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Purpose: Immune checkpoint proteins in the tumor microenvironment can enter the blood
circulation and are potential markers for liquid biopsy. The aims of this study were to explore
differences in immune checkpoint protein expression between patients with nasopharyngeal
carcinoma (NPC) and healthy controls and to investigate the prognostic value of the soluble
form of programmed death-ligand 1 (sPD-L1) in NPC.

Methods: In total, 242 patients were included in the disease group. Plasma samples from 23
NPC patients and 15 healthy control were used for immune checkpoint protein panel assays.
Samples from 219 patients with NPC including 30 paired pre-treatment and post-radiotherapy
samples were evaluated by enzyme-linked immunosorbent assay to determine sPD-L1 levels.
Results: A total of 14 immune checkpoint proteins, including sPD-L1were upregulated in 23
patients with NPC (all p<0.001) compared with 15 healthy controls. Among 219 patients, the
median follow-up time was 50 months (7-82 months). Based on the optimal cutoff value of
93.7 pg/mL, patients with high expression of sPD-L1 had worse distant metastasis-free
survival (87.5% vs 74.0%, p=0.006) than those of patients with low expression.
Multivariate analysis showed that sPD-L1 (HR=1.99, p=0.048) and EBV-DNA (HR=2.51,
p=0.030) were poor prognostic factors for DMFS. In the group with high EBV-DNA
expression, DMFS was worse for patients with high sPD-L1 expression than those with
low sPD-L1 expression (56.4% vs 82.6%, p=0.002).

Conclusion: Plasma immune checkpoint protein expression differed significantly between
patients with NPC and healthy donors. Plasma sPD-L1 levels are a candidate prognostic
biomarker, especially when combined with EBV-DNA.

Keywords: nasopharyngeal carcinoma, programmed death-ligand 1, Epstein-Barr virus,

immune checkpoint protein

Introduction
Nasopharyngeal carcinoma (NPC) has a high incidence in South China and Southeast
Asia' and is closely associated with Epstein-Barr virus (EBV) infection, which
promotes a classic “inflamed-tumor” environment with abundant T-lymphocyte
infiltration. In the era of intensity-modulated radiotherapy combined with che-
motherapy, clinical outcomes among patients with NPC have improved, but metastasis
is still a tough challenge, with an incidence of 20-30%.*>

Immune escape is an important feature of tumors with essential roles in tumor-
igenesis and tumor development.® Targeting immune escape with immune checkpoint
inhibitors (ICIs), particularly inhibitors of programmed cell death 1 (PD-1)/
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programmed death-ligand 1 (PD-L1), has beneficial effects
in various tumors, including NPC.”” Immune checkpoint
proteins in the tumor microenvironment can enter the blood
circulation through tumor cell apoptosis or exosomes and
are potential markers for liquid biopsy.'®'® Soluble immune
checkpoint proteins, especially soluble PD-L1 (sPD-L1),
have potential prognostic value'*'> but are not well char-
acterized in NPC.

Therefore, the aims of this study were (1) to explore the
difference in the expression profile of immune checkpoint
proteins between patients with NPC and healthy donors and
(2) to investigate the prognostic value of sPD-L1 in NPC.

Materials and Methods

Patients

This study was conducted according to the guidelines of
the reporting recommendations for tumor marker prognos-
tic studies (REMARK). After obtaining Hospital Review
Board approval, this retrospective study was conducted at
Fujian Cancer Hospital. The patients and healthy donors
provided written informed consent, in accordance with the
Declaration of Helsinki. From July 2012 to March 2015,
plasma samples from in our blood sample bank were
included in the disease group. Of these, 23 were used for
panel detection, and 219 were used for enzyme-linked
immunosorbent assays (ELISA). Additionally, 15 plasma
samples were collected from healthy donors as a control
group. All patients with NPC were confirmed by histo-
pathology and re-classified according to the TNM-8.'°
Age, gender, and clinical stage (stage I-IVB) at diagnosis
were recorded (Tables 1 and 2).

