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Abstract

Introduction Avelumab, pembrolizumab, and enfortumab vedotin (EV) demonstrated efficacy in mUC following platinum-
based chemotherapy. However, real-world data in patients with urothelial carcinoma with squamous differentiation (UCSD)
are limited. The aim of this study is to assess the real-world clinical outcomes of avelumab, pembrolizumab, or EV in
mUCSD patients.

Materials and methods The ARON-2EV study is a retrospective, international, multicenter analysis in patients with mUC
treated with avelumab, pembrolizumab, or EV across 79 centers in 21 countries. Patients were divided into three cohorts:
1 (avelumab), 2 (pembrolizumab), and 3 (EV). Primary endpoints were overall survival (OS) and time on treatment (ToT).
Secondary objectives included evaluating clinical factors associated with outcomes and exploring the impact of UCSD
histology on response to therapy. Statistical methods included Kaplan—Meier estimates, log-rank tests, Fisher’s exact and
chi-square tests, and Pearson’s correlation coefficients.

Results A total of 1918 patients, 1696 with advanced pure UC (pUC) and 222 with mUCSD (36 in cohort 1, 111 in cohort 2,
and 75 in cohort 3), were included. Median OS was shorter in patients with UCSD compared to patients with pUC histology
in the three cohorts (1: 13.0 vs 26.8 months, HR 2.66, p=0.003; 2: 10.2 vs 18.5 months, HR 1.52, p=0.008; and 3: 7.6 vs
13.1 months, HR 1.68, p=0.011). Median ToT was shorter in patients with UCSD compared to patients with pUC histol-
ogy in cohort 1 (3.5 vs 5.6 months, HR 1.57, p=0.044) and 3 (7.6 vs 13.6 months, HR 1.83, p=0.005) but not in cohort 2
(3.7 vs 4.7 months, HR 1.19, p=0.177). Response to therapy was negatively correlated with UCSD histology in cohorts 2
(correlation coefficient 0.094, p=0.008) and 3 (correlation coefficient 0.107, p=0.021), while response to avelumab was
not correlated with UCSD (correlation coefficient 0.072, p =0.263).

Conclusions UCSD is a histology with a poor prognosis and response to treatments compared to pUC. Treatments activity
and effectiveness in divergent differentiations should be addressed in dedicated prospective studies.

Trial registration number NCT05290038

Keywords Avelumab - Enfortumab Vedotin - Immunotherapy - NCT05290038 - Pembrolizumab - Squamous
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Introduction

Urothelial carcinoma (UC) of the bladder and urinary tract
can present different histological subtypes or divergent dif-
ferentiations [1]. Recent investigations have highlighted
Extended author information available on the last page of the article variant histology in UC as a prognostic element in patients
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with locally advanced UC [2—4]. The most prevalent histo-
logical differentiation, the squamous cell feature, is identi-
fied in approximately 40% of advanced UC cases [5]. UC
with squamous differentiation (UCSD) tends to be more
aggressive, often associated with higher-grade concurrent
UC or diagnosed at a later stage compared to pure UC
(pUO) [21.

The emergence of immune checkpoint inhibitors (ICIs)
has profoundly transformed the therapeutic landscape for
advanced urothelial carcinoma (UC). Avelumab has been
established as a standard of care maintenance treatment
based on the improved overall survival (OS) and progres-
sion-free survival (PFS) over best supportive care reached
in the JAVELIN Bladder 100 trial [6]. Moreover, pembroli-
zumab demonstrated substantial survival advantages in
patients after platinum-based chemotherapy failure, as evi-
denced in the KEYNOTE-045 phase III clinical trial [1, 7].
A recent addition to the treatment scenario of metastatic UC
is represented by the antibody—drug conjugate enfortumab
vedotin (EV) that was shown to improve survival outcomes
in patients previously treated with chemotherapy and immu-
notherapy [8].

The efficacy of immunotherapy and EV assessed in these
phase III trials is based on patients with a predominant UC
component, while limited data are available on the activity
of these compounds on variant histologies and differentia-
tions, including UCSD.

