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Abstract

Immune checkpoint inhibitors improve overall survival in advanced urothelial carcinoma, but
response rates remain modest. We performed a multi-institutional retrospective cohort study
comparing outcomes (observed response rate, progression-free, and overall survival) between
patients based on time from initiation of first line platinum-based chemotherapy to second
line immune checkpoint inhibitor. This study provides preliminary data that earlier resistance
to platinum-based chemotherapy may be associated with shorter survival in those who receive
subsequent ICI.

Background: Early progression on first-line (1L) platinum-based therapy or between therapy
lines may be a surrogate of more aggressive disease and poor outcomes in advanced urothelial
carcinoma (aUC), but its prognostic role regarding immune checkpoint inhibitor (ICI) response
and survival is unclear. We hypothesized that shorter time until start of second-line (2L) ICI would
be associated with worse outcomes in aUC.

Patients and Methods: We performed a retrospective multi-institution cohort study in patients
with aUC treated with 1L platinum-based chemotherapy, who received 2L ICI. Patients receiving
switch maintenance ICI were excluded. We defined time to 2L ICI therapy as the time between
the start of 1L platinum-based chemotherapy to the start of 2L ICI and categorized patients a
prioriinto 1 of 3 groups: less than 3 months versus 3—6 months versus more than 6 months.

We calculated overall response rate (ORR) with 2L ICI, progression-free survival (PFS) and
overall survival (OS) from the start of 2L ICI. ORR was compared among the 3 groups using
multivariable logistic regression, and PFS, OS using cox regression. Multivariable models were
adjusted for known prognostic factors.

Results: We included 215, 215, and 219 patients in the ORR, PFS, and OS analyses, respectively,
after exclusions. ORR difference did not reach statistical significance between patients with less
than 3 months versus 3—6 months versus more than 6 months to 2L ICI. However, PFS (HR 1.64;
95% ClI 1.02-2.63) and OS (HR 1.77; 95% CI 1.10-2.84) was shorter among those with time to
2L ICI less than 3 months compared to those who initiated 2L ICI more than 6 months.
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Conclusion: Among patients with aUC treated with 2L ICI, time to 2L ICI less than 3 months
was associated with lower, but not significantly different ORR, but shorter PFS and OS compared
to 2L ICI more than 6 months. This highlights potential cross resistance mechanisms between ICI
and platinum-based chemotherapy.
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Introduction

Standard of care first line (1L) treatment for patients with advanced urothelial carcinoma
(aUC), defined as locally advanced/unresectable or metastatic disease, is combination
platinum-based chemotherapy for those who are platinum eligible.! Unfortunately, median
progression-free survival on platinum-based combination chemotherapy alone is only 7-8
months (mo).2

ICIs have shown durable responses as second-line (2L) therapy after progression on
platinum-based chemotherapy.3# The KEYNOTE-045 trial demonstrated significantly
longer overall survival with pembrolizumab compared to taxane or vinflunine as 2L therapy
in patients with progression on platinum-based chemotherapy providing level | evidence

in that setting.> Nivolumab and avelumab also have Food and Drug Administration (FDA)
approval for the treatment of aUC that has progressed during or after receipt of platinum-
based chemotherapy but without level | evidence. Atezolizumab has FDA approval in 1L
setting in cisplatin-ineligible patients with PD-L1-high status (based on Ventana SP142
assay) or platinum-ineligible patients (irrespective of PD-L1 status).

Early progression on platinum-based chemotherapy has been identified as a poor prognostic
factor regarding outcomes to subsequent chemotherapy for several cancer types, including
aUC.”9 A retrospective of pooled prospective phase Il trials showed that shorter time from
1L chemotherapy to 2L treatment (<3 mo vs. >3 mo) was identified as an independent poor
prognostic factor in the setting of 2L therapy for aUC. Resistance to platinum, defined as
progression on platinum-based chemotherapy within 6 months of initiation, has also been
extensively studied in ovarian cancer.10 In a study, the immune tumor microenvironment in
platinum-resistant ovarian cancer was shown to be altered to a “cold” tumor, characterized
by low infiltration by CD8+ T cells and activated CD4+ T cells, and increased infiltration
by regulatory T cells.1! Similarly, in urothelial carcinoma, up to a third of patients may
have decreased expression of T cell-related immune genes, which might also possibly impair
response to 1CI.12

A few studies have investigated the impact of platinum resistance on ICI outcomes in
patients with aUC. In our study, we assessed outcomes [observed response rate (ORR),
progression-free survival (PFS), and overall survival (OS)] with ICI in patients with aUC
and prior progression on and/or after platinum-based chemotherapy. We hypothesized that
shorter time until start of 2L I1CI would be associated with lower ORR and shorter survival.
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Patients and Methods

