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Abstract
Background: Immune checkpoint inhibitors (ICIs) have become standard-of-care in
patients with pretreated advanced esophageal squamous cell carcinoma (ESCC). However,
reliable biomarkers for clinical outcomes are lacking for ICIs. The exploration of effective
biomarkers is therefore needed to optimize patient benefit in the treatment of ESCC.
Methods: Sixty-nine patients with advanced ESCC enrolled at one center from two
prospective trials were consecutively analyzed. NLR was dynamically collected and
high-resolution HLA-I genotyping were performed on genomic DNA. Overall
response rate (ORR), median progression-free survival (mPFS) and median overall
survival (mOS) were investigated.
Results: Thirty-three (47.8%) of 69 patients with baseline NLR ≥4 demonstrated sig-
nificantly worse clinical outcomes (ORR 9.1% vs. 36.1%, p = 0.018; mPFS 1.8
vs. 3.2 months, hazard ratio [HR] 1.79, p = 0.026; mOS 7.4 vs. 11.0 months, HR 2.28,
p = 0.008). An NLR decrease ≥20% at the first radiological evaluation was associated
with longer OS (median, 14.0 vs. 7.9 months, p = 0.038). Eleven (15.9%) patients with
HLA-I homozygosity presented poorer clinical outcomes (ORR 0 vs. 27.6%,
p = 0.056; mPFS 1.8 vs. 2.4 months, HR 3.37, p = 0.010; mOS 5.6 vs. 10.5 months,
HR 3.97, p = 0.004). Patients with baseline NLR ≥4 and HLA-I homozygosity had the
worst outcome (ORR 0; mPFS 1.4 months; mOS 1.8 months) among all. The associa-
tion between NLR, HLA-I genotyping and clinical outcomes was independent of
programmed death receptor ligand-1 expression.
Conclusions: NLR and HLA-I genotyping could have predictive and prognostic value
in patients with advanced ESCC receiving camrelizumab, and the combination of bio-
markers may help to identify more patient benefit from immunotherapy.
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INTRODUCTION

Esophageal cancer is the seventh most common malig-
nancy in incidence and the sixth most common leading

cause of cancer death worldwide and esophageal squa-
mous cell carcinoma (ESCC) is the predominant sub-
type in Asia.1 The prognosis of patients with advanced
ESCC remained poor, with an overall survival of
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8–11 months,2–4 suggesting an urgent need for novel
effective therapeutic strategies.

Recently, immune checkpoint inhibitors (ICIs) have dra-
matically altered the therapeutic pattern in several tumors.5–7

In the second-line treatment of advanced ESCC, ICIs have
become the standard of care attributing to the superior efficacy
over traditional chemotherapy.8–10 Although clinical responses
to ICIs are enriched in patients with programmed death
receptor-ligand 1 (PD-L1) expression positive tumors, there
are still responders in patients with negative PD-L1 expression,
appealing for the strong need of more effective biomarkers.

In the past few years, the recognition of inflammation as
one of the hallmarks of cancer and its potential role in pro-
moting tumor progression11–13 has sparked increasing inter-
est in the research of neutrophils in the tumor immune
microenvironment. Recently, the correlation of decreased
overall survival (OS) and high neutrophil to lymphocyte
ratio (NLR) has been observed in different tumors receiving
ICIs.14–17 However, studies on NLR in ESCC are
limited.18–21 A few studies have attempted to identify the
association between NLR and survival in patients with ESCC
treated with ICI-containing regimens; however, the findings
are inconsistent and they all have common limitations. First,
the retrospective nature limited the quality of response eval-
uation and follow-up, so none of these studies reported the
complete panorama of responses and survivals as well as the
continuous tracking of NLR at each evaluation; second,
patients enrolled in these studies were treated with heteroge-
nous therapeutic strategies, including different single-agent
ICIs, dual blockade of PD-1 and CTLA-4, or ICIs combined
with surgery, radiotherapy or chemotherapy. Therefore, a
high-quality analysis based on a relatively homogeneous
population treated with a specific ICI monotherapy with
complete follow-up data is needed.

