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ABSTRACT

Although several programmed cell death (PD)-1 inhibitors are approved for the first-line treatment of advanced
urothelial carcinoma, their efficacy remains unknown in cisplatin-ineligible patients with upper tract urothelial
carcinoma (UTUC) compared with gemcitabine plus carboplatin. Data for patients with UTUC were retro-
spectively retrieved from the electronic medical records of nine institutions between 2018 and 2021. Patients
considered ineligible for cisplatin who received either PD-1 inhibitors (n = 70) or gemcitabine plus carboplatin
(n = 53) were included. Efficacy was assessed using Response Evaluation Criteria in Solid Tumors. Median
progression-free survival (PFS) and overall survival (OS) were estimated using the Kaplan-Meier method. The
objective response rate (ORR) was comparable between the PD-1 inhibitor and carboplatin-gemcitabine
groups (38.6% versus 41.5%). Median PFS was 5.0 months (95% confidence interval [Cl]: 2.0-8.0) in the PD-1
inhibitor group, versus 7.0 months (95% Cl: 5.8-8.2) in the carboplatin-gemcitabine group (hazard ratio
[HR] = 0.741, 95% Cl: 0.485-1.132, p = .166). Median OS was 18 months (95% Cl: 4.1-31.9) in the PD-1 inhibitor
group, compared with 14 months (95% Cl: 12.1-15.9) in the carboplatin—-gemcitabine group (HR = 0.731, 95%
Cl: 0.426-1.256, p = .257). The duration of response was significantly longer in the PD-1 inhibitor group than in
the carboplatin-gemcitabine group (not reached vs. 9 months, p < .001). Treatment-related adverse events
were less frequent in the PD-1 inhibitor group than in the carboplatin-gemcitabine group (57.1% vs. 77.3%). In
conclusion, PD-1 inhibitors displayed promising efficacy with less toxicity and longer DOR in the first-line
treatment of UTUC in patients ineligible for cisplatin-based chemotherapy.
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Introduction line treatment for metastatic UTUC in National Comprehensive
Cancer Network and European Association of Urology guidelines
due to an overall survival benefit of about 15 months.” However,
around half of all real-world patients are ineligible for cisplatin
treatment because of impaired renal function caused by nephrour-

eterectomy, relatively advanced age, and chronic kidney disease.>’

Upper tract urothelial carcinoma (UTUC), defined as a primary
tumor located in the pelvis or ureter, is a rare malignant disease
with an annual morbidity of 2 per 100,000". UTUC accounts for
only 5%-10% of urothelial carcinoma in the western world, but the
morbidity rate is higher in China at approximately 9%-30%." The

biological and clinical characteristics of UTUC differ from those of
bladder carcinoma.>® Almost two-thirds of UTUC patients have
muscle invasive disease, and 9% present with metastasis at
diagnosis.*

Because of its low morbidity, clinical trials specific for UTUC
are challenging, and therefore high-level evidence is lacking.
Treatment for UTUC is mostly inferred from trials for urothelial
carcinoma, including cancers of both the upper tract and bladder.®
Cisplatin-based chemotherapy has been recommended as the first-

Hence, although carboplatin-based chemotherapy is less effective,
better tolerance support for its used in patients unable to receive
cisplatin.'®

The advent of immunotherapy, especially checkpoint inhibi-
tors, has changed the paradigm of treatment for multiple malig-
nancies including urothelial carcinoma.'' Several programmed
cell death (PD)-1/programmed cell death ligand (PD-L)1 inhibi-
tors have been approved in the second-line setting because of their
longer duration of response (DOR) and modest toxicity as
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compared with conventional chemotherapies such as docetaxel,
paclitaxel, and vinblastine.'>'> However, the situation is more
complicated in the first-line setting. Although two phase II trials
of PD-1/PD-L1 inhibitors showed objective response rates of
24%-28% and median overall survival times of 11.3-15 months
for chemo-naive and cisplatin-ineligible patients,'*'> two subse-
quent phase III trials failed to reach their primary endpoint, thus
limiting the PD-1/PD-L1 inhibitor indications in the first-line
setting.'®"” Additionally, UTUC patients comprised only 20%-
25% of the total enrollment in the two phase III trials, and sub-
group analysis of IMvigor130 showed a median progression-free
survival time of 6.2 months and an median overall survival time of
13.5 months in UTUC patients treated with platinum combined
with gemcitabine.'® Thus far, it remains unknown which therapy
is the optimal choice for patients with metastatic UTUC who are
cisplatin-ineligible.

Here, we present a retrospective, multicenter, two-arm
study that investigated the efficacy and safety of PD-1
inhibitors and carboplatin plus gemcitabine as the first-
line treatment of UTUC patients who were chemo-naive
and cisplatin-ineligible.

Materials and methods
Patients

We retrospectively collected data from patients who had been
diagnosed with metastatic UTUC, including those with can-
cers of the pelvis and ureter, in nine institutions between 2018
and 2021. Only those who met at least one of the following
criteria and were assessed as cisplatin-ineligible were
included: an Eastern Cooperative Oncology Group (ECOG)
performance status of 2, creatinine clearance (calculated or
measured) <60 mL/min, grade 2 audiometric hearing loss,
grade 2 peripheral neuropathy, or New York Heart
Association Class III heart failure. Other eligibility criteria
included the receipt of at least one cycle of PD-1 inhibitor
therapy or carboplatin combined with gemcitabine as first-
line treatment for UTUC, at least one measurable lesion
according to Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST 1.1), and at least one imaging study of
the target lesion after treatment. Patients treated with neoad-
juvant or adjuvant platinum-based chemotherapy with recur-
rence >12 months since completion of the therapy were
permitted to be enrolled. Patients were excluded if they had
received prior systemic chemotherapy or checkpoint inhibi-
tors after first diagnosis of metastatic UTUC.

Ethics statement

This study was conducted in accordance with the ethical stan-
dards of the Declaration of Helsinki and approved by ethics
committee of Ren Ji Hospital and all other participating insti-
tutions (KY2021-102). The data was retrieved from electronic
medical records of 9 participating institutions and informed
consent was obtained from the participants involved.

