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ABSTRACT
◥

Purpose:We report efficacy and safety with extended follow-up,
and exploratory biomarker analyses from the phase II CheckMate
275 trial to identify biomarkers of response to nivolumab in
platinum-resistant metastatic or unresectable urothelial carcinoma
(mUC).

Patients and Methods: Patients received nivolumab 3 mg/kg
once every 2 weeks until disease progression, unacceptable toxicity,
or other protocol-defined reasons. The primary endpoint was
objective response rate (ORR) per blinded independent review
committee (BIRC; using RECIST v1.1) in all treated patients and
by tumor PD-L1 expression. Key secondary endpoints were pro-
gression-free survival (PFS) per BIRC using RECIST v1.1 and
overall survival (OS) in all patients and by PD-L1 expression.
Exploratory endpoints included safety and biomarker analyses of
tumor mutational burden (TMB), PD-L1, and previously identified
mutational signatures.

Results: Of 270 treated patients, 139 had evaluable TMB. With
33.7months' minimum follow-up, ORR per BIRC,median PFS, and
median OS [95% confidence interval (CI)] in all treated patients
were 20.7% (16.1–26.1), 1.9 months (1.9–2.3), and 8.6months (6.1–
11.3), respectively. No new safety signals were identified. Higher
TMB was associated (P < 0.05) with improved ORR [OR (95% CI):
2.13 (1.26–3.60)], PFS [HR: 0.75 (0.61–0.92)], and OS [HR: 0.73
(0.58–0.91)]. TMB combined with PD-L1 better predicted ORR,
PFS, andOS than PD-L1 alone. Highermutational signature 2 score
was associated with better OS but did not improve the predictive
value of TMB.

Conclusions: These results support the durable antitumor acti-
vity of nivolumab and suggest that TMB may enrich for better
response in mUC. Future studies of TMB/PD-L1 as biomarkers for
response to nivolumab in randomized trials are warranted.

See related commentary by Swami et al., p. 5059

Introduction
Immune checkpoint inhibitors have become the standard-of-care

for patients with platinum-resistant metastatic or surgically unresect-
able urothelial carcinoma (mUC; ref. 1). The single-arm, phase II
CheckMate 275 trial previously demonstrated the meaningful clinical
benefit and manageable safety profile of nivolumab, a programmed
death receptor 1 (PD-1) inhibitor, in patients with previously treated
mUC. At a minimum follow-up of 6 months, the objective response
rate (ORR) per blinded independent review committee (BIRC) using
RECIST v1.1 was 19.6% [95% confidence interval (CI), 15.0–24.9],
median duration of response (DOR) was not reached, median pro-
gression-free survival (PFS) per BIRC using RECIST v1.1 was
2.0 months (95% CI, 1.9–2.6), and median overall survival (OS) was
8.7 months (95% CI, 6.1–not estimable; ref. 2). Treatment-related

adverse events (AEs) occurred in 64% of patients. The most common
treatment-related AE of any grade was fatigue (17%). Grade 3–4
treatment-related AEs occurred in 18% of patients; most commonly
grade 3 fatigue (2%) and diarrhea (2%). On the basis of these results,
nivolumab is now approved in the United States and Europe for the
treatment of patients with previously treated locally advanced or
mUC (3, 4).

The identification of predictive biomarkers that could enrich for
response to nivolumab specifically in this setting (as opposed to
prognostic biomarkers that simply provide information about out-
come regardless of treatment) will help identify which patients may
optimally benefit from this treatment. High tumor mutational burden
(TMB) has been shown to correlate with response to immune check-
point inhibitors acrossmultiple tumor types, including untreated non–
small cell lung cancer (NSCLC), previously treated urothelial carci-
noma, and small cell lung cancer (5–9). In advanced melanoma, high
TMB has been associated with response in patients receiving ipilimu-
mab, nivolumab followed by ipilimumab, and nivolumab in ipilimu-
mab-na€�ve patients (9–12). In the CheckMate 066 (nivolumab vs.
dacarbazine) and CheckMate 067 (nivolumab plus ipilimumab vs.
nivolumab or ipilimumab monotherapy) trials in advanced melano-
ma, higher TMB was associated with improved OS and PFS (13). In
addition, recent research has suggested that a predictive model uti-
lizing a range of biomarkers in combination could inform clinical
decision making with respect to the use of immune checkpoint
inhibitors in mUC (14). Analysis of long-term clinical data is also
needed to determine the durability of clinical benefit observed with
immunotherapy-based regimens in platinum-resistant mUC, and
there remains a need to identify optimal predictive biomarkers of
response in this setting.
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Here, we report updated efficacy and safety, along with exploratory
biomarker analyses of TMB, PD-L1, and mutational signatures, from
CheckMate 275 with a minimum follow-up of 33.7 months.

