Cancer Management and Research

Dove

ORIGINAL RESEARCH

Prognostic Significance of Serum PD-LI| Level in
Patients with Locally Advanced or Metastatic
Esophageal Squamous Cell Carcinoma Treated
with Combination Cytotoxic Chemotherapy

Rong Fu'
Chuan-Qing Jing'
Xiu-Rong Li?
Zhao-Feng Tan?
Hui-Jie Li(?

'Clinical Department of Integrated
Traditional Chinese and Western
Medicine, The First Clinical Medical
College of Shandong University of
Traditional Chinese Medicine, Jinan,
People’s Republic of China; 2Affiliated
Hospital of Shandong University of
Traditional Chinese Medicine, Jinan,
People’s Republic of China

Correspondence: Hui-Jie Li
Email 2008lihuijie@ | 63.com

Background: There are no useful biomarkers for the clinical outcome of advanced esopha-
geal squamous cell carcinoma (ESCC). In this study, we aimed to investigate the prognostic
value of soluble PD-L1 (sPD-L1) in serum of patients with locally advanced or metastatic
ESCC who received cytotoxic chemotherapy as first-line treatment.

Materials and Methods: This study evaluated the expression pattern of PD-L1 by immu-
nohistochemistry and sPD-L1 concentration, and correlation with clinicopathological factors
and overall survival (OS) in 190 patients with ESCC.

Results: sPD-L1 concentration was highly expressed in ESCC, especially in female patients.
Patients with a high sPD-L1 level (>0.63 ng/mL) had a shorter OS than those with a low
sPD-L1 level (<0.63 ng/mL). In a multivariate analysis, high sPD-L1 concentration remained
an independent prognostic factor of OS after adjustment for possible confounders. However,
tissue PD-L1 expression level was non-prognostic in this study.

Conclusion: There was no significant correlation between serum sPD-L1 concentration and
tissue PD-L1 expression level. sPD-L1 concentration before treatment could be an effective
and convenient biomarker of prognosis in patients with locally advanced or metastatic ESCC
treated with combination cytotoxic chemotherapy.

Keywords: esophageal squamous cell carcinoma, PD-L1, soluble PD-L1, prognosis, clinical
outcome, chemotherapy

Introduction

Esophageal cancer is the sixth most prevalent cancer worldwide. Global burden of
esophageal cancer mostly involves esophageal squamous cell carcinoma (ESCC),
and the greatest burden of ESCC occurs in China.' Although the incidence and
mortality of ESCC gradually declined during the last three decades, the dismal
prognosis of locally advanced or metastatic ESCC is still threatening the public
health in China.’

ESCC is usually fatal and has a poor 5-year survival (less than 30% in China).*
Such poor survival reflects the fact that ESCC is often unresectable due to advanced
stage or metastasis at the time of diagnosis. Systemic chemotherapy has been
established as the standard treatment for locally advanced or metastatic ESCC.’
Docetaxel plus nedaplatin-based combination cytotoxic chemotherapy is currently
a commonly used first-line regimen.® However, the outcome varies significantly
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among individuals with unresectable ESCC who receive
first-line chemotherapy. Therefore, clinicians need an
effective biomarker of individual prognosis for reliable
patient stratification.’

The programmed cell death ligand 1 (PD-L1)/pro-
grammed cell death receptor 1 (PD-1) pathway has been
considered a promising target for cancer treatment based
on its significant role in tumor immunity.® Several studies
have shown PD-L1 expression level as an indicator of
outcome in several malignancies.” It is known that PD-
L1 localizes to the cell surface of tumor and immune cells,
and recent studies have found the existence of soluble PD-
L1 (sPD-L1) released from PD-L1 positive cells in human
serum.'®!" Previous research has shown that functional
serum sPD-L1 also has PD-1 binding capacity.'? To the
best of our knowledge, although sPD-L1 is a promising
biomarker, its clinical significance and comparison of the
clinical value between the tissue and serum levels have not
been reported in patients with ESCC. The purpose of this
study was to evaluate the prognostic significance of sPD-
L1 in patients with ESCC treated with combination cyto-
toxic chemotherapy.

