
Abstract. Background: This study aimed to investigate the
response to platinum-based chemotherapy rechallenge in
patients with pembrolizumab-refractory urothelial carcinoma.
Patients and Methods: We retrospectively reviewed 14 patients
with pembrolizumab-refractory urothelial carcinoma. Each
patient received a regimen that they had not previously
received (paclitaxel plus carboplatin in 10, gemcitabine plus
docetaxel and carboplatin in four). Tumor response and
adverse events were assessed. We evaluated overall survival
from the chemotherapy rechallenge start date until death.
Results: The median overall survival was 11.2 months. The
disease-control rate was 85.7%. Partial responses occurred in
the metastases in lymph nodes in three (37.5%) patients, lung
in one (25%), peritoneal in three (75%), and liver in three
(100%). Neutropenia of grade ≥3 occurred in 13 (92.9%)
patients. Conclusion: The activity of platinum-based
chemotherapy rechallenge after pembrolizumab was
maintained. Neutropenia was observed in most patients.

Urothelial carcinoma (UC) is associated with >165,000 global
deaths annually (1, 2). In Japan, approximately 20,000 patients
are newly diagnosed with UC, resulting in 8000 deaths annually
(3). The gold standard therapy for metastatic UC has been
chemotherapy. The first-line regimen of chemotherapy has for
some time been platinum-based combination chemotherapy, a
combination of gemcitabine and cisplatin (GC), and a
combination of methotrexate, vinblastine, doxorubicin, and
cisplatin (MVAC). However, the clinical benefit of first-line
chemotherapy for UC in progression-free survival (7-8 months)
is limited. The majority of patients with metastatic UC treated

with platinum-based chemotherapy ultimately experience
disease progression due to resistance (4). Recently,
pembrolizumab, an immune checkpoint inhibitor (ICI) targeting
the PD-1 axis, has shown response rates of approximately 20%
(5) in platinum-refractory patients. Similarity, in a Japanese
subgroup, pembrolizumab provided durable antitumor activity
in patients with locally advanced/metastatic UC that progressed
after platinum-containing chemotherapy (6). In Japan,
pembrolizumab is a second-line therapy for patients with
platinum-based chemotherapy-refractory disease. However, the
response rates were only 20%, so the outcome of metastatic UC
remains unsatisfactory.

There has been no evidence reported for efficacy of a
third-line regimen for patients with UC after pembrolizumab.
There are few reports of patients with metastatic UC after
pembrolizumab (7-9), and the reported regimens were GC
rechallenge, paclitaxel, and carboplatin (TC), and docetaxel.
This study aimed to retrospectively assess the clinical
outcomes of platinum-based chemotherapy rechallenge in
patients with pembrolizumab-refractory metastatic UC.

Patients and Methods

Patients. We retrospectively reviewed 14 patients with metastatic
UC whose disease had progressed after pembrolizumab and who
underwent chemotherapy at our Institution between January 2018
and December 2020. In all patients, UC was histopathologically
diagnosed, and disease progression after platinum-based
chemotherapy was assessed. Pembrolizumab was administered
intravenously on day 1 at a dose of 200 mg and repeated every 21
days. This treatment was continued until disease progression.

The patients underwent platinum-based chemotherapy rechallenge
with either TC or gemcitabine, docetaxel, and carboplatin (GDC). Each
patient received the regimen that they had not previously received. In
the TC regimen, paclitaxel 175 mg/m2 and carboplatin at an area under
the curve of 5 were administered according to the Calvert formula on
day 1. The GDC regimen was 1,000 mg/m2 gemcitabine on days 1 and
8, 70 mg/m2 docetaxel on day 1, with carboplatin at an area under the
curve of 5 on day 1. In both regimens, the cycle was basically repeated
every 21 days. Both regimens were continued until disease progression
or unacceptable adverse events (AEs) occurred.
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Response to platinum-based chemotherapy rechallenge and overall
survival. Tumor measurements were generally performed by
computed tomography. The tumor response was evaluated as the
best response according to the Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.1 (10). The baseline was measured
before platinum-based chemotherapy rechallenge. The best response
was classified as either a complete response (CR) defined as
disappearance of all target lesions, a partial response (PR) defined
as a ≥30% decrease in the sum of the longest diameters of the target
lesions relative to baseline, progressive disease (PD) defined as the
appearance of one or more new lesions and/or unequivocal
progression of existing nontarget lesions, or stable disease (SD)
defined as neither PR or PD. Bone metastases were defined as PD,
with new lesions. We evaluated overall survival (OS) defined as the
time from the start of chemotherapy rechallenge until death.

