Research Article

Urol Int 2025;109:361-371
DOI: 10.1159/000543757

Received: September 3, 2024
Accepted: January 16, 2025
Published online: January 24, 2025

The Impact of Diabetes and Antidiabetics on
Uro-Oncological Disease Outcomes:

A Single-Center Experience

Moustafa Elleisy? Heike Zettl® Desiree Louise Drager? Oliver W. Hakenberg?

2Department of Urology, University Medical Center Rostock, Rostock, Germany; PClinical Cancer Registry,

University Medicine Rostock, Rostock, Germany

Keywords
Uro-oncology - Pathological outcomes - Diabetes -
Metformin - Antidiabetics

Abstract

Introduction: The aim of this study was to determine the
impact of diabetes and antidiabetic medications on referral
and pathological outcomes in uro-oncology cases. We
report preliminary results from a single-center study.
Methods: We retrospectively collected data from 781 pa-
tients treated between 2018 and 2023 for radical prosta-
tectomy (RP) for prostate cancer (PCa), radical cystectomy
(RC) for bladder cancer, radical nephroureterectomy for
upper tract urothelial carcinoma, partial nephrectomy and
radical nephrectomy (RN) for renal cell carcinoma (RCC). A
total of 617 (79%) patients were nondiabetics, and 164
(21%) were diabetics. Patient data were assessed for dif-
ferences between diabetics and nondiabetics. Results: All
diabetic patients had a significantly higher BMI than
nondiabetic patients (p < 0.05 for PCa and p = 0.006 for RC,
respectively). In diabetic patients with PCa, a lower pro-
portion of ISUP grade 3 and 5 PCa was seen (p = 0.047). In
diabetic RCC patients on antidiabetic medication, there
was a significantly higher incidence of recurrence rates
after RN (p = 0.015). Penile cancer was diagnosed in dia-
betic patients at an older age (p = 0.019). Conclusion:
Significantly, higher BMI was observed for RP and RC in

diabetic patients, as well as for RCC after RN. Diabetics
showed a significantly higher occurrence of recurrence for

RCC after RN. © 2025 The Author(s).
Published by S. Karger AG, Basel

Introduction

Diabetes is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion,
insulin action, or both. It is emerging as one of the most
prevalent human diseases after cardiovascular diseases and
is the sixth leading cause of death worldwide (WHO). The
prevalence of type 2 diabetes mellitus (T2DM) is increasing
rapidly worldwide [1]. In 2019, 11% of women and 12.3% of
men in Germany had a documented diagnosis of diabetes,
one of the highest prevalence rates in Europe [2].

There is strong evidence to suggest that cancer inci-
dence is increased in patients with T2DM. The patho-
physiological hypotheses to explain the link between di-
abetes or hyperglycemia and cancers rely on biological,
particularly endocrine mechanisms involving insulin re-
sistance. Indeed, in the genesis of T2DM, reduced insulin
sensitivity plays a key role, inducing compensatory hy-
perinsulinemia with an increased level of circulating
insulin-like growth factors (IGF). These are well known to
stimulate cell proliferation in many organs, including the
liver, pancreas, colon, ovary, breast, all of which are organs
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with an increased risk of cancer in type 2 diabetic patients
[1]. T2DM may be considered as a specific and inde-
pendent risk factor for various forms of cancer, due to its
particular metabolic characteristics of glucose intolerance
and hyperinsulinemia [1, 2].

Diabetes has also been significantly linked with an ele-
vated risk of kidney cancer in a meta-analysis of 11 cohort
studies [2]. According to the meta-analysis of 29 cohort
studies, females with diabetes have a higher risk of bladder
cancer (BCa) [2]. Surprisingly, individuals with diabetes
tend to have a lower risk of prostate cancer (PCa). Low
testosterone in diabetic individuals could be one reason
because prostate cell development is aided by the conversion
of testosterone to dihydrotestosterone [2]. Of note, PCa
incidence has been found to be consistently lower among
men with diabetes [3].