In addition to the immune function of inflammatory
cells, the role of antigen recognition and presentation are
also of vital importance in the response to ICIs. Human leu-
kocyte antigen (HLA) is expressed on somatic as well as
immune cells and plays an important role in T lymphocyte-
based antitumor immune response.22 HLA molecules are
usually divided into two classes, HLA-I and HLA-II. It has
been found that HLA-I heterozygosity at all loci (A, B, and
C) is associated with improved OS than HLA-I homozygos-
ity in at least one HLA locus in patients with melanoma or
NSCLC, supporting the speculation that a more diverse
HLA class I repertoire would lead to a better T lymphocyte-
based antitumor immune response.23–26 However, the rela-
tionship between HLA-I genotyping and clinical outcomes
in ICI-treated ESCC patients has not previously been
investigated.

Therefore, this comprehensive analysis of two high-
quality prospective trials in patients with advanced (locally
advanced or metastatic) ESCC treated with single-agent
camrelizumab was performed, which aimed to excavate the
predictive and prognostic value of NLR and HLA-I
genotyping, and attempt to provide more clues for the bio-
marker network under immunotherapy.

METHODS

Study design and participants

This was a post-hoc analysis of two prospective clinical
trials; the Phase I trial of camrelizumab in patients with
advanced solid tumor (ClinicalTrials.gov identifier:
NCT02742935) and the randomized-controlled Phase III
ESCORT trial of camrelizumab in patients with advanced
or metastatic ESCC (ClinicalTrials.gov identifier:
NCT03099382).8,27 All ESCC patients who received
camrelizumab monotherapy enrolled in these two clinical
trials at National Cancer Center/Cancer Hospital Chinese
Academy of Medical Sciences were consecutively included
in the analysis. The clinicopathological characteristics of
all patients were collected from the electronic medical
records, including age, gender, Eastern Cooperative
Oncology Group performance status (ECOG PS), histo-
logical grade, previous treatment, and PD-L1 expression.
All the patients had signed the informed consent. The
study was approved by independent ethics committees
and conducted in accordance with local legal, regulatory
requirements, the general principles of the International
Ethical Guidelines for Biomedical Research Involving
Human Subjects, and the International Conference on
Harmonization guidelines on Good Clinical Practice and
the Declaration of Helsinki.

Assessment

Tumor imaging assessment was performed by CT at base-
line and every 8 weeks during the first 6 months, and every
12 weeks thereafter. Best overall response was assessed
according to RECIST v1.1 for complete response (CR), par-
tial response (PR), stable disease (SD) and progressive dis-
ease (PD). PFS was defined as the time between the first
administration of camrelizumab until PD or death due to
any cause, and OS was defined as the time between the first
dose until death due to any case. The ORR and DCR were
defined as the percentage of patients with CR and PR, and
patients with CR, PR and SD, respectively.

NLR calculation

The absolute number of neutrophils and lymphocytes were
collected within 3 days before the first dose of
camrelizumab, and when tumor imaging assessment was
performed (within a window of �7 days of the scheduled
date). NLR was calculated by the division of the absolute
number of neutrophils and lymphocytes, and the percentage
change of NLR from baseline to first evaluation was calcu-
lated as 100% � ([first-evaluation values � baseline value]/
baseline value). The cutoff values of NLR-high (NLR ≥4)
and NLR-low (NLR <4) was defined as 4, as previously
reported in several studies.28,29
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PD-L1 expression

Tumor cell PD-L1 expression was measured by a central
laboratory using a human PD-L1 immunohistochemistry kit
(6E8 antibody, Shuwen Biotech). PD-L1 expression was
quantified as tumor proportion score (TPS), which was
defined as the percentage of viable tumor cells showing par-
tial or complete membrane staining (≥1+), relative to all
viable tumor cells present in the sample.

