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NKG2A and PD-L1 expression panel
predicts clinical benefits from adjuvant
chemotherapy and PD-L1 blockade in
muscle-invasive bladder cancer
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Yuan Chang,” Yiwei Wang,® Yu Zhu,* Zewei Wang

ABSTRACT

Background Programmed cell death ligand-1 (PD-L1)
expression as a single biomarker for immune checkpoint
blockade (ICB) was controversial. NKG2A was a PD1/PD-L1
axis-related immunity-dependent factor. NKG2A and PD-L1
expression as a combinatorial biomarker might improve
the prediction of PD-L1 in patients with muscle-invasive
bladder cancer (MIBC).

Methods Three independent cohorts were enrolled in

our study. 195 patients with bladder-derived metastatic
urothelial carcinoma on PD-L1 inhibitor treatment from
the IMvigor210 trial were enrolled. 124 MIBC patients
from Zhongshan Hospital and 391 patients with MIBC
from The Cancer Genome Atlas database were included in
this study.The PD-L1/NKG2A-based risk stratification was
validated in three independent cohorts, and its association
with response to ICB and adjuvant chemotherapy (ACT),
immune contexture and molecular features was evaluated.
Histologic staining and genomic algorithm were performed
to detect characteristics of NKG2A and PD-L1 expression
and infiltration of immune cells.

Results We identified NKG2A"PD-L1" patients could
benefit more from cisplatin-based ACT and PD-L1

inhibitor. Further analyses revealed NKG2A and PD-L1
expression panel was linked to an immune-active tumor
microenvironment with highly immune effector cells

and effector molecules. In addition, NKG2A and PD-L1
expression panel was intrinsically correlated with genomic
alterations related to therapeutic response in MIBC.
Conclusions NKG2A and PD-L1 expression panel was
associated with an immune inflamed microenvironment
and acted as a combinatorial biomarker to predict the
therapeutic response to ACT and PD-L1 blockade in MIBC.

BACKGROUND

Bladder cancer is the 10th most prevalent
cancer worldwide, with more than 573 000
new cases and approximately 218 000 deaths.'
About 25% of patients suffer from muscle-
invasive bladder cancer (MIBC) at first
diagnosis with poor clinical outcomes.” For
patients with MIBC, radical cystectomy (RC)
complemented by cisplatin-based adjuvant
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Key messages

What is already known on this topic

= Immune checkpoint blockade and adjuvant che-
motherapy have shown quite durable antitumor re-
sponses, but lack of effective biomarkers limited the
therapeutic benefits in patients with bladder cancer.

What this study adds

= NKG2A and programmed cell death ligand-1 (PD-L1)
expression panel ignited inflamed immune context
in patients with bladder cancer.

= NKG2A and PD-L1 expression panel predicted im-
munotherapeutic and chemotherapeutic benefit in
patients with bladder cancer.

How this study might affect research, practice

or policy?

= NKG2A and PD-L1 expression panel could be a com-
binatorial biomarker for providing a precise decision
in bladder cancer treatment.

= NKG2A blockade combined with anti-PD-1/PD-L1
therapy is worth further investigation in bladder
cancer.

