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Abstract
Biomarkers for predicting the effect of antieprogrammed cell death 1 monoclonal antibody therapy against
nonesmall-cell lung cancer (NSCLC) are urgently required. We prospectively studied the baseline plasma
soluble programmed cell death ligand 1 (sPD-L1) levels from 39 NSCLC patients as a predictive marker of
nivolumab therapy. The clinical benefit from nivolumab therapy was significantly associated with the baseline
plasma sPD-L1 levels. Plasma sPD-L1 levels could represent a novel predictive marker for nivolumab therapy
against NSCLC.
Background: Biomarkers for predicting the effect of antieprogrammed cell death 1 (PD-1) monoclonal antibody
against nonesmall-cell lung cancer (NSCLC) are urgently required. Although it is known that the blood levels of soluble
programmed cell death ligand 1 (sPD-L1) are elevated in various malignancies, the nature of sPD-L1 has not been
thoroughly elucidated. We investigated the significance of plasma sPD-L1 levels as a biomarker for antiePD-1
monoclonal antibody, nivolumab therapy. Patients and Methods: The present prospective study included 39 NSCLC
patients. The patients were treated with nivolumab at the dose of 3 mg/kg every 2 weeks, and the effects of nivolumab
on NSCLC were assessed according to the change in tumor size, time to treatment failure (TTF), and overall survival
(OS). The baseline plasma sPD-L1 concentration was determined using an enzyme-linked immunosorbent assay.
Results: The area under the curve of the receiver operating characteristic curve was 0.761. The calculated optimal
cutoff point for sPD-L1 in the plasma samples was 3.357 ng/mL. Of the 39 patients, 59% with low plasma sPD-L1
levels achieved a complete response or partial response and 25% of those with high plasma sPD-L1 levels did so.
In addition, 22% of the patients with low plasma sPD-L1 levels developed progressive disease compared with 75% of
those with high plasma sPD-L1 levels. The TTF and OS were significantly longer for those patients with low plasma
sPD-L1 levels compared with the TTF and OS for those with high plasma sPD-L1 levels. Conclusion: The clinical
benefit from nivolumab therapy was significantly associated with the baseline plasma sPD-L1 levels. Plasma sPD-L1
levels might represent a novel biomarker for the prediction of the efficacy of nivolumab therapy against NSCLC.
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Introduction
Although anti-programmed cell death 1 (PD-1) monoclonal

antibody (mAb) therapy has been established as one of the standard
therapies for nonesmall-cell lung cancer (NSCLC),1-4 many
unknown factors remain to be resolved concerning the mechanism
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of antiePD-1 mAb therapy. PD-1 is expressed on the cell surface of
activated cytotoxic T lymphocytes (CTLs) that can recognize certain
tumor antigens and acquire tumoricidal activity. Also, when PD-1
binds to programmed cell death ligand 1 (PD-L1) on tumor cells,
a suppressive signal will be sent to CTLs, resulting in inactivation of
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CTLs and immune escape of the tumor cells.5 Treatment with
antiePD-1 or antiePD-L1 mAbs inhibits the interaction of PD-1
and PD-L1 and revitalizes the tumoricidal CTLs, providing signif-
icant antitumor activity, even to highly advanced malignant
tumors.6,7 Thus, PD-L1 expression in tumor tissue seemed to
represent a promising prognostic factor for antiePD-1 mAb therapy
against NSCLC.8 However, as it became clear that antiePD-1 mAb
therapy might be effective in lung cancer without PD-L1 expres-
sion,9 PD-L1 expression in tumor tissue as a biomarker for
antiePD-1 mAb therapy should be reconsidered.10,11 Thus, the
mechanism of how antiePD-1 mAb therapy is effective against PD-
L1� lung cancer warrants further investigation. In addition to
technical problems of immunohistochemical analysis of PD-L1
expression,12,13 many unknown aspects in the immune check-
point blockade therapy, including antiePD-1 mAb therapy, remain
to be determined.14 Recently, it was suggested that blockade be-
tween PD-1 on T cells and PD-L1 on antigen-presenting cells
(APCs) could induce antitumor immunity, even if tumor cells have
no PD-L1 expression.15