Patient selection and data collection

After institutional review board approval was attained in concordance with the Declaration
of Helsinki, we performed a retrospective cohort study of patients from 26 institutions in
the United States and Europe. The cohort has been previously described13-14 but briefly,
the cohort collected data on patients with aUC treated with ICI, each institution identified
consecutive patients using a combination of provider-driven and electronic health record
search algorithms. Patients were included in this analysis, if they had aUC, were treated
with 1L platinum-based chemotherapy and then 2L ICI upon progression on and/or after
chemotherapy. We calculated the time from start of 1L platinum-based chemotherapy to
start of 2L ICI, categorizing the exposure into 3 groups: less than 3 months, 3-6 months
and more than 6 months. We were unable to capture the exact timing of completion or
discontinuation of 1L platinum-based chemotherapy, hence we calculated the time from start
date of 1L chemotherapy to start date of 2L ICI. Given most patients received ICI before
approval of switch maintenance avelumab and that such maintenance therapy is different
than 2L ICI (ie, initiated prior to platinum progression), patients were excluded if they
received switch maintenance ICI. Patients who had stopped 1L chemotherapy for reasons
other than progression (eg, toxicity) were excluded as our primary goal was to investigate
the impact of putative platinum resistance on ICI outcomes. Additionally, patients were
excluded if they had missing data, pure non-UC histology, received multiple lines of ICls,
if 1CI was given for a different indication, on a clinical trial or in combination with other
systemic therapy (Figure 1). For data collection and storage, we used web-based, secure,
and standardized REDCap capture tools hosted at the Institute of Translational Sciences at
University of Washington.1>16 Data collected included demographics, clinicopathological
factors, including time from start of 1L platinum-based chemotherapy, ICI treatment and
outcomes (ORR, PFS, OS). Pathology and radiology results were assessed based on notes
in the electronic health record; no central review of either was performed. Timing of
imaging and designation of response and progression were investigator designated; although
RECIST v1.1 criteria principles were used for the evaluation of best response the latter was
determined by the chart abstractor based on best available information in clinical notes and
radiographic studies.

Statistical Analysis

Baseline characteristics were summarized using descriptive statistics and compared via chi-
square and Student’s ftests, for categorical and continuous variables, respectively. ORR was
calculated as the sum of patients with investigator-determined complete or partial response
divided by the total number of patients with available data. OS was measured from the date
of IClI initiation until death (of any cause) and PFS was measured from the date of ICI
initiation until the date of investigator determined radiographic and/or clinical progression,
or death. Patients who did not experience death or progression were censored at the date of
last follow-up. To assess the follow-up time, we used the reverse Kaplan-Meier method.

We calculated the time from start of 1L platinum chemotherapy to start of 2L ICI,
trichotomizing the exposure to less than 3 months, 3-6 months and more than 6 months.
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Our analysis compared ORR on 2L ICI treatment; and PFS and OS from the start of 2L

ICI between the different groups. Multivariable logistic regression was used to estimate the
odds ratio (OR) and 95% confidence intervals (CI) of response. Kaplan-Meier method was
used for survival curves and to estimate median (m)OS and median (m)PFS. Cox regression
was used to determine the effect of time to 2L ICI (<3 months vs. 3-6 months vs. >6
months) on OS and PFS; differences between groups were expressed as hazard ratios (HRs)
and 95% confidence interval (CI). For the multivariable analysis, models were adjusted
based on individual Bellmunt prognostic risk factors,1” which gives 1 point each for ECOG
performance status more than 0, presence of liver metastases and hemoglobin level less than
10g/dL. Statistical significance was determined if 95% CI did not cross 1 and P <.05; all P
values were 2 tailed. All analyses were performed using R version 4.1.0 (The R Foundation
for Statistical Computing, Vienna, Austria).

A total of 1283 patients with aUC treated with an ICI between 2013 and 2021 across

26 different institutions are included in our database, of which 462 had received 1L
platinum-based chemotherapy. Of those, 350 patients had subsequently received 2L ICI.
After exclusions, 215, 215, and 219 patients were included in the ORR, PFS and OS
analyses, respectively (Figure 1). The median follow-up time, from time of 1L ICI initiation,
measured by the reverse Kaplan-Meier method was 23 months. In our cohort, the median
duration of 2L ICI therapy was 4.8 months Figure 2, Figure 3.

Table 1 shows the baseline characteristics for patients who received 2L ICI after progression
on 1L platinum-based chemotherapy. Median age at ICI initiation for this cohort was 70
years, 80% were men, 76% were White, 76% had pure urothelial histology, 21% upper tract,
and 59% received cisplatin in 1L setting. Patients with time to 2L ICI less than 3 months had
significantly higher Bellmunt scores (Table 1).