Diabetes has also been associated with higher mortality
after cancer, and survivors of some cancers have a higher
incidence of developing subsequent diabetes. Finally,
both cancer and diabetes treatments have been shown to
influence the relationship between diabetes and cancer-
associated outcomes [4].

The Effect of Antidiabetic Drugs on Cancer Risk

Given the insulin- and glucose-modulating effects of
antihyperglycemic medications, there have been nu-
merous studies examining the potential impact of these
drugs on the risk and prognosis of cancer [4]. Metformin
is an oral biguanide that is well established as the first-
line treatment of T2DM [3, 4]. Metformin use was also
associated with a 24% lower rate of PCa-specific mor-
tality and all-cause mortality among men with T2DM.
Sulfonylureas (SUs) are among the oldest drugs available
for the treatment of T2DM. Although SUs have been in
clinical use for many years, their associations with
cancer remain uncertain [3].

There are two thiazolidinediones (TZDs) in current
clinical use, rosiglitazone and pioglitazone. The role of
TZD in cancer treatment and prevention is uncertain.
TZDs have been shown to be associated with ap-
proximately 20% to 40% lower prostate-specific antigen
(PSA) levels among patients with PCa [3]. However, the
Food and Drug Administration issued a warning in
2011 regarding pioglitazone after early studies showed
a higher risk of BCa with pioglitazone, especially with
more than 2 years of use. Since then, a multitude of
studies have been conducted in this area and a recent
meta-analysis reported a small but significantly in-
creased risk of BCa with pioglitazone. Similarly, an
increased risk of BCa has been associated with
rosiglitazone [4].
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Fig. 1. A graphic showing the treatment of patients and their
antidiabetic medication. SGLT2-I, sodium-glucose cotransporter
type 2 inhibitors; DPP4-I, dipeptidyl peptidase-4 inhibitor; GLP-1,
glucagon-like peptide-1.

Incretin-based drugs include glucagon-like peptide-1
(GLP-1) receptor agonists and dipeptidyl peptidase-4
(DPP-4) inhibitors [4]. While there were initial con-
cerns about an increased risk of pancreatic cancer with
incretin-based drugs and medullary thyroid cancer with
GLP-1 receptor agonists, these effects have not been
confirmed in recent studies.

Sodium-glucose cotransporter 2 inhibitors (SGLT2-I)
are the newest class of oral diabetes medications [4].
SGLT?2 has been found to be overexpressed in pancreatic,
prostate, and colon cancer [3]. In animal models, certain
SGLT2-I have been associated with mammary, adrenal,
testicular, and renal neoplasms. An increased risk for BCa
has been reported for empagliflozin, and there were
concerns with an imbalance of BCa occurrences in
clinical trials with dapagliflozin [2-4].

—

Urological Tumors

PCa is one of the leading causes of cancer-related death
in men worldwide [5]. Several studies have shown that
metformin may inhibit the growth of PCa cells in vitro
and in vivo and reduce the risk of PCa. However, the
evidence for the use of metformin as a treatment for PCa
remains controversial [5-8].

BCa is a heterogeneous disease with a variable
prognosis and natural history [9]. Approximately 75% of
newly diagnosed BCa are non-muscle-invasive bladder
cancers, and 50% of them are low-risk diseases [10, 11].
Recently, T2DM was found to be associated with a
higher risk of recurrence and progression in patients
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Table 1. Descriptive characteristics of

the cohort of 200 patients treated with Variables Nondiabetes Diabetes p value
RP between January 2018 and .
February 2023 Patients, n (%) 166 (83) 34 (17)
Diagnosis age, median (IQR), years 67 (62-71) 67 (62-72) 0.5
PSA, mean (SD), ng/mL 17.3 (27.4) 9.1 (5.3) 0.2
BMI, mean (IQR), kg/m2 28 (25-30) 29.8 (27-32) 0.047*
Length of stay, mean (SD), days 14.7 (22.4) 16.4 (26.7) 04
ISUP grade at RP, n (%) 0.047*
1 23 (13.9) 2 (5.9)
2 66 (39.8) 19 (55.9)
3 48 (28.9) 9 (23.5)
4 3(1.8) 3 (8.8)
5 24 (14.5) 1(3)
Unknown 2(1.2)
Pathological tumor stage, n (%) 0.6
pTia 2(1.2)
pT2a 9 (5.4) 1(2.9)
pT2b 3(1.8)
pT2c 53 (31.9) 11 (32)
pT3 1(0.6) 129
pT3a 48 (28.9) 13 (38)
pT3b 47 (28.3) 7 (21)
pT4 2(1.2)
Unknown 1 (0.6)
Nodal tumor stage, n (%) 0.2
NO 135 (81.3) 32 (94)
N+ 30 (18.1) 2 (6)
NX 1 (0.6)
Recurrence, n (%) 12 (7.2) 0 0.08
Death, n (%) 12 (7.2) 5(2.5) 0.9