Patients and Methods
Study design and treatment

CheckMate 275 is a multicenter, single-arm, phase II trial of
nivolumab monotherapy for patients with platinum-resistant mUC.
Full details of the study design were described previously (2). Patients
received nivolumab 3 mg/kg every 2 weeks until documented disease
progression, unacceptable toxicity, or other protocol-defined rea-
sons (2). Treatment beyond disease progression was permitted if
nivolumab was tolerated and clinical benefit was noted by investigator
assessment. Dose modifications were not allowed, but dose delays due
to AEs were permitted.

Patients
Patients ≥18 years of age with histologic evidence of metastatic or

surgically unresectable, locally advanced urothelial carcinoma; mea-
surable disease by CT or MRI per RECIST v1.1; and progression or
recurrence after at least one platinum-based regimen for metastatic
disease were included. Additional eligibility criteria were reported
previously (2). Patients with active brain metastases, previous malig-
nancy within the past 3 years, autoimmune disease, immunosuppres-
sive treatment with corticosteroids or other drugs within 14 days of
study drug administration, or previous treatment with agents targeting
T-cell costimulation or immune checkpoint pathways were excluded
from the study.

Endpoints and assessments
The primary endpoint was ORR (including DOR) per BIRC using

RECIST v1.1 in all treated patients and in patients with tumor PD-L1
expression of ≥1% and ≥5%. Time to response and DOR were
estimated in patients with confirmed complete or partial responses.
Responses were confirmed by a second scan at least 4 weeks after
criteria for objective response weremet. Key secondary endpoints were
PFS per BIRC using RECIST v1.1 andOS in all patients and in patients
with ≥1% and ≥5% tumor PD-L1 expression. Exploratory endpoints

included safety and biomarker analyses of TMB, PD-L1, and previ-
ously identified mutational signatures. A landmark analysis of OS by
best response within the first 12 months was performed, which
included 100 treated patients still alive at 12 months with best overall
response (BOR) of complete response, partial response, stable disease,
or progressive disease.

Disease assessments with CT or MRI were performed at baseline,
every 8 weeks (�1 week) for 48 weeks, then every 12 weeks (�1 week)
by BIRC using RECIST v1.1 until both disease progression and
treatment discontinuation occurred. Safety was assessed on day 1 of
each treatment cycle, at follow-up visits approximately 35 days after
the last dose, and approximately 80 days after that. Patients were
subsequently followed up every 3 months for survival assessment. AEs
were graded according to NCI Common Terminology Criteria for
Adverse Events (v4.0). Tumor PD-L1 membrane expression (≥1% or
≥5% tumor cell membrane staining) was assessed at a central labo-
ratory using the Dako PD-L1 IHC 28-8 pharmDx Kit (Dako, an
Agilent Technologies company).

Study oversight
This study was approved by the institutional review board or

independent ethics committee at each center and conducted in
accordance with Good Clinical Practice guidelines defined by the
International Conference on Harmonisation. All patients provided
written informed consent to participate based on the principles of the
Declaration of Helsinki.

Statistical analyses and biomarker analyses
Continuous variables were summarized with descriptive statistics.

ORRs and the corresponding 95% CIs were based on the Clopper and
Pearson method (15). OS, PFS, and DOR were estimated using
Kaplan–Meier methodology (16).

