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Simple Summary: With the introduction of immune checkpoint inhibitors (ICI) in recent years, the
treatment landscape of metastatic urothelial cancer has undergone a substantial transformation.
Nevertheless, disease progression after prior platinum-based chemotherapy and ICI pretreatment
remains a challenging clinical situation with little evidence for following therapeutic options. The
aim of this multicenter analysis was to examine the efficacy of the vinca alkaloid vinflunine after
previous ICI therapy. In our cohort, post-ICI patients showed an overall response rate (ORR) of
22.4% compared to 15.6% within ICI-naive patients (p = 0.451), and the clinical benefit rate (CBR) was
51.0% vs. 25.0% (p = 0.020), respectively. Post-ICI patients showed longer OS (8.78 vs. 5.72 months;
p = 0.467) and longer PFS (3.09 vs. 2.14 months; p = 0.105). Our analysis demonstrates the clinical
activity of vinflunine in a third- or later-line post-ICI setting, and the therapeutic benefit may be
considerably higher than demonstrated in previous studies.

Abstract: Background: Immune checkpoint inhibitors (ICI) are standard of care in patients with
metastatic urothelial carcinoma (mUC) ineligible for cisplatin, and as second-line therapy after
platinum-based chemotherapy. To date, few data exist about the efficacy of the former second-line
chemotherapeutic agent vinflunine after the failure of sequential platinum-based chemotherapy
and ICI treatment. The aim of this analysis was to examine the efficacy of vinflunine in a post-ICI
third- or later-line setting. Methods: In this retrospective German multicenter study, data of mUC
patients treated with vinflunine were reviewed in six centers between February 2010 and December
2021. All of the 105 included patients had radiologic progression after first-line platinum-based
chemotherapy. The objective was to describe the efficacy of vinflunine in terms of overall response
rate (ORR), clinical benefit rate (CBR), overall survival (OS), and progression-free survival (PFS)
for post-ICI and ICI-naive patients, respectively. Results: In our cohort, 61 patients (58.1%) had
preceding immunotherapy before vinflunine administration, and 44 patients (41.9%) were ICI-naive.
Patients with ICI pretreatment showed an ORR of 22.4% compared to 15.6% within ICI-naive patients
(p = 0.451), and CBR was 51.0% vs. 25.0% (p = 0.020), respectively. Post-ICI patients showed longer
OS (8.78 vs. 5.72 months; p = 0.467) and longer PFS (3.09 vs. 2.14 months; p = 0.105). Conclusion: This
analysis supports the sequential use of vinflunine in post-ICI patients since the vinca-alkaloid retains
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a measurable clinical activity in these heavily pretreated patients. The therapeutic benefit may be
higher than demonstrated in previous studies.

Keywords: metastatic urothelial carcinoma; bladder cancer; immune checkpoint inhibition;
immunotherapy; vinflunine; chemotherapy

1. Introduction

With the introduction of immune checkpoint inhibitors (ICI) in recent years, the
treatment landscape of metastatic urothelial carcinoma (mUC) had undergone a substantial
transformation. In patients eligible for cisplatin-based chemotherapy, ICI is the current
standard of care for maintenance therapy or second-line treatment, resulting in an improved
overall survival (OS) exceeding two years after diagnosis of metastatic disease [1]. Patients
not eligible for cisplatin can receive ICI as a first-line treatment depending on PD1/PD-L1
expression [2]. Although ICI therapy has improved the prognosis of mUC and has a more
favorable side effect profile than chemotherapy, most patients will not experience long-
term benefits [3,4], while a small percentage will experience rapid progression [5]. For the
overwhelming majority mUC remains an incurable disease and accounts for approximately
200,000 deaths every year [6,7].

Disease progression after prior platinum-based chemotherapy and ICI therapy is a
challenging clinical situation. Regarding the question of third-line therapy initiation, limited
chances of clinical benefits of a later-line therapy must be balanced against burdensome
adverse events in heavily pretreated patients [8].

In this setting the vinca-alkaloid vinflunine represents a therapeutic option approved
by the European Medicines Agency (EMA) in 2009 after the pivotal randomized phase
III trial by Bellmunt et al. showed a discrete OS advantage in the per protocol analysis
compared to best supportive care [9]. However, lacking overall survival (OS) benefit in the
intention to treat (ITT) analysis and a rather low response rate of 8.6% are the reasons why
U.S. Food and Drug Administration (FDA) approval was not obtained [10] and vinflunine
is not recommended by National Institute for Health and Clinical Excellence [11]. A real-
world data analysis by Bamias et al. showed superior efficacy with an overall response rate
(ORR) of 18% and a tolerable safety profile of vinflunine in an unselected mUC population
of 797 patients [10]. To date, little evidence exists about the use of vinflunine as a third-line
agent after pretreatment with platinum-based chemotherapy and checkpoint inhibition [12].

The aim of this national multicenter analysis was to examine the efficacy of the vinca-
alkaloid vinflunine after previous ICI therapy (post-ICI cohort) and to compare results with
patients without ICI pretreatment (ICI-naive cohort).