Materials and Methods

Study Design and Patient Characteristics
We recruited patients who had histologically proven
unresectable, locally advanced or recurrent/metastatic
ESCC and had not received prior systemic therapies.
Patients with locally advanced or metastatic ESCC who
had received at least one cycle of first-line chemotherapy
from January 2015 to October 2017 were identified from
the computerized patient database of Affiliated Hospital
Chinese

of Shandong University of Traditional

Medicine. The process of selection is shown in
Figure 1. The patients were included based on the avail-
ability of tissue biopsy specimens and serum samples
with complete clinical information. We excluded patients
in whom one or more clinicopathological variables of
interest were unavailable. Forty-three patients who lost
follow-up in the study were also excluded from study.
Eventually, 190 patients with locally advanced or meta-
static ESCC were enrolled in this study. The following
associated data were collected: age at diagnosis, gender,
body mass index (BMI), Eastern Cooperative Oncology
Group performance score (ECOG performance score),
tumor location, radiotherapy, subsequent chemotherapy

record, and other initial laboratory values of interest. In

Patients with locally advanced or metastasis
ESCC treated with at least one cycle of cytotoxic
chemotherapy from 2013 to 2015 (n=450)

143 received other regimens
117 had one or more missing
values of interested

190 eligible ESCC patients and 58
healthy controls were enrolled

Figure | Flowchart: Selection of the study population.

addition, we also included 58 healthy volunteers as
a control cohort, whose detailed demographic informa-

tion and laboratory values are described in

Supplementary Table 1. All experimental procedures

were conducted in accordance with the Declaration of
Affiliated Hospital
Traditional Chinese Medicine, and written informed con-

of Shandong University of
sent was obtained from each patient.

Measurement of Serum sPD-LI Levels

Blood samples were collected by venipuncture from
healthy volunteers and from ESCC patients within one
week before initiation of combination chemotherapy.
Samples were centrifuged at 2000 g for 10 min, then
divided and stored at —80°C until analysis. Serum sPD-
L1 concentrations were determined using enzyme-linked
immunosorbent assay kits for human PD-L1 (E-16346;
Heguo, Shanghai, China). Serum samples (100 uL) were
incubated in duplicate in PD-L1 antibody-coated micro-
titer plates. After incubation at 37°C for 2 hours, the
liquid was removed from each well, and detection reagent
A working solution was then added. After incubation at
37°C for 1 hour and subsequent washing, detection
reagent B working solution was added, followed by incu-
bation of samples at 37°C for 30 min. The solution was
discarded, and after subsequent washing, substrate solu-
tion was added. Color development was stopped after 10
min at 37°C in the dark, and the intensity was immedi-
ately read at 450 nm. Measurements were performed in
were used for data

duplicate, and mean values

presentation.

Hematologic Markers
We also evaluated the blood parameters at baseline, prior
to the first-line chemotherapy. Namely, the absolute
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neutrophil count, absolute lymphocyte count, platelet
count, albumin (ALB) level, C-reactive protein (CRP)
level, globulin (GLB) level, and lactate dehydrogenase
(LDH) level were collected from electronic medical data-
base. The (neutrophil-lymphocyte ratio) NLR was calcu-
lated as the neutrophil count divided by the lymphocyte
count, while the (platelet-lymphocyte ratio) PLR was cal-
culated as the platelet count divided by the lymphocyte
count.

Staining of Tissue PD-LI

Immunohistochemical (IHC) analysis of PD-L1 on 4 pm
paraffin-embedded archived ESCC tissue biopsy specimens
was performed in accordance with the standard protocol
using commercial antibody. After deparaffinization and
dehydration, the sections were placed in 10 mM sodium
citrate buffer (pH=6.0) and autoclaved at 121°C for 10 min,
and then incubated in normal goat serum (KL-D1418;
KALANG, Zhengzhou, China) for 30 min to block non-
specific antibody-binding sites. Each section was then incu-
bated for 10 min at room temperature with an anti-PD-L1
rabbit monoclonal antibody (ab228415; Abcam, Shanghai,
China) diluted 1:500 in phosphate-buffered saline contain-
ing 1% bovine serum albumin. Phosphate-buffered saline
was used for negative controls. Visualization was performed
by Envision Flex kit (DAKO, Glostrup, Denmark). The
slides were counterstained with hematoxylin. Each section
was observed at magnification of 10x and 20x. Expression
levels of PD-L1 were defined as 1 (weak), 2 (relatively
weak), 3 (relatively strong), or 4 (strong). All the samples
were blindly examined by two pathologists (RZ.L. and L.
Y.), and discussion using multi-head microscope was used
to resolve discrepancies. The tumor samples were divided
into a PD-L1-low group (staining score: 1-2) and PD-L1-
high group (staining score: 3—4).