Treatment and procedures

For cisplatin-ineligible patients with metastatic UTUC, PD-1
inhibitors or carboplatin-based chemotherapy served as the first-
line treatment according to the guideline of the Chinese Society
of Clinical Oncology. The treatment decision between PD-1
inhibitors or carboplatin plus gemcitabine depended on the
preference of both the patients and physicians at each institution.
Immune checkpoint inhibitors used in this study were as follows:
tislelizumab (n = 30, 42.9%), toripalimab (n = 24, 34.3%), pem-
brolizumab (n = 9, 12.9%), nivolumab (n = 3, 4.3%), sintilimab
(n = 2, 2.8%), and camrelizumab (n = 2, 2.8%). Patients were
treated with PD-1 inhibitors by intravenous infusion of tisleli-
zumab 200 mg, toripalimab 240 mg, pembrolizumab 200 mg, or
sintilimab 200 mg once every 3 weeks, or with camrelizumab
200 mg and nivolumab 240 mg once every 2 weeks. Carboplatin
was dosed in mg (5x [glomerular filtration rate + 25]), and given
intravenously over 1 h on day 1, followed by gemcitabine
1,000 mg/m” intravenously over 30 min on days 1 and 8 every
3 weeks. Dose reduction was performed according to the man-
ufacturer’s instructions to manage adverse events (AEs).
Treatment was continued until disease progression, intolerable
toxicities, or death.

Assessments

PD-L1 expression was assessed in formalin-fixed tumor samples
at individual centers and re-reviewed by a pathologist.
Radiological evaluation was performed by the investigators at
each institution via computed tomography and/or magnetic reso-
nance imaging of the abdomen, chest, and brain, as well as bone
scintigraphy, prior to the start of treatment and every 2-3 months
thereafter according to RECIST 1.1. PFS was defined as the time
from the start of treatment to disease progression or death from
any cause. OS was defined as the time from the first treatment to
death from any cause. The grade of AEs was recorded according
to the Common Terminology Criteria for Adverse Events, ver-
sion 5.0. All data were reviewed by two independent investigators.

Statistical analysis

Statistical analysis was performed using SPSS version 26.0
and GraphPad Prism 8 software. Categorical variables were
compared using the chi-squared test. Continuous variables
were compared using the unpaired t-test. Response rate was
compared using the chi-squared test. OS and PFS were
estimated using the Kaplan-Meier method. The difference
between arms in OS and PFS were calculated using
a stratified log-rank test. The evaluated prognostic variables
included the type of first-line therapy, age, gender, ECOG,
estimated glomerular filtration rate (eGFR), history of prior
nephroureterectomy, location of metastases, histologic type,
and Bajorin risk groups. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated with a stratified
Cox proportional-hazards model. P-values <0.05 were con-
sidered statistically significant.



Results
Patients and treatment

Between 2018 and 2021, a total of 182 UTUC patients were
screened, of whom 123 met the inclusion criteria and were
eligible for further analysis. Patient characteristics are shown in
Table 1. A total of 70 patients received PD-1 inhibitors as first-
line treatment, and 53 received gemcitabine in combination
with carboplatin. Median follow-up time for these groups was
17 months.

We observed a slightly higher rate of lymph node metastasis
in the PD-1 inhibitor group than in the carboplatin-gemcita-
bine group (50.0% vs. 41.5%, p = .350). The proportion of
patients who received perioperative systemic therapy during
prior nephroureterectomy, including neoadjuvant chemother-
apy (4.3% vs. 1.9%, p = .818), adjuvant chemotherapy (22.9%
vs. 28.3%, p = .491), and adjuvant radiotherapy (2.9% vs. 5.7%,
p = .750). Regarding other differences, 18% of patients receiv-
ing PD-1 inhibitors were older than 80 years, compared with
only 1.9% of patients receiving carboplatin-gemcitabine

Table 1. Baseline clinical characteristics of UTUC patients.
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(p = .009). More patients in the carboplatin—gemcitabine
group received prior nephroureterectomy (83.0% vs. 64.3%,
p = .021). More patients in the PD-1 inhibitor group had
primary tumors in the renal pelvis (50.9% vs. 32.1%,
p = .046). In addition, approximately 40% of patients in the
PD-1 inhibitor group were evaluated for tumor PD-L1 expres-
sion, which was >1% in 18.6% of patients, whereas the level of
PD-L1 expression was unknown in the carboplatin—gemcita-
bine group.

ORR

As shown in Table 2, ORRs were 38.6% in the PD-1 inhibitor
group and 41.5% in the carboplatin-gemcitabine group.
Complete response rates were 2.9% and 3.8%, respectively.
For patients with liver metastasis, a higher response rate was
recorded in the carboplatin—gemcitabine group as compared
with that in the PD-1 inhibitor group (45.5% vs 25%). In the
PD-1 inhibitor group, patients with tumor PD-L1 expression
21% achieved an ORR of 46.2%, whereas the ORR was 26.7%

Characteristic PD-1 antibody Group(N = 70) GC chemotherapy Group(N = 53) P-value
Age, years (Median, Range) 69(40-91) 64(41-81) 0.429
Age=80 years 13(18.6%) 1(1.9%) 0.009
Male Sex 40(60.0%) 37(69.8%) 0.150
ECOG 0.840
0-1 41(58.6%) 32(60.4%)
>2 29(41.4%) 21(39.6%)
Prior nephroureterectomy 45(64.3%) 44(83.0%) 0.021
Perioperative therapy
Neoadjuvant chemotherapy 3 (4.3%) 1 (1.9%) 0.818
Adjuvant therapy
Chemotherapy 16 (22.9%) 5 (28.3%) 0.491
Radiotherapy 2 (2.9%) 3 (5.7%) 0.750
Metastatic disease 0.350
Visceral sites 35(50.0%) 31(58.5%)
Liver 16(22.9%) 11(20.8%)
Bone 12(17.1%) 14(26.4%)
LN only 35(50.0%) 22(41.5%)
Primary tumor site 0.078
Renal pelvis 35(50.9%) 17(32.1%)
Ureter 32(45.7%) 35(66.0%)
Both 3(4.3%) 1(1.9%)
Reason unfit for cisplatin therapy 0.994
ECOG=>2 15(21.4%) 11(20.8%)
eGFR <60 30(42.9%) 23(43.4%)
Hearing loss 7(10.0%) 5(9.4%)
Peripheral neuropathy 4(5.7%) 2(3.8%)
Renal impairment and 14(20.0%) 10(18.9%)
ECOG =2
PD-L1 expression
<1% 15(21.4%) -
>1% 13(18.6%) -
unknown 42(60.0%) 53(100.0%)
eGFR 0.946
>60 26(37.1%) 20(37.7%)
<60 44(62.9%) 33(62.3%)
Histology 0.900
Pure Urothelial 60(85.7%) 45(84.9%)
Mixed Urothelial 10(14.3%) 8(15.1%)
Bajorin risk groups 0.905
0 19(27.1%) 15(28.3%)
1 37(52.9%) 26(49.1%)
2 14(20.0%) 12(22.6%)