2. Materials and Methods

We performed a retrospective analysis with patients from a total of 6 German tertiary
referral centers. We included adult patients with histologically confirmed mUC originating
from the bladder or the upper urinary tract who received treatment with vinflunine after
having experienced radiological progression after previous platinum-based chemotherapy.
Treatment with platinum-based chemotherapy in the neoadjuvant, adjuvant, or first-line
metastatic setting was permitted. Patients who received vinflunine as part of combination
therapy or for maintenance were excluded.

The study was conducted according to the Declaration of Helsinki and ethics approval
was obtained by the Ethics Committee of Ulm University on 2 July 2020 (reference #216/20).

Patients were divided into two groups according to presence of a prior ICI treatment
(post-ICI cohort vs. ICI-naive cohort). All patients were treated and monitored according
to local clinical practice. Outcomes of interest were ORR, clinical benefit rate (CBR), OS,
and progression-free survival (PFS). ORR was defined as sum of complete response (CR)
and partial response (PR), assessed in accordance with investigator-assessed Response
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Evaluation Criteria in Solid Tumors (RECIST v1.1). CBR was defined as the sum of CR,
PR, and stable disease (SD). Tumor response was assessed by computer tomography or
magnetic resonance imaging.

OS was defined as the time period between first vinflunine administration and the
date of death from any cause or last follow-up visit. PFS was defined as the time period
between first vinflunine administration and the date of radiological disease progression,
death, or last follow-up visit. The response was assessed by investigators in each individual
institution without a central review process.

Statistical analyses were performed with GraphPad Prism (Version 9.2.0). Summary
descriptive statistics were applied to baseline patient characteristics and Mann-Whitney U
test, Pearson’s Chi-squared test, and Fisher’s exact test were applied to perform intergroup
comparisons, depending on data distribution. OS and PFS were estimated by the Kaplan—
Meier method and tested with log-rank tests. Multivariable Cox regression analyses
were performed to assess the association of patient characteristics with respect to OS, and
univariable binary logistic regression as well as multivariable logistic regression analyses
were performed to examine the impact of patient characteristics on response to vinflunine
therapy. All tests were two-sided, and p-values < 0.05 were considered significant.

3. Results
3.1. Characteristics of the Study Cohort

A total of 105 patients with mUC of the bladder or upper urinary tract who underwent
vinflunine treatment between February 2010 and December 2021 met the study inclusion
criteria and were evaluated in this retrospective multicentric cohort study. All included
patients were pretreated with gemcitabine/cisplatin or gemcitabine/carboplatin in the
neoadjuvant, adjuvant, or first-line metastatic treatment setting. Of them, 61 patients
(58.1%) additionally received ICI treatment with atezolizumab, avelumab, nivolumab,
nivolumab + ipilimumab, or pembrolizumab for metastatic disease prior to initiation
of vinflunine (post-ICI cohort), whereas 44 patients (41.9%) did not (ICI-naive cohort).
Duration of ICI treatment was evaluable in 60 patients of the post-ICI cohort (98.4%), and
25 of 60 patients (41.7%) had short-term ICI treatment of less than 3 months.

The median therapy line vinflunine was applied was a second-line treatment in
ICI-naive (second to fifth-line) and a third-line treatment in post-ICI patients (third to
sixth-line). Baseline characteristics were similar in both cohorts, with the exception of
a higher rate of bone metastases and pelvic irradiation in the post-ICI cohort. Detailed
patient characteristics are depicted in Table 1.

Table 1. Patient characteristics at baseline.

Post-ICI ICI-Naive
Patient Characteristics at Baseline n =61 (58.1%) n =44 (41.9%) P
April 2016-December 2021 February 2010-May 2019
Age (years)
median 66.5 66.3 0.9549
IQR 14.65 11.97
range 49-87 51-84
Site of primary tumor
lower tract 82.0% (50) 72.7% (32) 0.2587
upper tract 18.0% (11) 27.3% (12)
Therapy line
median 3 2
mean 3.2 2.36 <0.0001
SD 0.68 0.61
range 3-6 2-5
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Table 1. Cont.

Post-ICI ICI-Naive
Patient Characteristics at Baseline n = 61 (58.1%) n =44 (41.9%) P
April 2016-December 2021 February 2010-May 2019

Period from initial diagnosis of MIBC ! or primary
mUC to first Vinflunine administration (months)

median 244 155
IQR 33.0 304 0.0333
range 6.6-156.6 3.3-128.7
Metastatic site
lymph node 86.9% (53) 84.1% (37) 0.6864
bone 57.4% (35) 22.7% (10) 0.0341
pulmonary 44.3% (27) 36.4% (16) 0.4167
visceral 63.9% (39) 63.6% (28) 0.9750
liver 34.4% (21) 40.9% (18) 0.4976
Negative prognostic factors by Bellmunt et al. [13]
median 1 1 0.9855
mean 1.28 1.27
SD 0.90 0.95
Hb <10 g/dL? 24.6% (15) 22.7% (10) 0.8250
ECOG3
0 31.1% (19) 36.4% (16)
1 49.2% (30) 52.3% (23) 8%22
2 16.4% (10) 9.1% (4) 0'3859
3 3.3% (2) 2.3% (1) :
. >0.9999
median 1 1 0.3638
mean 0.92 0.77 ’
SD 0.78 0.71
Renal function (GFR; ml/min) *
median 53 58
IQR 28.0 255 0.3551
range 22-99 27-133
Prior cystectomy or nephroureterectomy 63.3% (38) 56.8% (25) 0.5018
Neoadjuvant therapy 11.7% (7) 2.3% (1) 0.1340
Prior irradiation of the pelvis 23.3% (14) 6.8% (3) 0.0314

1 MIBC = muscle invasive bladder cancer. 2 Hb = hemoglobin level. > ECOG = Eastern Cooperative Oncology
Group. 4 GFR = glomerular filtration rate.

