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Abstract

Objectives: The aim of this study was to assess the association of diabetes mellitus and its
medications with overall response (ORR) and mortality or cancer-specific survival (CSS)
in patients with metastatic urothelial cancer receiving enfortumab vedotin monotherapy.
Methods: This multicentre retrospective cohort study was designed according to the guide-
lines for the synthesis of qualitative research (ENTREQ). Eligible patients were adults
(>18) years treated with enfortumab vedotin monotherapy for metastatic urothelial cancer
between June 2024 and January 2025. A total of 125 patients were reported across 11 centres.
Results: The cohort included 93 males (74.4%) and 32 females (25.6%), with a mean age
of 68.3 years (SD 9.3). The primary tumour site was the bladder in 109 (87.2%) cases and
the upper tract (UTUC) in 16 (12.8%) cases. Interestingly, medication with metformin
was significantly associated with cancer-specific mortality (37.9% versus 77.8%; p = 0.019),
while patients with insulin-dependent diabetes mellitus had a significantly better CSS (Log
Rank = 0.004). Upon comparing only patients who already had diabetes mellitus and then
received anti-diabetic medication, there was a significant association between patients with
diabetes mellitus receiving metformin and a worse 3-month ORR (80.0% versus 55.6%;
p = 0.039). Regarding the subpopulation of UTUC, cancer-specific mortality was signif-
icantly associated with metformin medication (p = 0.033). Conclusions: Despite recent
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reports that metformin has protective effects in urothelial cancer, our findings suggest
that metformin use may be linked to worse responses and survival outcomes in patients
treated with enfortumab vedotin monotherapy. Further research, particularly translational
research into the underlying diabetic and pharmacologic pathways, is warranted.

Keywords: urothelial cancer; bladder cancer; Nectin4; enfortumab vedotin; diabetes
mellitus

1. Introduction

It is still controversial and under discussion whether diabetes mellitus or the use
of antidiabetic drugs can increase the risk of bladder cancer or lead to its progression.
Specifically, since the authorization of thiazolidinediones (glitazones), which have a PPAR-
v-agonistic effect, as oral antidiabetics around 20 years ago, there has been a controversy
as to whether they increase the risk of bladder cancer or exacerbate its progression [1-5].
Furthermore, glitazones have a high cardiovascular risk profile, and due to this effect,
currently pioglitazone is the only glitazone available for the oral treatment of diabetes
mellitus in Western industrialized countries, and it is paramount in European countries [1,5].

However, the facts of this connection remain unclear to this day, and stringent proof
of causality between PPAR-y activation and the induction or progression of bladder cancer
has not yet been achieved. On the contrary, there are even reports that PPAR-y agonists
have an antiproliferative effect on bladder tumour cells and could therefore even be used
therapeutically [5-7]. In addition, at the American Association of Cancer Research (AACR)
2024 Bladder Cancer Congress, it was reported that glitazones can upregulate Nectin4
expression and thus may increase the therapeutic window of Nectin4-based therapies. The
authors of an abstract presented there summarized this as follows: Modulating the PPAR-y
pathway increases Nectin4 expression, which we leveraged by rosiglitazone to increase
targeting and anti-tumour efficacy of Nectin4-CAR-T cells. These preclinical results lay
the foundation for the development of CAR-T therapies in bladder cancer and suggest
rational drug combinations that may expand the therapeutic window of therapies targeting
Nectin4 [5,8].

Enfortumab vedotin, an antibody-drug conjugate targeting Nectin4, has emerged
as a promising agent in urothelial cancer, especially bladder cancer. Initially approved
as monotherapy in the third-line setting based on the EV-201 (A Study of Enfortumab
Vedotin for Patients with Locally Advanced or Metastatic Urothelial Bladder Cancer) trial,
enfortumab vedotin has rapidly emerged as a cornerstone therapy [9-12].

Consequently, we performed a multicentre retrospective study in patients with
metastatic urothelial cancer, bladder, and upper urinary tract tumours (UTUC) receiving
enfortumab vedotin monotherapy. The initial planed primary aim was to assess the asso-
ciation of thiazolidinedione with overall response (ORR) and mortality or cancer-specific
survival (CSS). The secondary aims were to assess the association of (insulin-dependent)
diabetes mellitus, as well as first-line oral antidiabetic drugs (metformin, DDP-4 inhibitors,
SGLT?2 inhibitors), with ORR and death or CSS. A prespecified subgroup analysis of patients
with upper tract urothelial carcinoma was performed for sufficient datasets.

