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Abstract

Background: The CheckMate 274 trial demonstrated improved disease-free survival (DFS) with
adjuvant nivolumab versus placebo in patients with muscle-invasive urothelial carcinoma at high
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risk of recurrence after radical surgery in both the intent-to-treat population and the subset with
tumor programmed death ligand 1 (PD-L1) expression =1%.

Objective: To analyze DFS using the combined positive score (CPS), which is based on PD-L1
expression in both tumor and immune cells.

Design, setting, and participants: We randomized a total of 709 patients 1:1 to nivolumab
240 mg or placebo every 2 weeks intravenously for <1 year of adjuvant treatment.

Intervention: Nivolumab 240 mg.

Outcome measurements and statistical analysis: Primary endpoints were DFS in the
intent-to-treat population and patients with tumor PD-L1 expression =1% using the tumor cell
score (TC). CPS was determined retrospectively from previously stained slides. Tumor samples
with both quantifiable CPS and TC were analyzed.

Results and limitations: Of 629 patients evaluable for CPS and TC, 557 (89%) had CPS =1,
72 (11%) had CPS <1, 249 (40%) had TC =1%, and 380 (60%) had TC <1%. Among patients
with TC <1%, 81% (/=309) had CPS =1. DFS was improved with nivolumab versus placebo in
patients with TC =1% (hazard ratio [HR] 0.50; 95% confidence interval [CI] 0.35-0.71), CPS =1
(HR 0.62; 95% Cl, 0.49-0.78), and with both TC <1% and CPS =1 (HR 0.73; 95% Cl, 0.54-0.99).

Conclusion: More patients had CPS =1 than TC =1%, and most patients who had TC <1% had
CPS =1. In addition, patients with CPS =1 experienced improved DFS with nivolumab. These
results may, in part, explain the mechanisms underlying a benefit with adjuvant nivolumab even in
patients who had both TC <1% and CPS =>1.

Patient summary: We studied patients with bladder cancer after surgery to remove the bladder
or components of the urinary tract in the CheckMate 274 trial to determine the impact of treatment
with nivolumab versus placebo on the time patients live without cancer returning (disease-free
survival; DFS) depending on the level of the biological marker programmed death ligand 1
(PD-L1) expressed either on their tumor cells (tumor cell score; TC) or on the tumor cells as well
as the immune cells surrounding the tumor (combined positive score; CPS). We found that DFS
was improved with nivolumab versus placebo in patients with TC =1%, CPS =1, and in patients
with both TC <1% and CPS =1.
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Introduction

Certain immune checkpoint inhibitors exploit a mechanism whereby tumor cells evade
antitumor immune responses by expressing programmed death ligand 1 (PD-L1) on

the cell surface. The programmed death 1 (PD-1) receptor mediates T-cell function via
engagement of PD-L1, thereby enabling tumor survival. Increased PD-L1 expression on
infiltrating immune cells may also be triggered by cytokines such as IFN-vy in the tumor
microenvironment, contributing to adaptive immune resistance [1,2].
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PD-L1 immunohistochemistry testing is commonplace in clinical trials evaluating immune
checkpoint inhibitors, but the utility of PD-L1 expression as a predictive biomarker of
response to these treatments has been limited [3,4]. The heterogeneity of PD-L1 expression
assessment approaches used across clinical trials, including differing diagnostic assays,
tissue preparation methods, sites of biopsy samples, and scoring techniques (tumor cells
vs immune cells), plus variations in staining thresholds to define PD-L1 positivity, further
confounds the lack of established clinical utility for PD-L1 testing [1,4,5]. Previous studies
have measured PD-L1 expression using the combined positive score, which measures PD-
L1 expression on both tumor and infiltrating immune cells (including lymphocytes and
macrophages) [6], immunohistochemistry of tumor-infiltrating immune cells only [7], and
the tumor cell score (TC) [8].

On the basis of CheckMate 274 primary disease-free survival (DFS) results, nivolumab (a
fully human 1gG4 PD-1 immune checkpoint inhibitor antibody) was approved by the US
Food and Drug Administration (FDA) in August 2021 for treatment of patients with UC who
are at high risk of recurrence after undergoing radical resection of UC, regardless of PD-L1
expression [9,10]. In CheckMate 274, adjuvant nivolumab improved DFS versus placebo in
patients with high-risk muscle-invasive urothelial carcinoma (MIUC) after radical surgery.
This benefit was observed both in the intent-to-treat (ITT) population (HR, 0.70; 98.22%
Cl, 0.55-0.90; AP<0.001) and in patients with tumor PD-L1 expression >1% as assessed by
the TC (HR 0.55; 98.72% ClI, 0.35-0.85; p<0.001) in the primary analysis (minimum ITT
population follow-up, 5.9 months). Beyond the benefit with nivolumab observed in the ITT
population, an exploratory subgroup analysis indicated that patients with TC <1% show a
numerical DFS benefit with nivolumab (HR 0.82; 95% CI, 0.63-1.06) [10], although this
benefit did not meet conventional levels of statistical significance.