Adverse events (AEs). AEs were assessed according to the Common
Terminology Criteria for Adverse Events, version 5.0 (11).

Statistical analysis. Statistical analysis was performed using SPSS
Statistics software version 15.0 (SPSS Inc., Chicago, IL, USA).
Survival curves were constructed using Kaplan–Meier analyses. A p-
value of less than 0.05 was considered to be statistically significant. 

This study was approved by the Ethics Committee of Tottori
University, Faculty of Medicine (approval number 18A038).

Results

Patients. The patients’ characteristics are presented in Table
I. The median age was 69 years (range=45–84 years).
Twelve patients were male and two were female. Seven
patients had primary bladder tumors, and seven had primary
upper-urinary tract tumors. The Eastern Cooperative
Oncology Group Performance Status was 0 in 11 patients
and 1 in three. The regimens before pembrolizumab were GC
for all patients, TC in four, MVAC in three, and GDC in one.
The median number of pembrolizumab cycles was 4.5
(range=2-16), and no patient had a CR as the best response
to pembrolizumab, one (7%) patient had a PR, five (36%)
had SD, and eight (57%) had PD. Metastasis at rechallenge
was observed in lymph nodes in eight patients, bone in five,
lung in four, peritoneum in four, liver in three, and adrenal
glands in one. In platinum-based chemotherapy rechallenge,
10 patients underwent TC, and four patients underwent GDC
as platinum-based chemotherapy rechallenge.

OS and response. Figure 1 shows the Kaplan–Meier survival
curve for OS. The median OS was 11.2 months.

Regarding the response to chemotherapy rechallenge
according to RECIST, the objective response rate (ORR) was
28.6%, including no CR, PR in four, SD in eight, and PD in
two. The disease-control rate (CR + PR + SD) was 85.7%.
Two patients had bone metastases: One was PD with only a
new bone metastasis, and the other was SD. 

Figure 2 shows the best changes from baseline in size
of metastases, excluding the two patients with bone

metastasis only. The median best changes from baseline
were −19% (range=−43 - +27%). Regarding the treatment
effect of platinum-based chemotherapy, according to the
RECIST for lymph-node metastasis, no (0%) patient had a
CR, three (37.5%) had a PR, three (37.5) had SD, and two
(25%) had PD; in lung metastasis, one (25%) patient had
a PR, two (50%) had SD, and one (25%) had PD; in the
peritoneal, three (75%) had a PR and one (25%) had SD;
in the liver, three (100%) had a PR; and in the adrenal, one
(100%) had SD.
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Table I. Patient characteristics.

Characteristic                                                                        Value

Age, years
  Median (range)                                                               69 (45-84)
Gender
  Male                                                                                       12
  Female                                                                                    2
BMI, kg/m2
  Median (range)                                                          23.6 (20.3-28.0)
PS, n (%)
  0                                                                                        11 (78.6)
  1                                                                                        3 (21.4)
Primary tumor, n (%)
  Bladder                                                                               7 (50)
  Upper urinary tract                                                            7 (50)
Baseline laboratory data, median (range)
  Albumin, g/dl                                                                3.8 (2.4-4.7)
  BUN, mg/dl                                                                  17 (7.4-27.8)
  Cre, mg/dl                                                                   1.02 (0.76-1.4)
  CRP, mg/dl                                                                1.03 (0.02-12.64)
  WBC, n/μl                                                              5,000 (3,700-23,700)
  Hb, g/dl                                                                       10.8 (7.8-13.8)
  Plt, 103/μl                                                                    23.1 (7.9-47.2)
Location of metastasis, n
  Lymph node                                                                          8
  Bone                                                                                      5
  Lung                                                                                      4
  Liver                                                                                      3
  Peritoneal                                                                              4
  Adrenal                                                                                  1
Chemotherapy regimen pre pembrolizumab                           
  Methotrexate, vinblastine, doxorubicin, cisplatin                   3
  Gemcitabine, cisplatin or carboplatin                                 14
  Paclitaxel, carboplatin                                                          4
  Gemcitabine, docetaxel, carboplatin                                   1
Number of pembrolizumab cycles
  Median (range)                                                              4.5 (2-16)
Response to pembrolizumab, n (%)
  CR                                                                                      0 (0)
  PR                                                                                       1 (7)
  SD                                                                                      5 (36)
  PD                                                                                      8 (57)