2. Materials and Methods

This retrospective cohort study was designed according to the guidelines for the
synthesis of qualitative research (ENTREQ) found on equatornetwork.org [13]. Before
starting the evaluation, we obtained the approval of the local ethics review board at RWTH
Aachen University (EK 24-211 from 17 June 2024). Furthermore, the study was conducted in
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accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement for cohort studies [14].

The inclusion criteria were adult patients over 18 years receiving enfortumab vedotin
monotherapy for metastatic urothelial cancer. If the inclusion criteria were met, there were
no further exclusion criteria.

All relevant patient data, like patient history and demographic characteristics, and all
relevant clinical data, e.g., comorbidities, medication, or pathological data, were collected.
From June 2024 until January 2025, 10 university medical centres and 1 tertiary care centre
reported 125 patients.

For the assessment of response, the radiological RECIST criteria version 1.1 were
used [15]. According to these criteria, overall response rate (ORR) is defined as the propor-
tion of patients who have a partial or complete response to therapy; it does not include
stable disease and is a direct measure of drug tumoricidal activity [16]. Additionally, CSS is
defined as the time from randomization or treatment initiation to patient death caused by
the index cancer, whether due to the original tumour or to a second primary tumour of the
same cancer type [17].

For each numerical variable, the numerical distribution was preliminarily assessed by
the Kolmogorov-Smirnov test. Descriptive statistics were made with means and standard
deviations for normal distribution or with medians and IQRs for non-parametric data. For
parametric continuous variables, Student’s ¢ test was used, and for parametric categorical
variables, the chi-square test or the Fisher exact test was used. For non-parametric data, the
Mann-Whitney U test was used for categorical and continuous variables. Kaplan-Meier
plots were used to estimate the median CSS, and univariate comparisons were performed
using the log rank test. All reported p-values were based on a two-sided hypothesis, and
p < 0.05 was considered to be significant. All statistical calculations were performed using
Statistical Package for the Social Sciences 29.0 software (SPSS Inc., IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Demographic Characterization of the Study Population

One-hundred twenty-five patients from ten university medical centres and from one
tertiary care centre were included in this analysis. Ninety-three (74.4%) were male and
thirty-two (25.6%) were female. The mean age of the population was 68.3 (SD 9.3) years.
The origin of the tumour was the bladder in 109 (87.2%) cases and the upper tract in 16
(12.8%) cases. All patients had high-grade disease and 59 (47.2%) had primary metastatic
disease. Overall, the patients were in good condition, with a mean ECOG performance
status of 0.7 (SD 0.8). Most patients (1 = 80; 64.0%) were on third-line therapy. Furthermore,
only 25 (20.0%) patients received neoadjuvant chemotherapy. Regarding the differences
between urothelial bladder cancer and UTUC, there were no significant differences between
the groups in terms of age (p = 0.428), gender (p = 0.075), primary metastatic disease
(p = 0.405), ECOG performance status (0.814), and therapy line (p = 0.525). However, UTUC
presented at significantly higher T stages (clinically and pathologically) (p = 0.003). These
differences are illustrated in Table 1.

3.2. Diabetes Mellitus, Antidiabetic Drugs, and Response Rates

Concerning diabetes mellitus, 24 patients (19.2%) had the disease; 10 (8.0%) were also
insulin-dependent, 9 (7.2%) received metformin, 5 (4.0%) received a DDP-4 inhibitor, and
7 (5.6%) received a SGLT2 inhibitor, but no one had a thiazolidinedione as their medication.

After 3 months of therapy, ORR was 61.6%, and after 6 months, it was 40.0%. The
median duration of response was 5 months (IQR 3.0-6.0). The median follow-up time was
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7 months (IQR 5.0-10.0). Fifty-one patients (40.8%) had already died due to their malignant
disease. These survival parameters apply for the whole study population.

Table 1. Comparison of bladder cancer and UTUC regarding demographic characterization.