BMI, body mass index; PSA, prostate-specific antigen; ISUP, International Society of
Urological Pathology; RP, radical prostatectomy; IQR, interquartile range; SD, standard
deviation. *Statistically significant difference.

with T1 high-grade BCa compared to those without
T2DM [10].

Renal cell carcinoma (RCC) is a common renal neo-
plasia that accounts for 2% to 3% of all adult malignancies.
Several studies suggest that the incidence of a metabolic
syndrome - abdominal obesity, insulin resistance, dysli-
pidemia and elevated blood pressure - significantly cor-
relates with the occurrence and development of RCC
[12, 13].

Patients and Methods
The aim of this retrospective study was to assess the

association between diabetes and urological cancers in
the patients treated at the Department of Urology of

The Impact of Diabetes and Antidiabetics
on Uro-Oncological Disease

Rostock University between January 2018 and February
2023. Institutional Review Board approval was obtained
before the initiation of the study. This study included a
total of 781 patients treated for confirmed urological
cancer. We identified all patients newly diagnosed with
PCa at our institution according to the Clinical Cancer
Registry (CCR) using the International Classification of
Diseases, 10th Revision (ICD-10) code C61. The C67
code was used for BCa, C60 for penile cancer, C64 for
renal cancer, and C65 for upper tract urothelial carci-
noma. The CCR also provided information on age at
diagnosis and tumor stage (TNM classification). The
OPS Classification of Interventions and Procedures
version 2023, an administrative dataset covering all
episodes in German hospitals, was used to identify
specific procedures. The 5-60 code was used to identify
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Table 2. Descriptive characteristics of

the cohort of 58 male patients treated Variables Nondiabetes Diabetes p value
with radical cystoprostatectomy for .
synchronous PCa between January Patients, n (%) 41T 17 (29)
2018 and December 2022 Diagnosis age, median (IQR), years 68 (62-76) 74.5 (64-80) 0.2
BMI, mean (IQR), kg/m? 27 (24-29) 30 (27-34) 0.006*
Length of stay, mean (SD), days 23.9 (18.4) 24.5 (17.7) 0.9
ISUP grade at RP, n (%) 0.8
1 31 (75.6) 12 (70.5)
2 6 (14.6) 3(17.6)
3 2 (4.9)
4 1(2.4)
5
Unknown 1(24) 2 (11.7)
Pathological tumor stage, n (%) 03
pT2a 15 (36.6) 5 (29.4)
pT2c 17 (41.5) 8 (47)
pT3a 4 (9.7) 2 (11.7)
pT3b 2 (11.7)
pT4 124
Nodal tumor stage, n (%) 0.8
NO 40 (97.6) 16 (94)
N+ 1(24) 1(6)
Recurrence, n (%) 0 0 0.9
Death, n (%) 17 (41.5) 7 (41.2) 0.9

BMI, body mass index; ISUP, International Society of Urological Pathology; RP,
radical prostatectomy; IQR, interquartile range; SD, standard deviation. *Statistically

significant difference.

patients who underwent radical prostatectomy (RP), the
5-576 code for radical cystectomy (RC), the 5-554 code
for radical nephrectomy, and the 5-553 code for partial
nephrectomy. Age at diagnosis, preoperative PSA levels,
histopathological data (pathological T-stage, Interna-
tional Society of Urological Pathology [ISUP] grade
group, lymph node involvement), body mass index
(BMI), length of hospital stay, death, recurrence, and
tumor size were recorded and analyzed. T2DM status
was considered if patients were under medical treatment
for diabetes or had a positive medical history of diabetes
prior to admission for surgical treatment. Patients with
incomplete data were excluded.

