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We would like to thank Drs. Szarvas, Olah, and Reis 
for their thoughtful and insightful comments regarding 
our recent publication on patients who initially present 
with muscle-invasive bladder cancer (“primary” MIBC) 
compared to patients with non-muscle-invasive bladder 
cancer (NMIBC) who unfortunately experience progression 
to MIBC (“secondary” MIBC). As this latter group account 
for only 15–20% of MIBC patients, such patients were 
underrepresented in the clinical trials from which guidelines 
for neoadjuvant chemotherapy were based.

To address the possibility that patients with secondary 
MIBC might respond to neoadjuvant chemotherapy 
differently than patients with primary” MIBC, we 
performed a retrospective analysis that integrated tumor 
genomic profiling data generated at MSKCC and by the 
Tumor Cancer Genome Network with patient demographic 
and treatment response data. We observed that the 
pathologic response rate to neoadjuvant chemotherapy was 
lower among patients with secondary MIBC than patients 
with primary MIBC on both univariable (26% vs. 45%, 
P=0.02) and multivariable analyses adjusted for age, sex, and 
tumor stage (odds ratio =0.4; 95% confidence interval: 0.18–
0.84, P=0.02) (1). Further, we found that secondary MIBC 
was associated with significantly worse recurrence-free 
survival (RFS), cancer-specific survival (CSS), and overall 
survival (OS) compared to primary MIBC. Unexpectedly, 
we found that patients with secondary MIBC who had 
received neoadjuvant chemotherapy had worse oncologic 
outcomes than patients with secondary MIBC treated with 
immediate cystectomy. 

We next analyzed the mutational profiles of the two 
groups to determine whether differences in the pattern 

of oncogenic drivers could explain the lack of sensitivity 
of secondary MIBC to platinum-based neoadjuvant 
chemotherapy. Among mutations previously implicated in 
chemotherapy response, only ERCC2 missense mutations 
were significantly enriched in the primary versus secondary 
MIBC tumors (11% vs. 1.8%, P=0.044). We then sought 
to validate these findings in an independent cohort of 
prospectively sequenced MIBC tumors from chemotherapy-
naïve patients treated at MSK. Again, we found that ERCC2 
missense mutations were significantly enriched in primary 
versus secondary MIBC specimens (17.1% vs. 0%, P=0.033) 
in this prospectively enrolled cohort. In the combined 
analysis of all patients, ERCC2 missense mutations were 
significantly more common in primary versus secondary 
MIBC tumors [12% (48/400) vs. 1.3% (1/79), P=0.004]. 
There are limitations to all retrospective studies, and we 
strongly believe that prospective validation in intention-
to-treat cohorts is required before a change in clinical 
guidelines, but our observation of disparate treatment 
outcomes between primary and secondary MIBC raises 
several testable hypotheses while we await prospective 
validation.

NMIBC is a heterogenous disease. While Szarvas et 
al. note that tumor mutational burden is lower in non-
invasive versus MIBC, this applies mainly to low-grade 
tumors. Our group has reported on the genomic profile of 
over 100 NMIBC tumors using MSK-IMPACT, a targeted 
exon-capture next-generation sequencing platform (2). 
This analysis found a high rate of DNA damage repair 
gene mutations and high overall tumor mutational burden 
in high-grade NIMBC. The results suggest that low and 
high grade NMIBC have distinct genomic profiles with 
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high grade non-invasive tumors more closely resembling 
MIBC. The most common alterations in DNA repair 
pathways were missense mutations in ERCC2, occurring 
in 17% of high-grade NMIBC. The abundance of ERCC2 
mutations in pre-treatment high-grade NMIBC, along 
with the near absence of ERCC2 mutations in secondary 
MIBC, raises the question of whether tumor neoantigen 
driven clonal evolution under the selective pressure of 
BCG immunotherapy may contribute to BCG response—
similar to what has been reported with immune checkpoint 
inhibition in some tumor types with high tumor mutational 
burden. Our group is testing this hypothesis in both a 
prospective and retrospective fashion to determine if 
deleterious DNA damage repair gene mutations, tumor 
mutational burden, and/or tumor neoantigen burden can 
serve as predictive biomarkers for BCG response. While we 
believe clonal selection from BCG immunotherapy may be 
an important mechanism that contributes to the differences 
in neoadjuvant chemotherapy sensitivity observed in our 
study, most NMIBCs and MIBCs do not harbor a somatic 
DNA damage repair gene alteration. Further investigations 
into germline and epigenetic factors that contribute to the 
variation among patients are thus also underway by our 
group and others.