Soluble PD-L1 (sPD-L1) has been characterized. It has been
demonstrated that the sPD-L1 level in the blood of various malig-
nancies is elevated.16-21 Many reports have shown that patients with
a high blood sPD-L1 level have a poorer prognosis than those with a
low level, suggesting that sPD-L1 might be a prognostic factor for
various malignant tumors. We have demonstrated that the plasma
level of sPD-L1 is a prognostic factor for lung cancer, showing that
the patients with a high plasma sPD-L1 level experienced reduced
survival.21 Although Frigola et al16 reported that the blood sPD-L1
level correlated with the tumor burden in renal cell carcinoma, our
study showed that the sPD-L1 level is not associated with the stages
of lung cancer.21 Previous reports have demonstrated the immune
suppressive activity of sPD-L1 and suggested that sPD-L1 is
involved in immune suppression of tumor-bearing hosts.16,22

Nevertheless, the biosynthesis and bioactivity of sPD-L1 in pa-
tients with malignant tumors have not been thoroughly elucidated
to date. Recently, Kruger et al23 reported that sPD-L1 might reflect
the inflammatory activity in pancreatic cancer tissue. Furthermore,
it has been reported that the sPD-L1 level could predict the anti-
tumor effect of immune checkpoint blockade therapy in some
populations of melanoma patients.24

Estimation of PD-L1 expression in tumor tissue is not easy,
because the results will differ depending on the antiePD-L1 mAb
used.25 Furthermore, PD-L1 expression in tumor tissue will be
altered by chemotherapeutic drugs.26 Because the number of
NSCLC patients with a favorable response from anti-PD-1 mAb
therapy is limited, establishment of reliable biomarkers for the
prediction of the effect of antiePD-1 mAb therapy is urgently
required.27,28 Although the nature of sPD-L1 is not fully under-
stood, the shedding of membranous PD-L1 could possibly be
involved.22 We investigated the association between plasma sPD-L1
levels before antiePD-1 mAb therapy with nivolumab and the
clinical outcomes of nivolumab therapy in NSCLC patients.

Patients and Methods
Patients and Nivolumab Treatment

Blood samples at baseline from patients treated with nivolumab
for NSCLC were prospectively obtained. The clinical information
was collected from the patients at the Division of Respiratory
Diseases, Department of Internal Medicine, Jikei University School
of Medicine and Department of Thoracic Oncology and Respira-
tory Medicine, Tokyo Metropolitan Cancer and Infectious Diseases
Center Komagome Hospital from May 2016 to April 2017 as part
of the exploratory investigation. The patients were treated with
nivolumab at the dose of 3 mg/kg every 2 weeks until disease
progression or unacceptable toxicities in the clinical setting. The
effects of nivolumab on NSCLC from each patient was assessed by
the physicians and radiologists, according to Response Evaluation
Criteria In Solid Tumors, version 1.1.29 A complete response (CR),
partial response (PR), and stable disease (SD) were defined as the
clinical benefit received by the patients treated with nivolumab.

The ethics committees of Jikei University School of Medicine
and Tokyo Metropolitan Cancer and Infectious Diseases Center
Komagome Hospital approved the study protocol (approval nos.
28-046 [8289] and 1744) and was conducted in accordance with
the Declaration of Helsinki and the REMARK (reporting recom-
mendations for tumour marker prognostic studies) guidelines.30

The study was registered with University Hospital Medical Infor-
mation Network Clinical Trials Registry (registry no.
UMIN000021734/UMIN000023540).

Patient Data Acquisition
The clinical characteristics of NSCLC patients were obtained

from the Registration Form, including age, gender, histologic
subtype, clinical stages (Union for International Cancer Control,
8th edition), Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS), previous chemotherapy, cigarette smoking
(> 400 by the Brinkman index), history of radiotherapy, oncogenic
driver status (epidermal growth factor receptor mutations, anaplastic
lymphoma kinase rearrangement, and ROS1), the use of steroids,
and the clinical benefits of the tumor response. The time to treat-
ment failure (TTF) was defined as the duration from the first
nivolumab therapy to the first clinical evidence of progressive disease
(PD), early discontinuation of treatment because of nivolumab
toxicity, or death from any cause. In the present analysis, the
suspension of nivolumab because of adverse events during the
clinical setting was not considered the TTF. Overall survival (OS)
was defined as the duration from enrollment to death or lost to
follow-up.