3.2. Treatment Exposure and Tolerability

After a median follow-up time of 7.1 months (range: 0.4-69.1), the median number of
applied vinflunine cycles (administration every 3 weeks) was 4 (range: 1-48) in the post-ICI
cohort und 3 (range: 1-15) within the ICI-naive cohort. The median vinflunine dose at
treatment initiation was 268 vs. 288 mg/m? body surface, respectively. Dose reductions
due to adverse events were necessary in 18.0% of the patients pretreated with an ICI and
in 11.4% among the ICI-naive cohort. Grade 3—4 adverse events, according to Common
Terminology Criteria for Adverse Events (CTCAE) classification [14], occurred in 30.0%
in the post-ICI cohort and in 38.1% in the ICI-naive cohort. At data cutoff, 44 (100%) of
the ICI-naive patients and 56 (91.8%) of the post-ICI patients had discontinued treatment.
Based on investigator assessment, the most common reasons for treatment discontinuation
were disease progression (n = 82), death (n = 6), treatment-related adverse events (n = 8), or
the patient’s wish (1 = 4).
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3.3. Efficacy
3.3.1. Best Overall Response

For response assessment, 49 of 61 patients (80.3%) in the post-ICI cohort and 32 of
44 patients (72.7%) in the ICI-naive cohort were able to be evaluated for radiographic
response assessment. In the overall population, 16 of 81 patients had partial or complete
response following vinflunine treatment, corresponding to an ORR of 19.8%. Furthermore,
11 of 49 patients (22.4%) in the post-ICI cohort and 5 of 32 ICI-naive patients (15.6%) had a
radiographic response to vinflunine treatment. The difference in ORR between post-ICI
and ICI-naive was statistically not significant (p = 0.451).

A total of 33 out of 81 patients had at least stable disease as the best overall response,
corresponding to a CBR of 40.7%. Stable disease or radiographic response were observed in
25 out of 49 patients (51.0%) in the post-ICI cohort and 8 out of 32 (25.0%) in the ICI-naive
cohort. The difference in CBR between post-ICI and ICI-naive was statistically significant
(p = 0.020; Table 2).

Table 2. Treatment response.

End Point All Post-ICI ICI-Naive p
No. of included patients 105 61 44
Overall response in evaluable patients
No. of patients 81 49 32
Complete response
No. of patients 1 1 0
% 12 2.0 0
Partial response
No. of patients 15 10 5
% 18.5 20.4 15.6
Stable disease
No. of patients 17 14 3
% 21.0 28.6 9.4
Overall response rate 0.4508
No. of patients 16 11 5
% 19.8 224 15.6
95% CI,% 12.5-29.7 13.0-35.9 6.9-31.8
Clinical benefit rate 0.0198
No. of patients 33 25 8
% 40.7 51.0 25.0
95% CI,% 30.1-51.6 37.5-64.4 13.3-42.1

3.3.2. Survival

Median PFS was 2.57 months (95% CI 2.07-3.68 months) in the total cohort. In the
post-ICI cohort, PFS was slightly longer with 3.09 months (95% CI 2.17-4.70) than in the
ICI-naive cohort with 2.14 months (95% CI 1.71-2.76), corresponding to a hazard ratio of
0.726 (95% CI 0.484-1.090). The difference was not statistically significant (p = 0.105). At
3 months, the PFS rate was 52.5% among post-ICI patients and 34.1% among ICI-naive
patients. During follow-up, 50 out of 61 patients in the post-ICI-cohort and 43 out of
44 patients in the ICI-naive cohort had died.

Median OS was 8.78 months in the post-ICI cohort and 5.72 months in the ICI-naive
cohort, corresponding to a hazard ratio of 0.861 (95% CI 0.571-1.299; p = 0.467). The 6-month
OS rate was 58.6% within the post-ICI cohort and 50.0% within the ICI-naive cohort. The
9-month OS rate was 47.4% and 34.1%, respectively.

Kaplan-Meier curves for PFS and OS in both cohorts are shown in Figure 1, and further
details on survival rates under vinflunine treatment are given in Table 3.
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Figure 1. Kaplan-Meier curves for PFS and OS in both cohorts.

Table 3. PFS and OS rates after 3, 6, 9, and 12 months.