A recent retrospective study examining patients with UC
with variant histologies or divergent differentiations treated
using ICIs found that clinical response and survival were
largely similar across all histological subtypes, excluding
neuroendocrine types [9]. Conversely, some dated reports
suggest that UCSD might hinder responsiveness to radia-
tion and chemotherapy [10-12], but only one study reported
the potential resistance of UCSD to pembrolizumab [13].
Although the mechanisms remain elusive, UCSD seems to
be able to correlate with tumor progression in UC patients
treated with pembrolizumab [13].

Moreover, a retrospective study evaluated clinical out-
comes in a small cohort of UCSD patients treated with ICIs
or EV and showed lower ORR and shorter PFS and OS in
the UCSD compared to pUC [14].

Investigating ICIs and EV’s therapeutic efficacy in UCSD
patients stands as a crucial effort, also in consideration of the
use of combination therapy in earlier settings.

The ARON project collects a large number of Oncology
Centers worldwide with the aim of reporting real-world
data on genitourinary tumors. Specifically, the ARON-2
study focuses on patients with UC treated with ICIs or EV
[15-18]. In this analysis, we aimed to evaluate the activ-
ity and efficacy outcomes among patients with UCSD who
received treatment with avelumab, pembrolizumab, or EV
in real-world clinical settings.
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Patients and methods
Study design and patient population

This was a retrospective cohort study that analyzed clini-
cal data from patients aged 18 years and older diagnosed
with UC with pUC or UCSD and confirmed metastatic
disease by radiological assessment. The study population
was divided into three distinct cohorts: Cohort 1 com-
prised individuals who received maintenance avelumab
after achieving response or stable disease with first-line
platinum-based therapy; cohort 2 included patients with
disease progression or recurrence following platinum-
based chemotherapy and subsequently received pembroli-
zumab. Cohort 3 comprised patients receiving EV after
progression to platinum-based chemotherapy and PD-(L)1
inhibitor. Treatments were administered between January
1, 2016, and December 31, 2024. Data were collected from
79 medical centers across 21 countries (Fig. S1).

Demographic characteristics (such as age and gender),
tumor features, Eastern Cooperative Oncology Group Per-
formance Status (ECOG-PS), metastatic site distribution,
surgical history, prior chemotherapy regimens, treatment
duration, and therapeutic responses were available for all
participants. Treatment responses to avelumab, pembroli-
zumab, or EV were assessed using the Response Evalua-
tion Criteria in Solid Tumors (RECIST), version 1.1, as
evaluated locally by the treating investigator.

Clinical and pathological data were extracted from
institutional medical and pathology records, following
the routine protocols of each participating center. Physical
examination, laboratory tests, and imaging procedures—
including computed tomography and magnetic resonance
imaging —were performed according to local clinical
practice. Patients lacking complete clinical or outcome
data were excluded from analysis.

Study objectives

The primary objective was to investigate the outcome of
patients with mUCSD receiving avelumab (cohort 1) or
pembrolizumab (cohort 2) or EV (cohort 3). Thus, the
study assessed overall survival (OS), time on treatment
(ToT), and overall response rate (ORR). OS was defined as
the interval from avelumab, pembrolizumab, or EV treat-
ment initiation to death from any cause. ToT referred to
the interval between starting avelumab, pembrolizumab, or
EV therapy and treatment discontinuation for any reason,
including toxicity. Tumor responses—including progres-
sive disease (PD), stable disease (SD), partial response
(PR), and complete response (CR)—were measured using
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RECIST version 1.1. Primary refractory disease was
defined as best overall response of PD at the first radiologi-
cal assessment following treatment initiation, according to
RECIST version 1.1.

Time-to-event outcomes were censored at the date of last
clinical or radiological assessment for patients who were
alive and event-free at last follow-up. Patients lost to fol-
low-up were censored at the date of their last documented
contact.

Statistical methods

OS between groups was compared using the Kaplan—Meier
method with differences assessed via the log-rank test.
Median follow-up duration was estimated through inverted
Kaplan—Meier method. Cox proportional hazards models,
using Schoenfeld residuals, were applied to assess the mul-
tivariable impact on patient survival, providing hazard ratios
(HRs) and 95% confidence intervals (CIs). Fisher’s exact
test was employed for comparing binary categorical vari-
ables, while chi-square tests were used for multiple group
comparisons. Pearson’s correlation coefficient was used to
assess associations between variables. A p value of <0.05
was considered statistically significant for all analyses. Anal-
yses were conducted using a complete-case approach. The
proportion of missing data for each covariate was low (<5%
for all variables), and no imputation was performed.

