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Abstract. Plastin‑3 (PLS3) is a circulating tumor cell marker 
associated with aggressive cancer phenotypes. The present 
study aimed to investigate the usability of plasma PLS3 
concentration in assessing the diagnosis, prognosis and sensi‑
tivity to treatment in patients with non‑small‑cell lung cancer 
(NSCLC) treated with nivolumab. A total of 33 patients with 
recurrent or advanced NSCLC were treated with nivolumab, 
and 10 healthy volunteers were retrospectively enrolled. 
Plasma concentrations of PLS3 were determined by ELISA. 
Plasma PLS3 concentration in patients with NSCLC was 
significantly higher compared with that in healthy volunteers 
(median 7.64 ng/ml vs. 3.13 ng/ml, P<0.001). Univariate anal‑
ysis indicated that PLS3 ≤5.43 ng/ml was a predictor of partial 
response. Patients with PLS3 >8.55 ng/ml exhibited a poorer 
prognosis compared with those in the PLS3  ≤8.55  ng/ml 

group. A high plasma PLS3 concentration was a predictor of 
poor overall survival. In conclusion, plasma PLS3 concentra‑
tion was identified as a marker for the diagnosis, treatment 
sensitivity and prognosis in patients with NSCLC treated with 
nivolumab. Plasma PLS3 may be a clinically useful tumor 
marker in patients with NSCLC; future prospective studies 
may confirm these results and explore its use in other cancers.

Introduction

Lung cancer is one of the leading causes of cancer‑related 
deaths globally, 1.8 million deaths occurred in 2018, repre‑
senting close to 1 in 5 (18.4%) cancer deaths (1). Non‑small‑cell 
lung cancer (NSCLC) accounts for 80‑90% of lung cancer 
cases (2). Surgical treatment is recommended for patients with 
early‑stage lung cancer, whereas chemotherapy is preferred in 
patients with advanced or recurrent disease (3,4). Although 
multimodal therapy for NSCLC has exhibited progress in recent 
years, the overall 5‑year survival rate for advanced NSCLC is 
only 4% (1,5). Previous studies have demonstrated the treatment 
efficacy of an immune checkpoint inhibitor (ICI), nivolumab, 
developed as an anti‑programmed death‑1 (PD‑1) antibody, 
for patients previously treated with one platinum‑containing 
regimen for NSCLC (6,7). Although ICIs such as nivolumab 
or pembrolizumab serve a key role in systemic therapy for 
advanced NSCLC, almost all non‑responder patients receive 
no therapeutic benefits from expensive ICIs, accompanied by 
immune‑related adverse events (8). Kurman and Murgu (9) 
have reported accelerating disease progression following the 
administration of ICIs in patients with advanced NSCLC, 
referred to as hyper‑progressive disease. Therefore, established 
biomarkers to estimate the sensitivity to ICIs are needed. A 
number of studies have reported on useful biomarkers for 
predicting sensitivity to ICIs, including programmed death 
ligand‑1 (PD‑L1) expression in tumor tissues, tumor mutation 
burden and interferon‑γ (IFN‑γ) signature (10‑12). However, 
evaluating these factors requires sufficient tumor tissues 
obtained through invasive procedures. Therefore, novel, less 
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invasive diagnostic tools that can predict the sensitivity to ICIs 
are necessary.

The mechanisms of resistance to ICIs have attracted 
attention from oncologists to improve treatment efficacy. One 
of the most validated and characterized mechanisms is the 
downregulation of antigen presentation. Genetic alterations in 
β‑2‑microglobulin, an essential component of the major histo‑
compatibility complex (MHC) class I antigen presentation, 
have been identified in progressing lesions in patients who 
exhibited an initial response to PD‑1 blockade (13). Loss of 
human leukocyte antigen genes has been observed in patients 
with NSCLC, resulting in a loss of MHC class I presentation, 
which is associated with resistance to ICI (14). Recruitment 
and activation of immune‑suppressive cells, including 
myeloid‑derived suppressor cells, and regulatory T cells also 
induce resistance to ICIs  (15,16). Epithelial‑mesenchymal 
transition (EMT) is another mechanism of resistance to ICIs 
and is an important regulatory mechanism of cancer invasion, 
metastasis, therapeutic resistance and poor prognosis  (17). 
EMT directly induces the expression of PD‑L1 and other 
checkpoint molecules that inhibit T cell‑mediated cytotoxicity 
against cancer cells  (18,19). Tumor cells undergoing EMT 
also express immune‑suppressive cytokines, such as trans‑
forming growth factor (TGF)‑β, and enhanced recruitment of 
immune‑suppressive cells (20). Therefore, EMT is considered 
to be a resistance factor to ICIs and a target mechanism that 
may improve the efficacy of ICIs.

Plastin‑3  (PLS3) encodes an actin‑bundling protein 
that facilitates cofilin‑mediated polymerization of actin 
fibers (21,22). PLS3 is associated with EMT‑induced aggres‑
sive phenotypes and is expressed in whole solid cancers, but 
is not present in circulation, including whole blood cells (23). 
However, in the aforementioned study, PLS3 expression was 
identified as a novel marker for circulating tumor cells (CTCs) 
with EMT phenotypes in colorectal cancer, and the results 
demonstrated the usability of PLS3 detection in peripheral 
blood as a marker for EMT‑induced CTCs and poor prognosis 
using PCR‑based analyses (23). By contrast, the clinical signif‑
icance of PLS3 protein concentration in the peripheral blood 
measured using ELISA, which is one of the most popular diag‑
nostic tools in the clinic, has not been determined. In addition, 
whether PLS3 detection in blood samples may be associated 
with sensitivity to nivolumab treatment and prognosis in 
patients with NSCLC remains unknown.