The TMB analysis included 139 TMB-evaluable patients. Tumor
DNA was extracted from pretreatment archival tumor tissue (and
matched with whole blood samples) and profiled by whole-exome
sequencing. The majority of tissue samples were from primary
tumors with less than 10% of samples from metastatic sites. In
this post hoc exploratory analysis, TMB was defined as the total
number of missense somatic mutations per tumor and evaluated as
a continuous variable, by tertiles (low <85, medium 85–169, high
≥170), and using a median cutoff (low <113, high ≥113). Cox
proportional hazards regression models were used to assess the
dependence of PFS or OS on TMB alone and with PD-L1. The
models included linear effects of each biomarker and the multipli-
cative interaction between them; the magnitudes of associations
were summarized by HRs. Linear logistic regression models were
used to assess the dependence of objective response on the bio-
marker scores; the magnitudes of associations were summarized by
ORs. HRs and ORs were scaled to reflect the difference between the
75th and 25th biomarker percentiles. Two-sided 95% CIs for ORs
were based on Wald test statistics, and two-sided 95% CIs for ORRs
were estimated by the Clopper–Pearson exact method (15).

Likelihood-ratio tests were used to assess overall biomarker and
interaction effects. Kaplan–Meier plots based on categorization of
the biomarker scores were used to illustrate associations with PFS
or OS. All TMB-related data analyses were performed with R 3.4.1
for Linux.

Mutational signatures are combinations ofmutation types that arise
from specific mutagenesis processes (17). A previous study identified
30 validated mutational signatures across human cancers (18). To
examine mutational signatures in CheckMate 275, whole-exome

Translational Relevance

Our results are consistent with the initial report of this study,
showing durable antitumor activity of nivolumab for patients with
platinum-resistantmetastatic or unresectable urothelial carcinoma
and no new safety signals. In exploratory biomarker analyses, high
tumor mutational burden (TMB ≥ 170 mutations per tumor) was
associated with higher objective response rate, longer progression-
free survival (PFS), and longer overall survival (OS) in patients
treated with nivolumab, and patients with high TMB showed
improved outcomes across baseline programmed death receptor
1 (PD-L1) expression levels. These results suggest that patients with
higher TMBmay have improved response versus patients with low
TMB. The combination of TMB with PD-L1 was a better predictor
of PFS and OS than TMB alone, highlighting the potential for a
composite biomarker approach to help identify patients who could
most benefit from nivolumab. Finally, higher mutational signature
2 score was associated with better OS but did not improve the
predictive value of TMB.
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sequencing data and clinical annotations were collected and analyzed
(n ¼ 139). Reads were aligned to human genome reference hg19, and
somatic mutations were detected using TNsnv. Percentages of muta-
tions across 30 mutational signatures were generated using decon-
structSigs, which infers signature activity with given known signa-
tures (19). Association of the most prevalent mutational signatures
with TMB, previously known clinical biomarkers, and clinical efficacy
(OS, PFS, and BOR) was examined.

Data-sharing Statement
BristolMyers Squibb policy on data sharingmay be found at https://

www.bms.com/researchers-and-partners/independent-research/data-
sharing-request-process.html.

Results
Patients

A total of 270 patients were treated with nivolumab. At a minimum
follow-up of 33.7months, 11 (4.1%) patients continued treatment with
nivolumab. The primary reasons for treatment discontinuation were
disease progression (60.7%) and AEs unrelated to nivolumab treat-
ment (14.1%; Supplementary Fig. S1). Demographic and baseline
characteristics were reported previously (2).

Efficacy
In all treated patients, the ORR (95% CI) per BIRC with extended

follow-up was 20.7% (16.1–26.1), with complete responses in 6.7% of
patients (Table 1). ORR (95% CI) was 16.4% (10.8–23.5) and 25.8%
(18.4–34.4) in patients with PD-L1 expression <1% (n¼ 146) and ≥1%
(n ¼ 124), respectively, and 16.0% (11.1–22.1) and 31.3% (21.6–42.4)
in patients with PD-L1 expression <5% (n ¼ 187) and ≥5% (n ¼ 83),

Table 1. Best overall response per BIRC in all treated patients and
TMB-evaluable patients.