Ethical compliance

The study protocol was reviewed and approved by the ethics
committee of the coordinating center (Marche Region, Italy;
approval number 2022 39, protocol title: “ARON 2 Project”)
as well as by institutional review boards at each participat-
ing site. The study adhered to the principles outlined in the
Declaration of Helsinki, followed Good Clinical Practice
(GCP) guidelines, and met all applicable ethical standards
for biomedical research. Informed consent was obtained
from all living patients; for those deceased or lost to follow-
up, consent requirements were waived by the coordinating
center’s review board.

Results
Overall study population

A total of 1918 patients, 1696 (88%) with advanced pUC
and 222 (12%) with UCSD, were included in this analysis
from the ARON-2EV dataset (Fig. S2). The distribution of
patients with mUCSD was as follows: 36 in cohort 1 (ave-
lumab), 111 in cohort 2 (pembrolizumab), and 75 in cohort
3 (EV) (Table 1). The rate of UCSD in cohort 1 was 14% in

both patients who started avelumab therapy before or after
2020, while in cohort 2, the rate was 9% before 2020 and
11% from 2020. All patients receiving enfortumab vedotin
were treated since 2020.

In cohort 1, patients with UCSD were characterized by
significantly higher rates of BMI <25 kg/m? and ECOG-
PS >2 (Table 1). No significant differences were found
between UCSD and pUC patients in cohorts 2 and 3. The
complete list of patients’ characteristics is summarized in
Table 1. In bold, statistically significant data.

Cohort 1 (Avelumab)

In this cohort, the median follow-up was 21.8 months
(95%CI 18.0-66.1). The median OS from the start of ave-
lumab therapy was 25.8 months (95%CI 21.2-27.5) and
was shorter in patients with UCSD compared to patients
with pUC histology (13.0 months vs 26.8 months, HR
2.66, 95%CI 1.39-5.10, p=0.003, Fig. 1), with 6-month
and 12-month OS rates of 72% versus 96% and 53% versus
82%, respectively.

When stratified by sex, a numerical difference was
observed in males although this did not reach statistical sig-
nificance (19.2 months vs 27.0 months, HR 1.98, 95%CI
0.97-4.02, p=0.058), whereas in females, the median
OS was significantly lower in UCSD compared to pUC
(6.8 months vs 25.6 months, HR 6.73, 95%CI 1.98-50.44,
p<0.001, Fig. 1).

Among patients with tumors of the lower urinary
tract (LTUC), median OS was 13.0 months in UCSD
and 25.8 months in pUC (HR=2.81, 95%CI 1.34-6.32,
p=0.011, Fig. 1). No significant differences were found in
patients with UC of the upper urinary tract (UTUC: UCSD
vs pUC: NR vs 27.1 months, HR 2.42, 95%CI 0.81-7.73,
p=0.128).

The median ToT was 5.2 months (95%CI 4.0-6.0),
being shorter in patients with UCSD compared to patients
with pUC histology (3.5 months vs 5.6 months, HR
1.57, p=0.044, Fig. 2). Similar to OS, in male patients,
no statistically significant differences in terms of ToT
were observed between UCSD and pUC (5.1 months vs
5.5 months, HR 1.32, 95%CI 0.84-2.09, p =0.230), while
in females, the median ToT was 2.1 months in UCSD vs
6.3 months in pUC (HR 5.01, 95%CI 1.19-21.03, p=0.028,
Fig. 2).

The median ToT was not different in UCSD versus pUC
patients in both LTUC (5.1 months vs 6.0 months, HR
1.17, 95%CI 0.71-1.93, p=0.542) and UTUC subgroups
(2.9 months vs 4.2 months, HR 2.64, 95%CI 0.91-6.04,
p=0.121).

