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ABSTRACT

Introduction: Avelumab and pembrolizumab
are approved immune checkpoint inhibitors
(ICIs) for advanced urothelial carcinoma (UC)
that are used as maintenance and salvage thera-
pies, respectively. The aim of this study was to
highlight patterns of extreme response and sup-
port the development of biomarker-driven strat-
egies to optimise patient selection and treatment
sequencing.

Methods: This was a prospective study that
included 79 patients with advanced UC treated
with avelumab (n=32) or pembrolizumab
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(n=47) following platinum-based chemother-
apy. Outcomes included objective response rate
(ORR), disease control rate (DCR), progression-
free survival (PFS) and overall survival (OS).
Results: Avelumab was associated with a DCR
of 84.4% and a complete response (CR) rate of
34.4%, while pembrolizumab was associated
with a DCR of 55.3% and a CR rate of 12.8%.
Progressive disease (PD) occurred in 15.6% and
44.7% of patients, respectively. Despite differ-
ences in treatment indications and timing,
median PFS and OS in patients with CR and PD
were surprisingly comparable across the two
agents.

Conclusions: These findings suggest that
extreme responses to ICIs in advanced UC—
ranging from complete response to primary pro-
gression—may occur irrespective of treatment
setting, underscoring the pivotal role of tumour-
immune biology. Biomarker-driven strategies are
needed to optimise patient selection.

Trial Registration: OBSERVE-UC study; regis-
tration ID: CEAVC 25351.
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Key Points

Why carry out this study?

Advanced urothelial carcinoma (UC) remains
associated with poor long-term survival
despite platinum-based chemotherapy, and
real-world data on immune checkpoint
inhibitors (ICIs) are limited

In patients with advanced UC, avelumab is
approved as maintenance therapy and pem-
brolizumab as salvage therapy

We prospectively reported outcomes of ave-
lumab maintenance versus pembrolizumab
salvage therapy in patients with advanced
UC previously treated with platinum-based
chemotherapy

What was learned from the study?

In patients treated with avelumab, the disease
control rate (DCR) was 84.4% and the com-
plete response (CR) rate was 34.4%, whereas
in those treated with pembrolizumab, the
DCR was 55.3% and the CR rate was 12.8%.
PD was observed in 15.6% and 44.7% of
patients, respectively

Median progression-free survival and over-
all survival in extreme responders—either
complete response or primary progression—
appeared across both treatment settings, sug-
gesting that these outcomes may be driven
more by tumour-immune biology than by
treatment timing. These results underscore
the urgent need for biomarker-driven strate-
gies to optimise patient selection

INTRODUCTION

Urothelial carcinoma (UC) represents the most
common form of genitourinary malignancy
in Europe, second only to prostate cancer [1].
While early-stage disease can often be managed

effectively with surgery and intravesical thera-
pies, advanced and metastatic UC continues to
be associated with poor long-term survival [2].
First-line treatment typically consists of plati-
num-based chemotherapy, but despite initial
responses, the majority of patients eventually
develop resistance or disease progression, with
limited treatment options available thereafter
[3].

In recent years, immune checkpoint inhibi-
tors (ICIs) targeting the programmed cell
death-1 (PD-1) receptor or its ligand PD-L1 have
significantly altered the therapeutic landscape
for advanced UC [3]. Pembrolizumab, a mono-
clonal antibody against PD-1, was the first ICI
to demonstrate an overall survival (OS) bene-
fit in platinum-pretreated UC in the phase III
KEYNOTE-045 trial, leading to its approval for
use in the second-line setting [4]. Avelumab,
an anti-PD-L1 monoclonal antibody, gained
approval for use as switch maintenance therapy
following response or stable disease with first-
line platinum-based chemotherapy, based on the
landmark JAVELIN Bladder 100 study [S]. These
approvals represent two distinct indications and
timing of ICI therapy—post chemotherapy pro-
gression versus maintenance strategy—which
may influence patient selection, treatment effi-
cacy and outcomes.

Although clinical trial data support the effi-
cacy of both pembrolizumab and avelumab,
their performance in the real-world setting,
particularly outside of strict trial eligibility cri-
teria, remains less well characterised. Real-world
evidence is essential to understand how these
therapies perform in broader [6], more hetero-
geneous patient populations, including older
individuals, those with comorbidities and/or
patients with variant histologies and multiple
metastatic sites. Furthermore, the direct compar-
ison of pembrolizumab and avelumab in clinical
practice has not been systematically explored,
and no head-to-head randomised trials currently
exist.