chemotherapy (ACT) remains the mainstay
treatment to improve survival.®

Recent studies showed that the immune
checkpoint blockade (ICB) could improve
the prognosis of patients resistant to ACT with
advanced MIBC,* especially programmed
cell death-1 (PD-1)/ programmed cell
death ligand-1 (PD-L1) targeting antibodies
to reactivate antitumor immune response,
representing a paradigm renovation for
treatment of platinum-refractory advanced
MIBC patients.‘r’_7 However, immunotherapy
remained poorly served by effective predic-
tive biomarkers, and the response rates were
suboptimal. Therefore, there was an urgent
need to develop clinically useful predic-
tive biomarkers to refine patient selection
involving ACT and ICB.
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Numerous researches suggested that PD-L1 was a predic-
tive biomarker.” However, using PD-L1 as a single biomarker
was controversial because of the dynamic regulation of
PD-L1 expression.” '’ PD-L1 expression was upregulated by
both intracellular oncogenic variants such as loss of PTEN
and ongoing immune responses.8 H Immunity-dependent
PD-L1 upregulation was more relevant for reactivating
the tumorkilling activity of tumor infiltrating lymphocyte
and had better predictive value."” "> Therefore, it would
be important to distinguish between immunity-dependent
and immunity-independent PD-L1 expression. Recent
studies provided a way that simultaneous measurement of
PD1/PD-L1 axisrelated immunity-dependent factors could
potentially achieve this goal.'* To address this need, we
integrated PD-L1 and classic immune checkpoint for iden-
tifying potential combinatorial biomarkers to predict ICB
and ACT response.

As a classic immune checkpoint, NKG2A is mainly
expressed on lymphocytes such as CD8" off T cells and
CD56"™ natural killer (NK) cells. As an inhibitory member
of the NKG2 family, NKG2A can dimerize with CD94
on the cell surface.'”” HLAE is the primary ligand for
NKG2A-CD94. NKG2A-CD94 engages with peptideloaded
HLAE leading to the delivery of an inhibitory signal that
suppresses competing signals from activated receptors
and CD8" T cell through SHP1/2 signaling.'®

NKG2A is frequently coexpressed with PD-1 in patients.
However, unlike PD-1 expression, which can be a hall-
mark of exhausted CD8" T cells, CD8" T cells expressing
NKG2A might be activated T cells displaying superior
antitumor properties.'” These results suggest NKG2A
expression might be an additional brake for the PD-1/
PD-L1 pathway to alter CD8" T cells status. Recent
trials have found that the combination of NKG2A and
PD-L1 checkpoint blockade could enhance patients’
survival for microsatellite stabilized (MSS) colorectal
cancer (NCT02671435) and non-small cell lung cancer
(NCT03822351)."® 1 However, the clinical value of the
combination of NKG2A and PD-L1 expression remains
scarcely explicit in MIBC.

Herein, our study constructed a classification of MIBC
based on NKG2A and PD-L1 expression. We further
examined their predictive value for ACT and ICB
response through genomic and histological data in three
large cohorts, including 195 patients on PD-L1 inhibitor
from IMvigor210 trial and patients receiving ACT in The
Cancer Genome Atlas (TCGA; n=391) and Zhongshan
Hospital (ZSHS; n=124). Meanwhile, we correlated the
stratification based on NKG2A and PD-L1 expression with
immune contexture, key gene mutations and molecular
subtypes.

METHODS

Study cohort

Three independent cohorts were analyzed: IMvigor210
trial, TCGA cohort and ZSHS cohort.

Approved by the Clinical Research Ethics Committee of
Zhongshan Hospital, the ZSHS cohortinvolved 215 patients
with bladder cancer treated with RC. Patients received four
cycles of platinum-based chemotherapy with gemcitabine/
cisplatin or methotrexate/vinblastine/doxorubicin/
cisplatin. Patients were given gemcitabine/carboplatin
or gemcitabine/oxaliplatin when they were intolerant to
cisplatin. A total of 91 patients were ineligible into this study
under the following criteria: (1) 60 patients diagnosed as
NMIBG; (2) 13 patients with non-urothelial carcinoma; (3)
18 patients with detachment in tissue microarray (TMA).
Finally, 124 patients were included in the ZSHS cohort
and 60 of them received platinum-based ACT treatment.
Formalin-fixed, paraffin-embedded tissue blocks were avail-
able in all cases.