Outcome Assessment

All patients were followed up in 1-month intervals during
the first year after first-line chemotherapy, and subse-
quently at 2-month intervals for the second year,
6-month intervals for the third year, and annually for the
fourth year. Overall survival (OS) was defined as the
interval between the date of initial treatment and the date
of death from any cause or the last follow-up.

Statistical Analysis
Categorical data was analyzed using Fisher’s exact test or
the 4 test. Continuous data were compared between the

groups using Mann—Whitney U-test. Box-plot graphics
displayed a statistical summary of the median, quartiles,
and ranges. The optimal cut-off value of sPD-L1 was
determined using X-tile software (http://www.tissuearray.

org/rimmlab) and by the minimal P-value approach, as
shown in the Supplementary Figure 1. The same method
was used for other hematologic markers (NLR, PLR, CRP,
ALB, GLB, and LDH). The cut-off values of sPD-L1,
NLR, PLR, CRP, ALB, GLB, and LDH in ESCC cohort
to separate OS were 0.63 ng/mL, 6.6, 145, 5.21 mg/L, 40.0
g/L, 25.7 g/L, and 212 U/L, respectively. Hazard ratios
(HRs) were obtained using the cumulative survival func-

tion and were reported with corresponding 95% confi-
dence intervals (95% CI). Univariate Cox regression was
constructed and factors with p value <0.1 in univariate
survival analysis were introduced into multivariate analy-
sis performed by the Cox proportional-hazards model
using the forward procedure based on likelihood ratio for
variable selection. A p value <0.05 was considered statis-
tically significant. All analyses were performed using
Empower (R) (www.empowerstats.com, XY Solutions,
inc. Boston MA)

Results
Serum sPD-LI is Elevated in Patients with
Locally Advanced or Metastatic ESCC

We examined the serum sPD-L1 level in pre-chemotherapy
serum samples from 190 patients with ESCC and 58 healthy
controls. We showed that sPD-L1 levels in ESCC patients
were significantly elevated compared with healthy controls
(Figure 2A). The detailed sPD-L1 testing information is
shown in Supplementary Table 1. Receiver operating char-

acteristic curve (ROC) analysis for discrimination between
patients with locally advanced or metastatic ESCC and
healthy volunteers revealed an area under the ROC curve
(AUC) of 0.667 for sPD-L1, which was only slightly infer-
ior to ALB (AUCALB=0.670). Other hematologic markers
showed an inferior AUC for the discrimination between
ESCC patients and healthy controls (AUCNLR=0.595,
AUCLDH=0.556, AUCGLB=0.547, AUCCRP=0.544,
AUCPLR=0.522) (Figure 2B).

Based on the optimal cut-off level of sPD-L1 (0.63
ng/mL), 190 patients with advanced ESCC were strati-
fied into the low (n=57) and high (n=133) sPD-L1
groups. Patients’ characteristics are summarized in
Table 1. Interestingly, sSPD-L1 level significantly corre-
lated with gender (p<0.001) and GLB level (p=0.003)

Cancer Management and Research 2021:13

4937

Dove:


http://www.tissuearray.org/rimmlab
http://www.tissuearray.org/rimmlab
https://www.dovepress.com/get_supplementary_file.php?f=312690.docx
http://www.empowerstats.com
https://www.dovepress.com/get_supplementary_file.php?f=312690.docx
https://www.dovepress.com
https://www.dovepress.com

Fu et al

Dove

>
30

*k%k

20 25

1.5

1.0

Serum sPD-L1 [ng/ml]

0.5

0.0

ESCC Patients

Healthy controls

0.8

0.6

AuC
ALB: 0.670
— sPD-L1: 0.667

NLR: 0.595

Sensitivity

0.2
e
,

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2 sPD-L| concentration in healthy controls and ESCC patients. (A) sPD-L| concentration was highly elevated in ESCC patients (U-test, p<0.001). (B) ROC analysis
of sPD-LI and other hematologic markers between ESCC patients and healthy controls.