The ORR was 27% in pUC and 21% in UCSD (p=0.408),
while the rate of primary refractory disease was 34% versus
43% (p=0.245), respectively (Fig. 3). Logistic regression
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Fig. 1 Overall survival in patients treated with avelumab (cohort 1), pembrolizumab (cohort 2), or enfortumab vedotin (cohort 3) stratified by
tumor histology, gender, and site of primary tumor
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Fig.2 Time on treatment in patients treated with avelumab (cohort 1), pembrolizumab (cohort 2), or enfortumab vedotin (cohort 3) stratified by

tumor histology
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Fig.3 Response to therapy in pUC and UCSD patients

showed a significant correlation between lymph node metas-
tases and ORR (odds ratio 2.06, 95%CI 1.12-3.77, p=0.015,
Table S1) as well as between ECOG-PS >2 and primary
refractory to avelumab (odds ratio 2.99, 95%CI 1.32-6.79,
p=0.009, Table S1).

In multivariable analyses, ECOG-PS > 2 and UCSD his-
tology were independently associated with OS (Table S2),
whereas only ECOG-PS >2 was a significant predictor of
ToT (Table S3).

Formal interaction tests showed a statistically significant
interaction for histology X sex (Table S4).

Cohort 2 (Pembrolizumab)

In this group, the median follow-up was 20.9 months (95%
CI 19.6-22.6). The median OS was 17.9 months (95%CI
15.9-51.2). Patients with UCSD had a shorter OS com-
pared to those with pUC (10.2 vs 18.5 months, HR 1.52,
95% CI 1.12-2.08, p=0.008; Fig. 1), with 6-month and
12-month OS rates of 66% versus 76% and 42% versus 62%,
respectively. Among males, median OS was 10.7 months in
UCSD and 18.7 months in pUC (HR 1.38, 95%CI 0.95-2.00,
p=0.09). In contrast, a significant difference was observed

@ Springer

in female patients (7.0 months vs 16.7 months, HR 1.83,
95%CI 1.06-3.16, p=0.031, Fig. 1).

Patients with LTUC had a shorter median OS in the
UCSD subgroup (10.2 months vs 18.5 months, HR 1.63,
95%CI 1.14-2.32, p=0.008, Fig. 1), while no significant
differences were found in patients with UTUC (9.9 months
vs 19.0 months, HR 1.22, 95%CI 0.66-2.25, p=0.535).

No statistically significant differences in terms of median
ToT were found between UCSD and pUC in the overall study
population (3.5 vs 4.4 months, HR 1.24, 95%CI 0.97-1.59,
p=0.080) and both in males (3.2 months vs 4.5 months, HR
1.39, 95%C1 0.97-1.88, p=0.060) and females (3.2 months
vs 4.8 months, HR 1.42, 0.94-1.93, p=0.125).

The ORR was 31% in pUC and 15% in UCSD (p=0.011,
Fig. 3), while the rate of primary refractory was 44% versus
58%, respectively (p =0.066, Fig. 3). Furthermore, UCSD
was significantly associated with primary resistance to pem-
brolizumab (odds ratio 1.68, 95%CI 1.07-2.63, p=0.023,
Table S5).

In multivariable analysis for OS, ECOG-PS > 2, UCSD
histology, metastatic disease at diagnosis, and the presence
of lung, bone, or liver metastases were associated with
shorter OS (Table S6). On the other hand, ECOG-PS > 2,
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metastasis at UC diagnosis, and the presence of metastases
to distant lymph nodes, lungs, bones, or liver were associ-
ated with ToT (Table S7).

Formal interaction tests for histologyxsex and
histologyxprimary site were performed within each cohort.
No statistically significant interactions were detected
(Table S8).

Cohort 3 (Enfortumab Vedotin)

In this cohort, the median follow-up was 14.5 months (95%
CI 11.2-52.9). The median OS was 12.4 months (95% CI
10.4-14.1). Similar to the other two cohorts, patients with
UCSD had significantly shorter OS than those with pUC
(7.6 months vs 13.1 months, HR 1.68, 95%CI 1.13-2.51,
p=0.011, Fig. 1), with 6-month and 12-month OS rates of
59% versus 77% and 39% versus 53%, respectively. In males,
median OS was 9.9 months in UCSD versus 13.7 months
in pUC (HR 1.42, 95%CI 0.91-2.22, p=0.122), while
among females, median OS was 6.5 months in UCSD versus
12.2 months in pUC (HR 5.48 1.94-15.43, p=0.001, Fig. 1).