IMvigor210 trial was a single-arm phase II study inves-
tigating atezolizumab (1200 mg three times weekly)
in patients with metastatic urothelial carcinoma
(NCT02108652, NCT02951767).*" ' The therapeutic
response was assessed by Response Evaluation Criteria
in Solid Tumors (RECIST) V.1.1 and immune modified
RECIST. Patients who had achieved complete response
(CR) and partial response (PR) to atezolizumab were
defined as responders in this study, while patients with
stable disease and progressive disease (PD) were defined
as non-responders.”” All data of IMvigor210 trial were
accessed through the IMvigor210CoreBiologies R
package downloaded from http://research-pub.gene.
com/IMvigor210CoreBiologies/. One hundred and
fifty-three patients with non-bladder-derived metastasis
urothelial carcinoma were excluded.

The clinicopathological characteristics and genomic
data of patients in TCGA cohort were from TCGA-
Assembler 2.0.5 in May 2018. The data regarding
chemotherapeutic responsiveness were derived from
TCGA-Assembler 2.0.5 in July 2021. Patients received
chemotherapy as prescribed, but the specific chemo-
therapy regimen was unknown. A total of 21 patients
were ineligible: 3 patients without survival information;
4 patients without RNA-seq data; 10 patients receiving
neoadjuvant chemotherapy; and 4 patients with NMIBC.
One hundred and seventy-five patients in TCGA cohort
received ACT, while detailed information about the
chemotherapy drugs was unavailable. Finally, TCGA
cohort comprised 391 MIBC patients for further survival
and bioinformatics analysis.

Overall survival (OS) considered as a clinical endpoint
was calculated from the date of RC to the date of death
or the last follow-up. Meanwhile, recurrence-free survival
(RFS) was defined from the date of surgery to the date
of recurrence or last follow-up. Objective response rate
(ORR) was defined as the sum of CR and PR ratios. Clin-
ical and pathological features of IMvigor210, ZSHS and
TCGA cohorts were presented respectively in online
supplemental tables 1-3.
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RNA-seq data and processing

The RNA-seq expression data of TCGA cohort and
IMvigor210 trial were retrieved along with the process of
acquiring clinical information and were transformed as
log, (FPKM+1) for downstream analysis. Based on TCGA
and IMvigor210 data, CIBERSORT was constructed
to calculate the relative proportion of 22 immune cell
types.23 The data of patient molecular subtype were
retrieved through the BLCA subtyping R package from
https://github.com/cit-bioinfo/BLCAsubtyping.**

Immunohistochemistry (IHC) and assay method

TMA was constructed by Shanghai Outdo Biotech Co, Ltd
and was described in our previous study.” This study enrolled
215 patients treated with RC from Zhongshan Hospital
(surgery date: 2002-2014) of Fudan University. ZSHS samples
were embedded in formalin-fixed paraffin and sectioned by
TMA technique. All samples were stained with H&E for histo-
logical examination, and representative regions were marked
on paraffin blocks. Duplicate 1.0-millimeter tissue cores from
two different regions were used to construct TMAs. Single
IHC staining was used for the following cells and their corre-
sponding molecules: NKG2A" cells (NKG2A), PD-L1, CD8"
cells (CD8), Th17 cells (IL-17), B cells (CD19), NK cells
(CD56), PRF-1" cells, IFN+y" cells and GZMB" cells. For single
staining, formalin-fixed MIBC tissue sections were paraffin-
ized in xylene and hydrated in a diluted alcohol series. Then,
antigen retrieval was accomplished with sodium citrate buffer
(10 mM, pH 6.0) using a microwave for 15 min. Next, the
sections were immersed in endogenous peroxidase blocking
buffer (0.3%) for 30 min. After blocking with goat serum,
the sections were incubated with corresponding primary
antibodies at 4°C overnight. Then, after washing three times
using Tris buffered saline with Tween 20 (TBST), the sections
were subsequently incubated with secondary antibody for
30 min. The staining was performed with diaminobenzi-
dine (DAB) stain system (ZLI9019). Finally, the sections
were counterstained with hematoxylin. All TMA slides were
scanned digitally through Image Pro plus 6.0 and Nano-
Zoomer-XR (Hamamatsu). Double IHC staining was used for
the following molecules: CD4 and T-bet to detect Thl cells,
HILLA-DR and CDl11c to detect DCs, CD68 and HLA-DR to
detect M1 cells. For double staining, after paraffin removal,
antigen extraction and blocking, the first primary antibodies
were incubated with slides overnight at 4°C. Subsequently,
alkaline phosphataselabeled secondary antibody was incu-
bated, and Vector blue staining was performed. Then the
second primary antibodies were incubated with TMA at 37°C
for 2 hours, and TMA was incubated with horseradish perox-
idase labeled antibody, before proceeding to staining using
DAB reagent. In addition, the antibody information involved
in this article was shown in online supplemental table 4.