Parameter Bladder Cancer UTUC p Value
Mean age 68.6 (SD 9.2) 66.1 (SD 9.7) 0.428
Male gender 84 (77.1%) 9 (56.3%) 0.075
Primary metastatic disease 53 (48.6%) 6 (37.5%) 0.405
Mean ECOG 0.7 (SD 0.8) 0.6 (SD 0.6) 0.814
Mean therapy line 2.95 (SD 0.7) 3.0(SD 0.9) 0.525

cT113 (11.9%)
pT2a 12 (11.0%)
pT2b 13 (11.9%)
pT3a 12 (11.0%)

T Stage pT3b 29 (26.6%) cT1 4 (25.0%) 0.003
pT4a 15 (13.9%) pT22 (12.5%)
pT4b 12 (11.0%) pT3 8 (50.0)
ypT0 1 (0.9%) pT4 2 (12.5%)

pTis 2 (1.8%)

Table 2 illustrates the association of diabetes and its medication with the parameters of
response (patients without the parameter versus patients with the parameter). Interestingly,
in this situation, only the medication with metformin is significantly associated with cancer-
specific mortality (p = 0.019).

Table 2. Association of diabetes parameters with parameters of response (comparison of patients
without the parameter versus patients with the parameter).

Diabetes Parameters

3 Months ORR, 6 Months ORR Cancer-Specific Mortality

No vs. Yes

for Diabetic Parameter

No vs. Yes

for Diabetic Parameter

No vs. Yes

for Diabetic Parameter

(p Value) (p Value) (p Value)
Diab i 59.4% vs. 70.8% 70.9% vs. 73.3% 36.6% vs. 58.3%
1abetes mellitus (0.301) (0.868) (0.052)
Insulin-dependent 60.0% vs. 80.0% 71.4% vs. 71.4% 39.1% vs. 60.0%
diabetes mellitus (0.212) (0.943) (0.198)
Metformi 62.1% vs. 55.6% 73.8% vs. 40.0% 37.9% vs. 77.8%
etformin (0.699) (0.227) (0.019)
o 62.5% vs. 40.0% 71.6% vs. 66.6% 40.0% vs. 60.0%
DDP-4 inhibitor (0.311) (0.952) (0.373)
SGLT2 inhibi 62.7% vs. 42.9% 70.1% vs. 100.0 39.8% vs. 57.1%
inhibitor (0.294) (0.534) (0.365)

ORR = overall response rate; vs. = versus.

Figure 1 shows the differences in CSS in patients with or without diabetes parameters
(analysing the whole population). Of note, there was significant difference in CSS between
patients with and without insulin-dependent diabetes mellitus (Log Rank = 0.004).

Comparing only patients who already had diabetes mellitus and then received the
special anti-diabetic medication, there was no significant difference in 3-month ORR
(p = 0.404), 6-month ORR (p = 0.876), and CSS (p = 0.889) in the insulin-dependent di-
abetes group. Furthermore, there was no significant difference in 3-month ORR (p = 0.202)
and CSS (p = 0.134) in those who received metformin; in 3-month ORR (p = 0.088), 6-month
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ORR (p = 0.770), and CSS (p = 0.203) in those receiving a DDP-4 inhibitor; or in 3-month
ORR (p = 0.406), 6-month ORR (p = 0.811), and CSS (p = 0.445) in those receiving a SGLT2
inhibitor. Interestingly, there was a significant association between patients with diabetes
mellitus receiving metformin and a worse 3-month ORR (80.0% versus 55.6%; p = 0.039).

Log Rank=0.133 g Log Rank=0.004 # Log Rank=0.543
4

(A " (B = (©)

0 i (A) Diabetes mellitus
e o8 = (B) insulin-dependent Diabetes mellitus
R =Y (C) Medication with metformin
' (D) Medication with DDP-4 inhibition
(E) Medication with SLGT2 inhibition

Log Rank=0.716

(D) o L ~ (B

Mantne Mantha

Figure 1. Differences in CSS between diabetic and non-diabetic patients with or without diabetes
parameters, for the whole population.

3.3. Subgroup Analysis of UTUC

Due to the significantly higher T stages in UTUC, a comprehensive subgroup analysis
was performed. Overall, 16 patients with a mean age of 66.1 (SD 9.7) years were included.
Nine patients were (56.3%) were male and seven (43.7%) were female. Furthermore, six
patients (37.5%) had primary metastatic disease, and the majority of the patients (n = 8;
50.0%) were also on their third therapy line. Regarding diabetes mellitus, three (18.8%) had
the disease; one (6.3%) was also insulin-dependent, one (6.3%) received metformin, two
(12.5%) received a DDP-4 inhibitor, and one (6.3%) received a SGLT2 inhibitor, but no one
had a thiazolidinedione as their medication.

After 3 months, ORR was 62.5%, and after 6 months, it was 37.2%. The median
duration of response was 4 months (IQR 3.0-6.0). There was no significant difference in the
duration of response between bladder cancer and UTUC (p = 0.092).