HLA genotyping and supertypes

Among all 69 patients included in the analysis, we per-
formed whole exome sequencing in eight patients, and
509-panel (CLIA-certified hybridization-capture based
assay) sequencing in the other 61 patients to determine
germline HLA Class I (A, B and C) genotype. The detailed
sequencing methods are provided in the supplementary
methods. Patients were defined as HLA heterozygosity if
heterozygous for all HLA class I loci and homozygosity if
homozygous for at least one HLA class I locus.23 Genomic
HLA-A and HLA-B alleles were classified into supertypes
using the method described by Chowell et al.23

Statistical analysis

Statistical analysis was performed using IBM SPSS software
version 25.0 and GraphPad Prism 8.0. Survival was com-
pared by log-rank test using Kaplan–Meier methodology.
Univariate and multivariate analysis for ORR and DCR were
conducted using logistic regression. Univariate analysis for
PFS and OS were conducted by Kaplan–Meier and log-rank
tests, and multivariate analysis was performed using Cox’s
regression model. Group comparisons of categorical data
were performed using χ 2 or Fisher’s exact test. Differences
with two-sided p-values <0.050 were considered statistically
significant.

RESULTS

Patient characteristics and overall clinical
outcomes

A total of 69 patients with advanced ESCC enrolled in our
center were consecutively analyzed, including 42 patients in
the Phase I trial enrolled between May 11, 2016 and June
5, 2017, and 27 patients in the Phase III trial enrolled
between May 10, 2017 and July 24, 2018. Patients were
treated with camrelizumab at different dose levels, including
three, 64 and two patients receiving a dose of 60, 200 and
400 mg every 2 weeks, respectively. The median baseline
NLR was 3.9 (interquartile range [IQR] 2.6–6.0). A total of

TAB L E 1 Baseline patient characteristics

Total
(N = 69)

NLR <4
(N = 36)

NLR ≥4
(N = 33)

Age (years)

Median (range) 61 [38–75] 65 [50–75] 62 [38–70]

<65 49 (71.0%) 21 (58.3%) 28 (84.8%)

≥65 20 (29.0%) 15 (41.7%) 5 (15.2%)

Gender

Male 64 (92.8%) 33 (91.7%) 31 (93.9%)

Female 5 (7.2%) 3 (8.3%) 2 (6.1%)

ECOG PS

0 47 (68.1%) 28 (77.8%) 19 (57.6%)

1 22 (31.9%) 8 (22.2%) 14 (42.4%)

Smokinga

Never 19 (27.5%) 9 (25.0%) 10 (30.3%)

Light 15 (21.7%) 7 (19.4%) 8 (24.2%)

Heavy 35 (50.7%) 20 (55.6%) 15 (45.5%)

Drinking

Yes 52 (75.4%) 28 (77.8%) 24 (72.7%)

No 17 (24.6%) 8 (22.2%) 9 (27.3%)

Disease stage

Locally advanced 3 (4.3%) 2 (5.6%) 1 (3.0%)

Metastatic 66 (95.7%) 34 (94.4%) 32 (97.0%)

Grade

Gx 17 (24.6%) 10 (27.8%) 7 (21.2%)

G1 3 (4.3%) 2 (5.6%) 1 (4.3%)

G2 29 (42.0%) 12 (33.3%) 17 (51.5%)

G3 20 (29.0%) 12 (33.3%) 8 (24.2%)

Previous surgery

Palliative surgery 3 (4.3%) 1 (2.8%) 2 (6.1%)

Radical esophagectomy 26 (37.7%) 16 (44.4%) 10 (30.3%)

No 40 (58%) 19 (52.8%) 21 (63.6%)

Previous radiotherapy

Yes 46 (66.7%) 20 (55.6%) 26 (78.8%)

No 23 (33.3%) 16 (44.4%) 7 (21.2%)

Line of prior chemotherapy

(0–1) 44 (63.8%) 24 (66.7%) 20 (60.6%)

≥2 25 (36.2%) 12 (33.3%) 13 (39.4%)

PD-L1 TPS

≥10% 22 (31.9%) 15 (41.7%) 7 (21.2%)

<10% 42 (60.9%) 18 (50%) 24 (72.7%)

NA 5 (7.2%) 3 (8.3%) 2 (6.1%)

HLA-I

Homozygosity 11 (15.9%) 7 (19.4%) 4 (12.1%)

Heterozygosity 58 (84.1%) 29 (80.6%) 29 (87.9%)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status;
HLA-I, human leukocyte antigen class I; NLR, neutrophil to lymphocyte ratio; PD-L1,
programmed death receptor ligand 1; TPS, tumor proportion score.
aClassification of smoking history as follows: never, light (≤20 pack-years), heavy
(>20 pack-years).
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33/69 (47.8%) of the patients had a baseline NLR ≥4, and
11/69 (15.9%) patients were detected with HLA-I homozy-
gosity. The baseline clinicopathological characteristics of
patients are demonstrated in Table 1. The major baseline
features between patients with NLR ≥4 and <4 were
comparable.