Determination of Patients’ Plasma sPD-L1 Levels
The plasma samples at baseline were collected from the NSCLC

patients who were treated with nivolumab. Blood was collected into
tubes containing potassium ethylenediaminetetraacetic acid (5 mL;
Terumo Venogect II, Tokyo, Japan) and centrifuged at 1000 rpm at
4�C for 10 minutes within 30 minutes after taking the blood
samples. Plasma samples were stored in 1000-mL aliquots
at �80�C. The plasma sPD-L1 concentrations were measured using
an enzyme-linked immunosorbent assay kit for PD-L1
(PDCD1LG1; Cloud-Clone Corp, Katy, TX) according to the
manufacturer’s protocol. The minimum detectable concentration of
sPD-L1 was 0.117 ng/mL, and the quantitative range was 0.312 to
20 ng/mL. Each sample was analyzed in duplicate.

Plasma samples were not collected from the NSCLC patients at
surgery. Accordingly, a comparison between the tumor PD-L1
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Table 1 Baseline Patient Characteristics (n [ 39)

Characteristic n (%)

Age, y

Median 69

Range 50-88

Age group

<75 y 32 (82.1)

� 75 y 7 (17.9)

Gender

Male 29 (74.4)

Female 10 (25.6)

Histologic subtype

Nonesmall-cell carcinoma 2 (5.1)

Adenocarcinoma 28 (71.8)

Squamous cell carcinoma 7 (17.9)

Large-cell carcinoma 2 (5.1)

Clinical stage (UICC classification 8th edition)

IV 19 (48.7)

M1a 12

M1b 3

M1c 4

Recurrence 20 (51.3)

ECOG PS
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expression levels and the plasma sPD-L1 levels could not be
conducted.

Statistical Analysis
The receiver operating characteristic (ROC) curves, area under the

curve of the ROC, sensitivity, specificity, and likelihood ratios were
calculated to determine the cutoff levels of sPD-L1 for clinical benefit
(no PD [CR/PR/SD] vs. PD) for nivolumab. The level of sPD-L1 was
calculated as the original level and numerically converted using a
logarithmic conversion. However, the data were not normally
distributed by the Kolmogorov-Smirnov test. Therefore, we calcu-
lated the median and interquartile range of the sPD-L1 level.

The Mann-Whitney U test was performed to determine the
difference in the clinical characteristics of the patients stratified by
the plasma PD-L1 levels. The association of tumor responses
stratified by the Response Evaluation Criteria In Solid Tumors
criteria and plasma PD-L1 levels at baseline was determined using
the Cochran-Armitage test. Survival curves were plotted using the
Kaplan-Meier method, and significant differences were determined
using the log-rank test between the low or high level of sPD-L1. A
Cox regression model was used to perform multivariate analyses that
included all clinicopathologic features as covariates. All tests were
2-sided, and P < .05 was considered to indicate statistically sig-
nificant. All statistical analyses were performed using JMP, version
11.2.1 (SAS Institute, Cary, NC). A biostatistician (M. Saito)
reconfirmed these data using R, version 3.4.1.
0-1 15 (38.5)

� 2 24 (61.5)

Chemotherapy line

2 32 (82.1)

� 3 7 (17.9)

Complications, none 10 (25.6)

Cigarette smoking

No/light (Brinkmann index <400) 11 (28.2)

Heavy smoker 28 (71.8)

History of radiotherapy

Yes 24 (61.5)

No 15 (38.5)

Genetic status in nonsquamous cell carcinoma 32

EGFR-WT, ALK� rearrangement 26 (81.3)

EGFR mutation 5 (15.6)

ROS1 rearrangement 1 (3.1)

Use of steroid

Yes 2 (5.1)

No 37 (94.9)