BUN: Blood urea nitrogen; CR: complete response; Cre: creatinine; CRP:
C-reactive protein; Hb: hemoglobin; PD: progressive disease; Plt: platelets;
PR: partial response; SD: stable disease; WBC: white blood cells.



Adverse events. Eight (57.1%) patients had neutropenia grade 4,
five (35.7%) had grade 3, and one (7.2%) had grade 2. Thirteen
(92.9%) patients had neutropenia grade 3 or higher. One (7.2%)
patient had febrile neutropenia. Five (35.7%) patients had
anemia grade 3, six (42.9%) had grade 2, and three (21.4%) had
grade 0. Four (28.6%) patients had thrombocytopenia grade 4,
three (21.4%) had grade 2, one (7.2%) had grade 1, and six
(42.9%) had grade 0. No patient died.

Relationship between pembrolizumab and platinum-based
chemotherapy rechallenge. Table II shows the relationships
between response, number of cycles, and immune-related AEs
in pembrolizumab therapy and response to platinum-based
chemotherapy rechallenge. One (100%) pembrolizumab-
treated patient with PR showed PD, two (40%) patients with
SD had PRs, and three (60%) patients had SD; among the
patients with PD, two (25%) showed PR, five (62.5%) showed
SD, and one (12.5%) continued with PD. The response to
platinum-based chemotherapy rechallenge was not
significantly associated with the response to pembrolizumab
(p=0.134). Furthermore, the response to platinum-based
chemotherapy rechallenge was not significantly associated
with the number of pembrolizumab cycles (p=0.070) and
immune-related AEs (p=0.776).

Discussion

In this study, we evaluated platinum-based chemotherapy
rechallenge for patients with pembrolizumab-refractory UC.
There were no CRs but the rate of PRs plus SD was 85.7%.

Therefore, the platinum-based chemotherapy rechallenge
may suppress tumor progression.

The gold-standard first-line chemotherapy for advanced
UC has been platinum-based chemotherapy, MVAC, and GC
for many years. However, there has been no standard
second-line chemotherapy in Japan until pembrolizumab was
approved. Previously, the second-line chemotherapy used
various multi-drug regimens, such as paclitaxel plus
ifosfamide, docetaxel plus ifosfamide, gemcitabine plus
paclitaxel, methotrexate plus paclitaxel, gemcitabine plus
ifosfamide plus cisplatin, GDC, paclitaxel plus carboplatin,
and gemcitabine plus paclitaxel. However, these studies were
in small samples, and the median OS ranged from 4.8 to 14.4
months (12). These results remained unsatisfactory, so there
has been no evidence of a useful second-line chemotherapy
for patients with advanced UC to date. In 2017, Bellmunt et
al. reported that pembrolizumab was associated with
significantly longer OS and a lower rate of treatment-related
AEs than chemotherapy as second-line chemotherapy for
patients with platinum-based chemotherapy-refractory
advanced UC (5). Recently, the second-line gold standard
therapy has been pembrolizumab. However, the ORR
(CR+PR) to pembrolizumab was 20.0%, and the disease-
control rate (CR+PR+SD) was 26.7% in a Japanese subgroup
analysis of the phase-3 KEYNOTE-045 trial, and the other
responses were PD (66.7%) (6). Furthermore, hyper-
progression of disease has recently been reported in patients
receiving pembrolizumab (13, 14). Saâda–Bouzid et al.
reported that hyper-progression was observed in 29% (10/34)
of patients with recurrent/metastatic head and neck
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Figure 1. Overall survival from chemotherapy rechallenge.
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Figure 2. Best change from baseline in size of metastases.



squamous-cell carcinoma following anti-PD-1 and anti-PD-
L1 treatment (13). Champiat et al. also reported that 2/8 of
patients treated with anti-PD-1/anti-PD-L1 showed
accelerated tumor growth after treatment relative to that
observed during the previous therapy for advanced UC (14).
Patients with metastatic UC require additional treatment, and
in particular, those with PD and hyper-progression who have
received pembrolizumab require a third treatment.