Among the 69 intention-to-treat (ITT) patients, a total
of 64 patients had at least one post-baseline tumor imaging
assessment, and five patients were not evaluated due to
rapid clinical deterioration. Among the ITT patients, the
ORR and DCR were 23.2% (16/69) and 46.4% (32/69),
respectively. By the time of data cutoff (October 31, 2021),
two patients were still alive. The median PFS (mPFS) and
median OS (mOS) were 1.9 (95% CI: 1.6–2.1) months and

8.9 (95% CI: 6.6–11.2) months, respectively, with the
median follow-up time of 48.6 (range 1.0–61.3) months
(Table 2).

Impact of NLR on clinical outcomes

We first evaluated the association of patients’ baseline NLR
with their clinical outcomes. The 69 patients were catego-
rized into two subgroups according to baseline NLR with a
cutoff ratio of 4: NLR-high (NLR-H, 47.8%, 33/69) and
NLR-low (NLR-L, 52.2%, 36/69). The response to ICI treat-
ment and survival of NLR-H patients was significantly
worse than that of NLR-L patients (ORR: 9.1% vs. 36.1%,

T A B L E 2 The response rates and survival outcomes stratified by different factors

N ORR DCR mPFS (months) mOS (months)

Total 69 23.2% 46.4% 1.9 95% CI: 1.6–2.1 8.9 95% CI: 6.6–11.2

Baseline NLR

≥4 33 9.1% 39.4% 1.8 HR 1.79 (1.07–3.00)
p = 0.026

7.4 HR 2.28 (1.24–4.17)
p = 0.008<4 36 36.1% p = 0.018 52.8% p = 0.265 3.2 11.0

V1-NLR

≥4 32 15.6% 40.6% 1.8 HR 1.74 (1.03–2.93) 7.4 HR 2.38 (1.26–4.50)

<4 32 34.4% p = 0.083 59.4% p = 0.134 3.6 p = 0.037 11.5 p = 0.007

Variation of NLR from baseline to V1

≥ �20% 45 22.2% 48.9% 2.0 HR 1.38 (0.81–2.34) 7.9 HR 1.85 (1.03–3.31)

< �20% 19 31.6% p = 0.430 52.6% p = 0.784 2.4 p = 0.231 14.0 p = 0.038

HLA-I

Homo 11 0 9.1% 1.8 HR 3.37 (1.35–8.46)
p = 0.010

5.6 HR 3.97 (1.56–10.12)
p = 0.004Hetero 58 27.6% p = 0.056 53.4% p = 0.018 2.4 10.5

PD-L1 TPS

≥10% 22 36.4% 63.6% 4.0 HR 0.47 (0.28–0.79) 8.3 HR 0.96 (0.54–1.71)

<10% 42 14.3% p = 0.042 33.3% p = 0.020 1.8 p = 0.004 9.6 p = 0.883

PD-L1 TPS ≥10%

NLR ≥ 4 7 14.3% 57.1% 3.7 HR 1.35 (0.51–3.61) 4.0 HR 2.89 (0.92–9.07)

NLR < 4 15 46.7% p = 0.193 66.7% p = 1.000 4.4 p = 0.545 8.4 p = 0.069

Homo 4 0 0 1.8 HR 12.6 (1.88–84.46) 3.8 HR 11.53 (1.80–73.95)

Hetero 18 44.4% p = 0.254 77.8% p = 0.010 4.7 p = 0.009 9.8 p = 0.010

PD-L1 TPS <10%

NLR ≥ 4 24 8.3% 29.2% 1.7 HR 1.43 (0.76–2.68) 7.4 HR 2.45 (1.08–5.54)

NLR < 4 18 22.2% p = 0.408 38.9% p = 0.508 1.9 p = 0.265 11.0 p = 0.032

Homo 6 0 16.7% 1.7 HR 2.32 (0.74–7.26) 5.6 HR 1.72 (0.59–5.00)