Immuno-Oncology Checkpoint Protein

Panels

A total of 23 plasma samples from patients with NPC
and 15 samples from healthy controls were evaluated by
Protein

the Human Immuno-Oncology Checkpoint

Table 2 The Characteristic of 219 Nasopharyngeal Carcinoma

Patients
Covariate NPC
(n=219)
Age (year)
Median (range) 48 (21-89)
Gender
Male 156 (71.2%)
Female 63 (28.8%)
Pathology
Keratinizing squamous cell 1 (0.1%)
Nonkeratinizing, differentiated 24 (11.0%)

Nonkeratinizing, undifferentiated 194 (88.6%)

T-category
Tl 53 (24.2%)
T2 49 (22.4%)
T3 68 (31.1%)
T4 49 (22.4%)
N-category
NO 15 (6.8%)
NI 109 (49.8%)
N2 65 (29.7%)
N3 30 (13.7%)

Clinical stage
| 5(2.3%)
1l 62 (28.3%)
1] 80 (36.5%)

IVa 71 (32.9%)
Chemotherapy strategies

Without chemotherapy 20 (9.1%)

CCT 57 (26.0%)

CCT + ACT 22 (10.0%)

IC + CCT 53 (25.1%)

IC + CCT +ACT 67 (30.6%)

Chemotherapy (cycles)

<3 78 (35.6%)

>3 141 (64.4%)
LDH (IU/mL)

Median (range) 150 (98-430)

Normal 189 (86.3%)

Abnormal 30 (13.7%)

Abbreviations: LDH, lactate dehydrogenase; NPC, nasopharyngeal carcinoma.

Magnetic Bead Panel (Cat. # HCKPMAG-11K; EMD
Millipore Corporation, Billerica MA, USA). Samples
were preserved in our blood sample bank at —80°C and
thawed to room temperature (20°C) before detection.
Plasma levels of BTLA, CD27, CD28, TIM-3, HVEM,
CD40, GITR, GITRL, LAG3, TLR-2, PD-1, PD-LI,

Table | The Characteristics of Healthy Controls and
Nasopharyngeal Carcinoma
Characteristics Healthy Controls (n=15) NPC (n=23)
Age (year)
Median 49 48
Range 23-58 23-74
Gender
Female 6 (40.0%) 5 (21.7%)
Male 9 (60.0%) 18 (78.3%)
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CTLA4, CD80/B7-1, CD86/B7-2, and ICOS were ana-
lyzed. The panel assays were performed according to the
manufacturer’s instructions.

Enzyme-Linked Immunosorbent Assay

Plasma sPD-L1 concentrations were measured by ELISA
using the Human PD-L1 [28-8] SimpleStep ELISA Kit
(ab214565; Abcam, Cambridge, UK). A total of 249 plasma
samples from 219 patients with NPC, including 30 paired pre-
treatment and post-radiotherapy samples, 189 pretreatment
samples, were included. Post-radiotherapy was defined as the
time of the complement of radiation + 3 days. ELISAs were
conducted following the manufacturer’s instructions. All sam-
ples, standards and negative controls were tested in duplicate.
The results were obtained using a spectrophotometer (reading
at 450nm), and concentrations were calculated according to
the standard curves.

Plasma EBVY DNA Measurement

Plasma EBV DNA concentrations were measured by quanti-
tative-polymerase chain reaction (q-PCR), as described in
a previous publication. In brief, plasma samples were sub-
jected to DNA extraction using a commercial magnetic beads
kit (PerkinElmer EA20160201; Waltham, MA, USA) and
analyzed using the Automated Nucleic Acid Extraction
Workstation (Pre-NAT, PerkinElmer). A total of 450 pL of
each plasma sample was used for DNA extraction per column.
The exact amount was documented for the calculation of the
target DNA concentration. A final volume of 60 pL was used
to elute the DNA from the extraction column. Circulating
EBV DNA concentrations were measured using a real-time
g-PCR system to amplify a DNA segment in the BamHI-W
fragment region of the EBV genome. The sequences of the
forward and reverse primers were: 5-TGCCAAAGAGCC
AGATCTAAGG-3' and 5-AAAGTGTCAGATTTTGGGT
CCAA-3' respectively. A dual fluorescently-labelled oligomer,
5'-FAM-CAGCCCCAAAGCGGGTGCAGTAAC-BHQ1-3’

served as the probe. Data were collected using an ABI Prism
7500 Sequence Detector and analyzed using Sequence
Detection System (version 1.6.3; Applied Biosystems, Foster
City, CA, USA). Results are expressed as copies of EBV
genomes per milliliter of plasma. Multiple negative water
blanks were included in every analysis.