All treated
patients

TMB-evaluable
patients

Response N ¼ 270 n ¼ 139

Objective response rate, %
(95% CI)

20.7 (16.1–26.1) 21.6 (15.6–29.1)

Best overall response, n (%)
Complete response 18 (6.7) 12 (8.6)
Partial response 38 (14.1) 18 (12.9)
Stable disease 56 (20.7) 27 (19.4)
Progressive disease 111 (41.1) 61 (43.9)
Not evaluable 47 (17.4) 21 (15.1)

P
a

ti
en

ts

Weeks

160 32 48 64 80 96 112 128 144

On treatment
Off treatment
First response
Ongoing response

160 176

All treated patients with response
n = 56

Median duration of response, months (95% CI) 20.3 (11.5–31.3)

Median time to response, months (range) 2.0 (1.6–13.8)

Figure 1.

Time to and duration of response per BIRC in all treated patients with response.
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respectively (Supplementary Table S1).Median DORwas 20.3months
(95%CI, 11.5–31.3) inall treatedpatientswith response (n¼56;Fig.1).
Of note, 41 of the 56 responders (73.2%) had responses lasting at least
6 months; in 33 responders (58.9%), the response lasted at least
12 months. Fourteen of the 56 responders (25.0%) had ongoing
responses at the time of database lock. Among these 14 patients with
ongoing responses, 9 had previously discontinued treatment.

A 12-month landmark survival analysis was performed to better
define the impact of the depth of response on survival. In treated
patients still alive at 12months, medianOSwas >30months regardless
of BOR within the first 12 months (Fig. 2). However, patients
achieving a complete response within the first 12 months experienced
the best long-term outcomes, with 90% of this group alive at
>30 months' follow-up.

Median PFS (95% CI) was 1.9 months (1.9–2.3) in all treated
patients, and 1.9months (1.7–2.0) and 3.5months (1.9–3.7) in patients
with PD-L1 expression <1% and ≥1%, respectively (Supplementary
Fig. S2A). Median PFS data at the 5% PD-L1 expression cutoff were
similar to the 1% data (Supplementary Fig. S2B).

Median OS (95% CI) was 8.6 months (6.1–11.3) in all treated
patients (Fig. 3A); the 3-year OS rate (95% CI) was 22.3% (17.3–
27.6). Patients with PD-L1 expression <1% had amedian OS (95% CI)
of 6.0months (4.4–8.1) and patients with PD-L1 expression ≥1%had a
median OS (95% CI) of 11.9 months (9.1–19.1; Fig. 3A). Median OS
data by PD-L1 expression cutoff of 5% were similar to data at the 1%
cutoff (Supplementary Fig. S2C).

Nivolumab efficacy and association with biomarkers
TMB and PD-L1

A total of 139 patients were evaluable for TMB analysis. Most
baseline clinical variableswere similar between theTMB-evaluable and
the overall CheckMate 275 population; however, a slightly greater

proportion of patients in the TMB-evaluable population had liver
metastases present at baseline compared with the overall population
(Table 2). The median and range of TMB in the evaluable subset were
similar to that observed in The Cancer Genome Atlas population of
patients with urothelial bladder cancer (data not shown).

ORR and complete response rate in the TMB-evaluable patients
were similar to results obtained in all treated patients (Table 1). TMB
showed a positive association with ORR [OR (95% CI): 2.13 (1.26–
3.60), P < 0.05] with nivolumab regardless of baseline tumor PD-L1
expression (Table 3; Fig. 4). In an ROC analysis between objective
response and TMB, the AUC was 65.1% (95% CI, 53.9–76.3). In
patients with PD-L1 expression <1%, the AUC was 70.7% (95% CI,
56.5–85.0). In patients with PD-L1 expression ≥1%, the AUC was
59.2% (95% CI, 42.0–76.5). In the medium TMB group, ORR was
slightly higher in patients with PD-L1 expression <1% than in patients
with PD-L1 expression ≥1% (Table 3), which was possibly due to the
small numbers of patients in these subgroups. ORR was 13.0% in
patients with low TMB, 19.6% in patients with medium TMB, and
31.9% in patients with high TMB (Table 3). Furthermore, the pop-
ulation of patients with no PD-L1 expression and low TMB did not
appear to benefit from treatment, as only one responder was observed
in this category (Supplementary Fig. S3). Median DOR (range) among
responders by TMB tertiles was 22.1 months (3.7–31.4; n ¼ 6),
7.4 months (1.8–34.6; n ¼ 9), and 25.9 months (4.1–37.6; n ¼ 15)
in patients with low, medium, and high TMB, respectively.