Survival All Post-ICI (n = 61) ICI-Naive (n = 44)

PFS after 3 months (%) 44.8 (47/105) 52.5(32/61) 34.1 (15/44)
PFS after 6 months (%) 18.4 (19/103) 16.9 (10/59) 20.4 (9/44)
PFS after 9 months (%) 11.7 (12/103) 11.9 (7/59) 11.4 (5/44)
PFS after 12 months (%) 10.7 (11/103) 10.2 (6/59) 11.4 (5/44)

OS after 3 months (%) 75.2 (79/105) 80.3 (49/61) 68.2 (30/44)

OS after 6 months (%) 54.9 (56/102) 58.6 (34/58) 50.0 (22/44)

OS after 9 months (%) 41.6 (42/101) 47.4 (27/57) 34.1 (15/44)
OS after 12 months (%) 27.0 (27/100) 25.0 (14/56) 29.5 (13/44)

3.3.3. Clinical Predictors of Treatment Efficacy of Vinflunine

Univariable binary logistic regression analyses in all patients showed a significantly
higher probability of considerable treatment effects (SD, PR, or CR) with an odds ratio of
3.900 (95% CI 1.494-10.99; p = 0.007) when prior ICI therapy was performed. Previously
evaluated risk factors for second-line chemotherapy by Bellmunt et al. were not associated

with the treatment effect (see Table 4).

Table 4. Univariable binary logistic regression analysis of considerable treatment effect (SD, PR, or

CR) in all patients.
Variable OR 95% CI P
ICI pretreatment 3.900 1.494-10.99 0.0071
age > 70 years 0.6293 0.2423-1.586 0.3310
GFR ! < 60 mL/min 0.6923 0.2785-1.704 0.4241
lymph node disease only 0.6705 0.1882-2.166 0.5134
liver metastases 0.7292 0.2730-1.888 0.5190
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Table 4. Cont.

Variable OR 95% CI p
prior pelvic irradiation 0.6944 0.1946-2.249 0.5517
pulmonary metastases 1.254 0.5035-3.130 0.6257
Hb2<10g/dL 1.224 0.4272-3.479 0.7027
initial dose of 320 mg/m? body surface 1.588 0.8738-2.969 0.7621
bone metastases 0.8942 0.3538-2.232 0.8109
Upper tract urothelial carcinoma 0.8815 0.2861-2.603 0.8206
Bellmunt risk factors > 1 0.9832 0.3880-2.468 0.9712
ECOG?3>1 0.9890 0.3976-2.475 0.9810

! GFR = glomerular filtration rate. 2 Hb = hemoglobin level. 3 ECOG = Eastern Cooperative Oncology Group.

Since ICI pretreatment was significantly associated with bone metastases and prior
pelvic irradiation (see Table 1), we performed multivariable logistic regression after ad-
justment for these two variables. At this ICI pretreatment was also associated with a
considerable treatment effect (OR 6.895; 95% CI 2.139-25.66; p = 0.002; see Table 5).

Table 5. Multivariable logistic regression analysis of considerable treatment effect (SD, PR, or CR) in
all patients.

Variable OR 95% CI p
ICI pretreatment 6.895 2.139-25.66 0.0021
bone metastases 0.4234 0.1076-1.276 0.1557
prior pelvic irradiation 0.4824 0.1213-1.780 0.2820

When univariable binary logistic regression analysis of considerable treatment effect
was performed only within the post-ICI cohort, no statistically significant association was
revealed. Of note, patients who received immunotherapy for less than 3 months showed
a 3.1-fold higher probability of considerable treatment effect compared to those with ICI
therapy for at least 3 months (OR 3.143; 95% CI 0.8590-13.45; p = 0.097).

3.3.4. Clinical Predictors for the Risk of Death

The risk of death was reduced by 35.5% when ICI pretreatment was performed, though
statistical significance was not reached (HR 0.6451; 95% CI 0.3983-1.045; p = 0.074).

A poor performance status of ECOG 1 or higher and a low hemoglobin level of less
than 10 g/dL were significantly associated with a higher risk of death (HR 2.248 and 1.737,
respectively; see Table 6).

Table 6. Multivariable Cox regression analyses of OS in all patients.

Variable HR 95% CI p
ECOG! >1 2.248 1.365-3.825 0.0020
Hb?<10g/dL 1.737 1.013-2.897 0.0386
liver metastases 1.565 0.9802-2.483 0.0581
ICI pretreatment 0.6451 0.3983-1.045 0.0742
bone metastases 1.255 0.7529-2.103 0.3857
initial dose of 320 mg/m? body surface 1.129 0.7103-1.777 0.6021

GFR 3 < 60 mL/min 0.9126 0.5737-1.454 0.6987
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Table 6. Cont.

Variable HR 95% CI 4
age > 70 years 0.9323 0.5784-1.483 0.7700
prior pelvic irradiation 1.009 0.5512-1.764 0.9746

1 ECOG = Eastern Cooperative Oncology Group. 2 Hb = hemoglobin level. > GFR = glomerular filtration rate.

4. Discussion

To this day, there is still significant uncertainty regarding the best treatment course
in platinum-refractory mUC patients pretreated with ICL. While the most reliable data
are available for the antibody—drug conjugate enfortumab vedotin [15], there is a lack
of knowledge in regard to other treatment options, highlighted in a recently published
systemic review by Deiniger et al. [12]. In Europe, also after the recent EMA-approval
for enfortumab vedotin, vinflunine is still a standard of care after failure of sequential
platinum-based chemotherapy and ICI treatment [2,16].