In this context, the aim of this prospective
observational study was to assess the clini-
cal characteristics, treatment outcomes, pro-
gression-free survival (PFS) and OS of patients
with advanced UC treated with avelumab as
maintenance therapy or pembrolizumab after
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progression at our institution. By providing real-
world evidence on the contrasting roles of these
two ICIs, we also aimed to highlight patterns
of extreme response and support the develop-
ment of biomarker-driven strategies to optimise
patient selection and treatment sequencing.

METHODS

This was a single-centre, prospective cohort
study conducted to evaluate the clinical efficacy
of ICIs in patients with advanced or metastatic
UC. The study included consecutive patients
treated with either avelumab or pembrolizumab
between January 2019 and December 2024 at
the Careggi University Hospital (Florence, Italy).

Eligible patients were adults (=18 years) with
histologically confirmed advanced or metastatic
UC who had received treatment with either ave-
lumab or pembrolizumab. All patients had pre-
viously received platinum-based chemotherapy
(gemcitabine + cisplatin, or gemcitabine + car-
boplatin). All participants were of white Euro-
pean descent (Italian origin). No additional
disaggregated data on race/ethnicity were col-
lected. Exclusion criteria included the presence
of another concurrent malignancy requiring sys-
temic therapy and lack of available clinical or
radiological follow-up data. All patients receiv-
ing avelumab did so as maintenance therapy
after achieving at least stable disease with first-
line platinum-based chemotherapy, whereas all
pembrolizumab-treated patients received the
drug as second-line therapy after documented
progression on platinum therapy.

Clinical and pathological data were extracted
from electronic medical records. Baseline char-
acteristics collected included age, sex, Eastern
Cooperative Oncology Group (ECOG) Perfor-
mance Status Scale, primary tumour site, histol-
ogy, presence of metastasis at diagnosis, prior
chemotherapy regimen and metastatic sites at
the time of ICI initiation. Type of immunother-
apy (avelumab or pembrolizumab) and treat-
ment indication (maintenance or salvage) were
also recorded.

Tumour response was assessed according to
RECIST 1.1 [7] criteria through serial imaging

and clinical evaluation. The best overall response
was classified as complete response (CR), partial
response (PR), stable disease (SD, or progres-
sive disease (PD). The objective response rate
(ORR) was defined as the proportion of patients
achieving CR or PR, while the disease control
rate (DCR) included patients with CR, PR or SD.
Response was assessed by comparing tumour
burden at the start of immunotherapy with the
immediate pre-immunotherapy imaging assess-
ment—and not with the pre-chemotherapy
baseline. PFS was defined as the time from ini-
tiation of immunotherapy to radiologic or clini-
cal progression or death from any cause, which-
ever occurred first. OS was defined as the time
from immunotherapy initiation to death from
any cause. Patients who were alive or without
progression at the time of data cut-off were cen-
sored at the date of last follow-up. Median PFS
and OS were estimated using the Kaplan-Meier
method, and 95% confidence intervals (ClIs)
were calculated.

Descriptive statistics were used to summarise
baseline characteristics and clinical outcomes.
Categorical variables were expressed as counts
and percentages, while continuous variables
were presented as the median and range. Com-
parative analyses between treatment groups were
exploratory and based on univariate descriptive
comparisons.

All procedures performed in studies involv-
ing human participants were in accordance with
the ethical standards of the institutional and/
or national research committee and with the
1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards (trial reg-
istration number: OBSERVE-UC study; CEAVC
25351; Comitato Etico Regionale per la Speri-
mentazione Clinica della Regione Toscana: Sezi-
one: AREA VASTA CENTRO; Careggi University
of Florence Hospital ethical committee).

RESULTS

A total of 79 patients with advanced UC were
included in this retrospective analysis (Table 1).
Of these, 32 patients (40.5%) received ave-
lumab and 47 (59.5%) were treated with
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Table 1 Patient baseline characteristics

Variables Total patient
population N
=79

Age

Median (range), years 74 (47-88)

>75 years, n (%) 39 (49.7)

Sex, n (%)

Male 198 (81.48)
Female 45 (18.52))

ECOG performance status, n (%)

0 37 (46.84)
1 37 (46.84)
2 5(6.33)

Primary tumor site, n (%)

Bladder 61(77.22)

Upper urinary tract 18 (22.78)
Histology

Urothelial 74(93.67)

Variant 5 (6.33)

Merastatic at diagnosis, n (%)

Yes 25 (31.65)
No 54 (68.35)

Prior chemotherapy regimen, n (%)

Gemcitabine + cisplatin 24 (30.77)
Gemcitabine + carboplatin 54 (69.23)