Treatments and Follow-Ups

All patients received intensity-modulated radiation therapy
according to our institutional protocols, as described pre-
viously. Generally, stage I disease was treated by radiation
alone, while stage II to IV diseases were treated with

chemo-radiotherapy. The main chemotherapy strategies are
induction chemotherapy (IC) + concurrent chemotherapy
(CCT), IC + CCT + adjuvant chemotherapy (ACT), CCT,
and CCT+ACT. The most commonly used chemotherapy
regimen for IC and ACT was platinum (cisplatin 80mg/m?,
or nedaplatin 80mg/m” intravenously in three daily doses),
plus paclitaxel (135 mg/m2 intravenously on Day 1) or
gemcitabine (1000 mg/m?2 intravenously on Days 1 and 8).
The CCT regimen was cisplatin (80mg/m? intravenously in
three daily doses) or nedaplatin (80mg/m? intravenously in
three daily doses). Once the treatments were completed,
follow-up intervals were 3 months within the first 2 years,
3—6 months for the next 3—5 years, and annually thereafter.

Statistical Analyses

The Mann—Whitney U-test was used to detect the differen-
tial expression of the plasma immune checkpoint proteins
between NPC patients and healthy controls. The association
between plasma sPD-L1 levels and the tumor burden was
evaluated using Spearman’s rank correlation test. The train-
ing cohort was evaluated using X-Tile (version 3.6.1; Yale
University, New Haven, CT, USA) to find the optimal cutoff
value. The distant metastasis-free survival (DMFS), locor-
egional recurrence-free survival (RFS), and overall survival
(OS) were defined as the time from the day of diagnosis to
the date of the first distant metastasis, the first relapse, and
the death from any cause or the last follow-up, respectively.
Kaplan—Meier survival analyses were used to estimate
DMFS, OS, and RFS and the Log rank test was used to
compare survival curves. Multivariate analyses (MVA) with
Cox proportional hazard methods were used to estimate the
risk of sSPD-L1. All statistical tests were two-sided; p <0.05
was considered statistically significant. Statistical analyses
were performed using GraphPad Prism (version 8.0.2),
SPSS (IBM version 18.0), and R version 3.6.1.

Results

Immune Checkpoint Protein Expression
Profiles in NPC and Healthy Controls

Immune checkpoint protein panels were used for detection in
23 patients with NPC and 15 healthy donors. Among patients
with NPC, 18 (78.3%) were men and 5 (21.7%) were women
(male: female ratio, 3.6:1), with a median age of 48 years
(range, 23-74 years). Among 15 healthy controls, 9 were men
and 6 were women (male: female ratio, 1.5:1). Other clinical
characteristics of patients with NPC and healthy controls are
listed in Table 1. As shown in Figure 1A, the costimulatory
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Figure | Differential expression of sixteen immune checkpoint proteins in the
plasma of heathy controls and patients with nasopharyngeal carcinoma: (A) 9
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immune checkpoint proteins TLR2 CD28, GITR, GITRL,
CDB80, CD86, CD40, and ICOS were substantially higher in
NPC plasma samples (all p <0.001) than in healthy controls,
and there was no difference in CD27 between groups
(p = 0.129). The coinhibitory immune checkpoint proteins
PDI, PD-L1, CTLA4, LAG3, BTLA, and HVEM differed
significantly between groups (all p < 0.001), with no differ-
ence in TIM-3 (p = 0.813), showed in Figure 1B.

