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Abstract

Cisplatin-based neoadjuvant chemotherapy (NAC) has demonstrated an overall survival (OS)
benefit in muscle invasive bladder cancer (MIBC). However, only a subset of patients (25-50%)
have pathologic complete response at cystectomy. Using a cohort of patients (n = 58) from two
phase Il trials, our group previously reported that mutations in the ATM, RB1, and FANCC genes
correlate with complete response to cisplatin-based NAC, and consequently improved overall and
disease specific survival. These trials enrolled patients with T2-T4 (NO or N1) MIBC and treated
them with dose dense NAC with MVVAC (methotrexate, vinblastine, adriamycin, and cisplatin) or
Gem/Cis (gemcitabine and cisplatin) with plan for curative cystectomy. Updated long-term follow
up (median follow-up = 74 months) shows that patients with mutations in A7TM, RB1or FANCC
maintained significantly greater OS and DSS. The 5-year-survival rate for patients with at least
one mutation was 85% compared to 45% for patients without a mutation. Based on the association
with response, long-term OS and DSS, we propose that these alterations may be useful as
predictive biomarkers to allow clinicians to prioritize patients who are most likely to benefit from
NAC prior to radical cystectomy.

Patient Summary—(2-3 short sentences in plain English to describe your findings to a non-
medical audience. For example: “In this report we looked at the outcomes from invasive bladder
cancer in a large European population. We found that outcomes varied with patient age and
treating centre. We conclude that the best outcomes are seen in younger patients treated at high
volume hospitals.”):

In this report we looked at the outcomes for patients with muscle-invasive bladder cancer treated
with cisplatin-based chemotherapy before surgery (neoadjuvant) who had mutations in a set of
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DNA damage repair genes (ATM, RB1, FANCC) compared to those who did not. We found that
patients who had at least one mutation in one of these genes survived longer after receiving
cisplatin chemotherapy before surgery than patients who did not.
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The current standard of care for muscle invasive bladder cancer (MIBC) is cisplatin-based
neoadjuvant chemotherapy (NAC) followed by cystectomy. This practice is based on a
significant benefit in overall survival (OS) compared to cystectomy alone, as demonstrated
in a phase 3 randomized clinical trial (RCT) and further supported by meta-analyses.1:2
Accelerated methotrexate, vinblastine, doxorubicin, and cisplatin (AMVAC), and dose-dense
gemcitabine and cisplatin (Gem/Cis), are two guideline-endorsed regimens in clinical
practice. Meta-analysis and retrospective studies suggest that response rates to these
regimens are similar (30-50%).3-6 Pathologic response to NAC at time of surgery has been
shown to be an important outcome linked to the survival benefit achieved with NAC.” Since
cisplatin based neoadjuvant therapy can cause significant toxicity and only a subset of
patients respond to NAC, predictive biomarkers would be helpful to assist in prioritization of
chemotherapy in patients with MIBC.

In previously published work, we developed a mutation profile predictive of response to
cisplatin-based NAC to address this issue in clinical practice.? The mutation profile was
developed using clinically annotated data from two prospectively enrolled Phase Il clinical
trials which served as independent discovery (AMVAC, n = 34; NCT01031420) and
validation (Gem/Cis, n=24; NCT01611662) cohorts. These trials were comparable in both
their inclusion criteria and baseline demographics (Table 1). Patients were included in the
study if they completed all three cycles of chemotherapy and had adequate pre-treatment
tissue for genomic analysis. Pre-treatment tumor tissue collected during these clinical trials
was sequenced using a clinically validated and FDA approved, next-generation DNA
sequencing assay (Foundation Medicine, Cambridge, MA, USA). ERCC2 was not included
in this panel. Pathologic complete response to chemotherapy was defined as no remaining
tumor in the specimen or resected nodal tissue (pTOpNOcMO) at time of cystectomy
following NAC. In total 26 mutations were found in the 58 patients sequenced for this study.
Predictive models were used to assess functional impact of these mutations and determined
that 23/26 mutations were classified as deleterious (Table S1). Two-sided log-rank tests
(a=0.05) and Kaplan-Meier plots were used to compare and display OS and disease-specific
survival (DSS) distributions between groups. A7M and RB1 mutations were more common
than FANCC mutations. As compared to the MIBC cohort from the TCGA, the frequency of
mutations in ATM and FANCC was slightly higher in our study and there were fewer RB1
mutations (Table $2).910

A classification tree analysis was applied to the discovery set and identified a parsimonious
decision rule to discriminate responders from non-responders. Using this method, we

identified that that presence of one or more functionally relevant mutations in A7M, RB1 or
FANCC was predictive of response to chemotherapy. 8 We also noted that patients with one
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or more mutations had longer OS (p = 0.007) than those who did not. These alterations were
then tested as biomarkers in the validation set which confirmed that they were associated
with response and showed a non-statistically significant improvement in 0S.8