In the LTUC subgroup, median OS was significantly
shorter in patients with UCSD histology (8.5 months vs
12.4 months, HR 1.54, 95%CI 1.01-2.42, p=0.048, Fig. 1).
Conversely, in the UTUC subgroup, the median OS was
shorter in pUC (6.0 months) than in UCSD (14.5 months,
HR 2.38, 95%C1 0.98-5.70, p=0.062).

Median ToT was shorter in patients with UCSD compared
to patients with pUC histology (7.6 vs 13.6 months, HR
1.83, 95%CI 1.20-2.81, p=0.005, Fig. 2). The difference
between UCSD and pUC in terms of median ToT was statis-
tically significant in females (6.9 months vs 12.2 months, HR
4.08 95%CI 1.45-11.48, p=0.008, Fig. 2) but not in males
(9.9 months vs 14.5 months, HR 1.66, 95%CI 0.97-2.69,
p=0.057).

The ORR was 48% in pUC and 40% in UCSD (p =0.319,
Fig. 3), while the rate of primary refractory was 26% versus
44% (p=0.008, Fig. 3). UCSD was correlated with primary
resistance to enfortumab vedotin (odds ratio 2.08, 95%CI
1.24-3.47, p=0.006, Table S9).

In univariable and multivariable analyses, ECOG-PS
> 2 and UCSD histology were associated with both OS
(Table S10) and ToT (Table S11).

Formal interaction tests showed a statistically significant
interaction for histology X sex (Table S12).

Discussion

This study provides the largest real-world cohort to date, to
our knowledge, of patients with UCSD (n=222) treated with
modern systemic therapies, including ICIs and EV.

Across all three treatment cohorts—avelumab, pembroli-
zumab, and EV—patients with UCSD consistently experi-
enced poorer outcomes than those with pUC, particularly in
terms of OS and ORR. ToT was also shorter for patients with
UCSD in the avelumab and EV cohorts, but not significantly
different in the pembrolizumab group.

Moreover, multivariable analyses confirmed UCSD his-
tology as an independent adverse prognostic factor for OS in
all treatment settings. Interestingly, subgroup analyses fur-
ther highlighted worse survival outcomes for female patients
with UCSD compared to pUC (avelumab HR 6.73; pem-
brolizumab HR 1.83; EV HR 5.48) and for those with LTUC
(avelumab HR 2.81; pembrolizumab HR 1.63; EV HR 1.54).
Worse outcomes with immunotherapy in the female sex have
been pointed out also in a recent meta-analysis, probably
related to gender-specific immune system differences that
influence immune response and escape [19]. Moreover, the
female sex was found to obtain less benefit also from EV,
probably due to lower nectin-4 expression in the basal his-
tology, which is the most frequent in the female sex, and to
estrogen levels impacted by smoking [20]. Regarding the
worse survival outcomes in patients with LTUC, this differ-
ence could be explained by the general worse response of
the squamous subtype compared to pUC, while no differ-
ences were found for UTUC patients, probably due to the
intrinsic biology and molecular profile of this subgroup of
patients that makes them more responsive immunotherapy.
In fact, UTUCs have been reported to be enriched for MSI-
high compared to LTUC [21] and to present higher tumor
mutational burden [22].

These findings support the hypothesis that UCSD reflects
a more aggressive disease biology in the metastatic setting,
and that histologic differentiation remains clinically relevant
even in the era of targeted agents and immunotherapy.

Considering the rarity of UCSD, limited data are avail-
able on this subset of patients, especially on the activity
and efficacy of modern treatment strategies, such as ICIs or
EV. Several previous retrospective and registry studies are
in line with our results, remarking the poor prognosis and
survival outcomes of patients with UCSD [23]. A single-
center retrospective study evaluated treatments’ outcomes
in 40 UCSD patients, of which 12 treated with EV and 38
with ICIs [14]. Similar to our results, PFS and OS were
shorter for UCSD patients treated with ICIs or EV, with
lower ORR to EV compared to pUC. Interestingly, in this
study, patients with UCSD presented a higher prevalence
of CDKN2A, CDKN2B, and PIK3CA alterations and lower
ERBB?2 alterations in comparison with pUC, underscoring
the different genomic background of this histologic diver-
gence. Alterations in CDKN2A seem to promote a resistance
to ICIin UC [24].