Association Between Circulating sPD-LI

and the NPC Burden

Soluble PD-L1 was abnormally highly expressed in the plasma
of patients with NPC. Accordingly, we further expanded the
sample to detect the expression of PD-L1 in the plasma of
patients with NPC by ELISA. Among 219 patients with NPC,
156 men, and 63 were women (male: female ratio, 2.48:1),
with a median age of 48 years (21-89 years). Other clinical
characteristics of patients are summarized in Table 2. The
median level of sPD-L1 was 81.7 pg/mL (35.8-479.1
pg/mL). The median sPD-L1 levels for patients with stage I,
stage 11, stage II, and stage IV disease were 58.7 pg/mL (IQR
=52.9-89.1 pg/mL), 75.7 pg/mL (IQR = 56.3-93.7 pg/mL),
80.7 pg/mL (IQR = 64.0-105.0 pg/mL), and 85.4 pg/mL (IQR
= 67.4-111.3 pg/mL), respectively. Patients with advanced
stage NPC tended to have higher plasma levels of sPD-L1 in
(R = 0.204, p = 0.002) [Figure 2A]. Similar trends were

observed with respect to the T-category (R = 0.172,

p = 0011) and N-category (R = 0.184, p = 0.000)
[Figure 2B—C]. We then analyzed paired samples obtained at
diagnosis and the end of radiotherapy for a subset of 30 patients
with NPC. The levels of post-treatment sPD-L1 were signifi-
cantly lower than pre-treatment levels in most patients
(p <0.001) (Figure 2D). The level of sPD-L1 increased sig-
nificantly at the end of radiotherapy in only three cases.
Metastasis was verified in these three patients at 4-, 10-, and
11-month follow-ups.

Association of Treatment-Naive Plasma
PD-LI| Levels with Survival in NPC

Among the 219 patients, the median follow-up time was
50 months (7-82 months). The median plasma concentration
of sPD-L1 was 81.7 pg/mL (35.8-479.1 pg/mL). The median
plasma EBV-DNA level was 11,400 copies/mL. The cut-off
value for sPD-L1, as analyzed using X-Tile, was 93.7 pg/mL.
According to the cut-off value, 66 patients were assigned to
the high-expression group and 153 patients had low expres-
sion. Kaplan—Meier survival analyses showed that patients
with high expression of sPD-L1 had a worse 4-year DMFS
(87.5% vs 74.0%, p = 0.006, Figure 3A), RFS (93.9% vs
86.3%, p = 0.033, Figure 3B), and OS (90.1% vs 81.2%,
p=0.018, Figure 3C) than those of patients with low expres-
sion. When compared with patients with low levels of EBV
DNA (below the median), patients with high EBV DNA levels
(above the median) had a significantly worse 5-year DMFS
(75.3% vs 93.4%, p < 0.001, Figure D) and OS (92.9% vs
81.7%, p=0.013). RFS was similar in the groups with low and
high levels of EBV DNA (89.4% vs 94.6%, p = 0.120).

Based on a multivariate analysis, high sPD-L1 expression
was poor prognostic factor for DMFS (HR = 1.99, 95% CI:
1.01-3.93, p = 0.048) after adjustment for gender, age, clin-
ical T stage, clinical N stage, chemotherapy cycles, lactate
dehydrogenase, and EBV-DNA. High sPD-L1 expression
was not associated with a low RFS (HR = 2.39, 95% CI:
0.90-6.37,p=0.081) or OS (HR =1.71, 95% CI: 0.81-3.62,
p=0.162) (Table 3). Additionally, EBV DNA was an adverse
prognostic factor for DMFS (HR =2.51, 95% CI: 1.09-5.73,
p = 0.030) but not for RFS (HR = 0.36, 95% CI: 0.13-1.01,
p=10.053) or OS (HR = 1.54, 95% CI: 0.65-3.68, p = 0.329)
(Table 3).