Statistical Analysis

We analyzed a T2DM-based cohort; including patients
with new diagnoses of PCa, BCa, RCC, upper tract ur-
othelial carcinoma, and penile cancer at our institution
between 1 January 2018 and 29 February 2023. Data were
analyzed using SPSS (Version 29, IBM Corp., Armonk,
NY, USA). Categorical variables were presented as ab-
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solute numbers and proportions, while continuous var-
iables were expressed as medians with interquartile
ranges or means with standard deviation when appro-
priate. Comparisons of categorical variables between the
cohorts were made using Pearson’s chi-square and
Fisher’s exact test, and specified according to the smallest
theoretical frequency with Fisher’s exact test used in
case <5 and Pearson’s chi-square test >5. Continuous
variables were compared using the independent sample
t test for normally distributed data, and the Mann-
Whitney U test was applied to non-normally distrib-
uted data. A p value of < 0.05 was considered statistically
significant.

Results

A total of 781 (96%) patients were included in the
study, and 33 (4%) were excluded due to missing dia-
betes status and/or missing variables (shown in Fig. 1).
Of the patients, 617 (79%) were nondiabetics and 164

Elleisy et al.
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Table 3. Descriptive characteristics of

the cohort of 156 patients treated with Variables Nondiabetes Diabetes p value
RC between January 2018 and .
December 2023 Patients, n (%) 118 (75) 38 (25)
Diagnosis age, median (IQR), years 71 (63-78) 75 (66-79) 0.05
Gender, n (%) 04
Female 37 (344) 8 (21)
Male 81 (68.6) 30 (79)
BMI, mean (IQR), kg/m? 28.8 (23-28) 29 (26-32) <0.001*
Length of stay, mean (SD), days 24.4 (20.7) 24.7 (16) 0.3
Pathological tumor stage, n (%) 0.9
pT1 19 (16.1) 8 (23.5)
pT2 8 (6.8) 3(8.8)
pT2a 12 (10.2) 8 (23.5)
pT2b 8 (6.8) 3 (7.9
pT3 1(0.8)
pT3a 20 (16.9) 3 (7.9
pT3b 27 (22.8) 7 (18.4)
pT4a 19 (16.1) 7 (18.4)
pT4b 3 (2.5) 1 (2.6)
Unknown 1 (0.8)
Nodal tumor stage, n (%) 0.5
NO 78 (66.1) 28 (73.7)
N1 14 (11.9) 4 (10.5)
N2 25 (21.2) 4 (10.5)
NX 1 (0.8) 2 (5.3)
Recurrence, n (%) 27 (22.9) 7 (18.4) 0.7
Death, n (%) 53 (44.9) 24 (63.2) 0.09
Concomitant Cis, n (%) 14 (11.9) 2 (5.3) 0.5
Urinary diversion, n (%) 0.9
Ureterocutaneostomy 7 (5.9) 1(2.6)
lleum conduit 94 (79.7) 32 (84.2)
lleal neobladder 15 (12.7) 5(13.2)
Unknown 2(1.7)

BMI, body mass index; Cis, carcinoma in situ; IQR, interquartile range; SD, standard
deviation. *Statistically significant difference.

(21%) were diabetics. Antidiabetic treatment included
metformin in 92 (56.1%) patients, insulin in 29 (17.7%)
patients, SGLT2-I in 21 (12.8%) patients, SUs in 9
(5.5%) patients, DPP-4 in 7 (4.3%) patients, diet in 4
(2.4%) patients, and GLP-1 and glinide in 1 (0.6%)
patient each.