Site of metastasis, n (%)

Lung 40 (50.63)
Bone 28 (35.44)
Liver 19 (24.05)
Mediastinal lymph node 19 (24.05)
Abdominal lymph node 58 (73.42)
Other (soft tissue; peritoneum) 41 (51.9)
Brain 3 (3.80)

Table 1 continued

Variables Total patient
population N
=79

Type of immunotherapy, n (%)

Avelumab 32 (40.51)
Pembrolizumab 47 (59.49)

ECOG Eastern Cooperative Oncology Group (Perfor-
mance Status Scale)

pembrolizumab. The median age of the study
population was 74 (range 47-88) years, and
nearly half of the patients (49.7%) were aged
75 years or older. The cohort was predominantly
male (81.5%), and most patients had a preserved
performance status, with an ECOG score of O or
1 in 93.7% of cases. The primary tumour site
was the bladder in 61 patients (77.2%), while
18 patients (22.8%) had upper urinary tract
tumours. Histologically, the majority had pure
urothelial carcinoma (93.7%), with only 6.3%
showing variant differentiation. Metastatic dis-
ease at initial diagnosis was reported in 31.7%
of patients.

All patients had received prior platinum-based
chemotherapy, with gemcitabine + carboplatin
being the most frequently used regimen (69.2%).
The most common sites of metastasis included
abdominal lymph nodes (73.4%), lung (50.6%)
and soft tissues or peritoneum (51.9%).

Across the entire cohort, the ORR was 38.0%,
with 17 patients (21.5%) achieving CR and 13
patients (16.5%) achieving PR. SD was observed
in 23 patients (29.1%), resulting in a DCR of
67.1%. PD occurred in 26 patients (32.9%)
(Table 2; Fig. 1; Electronic Supplementary Mate-
rial Fig. S1).

When stratified by immunotherapy type, the
CR rate was 34.4% in the avelumab subgroup
and 12.8% in the pembrolizumab subgroup.
PR occurred in 12.5% of avelumab-treated
patients and in 19.1% of pembrolizumab-treated
patients. The DCR was 84.4% in the avelumab
group and 55.3% in the pembrolizumab group.
PD was observed in 15.6% of patients in the
avelumab group and 44.7% of patients in the
pembrolizumab group (Fig. 1).
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Table 2 Tumour response in all patients and according to type of immunotherapy

Tumour response All patients (N=79) Avelumab (N=32) Pembroli-
zumab
(N=47)
CR 17 (2152) 11 (34.38) 6(12.77)
PR 13 (16.46) 4(12.50) 9(19.15)
SD 23 (29.11) 12 (37.50) 11 (23.40)
RR (CR + PR) 30 (37.97) 15 (46.88) 15 (31.91)
DCR (CR+PR+SD) 53 (67.09) 27 (84.38) 26(55.32)
PD 26 (32.91) 5 (15.62) 21 (44.68)

Data in table are presented as a number (of patients) with the percentage in parentheses

CR Complete response, DCR disease control rate, PD progressive disease, PR partial response, RR response rate, SD stable

disease

75

50

25

-25

=50

Best % change in tumor size from baseline

=75

—100

Treatment / RECIST
mmmm Pembrolizumab
= Avelumab

---- PR cutoff (-30%)
---- PD cutoff (+20%)

0 10 20 30 40 50 60 70 80
Patients (sorted by best % change)

Fig. 1 Waterfall plot of change in tumour size by treatment. PD progressive disease, PR partial response

Median PFS varied substantially based on with PR and SD had a median PFS of 26.4
tumour response. Among all patients, those (95% CI 11.4-NR) months and 7.0 (95% CI
achieving CR had a median PFS of 49.7 (95% 4.4-11.7) months, respectively (Table 3; Fig. 2).
CI 38-not reached [NR]) months, while those In patients receiving avelumab, median PFS was

A\ Adis



1160

Oncol Ther (2025) 13:1155-1167

Table 3 Efficacy and survival according to tumour response in all patients and according to type of immunotherapy