To determine if differences in molecular subtypes 
might also account for the observed differences in primary 
and secondary MIBC, we analyzed RNA expression data 
generated by the TCGA for the patients included in our 
discovery cohort. We found no difference in basal vs. 
luminal subtypes using either the TCGA k=5 or BASE47 
classifers. While we were unable to identify any enrichment 
of the luminal molecular subtype in secondary MIBC 
tumors, this does not imply that we are accepting the null 
hypothesis that no difference in subtypes exist. With the 
UROMOL NMIBC study suggesting a higher prevalence 
of luminal tumors among patients who experienced 
progression to secondary MIBC (so called “group 2” 
tumors), it is certainly possible that a difference between 
subtypes could emerge between primary and secondary 
MIBC tumors upon completion of larger transcriptomic 
profiling studies (3). As the molecular subtypes of NMIBC 
are not as well defined as those of MIBC, it is unknown 
whether molecular subtypes will prove to be predictive 
of BCG response or progression to secondary MIBC in 
BCG-treated patients, or whether molecular subtypes may 
change following exposure to BCG treatment. To explore 
this possibility, our group is currently performing whole 
transcriptomic RNA sequencing on pre- and post-BCG 

tumors from patients who developed secondary MIBC.
It is also important to acknowledge the limitations of 

molecular subtyping with regards to tumor heterogeneity 
and plasticity, especially since the clinical utility of molecular 
subtyping remains unknown. None of the proposed MIBC 
subtype classifiers have yet to be prospectively validated, but 
several studies suggest that patients with luminal tumors 
are less likely to benefit from neoadjuvant chemotherapy as 
compared to those with basal tumors (4,5). Yet these same 
studies also suggest that patients with luminal tumors tend 
to have a better prognosis as compared to those with basal 
tumors regardless of whether neoadjuvant therapy was 
administered. This is inconsistent with our observations 
that patients with secondary MIBC have worse oncologic 
outcomes (1). Therefore, even if secondary MIBC does turn 
out to be enriched with luminal tumors, this is unlikely to 
fully explain the differences in response to NAC among 
patients with primary and secondary MIBC.

We do agree with Szarvas et al. that important differences 
between our discovery cohort and validation cohorts may 
exist and that further investigation into the molecular 
subtypes of primary and secondary MIBC is needed. 
Specifically, we acknowledge that it is a limitation of our 
study that RNA expression data were available only for the 
patients in the publicly available bladder TCGA cohort. 
Notably, we had to be less rigorous in our classification 
of primary and secondary MIBC for TCGA specimens 
collected at other institutions, with primary MIBC defined 
as “no history of NMIBC,” whereas secondary MIBC 
was defined as “a history of NMIBC and reported to 
have received prior BCG” (1). This is in contrast to MSK 
patients in both our discovery and validation cohorts who 
were considered to have secondary MIBC only if they 
had an initial non-muscle invasive tumor (Tis, Ta, or T1 
with uninvolved muscularis propria in their specimen) 
that was confirmed by a re-staging transurethral resection 
of the bladder tumor (TURBT) or at least one follow-up 
cystoscopy prior to the eventual diagnosis of MIBC (1). 
Given our inability to review the charts from the non-MSK 
patients in the TCGA cohort, we were unable to control for 
potential under-staging that might have occurred in patients 
who were treated with BCG without a re-staging TURBT 
or other potential mitigating factors that could result in 
inadequate or delayed treatment. 

Ultimately prospective validation of the clinical and 
genomic differences between primary and secondary MIBC 
observed in our study in an intention-to-treat cohort is 
required. We believe this will be possible using the genomic 
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and transcriptomic data generated within the context of 
the Southwest Oncology Group (SWOG) COXEN study 
(NCT02177695) which is investigating the association 
between multiple biomarkers and response to neoadjuvant 
chemotherapy, as well as through the Alliance for Clinical 
Trials in Oncology bladder-sparing trial (NCT03609216) 
that seeks to avoid cystectomy in patients with select DNA 
damage repair gene alterations (e.g., ERCC2) if they achieve 
clinical downstaging following cisplatin-based neoadjuvant 
chemotherapy. 
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