Radical Prostatectomy

Overall, 200 patients underwent RP, of whom 166
(78%) were nondiabetics and 34 (16%) were diabetics
(Table 1). Of the 34 diabetic patients, 29 (85%) were
treated with metformin, 2 (6%) each with insulin and
SGLT2-1, and only 1 (3%) with SUs. Due to missing
information on diabetes status, 12 (6%) patients were

The Impact of Diabetes and Antidiabetics
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excluded. Patients with diabetes had a significantly higher
BMI (28 vs. 29.8, p = 0.047). However, there was no
difference between the different antidiabetic medications.
Notably, a trend toward lower ISUP grade was observed
in the diabetes cohort (p = 0.047).

Radical Cystoprostatectomy in Patients with BCa and

Synchronous PCa

In a subgroup analysis, 58 patients with BCa and
synchronous PCa were analyzed separately from 111
male patients (52%) after RC (Table 2). Again, 3 patients
(5%) with missing information on their diabetes status
were excluded. Of the patients, 41 (67%) were nondia-
betics and 17 (28%) were diabetics. In particular, 10
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Table 4. Descriptive characteristics of

the cohort of 36 patients treated Variables Nondiabetes Diabetes p value
with nephroureterectomy between .
January 2018 and December 2022 Patients, n (%) 29 (80.6) 7(194)
Diagnosis age, median (IQR), years 75.5 (66-81) 66 (56-81) 04
Gender, n (%) 0.9
Female 14 (48.3) 3 (42.9)
Male 15 (51.7) 4 (57.1)
BMI, mean (IQR), kg/m? 25.6 (21-28) 27 (19-28) 0.5
Length of stay, mean (SD), days 10.5 (6.4) 16.9 (12.2) 0.1
Pathological tumor stage, n (%) 0.9
pT1 4 (13.8) 1 (14.3)
pT2 1(3.4)
pT3 20 (69) 5(71.4)
pT4 4 (13.8) 1(14.3)
Nodal tumor stage, n (%) 04
NO 20 (69) 6 (85.7)
N1 3 (10.3) 1(14.3)
N2 6 (20.7)
Recurrence, n (%) 3 (10.3) 0 09
Death, n (%) 14 (48.3) 2 (28.6) 0.4
Tumor site, n (%) 03
Right 12 (41.4) 5(71.4)
Left 16 (55.2) 2 (28.6)
Bilateral 1(3.4)

BMI, body mass index; IQR, interquartile range; SD, standard deviation.

(58.8%) patients were treated with metformin, 5 (29.4)
patients with SGLT2-I, and 1 (5.9) patient each with
insulin and SUs. Diabetic patients had a significantly
higher BMI (27 vs. 30, p = 0.006).

Radical Cystectomy

Overall, 156 patients underwent RC for BCa. Of the
patients, 118 (75%) had no diabetes and 38 (24%) had
diabetes. Seventeen patients (44.7%) were treated with
metformin, 8 (21.1) with insulin, 7 (18.4%) with SGLT2-I,
and 3 (7.9%) each with SU and diet (Table 3). The di-
abetes cohort had a significantly higher BMI (28.8 vs. 29,
p < 0.001). There was no age difference between patients
with diabetes and those without (71 vs. 75 years, p = 0.05).
There was a higher incidence of recurrence rates in the
diabetes cohort (p < 0.001) when patients were treated
with diet only (data not shown).

Nephroureterectomy

A total of 36 patients underwent NUE. Of the patients,
29 (80.6%) were nondiabetics and 7 (19.4%) were dia-
betics (Table 4). Two patients (28.6%) each were treated
with metformin and insulin and 1 (14.3%) patient each
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with SGLT2-I, DPP-4 and SUs. The length of hospital
stay was not significantly longer in the diabetes cohort
(16.9 days vs. 10.5 days, respectively, p = 0.1).

Radical Nephrectomy

Overall, 151 patients underwent radical nephrectomy.
Of the patients, 119 (74.4%) were nondiabetics and 32
(20%) were diabetics (Table 5). Fourteen patients (43.8%)
were treated with metformin, 9 (28.1%) with insulin, 2
(6.3%) with SGLT2-1, 3 (9.4%) each with DPP-4 and SU,
and only 1 (3.1) patient with glinide. Nine (5.6%) patients
were excluded because their diabetes status was not
known. Of note, the diabetic cohort had not a signifi-
cantly higher BMI (28.4 vs. 30.9, p = 0.05). A significantly
lower recurrence rate was observed in nondiabetics
compared to diabetics (13 vs. 9, respectively, p = 0.015).
There was a higher incidence of right-sided renal cancer
in the diabetic cohort (p = 0.045).