Abbreviations: ALK ¼ anaplastic lymphoma kinase; ECOG ¼ Eastern Cooperative Oncology
Group; EGFR ¼ epidermal growth factor receptor; PS ¼ performance status; UICC ¼ Union for
International Cancer Control; WT ¼ wild type.
Results
Clinical Characteristics of Study Population

The clinical characteristics of the 39 patients are summarized in
Table 1. Of the 39 patients, 28 (71.8%) had a diagnosis of
adenocarcinoma and 7 (17.9%), a diagnosis of squamous cell car-
cinoma. Of the 39 patients, 15 (38.5%) had ECOG PS of 0 or 1
and 24 (61.5%) had an ECOG of PS � 2. For 32 patients (82.1%),
nivolumab was given as second-line treatment. Of the 32 patients
with nonsquamous cell carcinoma, 5 had EGFR mutations and 1
was positive for ROS-1 rearrangements. Two patients receiving
steroids were included. One patient was treated with 4 mg/d of
dexamethasone to palliate anorexia and fatigue for 3 days before and
2 days after nivolumab treatment. The second patient was treated
with 2 mg/d of betamethasone to palliate anorexia and fatigue for 6
weeks before nivolumab and continuously received the same steroid
therapy after nivolumab.

Plasma sPD-L1 Level and Clinical Features of NSCLC
Patients Treated With Nivolumab

sPD-L1 was detected in all the plasma samples at a median
concentration of 2.24 ng/mL (first quartile, 0.98; third quartile,
4.32). The associations between the plasma sPD-L1 levels and the
clinicopathologic features of the patients are summarized in Figure 1
and Table 2. No correlations were noted between the plasma sPD-
L1 levels and age, gender, ECOG PS, histologic subtype, driver
mutation, clinical stage, smoking history, history of radiotherapy, or
the use of steroids. The clinical benefits of achieving a CR, PR, or
SD from nivolumab therapy were significantly associated with the
plasma sPD-L1 level.
Clinical Lung Cancer September 2018
Patients With Low Plasma sPD-L1 Levels Exhibited
Favorable Responses to Nivolumab Compared With Those
With High Plasma sPD-L1 Levels

Significant associations between the plasma sPD-L1 levels of the
NSCLC patients and clinical benefit from nivolumab were observed
(Figure 1). The ROC curve analysis was used, and the detected
AUC was 0.761. The calculated optimal cutoff points for the



Figure 1 Association Between Plasma Levels of Soluble Programmed Cell Death Ligand 1 (sPD-L1) and Clinicopathologic
Characteristics of NoneSmall-cell Lung Cancer (NSCLC) Patients Treated With Nivolumab. (A) Driver Mutation Status, (B)
Eastern Cooperative Oncology Group (ECOG) Performance Status (PS), (C) Smoking Status, and (D) Tumor Response
Stratified by Nivolumab Therapy. The Results Are Shown as the Median, First Quartile, and Third Quartile of Programmed Cell
Death 1 Concentrations (*P < .05)
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sPD-L1 level in plasma samples was 3.357 ng/mL according to the
clinical benefit (Youden index, 0.500; Supplemental Figure 1). The
sensitivity was 66.7%, and the specificity was 83.3%. The survival
analysis revealed that the patients with high sPD-L1 levels had a
significantly shorter TTF (5.36 months vs. 1.48 months; P ¼ .032)
and OS (7.20 months vs. not reached; P ¼ .040; than that of those
with low sPD-L1 levels [Figure 2]). On multivariate analysis, the
level of sPD-L1 was significantly associated with the TTF (Table 3).
Even if the definition of a high level of sPD-L1 was set to > 7.32, as
in our previous report,21 the difference in TTF and OS was still
statistically significant (TTF, P ¼ .025; OS, P ¼ .031).

Plasma sPD-L1 Level at Baseline Associated With Clinical
Outcome of Nivolumab Therapy for NSCLC

The correlation between the basal plasma level of sPD-L1 and the
clinical outcomes of nivolumab therapy for NSCLC was examined.
The achievement of CR, PR, or SD was significantly greater for the
patients with low plasma sPD-L1 levels than for those with high
plasma sPD-L1 levels (Table 4; P ¼ .0069, Cochran-Armitage test).
In contrast, the rate of PD after nivolumab therapy was significantly
greater in patients with high plasma sPD-L1 levels than in those
with low plasma sPD-L1 levels. Of the patients with plasma sPD-L1
levels < 3.357 ng/mL, 59% achieved a CR or PR. In contrast, 25%
of those with plasma sPD-L1 levels > 3.357 ng/mL achieved a CR
or PR. Of the patients with plasma sPD-L1 levels < 3.357 ng/mL,
22% developed PD compared with 75% of those with levels >

3.357 ng/mL.