Hetero 36 16.7% p = 0.569 36.1% p = 0.640 1.8 p = 0.147 9.9 p = 0.322

NLR + HLA-I

Homo & NLR ≥ 4 4 0 0 1.4 1.8

Homo & NLR < 4 7 0 14.3% 1.8 6.5

Hetero & NLR ≥ 4 29 10.3% 44.8% 1.8 8.2

Hetero & NLR < 4 29 44.8% *p = 0.005 62.1% *p = 0.023 4.1 *p < 0.001 13.4 *p < 0.001

Abbreviations: CI, confidence interval; DCR, disease control rate; hetero, heterozygosity; HLA-I, human leukocyte antigen class I; homo, homozygosity; PD-L1, programmed death
receptor ligand 1; mOS, median overall survival; mPFS, median progression-free survival; NLR, neutrophil to lymphocyte ratio; ORR, overall response rate; TPS, tumor proportion
score; V1, first tumor evaluation.
*The comparison among four subgroups.
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p = 0.018; mPFS 1.8 vs. 3.2 months, HR 1.79, p = 0.026;
mOS 7.4 vs. 11.0 months, HR 2.28, p = 0.008) (Figure 1a–c,
Table 2).

We then investigated if on-treatment changes in NLR
correlated with clinical outcomes. In the 64 patients with
tumor evaluation, the median NLR at first evaluation
(V1-NLR) was 3.9 (IQR 2.6–6.3), and 32/64 (50%) of the
patients were V1-NLR-H with a cutoff value of 4. The PFS
and OS were both significantly shorter in the V1-NLR-H
subgroup (mPFS 1.8 vs. 3.6 months, HR 1.74, p = 0.037;
mOS 7.4 vs. 11.5 months, HR 2.38, p = 0.007), and the
response rate of patients in the V1-NLR-H subgroup was

lower than that of the V1-NLR-L subgroup (Figure 1d,e and
Table 2). A total of 19/64 (29.7%) patients had a pro-
nounced decrease (≥20%) in NLR comprared with baseline,
and these patients had significantly better OS compared
with patients having an increase or only a modest decrease
(<20%) of NLR (mOS 14.0 vs. 7.9 months, HR 0.54,
p = 0.038) (Table 2). In addition, in the 32 patients with
PD, the median NLR significantly increased from 4.3 (IQR
2.6–6.6) at baseline to 4.6 (IQR 2.9–6.3) (p = 0.039) at the
first evaluation, and in the 23 patients who experienced SD
at first evaluation, we observed a smooth fluctuation in
those proceeding to response yet an obvious increase in

F I G U R E 1 The impact of NLR
on clinical outcomes. (a) The swim
plot of time to progression of ITT
patients during camrelizumab
treatment (N = 69). (b) The PFS of
ITT patients stratified by baseline
NLR ≥4 or <4 (N = 69). (c) The OS
of ITT patients stratified by baseline
NLR ≥4 or <4 (N = 69). (d) The
PFS of patients stratified by NLR ≥4
or <4 at first tumor evaluation
(N = 64). (e) The OS of patients
stratified by NLR ≥4 or <4 at first
tumor evaluation (N = 64). (f) The
variation of NLR from baseline to
the first evaluation stratified by
different responses. (g) The dynamic
variation of NLR in patients with
SD at first evaluation. BL, baseline;
CI, confidence interval; CR,
complete response; HR, hazard
ratio; ITT, intent-to-treat; NLR,
neutrophil to lymphocyte ratio; OS,
median overall survival; PD, disease
progression; PFS, median
progression-free survival; PR, partial
response; SD, stable disease; V1, first
tumor evaluation
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those proceeding to progression (Figure 1f,g and Tables S1
and S2).

Impact of HLA-I genotyping on survival and
response

Homozygosity of HLA-I was present in 11/69 (15.9%) patients,
and 58/69 (84.1%) patients had HLA-I heterozygosity. Eleven
patients were HLA-I homozygous, including five patients with
HLA-A homozygous, three patients with HLA-B homozygous,
and six patients with HLA-C homozygous. Among them, one
patient was homozygous for all three A, B, C loci, and another
one patient was homozygous both in B and C loci. The ORR
and DCR of patients with HLA-I homozygosity were signifi-
cantly lower than those with HLA-I heterozygosity (ORR 0 vs.
27.6%, p = 0.056; DCR 9.1% vs. 53.4%, p = 0.018). Of note,
no patients with HLA-I homozygosity responded to the treat-
ment. The PFS and OS were significantly shorter in patients
with HLA-I homozygosity (mPFS 1.8 vs. 2.4 months, HR 3.37,
p = 0.010; mOS 5.6 vs. 10.5 months, HR 3.97, p = 0.004)
(Figure 2a,b and Table 2).