This study represents, to the best of our knowledge, the first comprehensive analysis
of the efficacy of single-agent chemotherapy with vinflunine in patients with mUC with
or without ICI pretreatment. Our data show that vinflunine has a measurable clinical
benefit in a third-line setting in patients with prior platinum-based chemotherapy and ICI
pretreatment. The ORR of 22.4% is more than twofold higher, and the OS of 8.78 months is
more than 20% higher than in the historical cohort of second-line patients in the pivotal
trial [9]. The absence of statistical significance is most likely due to relatively small patient
cohort and few survival outliers within the ICI-naive cohort. Our findings speak for a
sustained clinical activity of vinflunine in a real-world setting, even in later treatment
stages. Corresponding data were recently published by Bersanelli et al., who could show
an ORR of 18.5% for salvage chemotherapy after progression to previous platinum-based
chemotherapy and ICI [17]. Median PFS and OS in the Italian multicenter study were 3 and
9 months, respectively, although of note, in contrast to our analysis, salvage chemotherapy
included monotherapy with vinflunine, gemcitabine, or taxanes as well as cisplatin-based
combinations. On the basis of these promising results, it was postulated by the authors that
ICI pretreatment would have provided a “time out” to the disease.

This finding is supported by our comparisons of post-ICI with ICI-naive patients. The
baseline characteristics did not differ between the two cohorts, with the exception of worse
prognostic parameters in the post-ICI cohort (higher incidence of bone metastases and prior
pelvic irradiation). The data indicate maintained efficacy of third-line vinflunine in the era
of immunotherapy, which appears to be comparable to that of reported clinical trials, if not
slightly superior [9,10]. This is supported by the finding, that the remarkable CBR of 51.0%
within the post-ICI cohort was around twofold higher compared with ICI-naive-patients
(25.0%).

It is noteworthy that the univariable binary logistic regression analyses revealed that
the presence of previous ICI treatment was the only significant predictor of considerable
therapy response with vinflunine, while previously evaluated negative prognostic factors
by Bellmunt et al. [13] (poor performance status, presence of liver metastases, and low
hemoglobin level) were not statistically significant. We did, however, see that a poor per-
formance status of ECOG 1 or higher as well as a low hemoglobin level of less than 10 g/dl
were significantly associated with a higher risk of death. Consequently, ICI pretreatment
should be considered as a key prognostic factor in patients receiving third-line vinflunine.

A higher tumor sensitivity to chemotherapy after exposure to ICI has also been
described for patients with non-small cell lung cancer, squamous cell carcinoma of the
head, neck cancer, and malignant melanoma [18-21]. It is hypothesized that ICI treatment
leads to a change in the tumor microenvironment with accumulation of activated CD8* T
cells [19]. These T cells might be further activated by chemotherapy, which has been found
to have not only immunosuppressive effects, but also immune-activating properties [22].
Taken together, the sequence of ICI-therapy followed by chemotherapy could have the
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potential to act antineoplastic by both, the direct cytotoxity of chemotherapy along with
immune-dependent anti-neoplastic effects, which derive from the interplay of the sequential
administration of both therapy regimens [19]. This hypothesis should be investigated by
more detailed longitudinal studies of the immune status in mUC patients sequentially
treated with ICI and chemotherapy.

Besides clinical parameters, there is still an unmet medical need of valuable biomarkers
that could optimize the individual therapy algorithm of each mUC patient in a rapidly
changing treatment landscape [23,24]. In a recently published study by Bernardini et al.,
the genomic landscape of vinflunine response was investigated [25]. It was demonstrated
that tumors refractory to vinflunine showed immune signatures potentially associated with
response to ICL. That leads to the hypothesis that in patients rapidly progressing during
ICI therapy biological tumor characteristics might be prevalent that are associated with
the tumor response to vinflunine. This matches with our analysis where patients with
short-term ICI pretreatment for less than 3 months showed a higher probability of response
to subsequent vinflunine therapy compared to those with long-lasting ICI pretreatment,
indicating a major clinical benefit in these patients. In this context, the rare phenomenon of
pseudo-progression during ICI treatment must also be considered [5]. Hopefully, future
studies in this highly relevant field can improve oncologic decision making with regard
to personalized selection of the most suitable tumor therapy. Furthermore, the sequential
therapy of vinflunine and the upcoming antibody-drug conjugate enfortumab vedotin
must be evaluated in further clinical trials, since their mechanism of action as a microtubule
inhibitor is quite similar.

The limitations of our study are the moderate sample size of our study, biases that may
derive from the retrospective study design, and the different timespans in which patients
were exposed to vinflunine in the two cohorts. Furthermore, the patients’ sex was not
reported, which could have influenced the outcome.