A few studies on salvage chemotherapy for patients with
pembrolizumab-refractory UC have been reported (7-9).
Therefore, we assessed the efficacy of platinum-based
chemotherapy rechallenge. No standard salvage
chemotherapy after pembrolizumab has been established.
Gravis et al. reported unexpected responses to cisplatin
rechallenge after ICIs. They evaluated 12 patients with UC
who received cisplatin rechallenge after ICIs. The ORR was
66.7%, the disease-control rate was 75%, and median
progression-free survival was 7.9 months (8). In Japanese
patients, Furubayashi et al. assessed TC for patients with
pembrolizumab-refractory UC, and the median OS was 10.9
months and ORR was 25.0%. Furthermore, they evaluated
the metastatic organ-specific therapeutic effect and found
that lymph node, lung, and liver metastases may respond to
TC (7). Szabados et al. investigated the response of
chemotherapy after ICIs for patients with metastatic UC. The
post-ICI chemotherapy was GC rechallenge, TC, and
docetaxel. The results showed that in patients who received
ICIs after first-line chemotherapy, 21% showed a PR, 71%
achieved SD, and one patient showed PD (9). The present
study evaluated 14 patients with pembrolizumab-refractory
UC, and the ORR was 28.6%, but the disease-control rate
was 85.7%, and the median OS was 11.2 months. In our
study, the responses to platinum-based chemotherapy
rechallenge in the patients who showed best response to

pembrolizumab but developed PD were 25% with PR, 62.5%
with SD, and 12.5% with PD. Platinum-based chemotherapy
rechallenge was effective for the patients who showed the
best response to pembrolizumab but developed PD.
Furthermore, the response to platinum-based chemotherapy
rechallenge was not significantly associated with the
response to pembrolizumab, number of pembrolizumab
cycles, or immune-related AEs. We believe that platinum-
based chemotherapy may suppress tumor growth for patients
with pembrolizumab-refractory UC.

The biological mechanisms involved in platinum re-
sensitization are still controversial. There are arguments in
favor of the sequential association of ICIs and chemotherapy.
Saleh et al. reported response to salvage chemotherapy after
ICIs in metastatic squamous-cell carcinoma of the head and
neck. They concluded that ICIs induce tumor
microenvironment modification, resulting in re-sensitization
to chemotherapy (15). The DNA damage induced by
platinum-based agents leads to interferon-γ production and
results in immune reactivation after ICI cessation, explaining
the observed response (16). Future studies should investigate
platinum re-sensitization after ICIs.

To our knowledge, this is the first report to describe AEs
in patients with pembrolizumab-refractory UC. The present
study showed that 13 (92.9%) patients had neutropenia grade
3 or higher, five (35.7%) had anemia grade 3 or higher, and
four (28.6%) had thrombocytopenia grade 3 or higher.
Neutropenia occurred at a higher rate than those with GC
(71.1%) and MVAC (82.3%), and anemia was observed at a
higher rate than with GC (27.0%) and MVAC (17.6%). The
thrombocytopenia rate was lower than with GC (57.0%) but
higher than with MVAC (20.6%) (17). This study also
demonstrated that platinum-based chemotherapy rechallenge
may be more toxic than first-line chemotherapy. We
previously reported that a predictive factor for neutropenia
associated with GC was pretherapeutic sarcopenia, and a
predictor for anemia and thrombocytopenia was a lower level
of serum albumin (18). Chemotherapy is known to cause
sarcopenia. Chen et al. reported that cisplatin led to loss of
myogenesis in vivo and in vitro (19). The patients in this
study sample had received GC, so sarcopenia was worse than
before therapy. As a result, hematological side-effects were
high in our study. However, febrile neutropenia was
observed in only one patient, and there were no deaths. The
most appropriate approach to minimizing hematological
side-effects is an important consideration.