Immune evaluation and cut-off value

Two independent pathologists unaware of clinical data eval-
uated TMA slides separately. The average evaluation of two
pathologists was adopted. When variations in the enumer-
ation exceeded five cells, two pathologists re-evaluated

separately to reach a consensus. Immunohistochemistry
(IHC) score was calculated by multiplication of the staining
intensity and proportion. The staining intensity was graded
as 0 (negative staining), 1 (weak staining), 2 (moderate
staining) and 3 (strong staining), and the proportion was
scored as a percentage of positive cells (0%—-100%). The
detailed evaluation method for stained cells was illustrated
in online supplemental table 4. The kappa between the
two pathologists’ evaluations for NKG2A and PD-L1 IHC
reading from the same slide were 0.925 (95% CI 0.878
to 0.972, p<0.001) and 0.935 (95% CI 0.892 to 0.978,
p<0.001), respectively. The cut-off values for NKG2A and
PD-L1 were, respectively, 22.5 and 97.4 by the median value.
The median of the mRNA expression of NKG2A and PD-L1
were 0.41 and 0.44 in IMvigor210 cohort and 0.11 and 0.94
in TCGA cohort, respectively.

Genomic analysis and variant assessment

The tumor mutation burden (TMB) was identified as the
total non-silent somatic mutation counts in TCGA and
IMvigor210 cohorts. For analysis, we defined TMB >10
mut/Mb as ‘TMB high’.% TMB data were obtained from
https://portal.gdc.cancer.gov/. TMB data for patients in
TCGA cohort were calculated using results from whole-
exome sequencing and mafiools package, while TMB data
for IMvigor210 trial were obtained by targeted large-panel
sequencing.26 Gene alterations (GAs) were defined as the
aggregation of gene mutation and copy number variation.
Either nonsense, missense, frameshift, splice-site variants
affecting consensus nucleotides, or deleterious homozy-
gous deletions and amplifications were defined as GA.

Statistics

Kruskal-Wallis test was used to depict the diversity of immune
infiltration in NKG2A /PD-L1-stratified groups. Kaplan-Meier
method was used to assess 5-year OS and RFS, whereas log-
rank test and Cox regression models were applied for the
assessment of the prognostic and risk significance. Spearman
correlation analysis was performed to investigate the bivariate
correlation. The % test was applied to depict the relation of
clinicopathological parameters, molecular subtypes and GAs
with NKG2A and PD-L1 expression. The kappa statistics was
used to assess the consistency for IHC reading. The two-sided
p<0.05 was considered statistically significant. The data were
analyzed through IBM SPSS Statistics V.20.0 and R software
V.4.0.4.

RESULTS

NKG2A and PD-L1 expression panel predicts PD-L1 blockade
benefit in MIBC

We noticed that NKG2A expression was significantly
enriched in responders as compared with non-responders in
the IMvigor210 cohort (p=0.028, figure 1A). However, PD-L1
expression merely indicated a trend toward improved immu-
notherapy response rate (figure 1A, p=0.082). Both NKG2A
and PD-L1 expression in baseline tumor indicated favor-
able OS (p=0.012, p=0.034, figure 1D). Therefore, we tested
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Figure 1 NKG2A and PD-L1 expression panel predicts PD-L1 blockade benefit in MIBC. (A) NKG2A and PD-L1 mRNA