5. Conclusions

Our findings confirm the efficacy of vinflunine in unselected platinum- and ICI-
refractory patients and support the use of vinflunine in the changing treatment paradigm of
relapsed mUC. Patients who received treatment with both platinum-based chemotherapy
and ICI have improved outcomes when receiving vinflunine compared to patients who
have not received ICI. Especially patients who are rapidly progressing during ICI therapy
may experience a major clinical benefit. Further study is needed to elucidate the mechanism
surrounding our intriguing hypothesis.

Author Contributions: Conceptualization, FR. (Felix Riedel) and F.Z.; methodology, FR. (Felix
Riedel) and F.Z.; software, ER. (Felix Riedel); validation, F.Z.; formal analysis, EZ.; investigation,
ER. (Felix Riedel); resources, ER. (Felix Riedel); data curation, ER. (Felix Riedel), M.M., M.].S., M.B.,
D.S., T.B.,, M.R. and K.H.; writing—original draft preparation, ER. (Felix Riedel); writing—review
and editing, ER. (Felix Riedel); visualization, FR. (Felix Riedel); supervision, EZ., ER. (Florian
Roghmann), ].B., D.S., T.B., EW. and C.B.; project administration, F.Z. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Ulm University on 2 July 2020 (reference
#216/20) for studies involving humans.

Informed Consent Statement: The data presented in this manuscript are fully anonymized, originat-
ing from multiple treatment institutions, and presented in a summarized form. Therefore, individual
patients cannot be identified. Therefore, informed consent from each participating patient was
waived. This approach was approved by our institutional Ethics Committee of Ulm University on 2
July 2020 (reference #216/20).

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.



Cancers 2022, 14, 2850 10 of 11

Conflicts of Interest: FR. declares an advisory role for Janssen-Cilag, Roche, Merck, QED; research
support: Janssen-Cilag; speaker honoraria and travel expenses: Janssen-Cilag, Roche, Merck, MSD,
Pfizer, AstraZeneca, QED; J.B. declares an advisory role for Pfizer; personal fees and travel expenses:
Apogepha, Janssen-Cilag, Pfizer, Photocure; research support: Cepheid, Janssen-Cilag; speaker hon-
oraria: Ipsen, Pfizer, BMS, AstraZeneca, Merck, Roche; M.].S. declares an advisory role for Bayer,
Bristol Myers Squibb, Ipsen, Merck, Pfizer; speaker honoraria: Bayer, Bristol Myers Squibb, Glaxo-
SmithKline, Ipsen, medac GmBH, Merck, MSD, Pfizer; personal fees and travel expenses: Apogepha,
Janssen-Cilag, Ipsen, Pfizer; institutional grants/contracts: Ipsen, Janssen-Cilag, AstraZeneca, QED
Therapeutics Inc; M.B. declares speaker honoraria from Roche, MSD, BMS, Pfizer; EW. declares
speaker honoraria and travel expenses from Bayer Health, medac GmbH, Pfizer; C.B. declares an
advisory role for Roche, ERBE Elektromedizin GmbH; research support: Roche, ERBE Elektromedizin
GmbH; speakers honoraria: Janssen-Cilag, AstraZeneca, medac GmbH, Takeda Pharma GmbH,
Roche, Ipsen; F.Z. declares an advisory role for Apogepha, Bristol-Myers Squibb, Ipsen, Janssen-Cilag,
Novartis, Roche, Sanofi/Aventis, MSD, Pfizer, Merck; personal fees and travel expenses: Bayer
Health, Ipsen, Janssen-Cilag, Pfizer, Merck; speaker honoraria: Astellas, Bayer Health, Bristol-Myers
Squibb, Ipsen, Novartis, Roche, Sanofi/ Aventis, Pfizer, Merck; all other authors declare no conflict of
interest. The disclosed relationships had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

References

1.

10.

11.

12.

13.

Powles, T.; Park, S.H.; Voog, E.; Caserta, C.; Valderrama, B.P.; Gurney, H.; Kalofonos, H.; Radulovi¢, S.; Demey, W.; Ullén, A.;
et al. Avelumab Maintenance Therapy for Advanced or Metastatic Urothelial Carcinoma. N. Engl. J. Med. 2020, 383, 1218-1230.
[CrossRef] [PubMed]

EAU Guidelines. Presented at the EAU Annual Congress Barcelona 2019. Available online: http://uroweb.org/guidelines/
compilations-of-all-guidelines/ (accessed on 2 November 2021).

Balar, A.V.; Galsky, M.D.; Rosenberg, J.E.; Powles, T.; Petrylak, D.P; Bellmunt, J.; Loriot, Y.; Necchi, A.; Hoffman-Censits, J.;
Perez-Gracia, ].L.; et al. Atezolizumab as first-line treatment in cisplatin-ineligible patients with locally advanced and metastatic
urothelial carcinoma: A single-arm, multicentre, phase 2 trial. Lancet 2017, 389, 67-76. [CrossRef]

O’Donnell, PH.; Balar, A.V.; Vuky, J.; Castellano, D.; Bellmunt, J.; Powles, T.; Bajorin, D.E,; Grivas, P.; Hahn, N.M.; Plimack, E.R,;
et al. First-line pembrolizumab (pembro) in cisplatin-ineligible patients with advanced urothelial cancer (UC): Response and
survival results up to five years from the KEYNOTE-052 phase 2 study. J. Clin. Oncol. 2021, 39, 4508. [CrossRef]