A clinical trial of a new treatment for patients with
pembrolizumab-refractory UC is ongoing. Enfortumab vedotin
(EV), an antibody–drug conjugate, targets nectin-4. EV has
provided clinical responses in patients with metastatic UC in
EV-101, a phase-1 trial (20). EV-201 was a phase-2 trial for
patients with UC who received platinum chemotherapy and
anti-PD-1/L1 therapy. The results showed that the ORR was
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Table II. Relationship between pembrolizumab and platinum-based
chemotherapy rechallenge.

                                                                       Response to           p-Value
                                                                        rechallenge

Response to pembrolizumab
   PR (n=1)                                                 0           0            1         0.134
   SD (n=5)                                                 2           3            0              
   PD (n=8)                                                 2           5            1              
Number of pembrolizumab cycles
   0-4 (n=7)                                                 4           2            1         0.070
   ≥5 (n=7)                                                  0           6            1              
irAEs (all grade)
   Yes (n=6)                                                1           4            1         0.776
   No (n=8)                                                 3           4            1              

irAEs: Immune-related adverse events; PD: progressive disease; PR:
partial response; SD: stable disease.



44%, including 12% of patients who showed a CR, and the
median duration of response was 7.6 months (21). Recently,
the results of a phase-3 trial (EV-301) of EV in previously
treated patients with UC were published (22). Overall survival
was longer for EV than for chemotherapy (median 12.88 vs.
8.97 months, p=0.001), and progression-free survival was also
longer with EV than with chemotherapy (median 5.55 vs. 3.71
months, p<0.001). Furthermore, AEs were similar between
EV and chemotherapy (93.9% vs. 91.8%). EV significantly
prolonged survival. However, our study demonstrated efficacy
of platinum-based chemotherapy in patients with
pembrolizumab-refractory UC.

This study had some limitations. This was a retrospective
study at a single institution with a small patient sample.
However, this study has shown the possibility of platinum-
based chemotherapy rechallenge for patients with
pembrolizumab-refractory UC.

In conclusion, the activity of platinum-based chemotherapy
rechallenge after pembrolizumab was maintained and suppressed
tumor progression in some patients. However, neutropenia was
observed in most patients. Therefore, neutropenia must be
carefully monitored if this chemotherapy is used.

Conflicts of Interest
The Authors have no conflicts of interest.

Authors’ Contributions

TY, MH, SM, and AT contributed significantly to the design of this
study. TY, MH, RS, ST, NY, BK, HI, SM, and KH acquired the data.
TY, MH, MH, and AT analyzed and interpretated the data. TY and MH
drafted the article. All Authors read and approved the final article.

References

1 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D and Bray F: Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 136(5): E359-E386, 2015.
PMID: 25220842. DOI: 10.1002/ijc.29210

2 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and
Jemal A: Global cancer statistics, 2012. CA Cancer J Clin 65(2):
87-108, 2015. PMID: 25651787. DOI: 10.3322/caac.21262

3 Hori M, Matsuda T, Shibata A, Katanoda K, Sobue T, Nishimoto
H and Japan Cancer Surveillance Research Group: Cancer
incidence and incidence rates in Japan in 2009: a study of 32
population-based cancer registries for the Monitoring of Cancer
Incidence in Japan (MCIJ) project. Jpn J Clin Oncol 45(9): 884-
891, 2015. PMID: 26142437. DOI: 10.1093/jjco/hyv088

4 von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L,
Oliver T, Moore MJ, Zimmermann A and Arning M: Long-term
survival results of a randomized trial comparing gemcitabine plus
cisplatin, with methotrexate, vinblastine, doxorubicin, plus cisplatin
in patients with bladder cancer. J Clin Oncol 23(21): 4602-4608,
2005. PMID: 16034041. DOI: 10.1200/JCO.2005.07.757