Tumour response All patients (N=79) Avelumab Pembrolizumab
PFES (months)
CR 49.7 (38-NR) 49.7 (27.3-NR) NR (NR-NR)
PR 26.4 (11.4-NR) 152 (3.3-NR) 26.5 (4.9-NR)
SD 7 (44-11.7) 48 (23-15.6) 7.7 (4.1-15.0)
RR (CR+ PR) 48.5 (27.3-NR) 49.7 (26.4-NR) 48.5 (15.5—
NR)
DCR (CR + PR+ SD) 257 (11.7-33.3) 264 (6.5-33.3) 247 (9.1-
48.5)
PD 2.5 (1.7-3.4) 3 (1.1-NR) 2.5 (14-NR)
All patients (N=79) Avelumab Pembrolizumab
OS (months)
CR NR (NR-NR) NR (NR-NR) NR (NR-NR)
PR 47.1 (20.3-NR) NR (14-NR) 37.4 (4.9-NR)
SD 20.1 (5.4-35.6) 26.5 (2.7-NR) 9.4 (4.1-27.9)
RR (CR+ PR) NR (47.1-NR) NR (NR-NR) NR (25.7—
NR)
DCR (CR + PR + D) 442 (27.9-NR) NR (35.6-NR) 319 (17.1-
NR)
PD 5.1 (1.9-14.3) 6.8 (1.1-NR) 44 (1.7-14.3)

Data in table are presented as the median with the 95% confidence interval given in parentheses

CR Complete response, DCR disease control rate, NR not reached, OS overall survival, PD progressive disease, PFS progres-
sion free survival, PR partial response, RR response rate, SD stable disease

49.7 months for those with CR, 15.2 months for
those with PR and 4.8 months for those with SD
(Fig. 3). Among pembrolizumab-treated patients,
median PFS was not reached in the CR subgroup,
was 26.5 months in the PR subgroup and was
7.7 months in the SD subgroup (Fig. 4). Patients
with PD had poor prognoses, with median PFS
of 3.0 (95% CI 1.1-NR) months in the avelumab
group and 2.5 (95% CI 1.4-NR) months in the
pembrolizumab group (Table 3).

After a median follow-up of 21.1 months for
the entire cohort (range 1-61.5 months), the
median OS was not reached (NR) in patients
who achieved CR or in those with an objec-
tive response (CR+PR) across treatment

groups, indicating prolonged survival in
responders (Table 3; Fig. 5). Among patients
with PR, the median OS was 47.1 months in
the overall cohort, with NR in the avelumab
group ((Fig. 6) and 37.4 months (95% CI
4.9-NR) in the pembrolizumab group (Fig. 7).
Patients who achieved SD had a median
OS of 20.1 months (95% CI 5.4-35.6). The
median OS was 26.5 months in the avelumab
group and 9.4 months in the pembrolizumab
group. Patients with PD had a median OS of
6.8 months (95% CI 1.1-NR) in the avelumab
group and 4.4 months (95% CI 1.7-14.3) in the
pembrolizumab group (Table 3).
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Fig.2 Progression-free survival according tumor response to immunotherapy. CR complete response, PD progressive dis-
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Fig.3 Progression-free survival according tumor response to avelumab. CR Complete response, PD progressive disease, PR
partial response, SD stable disease
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Fig. 4 Progression-free survival according to tumor response to pembrolizumab. CR Complete response, PD progressive
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1.00
o 0.754
(@)
8
§ — CR
S — PD
(0] -
g 0.50 — PR
s sD
b=
3
® 0.254
0.00 !
T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 5 55 60
months
Number at risk
CR 17 17 13 1
PD 26 3 1 0
PR 13 11 5 0
SD 23 11 2 0

Fig.5 Overall survival according tumor response to immunotherapy. CR complete response, PR partial response, SD stable
disease, PD progressive disease
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Fig.7 Progression-free survival according tumor response to pembrolizumab. CR Complete Response, PR partial response,
SD stable disease, PD progressive discase
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DISCUSSION

The results of our prospective analysis offer
novel insights into the real-world use of ICIs
in patients with advanced UC, with a particu-
lar focus on the real-world outcomes of ave-
lumab and pembrolizumab. Notably, our data
reveal that, despite differences in treatment
indications and timing—maintenance after
chemotherapy in the case of avelumab versus
second-line therapy post-progression for pem-
brolizumab—median PFS and OS in patients
with CR and PD were surprisingly comparable
across the two agents. These findings prompt
a series of reflections on the biology of UC,
patient selection and the urgent need for pre-
dictive biomarkers to personalise immunother-
apy [8-10].

In the JAVELIN Bladder 100 trial, avelumab
demonstrated a significant improvement in OS
when used as maintenance therapy in patients
without disease progression following first-line
platinum-based chemotherapy. The authors of
this study reported a median OS of 21.4 months
with avelumab plus best supportive care (BSC),
compared to 14.3 months with BSC alone (haz-
ard ratio [HR] 0.69, 95% CI 0.56-0.86) [5]. In
contrast, pembrolizumab was evaluated in a
distinct clinical context: the phase III KEY-
NOTE-045 trial enrolled patients with progres-
sion during or after platinum-based chemother-
apy, and showed a median OS of 10.3 months
with pembrolizumab versus 7.4 months with
chemotherapy (HR 0.73, 95% CI 0.59-0.91) [4].