UTUC: upper tract urothelial carcinoma ECOG: Eastern Cooperative Oncology Group
PD-L1: programmed-death ligand 1 GC: gemcitabine/carboplatin
GFR: glomerular filtration rate ICl: immune checkpoint inhibitors



e2124691-4 (&) J. HUANG ET AL.

Table 2. Objective response, and duration of response in all treated patients.

Subgroup PD-1 antibody Group(N = 70) GC chemotherapy Group(N = 53) P-value
Confirmed objective response 27/70(38.6%) 22/53(41.5%) 0.742
Complete response 2/70(2.9%) 2/53(3.8%)
Partial response 25/70(35.7%) 20/53(37.7%)
Stable disease 16/70(22.9%) 19/53(35.8%)
Progressive disease 27/70(38.6%) 12/53(22.6%)
Duration of response, months NR(NR-NR) 9(7.8-10.2) <0.001
Age>80 years 5/13(38.5%) 1/1(100.0%)
Metastatic disease
Visceral sites 11/35(31.4%) 12/31(38.7%) 0.656
Liver 4/16(25.0%) 5/11(45.5%) 0.411
LN only 16/35(45.7%) 10/22(45.5%) 0.875
eGFR
>60 10/26(38.5%) 7/20(35.0%) 0.809
30-60 15/42(35.7%) 15/33(45.5%) 0.440
<30 2/3(66.7%) 0/0(0.0%) -
PDL1 expression
<1% 4/15(26.7%) -
>1% 6/13(46.2%) -
Unknown 17/42(40.4%) 22/53(41.5%)
Histology
Pure Urothelial 23/60(38.3%) 20/45(44.4%) 0.529
Mixed Urothelial 4/10(40.0%) 2/8(25.0%) 0.638
Bajorin risk groups
0 8/18(44.4%) 7/15(46.7%) 0.746
1 14/38(36.8%) 11/26(42.3%) 0.801
2 5/14(35.7%) 4/12(33.3%) 1.000

for patients with tumor PD-L1 expression <1%. Moreover, the
DOR was significantly longer in the PD-1 inhibitor group
(median DOR: not reached) than in the carboplatin-gemcita-
bine group (median DOR: 9.0 months, 95% CI: 7.8-10.2,)
(p < .001, Table 2).

PFS and OS

No significant difference was found with respect to median PFS
between patients in the PD-1 inhibitor group and carboplatin-
gemcitabine group (5.0[95%CI, 2.0-8.0] versus 7.0[95%ClI,
5.8-8.2] months, respectively; HR = 0.741, 95% CI: 0.485-
1.132, p = .166; Figure la). The median OS was also compar-
able between the two groups (18.0[95% CI, 4.1-31.9] versus
14.0[95%ClI, 12.1-15.9] months, respectively; HR = 0.731, 95%
CI: 0.426-1.256, p = .257; Figure 1b). No significant difference
was found among all subgroups with respect to PES (Figure 2a)
and OS (Figure 2b). In the PD-1 inhibitor group, patients with
PD-L1 expression 1% had a significantly longer OS compared

with patients in the carboplatin-gemcitabine group (median
OS, NR versus 14 months, HR = 0.272, 95% CI: 0.081-0.913,
p = .035) (Figure 1lc). Univariate and multivariate analyses
findings are listed in Table 3. Multivariate analysis showed
that visceral metastasis was the only independent risk factor
for poor OS (p < .001).

Safety

The overall safety profile is shown in Table 4. In the PD-1
inhibitor group, treatment-related adverse events of any grade
occurred in 57.1% of patients, and 10% of patients experienced
adverse events of grade 3 or higher. The most common treat-
ment-related adverse events included rash (11.4%), pruritus
(11.4%), fatigue (10%), and diarrhea (7.1%). Toxicity was
much higher in the carboplatin-gemcitabine group, with treat-
ment-related adverse events of any grade occurring in 77.3% of
patients, and adverse events of grade 3 or higher occurring in
37.7% of patients. A different toxicity profile than predicted
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Figure 1. PFS (a) and OS (b) of patients with advanced UTUC treated with ICl and carboplatin-gemcitabine; subgroup analysis of OS in advanced UTUC patients treated

with ICl and carboplatin-gemcitabine according to PD-L1 expression (c).
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Figure 2. Subgroup analysis of PFS (a) and OS (b) of advanced UTUC patients treated with ICl and carboplatin-gemcitabine.

was observed in the carboplatin—gemcitabine group. The most
common treatment-related adverse events included neutrope-
nia (75.5%), leukopenia (71.7%), thrombocytopenia (47.2%),
and nausea (45.3%). No treatment-related deaths were
recorded in either group. Use of PD-1 inhibitors appeared to
be more tolerable, with only 4.3% of patients discontinuing
treatment because of adverse events in the PD-1 inhibitor
group compared with 18.9% of patients in the carboplatin-
gemcitabine group.

Discussion

Our study evaluated the efficacy of PD-1 inhibitors and carbo-
platin combined with gemcitabine as first-line treatments for

advanced UTUC patients who were ineligible for cisplatin-
based chemotherapy. Patients in the PD-1 inhibitor group
had an ORR of 38.6%, with a median PFS of 5.0 months and
a median OS of 18 months. In comparison, patients receiving
carboplatin—gemcitabine had an ORR of 41.5%, with a median
PFES of 7.0 months and median OS of 14 months.