Note: ***p<0.001 was considered significant in U-test.

in ESCC patients, but not with any other variables
examined. Subsequently, we examined the sPD-L1
level in the male and female parts of the cohort. We
found no significant difference between patients with
unresectable ESCC and healthy controls in the male
cohort (p=0.45), but highly significant difference in
the female cohort (p<0.001). Beyond that, in the
female cohort, sSPD-L1 level had a better discrimination
ability between ESCC and healthy cohort (AUCsPD-
L1-Female=0.758) than in the male cohort (AUCsPD-
L1-Male=0.554) (Figure 3).

PD-LI| Expression in Locally Advanced or
Metastatic ESCC

To evaluate the tissue expression pattern of PD-L1 in
ESCC, we performed IHC analysis of PD-L1 and quan-
tified the staining as described in the Material and
Methods section. Consistent with previous reports for
other types of cancers, the IHC staining signal of PD-
L1 was mainly distributed in the cellular membrane, but
the cytoplasmic and nuclear localization of PD-L1 were
also observed in some specimens. The staining intensity
of PD-L1 was scored on a scale from 1 to 4 (Figure 4).
According to the IHC staining results, 86 (45.3%) ESCC
patients were classified into the PD-L1-Low group
(score 1 or 2) and 104 (54.7%) ESCC patients into the
PD-L1-High group (score 3 or 4). Correlations of tissue
PD-L1 expression level with other patients’ characteris-
tics are shown in Supplementary Table 2. We found no

variables correlating with tissue PD-L1 expression level
(p>0.05).

Correlation Between Tissue PD-LI

Expression and Serum sPD-L| Levels
According to the IHC staining and serum Elisa results, we
subsequently evaluated the correlation between tissue PD-
L1 and serum sPD-L1 levels in locally advanced or meta-
static ESCC patients. There was no tendency to elevated
sPD-L1 level in ESCC patients with high tissue PD-L1
expression compared with those with low expression level
(Figure 5 and Table 2).

Survival Analysis of sPD-L| and PD-LI

Among 190 patients, there were 111 deaths during
a median follow-up time of 13 months (range: 3-38
months), where the one-third-year OS was 70.0% and
9.8%, respectively.

Firstly, we observed that patients’ survival time highly
correlated with serum sPD-L1 concentration (p<0.001, Figure
6A). However, the mean OS in different PD-L1 expression
groups (scoring 1, 2, 3 or 4) was 14.5, 15.3, 14.7, and 13.9
months, respectively, indicating no significant difference in
OS between different PD-L1 expression groups (p=0.803,
Figure 6B). Next, Kaplan—Meier curve analysis revealed sig-
nificantly impaired OS in patients with locally advanced or
metastatic ESCC with sPD-L1 serum concentration above the
cut-off value of 0.63 ng/mL (Figure 6C). Median OS of sPD-
L1-high patients was lower than in patients with low sPD-L1
level (12 months vs 21 months, p < 0.001). However, we did
not observe strongly impaired OS between ESCC patients
with low and high tissue PD-L1 expression levels (p=0.89,
Figure 6D). Median OS of low or high PD-L1 expression
patients was 14 and 13 months, respectively (p=0.311).
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Table | Clinicopathological and Treatment Characteristics of ESCC Patients, Grouped Based on Serum sPD-L| Level (Low vs High)

Factors Total Low sPD-LI Group High sPD-LI Group P
N =190 (%) N =57 (30%) N =133 (70%)

Age 0.296
<68 * 91 47.9 24 42.1 67 50.4
268 99 52.1 33 589 66 49.6

Gender <0.001
Male 87 45.8 48 84.2 39 293
Female 103 54.2 9 15.8 94 70.7

BMI (Kg/m2) 0.970
<25 147 774 44 77.2 103 774
225 43 22,6 13 228 30 22.6

Tumor location 0.454
Upper 27 14.2 5 8.8 22 16.5
Middle 83 43.7 27 474 56 42.1
Lower 63 332 21 36.8 42 31.6
Overlapping 17 8.9 4 7.0 13 9.8