5 Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L,
Vogelzang NJ, Climent MA, Petrylak DP, Choueiri TK, Necchi
A, Gerritsen W, Gurney H, Quinn DI, Culine S, Sternberg CN,
Mai Y, Poehlein CH, Perini RF, Bajorin DF and KEYNOTE-045
Investigators: Pembrolizumab as second-line therapy for
advanced urothelial carcinoma. N Engl J Med 376(11): 1015-
1026, 2017. PMID: 28212060. DOI: 10.1056/NEJMoa1613683

6 Nishiyama H, Yamamoto Y, Sassa N, Nishimura K, Fujimoto K,
Fukasawa S, Yokoyama M, Enokida H, Takahashi K, Tanaka Y,
Imai K, Shimamoto T, Perini R, Frenkl T, Bajorin D and
Bellmunt J: Pembrolizumab versus chemotherapy in recurrent,
advanced urothelial cancer in Japanese patients: a subgroup
analysis of the phase 3 KEYNOTE-045 trial. Int J Clin Oncol
25(1): 165-174, 2020. PMID: 31729625. DOI: 10.1007/s10147-
019-01545-4

7 Furubayashi N, Negishi T, Miura A, Nakamura N and Nakamura
M: Organ-specific therapeutic effect of paclitaxel and carboplatin
chemotherapy after platinum-based chemotherapy and
pembrolizumab for metastatic urothelial carcinoma. Res Rep Urol
12: 455-461, 2020. PMID: 33117745. DOI: 10.2147/RRU.S270495

8 Gravis G, Billon E, Baldini C, Massard C, Hilgers W, Delva R,
Walz J, Pignot G, Rybikowski S, Dermeche S, Thomassin J,
Brunelle S, Lavaud P, Loriot Y and French Genito-Urinary
Tumor Group (GETUG): Unexpected response to cisplatin
rechallenge after immune checkpoint inhibitors in patients with
metastatic urothelial carcinoma refractory to platinum regimen.
Eur J Cancer 104: 236-238, 2018. PMID: 30316610. DOI:
10.1016/j.ejca.2018.09.002

9 Szabados B, van Dijk N, Tang YZ, van der Heijden MS,
Wimalasingham A, Gomez de Liano A, Chowdhury S, Hughes
S, Rudman S, Linch M and Powles T: Response rate to
chemotherapy after immune checkpoint inhibition in metastatic
urothelial cancer. Eur Urol 73(2): 149-152, 2018. PMID:
28917596. DOI: 10.1016/j.eururo.2017.08.022

10 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent
D, Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M,
Rubinstein L, Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J: New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer 45(2):
228-247, 2009. PMID: 19097774. DOI: 10.1016/j.ejca.
2008.10.026

11 Common Terminology Criteria for Adverse Events (CTCAE)
Version 5. US Department of Health and Human Services,
National Institutes of Health, National Cancer Institute.
Available at: https://ctep.cancer.gov/protocoldevelopment/
electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.
pdf [Last accessed on April 1st, 2021]

12 Yafi FA, North S and Kassouf W: First- and second-line therapy
for metastatic urothelial carcinoma of the bladder. Curr Oncol
18(1): e25-e34, 2011. PMID: 21331269. DOI: 10.3747/
co.v18i1.695

13 Saâda-Bouzid E, Defaucheux C, Karabajakian A, Coloma VP,
Servois V, Paoletti X, Even C, Fayette J, Guigay J, Loirat D,
Peyrade F, Alt M, Gal J and Le Tourneau C: Hyperprogression
during anti-PD-1/PD-L1 therapy in patients with recurrent and/or
metastatic head and neck squamous cell carcinoma. Ann Oncol
28(7): 1605-1611, 2017. PMID: 28419181. DOI: 10.1093/annonc/
mdx178

14 Champiat S, Dercle L, Ammari S, Massard C, Hollebecque A,
Postel-Vinay S, Chaput N, Eggermont A, Marabelle A, Soria JC

ANTICANCER RESEARCH 41: 5767-5773 (2021)

5772



and Ferté C: Hyperprogressive disease is a new pattern of
progression in cancer patients treated by Anti-PD-1/PD-L1. Clin
Cancer Res 23(8): 1920-1928, 2017. PMID: 27827313. DOI:
10.1158/1078-0432.CCR-16-1741