Discussion
The significance of PD-L1 expression in tumor tissue as a pre-

dictive marker for anti-PD-1 mAb therapy is controversial for
NSCLC.25 The results of the present study have demonstrated that
the clinical benefits (CR, PR, SD) were achieved more frequently in
NSCLC patients with low plasma sPD-L1 levels than in those with
high plasma sPD-L1 levels. Of the NSCLC patients with low
plasma sPD-L1 levels, 59% exhibited a CR or PR with nivolumab
therapy compared with only 25% of those with high plasma sPD-
L1 levels. Furthermore, TTF and OS were significantly longer for
the patients with low plasma sPD-L1 levels than for those with high
plasma sPD-L1 levels. These results suggest that blood sPD-L1
levels could be a promising predictive biomarker for determining
the efficacy of nivolumab therapy for NSCLC. However, as we
reported previously,21 sPD-L1 could serve as a prognostic marker
for advanced lung cancer. Accordingly, sPD-L1 might be implicated
as a sole prognostic marker in nivolumab treatment. We have had
several NSCLC patients who showed a rapid and marked decrease
in the sPD-L1 level with the tumor responses with nivolumab
treatment. In some patients, the sPD-L1 level decreased to 0,
although the tumor mass remained. These results suggest that the
sPD-L1 level would be reflected by the status of antitumor
Clinical Lung Cancer September 2018 - 413



Table 2 Associations Between Plasma Concentrations of sPD-L1 and Clinicopathologic Variables in Advanced NSCLC Patients
Treated With Nivolumab

Characteristic Patients, n Plasma sPD-L1 Level,a ng/dL P Value

Age, y .70

<75 32 2.05 (1.37e4.29)

�75 7 2.29 (0.22e4.39)

Gender .45

Male 29 2.29 (1.41-4.33)

Female 10 1.58 (0. 26-5.15)

ECOG PS .11

0-1 15 1.64 (0.33-3.62)

� 2 24 3.10 (1.39-6.79)

Histologic subtype .60

Nonsquamous NSCLC 32 2.27 (0.56-4.38)

Squamous cell carcinoma 7 1.67 (1.34-3.87)

Genetic status of driver mutation .27

Positive 6 6.21 (1.23-26.3)

Negative 33 2.24 (0.70-4.02)

Clinical stage .58

IV 19 1.87 (0.33-4.34)

Recurrence 20 2.41 (1.54-4.11)

Smoking history .63

No/light (Brinkmann index <400) 11 1.53 (0.22-4.32)

Heavy smoker 28 2.27 (1.50-4.16)

History of radiotherapy .44

Yes 24 2.41 (1.39-4.38)

No 15 1.75 (0.42-3.62)

Previous chemotherapy lines .23

1 15 2.71 (1.38-4.34)

� 2 24 1.67 (0.22-1.75)

Use of steroids .28

Yes 2 4.66 (3.29-6.02)

No 37 1.87 (0.70-4.25)

Clinical benefit .0066b

CR/PR/SD 24 1.66 (0.244-3.19)

PD 15 4.19 (1.71-10.71)

Abbreviations: ALK ¼ anaplastic lymphoma kinase; CR ¼ complete response; ECOG ¼ Eastern Cooperative Oncology Group; EGFR ¼ epidermal growth factor receptor; NSCLC ¼ nonesmall-cell
lung cancer; PS ¼ performance status; PD ¼ progressive disease; PR ¼ partial response; SD ¼ stable disease; sPD-L1 ¼ soluble programmed cell death ligand 1.
aData presented as median (first quartile-third quartile).
bP < .05.
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immunity and not merely as a prognostic marker associated with
NSCLC patients’ responses to nivolumab treatment. Further study
in a randomized trial would be helpful to better understand this.