Median PFS data were similar between all treated patients and the
TMB-evaluable patients (Supplementary Fig. S2A). TMB had a pos-
itive association with PFS [HR (95% CI): 0.75 (0.61–0.92), P <
0.05; Table 3]. Median PFS was longer in patients with higher TMB
values than in patients with lower TMB regardless of PD-L1 expression
level (Supplementary Fig. S4A and S4B). The combination of TMB
and PD-L1 status was a better predictor of PFS than PD-L1 alone
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Figure 2.

Landmark analysis of overall survival by best responsewithin the first 12months. This analysis included 100 treated patients still alive at 12monthswith BORof CR, PR,
SD, or PD within the first 12 months. CR, complete response; NE, not estimable; NR, not reached; PD, progressive disease; PR, partial response; SD, stable disease.
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(P¼ 0.0056) and we did not observe a significant interaction between
TMB and PD-L1 (P ¼ 0.78; Supplementary Fig. S4C and S4D).

Median OS data in the TMB-evaluable population were similar to
the all-treated patient population (Fig. 3A). TMB was positively
associated with OS [HR (95% CI): 0.73 (0.58–0.91), P <

0.05; Table 3], and patients with higher TMB values had longer OS
than patients with lower TMB regardless of PD-L1 status, although the
tail of the curve indicated a longer survival benefit in patients with both
high TMBand PD-L1 expression ≥1% (Fig. 3B andC). In addition, the
combination of TMB and PD-L1 status was a better predictor of OS
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Figure 3.

Overall survival in all treated patients and by PD-L1 expression (A), and by TMB tertiles in patients with PD-L1 expression <1% (B) and ≥1% (C).
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than PD-L1 alone (P ¼ 0.013) and we did not observe a significant
interaction between TMB and PD-L1 expression (P ¼ 0.98; Supple-
mentary Fig. S4C and S4D). TMB levels and PD-L1 expression were
not correlated as objective response, OS, and PFS outcomes by TMB
levels did not differ across PD-L1 levels (Supplementary Figs. S3 and
S4D).

Mutational signatures
Potential correlations between mutational signatures and TMB

were examined. The most common mutational signatures in this
study included signature 1 (age-related), signatures 2 and 13
[endogenous mutagenesis-related apolipoprotein B mRNA editing
enzyme, catalytic polypeptide-like (APOBEC)], and signature 7
(ultraviolet induced; ref. 17). Of the top mutational signatures
present in CheckMate 275, signature 1 showed negative correlation
(r ¼ �0.46) while signatures 2 and 13 showed moderate positive
correlation with TMB (r ¼ 0.55 and 0.54, respectively; Supplemen-
tary Fig. S5). Signature 7 showed low correlation with TMB (r ¼
0.20). Signature 2 had the highest association with TMB, relative to
other top mutational signatures (Supplementary Fig. S5). Higher
signature 2 scores were poor predictors for PFS (Supplementary
Fig. S6A) and BOR (Supplementary Fig. S6B and S6C) but were
positively associated with better OS (Supplementary Fig. S6D).
Although signature 2 added predictive value to clinical biomarkers
(including PD-L1 expression level, baseline hemoglobin level, and
presence of liver metastases; P ¼ 0.0038), it did not improve upon
TMB as a predictive marker.

Safety
Any-grade treatment-related AEs occurred in 69.3% of patients

treated with nivolumab (Supplementary Table S2). Themost common
treatment-related AEs were fatigue (19.3%), diarrhea (13.0%), and
pruritus (11.9%). Grade 3 or 4 treatment-related AEs occurred in
24.8% of patients. The most common grade 3 or 4 treatment-related

Table 2. Comparison of clinical variables between all treated
patients and TMB-evaluable patients.