The relationship between cell types expressing PD-L1 (ie, tumor vs immune cells) and
outcomes with adjuvant nivolumab could refine our understanding of the role of PD-

L1 testing in informing clinical decisions and also offer further insights regarding the
mechanism underlying antitumor activity with immune checkpoint blockade. Therefore, we
conducted a post hoc exploratory DFS analysis based on PD-L1 expression levels assessed
by TC (corresponding to PD-L1 expression in tumor cells) and by CPS (corresponding to
PD-L1 expression in tumor cells and immune cells) in CheckMate 274 (median follow-up,
30 months in the ITT population).

2. Patients and methods

2.1. Study design and treatment

CheckMate 274 (ClinicalTrials.gov, NCT02632409) is a phase |11, randomized, double-
blind, multicenter trial of nivolumab versus placebo in patients with high-risk MIUC after
radical surgery. The study design and methods have been reported previously [10]. Briefly,
eligible patients had undergone radical surgery within 120 days before randomization, with
or without neoadjuvant cisplatin-based chemotherapy. Patients had pathological evidence
of UC (originating in the bladder, ureter, or renal pelvis), without clinical or radiologic
recurrence and a high risk of recurrence. The latter was defined as pathological stage
pT3-pT4a, or pN+ for patients who did not receive neoadjuvant therapy and were ineligible
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for or declined adjuvant cisplatin-based chemotherapy; and pathological stage ypT2-ypT4a
or ypN+ for patients who received neoadjuvant cisplatin. Patients with upper tract disease
were limited to 20% of total enrollment.

Patients were randomized 1:1 (stratified permuted block randomization via interactive voice
response system [I\VVRS]) to receive intravenous nivolumab 240 mg every 2 weeks or
placebo. Patients were stratified according to PD-L1 expression level by TC (1% vs <1%
or indeterminate), pathologic nodal status (N+ vs Nx or NO with <10 nodes removed vs NO
with =10 nodes removed) and use of neoadjuvant cisplatin-based combination chemotherapy
(yes vs no). The computer-generated randomization schedule was created by Clinical Supply
Chain Technology based on the protocol requirements. System users were provisioned
role-based access to the IVRS by the study manager. Site Investigators had access to

screen and randomized patients at their sites. Unblinded pharmacists had access to treatment
assignment modules of the IVRS system.

Patients were treated for up to 1 year of adjuvant therapy, or until disease recurrence

or progression, unacceptable toxicity, or withdrawal of consent. Dose delays or
discontinuations to manage adverse events were permitted. The study was conducted
according to Good Clinical Practice guidelines and the Declaration of Helsinki. All patients
provided written informed consent before enroliment.

2.2. Assessments

Tumor imaging assessments were performed continuously as described previously [10].
Tumor tissue from the most recently resected site of disease (preferred) or from the
transurethral resection that yielded the initial diagnosis of muscle-invasive disease was
required for biomarker analyses. To be randomized, patients had to have a PD-L1 expression
level classification (=1% vs <1% or indeterminate) as determined by the central laboratory.

PD-L1 immunohistochemistry was performed on formalin-fixed, paraffin-embedded tumor
samples from the resected site of disease, obtained before randomization, using the Dako
PD-L1 IHC 28-8 pharmDx assay and assessed by a pathologist. Specimens with =100
evaluable tumor cells were eligible for PD-L1 scoring. TC was determined from central
laboratory testing before randomization, calculated as follows:

_ No. PD-LI positive tumor cells

TC= Total No. of viable tumor cells x 100

In this post hoc analysis, CPS was determined retrospectively at a central laboratory from
the previously stained immunohistochemistry slides (using the Dako PD-L1 IHC 28-8
pharmDx assay). CPS was calculated as follows:

_ No. PD-L1 positive tumor and immune cells (lymphocytes and macrophages)

Total No. of viable tumor cells x 100

CPS

Patients enrolled in China were excluded owing to local regulatory restrictions. Our analysis
includes only patients with both a quantifiable CPS and TC at baseline.
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2.3. Outcomes

The primary endpoints of CheckMate 274 were DFS in the ITT population and in patients
with tumor PD-L1 expression by TC >=1%. DFS was defined as the time between the date

of randomization and the date of first recurrence (local recurrence in the urothelial tract or
in the non-urothelial tract [in pelvic soft tissue or involving pelvic nodes below the aortic
bifurcation], or distant recurrence) or death, whichever occurred first. The primary definition
of DFS accounts for subsequent anticancer therapy and new non-urothelial carcinoma
primary cancer by censoring at the last evaluable disease assessment on or before the date of
subsequent therapy/new non-urothelial carcinoma primary cancer.