In cohort 1 of the phase 2 IMvigor 210 trial, atezolizumab
was associated with an ORR of 39% among cisplatin-ineligible
patients with UTUC, who comprised 28% of the total
population.'* However, the ORR was decreased to 17% in the
remaining 72% of patients with lower tract disease. In line with
the results of the UTUC subgroup of IMvigor 210, our study
observed a similar ORR of 38.6% in the PD-1 inhibitor group,
which could indicate a better response to PD-1 inhibitors in the
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Table 3. Univariate and multivariate analysis of associations of various parameters with OS during GC and ICl treatment.

Variable Univariate analysis Multivariate analysis
HR (95% Cl) P-value HR (95% Cl) P-value

Age (>65 vs<65 years) 0.890 (0.512-1.547) 0.68 - -
Gender (male vs. female) 0.965 (0.557-1.670) 0.898 - -
ECOG (=2vs.<2) 0.938 (0.546-1.612) 0.818 - -
eGFR (<60vs.=>60) 0.855 (0.494-1.482) 0.577 - -
Prior nephroureterectomy (yes vs. no) 0.910 (0.505-1.642) 0.754 - -
Metastatic sites (visceral vs. LN only) 3.196 (1.707-5.985) <0.001 3.196 (1.707-5.985) <0.001
Liver metastasis (yes vs. no) 2.127 (1.203-3.760) 0.009 - -
Histological subtype (Mixed Urothelial vs. Pure Urothelial) 1.206(0.568-2.560) 0.626 - -
Type of first-line therapy (ICl vs. GC treatment) 0.731 (0.426-1.256) 0.257 - -
Bajorin risk groups

0 1 0.021 - -

1 1.994 (0.874-4.551) 0.101 - -

2 3.392 (1.403-8.204) 0.007 - -

Table 4. Treatment-related adverse events.
PD-1 antibody Group(N = 70) GC chemotherapy Group(N = 53)

Adverse event Any grade Grade 3-4 Any grade Grade 3-4
Any event 40(57.1%) 7(10.0%) 41(77.3%) 20(37.7%)
Event leading to discontinuation of treatment 3(4.3%) 3(4.3%) 10(18.9%) 6(11.3%)
Fatigue 7(10.0%) 1(1.4%) 12(22.6%) 2(3.8%)
Pruritus 8(11.4%) 0(0.0%) 0(0.0%) 0(0.0%)
Diarrhea 5(7.1%) 1(1.4%) 4(7.5%) 0(0.0%)
Decreased appetite 5(7.1%) 0(0.0%) 8(15.0%) 0(0.0%)
Rash 8(11.4%) 2(2.9%) 6(11.3%) 0(0.0%)
Hypothyroidism 4(5.7%) 0(0.0%) 0(0.0%) 0(0.0%)
Hyperthyroidism 2(2.9%) 0(0.0%) 0(0.0%) 0(0.0%)
Nausea 3(4.3%) 0(0.0%) 24(45.3%) 1(1.9%)
Pyrexia 3(4.3%) 0(0.0%) 1(1.9%) 0(0.0%)
ALT increased 4(5.7%) 1(1.4%) 3(5.7%) 0(0.0%)
AST increased 3(4.3%) 1(1.4%) 2(3.8%) 0(0.0%)
Anemia 4(5.7%) 1(1.4%) 16(30.2%) 1(1.9%)
Interstitial pneumonia 3(4.3%) 1(1.4%) 0(0.0%) 0(0.0%)
Leukopenia 4(5.7%) 0(0.0%) 38(71.7%) 13(24.5%)
Neutropenia 2(2.9%) 0(0.0%) 40(75.5%) 14(26.4%)
Lipase increase 4(5.7%) 0(0.0%) 0(0.0%) 0(0.0%)
Thrombocytopenia 2(2.9%) 0(0.0%) 25(47.2%) 8(15.1%)
Hypercholesteremia 1(1.4%) 0(0.0%) 0(0.0%) 0(0.0%)
Myocarditis 1(1.4%) 0(0.0%) 0(0.0%) 0(0.0%)
Bilirubin increase 1(1.4%) 0(0.0%) 0(0.0%) 0(0.0%)
Adrenal insufficiency 1(1.4%) 0(0.0%) 0(0.0%) 0(0.0%)
Infection 0(0.0%) 0(0.0%) 4(7.5%) 1(1.9%)
Peripheral sensory neuropathy 0(0.0%) 0(0.0%) 2(3.8%) 0(0.0%)

UTUC population. Meanwhile, UTUC is more frequently
observed in the Asian population than in the Caucasian popu-
lation. In several areas of East Asia, including China, aristo-
lochic acid is one of the leading causes of UTUC, and it is
associated with a higher tumor mutation burden, which may
result in a better response to PD-1 inhibitors. The 38.6% ORR
in the PD-1 inhibitor group was also comparable with the
41.5% ORR in the -carboplatin-gemcitabine group.
Furthermore, the ORR reached 46.2% in patients with PD-L1
expression 21 in the PD-1 inhibitor group, which was consis-
tent with a previous study in which the predictive value of PD-
L1 status was confirmed in UC patients treated with PD-1
inhibitors or PD-LI inhibitors."” This result was promising
because PD-1 inhibitor monotherapy failed to prove its super-
iority to platinum-based chemotherapy in the first-line treat-
ment of urothelial carcinoma, with an ORR of 30% for the

pembrolizumab group and 45% for the chemotherapy group in
the KEYNOTE-361 trial.'” It is worth noting that in the PD-1
inhibitor group, the ORR was 45.7% among patients with
lymph node metastasis, versus 31.4% among patients with
visceral metastasis. In addition, an ORR of 25% was observed
in patients with liver metastasis in the PD-1 inhibitor group.
Although the ORR of patients UTUC and liver metastasis who
received PD-1 inhibitors was higher than that of previous
studies,?®?! several factors, including the limited sample size,
heterogeneity of UTUC and Asian populations, and retrospec-
tive design, should not be neglected. Regardless, comparable
ORRs were observed in the carboplatin-gemcitabine group in
the current study and in prior research, indicating that carbo-
platin-based chemotherapy might be a better choice for
patients with visceral metastasis, especially liver metastasis.