ECOG PS 0.823
0-1I 8l 42.6 25 43.7 56 42.1
2 109 574 32 56.1 77 579

Grade 0.093
Well 6 32 0 0 6 4.5
Moderately 92 484 33 579 59 444
Poorly 92 484 24 42.1 68 51.3

T classification 0.168
T2 35 18.4 I 19.3 24 18.0
T3 90 474 32 56.1 58 43.6
T4 65 342 14 24.6 51 384

LN metastasis 0.457
Absent 34 17.9 12 21.0 22 16.5
Present 156 82.1 45 79.0 1 83.5

Distant metastasis 0.336
Absent (IIl) 110 579 36 63.2 74 55.6
Present (lIl) 80 42.1 21 36.8 59 44.4

Radiotherapy 0.747
Absent 154 8l.1 47 825 107 80.5
Present 36 18.9 10 17.5 26 19.5

Sub-therapy 0.061
Absent 76 40.0 17 29.8 59 44.4
Present 114 60.0 40 70.2 74 55.6

NLR 0.536
< 6.60 73 384 20 35.1 53 39.8
26.60 117 6l1.6 37 64.9 80 60.2

PLR 0.758
< 145 29 15.3 8 14.0 21 15.8
=145 161 84.7 49 86.0 112 84.2

(Continued)
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Table | (Continued).

Factors Total Low sPD-LI Group High sPD-L1 Group p
N =190 (%) N =57 (30%) N =133 (70%)

CRP (mg/L) 0.089
<52l 60 3.6 23 40.3 37 278
2521 130 68.4 34 59.7 96 72.2

ALB (g/L) 0.776
< 40.0 97 511 30 526 67 504
240.0 93 48.9 27 47.4 66 49.6

GLB (g/L) 0.003
<257 11 584 24 42.1 87 65.4
2257 79 41.6 33 579 46 34.6

LDH (U/L) 0.203
<212 126 66.3 34 59.6 92 69.2
2212 64 337 23 40.4 41 30.8

Note: *The median age at diagnosis is 68 years for ESCC patients in this study.

Abbreviations: ESCC, esophageal squamous cell carcinoma; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance score; LN metastasis,
lymph node metastasis; Sub-therapy, subsequent second-line chemotherapy; NLR, Neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; CRP, C-reactive protein;

ALB, albumin; GLB, globulin; LDH, lactate dehydrogenase.

sPD-LI but Not PD-LI is an Independent
Prognostic Factor of OS in Advanced
ESCC

After univariate Cox-regression analysis, variables of
gender, ECOG performance score, lymph node metasta-
sis, distant metastasis, sPD-L1, NLR, CRP, ALB, and
GLB were entered into the multivariate Cox-regression
analysis. However, tissue PD-L1 expression level was not
found to be significant (p=0.898). We adjusted for the

possible factors related to ESCC patients’ overall

survival, including radiotherapy record, subsequent ther-
apy record, age at diagnosis, BMI, tumor location,
pathology grade, and T classification. Eventually, multi-
variate analysis demonstrated that HRs were significantly
higher for the factors of female patients, lymph node
metastasis, sPD-L1 high group, ECOG performance
score >2, and NLR>6.60 (Table 3). While sPD-L1 was
still an independent prognostic factor, lymph node metas-
tasis was found to be non-significant after adjustment for

possible confounders.
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Figure 3 (A) sPD-LI| concentration was not significantly different between healthy male controls and male ESCC patients (U-test, p=0.448), but it was significantly elevated
in the ESCC female patients compared with healthy female controls (U-test, p < 0.001). (B and C) sPD-L| showed a powerful discrimination ability between ESCC patients
and healthy controls in the female cohort (AUC=0.758) than in the male cohort (AUC=0.554).

Note: **p<0.001 was considered significant in U-test.
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Figure 4 Immunohistochemical staining of PD-L| in ESCC. (A) Score |: weak; (B) Score 2: relatively weak; (C) Score 3: relatively strong, and (D) Score 4: strong. Scale bar:

100 pm.