Observed Response Rate

A total of 215 patients were included in ORR analysis: 31, 72, and 112 patients started

2L ICI less than 3 months, 3—6 months and more than 6 months from starting 1L platinum-
based chemotherapy, respectively. The ORR for these 3 groups were 13%, 28% and 25%,
respectively. Despite the notably lower ORR in the less than 3 month group the odds of
response to ICI were not significantly different between groups (Table 2).

Progression-Free Survival

A total of 215 patients were included in PFS analysis: 31, 71, and 113 patients started 2L ICI
less than 3 months, 3-6 months and more than 6 months from starting 1L platinum-based
chemotherapy. Among the 3 groups, mPFS was 3 months (95% CI 2-4), 4 months (95%

Cl 3-6) and 5 months (95% CI 4-7), respectively. Patients who started 2L ICI less than 3
months had significantly shorter PFS (vs. those with time to 2L IC1>6 months; aHR 1.64;
95% CI 1.02-2.63; Table 2).
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Overall Survival

A total of 219 patients were included in OS analysis: 31, 73, and 115 patients started

2L ICls less than 3 months, 3—6 months and more than 6 months from starting 1L from
starting 1L platinum-based chemotherapy. Among the 3 groups, mOS was 4 months (95%
Cl 3-8 months), 9 months (95% CI 5-19 months) and 14 months (95% CI 9-18 months),
respectively. Patients with less than 3 months to 2L ICI had significantly shorter OS versus
those with time to 2L ICI more than 6 months (aHR 1.77; 95% CI 1.10-2.84; Table 2).

Discussion

In this retrospective multi-institution cohort study of patients with aUC treated with 2L ICI
after progression on 1L platinum-based chemotherapy, patients with time to 2L ICI less

than 3 months had shorter PFS and OS compared to those with time to 2L ICI more than

6 months. Our hypothesis-generating study provides relevant data suggesting that putative
earlier resistance to platinum-based chemotherapy may be associated with shorter survival in
those who receive 2L ICI.

To date, there have only been a few studies investigating the impact of platinum resistance
on ICI response in those with aUC. Subset analysis of Keynote-045 showed that those who
started therapy on that trial more than or equal to 3 months after last chemotherapy dose
had a HR for death of 0.66 (95% CI 0.49-0.89) while those who initiated pembrolizumab
less than 3 months had HR of 0.82 (95% CI 0.58-1.15).5 Although this was not a
prespecified head-to-head comparison and should be interpreted with caution, this analysis
might indirectly raise the hypothesis that patients with primarily platinum-refractory aUC
might also have less benefit with subsequent ICI. Indeed, another study reported that
primary resistance to platinum-based chemotherapy portends a poor prognosis with anti-
PD(L)1 therapy, although a minority and similar fraction of patients have response.18 A
prognostic model proposed for patients receiving second-line PD-L1 inhibitors did not
identify time from prior platinum-based chemotherapy as an independent prognostic factor,
but that study did not evaluate the time from initiation of platinum-based chemotherapy.1®
Also, a retrospective analysis of pooled, prospective phase Il trials investigating 2L
chemotherapy after progression on 1L platinum-based chemotherapy showed that shorter
time to progression on 1L therapy was a poor prognostic factor for survival on 2L therapy.®
Moreover, results from phase 11 trials investigating rucaparib (PARP inhibitor, ATLAS trial)
or mocetinostat (a class I/IV histone deacetylase inhibitor) in platinum-refractory aUC have
shown poor outcomes with non-ICI therapies in the platinum-refractory setting.2%21 The
open-label multi-arm BISCAY trial, which investigated 2L combination durvalumab with
biomarker-selected targeted therapies in platinum-refractory aUC did not meet specified
threshold of target ORR.22 Those examples, as well as other clinical trials,20-22 may
indicate that poor response and early progression on 1L platinum-based chemotherapy can
be associated with poor response and outcomes with several 2L therapies, including, but not
limited to, ICI.

Patients with early progression on platinum-based chemotherapy have underlying aggressive
disease features. In our study, patients with time to 2L ICI less than 3 months had
significantly higher Bellmunt risk score at the time of ICI initiation. However, it is notable
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that after adjusting for Bellmunt factors, our findings for shorter PFS and OS among patients
with time to 2L ICI less than 3 months remained significant. Given the poor outcomes
among patients with early progression on platinum-based chemotherapy, opportunities

for subsequent therapies for this population might sometimes be limited. These patients
should be prioritized for clinical trials with novel therapies and combinations to maximize
exposure to potentially life-prolonging therapies. Currently, multiple studies investigating
combination therapies are underway and may be suitable options for these patients.
TROPHY-U-01 cohort 3 investigating Sacituzumab govitecan (SG) plus pembrolizumab

in patients with aUC who progressed very early on platinum-based chemotherapy showed
encouraging ORR 34% and tumor reduction in 63% of patients with a manageable safety
profile.23 Other trials investigating combination ICI and novel agents in aUC who had
progressed on 1L platinum-based chemotherapy have shown promising results.24-26 Several
other combinations, such as FGFR inhibitor plus ICI, need to be further evaluated in
prospective trials in this very hard to treat population. Patients who have disease that
progresses quickly on 1L chemotherapy most likely have an underlying aggressive disease,
therefore may benefit from upfront combination therapy, but this needs to be further
investigated in clinical trials.