Fibroblast growth factor receptor 3 (FGFR3) has been iden-
tified as one of the most commonly mutated genes (including
TERT promoter, KMT2D, CDKN2A, and TP53) in UTUC.*
FGFR3 alterations were also more frequent in UTUC than in
lower tract disease.”> Approximately half of all high-grade
UTUCs and three-fourths of low-grade UTUCs feature such
alterations. Such alterations are associated with better survival
and lower tumor grades. Earlier findings in bladder cancer
indicated that pathological FGFR3 alterations such as the
$249C mutation and TACC3 fusion negatively affect the
response to immune checkpoint inhibitors. However, their
value was examined using data derived from IMvigor 210
and CheckMate-275.>%*> The response rate was similar
between patients with wild-type and mutant FGFR3.*°

PFES was similar between the two groups in our study,
although a longer albeit non-significant OS benefit was
observed for PD-1 inhibitor treatment in our study (18 months
versus 14 months, respectively, p = .245). The OS of both
groups was much longer than seen in the EORTC 30986
study, in which carboplatin—gemcitabine achieved a median
OS of 9.3 months.”” The prolonged OS seen in our study might
be associated with the improved healthcare management and
the application of immune checkpoint inhibitors in
the second-line setting where conventional chemotherapies
such as docetaxel and paclitaxel show poor OS and notable
toxicity.'>"?

Of note, longer OS was observed in the PD-1 inhibitor
group among patients with >1% PD-L1 expression than in
the carboplatin-gemcitabine group, although the PD-L1 status
was not evaluable in the latter group. While no significant
difference was found in the PES or OS of the total population
between the two groups, crossovers were present in both
Kaplan-Meier curves, and durable PFS and OS benefits were
observed in the PD-1 inhibitor group over the carboplatin-
gemcitabine group. This could be explained by the longer DOR
in patients with an objective response after receiving PD-1
inhibitor therapy. The median DOR was not reached in the
PD-1 inhibitor group in our study, with a median follow-up
time of 17 months, while the tumor response lasted for about
9 months in the carboplatin-gemcitabine group (p < .001).
Patients receiving carboplatin—gemcitabine therapy did not
achieve a durable PFS or OS benefit, although more patients
might achieve a tumor response at the early stage. The high
ORR and long-lasting DOR reported in our study indicate that
PD-1 inhibitors are potent treatment options and promising
alternatives to carboplatin-gemcitabine in the treatment of
patients who are cisplatin-ineligible, especially in patients
with PD-L1 expression >1%.

The treatment of UTUC patients is challenging because
most patients have hydronephrosis or an impaired renal
function status, especially those who have undergone radi-
cal nephroureterectomy,”® which makes them vulnerable to
cytotoxic chemotherapy causing renal toxicity. Moreover,
hydronephrosis is associated with a poor oncological
outcome,”” ' stressing the importance of exploring other
regimens in addition to platinum-based chemotherapy. PD-
1/PD-L1 inhibitors have been shown to be well-tolerated in
patients with an impaired renal function. In the
KEYNOTE-052 trial, almost half of all patients were
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classified as cisplatin-ineligible because of renal
dysfunction.”’ In cohort 1 of the IMvigor 210 trial, atezo-
lizumab was associated with a modest renal impairment,
with renal failure occurring in only 2% of the total
enrollment.’” In our study, 60% of patients in the PD-1
inhibitor group presented with an eGFR of 30-60 ml/min,
although the ORR was inferior to that seen in the carbo-
platin-gemcitabine group (35.7% versus 45.5%, respec-
tively). Three patients with an eGFR of <30 ml/min who
were unfit for any platinum-based chemotherapy received
PD-1 inhibitors in the PD-1 inhibitor group. Such patients
usually have poor clinical outcomes,>® nevertheless two of
the three achieved an objective response in our study. This
is consistent with previous findings,”"** indicating that PD-
1 inhibitors are ideal agents for patients with impaired
renal function.

Considering the potential cumulative toxicities, most
patients discontinue first-line platinum-based chemotherapy
after around six cycles.”* The median time to progression was
approximately 2 months with best supportive care after four to
six cycles of platinum-based chemotherapy.”® In our study,
fewer treatment-related adverse events of >grade 3 occurred
in patients in the PD-1 inhibitor group compared with those in
the carboplatin—gemcitabine group (10% versus 37.7%, respec-
tively). Thirteen patients in the PD-1 inhibitor group were aged
over 80 years, of whom five achieved an objective response.
Our findings therefore show that PD-1 inhibitors are effective
and safe in the older population.

To our knowledge, this is the first retrospective, real-
world, multicenter study specific for UTUC that compares
PD-1 inhibitors and carboplatin-gemcitabine combination
chemotherapy in the treatment of patients who are cispla-
tin-ineligible. This study had several limitations. First, the
retrospective study design increased the potential bias con-
cerning population collection. Several differences in base-
line characteristics exist between the two groups, including
age, prior history of nephroureterectomy, and the primary
tumor site. Second, only 40% samples were available to test
PD-L1 expression in the PD-1 inhibitor group, and the PD-
L1 status was unknown for all patients in the carboplatin-
gemcitabine group. Thus, there could be heterogeneity
regarding PD-L1 expression between the two groups.
Third, the sample size was relatively small, with 70 patients
in the PD-1 inhibitor group and 53 in the carboplatin-
gemcitabine group. Therefore, although the ORR, PFS,
and OS observed here are consistent with those seen in
previous phase II trials, our results should be confirmed
in randomized controlled clinical trials of UTUC patients.

In summary, we performed a retrospective, real-world
study to evaluate the efficacy and safety of PD-1 inhibitors
and carboplatin combined with gemcitabine in the first-line
treatment of UTUC patients who were unfit for cisplatin-
based chemotherapy. Our results show that PD-1 inhibitors
provide a comparable ORR, PFS, and OS to carboplatin-
gemcitabine, with lower toxicity and a longer DOR. PD-1
inhibitors are therefore promising alternatives to carbopla-
tin-based chemotherapy for UTUC patients who are cispla-
tin-ineligible.