Discussion

We conducted this study to evaluate the association of pre-
treatment serum sPD-L1 concentration with clinicopatho-
logical characteristics and prognosis in patients with
locally advanced or metastatic ESCC. Only a few reports
have assessed the clinical role of sPD-L1 as a biomarker of

prognosis in patients with malignancies,”* "> and to the

ns

25

1.5

1

1.0

sPD-L1 Levels [ng/ml]

0.5

PD-L1-Low PD-L1-High

Figure 5 Correlation between tissue PD-L| expression and serum sPD-LI levels
(U-test, p=0.246).

best of our knowledge, the clinical significance of serum
sPD-L1 level in ESCC and direct comparison of the
expression between tissue and serum PD-L1 has not been
demonstrated.

In this study, we assessed tissue PD-L1 expression
and serum sPD-L1 concentration using matched tissue
and pre-treatment serum samples from ESCC patients
and made several novel discoveries. First, we assessed
sPD-L1 concentration in 190 ESCC patients before
treatment and in 58 healthy controls. We found that
sPD-L1 levels were significantly elevated in patients
with locally advanced or metastatic ESCC. sPD-LI is
released from PD-L1-positive cells, which binds to
receptor of PD-1, and was not associated with tissue
PD-L1 expression level, and the mechanisms behind it
need to be further explored. Interestingly, sPD-L1 con-
centration was highly elevated in female patients and in
patients with high level of GLB, it suggest this may
have something to do with the lifestyle of both men and
women, as well as their hormone levels. The specific
mechanism needs to be further explored and studied,
however, we did not observe any association with local
disease progression factors, including lymph node
metastasis, distant metastasis, poor pathologic grade,
and impaired ECOG performance status. Second, we
assessed tissue PD-L1 expression in ESCC, and divided
the ESCC cohort into the PD-L1-high and PD-L1-low
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Table 2 Correlation Between Tissue PD-LI Expression and
sPD-LI Levels

n sPD-LI Levels Mean  SD | p value
PD-LI expression 0.246
Low 86 | 0.87+0.58
High 104 | 0.88+0.54

groups based on IHC staining intensity. Eventually,
there were 45.3% (n=86) patients in the PD-L1-low
group (staining score 1 or 2) and 54.7% (n=104) in
the PD-L1-high group (staining score 3 or 4). No factors
correlated with tissue PD-L1 expression level in this
study. Third, we evaluated association of sPD-L1 con-
centration and tissue PD-L1 expression level, but we did
not observe significant correlation. It was consistent
with the results of a previous study in gastric cancer.'®
Finally, the multivariate Cox regression analysis clearly
showed that high level of sPD-L1 but not tissue PD-L1
expression was an independent prognostic factor of

overall survival in patients with locally advanced or
metastatic ESCC.

The prognostic role of IHC-evaluated PD-L1 expression
has been reported in many tumor types, including ESCC.'”"'®
The majority of studies has demonstrated that PD-L1 expres-
sion was associated with impaired OS. Several studies inves-
tigated PD-L1 expression level in patients with ESCC.
Recently, He et al reported that positive PD-L1 expression
was a favorable predictor in ESCC patients with I-1I stage
disease or without lymph node metastasis, but not in patients
with stage III disease or without lymph node metastasis.'’
Given the advanced stage of ESCC in our study, we con-
ducted the survival analysis to investigate whether lymph
node metastasis status could influence the prognostic value
of tissue PD-L1 expression, but we found no differences in
survival between high and low PD-L1 tissue expression
irrespective of the presence of lymph node metastasis

(Supplementary Figure 2). Similar results were found

between patients with specific T grades (T2, T3, or T4),
pathologic grades (well, moderately, or poorly differentia-
tion), or distant metastasis status (metastasis or non-
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Figure 6 Survival analysis according to sPD-LI and PD-LI. (A) Correlation between sPD-LI level and OS. Each dot represents one ESCC patient (r2=0.477, p<0.001). (B)
Mean OS did not differ significantly between different tissue PD-L| staining levels (p=0.083). (C) Subgroup analysis of OS according to serum sPD-LI concentration
(p<0.001). (D) Subgroup analysis of OS according to tissue PD-LI expression level (p=0.311).
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Table 3 Prognostic Factors for Overall-Survival

Factors

Univariate Analysis

Multivariate Analysis (Non-Adjusted)

Multivariate Analysis (Adjusted™*¥)