Prognostic Value of the Combination of

sPD-LI| and EBV-DNA
As plasma EBV-DNA is a widely accepted NPC biomarker,
the prognostic value of pretreatment sPD-L1 combined with
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Figure 2 Correlation between sPD-L| with NPC stage and changes in sPD-L| between pre-treatment and post-treatment timepoints. Levels of sPD-L| were analyzed with
respect to clinical stage (A), T classification (B), and N classification (C). Difference in sPD-L| between pre-treatment and post-treatment samples (D). The Spearman
correlation coefficient (R) and the corresponding p-value were estimated (***Mean p<0.001).

EBV-DNA was explored. Among patients with low EBV
DNA, 4-year DMFS (92.3% vs 88.0%, p = 0.785) was
similar in the low and high sPD-L1 expression groups
(Figure 3E). In the group with high EBV DNA expression,
DMEFS was shorter for patients with high SPD-L1 expression
than with low sPD-L1 expression (56.4% vs 82.6%,
p = 0.002; Figure 3F).

Discussion
ICIs are a broad-spectrum and long-lasting anti-tumor
treatment strategy and are changing the war against

cancer.®'” Immune checkpoint proteins in the bloodstream
are potential markers for cancer diagnosis, prognosis
assessment, and guiding immunotherapy.®!01214.15.18.19
Our results indicated that the expression profiles of
immune checkpoint proteins differ significantly between
the plasma of patients with NPC and healthy volunteers,
and sPD-L1 is highly expressed in the plasma of patients
with NPC. Furthermore, high levels of sPD-L1 were asso-
ciated with the tumor burden and levels decreased signifi-
cantly after treatment. High expression of sPD-L1 before
treatment suggested a higher risk of metastasis. Based on
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Figure 3 Kaplan—Meier curves for DMFS, RFS, or OS in patients with NPC. (A) DMFS for patients with low or high sPD-LI; (B) RFS for patients with high or low levels of
EBV-DNA; (C) OS for patients with high or low levels of EBV-DNA; (D) DMFS for patients with low or high EBV DNA; (E) DMFS for patients with low or high sPD-LI

among patients with low EBV DNA; (F) DMFS for patients with low or high sPD-LI

these findings, pre-treatment sPD-L1 is a candidate prog-
nostic biomarker for NPC.

In this study, 14 immune checkpoint proteins were more
highly expressed in the plasma of patients with NPC than in
healthy controls. Other than CD27, eight circulating immune
costimulatory proteins were upregulated in patients with NPC
(ie, TLR2 CD28, GITR, GITRL, CD80, CD86, CD40, ICOS,
and GITR). NPC is a classic virus-associated cancer charac-
terized by abundant immune cells, especially T-lymphocytes.”

among patients with high EBV DNA.

The abnormally high expression of immune co-stimulatory
proteins may be explained by abundant immune cells. EBV
infection results in an inflamed tumor microenvironment and
chronic inflammation.”?**' This inflammatory state contri-
butes to a suppressive immune environment, consistent with
the high levels of plasma PD-1/PD-L1, CTLA4, and so on,
and is well recognized as a hallmark of cancer.® Various
costimulatory and coinhibitory molecules were up-regulated
in the plasma of patients with NPC.
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Table 3 Multivariate Analysis of DMFS by Soluble PD-L| Adjusting for Other Potential Predictors in 219 Nasopharyngeal Carcinoma

Patients
Co-Variate DMFS LRFS os
HR (95% CI) p HR (95% CI) P HR (95% CI) [

sPD-LI 0.048 0.081 0.162
Low vs high 1.99 (1.01-3.93) 2.39 (0.90-6.37) 1.71 (0.81-3.62)

EBV DNA 0.030 0.053 0.329
Low vs High 2.51 (1.09-5.73) 0.36 (0.13—-1.01) 1.54 (0.65-3.68)

LDH 0.119 0.044 0.018
Normal vs Abnormal 1.86 (0.85—4.04) 3.10 (1.03-9.35) 2.77 (1.19-6.44)

Age (years) 0.332 0.394 0.777
<45 vs >45 1.44 (0.69-3.00) 1.61 (0.54-4.78) 1.12 (0.51-2.49)