€2124691-8 J. HUANG ET AL.

Abbreviations:

CR, complete response

DOR, duration of response

ECOG, Eastern Cooperative Oncology Group
eGFR, estimated glomerular filtration rate
ICI, immune checkpoint inhibitor

ORR, objective response rate

OS, overall survival

PD, progressive disease

PD-1, programmed cell death 1

PD-L1, programmed cell death ligand 1
PFS, progression-free survival

PR, partial response

SD, stable disease

UTUC, upper tract urothelial carcinoma

Acknowledgments

This study was supported by the [Shanghai Science and Technology
Commission Research Project] under Grant [number 21ZR1438900];
[Basic Oncology Research Program from Bethune Charitable
Foundation] under Grant [number BCF-NH-ZL-20201119-024]; and
[Incubating Program for Clinical Research and Innovation of Renji
Hospital] under Grant [PYX]S16-008, PYIII20-07]. The authors have no
other relevant affiliations or financial involvement with any organization
or entity with a financial interest in or financial conflict with the subject
matter or materials discussed in the manuscript apart from those
disclosed.

Disclosure statement

The authors report no conflict of interest.

Funding

This work was supported by the Basic Oncology Research Program from
Bethune Charitable Foundation [BCF-NH-ZL-20201119-024]; Incubating
Program for Clinical Research and Innovation of Renji Hospital
[PYX]JS16-008,PYIII20-07]; Shanghai Science and Technology
Commission Research Project [21ZR1438900].

Data Availability Statement

Jiwei Huang had full access to all the data in the study and takes respon-
sibility for the integrity of the data and the accuracy of the data analysis.
The data that support the findings of this study are available from the
corresponding authors upon request.

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics. CA
Cancer ] Clin. 2021;71(1):7-33. doi:10.3322/caac.21654.

2. Lughezzani G, Burger M, Margulis V, Matin SF, Novara G,
Roupret M, Shariat SF, Wood CG, Zigeuner R. Prognostic factors
in upper urinary tract urothelial carcinomas: a comprehensive
review of the current literature. Eur Urol. 2012;62(1):100-114.
doi:10.1016/j.eururo.2012.02.030.

3. Audenet F, Isharwal S, Cha EK, Donoghue MTA, Drill EN,
Ostrovnaya I, Pietzak EJ, Sfakianos JP, Bagrodia A, Murugan P,
et al. Clonal relatedness and mutational differences between upper
tract and bladder urothelial carcinoma. Clin Cancer Res. 2019;25
(3):967-976. doi:10.1158/1078-0432.CCR-18-2039.

4. Browne BM, Stensland KD, Moynihan M]J, Canes D. An analysis of
staging and treatment trends for upper tract urothelial carcinoma

10.

11.

12.

13.

14.

15.

16.

17.

in the national cancer database. Clin Genitourin Cancer. 2018;16
(4):€743-€50. doi:10.1016/j.clgc.2018.01.015.

. Margulis V, Shariat SF, Matin SF, Kamat AM, Zigeuner R,

Kikuchi E, Lotan Y, Weizer A, Raman JD, Wood CG, et al.
Outcomes of radical nephroureterectomy: a series from the upper
tract urothelial carcinoma Collaboration. Cancer. 2009;115
(6):1224-1233. d0i:10.1002/cncr.24135.

. Roupret M, Babjuk M, Burger M, Capoun O, Cohen D,

Comperat EM, Cowan NC, Dominguez-Escrig JL, Gontero P,
Hugh Mostafid A, et al. European association of urology guidelines
on upper urinary tract urothelial carcinoma: 2020 update. Eur
Urol. 2021;79(1):62-79. doi:10.1016/j.eururo.2020.05.042.

. von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L,

Oliver T, Moore MJ, Zimmermann A, Arning M. Long-term sur-
vival results of a randomized trial comparing gemcitabine plus
cisplatin, with methotrexate, vinblastine, doxorubicin, plus cispla-
tin in patients with bladder cancer. Am J Clin Oncol. 2005;23
(21):4602-4608. doi:10.1200/jc0.2005.07.757.

. Dash A, Galsky MD, Vickers AJ, Serio AM, Koppie TM,

Dalbagni G, Bochner BH. Impact of renal impairment on eligibility
for adjuvant cisplatin-based chemotherapy in patients with urothe-
lial carcinoma of the bladder. Cancer. 2006;107(3):506-513. doi:10.
1002/cncr.22031.

. Lane BR, Smith AK, Larson BT, Gong MC, Campbell SC,

Raghavan D, Dreicer R, Hansel DE, Stephenson AJ. Chronic kid-
ney disease after nephroureterectomy for upper tract urothelial
carcinoma and implications for the administration of perioperative
chemotherapy. Cancer. 2010;116(12):2967-2973. doi:10.1002/cncr.
25043.

Galsky MD, Chen GJ, Oh WK, Bellmunt J, Roth BJ, Petrioli R,
Dogliotti L, Dreicer R, Sonpavde G. Comparative effectiveness of
cisplatin-based and carboplatin-based chemotherapy for treatment
of advanced urothelial carcinoma. Ann Oncol. 2012;23(2):406-410.
do0i:10.1093/annonc/mdr156.

Califano G, Ouzaid I, Verze P, Hermieu JF, Mirone V, Xylinas E.
Immune checkpoint inhibition in upper tract urothelial carcinoma.
World J Urol. 2021;39(5):1357-1367. do0i:10.1007/s00345-020-
03502-7.

Sharma P, Retz M, Siefker-Radtke A, Baron A, Necchi A, Bedke J,
Plimack ER, Vaena D, Grimm M-O, Bracarda S, et al. Nivolumab
in metastatic urothelial carcinoma after platinum therapy
(CheckMate 275): a multicentre, single-arm, phase 2 trial. Lancet
Oncol. 2017;18(3):312-322. doi:10.1016/S1470-2045(17.

Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L,
Vogelzang NJ, Climent MA, Petrylak DP, Choueiri TK, et al.
Pembrolizumab as second-line therapy for advanced urothelial
carcinoma. N Engl ] Med. 2017;376(11):1015-1026. doi:10.1056/
NEJMoal613683.