This post hoc exploratory analysis evaluated DFS by treatment group per quantifiable CPS
status (PD-L1 expression in tumor cells and immune cells) and TC status (PD-L1 expression
in tumor cells) at baseline. Subpopulations of interest were patients with CPS <1, CPS

>1, and those with both TC <1% and CPS =1. Our analysis differs from previous reports
owing to the smaller analysis population of patients with TC who also had quantifiable CPS.
Additionally, DFS was analyzed in prespecified subgroups among patients with CPS =1. An
analysis was also conducted to evaluate the utility of both methods of PD-L1 scoring to
predict DFS in patients with high-risk MIUC with prior radical surgery receiving nivolumab
or placebo.

2.4. Statistical analyses

DFS was estimated using Kaplan-Meier methodology and compared between groups
using a two-sided log-rank test. HRs and corresponding Cls were estimated using a Cox
proportional-hazards model.

A sensitivity analysis of CPS and TC as continuous variables is described in the Appendix.

3. Results

3.1. Patients

Baseline characteristics of patients in the ITT population (all randomized patients) have
been described previously [10]. Of the 709 patients in the ITT population, 629 (89%) had
both quantifiable CPS and TC at baseline (nivolumab, 7=315; placebo, 7=314) (Fig. S1).
Of these, 557 (89%) had CPS =1 (nivolumab, 7=281; placebo, 7=276), 72 (11%) had CPS
<1 (nivolumab, =34, placebo, 7=38), 249 (40%) had TC =1% (nivolumab, n7=124; placebo,
=125) and 380 (60%) had TC <1% (nivolumab, 7=191; placebo, 7=189). Among the 380
patients with TC <1%, 309 (81%) had CPS =1.

Baseline characteristics in patients with CPS =1 were generally balanced between treatment
groups and comparable with the ITT population [10]; however, a greater proportion of
patients with nivolumab versus placebo were aged <65 years and had NO with =10 nodes
resected. A generally similar distribution of baseline characteristics was observed in patients
with CPS <1, although some imbalances were present in this group (Table 1). Exposure
details are summarized in Table S1.
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3.2. Disease-free survival

Median follow-up (defined as the time between randomization and the last known date alive
for all randomized patients with quantifiable TC and CPS at baseline and without a DFS or
OS event) was 30 months. In patients with CPS =1, median DFS was 25 (95% CI, 19-not
estimable; 7=281) months with nivolumab and 9.4 (95% ClI, 8.2-15; 7=276) months with
placebo (Figure 1; Table S2). At 6 and 12 months, 77% and 67% of nivolumab-treated
patients and 60% and 46% of placebo-treated patients were alive and disease-free. The HR
for disease recurrence or death was 0.62 (95% CI, 0.49-0.78).

In patients with CPS <1, median DFS was 6.4 (95% ClI, 5.1-13; 7=34) months with
nivolumab and 8.4 (95% ClI, 5.4-14; n=38) months with placebo. The HR for disease
recurrence or death was 1.22 (95% Cl, 0.67-2.20) (Fig. 2; Table S2). At 6 and 12 months,
52% and 36% of nivolumab-treated patients and 60% and 37% of placebo-treated patients
were alive and disease-free.

In patients with TC =1%, median DFS was not reached (95% ClI, 25-not estimable; 7=124)
with nivolumab and 8.4 (95% CI, 5.6-18; n7=125) months with placebo (Table S2). The HR
for disease recurrence or death was 0.50 (95% ClI, 0.35-0.71). At 6 and 12 months, 75% and
69% of nivolumab-treated patients and 56% and 45% of placebo-treated patients were alive
and disease-free.

In patients with TC <1%, median DFS was 17 (95% CI, 13-21; n=191) with nivolumab
and 9.6 (95% Cl, 8.2-14; n=189) months with placebo. At 6 and 12 months, 74% and 60%
of nivolumab-treated patients and 63% and 45% of placebo-treated patients were alive and
disease-free (HR 0.80; 95% CI, 0.61-1.04; Table S2).