We now have complete long-term survival data from both of these studies with a median
follow-up time of 74.2 months (minimum of 16 months). These data strengthen prior
findings and show that in the combined cohort of discovery and validation sets (n =58),
mutations in ATM, RB1 or FANCC were significantly associated with improved OS (p =
0.0043) and disease-specific survival (p = 0.0015) in this population treated with cisplatin-
based chemotherapy (Figure 1A). 5-year survival rates were also higher for both OS 85%
(95% Cl, 60.4%, 94.9%) vs 46% (29.5%, 61.7%) and DSS 90% (64.8%, 97.3%) vs 49%
(31.6%, 64.9%) in patients with one or more mutations compared to those without. When
individual trial cohorts were analyzed separately, the mutation profile showed a statistically
significant increase in DSS (p = 0.0382) and a non-significant improvement in OS in the
AMVAC discovery set (p = 0.0844). In the validation set, the mutation profile was predictive
of both improved OS (p = 0.0231) and DSS (p = 0.0158) (Figure S1). These results confirm
that mutations in ATM, RB1 and FANCC are predictors of both pathologic complete
response and OS in patients treated with cisplatin-based NAC.

Cisplatin induces intra and inter-strand crosslinking which leads to DNA damage. Based on
our understanding of the function of A7M, RB1 and FANCC and their involvement in DNA
damage repair, we hypothesize mutations in these genes sensitize tumors to cisplatin because
of a baseline deficiency in DNA repair. To further investigate if these biomarkers are
specifically predictive rather than prognostic, we queried the TCGA cohort of MIBC cases
(n = 405) annotated for OS using cBioPortal. The treatments that patients received in this
cohort are diverse and not fully annotated but interestingly include very few (n=12) patients
who received NAC. This serves well as a control to help understand the influence of
prognostic vs predictive effects of these mutations. In this cohort, mutations in ATM, RB1
and FANCC carried no significant survival advantage when analyzed as a group (p = 0.879,
Figure S2). This suggests these mutations do not carry a strong prognostic effect when
analyzed independently of treatment. However, proper validation of these findings would
require a dataset of patients randomly assigned to receive cisplatin-based NAC compared to
those who did not receive chemotherapy.®-10

Using these biomarkers to help identify those patients who will have a lasting response to
NAC may help us triage patients as new treatments become clinically available. A
multicenter prospective phase Il clinical trial is currently underway using this mutation
profile (ATM, RB1, FANCC), with the addition of mutations in £RCCZ, with the goal of
bladder preservation (RETAIN; NCT02710734). We hope that by identifying responders
prospectively and monitoring them closely after NAC, we can safely and confidently advise
patients that delaying and potentially avoiding cystectomy is possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

A) Kaplan-Meier Analysis of overall survival and disease specific survival among patients
with at least one mutation in ATM, RB1, FANCC (Mutant) versus those without a mutation
in these genes (Wild Type). All patients received neoadjuvant chemotherapy with a cisplatin
backbone (MVAC or Gem/Cis). B) 5-year overall survival (OS) and disease specific survival
(DSS) rates for combined and individual cohorts with 95% confidence intervals represented
in parenthesis.
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Table 1.

Baseline characteristics of patients in MVVAC discovery, Gem/Cis validation and combined cohorts.

MVAC Discovery (n=34) Gem/CisValidation (n=24) Combined Cohort (n =58)

Median age, yr (range) 64 (44-83) 68 (55-82) 65 (44-83)
Gender, n (%)

Male 23 (68) 17 (72) 40 (69)

Female 11 (32) 7(29) 18 (31)
Race, n (%)

White (non-Latino) 31(91) 23 (96) 54 (93)

African American 2 (6) 1(4) 3(5)

Asian 1(3) 0 (0) 1(2)
ECOG performance status, n (%)

0 31 (91) 16 (67) 47 (81)

1 3(9) 8(33) 11 (19)
Baseline clinical stage, n (%)

T2NOMO 10 (29) 9(38) 19 (33)

T3NOMO 16 (47) 10 (42) 26 (45)

T4NOMO 5 (15) 1(4) 6 (10)

Tany N1 3(9) 4(17) 7(12)
Pathologic response to NAC, n (%)

Complete response (TONOMO) 14 (41) 9(38) 23 (40)

Residual disease (any) 20 (59) 15 (63) 35 (60)
Downstaged to <TINOMO, n (%) 15 (44) 11 (46) 26 (45)
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