Soria, E; Beleni, A.L; D’Andrea, D.; Resch, L; Gust, KM.; Gontero, P.; Shariat, S.F. Pseudoprogression and hyperprogression
during immune checkpoint inhibitor therapy for urothelial and kidney cancer. World |. Urol. 2018, 36, 1703-1709. [CrossRef]
[PubMed]

Richters, A.; Aben, KK.H.; Kiemeney, L.A.L.M. The global burden of urinary bladder cancer: An update. World ]. Urol. 2020, 38,
1895-1904. [CrossRef]

Sung, H.; Ferlay, |.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209-249. [CrossRef]
Brousell, S.C.; Fantony, J.J.; Van Noord, M.; Harrison, M.R.; Inman, B.A. Vinflunine for the treatment of advanced or metastatic
transitional cell carcinoma of the urothelial tract: An evidence-based review of safety, efficacy, and place in therapy. Core Evid.
2018, 13, 1-12. [CrossRef]

Bellmunt, J.; Théodore, C.; Demkov, T.; Komyakov, B.; Sengelov, L.; Daugaard, G.; Caty, A.; Carles, J.; Jagiello-Gruszfeld, A.;
Karyakin, O.; et al. Phase III Trial of Vinflunine Plus Best Supportive Care Compared With Best Supportive Care Alone After a
Platinum-Containing Regimen in Patients With Advanced Transitional Cell Carcinoma of the Urothelial Tract. J. Clin. Oncol. 2009,
27,4454-4461. [CrossRef]

Bamias, A.; Hegele, A.; Medioni, J.; Castellano, D.; Doni, L.; Passalacqua, R.; Zagouri, F; Tzannis, K.; Hussain, S.; Ullen, A.
Vinflunine in the treatment of relapsed metastatic urothelial cancer: A systematic review and meta-analysis of real-world series.
Crit. Rev. Oncol. 2019, 140, 80-87. [CrossRef]

National Institute for Health and Care Excellence. Vinflunine for the Treatment of Advanced or Metastatic Transitional Cell
Carcinoma of the Urothelial Tract: Technology Appraisal Guidance (TA272). 23 January 2013. Available online: https://www.
nice.org.uk/guidance/ta272/chapter/1-Guidance (accessed on 10 March 2022).

Deininger, S.; Torzsok, P.; Oswald, D.; Lusuardi, L. Current Systemic Treatment Options in Metastatic Urothelial Carcinoma
after Progression on Checkpoint Inhibition Therapy—A Systemic Review Combined with Single-Group Meta-Analysis of Three
Studies Testing Enfortumab Vedotin. Cancers 2021, 13, 3206. [CrossRef]

Bellmunt, J.; Choueiri, TK.; Fougeray, R.; Schutz, FA.; Salhi, Y.; Winquist, E.; Culine, S.; Von Der Maase, H.; Vaughn, D.J ;
Rosenberg, J.E. Prognostic Factors in Patients With Advanced Transitional Cell Carcinoma of the Urothelial Tract Experiencing
Treatment Failure With Platinum-Containing Regimens. . Clin. Oncol. 2010, 28, 1850-1855. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa2002788
http://www.ncbi.nlm.nih.gov/pubmed/32945632
http://uroweb.org/guidelines/compilations-of-all-guidelines/
http://uroweb.org/guidelines/compilations-of-all-guidelines/
http://doi.org/10.1016/S0140-6736(16)32455-2
http://doi.org/10.1200/JCO.2021.39.15_suppl.4508
http://doi.org/10.1007/s00345-018-2264-0
http://www.ncbi.nlm.nih.gov/pubmed/29549485
http://doi.org/10.1007/s00345-019-02984-4
http://doi.org/10.3322/caac.21660
http://doi.org/10.2147/CE.S118670
http://doi.org/10.1200/JCO.2008.20.5534
http://doi.org/10.1016/j.critrevonc.2019.05.006
https://www.nice.org.uk/guidance/ta272/chapter/1-Guidance
https://www.nice.org.uk/guidance/ta272/chapter/1-Guidance
http://doi.org/10.3390/cancers13133206
http://doi.org/10.1200/JCO.2009.25.4599
http://www.ncbi.nlm.nih.gov/pubmed/20231682

Cancers 2022, 14, 2850 11 of 11

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Common Terminology Criteria for Adverse Events (CTCAE) Version 5. Published: November 27, 2017. US Department of
Health and Human Services, National Institutes of Health, National Cancer Institute. Available online: https:/ /ctep.cancer.gov/
protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf (accessed on 19 March 2020).
Powles, T.; Rosenberg, ].E.; Sonpavde, G.P; Loriot, Y.; Duran, I; Lee, ].-L.; Matsubara, N.; Vulsteke, C.; Castellano, D.; Wu, C.; et al.
Enfortumab Vedotin in Previously Treated Advanced Urothelial Carcinoma. N. Engl. ]. Med. 2021, 384, 1125-1135. [CrossRef]
[PubMed]