In patients with TC <1% and CPS >1 (representing 81% of all patients with TC <1%),
median DFS was 19 (95% ClI, 16-33; 7/=157) months with nivolumab and 10 (95% ClI, 8.2—
19; n=152) months with placebo (Fig. 3; Table S2). The HR for disease recurrence or death
was 0.73 (95% Cl, 0.54-0.99). At 6 and 12 months, 78% and 65% of nivolumab-treated
patients and 64% and 46% of placebo-treated patients were alive and disease-free.

The DFS analysis by subgroup in patients with CPS =1 is shown in Figure 4. DFS hazard
ratios favored nivolumab over placebo in most subgroups analyzed.

CPS and TC were moderately correlated (Kendall’s tau = 0.62). For both CPS and TC as
continuous variables, association with DFS appeared to be consistent with the dichotomous
analysis. These associations were stronger in the nivolumab than in the placebo arm. For TC,
estimated HR (95% CI) was 0.92 (0.87-0.98) and 1.03 (0.98-1.08), respectively. The ratio
of these two HRs was 0.90 (95% CI, 0.83-0.97). For CPS, estimated HR (95% CI) was 0.67
(0.54-0.83) and 0.92 (0.78-1.08), respectively. The ratio of these two HRs was 0.73 (95%
Cl, 0.56-0.95).

4. Discussion

This analysis identifies limitations of using diagnostic PD-L1 expression assays to select
patients with the greatest clinical benefit from PD-1/PD-L1-specific antibody therapy.
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Differences in patient assignment to “PD-L1-positive” status and in clinical benefit

were observed when using the TC and CPS calculation methodologies in existing
immunohistochemistry-stained tumor specimens from patients in CheckMate 274. One
major difference comparing the TC and CPS calculations was that a higher proportion of
patients in CheckMate 274 had CPS =1 than had TC =1%. In fact, most patients with TC
<1% had CPS >1. However, this was not the case for all patients with TC <1%. The DFS
benefit with nivolumab versus placebo was observed in the CPS =21, TC 21%, and TC <1%
subpopulations. Within the CPS =1 subpopulation, this DFS benefit with nivolumab was
also observed across most clinically relevant subgroups analyzed, consistent with primary
results in the ITT population [10]. Although a DFS benefit with nivolumab versus placebo
was not observed in patients with CPS <1, this subpopulation comprised only approximately
11% of the total analysis population; as such, interpretation of results in this population

is limited by the small number of patients. The small proportion of CPS-negative patients
therefore precludes definitive conclusions. Potential imbalances in baseline characteristics
between treatment arms in the CPS <1 group might also be attributable to the small number
of patients.

In our analysis, median DFS with nivolumab in patients with TC <1% and CPS =1 was
nearly double that with placebo. As 81% of patients in the TC <1% subpopulation had CPS
>1, these results suggest that most patients with TC <1% may also benefit from adjuvant
treatment with nivolumab, provided they have CPS =1. This observation must be considered
within the known limitations of PD-L1 use as a biomarker [3]. Nevertheless, this finding is
consistent with a previous subgroup analysis that showed a trend toward a DFS benefit in
patients with TC <1% (HR 0.82, 95% ClI, 0.63-1.06) [10]. Although PD-L1 expression in
immune cells only was not assessed, the CPS data suggest that patients with positive PD-L1
expression on immune cells alone would also benefit from nivolumab treatment.

PD-L1 scoring varies across clinical trials in oncology, with both the TC and CPS
calculations widely utilized and yielding conflicting results [4]. Clinicians should also be
aware that differences in the predictive value of PD-L1 staining may be a function of both
the specific malighancy and the specific diagnostic assay. For example, the FDA-approved
companion diagnostic assay to determine patients eligible for pembrolizumab as first-line
treatment of metastatic head and neck squamous cell cancer used the CPS methodology,
while a tumor cell expression assay is approved to determine eligibility for pembrolizumab
as first-line treatment for non-small cell lung cancer [11].

A more nuanced understanding of the impact of PD-L1 expression in different cellular
subsets and their association with the efficacy of immune checkpoint inhibitors is
increasingly important in clinical practice because of differing methodologies and results.

In contrast to our analysis in this UC study, a previous study in patients with non-small

cell lung cancer showed a similar frequency of PD-L1 positivity when using either the CPS
or tumor cell expression scoring [12]. Conversely, another study evaluating CPS and tumor
cell expression scoring in patients with gastric cancer also reported that PD-L1 positivity
was more frequent with CPS (58%) versus with TC (13%) [13]. Differences in CPS and

TC scoring across tumor types may result from differing levels of PD-L1 expression on
immune cells. These differing outcomes highlight the importance of our findings for clinical
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decision-making specific to patients with UC. Although PD-L1 positivity appears to be
more frequent based on CPS =1 than TC =1%, our results support the efficacy benefit of
nivolumab in the ITT population and suggest that evaluating PD-L1 expression by CPS
confirms and expands the benefit of nivolumab beyond the TC =1% population to the TC
<1% population.

