain contexts, stimu-
late tumor growth, particularly in cancers sensitive to 
insulin and insulin-like growth factors.

In addition to their role in tumor biology, GLP-
1R agonists have shown potential cardioprotective 
effects, particularly in mitigating chemotherapy-
induced cardiotoxicity. This is a critical consideration 
for cancer patients undergoing treatment with cardio-
toxic agents, such as anthracyclines. Recent studies 
[55, 56] highlight that GLP-1R agonists may protect 

against cardiotoxicity by modulating oxidative stress, 
inflammation, and mitochondrial dysfunction, thereby 
preserving cardiac function during chemotherapy.

Given the varying effects of GLP1R expres-
sion on survival across different cancer types, the 
use of GLP-1 receptor agonists in obese or diabetic 
patients at high risk for cancer should be approached 
with caution. Clinicians should consider the specific 
cancer risks associated with GLP-1R agonists and 
balance these against the benefits of glycemic con-
trol and weight loss. In patients with a high risk of 
cancers where GLP1R expression is associated with 
poor outcomes, alternative therapies might be more 
appropriate. Conversely, for patients at risk of can-
cers where GLP1R expression is protective, GLP-1 
receptor agonists could be considered a beneficial 
option.

While our study provides important insights, it is 
crucial to recognize its limitations. Methodological 
factors such as variations in tumor stages, interac-
tions with established prognostic biomarkers, dif-
ferences in treatment protocols, socioeconomic fac-
tors, and the analytical methods used may introduce 
biases that could influence the interpretation of our 
findings. Additionally, the retrospective nature of our 
study may limit the generalizability of the results to 
broader patient populations. The heterogeneity of the 
cancers analyzed and the differing effects of GLP1R 
and GCG expression indicate that the relationship 
between GLP-1 signaling and cancer is likely more 
intricate than this study alone can elucidate. Future 
research should focus on integrating GLP1R signal-
ing-related gene expression signatures with existing 
biomarkers to improve prognostic accuracy across 
multiple cancer types. Analyzing gene expression 
profiles from tumors in patients treated with GLP-1 
receptor agonists and other related therapies will be 
vital. This approach could provide deeper insights 
into how these drugs interact with the tumor micro-
environment and influence cancer progression, ulti-
mately leading to more personalized and effective 
treatment strategies. Further, the impact of GLP-1R 
agonists on cancer outcomes may vary significantly 
based on patient age and sex, emphasizing the need 
to consider age- and sex-specific factors in evaluat-
ing their therapeutic use. Elderly patients may expe-
rience differential responses to GLP-1R agonists due 
to age-related changes in GLP1R expression, tumor 
microenvironment, and systemic physiology. For 
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example, reduced regenerative capacity and altered 
immune function in older adults could influence both 
the efficacy and safety of GLP-1R agonists in man-
aging cancer outcomes. Additionally, elderly patients 
often present with multiple comorbidities and polyp-
harmacy, which could further modulate the effects of 
these agents. Sex-specific factors are equally impor-
tant, particularly in hormone-sensitive cancers such 
as breast and endometrial cancers, which may exhibit 
unique responses to GLP-1R signaling. Emerging 
studies have highlighted sex-dependent variations in 
cancer biology and treatment responses, suggesting 
that GLP-1R agonists could interact differently with 
tumor progression pathways in male versus female 
patients. For instance, the influence of GLP1R 
expression on estrogen or progesterone receptor-pos-
itive tumors might explain differential survival out-
comes in cancers like breast and uterine carcinomas. 
Given these considerations, future research should 
prioritize stratified analyses to delineate the age- and 
sex-specific impacts of GLP-1R agonists on cancer 
progression and survival. Such studies would pro-
vide valuable insights into optimizing the therapeu-
tic use of GLP-1R agonists in diverse patient popu-
lations, ensuring personalized and effective cancer 
management.

In conclusion, this study provides a nuanced view 
of the role of GLP1R expression in cancer survival, 
highlighting both protective and adverse associations 
depending on the cancer type. These findings under-
score the complex role of GLP-1 receptor agonists in 
cancer risk and survival and suggest that the therapeutic 
use of these agents should be carefully tailored to the 
individual patient’s cancer risk profile. Future research 
should focus on elucidating the molecular mechanisms 
underlying the differential effects of GLP1R expression 
in various cancers. Prospective studies are needed to 
confirm these findings and to explore how these effects 
might be modulated by other factors, such as concur-
rent therapies, genetic mutations, and the tumor micro-
environment. Given the diverse effects of GLP1R and 
GCG expression on cancer survival, clinicians should 
exercise caution when prescribing GLP-1 receptor ago-
nists, particularly in patients with known cancer risks. 
Tailored treatment plans that consider both the meta-
bolic benefits and potential oncological risks of GLP-1 
receptor agonists are essential for optimizing patient 
outcomes.
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