Partial Nephrectomy

Overall, 130 patients underwent partial nephrectomy.
Of the patients, 103 (82%) were nondiabetics and 23
(18%) were diabetics (Table 6). Twelve patients (52%)

Elleisy et al.
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Table 5. Descriptive characteristics of

the cohort of 151 patients treated with Variables Nondiabetes Diabetes p value
;{glzlgetween January 2018 and March Patients, n (%) 119 (78.8) 32 (21.2)
Diagnosis age, median (IQR), years 66 (58-76) 66.5 (63-79) 0.07
Gender, n (%) 0.6
Female 43 (36.1) 10 (31)
Male 76 (63.9) 22 (69)
BMI, mean (IQR), kg/m2 28.4 (25-31) 30.9 (27-35) 0.05
Length of stay, mean (SD), days 7.8 (4.8) 7.3 (3) 0.9
Histology, n (%) 0.6
Clear cell RCC 93 (78.2) 26 (81.3)
Papillary RCC 12 (10.1) 1(3.1)
Chromophobe RCC 7 (5.9) 1(3.1)
Sarcomatoid RCC 1(0.8) 1(3.1)
Others 5(4.2) 3(94)
Unknown 1 (0.8)
Pathological tumor stage, n (%) 0.8
pTla 12 (10.1) 3(94)
pT1b 13 (10.9) 5 (15.6)
pT2a 8 (6.7) 3(94)
pT2b 3 (2.5)
pT3a 72 (60.5) 17 (53.1)
pT3b 7 (5.9) 3(94)
pT3c 1(0.8) 1(3.1)
Unknown 3 (2.5)
Nodal tumor stage, n (%) 0.5
NO 99 (83.2) 29 (90.6)
N1 12 (10.1) 2 (6.3)
NX 8 (6.7) 1(3.1)
Recurrence, n (%) 13 (10.9) 9 (28.1) 0.015*
Death, n (%) 29 (24.4) 11 (34.4) 0.3
Tumor site, n (%) 0.045*
Right 58 (48.7) 22 (68.8)
Left 61 (51.3) 10 (31.2)
Tumor size, mean (SD), cm 7 (3.3) 7.7 (3.4) 0.9

BMI, body mass index; RCC, renal cell carcinoma; RN, radical nephrectomy; IQR,
interquartile range; SD, standard deviation. *Statistically significant difference.

were treated with metformin, 6 (26%) with insulin, 4
(17%) with SGLT2-I, and 1 (4%) patient with DPP-4. A
total of 7 (5%) patients were excluded because their di-
abetes status was not known.

Penile Cancer

Opverall, 39 patients were diagnosed with penile cancer
between January 2018 and December 2022. Of the pa-
tients, 30 (76.9%) were nondiabetics and 9 (23.1%) were
diabetics (Table 7). Five patients (55.6%) were treated
with metformin, 2 (22%) with DPP-4, 1 (11.1%) each with
GLP-1 or diet. A higher age at diagnosis was observed in

The Impact of Diabetes and Antidiabetics
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diabetic patients (75 years vs. 64 years in nondiabetic
patients, p = 0.09). In addition, a higher recurrence rate
was observed in the nondiabetic cohort (33.3% vs. 0% in
nondiabetics, p = 0.08).