Vander Velde N, Guerin A, Ionescu-Ittu R, Shi S, Wu EQ, Lin SW,
Hsu L-I, Saum K-U, de Ducla S, Wang ], et al. Comparative
effectiveness of non-cisplatin first-line therapies for metastatic
urothelial carcinoma: phase 2 IMvigor210 study versus US patients
treated in the veterans health administration. Eur Urol Oncol.
2019;2(1):12-20. doi:10.1016/j.€u0.2018.07.003.

Vuky J, Balar AV, Castellano D, O’Donnell PH, Grivas P,
Bellmunt J, Powles T, Bajorin D, Hahn NM, Savage M]J, et al. Long-
term outcomes in KEYNOTE-052: phase II study investigating
first-line pembrolizumab in cisplatin-ineligible patients with
locally advanced or metastatic urothelial cancer. J Clin Oncol.
2020;38(23):2658-2666. doi:10.1200/JCO.19.01213.

Galsky MD, Arija JAA, Bamias A, Davis ID, De Santis M,
Kikuchi E, Garcia-del-Muro X, De Giorgi U, Mencinger M,
Izumi K, et al. Atezolizumab with or without chemotherapy in
metastatic urothelial cancer (IMvigor130): a multicentre, rando-
mised, placebo-controlled phase 3 trial. Lancet. 2020;395
(10236):1547-1557. doi:10.1016/S0140-6736(20.

Powles T, Csoszi T, Ozguroglu M, Matsubara N, Geczi L,
Cheng SY, Fradet Y, Oudard S, Vulsteke C, Morales
Barrera R, et al. Pembrolizumab alone or combined with che-
motherapy versus chemotherapy as first-line therapy for


https://doi.org/10.3322/caac.21654
https://doi.org/10.1016/j.eururo.2012.02.030
https://doi.org/10.1158/1078-0432.CCR-18-2039
https://doi.org/10.1016/j.clgc.2018.01.015
https://doi.org/10.1002/cncr.24135
https://doi.org/10.1016/j.eururo.2020.05.042
https://doi.org/10.1200/jco.2005.07.757
https://doi.org/10.1002/cncr.22031
https://doi.org/10.1002/cncr.22031
https://doi.org/10.1002/cncr.25043
https://doi.org/10.1002/cncr.25043
https://doi.org/10.1093/annonc/mdr156
https://doi.org/10.1007/s00345-020-03502-7
https://doi.org/10.1007/s00345-020-03502-7
https://doi.org/10.1016/S1470-2045(17
https://doi.org/10.1056/NEJMoa1613683
https://doi.org/10.1056/NEJMoa1613683
https://doi.org/10.1016/j.euo.2018.07.003
https://doi.org/10.1200/JCO.19.01213
https://doi.org/10.1016/S0140-6736(20

18.

19.

20.

21.

22.

23.

24.

25.

26.

advanced urothelial carcinoma (KEYNOTE-361): a randomised,
open-label, phase 3 trial. Lancet Oncol. 2021;22(7):931-945.
doi:10.1016/S1470-2045(21.

Maria DSEG, Marina M, Mencinger M, Li J-R, Puente ], Izumi K,
Lee J-L, Kose F, Antonyan I, Ding B, et al. IMvigor130 clinical trial
in patients (pts) with metastatic urothelial carcinoma (mUC):
analysis of upper tract (UT) and lower tract (LT) subgroups.
J Clinical Oncology. 2020;38(6_suppl):551. doi:10.1200/JCO.2020.
38.6_suppl.551.

Rui X, Gu TT, Pan HF, Zhang HZ. Evaluation of PD-L1 biomarker
for immune checkpoint inhibitor (PD-1/PD-L1 inhibitors) treat-
ments for urothelial carcinoma patients: a meta-analysis.
Int Immunopharmacol. 2019;67:378-385. doi:10.1016/j.intimp.
2018.12.018.

Balar AV, Galsky MD, Rosenberg JE, Powles T, Petrylak DP,
Bellmunt J, Loriot Y, Necchi A, Hoffman-Censits J, Perez-Gracia
JL, 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 (London, England).
2017;389(10064):67-76. doi:10.1016/s0140-6736(16.

Balar AV, Castellano D, O’Donnell PH, Grivas P, Vuky J, Powles T,
Plimack ER, Hahn NM, de Wit R, Pang L, et al. First-line pem-
brolizumab in cisplatin-ineligible patients with locally advanced
and unresectable or metastatic urothelial cancer (KEYNOTE-052):
a multicentre, single-arm, phase 2 study. Lancet Oncol. 2017;18
(11):1483-1492. d0i:10.1016/51470-2045(17.

Fujii Y, Sato Y, Suzuki H, Kakiuchi N, Yoshizato T, Lenis AT,
Maekawa S, Yokoyama A, Takeuchi Y, Inoue Y, et al. Molecular
classification and diagnostics of upper urinary tract urothelial
carcinoma. Cancer Cell. 2021;39(6):793-809.e8. doi:10.1016/j.
ccell.2021.05.008.

van Oers JM, Zwarthoff EC, Rehman I, Azzouzi AR, Cussenot O,
Meuth M, Hamdy FC, Catto JWF. FGFR3 mutations indicate
better survival in invasive upper urinary tract and bladder
tumours. Eur Urol. 2009;55(3):650-657. doi:10.1016/j.eururo.
2008.06.013.

Necchi A, Joseph RW, Loriot Y, Hoffman-Censits J, Perez-Gracia
JL, Petrylak DP, Derleth CL, Tayama D, Zhu Q, Ding B, et al.
Atezolizumab in platinum-treated locally advanced or metastatic
urothelial carcinoma: post-progression outcomes from the phase II
IMvigor210 study. Ann Oncol Eur ] Surg Oncol. 2017;28
(12):3044-3050. doi:10.1093/annonc/mdx518.

Sharma P, Retz M, Siefker-Radtke A, Baron A, Necchi A, Bedke J,
Plimack ER, Vaena D, Grimm M-O, Bracarda S, et al. Nivolumab
in metastatic urothelial carcinoma after platinum therapy
(CheckMate 275): a multicentre, single-arm, phase 2 trial. Lancet
Oncol. 2017;18(3):312-322. doi:10.1016/s1470-2045(17.