HR 95% CI p*

HR

95% CI

p**

HR

95% ClI

p**

Age (years)
<68
268

1.02 | 0.64-1.63 | 0.932

Gender
Male
Female

.11 1.42-3.13 | <0.001

1.02

0.63—1.65

0.933

1.08

0.63-1.83

0.788

BMI (kg/m2)
<25
225

0.66 | 0.40-1.09 | 0.102

ECOG PS
0-1
22

2.16 | 1.41-3.30 | <0.001

1.88

1.22-2.90

0.004

1.81

1.15-2.85

0.010

Tumor location
Upper
Middle
Lower

Overlapping

0.65 | 0.37-1.16
0.83 | 0.47-1.46
1.07 | 0.51-2.25

0.144
0.508
0.860

Pathology grade
Well
Moderately
Poorly

0.75 | 0.27-2.08
0.85 | 0.30-2.36

0.578
0.750

T classification
T2
T3
T4

0.69 | 0.42-1.13
0.76 | 0.46-1.25

0.144
0.278

LN metastasis
Absent
Present

2.07 1.17-3.67 | 0.013

1.98

1.08-3.63

0.028

1.87

0.97-3.61

0.063

Distant metastasis
Absent

Present

1.56 1.07-2.27 | 0.021

1.43

0.97-2.11

0.069

1.48

0.88-2.48

0.137

sPD-LI
Low
High

396 | 2.51-6.26 | <0.001

3.71

2.05-6.71

< 0.001

4.06

2.12-7.79

< 0.001

PD-LI
Low
High

098 | 0.67-1.42 | 0.898

NLR
<6.60
26.60

1.57 1.03-2.31 0.036

1.72

1.08-2.74

0.021

1.69

1.05-2.70

0.030

PLR
<145
=145

129 | 0.75-2.23 | 0.360

(Continued)
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Table 3 (Continued).

Factors Univariate Analysis Multivariate Analysis (Non-Adjusted) Multivariate Analysis (Adjusted**¥)
HR | 95% CI p* HR 95% CI p** HR 95% CI p**

CRP (mg/L)

<5.21

2521 .55 | 1.02-2.36 | 0.038 1.29 0.84-2.00 0.2502 I.14 0.72-1.83 0.573
ALB (g/L)

<40.0

240.0 1.39 | 0.95-2.02 | 0.093 1.27 0.85-1.90 0.251 1.24 0.80-1.92 0.337
GLB (g/L)

<257

2257 0.67 | 0.45-0.99 | 0.042 0.95 0.63—1.42 0.796 0.92 0.60-1.40 0.688
LDH (U/L)

<212

2212 0.76 | 0.51-1.14 | 0.182

Notes: *p<0.| was considered significant in Univariate analysis. **p<0.05 was considered significant in Multivariate analysis.
Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence intervals; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance score; LN
metastasis, lymph node metastasis; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; CRP, C-reactive protein; ALB, albumin; GLB, globulin; LDH, lactate

dehydrogenase.

metastasis). Jiang et al recently reported that high PD-L1
expression was associated with a favorable prognosis in
patients with ESCC undergoing postoperative adjuvant
radiotherapy,”® while Wang et al reported that high PD-L1
expression on tumor cells was linked with impaired OS in
ESCC patients.?' These results suggest that PD-L1 expres-
sion in ESCC is highly heterogeneous, and survival benefit
may also correlate with specific clinicopathological charac-
teristics or treatment measures.

PD-L1 is broadly expressed on the membrane or cyto-
plasm of various types of cells, including tumor cells, T cells,
B cells, dendritic cells, macrophages, and even bronchial
epithelial cells.'®*** Recent studies have demonstrated the
existence of soluble PD-L1 released from PD-L1 positive
cells in human serum. In addition, Takeuchi et al reported
that sPD-L1 in plasma of patients with NSCLC also had PD-
1 binding capacity.'? Furthermore, Shigemori et al found that
a high level of PD-L1 expression was associated with a lower
density of CD3- and CD8-positive Tumor-infiltrating cell
(TILs) in gastric cancer, while sPD-L1 concentration in
serum had no significant association with the density of
TILs in the tumor microenvironment.'® It was suggested
that PD-L1 but not sPD-L1 could modulate host tumor
immunity in primary tumor location.