Gender 0.980 0.682 0.377
Male vs Female 1.01(0.45-2.28) 0.78 (0.24-2.52) 1.46 (0.63-3.37)

Chemotherapy cycles 0.287 0.824 0.753
<3vs >3 1.56 (0.69-3.51) 0.89 (0.32-2.49) 0.75 (0.33-1.71)

Clinical stage 0.028 0.579 0.023
1=l vs NNI-IV 5.18 (1.20-22.45) 1.41 (0.42-4.78) 10.80 (1.39-83.68)

Abbreviations: sPD-LI, programmed death-ligand |; EBV, Epstein—Barr virus; LDH, lactate dehydrogenase.

PD-L1 is expressed on tumor cells or tumor-associated
cells, such as macrophages or fibroblasts.”? PD-L1 is con-
stitutively expressed on tumor cells with oncogenic path-
way or is induced by interferon-y secreted from infiltrating
T cells in tumor sites.*® It is speculated that plasma sPD-L1
originates from the membrane-bound form or from vesicles
that are actively excreted from PD-LI-expressing cells.®
Our study showed that plasma sPD-L1 was a positive cor-
relation with the tumor load, which also was consistent with
another study conducted by Jia Yang et al.'> Besides, our
study showed that sPD-L1 significantly decreased at post-
treatment. These results reflect that sPD-L1 is mainly
derived from NPC cell, and has the potential to be
a biomarker for NPC.

More importantly, sSPD-L1 is a strong prognostic factor for
distant metastasis and local-regional recurrence in our study.
As a pan-tumor immune-suppressive molecule, the prognostic
value of the sPD-L1 had been confirmed in multiple tumors,
including pancreatic cancer,”* advanced lung cancer,” hema-

27 and so on.?® Distant metastasis is

tological malignancies,
the most failure pattern in clinical practice for NPC patients.’
MAV showed that high level of sPD-L1 was an inferior prog-
nostic factor of DMFS. sPD-L1 did not have prognostic value
for OS and LRFS; this can be explained by the short follow-up
time and relatively small sample size. Theodoraki et al demon-

strated that plasma exosome PD-L1 is responsible for the

biological functions of sPD-L1.%

However, it is important to
mention that the source of sSPD-L1 could not be determined in
our study. Compared with exosome PD-L1, sPD-L1 may be
a more effective prognostic biomarker for clinical testing. The
detection of exosome PD-L1 is more difficult and costly than
sPD-L1 detection. Furthermore, EBV-DNA has been estab-
lished as a prognostic biomarker of NPC,*® and this was
confirmed in our study. However, this is the first analysis of
the prognostic values of the combination of sPD-L1 and EBV-
DNA. In patients with high EBV DNA levels in the plasma,
the level of sPD-L1 can indicate the risk of distant metastasis.
Accordingly, the combination could better assess the risk of
distant metastasis. It will be necessary to perform clinical trials
to explore the treatment value of adjuvant chemotherapy,
maintenance chemotherapy, and immunotherapy for patients
at high risk of distant metastasis.

Although the levels of 14 soluble immune check-
point proteins were significantly higher in NPC samples
than in controls, we only used ELISA to explore the
prognostic value of sPD-L1. The prognostic value of
other soluble immune checkpoint proteins should be
evaluated in future studies. Additionally, it is not clear
whether the expression of sPD-L1 could guide the treat-
ment of PD-1/PD-L1 inhibitors in NPC. If the expres-
sion of sPD-L1 can be used as a biomarker of patients
expected to benefit from treatment with PD-1/PD-L1
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inhibitors, it will have significant clinical implications

and is worthy of further analysis.

In our study, the immune status of patients with NPC

differs from that of healthy donors and was characterized

by the up-regulation of costimulatory and coinhibitory

checkpoint molecules in the plasma. In particular, plasma

sPD-L1 was positively associated with the tumor burden

and was identified as a prognostic factor for DMFS and
RFS. The combination of sPD-L1 with EBV-DNA had
particularly high prognostic value for DMFS.
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