Necchi A, Madison R, Pal SK, Ross JS, Agarwal N, Sonpavde G,
Joshi M, Yin M, Miller VA, Grivas P, et al. Comprehensive geno-
mic profiling of upper-tract and bladder urothelial carcinoma. Eur
Urol Focus. 2021;7(6):1339-1346. doi:10.1016/j.euf.2020.08.001.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ONCOIMMUNOLOGY €2124691-9

De Santis M, Bellmunt ], Mead G, Kerst JM, Leahy M, Maroto P, Gil T,
Marreaud S, Daugaard G, Skoneczna I, et al. Randomized phase II/III
trial assessing gemcitabine/carboplatin and methotrexate/carboplatin/
vinblastine in patients with advanced urothelial cancer who are unfit
for cisplatin-based chemotherapy: EORTC study 30986. ] Clin Oncol.
2012;30(2):191-199. doi:10.1200/JCO.2011.37.3571.

Raman JD, Lin YK, Kaag M, Atkinson T, Crispen P, Wille M,
Smith N, Hockenberry M, Guzzo T, Peyronnet B, et al. High
rates of advanced disease, complications, and decline of renal
function after radical nephroureterectomy. Urol Oncol. 2014;32
(1):47 €9-14. doi:10.1016/j.urolonc.2013.06.015.

Ye T, Yang X, Lv P, Liu H, Ye Z. Prognostic value of preoperative
hydronephrosis in patients undergoing radical nephroureterect-
omy for upper tract urinary carcinoma: a systematic review and
meta-analysis. Front Oncol. 2020;10:600511. doi:10.3389/fonc.
2020.600511.

Chen IA, Chang CH, Huang CP, Wu W], Li CC, Chen CH,
Huang C-Y, Lo C-W, Yu -C-C, Tsai C-Y, et al. Factors predicting
oncological outcomes of radical nephroureterectomy for upper
tract wurothelial carcinoma in Taiwan. Front Oncol.
2021;11:766576. doi:10.3389/fonc.2021.766576.

Ito Y, Kikuchi E, Tanaka N, Miyajima A, Mikami S, Jinzaki M,
Oya M. Preoperative hydronephrosis grade independently predicts
worse pathological outcomes in patients undergoing nephroureter-
ectomy for upper tract urothelial carcinoma. J Urol. 2011;185
(5):1621-1626. doi:10.1016/j.juro.2010.12.035.

Balar AV, Galsky MD, Rosenberg JE, Powles T, Petrylak DP,
Bellmunt J, Loriot Y, Necchi A, Hoffman-Censits |, Perez-Gracia
JL, 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
(10064):67-76. doi:10.1016/S0140-6736(16)32455-2.

De Santis M, Bellmunt J, Mead G, Kerst JM, Leahy M, Maroto P,
Skoneczna I, Marreaud S, de Wit R, Sylvester R, et al. Randomized
phase II/III trial assessing gemcitabine/ carboplatin and metho-
trexate/carboplatin/vinblastine in patients with advanced urothe-
lial cancer “unfit” for cisplatin-based chemotherapy: phase II-
results of EORTC study 30986. Am ] Clin Oncol. 2009;27
(33):5634-5639. doi:10.1200/jc0.2008.21.4924.

von der Maase H, Hansen SW, Roberts JT, Dogliotti L, Oliver T,
Moore MJ, Bodrogi I, Albers P, Knuth A, Lippert CM, et al.
Gemcitabine and cisplatin versus methotrexate, vinblastine, dox-
orubicin, and cisplatin in advanced or metastatic bladder cancer:
results of a large, randomized, multinational, multicenter, phase III
study. Am J Clin Oncol. 2000;18(17):3068-3077. doi:10.1200/jco.
2000.18.17.3068.

Powles T, Park SH, Voog E, Caserta C, Valderrama BP, Gurney H,
Kalofonos H, Radulovi¢ S, Demey W, Ullén A, et al. Avelumab
maintenance therapy for advanced or metastatic urothelial
carcinoma. N Engl ] Med. 2020;383(13):1218-1230. doi:10.1056/
NEJMo0a2002788.


https://doi.org/10.1016/S1470-2045(21
https://doi.org/10.1200/JCO.2020.38.6_suppl.551
https://doi.org/10.1200/JCO.2020.38.6_suppl.551
https://doi.org/10.1016/j.intimp.2018.12.018
https://doi.org/10.1016/j.intimp.2018.12.018
https://doi.org/10.1016/s0140-6736(16
https://doi.org/10.1016/s1470-2045(17
https://doi.org/10.1016/j.ccell.2021.05.008
https://doi.org/10.1016/j.ccell.2021.05.008
https://doi.org/10.1016/j.eururo.2008.06.013
https://doi.org/10.1016/j.eururo.2008.06.013
https://doi.org/10.1093/annonc/mdx518
https://doi.org/10.1016/s1470-2045(17
https://doi.org/10.1016/j.euf.2020.08.001
https://doi.org/10.1200/JCO.2011.37.3571
https://doi.org/10.1016/j.urolonc.2013.06.015
https://doi.org/10.3389/fonc.2020.600511
https://doi.org/10.3389/fonc.2020.600511
https://doi.org/10.3389/fonc.2021.766576
https://doi.org/10.1016/j.juro.2010.12.035
https://doi.org/10.1016/S0140-6736(16)32455-2
https://doi.org/10.1200/jco.2008.21.4924
https://doi.org/10.1200/jco.2000.18.17.3068
https://doi.org/10.1200/jco.2000.18.17.3068
https://doi.org/10.1056/NEJMoa2002788
https://doi.org/10.1056/NEJMoa2002788

	Abstract
	Introduction
	Materials and methods
	Patients
	Ethics statement
	Treatment and procedures
	Assessments
	Statistical analysis

	Results
	Patients and treatment
	ORR
	PFS and OS
	Safety

	Discussion
	Abbreviations:
	Acknowledgments
	Disclosure statement
	Funding
	Data Availability Statement
	References