expression between responder and non-responder group in IMvigor210 trial. Data were analyzed by Mann-Whiney U test and
presented as median and IQR. (B) Spearman correlation between NKG2A and PD-L1. (C) HR estimates for OS in IMvigor210
cohort. HRs compare NKG2A high and low mRNA expression at different PD-L1 mRNA expression values. Plotting symbols
give point estimates of HR; horizontal bars give 95% Cls. (D) Kaplan-Meier analyses of OS in patients in IMvigor210 cohort,
stratified according to NKG2A mRNA expression values and PD-L1 mRNA expression values. Data were analyzed by log-rank
test. (E) Kaplan-Meier analyses of OS in patients in the IMvigor210 trial stratified according to the combination of NKG2A and
PD-L1. Data were analyzed by log-rank test. HRs with 95% CI were estimated by Cox proportional hazards model. MIBC,
muscle-invasive bladder cancer; OS, overall survival; PD-L1, programmed cell death ligand-1; RFS, recurrence-free survival.

whether the combination of NKG2A and PD-L1 expres-
sion would improve the prediction of therapeutic response
compared with either single biomarker. In the IMvigor210
cohort, we observed a positive correlation between NKG2A
expression and PD-L1 expression (p<0.001, figure 1B).
Furthermore, analysis of the hazard curves for PD-L1 by
NKG2A expression status showed that the positive associa-
tion of high NKG2A expression with OS increased in magni-
tude as PD-L1 mRNA expression increased (figure 1C).
In IMvigor210, we noted that the combination of NKG2A
expression with PD-L1 expression was significantly associ-
ated with improved OS (p=0.050, figure 1E). In addition, the
ORR for NKG2A"PD-L1" subgroup was 0.667 (95% CI 0.505
to 0.828, online supplemental table 5). Together, our study
suggested that NKG2A expression plus PD-L1 expression
could serve as a combinatorial biomarker to predict clinical
response to ICB.

NKG2A and PD-L1 expression panel indicates ACT benefit in
MIBC

Furthermore, to investigate the predictive value of NKG2A and
PD-L1 expression panel on the benefit of ACT, we developed
a classification scheme based on NKG2A and PD-L1 expres-
sion using the median values in TCGA cohort and ZSHS
cohort. Representative images of IHC staining for NKG2A
and PD-LI expression were shown in online supplemental
figure 1B. NKG2A and PD-L1 expression could significantly
lead to improved survival in patients receiving ACT in the
TCGA cohort (OS: p=0.033; RES: p=0. 005; figure 2A) and the
ZSHS cohort (OS: p=0.003; RFS: p=0.021; figure 2B). More-
over, the ORR of NKG2A"PD-L1" patients receiving ACT in
the TCGA cohort was 0.490 (95% CI 0.345 to 0.635, online
supplemental table 5). However, for patients without ACT
application, NKG2A and PD-L1 expression failed to reduce
their risk of death and recurrence in the TCGA cohort (OS:
p=0. 125; RFS: p=0. 304; figure 2C) and the ZSHS cohort (OS:
p=0. 145; RFS: p=0. 440; figure 2D). Conclusively, we identi-
fied NKG2A and PD-L1 expression panel could be associated
with superior therapeutic response to ACT.
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Figure 2 NKG2A and PD-L1 expression panel indicates adjuvant chemotherapy response in MIBC. (A and B) Kaplan-Meier
survival curves for OS and RFS of patients with ACT treatment from TCGA cohort (A) and Zhongshan cohort (B). (C and

D) Kaplan-Meier survival curves for OS and RFS of patients without ACT treatment from TCGA cohort (C) and Zhongshan
cohort (D). Data were analyzed by log-rank test. HRs with 95% CI were estimated by Cox proportional hazards model. ACT,
adjuvant chemotherapy; OS, overall survival; PD-L1, programmed cell death ligand-1; RFS, recurrence-free survival; TCGA, The

Cancer Genome Atlas.