In the 69 patients, the most common HLA-I supertypes
were A02 (53.6%), A03 (52.2%), B07 (40.6%) and B44

(39.1%) (Figure 2c). Among most supertypes, no significant
differences were observed in patient response and survival,
except that HLA-I supertype B27 was associated with a sig-
nificant longer OS (B27 vs. other supertypes: mOS 16.9
vs. 8.1 months, HR 0.53, p = 0.046) (Table S3). We further
investigated the clinicopathological characteristics between
patients with HLA-I supertype B27 and patients with other
HLA-1 supertypes; however, no significant differences were
observed (Table S4).

Impact of PD-L1 expression on survival and
response

A total of 64/69 (92.7%) patients provided adequate tumor tis-
sues for PD-L1 testing, and 22/69 (31.9%) had a PD-L1 TPS
≥10%. The response rates and the mPFS was superior in the
PD-L1 TPS ≥10% subgroup (TPS ≥10% vs. <10%: ORR 36.4%
vs. 14.3%, p = 0.042; DCR 63.6% vs. 33.3%, p = 0.020; mPFS
4.0 vs. 1.8 months, HR 0.47, p = 0.004) while the mOS did not
exhibit significant differences (TPS ≥10% vs. <10% mOS: 8.3
vs. 9.6 months, HR 0.96, p = 0.883) (Table 2).

In patients with PD-L1 TPS <10%, we found that base-
line NLR-H was significantly associated with poor OS (7.4

a

c

b F I G U R E 2 The impact of
HLA-I genotyping on clinical
outcomes. (a) The PFS of ITT
patients stratified by HLA-I
genotyping (N = 69). (b) The OS of
ITT patients stratified by HLA-I
genotyping (N = 69). (c) The
distribution of HLA-I supertype in
ITT patients (N = 69). CI,
confidence interval; hetero,
heterozygosity; HLA-I, human
leukocyte antigen class I; homo,
homozygosity; HR, hazard ratio;
ITT, intent-to-treat; mOS, median
overall survival; mPFS, median
progression-free survival
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vs. 11.0 months, HR 2.45, p = 0.032, Figure 3a) compared
with NLR-L, while in patients with PD-L1 TPS ≥10%, we
observed a similar association between NLR-H and poor
clinical outcomes, although no statistical significance was
observed.

In patients with PD-L1 ≥10%, we found statistically signifi-
cant differences in DCR, PFS and OS between patients with

HLA-I homozygosity and heterozygosity (DCR 0 vs. 77.8%,
p = 0.010; mPFS 1.8 vs. 4.7 months, HR 12.6, p = 0.009; mOS
3.8 vs. 9.8 months, HR 11.53, p = 0.010), while in the sub-
group with PD-L1 TPS <10%, the patients with HLA-I homo-
zygosity all had worse response rates and survival outcomes
compared to those with HLA-I heterozygosity, although no
statistical significance was observed (Figure 3b,c, Table 2).

a

d

f

e

b c

F I G U R E 3 The impact of biomarker combination on clinical outcomes. (a) The OS of patients with PD-L1 TPS <10% stratified by baseline NLR ≥4 or
<4 (N = 42). (b) The PFS of patients with PD-L1 TPS ≥10% stratified by HLA-I genotyping (N = 22). (c) The OS of patients with PD-L1 TPS ≥10% stratified
by HLA-I genotyping (N = 22). (d) The PFS of ITT patients stratified by the combination of baseline NLR (N = 69). (e) The OS of ITT patients stratified by
the combination of baseline NLR (N = 69). (f) The Venn diagram of different combination of biomarkers and the clinical outcomes stratified by the number
of favorable factors. CI, confidence interval; HLA-I, human leukocyte antigen class I; HR, hazard ratio; ITT, intent-to-treat; mOS, median overall survival;
mPFS, median progression-free survival; NLR, neutrophil to lymphocyte ratio; PD-L1, programmed death receptor ligand 1; TPS, tumor proportion score
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Impact of biomarker combination on survival
and response