Discussion

In this study, the major uro-oncological diseases were
differentiated according to diabetes status and associated
antidiabetic medication. For PCa, a lower recurrence rate
after RP was observed. In a prospective multicenter study,
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Table 6. Descriptive characteristics of

the cohort of 126 patients treated with Variables Nondiabetes Diabetes p value
Fz’glzl;etween January 2018 and March Patients, n (%) 103 (82) 23 (18)
Diagnosis age, median (IQR), years 69 (61-77) 71 (64-80) 0.3
Gender, n (%) 0.2
Female 37 (35.9) 5(21.7)
Male 66 (64.1) 18 (78.3)
BMI, mean (IQR), kg/m2 28.1 (24-31) 28.6 (25-30) 0.7
Length of stay, mean (SD), days 6.9 (2.7) 6.9 (3.5) 0.9
Histology, n (%) 0.8
Clear cell RCC 68 (66) 17 (74)
Papillary RCC 22 (21.4) 5(21.7)
Chromophobe RCC 7 (6.8) 1(4.3)
Sarcomatoid RCC 1(1)
Others 5 (4.9)
Pathological tumor stage, n (%) 0.08
pT1 2(19)
pTla 63 (61.2) 10 (43.5)
pT1b 16 (15.5) 5(21.7)
pT2 1(1)
pT2a 1(4.3)
pT3 1(1)
pT3a 11 (10.7) 5(21.7)
pT4 2(1.9)
Unknown 7 (6.8)
Nodal tumor stage, n (%) 0.8
NO 90 (87.4) 21 (91.3)
N1 1(1)
NX 12 (11.7) 2 (8.7)
Recurrence, n (%) 7 (6.8) 4 (17.4) 0.1
Death, n (%) 16 (15.5) 4 (17.4) 0.8
Tumor site, n (%) 0.9
Right 49 (47.6) 11 (48)
Left 54 (52.4) 12 (52)
Tumor size, mean (SD), cm 3.3 (2.1) 3.7 (1.6) 0.2

BMI, body mass index; RCC, renal cell carcinoma; PN, partial nephrectomy; IQR,
interquartile range; SD, standard deviation.

it was shown that obesity is associated with higher R1
resection rates, resulting in increased recurrence rates
[14]. Therefore, we compared the recurrence rate for
normal-weight patients between the two cohorts to
minimize the possible protective effect of obesity. There
was no significant difference between diabetic and
nondiabetic patients (p = 0.8).

This corresponds to studies which have shown that
diabetics treated with metformin have a reduced risk of
PCa by 44% [8]. A Scottish study reported that diabetics
taking metformin had a 23% lower overall risk of cancer
compared to those not taking metformin. The study
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observed and reported risk reduction for the longest
metformin treatment period [8]. Pencik et al. [5] were
able to show a frequent genomic co-deletion of PTEN,
one of the most frequently deleted genes in mPCa, and
STATS3 in patients with mPCa. Loss of stat3 in a Pten-null
mouse prostate model leads to a reduction of LKB1/
pAMPK with simultaneous activation of mTOR/CREB,
resulting in metastatic disease. However, constitutive
activation of stat3 led to high LKB1/pAMPK levels and
suppressed mTORC1/CREB pathway, preventing mPCa
development. Metformin inhibits mTORCI in liver and
requires LKB1 to mediate glucose homeostasis with
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Table 7. Descriptive characteristics of

the cohort of 39 diagnosed with Variables Nondiabetes Diabetes p value
enile cancer between January 2018 .
End December 2022 ’ Patients, n (%) 30 (77) 9 (23)
Diagnosis age, median (IQR), years 64 (59-73) 75 (70-79) 0.019*
BMI, mean (IQR), kg/m? 28.3 (26-32) 32.3 (26-37) 0.06
Histology, n (%) 29 (96.7) 8 (89) 0.2
Squamous cell carcinoma
Others
Unknown 1(3.3) 1(11)
Pathological tumor stage, n (%) 0.6
pTia 9 (30)
pT1b 4 (13.3) 2 (22)
pT2 13 (43.3)
pT3 2 (6.7) 5 (56)
pT4b 1(33) 2 (22)
Unknown 1(3.3)
Nodal tumor stage, n (%) 0.7
NO 23 (76.7) 7 (78)
N1 3 (10)
N2 1(3.3)
N3 1(3.3) 1(11)
NX 2 (6.7) 1(11)
Recurrence, n (%) 10 (33.3) 0 0.08
Death, n (%) 5(16.7) 4 (44.4) 0.2
Concomitant Cis, n (%) 8 (26.7) 0 0.2
Tumor size, mean (SD), cm 2.1 (1.7) 2.5 (2.1) 0.6

BMI, body mass index; Cis, carcinoma in situ; IQR, interquartile range; SD, standard
deviation. *Statistically significant difference.

significantly reducing tumor growth accompanied by
diminished mTORCI1/CREB, AR, and PSA levels.
Moreover, metformin treatment of PCa patients with
high Gleason grade resulted in undetectable mTORCI1
levels and upregulated STAT3 expression [5].