It may also be the case that platinum resistance may have overlapping molecular
mechanisms of resistance with immunotherapy. It has been shown that platinum-resistant
carcinomas have an altered tumor microenvironment and can be considered to be “cold”
tumors characterized by low infiltration by CD8+ T cells and activated CD4+ T cells,

and increased infiltration by regulatory T cells.11:12 This “cold” immune tumor micro-
environment may render patients susceptible to worse outcomes with subsequent ICI.
Studies have shown that alterations in DNA damage response (DDR) genes have been
associated with longer survival in patients treated with platinum-based chemotherapy and
with clinical benefit from ICI therapy.27-28 This highlights possible overlapping mechanisms
of response to platinum-based chemotherapy and ICI in aUC, which might possibly explain
why concurrent chemotherapy plus ICI have not improved OS in phase Il trials. Additional
putative molecular biomarkers, such as basal versus luminal versus other subtypes, are also
the objective of several studies evaluating response to therapies in aUC.

Notably, while our study did not include patients receiving switch-maintenance avelumab,
our findings may indirectly further support this therapeutic approach. The JAVELIN Bladder
100 trial showed that avelumab switch maintenance following combination platinum-based
chemotherapy prolongs OS and PFS in patients who have not progressed on first-line
platinum-based chemotherapy.2° Given the relatively short duration of response to platinum-
based chemotherapy and the outcomes with short time to 2L ICI, it is reasonable to believe
that among patients without progression on platinum-based chemotherapy, it is relevant to
start avelumab as switch maintenance therapy rather than wait for progression.

Strengths of our study include the use of real-world data and the large sample size from
multiple institutions across the United States and Europe. However, our study has limitations
inherent to the retrospective study design, lack of randomization, possible selection biases
and unmeasured confounding. We could not ascertain the exact time of completion or

early discontinuation of 1L platinum chemotherapy, so we used the time from starting
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chemotherapy in our analysis. We did not include patients receiving switch maintenance
avelumab given the different disease setting and available sample size, even though this

is now standard of care. In addition, given the multi-institution retrospective study design,
we could not conduct central radiology or pathology review or use standardized imaging
response criteria (RECIST), and there may have been practice-related variability in therapy
administration, disease monitoring and follow up periods, which could affect ascertainment
of response and progression. We could not account for dose reductions, dose density/
intensity and number of cycles of chemotherapy. We also could not analyze molecular
biomarkers or outcomes with antibody drug conjugates or FGFR inhibitor given as 2L
therapy. Despite limitations, this analysis provides important preliminary data that early
progression on platinum-based chemotherapy seems associated with shorter survival in
patients with aUC who receive 2L ICI.

Conclusion

Authors

Patients with early resistance to platinum-based chemotherapy represent an unmet need
clinically and have poor outcomes; therefore, they may be considered for combination
therapies in clinical trials. More studies are needed regarding the drivers and impact of early
platinum resistance in patients with aUC treated subsequently with ICI or other therapies,
while evaluation of biomarkers and therapy combinations are ongoing in clinical trials.
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Clinical Practice Points

Early progression on platinum-based chemotherapy has been identified as a
poor prognostic factor regarding outcomes to subsequent chemotherapy for

several cancer types, including locally advanced unresectable and metastatic
urothelial carcinoma (aUC)

While immune checkpoint inhibitors (ICI) improve survival in aUC, little is
known regarding outcomes in those patients who progress early on first line
platinum-based chemotherapy

We compared observed response rate, progression-free and overall survival
between patients based on time from initiation of first line platinum-based
chemotherapy to second line ICI

Our hypothesis-generating study provides relevant data suggesting that
putative earlier resistance to platinum-based chemotherapy may be associated
with shorter survival in those who receive 2L ICI.
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Figure 1.

Consort flow diagram of patient selection and exclusion rationale.
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Figure 2.

Kaplan Meier curve for progression-free survival with ICI according to time to 2L ICI
initiation stratified by less than 3 months versus 3—6 months versus more than 6 months

from starting platinum-based chemotherapy.
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