We subsequently combined NLR status and HLA-I genotyping
for analysis, and found a significant improvement in clinical
outcomes consecutively among these four groups: Group A
(HLA-I homozygosity and NLR-H) versus Group B (HLA-I
homozygosity and NLR-L) versus Group C (HLA-I heterozy-
gosity and NLR-H) versus Group D (HLA-I heterozygosity
and NLR-H) (ORR 0 vs. 0 vs. 10.3% vs. 44.8%, p = 0.005;
DCR 0 vs. 14.3% vs. 44.8% vs. 62.1%, p = 0.023; mPFS 1.4
vs. 1.8 vs. 1.8 vs. 4.1 months, p < 0.001; mOS 1.8 vs. 6.5 vs. 8.2
vs. 13.4, p < 0.001) (Table 2, Figure 3d,e).

We also explored the association of clinical outcomes
with the number of favorable factors (baseline NLR-L,
HLA-I heterozygosity, PD-L1 TPS ≥10%), and the results
suggested that patients with more favorable factors had bet-
ter response and survival (Figure 3f, Table S5). Notably, in
the 12 patients with three favorable factors, 58.3% (7/12) of
them responded to the treatment, and a total of 83.3%
(10/12) experienced disease control. The mPFS was
5.0 months, and the mOS was 11.5 months, obviously longer
than other patients with 0, 1 or 2 favorable factors.

Univariate and multivariate analysis

The univariate analysis on responses demonstrated that the
baseline NLR-H and PD-L1 TPS <10% were significantly cor-
related with a lower ORR. Under multivariate analysis, baseline
NLR-H was an independent predictor of inferior ORR. The
univariate analysis on survival demonstrated a worse ECOG
score, nonsmokers, no previous surgery, HLA-I homozygosity,
NLR-H at baseline, NLR-H at first evaluation and PD-L1 TPS
<10% significantly correlated with a shorter PFS; and no previ-
ous surgery, ≥2 lines of prior chemotherapy, HLA-I homozy-
gosity, NLR-H at baseline, NLR-H at first evaluation correlated
with a shorter OS. Under multivariate analysis, baseline NLR
status was the independent predictor of OS, and HLA-I
genotyping was the independent predictor of both PFS and OS
(Table 3)

DISCUSSION

In this study, we unveiled that the baseline NLR and HLA-I
genotyping were associated with clinical outcomes of the
advanced ESCC patients receiving camrelizumab mon-
otherapy. To the best of our knowledge, this is the largest sam-
ple size study to evaluate the predictive and prognostic value of
NLR in advanced ESCC patients treated with a single-agent
ICI. This is also the first study to explore the influence of
HLA-I genotyping in ESCC patients treated with ICI.

The exploration of novel and favorable biomarkers of
immunotherapy in ESCC has constantly been investigated
due to imperfections of existing biomarkers,30–35 such as the
high-quality technical demands and tissue sample

requirements for the analysis of tumor mutational burden
(TMB),32 the low incidence of microsatellite instability-high
(MSI-H) among esophageal cancer patients,33 the inconve-
nience in performing T cell-inflamed gene-expression pro-
file (GEP) in routine clinical practice,34 and the insufficient
evidence with immune checkpoint coexpression.35 PD-L1
expression is a commonly used biomarker in patients treated
with ICIs; however, its predictive value in ESCC patients
remains controversial.8–10 In our study, and the phase
3 ESCORT trial, higher PD-L1 TPS was associated with
higher response rates but not with prolonged OS. Together
with the different anti-PD-L1 assays and scoring systems
(TPS, CPS, etc.) utilized across different clinical trials,
PD-L1 expression is important as a biomarker, but far
from adequate.