Eight patients (50.0%) had already died due to their malignant disease. Additionally,
there was no significant difference in CSS between the bladder cancer and UTUC groups
(Log Rank = 0.418).

However, there was no significant association between diabetes parameters and ORR
after three or six months, nor CSS, in the UTUC group, with one exception: cancer-specific
mortality was only significantly associated with metformin medication in the UTUC group
(p =0.033).

4. Discussion

To the best of our knowledge, we performed the first multicentre analysis of diabetes
mellitus and its medication in patients with metastatic urothelial cancer receiving enfor-
tumab vedotin monotherapy. In our opinion, it is very difficult to analyze glitazones in
this context, since they are used as a second-line therapy in diabetes mellitus, especially
because of their unfavourable cardiovascular risk profile [5,6,8]. Consequently, while the
hypothesis that glitazones may expand the therapeutic window of Nectin4-targeted thera-
pies is mechanistically intriguing, it remains speculative and requires further experimental
and translational validation.
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4.1. Metformin and Cancer-Specific Outcomes

Interestingly, we found that metformin use was significantly associated with cancer-
specific mortality in the whole cohort and with significantly worse 3-month ORR in diabetic
patients. Additionally, metformin use was significantly associated with cancer-specific
mortality in UTUC. These findings contrast with recent reports suggesting that metformin
has positive effects on bladder cancer outcomes and prognosis [18-22].

van Hattum et al. performed a systematic review and meta-analysis on the effect
of metformin on bladder cancer incidence and outcomes. They reviewed 13 studies in-
cluding 3,315,320 patients on the risk of developing bladder cancer after metformin expo-
sure, as well as 9 studies including 4006 patients on the oncological outcomes of patients
with bladder cancer. Metformin did not alter bladder cancer incidence (HR 0.97, 95% CI
0.87-1.09) or oncological outcomes for non-muscle-invasive bladder cancer (NMIBC), but it
was associated with a reduced risk of recurrence (HR 0.52, 95% CI 0.32-0.84), cancer-specific
mortality (HR 0.58, 95% CI 0.43-0.78), and overall mortality (HR 0.66, 95% CI 0.47-0.92) in
muscle-invasive bladder cancer (MIBC). However, the authors noted significant bias and
heterogeneity among the studies, leading them to conclude that the role of metformin in
bladder cancer prevention and treatment remains unclear [23].

These conflicting results raise the following question: What could be the reasons for
this “metformin paradox”? Regarding bladder cancer and diabetes mellitus, especially
metformin, a lot of confounders must be taken into account, including demographic and
lifestyle factors (age, sex, body mass index (BMI), smoking status, physical activity), factors
specifics to diabetes (type of diabetes mellitus (type I or II), its medical therapy, including
medication combinations, and the patient’s metabolic situation), and factors concerning
the bladder cancer itself (NMIBC, MIBC, metastatic disease, histological subtypes, and
treatment variants, especially immune-modulating drugs) [18-20,22,23]. Thus, there might
be constellations of patient populations in whom metformin has positive effects and of
some others in whom it has negative effects on bladder cancer. Therefore, further research
should address all these confounders, particularly given the global prevalence of diabetes
mellitus and obesity [24,25].

Notably, another idea must be added to this particular discussion: it is important to
distinguish between metformin’s potential role in bladder cancer development and its
interaction with cancer therapy. This represents two distinct research questions:

—  Firstly, is metformin a driver of carcinogenesis in bladder cancer?
- Secondly, does metformin’s interaction with bladder cancer treatment lead to worse
response or outcomes?

4.2. Insulin-Dependent Diabetes and Hyperglycaemia

Additionally, we reported that patients with insulin-dependent diabetes mellitus had
a significant better CSS. This is an interesting and new result, and the explanation is not
quite obvious and is in contrast to other data. Unfortunately, we must assume that this
is only a confounding factor, since in the EV-201 trial, hyperglycaemia was one of the
most frequent grade 3 adverse events: hyperglycaemia was identified as one of the serious
adverse events potentially leading to death by metabolic acidosis. One fatal case was
described: an obese patient (BMI > 30 kg/m?) without baseline hyperglycaemia who
developed treatment-related grade 4 hyperglycaemia and had metabolic acidosis [9].