Several studies have demonstrated the feasibility of cir-
culating molecular or hematologic markers as biomarkers of

OS in patients with malignancies. Sven H. Loosen reported
that circulating levels of osteopontin could predict patients’
outcomes after resection of colorectal liver metastases.** Cho
et al evaluated the NLR in 621 patients and showed that high
NLR was an independent poor prognostic factor in head and
neck cancer treated with radiotherapy.”® Recently, studies
also demonstrated that sPD-L1 could act as a biomarker of
survival in patients with cancer. Shigemori et al evaluated
sPD-L1 levels in serum samples before treatment in 180
gastric cancer patients who underwent surgery, and reported
that high sPD-L1 significantly impaired the OS in gastric
cancer patients.'® More recently, Bian et al quantified circu-
lating sPD-L1 concentration in 59 patients with pancreatic
adenocarcinoma (PDAC) and showed that elevated level of
serum sPD-L1 was also an independent prognostic factor in
PDAC patients.'® Likewise, Ha et al reported that high level
of sPD-L1 was one of the independent poor prognostic
factors in patients with advanced biliary tract cancer who
received palliative chemothaerapy.26 For immunotherapy,
Costantini et al demonstrated that plasma sPD-L1 level at
baseline was associated with clinical outcome in NSCLC
patients treated with nivolumab (one of the PD-1
blockers).?” These studies revealed that monitoring the con-
centration of serum sPD-L1 might be helpful for predicting
survival in subgroups of patients and subsequently improve
their treatment.
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In our study, we aimed to assess the prognostic value of
serum sPD-L1 in patients with locally advanced or meta-
static ESCC who received cytotoxic combination che-
motherapy. In total, 190 eligible patients were enrolled,
and chemotherapy regimens were restricted to docetaxel
plus nedaplatin, a conventional chemotherapy regimen for
advanced ESCC. First, our results showed that sPD-L1 level
was significantly elevated in patients with advanced ESCC
patients compared with healthy controls, and interestingly, it
was more obvious in female than in male patients. Next, we
made a direct association analysis of the clinical burden,
and we found no correlation between tissue and serum PD-
L1. This result was in accordance with the previous report
by Tsunehiko Shigemori in gastric cancer patients. Several
studies showed that serum sPD-L1 in cancer patients might
originate from PD-L1 released during pro-tumor inflamma-
tory responses, antitumor immune responses, and intrinsic
activities in tumor cells. These sources might influence the
circulating sPD-L1 levels in ESCC patients. Then, we con-
ducted KM survival and Cox regression analyses and
demonstrated that high sPD-L1 concentration significantly
impaired the OS and acted as an independent prognostic
factor in patients with locally advanced or metastatic ESCC
after adjustment for possible confounders.

Our study showed that serum sPD-L1 concentration did
not correlate with major clinicopathological characteristics
or hematologic markers including lymph node metastasis,
distant metastasis, tumor pathologic grade, T grade, ECOG
performance status, NLR, and PLR (Supplementary Figure

3). Therefore, our findings suggest that sPD-L1 does not
reflect the local disease development in the tumor’s primary
location, distant metastasis, or host hematologic character-
istics. On the other hand, previous evidence suggested that
PD-L1 could suppress the activation of T cells and decrease
the density of T cells infiltrating the tumor microenviron-
ment. sPD-L1 was also associated with immune suppres-
sion and host-immune damage through inhibiting T cell
activation in non-small cell lung carcinoma (NSCLC),
aggressive renal cell carcinoma, and aggressive diffuse
large-B cell lymphoma.”*° However, the role of sPD-L1
in the host immune system in ESCC patients needs to be
confirmed by further research. Limitations of the present
study included the single-center, single-arm design, and the
relatively small sample size. Therefore, a more accurate and
effective prognostic model based on sPD-L1 might be
developed for individual prognosis of clinical outcome in

Conclusion

In conclusion, our study demonstrated that sPD-L1 con-
centration in serum did not correlate with tissue PD-L1
expression. Serum sPD-L1 but not tissue PD-L1 expres-
sion level might be used as a prognostic biomarker in
patients with locally advanced or metastatic ESCC.
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