Another retrospective study showed similar survival
outcomes as in our study in patients treated with ICIs. In
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particular, the study by Bakaloudi et al. included 152 patients
with UCSD treated with ICIs in any line for advanced dis-
ease [25]. In UCSD patients receiving avelumab, median
OS was 7 months and median PFS 3 months, while in
those treated with second- or later-line ICI, median OS was
9 months and median PFS 4 months. Furthermore, a single-
institution case series included 17 patients with UCSD and
lower responses to ICIs in this subtype compared to pUC,
but the results were not statistically significant [26].

A recent analysis of the UNITE study focused on patients
with squamous differentiation (n=94) compared to pUC
(n=366) treated with EV [27]. In this study, patients were
divided into four groups: pUC, urothelial predominant
(<50% UCSD), UCSD histology predominant (50-99%
UCSD), and pure squamous (100% UCSD). Median OS was
13.1 months for pUC, 12.7 for urothelial predominant, 10.6
for UCSD predominant, and 4.1 for pure UCSD patients,
with the latter group being the one with worse outcomes.

Differently from our results, a retrospective analysis
on 103 patients with variant histology, including 14 with
squamous differentiation, treated with second-line pem-
brolizumab found no significant differences between the
pUC and variant histology groups in terms of PFS (median
5.0 vs 10.4 months, p=0.222) and OS (median 13.5 vs
23.8 months, p=0.497) [28]. In line with these findings,
another retrospective study on patients treated with pem-
brolizumab reported comparable ORR and OS among
patients with squamous variant (n=73) and pUC [29].

UC can be considered as a group of histologically and
genomically different tumors, and each divergent histology
or subtype presents relevant differences of gene expression
signatures as well as of the immune microenvironment com-
position and, consequently, prognosis and treatment response
[30]. In particular, UCSD tends to have more intra-tumoral
lymphocytes, especially CD8 +[31, 32], that should actu-
ally make this subtype likely more respondent to ICIs, even
though this is not translated into clinical benefit, as reported
in our and other studies. The dissociation between immune
microenvironment features and response raises important
questions about functional T cell exhaustion, immune exclu-
sion, or antigen presentation capacity in UCSD, among other
mechanisms of resistance to ICIs. Regarding response to EV,
interestingly, divergent histologies or differentiations of UC
presented lower nectin-4 expression, with potential clinical
implications that need to be investigated [33].

A relevant merit of our analysis is to have recollected the
largest case series of patients with UCSD, to our knowledge.
Nonetheless, some limitations have to be pointed out. First
and foremost, the retrospective design of the study limits
the strength of our results. Second, the lack of central radio-
logic review may lead to a misinterpretation of the tumor
response. Third, the deficiency of data pertaining to the
proportion of UCSD, in conjunction with the absence of
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a centralized pathology review, may result in an informa-
tion bias, thereby necessitating that our findings be inter-
preted with due caution. Fourth, the use of ToT instead of
progression-free survival, considering that ToT captures
treatment discontinuation for any reason, including toxic-
ity, patient preference, or logistical factors, therefore does
not exclusively reflect disease control, suggesting to care-
fully consider this difference when interpreting ToT-based
analyses. Fifth, the small number of cases in some of the
analyzed subgroups (i.e., UTUC), which makes our findings
as exploratory and suggests caution in interpreting p-values
near the significance. Moreover, the study lacks molecular
correlates, such as nectin-4 expression or genomic altera-
tions. Treatment sequences and patient selection may have
also introduced bias, particularly in the EV cohort. Despite
these limitations, our findings provide valuable insight into
the clinical behavior of UCSD in the metastatic setting.

Conclusion

Given the rarity of the UCSD, real-world data are of great
importance to try to understand treatment response and clini-
cal outcomes of this subgroup of patients. In this large inter-
national retrospective study, UCSD in metastatic urothelial
carcinoma was consistently associated with poorer outcomes
across three commonly used systemic therapies: avelumab,
pembrolizumab, and enfortumab vedotin. These findings
highlight the prognostic significance of histologic subtypes
and underscore the need for histology-informed clinical trial
designs. Prospective studies incorporating molecular and
histologic profiling are warranted to better define treatment
strategies and improve outcomes for patients with variant
urothelial carcinoma, including those with UCSD.
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