Understanding why patients treated with enfortumab vedotin develop hypergly-
caemia and whether this contributes to outcomes is clinically important—especially since
the combination of enfortumab vedotin and pembrolizumab is now a first-line therapy
for metastatic urothelial carcinoma. Interestingly, in the first report of the German GAR-
DIANS project providing real-world data about the treatment of enfortumab vedotin
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plus pembrolizumab, hyperglycaemia was not one of the most frequent adverse events,
and no treatment-related fatal event occurred [26]. However, these are only first retro-
spective data with a short follow-up period and so, at least in our opinion, the diabetes
mellitus/hyperglycaemia/obesity complex must be further studied in this context. Inves-
tigations should also consider the other confounders mentioned. However, it should be
noted that death due to hyperglycaemia would manifest as an event in overall survival (OS),
but chronic hyperglycaemia and metabolic acidosis might lead to worse therapy responses.
In this context, we would like to emphasize the importance of precise documentation and
the correct use of definitions in oncology studies, especially in retrospective analyses.

4.3. Considerations for the UTUC Subgroup

Looking at the UTUC subgroup, the topic must also be contextualized in light of
the considerable heterogeneity in clinical practice guidelines. Different practices in diag-
nosis and treatment might have influenced our results in a significant way. As shown
in a recent systematic comparison, substantial differences exist in recommendations and
management across guidelines. This lack of standardization may contribute to variability
in treatment responses and highlights the need for further research tailored specifically to
this population [27]. Additionally, in our UTUC population, the interpretation of outcomes,
particularly the observed association between metformin use and cancer-specific mortality,
may be affected by upstream treatment variability. A recent systematic review confirmed
that, while neoadjuvant systemic therapy may improve pathological response, its bene-
fit over adjuvant therapy is still unclear, and patient selection remains challenging [28].
Such inconsistency in pre-treatment strategies could have influenced both response to
enfortumab vedotin and overall prognosis in this subgroup.

4.4. Study Limitations

This study has several limitations. Unfortunately, we could not address our initial first
study aim regarding glitazones due to the fact that none of the patients in our cohort received
glitazones. Furthermore, the retrospective study design, low incidence—unfortunately also
for metformin—and event rates may have led to selection bias. Due to these low event rates,
we did not consider diabetic combination therapies. Additionally, and due to the retrospective
study design, we were not able to analyze several important parameters, like glycaemic control
(HbAlc, glucose levels), duration and dose of metformin, renal function, corticosteroid use,
or pre-treatment strategies, especially in UTUC. In our opinion, future investigations should
address these confounding factors and may perform multivariate analyses. Finally, with
the recent shift to first-line therapy with enfortumab vedotin plus pembrolizumab, further
research is needed in the context of combination therapy.

4.5. Mechanistic Considerations

There remains, again, an essential question, even if the interaction between Nectin4 and
diabetic pathways is still a hypothesis, as mentioned above: What is the pathophysiology
behind Nectin4’s interaction with diabetic pathways? Firstly, we think that it is worthwhile
to explore the interaction of Nectin4 with peroxisome proliferator-activated receptor gamma
(PARP-y) inhibition and related diabetic pathways [5,8]. The proteome analysis by Shahid
et al. provides a first clue for the description of the interaction of the signalling pathways:
in a characterization of the global proteome of human bladder cells treated with the PPAR-
Y agonist pioglitazone, they identified 95 upregulated and 29 downregulated proteins
(absolute log2 fold change >0.58 and p value < 0.05) [29]. This suggests intersecting
signalling cascades between anti-diabetic agents and urothelial cancer cells.

Secondly, it is essential to understand the connection of metabolic factors, such as obe-
sity, hyperglycaemia, insulin resistance, and elevated growth factor, with steroid hormone
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levels, oxidative stress, and an increased activity of pro-inflammatory cytokines in the
development or progression of bladder cancer. This may aid in promoting individualized
medicine. For instance, dipeptidyl peptidase-4 (DDP-4) inhibition has been postulated to
increase the risk of metastasis through the induction of CXCL12/CXCLA4, which activates
mammalian Target of Rapamycin (mTOR), promoting epithelial-mesenchymal transcrip-
tion [30]. Elucidating this complex problem will require extensive translational research
but is important given the rise in individualized targeted therapies and the global burden
of diabetes mellitus and obesity.

5. Conclusions

In summary, our retrospective analysis suggests that metformin use may be associated
with a reduced therapeutic efficacy of enfortumab vedotin in patients with metastatic
urothelial carcinoma, but these are still exploratory results. These findings highlight the
need for further investigation—particularly translational studies—to elucidate the underly-
ing biological interactions between antidiabetic agents and urothelial tumour biology.
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