Three markedly different PD-L1 calculation methodologies have been used in clinical

trials of immune checkpoint inhibitors in patients with previously treated metastatic UC:

TC (nivolumab; CheckMate 275), CPS (pembrolizumab; KEYNOTE-045), and expression
based solely on immune cells (atezolizumab; IMvigor 210) [6,8,14]. Additionally, in the
IMvigor010 trial of adjuvant atezolizumab in patients with MIUC, PD-L1 status was also
based on expression on immune cells only [7]. Consequently, it is not unexpected that
observed associations between PD-L1 expression and clinical outcomes also differed across
these trials. In IMvigor 210, PD-L1 expression on immune cells was associated with
response to atezolizumab while in KEYNOTE-045 and CheckMate 275, clinical activity

of pembrolizumab and nivolumab, respectively, was observed regardless of tumor PD-L1
expression [6,8,14]. These findings underscore the variability in available data describing the
relationship between PD-L1 expression and efficacy of immune checkpoint inhibitors in UC.

This study has several limitations. First, this analysis was not prespecified before
commencement of the trial and excluded 80 patients who lacked either quantifiable CPS
and/or TC at baseline. However, patient specimens were ascertained in a prospective
manner. Second, the small number of patients in the CPS <1 subpopulation especially
limits the comparison versus the CPS =1 subpopulation and conclusions regarding the DFS
results. We also did not examine PD-L1 expression only on immune cells, thus precluding
direct comparisons between tumor expression and immune cell PD-L1 expression. Finally,
evaluation of other biomarkers (such as circulating tumor DNA, tumor mutational burden,
and gene and immune cell infiltration signatures) in this setting will be required to identify
patients who will derive the most benefit from treatment with adjuvant nivolumab.

In summary, this post hoc analysis indicated that most patients in CheckMate 274 had CPS
>1, and that most patients with TC <1% had CPS =1. DFS was improved with nivolumab
versus placebo in patients with TC >1%, CPS >1, and with both TC <1% and CPS >1.

The results of this post hoc analysis suggest that most patients with TC <1% may also
benefit from adjuvant treatment with nivolumab for high-risk MIUC after radical resection,
provided they have CPS =1. These results provide additional insight into the differences
between CPS and TC as measures of PD-L1 expression. Further prospective studies will
be needed to evaluate the impact of these PD-L1 expression measures on clinical decision
making.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take home message

We analyzed disease-free survival by tumor cell score (TC) and combined positive score
PD-L1 expression in CheckMate 274. The results provide insights on the role of adjuvant
nivolumab in patients with muscle-invasive urothelial carcinoma who have low PD-L1 by
TC.
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Fig. 1 —. Kaplan—Meier plot of disease-free survival in patients with CPS =1 (among all
randomized patients with quantifiable CPS and TC at baseline).

CPS, combined positive score; DFS, disease-free survival; HR, hazard ratio; NE, not
estimable; TC, tumor cell score.
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Fig. 2 —. Kaplan—-Meier plot of disease-free survival in patients with CPS <1 (among all
randomized patients with quantifiable CPS and TC at baseling).

CPS, combined positive score; DFS, disease-free survival; HR, hazard ratio; TC, tumor cell

score.
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Fig. 3 —. Kaplan—Meier plot of disease-free survival in patients with TC <1% and CPS =1 (among
all randomized patients with quantifiable CPS and TC at baseline).

CPS, combined positive score; DFS, disease-free survival; HR, hazard ratio; TC, tumor cell
score.
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Fig. 4 —.

Forest plot of DFS by clinical and demographic subgroup in patients with CPS =1 (among
all randomized patients with quantifiable CPS and TC at baseline).

Median DFS is based on Kaplan—Meier estimates. Hazard ratio calculated with stratified
Cox proportional hazard model.

Hazard ratio is not computed for subset (except age, region, and sex) category with less than
10 patients per treatment group.

CPS, combined positive score; DFS, disease-free survival; ECOG PS, Eastern Cooperative
Oncology Group performance status; IUC, invasive urothelial carcinoma; N, node; P,
pathologic; PD-L1, programmed death ligand 1; T, tumor; TC, tumor cell score; X, cannot
be assessed
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