All treated
patients

TMB-evaluable
patients

Characteristic N ¼ 270 n ¼ 139

Mean age (range), years 65.0 (38–90) 64.5 (38–85)
Age group, %

<65 years 45.2 45.3
≥65 and <75 years 40.7 42.4
≥75 years 14.1 12.2

Sex, %
Male 78.1 78.4
Female 21.9 21.6

Baseline hemoglobin (g/dL), %
<10 17.8 18.0
≥10 82.2 82.0

Liver metastases, %
Yes 28.9 33.1
No 70.4 66.9
Not reported 0.7 –

Visceral metastases, %
Yes 82.6 80.6
No 16.7 19.4
Not reported 0.7 –

Lymph node–only metastases, %
Yes 16.7 19.4
No 82.6 80.6
Not reported 0.7 –

PD-L1 expression, %
<1% 54.1 49.6
≥1% 45.9 50.4

TMB classification by tertiles, %
High – 33.8
Medium – 33.1
Low – 33.1

Table 3. Overall response rate, overall survival, and progression-free survival in all patients and TMB/PD-L1 subgroups.

Population ORR, %
Median PFS
(95% CI), months

Median OS
(95% CI), months

Tumor PD-L1
expression ORR, %

Median PFS
(95% CI), months

Median OS
(95% CI), months

All treated patients 20.7 1.9 (1.9–2.3) 8.6 (6.1–11.3) <1% 16.4 1.9 (1.7–2.0) 6.0 (4.4–8.1)
N ¼ 270 n ¼ 146

≥1% 25.8 3.5 (1.9–3.7) 11.9 (9.1–19.1)
n ¼ 124

TMB-evaluable patients 21.6 1.9 (1.8–2.8) 7.2 (5.5–11.4) <1% 18.8 1.8 (1.7–2.2) 5.7 (4.2–11.3)
n ¼ 139 n ¼ 69

≥1% 24.3 2.3 (1.9–3.7) 10.3 (5.8–17.1)
n ¼ 70

TMB low 13.0 1.9 (1.8–3.1) 5.7 (3.6–10.9) <1% 4.0 1.8 (1.6–2.0) 5.0 (2.8–10.4)
n ¼ 46 n ¼ 25

≥1% 23.8 3.1 (1.9–5.7) 8.6 (3.6–17.1)
n ¼ 21

TMB medium 19.6 1.8 (1.7–2.3) 9.7 (4.5–16.4) <1% 23.8 1.8 (1.4–3.7) 4.5 (2.2–16.4)
n ¼ 46 n ¼ 21

≥1% 16.0 1.9 (1.6–3.4) 11.3 (5.5–19.1)
n ¼ 25

TMB high 31.9 3.5 (1.8–14.0) 11.6 (5.7–33.5) <1% 30.4 2.5 (1.7–19.5) 20.9 (4.2–33.5)
n ¼ 47 n ¼ 23

≥1% 33.3 3.5 (1.7–22.3) 10.6 (4.6–NE)
n ¼ 24

Abbreviation: NE, not estimable.
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AEs were increased lipase (4.8%), increased amylase (3.0%), and
diarrhea (3.0%; Supplementary Table S2). Three grade 5 treatment-
related AEs were observed (one case each of pneumonitis, respiratory
failure, and circulatory collapse), all of which were reported previ-
ously (2). Any-grade treatment-related AEs leading to discontinuation
were observed in 10.0% (grade ≥3, 6.7%) of patients. The most
common treatment-related select AEs (defined as AEs that may be
immune-mediated, differ from those caused by nonimmunotherapies,
may require immunosuppression for management, and whose early
recognition may mitigate severe toxicity) of any grade were skin
(23.7%), thyroid disorder (14.4%), and gastrointestinal (13.3%; Sup-
plementary Table S2). The observed grade 5 case of pneumonitis was
immune-related.