NKG2A and PD-L1 expression panel ignites inflamed immune
context in MIBC

The tumor immune microenvironment was commonly
considered to be associated with the efficacy of chemo-
therapy and immunotherapy.27 Therefore, we used
CIBERSORT? to calculate the infiltration of 22 immune
cells in the TCGA and IMvigor210 cohorts to reveal the
potential effect of NKG2A and PD-L1 expression on the
immune microenvironment. NKG2A"" and PD-L1"s"
subgroup was associated with higher levels of immune
effector cells and immune effector molecules expression
(figure 3A,B). These results illustrated high expression
of NKG2A and PD-L1 was associated with the inflamed
immune micro-environment in MIBC. To validate the
results, we performed IHC to quantify immune cells
and cytokines in the ZSHS cohort. Consistent with the
results of the TCGA cohort, patients with high expression
of NKG2A and PD-L.1 had more immune effector cells
(CD8" T cells, M1 macrophages and NK cells, figure 3C)
(IFN-y, GZMB and PRF-1,
figure 3D), indicating an immune-activated environment.
Collectively, these results suggested that NKG2A and
PD-L1 expression panel was associated with an inflamed

and effector molecules

immune microenvironment in MIBC.

NKG2A and PD-L1 expression panel confers molecular
alterations in MIBC

Remarkably, multiple studies have shown the impact of
molecular features and genetic alteration on the tumor
immune microenvironment and on ICB and ACT
response heterogeneity.” We found that patients char-
acterized by basal squamous and high TMB were more
distributed in NKG2A"®" and PD-L1"8" patients. Further-
more, we selected several pathways associated with the
therapeutic response to ACT and ICB (homologous
recombination repair pathway, mismatch repair pathway,
other DNA repair, histone modification, cell cycle, RAS/
RAF pathway, PIK3CA/Akt pathway and receptor tyrosine
kinase signaling) in the TCGA and IMvigor210 cohorts
to explore the underlying genetic mechanism for the
predictive value of our framework.” We found that in
both cohorts, more alterations in DNA repair, especially
in the RB1 gene, were associated with the NKG2A™¢"
and PD-L1"8" subgroup (figure 4A,B). Furthermore, we
explored the predictive value of the NKG2A"¢" PD-L.1"¢"
subgroup in the context of genetic alterations. We identi-
fied that in patients without selective pathway alterations,
combined expression of NKG2A and PD-L1 could serve
as a combined biomarker to predict response to ICB
(figure 4C,D), which suggested NKG2A"PD-L1" patients
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Figure 3 NKG2A and PD-L1 expression panel associates with inflamed immune context in MIBC. (A and B) Heatmap showing
CIBERSORT analysis of 22 kinds of intratumoral infiltration immune cells across stratification in patients in TCGA cohort

(A) and IMvigor210 trial (B). (C-E) Quantification analyses of effecter immune contexture including lymphoid cells (C), myeloid
cells (D) and molecules (E) across stratification based on the evaluation of IHC staining. Data were analyzed by Kruskal-

Wallis test, and presented as median and IQR. *P<0.05, **p<0.01,

***p<0.001. GZMB, granzyme B; IFN-y, interferon-y; IHC,

immunohistochemistry; MIBC, muscle-invasive bladder cancer; PD-L1, programmed cell death ligand-1; PRF-1, perforin 1;

TCGA, The Cancer Genome Atlas.

without selected pathway alteration might benefit more
from ICB therapy.

DISCUSSION

Convincing evidence indicated that PD-L1 expression
was upregulated by both intracellular oncogenic vari-
ants and ongoing immune responses, while immunity-
dependent PD-L1 upregulation had better predictive
value.® Therefore, it would be of significance to distinguish

immunity-dependent and immunity-independent PD-L1
expression. Recent studies provided a way to achieve this
goal through simultaneous measurement of PD-1/PD-L1
axis-related immunity-dependent factors."* NKG2A, as an
additional brake for the PD-1/PD-L1 pathway, was regu-
lated through inflammatory signaling.'” Meanwhile, inhi-
bition of the NKG2A immune checkpoint restored the
effector functions of CD8" T cells and NK cells in preclinical
cancer models.* Opverall, based on previous studies and our
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findings from three independent clinical cohorts, NKG2A
and PD-L1 expression acted as a combinatorial biomarker
to predict responses to ACT and PD-L1 blockade.