Powles, T.; Bellmunt, J.; Comperat, E.; De Santis, M.; Huddart, R.; Loriot, Y.; Necchi, A.; Valderrama, B.; Ravaud, A.; Shariat, S.;
et al. Bladder cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2021, 33, 244-258.
[CrossRef] [PubMed]

Bersanelli, M.; Buti, S.; Cortellini, A.; Bandini, M.; Banna, G.L.; Pederzoli, E; Fare¢, E.; Raggi, D.; Giannatempo, P.; De Giorgi, U.;
et al. Clinical Outcomes of Patients With Metastatic Urothelial Carcinoma After Progression to Immune Checkpoint Inhibitors:
A Retrospective Analysis by the Meet-Uro Group (Meet-URO 1 Study). Clin. Med. Insights Oncol. 2021, 15, 117955492110216.
[CrossRef] [PubMed]

Dwary, A.D.; Master, S.; Patel, A.; Cole, C.; Mansour, R.; Mills, G.; Koshy, N.; Peddi, P; Burton, G.; Hammoud, D.; et al. Excellent
response to chemotherapy post immunotherapy. Oncotarget 2017, 8, 91795-91802. [CrossRef] [PubMed]

Hadash-Bengad, R.; Hajaj, E.; Klein, S.; Merims, S.; Frank, S.; Eisenberg, G.; Yakobson, A.; Orevi, M.; Caplan, N.; Peretz, T.; et al.
Immunotherapy Potentiates the Effect of Chemotherapy in Metastatic Melanoma—A Retrospective Study. Front. Oncol. 2020,
10, 70. [CrossRef]

Saleh, K.; Daste, A.; Martin, N.; Pons-Tostivint, E.; Auperin, A.; Herrera-Gomez, R.G.; Baste-Rotllan, N.; Bidault, F.; Guigay, J.;
Le Tourneau, C.; et al. Response to salvage chemotherapy after progression on immune check-point inhibitors in patients with
recurrent and/or metastatic squamous cell carcinoma of the head and neck. Eur. J. Cancer 2019, 121, 123-129. [CrossRef]
Schvartsman, G.; Peng, S.A.; Bis, G.; Lee, ].].; Benveniste, M.EK.; Zhang, J.; Roarty, E.B.; Lacerda, L.; Swisher, S.; Heymach, ].V,;
et al. Response rates to single-agent chemotherapy after exposure to immune checkpoint inhibitors in advanced non-small cell
lung cancer. Lung Cancer 2017, 112, 90-95. [CrossRef]

Bracci, L.; Schiavoni, G.; Sistigu, A.; Belardelli, F. Immune-based mechanisms of cytotoxic chemotherapy: Implications for the
design of novel and rationale-based combined treatments against cancer. Cell Death Differ. 2014, 21, 15-25. [CrossRef]
Montazeri, K.; Sonpavde, G. Salvage systemic therapy for metastatic urothelial carcinoma: An unmet clinical need. Expert Rev.
Anticancer Ther. 2021, 21, 299-313. [CrossRef]

Stecca, C.; Abdeljalil, O.; Sridhar, S.S. Metastatic Urothelial Cancer: A rapidly changing treatment landscape. Ther. Adv. Med
Oncol. 2021, 13, 175883592110473. [CrossRef] [PubMed]

Bernardini, A.; Dueiias, M.; Martin-Soberon, M.C.; Rubio, C.; Suarez-Cabrera, C.; Ruiz-Palomares, R.; Munera-Maravilla, E.;
Lazaro, S.; Lodewijk, I.; Rueda, D.; et al. Genomic Landscape of Vinflunine Response in Metastatic Urothelial Cancer. Cancers
2022, 14, 378. [CrossRef] [PubMed]


https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
http://doi.org/10.1056/NEJMoa2035807
http://www.ncbi.nlm.nih.gov/pubmed/33577729
http://doi.org/10.1016/j.annonc.2021.11.012
http://www.ncbi.nlm.nih.gov/pubmed/34861372
http://doi.org/10.1177/11795549211021667
http://www.ncbi.nlm.nih.gov/pubmed/34290538
http://doi.org/10.18632/oncotarget.20030
http://www.ncbi.nlm.nih.gov/pubmed/29207685
http://doi.org/10.3389/fonc.2020.00070
http://doi.org/10.1016/j.ejca.2019.08.026
http://doi.org/10.1016/j.lungcan.2017.07.034
http://doi.org/10.1038/cdd.2013.67
http://doi.org/10.1080/14737140.2021.1855981
http://doi.org/10.1177/17588359211047352
http://www.ncbi.nlm.nih.gov/pubmed/34616491
http://doi.org/10.3390/cancers14020378
http://www.ncbi.nlm.nih.gov/pubmed/35053540

	Introduction 
	Materials and Methods 
	Results 
	Characteristics of the Study Cohort 
	Treatment Exposure and Tolerability 
	Efficacy 
	Best Overall Response 
	Survival 
	Clinical Predictors of Treatment Efficacy of Vinflunine 
	Clinical Predictors for the Risk of Death 


	Discussion 
	Conclusions 
	References