As a convenient and universal index, much attention has
been drawn towards the predictive and prognostic value of
NLR under immunotherapy which has been attributed to its
ability to reflect an inflammatory microenvironment. Our
study demonstrated that in patients with advanced ESCC
treated with camrelizumab, high baseline NLR was associ-
ated with poor clinical outcomes regardless of PD-L1
expression, suggesting NLR as a promising biomarker and
that it could be supplementary to PD-L1 expression in
predicting benefit of immunotherapy in ESCC; in addition,
the increase or a modest decrease of NLR from baseline to
the first imaging assessment would reflect a worse
OS. Moreover, the continuous monitoring of NLR also
exhibited potentiality in predicting clinical outcomes and
might help identify pseudoprogression.

Some key differences between our present study and
previous studies on NLR in ESCC under immunotherapy
should be highlighted.18–21 First, our study reported the
most comprehensive clinical outcomes, exhibiting signifi-
cant differences in ORR, PFS and OS, while two of the four
previous studies failed to exhibit the association between
NLR (or derived NLR) with PFS, and one study did not ana-
lyze the results of OS and responses. Second, the cutoff
values of NLR were different. The determination of our cut-
off value was referenced by the median number and previ-
ous studies.28,29 Third, the first imaging assessment was
chosen as the timepoint to quantify the changes in NLR rel-
ative to baseline, instead of a fixed timepoint (3 or 6 weeks
as previously-reported), attributing to an easier real world
compliance. Fourth, our study, for the first time, analyzed
the impact of NLR in ESCC patients with different PD-L1
expression levels. Lastly and most importantly, data from
our study were of high quality and reliability which can be
attributed to the fact that all patients with advanced ESCC
were consecutively included from two prospective clinical
trials without selection bias, and were all treated under the
same single-agent ICI with strict management and complete
follow-up.

Our analyses of HLA-I genotyping in ESCC revealed an
association between HLA-I genotyping and clinical out-
comes. We observed a significantly shorter OS in patients
with HLA-I homozygosity, consistent with the findings by
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Chowell et al. in patients with melanoma.23 In addition, we
demonstrated an inferior PFS, ORR and DCR in patients
with HLA-I homozygosity, which has not been comprehen-
sively analyzed and reported in previous studies.23–26

Supertype analysis found that supertype B27 might have an
impact on OS without significant interactions with other
clinicopathological features, suggesting the peptides pres-
ented by HLA-I B27 might be important in ESCC, and this
hypothesis warrants further verification. Also, HLA-I homo-
zygosity led to worse clinical outcomes regardless of PD-L1
status, while the differences were especially remarkable in
the subgroup with PD-L1 TPS ≥10%. Therefore, HLA-I
homozygosity may have a profound impact on survival
among patients with PD-L1 TPS ≥10%, when treated with
ICIs, which is consistent with the findings of Abed et al.25

Due to the imperfection of all single biomarkers, the
refined combination of biomarkers has become progres-
sively important. The combination of NLR and HLA-I may
help to identify more patients who could benefit from
immunotherapy. When PD-L1 status was also taken into
consideration, we were able to demonstrate distinctive clini-
cal outcomes in patients with 3, 2, 1 or 0 favorable factors.
Notably, only two patients with baseline NLR-L, HLA-het-
erozygosity, and PD-L1 ≥10% presented with disease pro-
gression, and this might be explained by other underlying
immune escape mechanisms we did not measure.

Our study had several limitations. First, this was a retro-
spective analysis with a relatively limited sample size, the
statistical inferences were not robust and the results were
preliminary. Second, we did not set control groups of other
therapeutic strategies, such as chemotherapy or placebo to
verify if these biomarkers were valid only in the context of
immunotherapy. Third, other factors which might influence
the clinical outcomes under immunotherapy were not ana-
lyzed, such as the TMB, MSI status, HLA-I LOH status, etc.
To make strong conclusions on the relationship between
these biomarkers and clinical outcomes, a randomized, well-
controlled, prospective clinical study should be undertaken.

In conclusion, our study demonstrated that high baseline
NLR and HLA-I homozygosity correlated with worse clini-
cal outcomes in patients with advanced ESCC under
camrelizumab monotherapy, independent of PD-L1 status,
suggesting an intricate interaction of systemic inflammation
and individual genotype with antitumor immunity in
patients, in addition to alterations within the tumor micro-
environment. A rational combination of biomarkers based
on the results from our study could be established to select
patients most likely to benefit from ICI treatment, and
which warrant further refinement in the future.
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