The mechanism of generation and regulation of sPD-L1 and the
bioactivity of sPD-L1 affecting antitumor immunity in NSCLC are
largely unknown. Frigola et al16 reported that sPD-L1 might be
derived from tumor tissue in renal cell carcinoma because tumor
size, advanced tumor stage, and tumor necrosis were associated with
patients’ blood sPD-L1 levels. The release of sPD-L1 was decreased
by treatment of tumor cells with the inhibitor of matrix metal-
loproteinase in vitro, suggesting that sPD-L1 is generated by
shedding of membranous PD-L1 on tumor cells through the pro-
teolytic digestion by activated matrix metalloproteinase (MMP).22 It
Clinical Lung Cancer September 2018
was also shown that MMP expression is extremely high in
NSCLC.31 However, the present report, as well as our previous
study,21 showed that the plasma sPD-L1 level was not associated
with the stages of NSCLC.

It is also uncertain whether sPD-L1 elicits immunosuppressive
activity. According to the previous report, the PD-1 binding
domain (IgV)32 was identified in the sPD-L1 molecule using liquid
chromatography/mass spectrometry/mass spectrometry analysis.16 It
was also reported that sPD-L1 could induce apoptosis of activated
CD4þ T cells but not CD8þ T cells.16 Recently, it was reported
that PD-L1 was capable of binding to the CD80 molecule.33 If
blood sPD-L1 could bind to CD80 on APCs and prevent the
interaction between CD80 on APCs and CD28 on T cells, it would



Figure 2 Kaplan-Meier Curves of Nivolumab-treated NoneSmall-cell Lung Cancer Patients With Baseline Soluble Programmed Cell
Death Ligand 1 (sPD-L1) Level < 3.357 ng/mL (Blue) or Baseline sPD-L1 Level ‡ 3.357 ng/mL (Red). (A) Time to Treatment
Failure and (B) Overall Survival
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inhibit the induction of effective antitumor immunity, leading to
failure of antiePD-1 mAb therapy.

The generation of sPD-L1 in tumor-bearing hosts is not that
simple and seems to be more complicated. Recently, Kruger et al23

reported that the blood sPD-L1 levels reflect the inflammatory ac-
tivity of the tumor tissue in advanced pancreatic cancer. As is well-
known, pancreatic cancer is 1 of the representative tumors that
generates a potent immunosuppressive tumor microenviron-
ment.34,35 Accordingly, it is worth investigating whether the
inflammatory response in pancreatic cancer tissue is associated with
the induction of antitumor immunity. Because matured dendritic
cells (DCs), but not immature DCs or T cells, have been reported to
produce sPD-L1 in vitro, functional DCs in tumor-bearing hosts
might be 1 of the sources of sPD-L1.36 DCs express high levels of
MMP for the migration into the tissue.37,38 Considerable sPD-L1
could be released by shedding from DCs through the digestion of
membranous PD-L1 by MMP expressed in DCs. It is conceivable
that the generation of sPD-L1 from DCs is regulated by cytokines
released from T cells that are stimulated by DCs. If a high amount
of sPD-L1 is released from DCs when immunosuppressive
Table 3 Multivariate Analysis of Clinical Variables Associated
With Time to Treatment Failure in Patients With
Advanced NSCLC Treated With Nivolumab

Variant HR 95% CI P Value

Age (<75 vs. � 75) 0.82 0.23-2.36 .73

ECOG PS (good vs. poor) 0.88 0.28-2.58 .82

Driver mutation (positive
vs. negative)

1.93 0.56-5.96 .28

sPD-L1 (low vs. high) 0.37 0.13-0.96 .041a

Abbreviations: CI ¼ confidence interval; ECOG ¼ Eastern Cooperative Oncology Group; HR ¼
hazard ratio; NSCLC ¼ nonesmall-cell lung cancer; sPD-L1 ¼ soluble programmed cell death
ligand 1; PS ¼ performance status.
aP < .05.
cytokines are released from T cells stimulated with DCs, high blood
sPD-L1 levels should indicate impaired antitumor immunity,
possibly resulting in a poor prognosis for these patients and resis-
tance to nivolumab therapy. It was reported that interleukin-6
stimulates MMP-9 and MMP-2 expression in human lymphoid
cell lines,39 possibly leading to digestion of membranous PD-L1 and
release of sPD-L1. In contrast, if interferon-g could suppress sPD-
L1 production from DCs by inhibition of MMP, low blood sPD-L1
levels could indicate the activation of antitumor immunity.
Expression of MMP-9 in macrophages is strongly suppressed by
treatment with interferon-g.40