Discussion
Our results show that with approximately 3 years of follow-up from

CheckMate 275, nivolumab continues to provide durable antitumor
activity in patients with platinum-resistant mUC. Furthermore, the
one additional complete response observed since the previous report of
the study (20) shows the added benefit of nivolumab over time, and the
potential relationship between depth of response and long-term
survival is highlighted in a landmark analysis. Consistent with the
initial report of this study, while ORR was numerically higher and
median PFS and OS were numerically longer in patients with baseline
tumor PD-L1 expression ≥1%, efficacy was observed regardless of
PD-L1 expression (2). Furthermore, no new safety signals were
observed with longer follow-up (2).
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Association of TMB with best overall
response (A) and objective response
(B). OR, objective response.
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In the retrospective exploratory biomarker analyses, we found that
high TMB categorization by tertiles as assessed by whole-exome
sequencing was associated with higher ORR, longer PFS, and longer
OS in patients treated with nivolumab, and patients with high TMB
showed improved outcomes across baseline PD-L1 expression levels.
In addition, TMB and PD-L1 expression were not correlated. These
results suggest that patients with higher TMB by tertiles may have
improved response to therapy relative to patients with low TMB. This
is consistent with previous studies demonstrating that high TMB is a
potential scientifically relevant biomarker for response to immune
checkpoint inhibitors (5, 6, 13, 21). Furthermore, the analyses of TMB
together with PD-L1 expression indicate that the combination of TMB
and PD-L1 was a better predictor of PFS and OS than TMB or PD-L1
alone. Thesefindings highlight the potential for a composite biomarker
approach to help identify patients who could most benefit from
nivolumab treatment.

To understand the underlying mutagenesis process of the popula-
tion of patients in CheckMate 275, mutational signatures were exam-
ined. Of note, we found that mutational signature 2, an APOBEC-
related mutational signature, had a positive association with TMB.
APOBEC signatures have been found previously in bladder cancer as
well as other cancer types, including breast, cervical, and lung can-
cer (22, 23). Consistent with our findings, mutational signature 2 was
previously shown to be associated with both TMB and improved
response to immune checkpoint inhibitors in patients with non–small
cell lung cancer (24). We found that this signature improved the
predictive value of some clinical biomarkers, such as baseline PD-L1
expression, hemoglobin level, and presence of liver metastases, but did
not improve the predictive value of TMB. These results further
underscore the importance of considering mutational signatures in
the context of other biomarkers.

These analyses were limited by their exploratory nature and were
not prespecified. It should be noted that the definition of TMB used in
our study differs slightly from that used in studies in which TMB is
determined by the FoundationOne CDx assay (measured inmutations
perMb; ref. 25) It should also be noted that CheckMate 275 is a single-
arm trial, complicating the determination of any biomarker as being
predictive versus prognostic. The evidence to date on the predictive
value of TMB is inconsistent (6, 26–31). In addition, there is a lack of
standardization among TMB assays, making it difficult to implement
into clinical practice. For example, in the CheckMate 227 trial, PFS
was improved in patients with high TMB who received nivolumab
plus ipilimumab for NSCLC compared with those who received
chemotherapy (25). In the KEYNOTE-010 and KEYNOTE-042
trials, high TMB was associated with ORR, PFS, and OS in patients
receiving pembrolizumab for PD-L1–positive NSCLC (32). Powles
and colleagues previously reported that immune checkpoint blockade
was associated with improved survival versus chemotherapy in
patients with platinum-resistant mUC with tumors harboring high
(defined as a TMB level above the median), but not low, TMB (33).
Future prospective analyses will be needed to validate the clinical
utility of TMB as a predictive biomarker for immune checkpoint
inhibitors, to demonstrate utility for TMB and PD-L1 together as
biomarkers of response to checkpoint inhibitors in general and
nivolumab specifically, and to develop predictive models for OS and
PFS based on these biomarker combinations. In addition, further
studies to potentially define a TMB cutoff for clinical use as a
biomarker are needed. Future work could also examine biomarkers
by tumor histology, as patients with rare histologies of bladder
cancer have shown to have different biomarker levels compared
with pure urothelial carcinoma (34).

In conclusion, these data with almost 3 years ofminimum follow-up
support the durable activity of nivolumab monotherapy for the
treatment of mUC and suggest that TMB alone and/or combined
with PD-L1 may enrich for response to nivolumab in this setting.
Further study of TMB as a biomarker for response to nivolumab in
patients with mUC is warranted.
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