In our cohort, in the avelumab group, the
DCR was 84.4% and the CR rate was 34.4%,
while in the pembrolizumab group, the DCR
was 55.3% and the CR rate was 12.8%, consist-
ent with the more favourable clinical status of
the former population—namely, patients who
had not progressed on prior chemotherapy.
However, perhaps the most impressive find-
ing was the similarity in median PFS and OS
in patients with CR and PD across both treat-
ment groups. While disease control and partial
responses differed as expected based on patient
selection, the similarity in median PFS and OS
in CR and PD rates raises several important bio-
logical and clinical considerations (Table 3).

First, this observation supports the hypothesis
that a subset of patients with UC may be intrin-
sically sensitive or resistant to immune check-
point inhibition, regardless of prior chemother-
apy response [11]. In theory, patients receiving
avelumab as maintenance are expected to have
more indolent disease and better immune fit-
ness, whereas those receiving pembrolizumab
are often in a state of progression and poten-
tially of immune exhaustion. This may suggest
that ICI responsiveness is not strictly determined
by timing of administration or disease kinetics
but rather by underlying tumour biology and
immune contexture [11].

Second, our findings underscore the limita-
tions of current clinical criteria in guiding ICI
use. Factors such as performance status, prior
chemotherapy response and metastatic bur-
den, while useful for treatment decisions, may
not adequately predict immunotherapy benefit
[12]. Instead, there is a growing consensus that
molecular and immunological biomarkers—such
as tumour mutational burden (TMB), PD-L1
expression, T-cell inflamed gene signatures and
the composition of the tumour microenviron-
ment—are necessary to identify true respond-
ers and avoid futile treatment in resistant indi-
viduals [13]. The clinical trials that led to the
approval of avelumab and pembrolizumab did
attempt to explore such biomarkers, but the
results were inconclusive. In KEYNOTE-045,
PD-L1 expression did not correlate strongly
with benefit, while in JAVELIN Bladder 100,
PD-L1 positivity was associated with better out-
comes, but benefit was still observed across all
subgroups [4, S]. From a translational perspec-
tive, these findings highlight the urgent need
to develop and validate predictive biomark-
ers for ICI responsiveness in UC [10, 14-16].
While ongoing studies are exploring circulating
tumour DNA (ctDNA), T-cell receptor repertoire
analysis and microbiome profiling, none of
these tools are as yet ready for clinical imple-
mentation. Additionally, the heterogeneity of
UC—across anatomical sites, histological vari-
ants and molecular subtypes—adds further com-
plexity to biomarker discovery [8-10].

Although the relatively small sample size
represents a limitation of our study, the real-
world nature of these data provides meaningful
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insights into the use of avelumab and pem-
brolizumab after first-line chemotherapy. Such
evidence complements the results of clinical
trials by reflecting the outcomes of patients
treated in routine clinical practice, where
selection criteria and management may differ
from controlled study settings. In addition,
we acknowledge the relatively small sample
size, which also prevented us from performing
meaningful analyses of correlations between
clinical parameters and treatment response.
Such exploratory investigations, although
potentially informative, would require larger
patient cohorts to provide reliable results.
Another limitation of our study is the unbal-
anced sex distribution, with substantially more
males than females. We did not conduct sex-
disaggregated efficacy analyses due to the small
number of female participants, which would
render such comparisons underpowered. None-
theless, this male predominance is consistent
with published epidemiologic data in advanced
UC. Future studies should aim for larger and
more balanced cohorts are awaited. Finally,
there is a lack of disaggregated race/ethnicity
data. Since all participants were of white Euro-
pean descent (Italian origin), our findings may
not be generalisable to populations with differ-
ent racial or ethnic backgrounds. Future studies
should investigate whether race/ethnicity may
influence the observed outcomes.

CONCLUSIONS

In this prospective real-world study of patients
with advanced UC, we observed that avelumab
maintenance was associated with higher disease
control and complete response rates compared
with pembrolizumab administered after pro-
gression, while median PFS and OS in extreme
responders—either complete response or pri-
mary progression—appeared across both treat-
ment settings. These findings confirm the fea-
sibility and clinical relevance of ICIs beyond
clinical trial populations, and highlight the
need for biomarker-driven strategies to optimise
patient selection and treatment sequencing.
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