Tumor microenvironment (TME) status played an
important role in tumor progression and therapeutic
response.”’ Inflamed TME was characterized by the infil-
tration of CD8" T cells, myeloid cells and monocytic cells
in the tumor parenchyma and the upregulation of effector
cytokines. This profile suggested a pre-existing antitumor
immune response in the microenvironment.”® Our study
revealed that NKG2A and PD-L1 expression panel posi-
tively correlated with more immune cell infiltration (CD8"
T cells, B cells, M1 macrophages and NK cells) and elevated
effector molecules level (IFN-y, GZMB and PRF-1), implying
that NKG2A and PD-L1 expression panel was associated
with an inflamed microenvironment in MIBC. Further-
more, it was commonly reported that an inflamed microen-
vironment was associated with the efficacy of chemotherapy
and immunotherapy,” which was also supported in our
previous studies.”™ Consequently, the predictive value
of NKG2A and PD-L1 expression panel was reasonable,
reflecting the interaction between immunity and cancer.

Recent studies reported that combination immuno-
therapy might be more effective than single immune
checkpoint inhibitors.*® ¥ Moreover, NKG2A was often
coexpressed with PD-1 in tumors and NKG2A blockade
combined with anti-PD-1/PD-L1 therapy improved tumor
control.®® Consistent with these data, the combination of
NKG2A and PD-L1 antibodies was more effective than single
PD-L1 blockade in several targeted drug therapy trials for
MSS colorectal cancer (NCT02671435) and non-small cell
lung cancer (NCT03822351)." ' However, the therapeutic
responsiveness of the combination of NKG2A and PD-L1
antibodies in MIBC patients has not been reported.

Remarkably, GAs were the molecular drivers of tumori-
genesis and led to transcriptional and translational varia-
tions that affected the dynamic balance between tumor
cells and the microenvironment and response to ACT
and ICB.” * In our study, we provided genomic alteration
profiling and found that RB1 alterations were significantly
much more frequent in NKG2A"PD-L1" patients. Previous
studies illustrated that RB1 had a key role in restraining cell
cycle and reflected activation of the IFN pathway." ** We
also found that patients characterized by basal squamous
and high TMB were more distributed in NKG2A"PD-L1"
patients. Patients with basal squamous subtype and high
TMB were generally sensitive to immunotherapy.” These
results indicated an underlying genetic mechanism for the
predictive value of our framework.

Several limitations in our study should be mentioned. This
was a retrospective analysis of three large sample cohorts
that correlated the predictive value of the combined NKG2A
and PD-L1 expression in patients with ACT and ICB. We
would further validate our findings in a prospective, larger,
multicentered randomized trial in the future. Moreover,
although we found that high TMB was more distributed in
NKG2A"PD-L1" patients, differences in calculation were

between the TCGA cohort and IMvigor210 trial because of
different sequencing technologies, which may have biased
our analysis. In addition, patients in IMvigor210 cohort
suffered not MIBC but metastasis urothelial carcinoma orig-
inating from the bladder. Therefore, the immune micro-
environment and molecular features between the TCGA
cohort and IMvigor210 cohort might be slightly different.

Our study identified for the first time the expression of
NKG2A and PD-LI as a combinatorial biomarker to predict
the response to ACT and PD-L1 blockade in MIBC. We also
confirmed that NKG2A and PD-L1 expression panel was
associated with an inflamed microenvironment in MIBC.
Cumulatively, this study provided insight into the predictive
value of linking PD-L1 and NKG2A to precise screen sensi-
tive patients for PD-L1 inhibitors and ACT.
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