15 Saleh K, Daste A, Martin N, Pons-Tostivint E, Auperin A,
Herrera-Gomez RG, Baste-Rotllan N, Bidault F, Guigay J, Le
Tourneau C, Saada-Bouzid E and Even C: Response to salvage
chemotherapy after progression on immune checkpoint inhibitors
in patients with recurrent and/or metastatic squamous cell
carcinoma of the head and neck. Eur J Cancer 121: 123-129,
2019. PMID: 31574417. DOI: 10.1016/j.ejca.2019.08.026

16 Brzostek-Racine S, Gordon C, Van Scoy S and Reich NC: The
DNA damage response induces IFN. J Immunol 187(10): 5336-
5345, 2011. PMID: 22013119. DOI: 10.4049/jimmunol.1100040

17 von der Maase H, Hansen SW, Roberts JT, Dogliotti L, Oliver
T, Moore MJ, Bodrogi I, Albers P, Knuth A, Lippert CM,
Kerbrat P, Sanchez Rovira P, Wersall P, Cleall SP,
Roychowdhury DF, Tomlin I, Visseren-Grul CM and Conte PF:
Gemcitabine and cisplatin versus methotrexate, vinblastine,
doxorubicin, and cisplatin in advanced or metastatic bladder
cancer: results of a large, randomized, multinational, multicenter,
phase III study. J Clin Oncol 18(17): 3068-3077, 2000. PMID:
11001674. DOI: 10.1200/JCO.2000.18.17.3068

18 Yumioka T, Honda M, Nishikawa R, Teraoka S, Kimura Y,
Iwamoto H, Morizane S, Hikita K and Takenaka A: Sarcopenia
as a significant predictive factor of neutropenia and overall
survival in urothelial carcinoma patients underwent gemcitabine
and cisplatin or carboplatin. Int J Clin Oncol 25(1): 158-164,
2020. PMID: 31520176. DOI: 10.1007/s10147-019-01544-5

19 Chen JA, Splenser A, Guillory B, Luo J, Mendiratta M, Belinova
B, Halder T, Zhang G, Li YP and Garcia JM: Ghrelin prevents
tumour- and cisplatin-induced muscle wasting: characterization of
multiple mechanisms involved. J Cachexia Sarcopenia Muscle
6(2): 132-143, 2015. PMID: 26136189. DOI: 10.1002/jcsm.12023

20 Rosenberg J, Sridhar SS, Zhang J, Smith D, Ruether D, Flaig
TW, Baranda J, Lang J, Plimack ER, Sangha R, Heath EI,
Merchan J, Quinn DI, Srinivas S, Milowsky M, Wu C, Gartner
EM, Zuo P, Melhem-Bertrandt A and Petrylak DP: EV-101: A
phase I study of single-agent enfortumab vedotin in patients with
Nectin-4-positive solid tumors, including metastatic urothelial
carcinoma. J Clin Oncol 38(10): 1041-1049, 2020. PMID:
32031899. DOI: 10.1200/JCO.19.02044

21 Rosenberg JE, O’Donnell PH, Balar AV, McGregor BA, Heath
EI, Yu EY, Galsky MD, Hahn NM, Gartner EM, Pinelli JM,
Liang SY, Melhem-Bertrandt A and Petrylak DP: Pivotal trial of
enfortumab vedotin in urothelial carcinoma after platinum and
anti-programmed death 1/programmed death ligand 1 therapy. J
Clin Oncol 37(29): 2592-2600, 2019. PMID: 31356140. DOI:
10.1200/JCO.19.01140

22 Powles T, Rosenberg JE, Sonpavde GP, Loriot Y, Durán I, Lee JL,
Matsubara N, Vulsteke C, Castellano D, Wu C, Campbell M,
Matsangou M and Petrylak DP: Enfortumab vedotin in previously
treated advanced urothelial carcinoma. N Engl J Med 384(12): 1125-
1135, 2021. PMID: 33577729. DOI: 10.1056/NEJMoa2035807

Received August 18, 2021
Revised October 8, 2021

Accepted October 11, 2021

Yumioka et al: Platinum-based Chemotherapy for Pembrolizumab-refractory Carcinoma

5773