Regarding BCa, in our data metformin or other an-
tidiabetic treatment was not associated with BCa out-
come. This goes with the observation of Wissing et al.
[15]. Where metformin was also not associated with BCa
outcome, a major factor for the varying impact of diabetes
on different tumor entities is probably related to obesity.
In most cases, obesity is also associated with T2DM in the
context of metabolic syndrome. Depending on how
significant the risk factor for the occurrence of the par-
ticular tumor entity is (e.g., high for RCC), T2DM and
obesity play a significant role.

In our cohort, diabetics with RCC had a higher BMI
and, above all, a higher recurrence rate after surgery. Also
here, a comparison between the normal-weight nondi-
abetics and normal-weight diabetics showed no differ-

The Impact of Diabetes and Antidiabetics
on Uro-Oncological Disease

ence in recurrence rate (p = 0.8). Similarly, Kriegmair
et al. [16] reported that MetS negatively impacted the
progression-free survival of patients with localized RCC,
while it did not influence cancer-specific survival or
overall survival. A possible explanation is that patients
with higher BMI may adequately preserve their fat and
muscle mass, thus allowing a better nutritional status
and potential survival advantage delaying the onset of
cachexia. On the other is that RCCs arising in obese
patients may be more indolent than those in normal-
weight patients; patients with obesity have favorable
clinical and pathologic conditions at diagnosis when
compared with normal-weight patients (lower stage,
lower Fuhrman grade, smaller tumor size, and absence
of symptoms and distant metastasis) [15]. Although
patients with obesity are characterized by a higher rate of
tumor growth, they may have more indolent tumors
probably because they may be diagnosed at earlier stages
as they are at a higher likelihood of being screened for
other diseases [17].
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Remarkably, a diabetes status or use of metformin
has been shown to be a protective factor in penile
cancer. Diabetic patients with penile cancer in our
study had a significantly higher age at diagnosis and a
lower recurrence rate. To our knowledge, this is the first
study to suggest a protective link between penile cancer
and diabetes status, respectively, antidiabetic drugs. An
explanation may be a different gene expression in-
volving fatty acid metabolism genes. Fatty acid synthase
(FASN) is a gene that regulates de novo biosynthesis of
fatty acids, an essential process for tumor growth.
FASN is downregulated in patients with obesity, and
higher FASN expression is associated with worse
survival. An upregulation of FASN gives cancer cells a
survival advantage, making it a potential metabolic
oncogene. Lastly, obese and normal-weight patients
could have different transcriptomic profiles: tumors of
patients with obesity have a different molecular profile
compared to those of normal-weight patients. The
molecular profile of tumors of obese patients is char-
acterized by the upregulation of genes associated with
hypoxia, angiogenesis, and epithelial-mesenchymal
transition [17].

However, research on the relationship between di-
abetes and cancer risk is limited. Most studies have
poor sensitivity to detect small associations, especially
for specific cancer types. The use of various anti-
hyperglycemic drugs in diabetic patients also compli-
cates research, as adjustments to medication over time
make it challenging to evaluate long-term outcomes
[2]. Yet, the link between diabetes and antidiabetic
medication, especially metformin, seems to be definite
and well worth further exploration. The prevention and
early detection of cancer in diabetic patients should be a
top priority in clinical practice. Additionally, hyper-
glycemia may create an environment that favors cancer
cell growth [2].

This study is limited by its retrospective nature and
single-center experience, which may limit the generaliz-
ability of the findings. Another limitation is the relatively
low number of diabetic patients and absence of long-term
investigations. Further investigations with larger cohorts
will be needed to establish the prognostic significance of
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