For successful results of immune checkpoint blockade therapy,
such as nivolumab therapy, spontaneous induction of T-cellemedi-
ated pre-existing antitumor immunity would be essential.41,42 The
target antigens of pre-existing antitumor immunity are thought to be
immunogenic neo-antigens generated by mutation of the genes in
tumor cells.43,44 If immunosuppressive cytokines are induced by
priming of T cells with tumor antigens and if sPD-L1 is subsequently
released from DCs, induction of pre-existing antitumor immunity
would be difficult, resulting in failure of antiePD-1 mAb therapy.
Table 4 Correlation Between Plasma Level of sPD-L1 at
Baseline and Results of Nivolumab Therapya

Plasma
sPD-L1
(ng/mL) CR/PR SD PD Total

<3.357 16 (59) 5 (19) 6 (22) 27 (100)

�3.357 3 (25) 0 (0) 9 (75) 12 (100)

Data presented as n (%); the patients who were not evaluated using Response Evaluation
Criteria In Solid Tumors because of death were classified as having PD.
Abbreviations: CR ¼ complete response; PD ¼ progressive disease; PR ¼ partial response;
SD ¼ stable disease; sPD-L1 ¼ soluble programmed cell death ligand 1.
aCochran-Armitage test, P ¼ .0069.
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Conclusion
Baseline plasma sPD-L1 levels could represent a novel biomarker

for the prediction of the efficacy of nivolumab therapy against
NSCLC.

Clinical Practice Points

� Because patients showing successful responses to antiePD-1
mAb therapy have been limited, biomarkers for predicting the
effect of antiePD-1 mAb are urgently required.

� PD-L1 expression in tumor tissue as a predictive marker for
antiePD-1 mAb therapy has not been thoroughly elucidated to
date.

� We investigated the significance of baseline plasma sPD-L1 levels
as a predictive marker for antiePD-1 mAb nivolumab therapy.

� We included 39 NSCLC patients in the present prospective
study, 28 of whom had adenocarcinoma and 7 of whom had
squamous cell carcinoma.

� The patients were treated with nivolumab at a dose of 3 mg/kg
every 2 weeks.

� No correlations were observed between the plasma sPD-L1 level
and age, gender, ECOG PS, histologic subtype, driver mutation,
clinical stage, smoking history, history of radiotherapy, or the use
of steroids.

� The clinical benefit achieving CR/PR by nivolumab therapy was
significantly associated with the baseline plasma sPD-L1 levels.

� Of the patients with plasma sPD-L1 levels < 3.357 ng/mL, 59%
a CR or PR compared with 25% of those with levels > 3.357
ng/mL.

� In contrast, 22% of the patients with plasma sPD-L1 levels <
3.357 ng/mL developed PD compared with 75% of those with
levels > 3.357 ng/mL.

� The TTF and OS were significantly longer for the patients with
low plasma sPD-L1 levels than for those with high plasma sPD-
L1 levels.

� The baseline plasma sPD-L1 levels could represent a novel pre-
dictive marker for nivolumab therapy against NSCLC.
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Supplemental Figure 1 Receiver Operating Characteristic
(ROC) Curve Analysis. ROC Curve
Analysis Determining Cutoff Point for
Plasma Soluble Programmed Cell
Death Ligand 1 With Optimal
Sensitivity and Specificity in Cohort of
39 Patients With NoneSmall-cell Lung
Cancer Patients Treated With
Nivolumab. The Area Under the ROC
Curve Was 0.761 (95% Confidence
Interval, 0.595-0.927 [The DeLong Test
Was Used As a Predicting Model of
ROC])
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