The aim of the present study was to determine the usability 
of plasma PLS3 protein levels as a tumor marker of NSCLC 
and a predictive marker of sensitivity to nivolumab treatment.

Materials and methods

Patients. For ELISA analysis, a total of 33 patients with recur‑
rent or advanced NSCLC who were treated with nivolumab 
at Gunma University Hospital (Maebashi, Japan) and Hidaka 
Hospital (Takasaki, Japan) between February  2016 and 
February 2017 were included in this retrospective study. The 
mean age was 66.4 years (age range, 47‑82 years); 25 patients 
were male and 8 were female. The inclusion criteria were as 
follows: i) Pathologically diagnosed NSCLC; ii) recurrent or 
advanced NSCLC; iii) candidates for nivolumab treatment 
after initial chemotherapy; and iv) performance status based 

on the Eastern Cooperative Oncology Group guidelines corre‑
sponding to 0‑2. Blood samples and medical records of patients 
included in a previous study (24) were evaluated. Response 
Evaluation Criteria In Solid Tumors (RECIST) version 1.1 
was used to discriminate between partial response (PR) and 
stable disease  (SD) or progressive disease  (PD)  (25). The 
follow‑up duration for censored cases ranged between 2.9 and 
50.7 months (median, 15.8 months). The patients provided 
written informed consent. The present study conformed to the 
Declaration of Helsinki and was approved by the Institutional 
Review Board for Clinical Research at the Gunma University 
Hospital (approval no. 1404) and Hidaka Hospital (approval 
no. 124). For PLS3 immunohistostaining, a total of 34 patients 
including five patients in the aforementioned cohort and 
another 29 patients with NSCLC who underwent surgical 
resection at Gunma University Hospital between January 2001 
and December  2007 were included. The study of these 
29 patients was also approved by the Institutional Review 
Board for Clinical Research at the Gunma University Hospital 
(approval no. 150044), and patient consent was obtained using 
the opt‑out method. The mean age was 66.4 years (age range, 
45‑84 years); 20 patients were male and 14 were female.

ELISA. Peripheral blood was collected from each patient 
with NSCLC before treatment with nivolumab. Plasma was 
obtained by centrifugation at 1,689 x g for 10 min at room 
temperature and stored at ‑80˚C. Plasma concentrations of 
PLS3 were determined using a Human Plastin  3  (PLS3) 
ELISA kit (cat. no. MBS4503796; MyBioSource, Inc.) ELISA 
according to the manufacturer's instructions. In addition, 
10 anonymized plasma samples collected from healthy volun‑
teers were used. All healthy volunteers provided informed 
consent, and the use of blood samples obtained from healthy 
volunteers was approved by the Institutional Review Board for 
Clinical Research at the Gunma University Hospital (approval 
no. HS2019‑271). All samples were examined in duplicate. The 
dose‑response curves for standards were obtained by 4‑param‑
eter curve fitting using SkanIt Software 4.1 for Microplate 
Readers (Thermo Fisher Scientific, Inc.).

Immunohistochemistry. Immunohistostaining of PLS3 was 
performed using surgically resected lung cancer specimens to 
evaluate the expression levels of PLS3 in lung cancer tissues. 
In total, tissues from 34 patients (27 with adenocarcinoma and 
7 with squamous cell carcinoma) were evaluated for PLS3 
expression using immunohistochemistry. Subsequently, immu‑
nohistostaining of PD‑L1, CD8, and forkhead box protein P3 
(Foxp3) was performed in the ELISA cohort. Among 
33 patients in the ELISA cohort, serial sections consisting of 
the resected specimens (n=14) and needle biopsies (n=8) from 
patients with NSCLC were assessed for the expression of PD‑L1 
and CD8, only for those cases in whom we could obtain the 
clinical samples. For Foxp3 staining, 21 available samples in 
the ELISA cohort were evaluated. For immunohistochemistry, 
4‑µm sections were cut from the paraffin blocks of each sample. 
Each section was mounted on a silane‑coated glass slide, depa‑
raffinized in xylene, rehydrated in 100% ethanol and incubated 
for 30 min at room temperature in 0.3% hydrogen peroxide 
to block endogenous peroxidase activity. After rehydration 
through a graded series of the ethanol treatments (90% for 
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1 min, 80% for 1 min, and 60% for 1 min), the sections for 
PLS3 staining were subjected to antigen retrieval by heating in 
citrate buffer (pH 6.0) at 120˚C for 20 min in an autoclave. The 
sections for CD8 and Foxp3 staining were heated in boiling 
water using Immunosaver (Nisshin EM Co., Ltd.) for 45 min at 
98‑100˚C for antigen retrieval. For PD‑L1 staining, Universal 
HIER antigen retrieval reagent (cat. no. ab208572; Abcam) 
was used at 120˚C for 20 min in an autoclave. Non‑specific 
binding sites were blocked by incubating the sections with 
Protein Block Serum‑Free (Dako; Agilent Technologies, Inc.) 
for 30 min at room temperature. The samples were incubated 
overnight at 4˚C with the following primary antibodies: 
PLS3 (cat. no. sc‑166208; 1:200; Santa Cruz Biotechnology, 
Inc.), PD‑L1 (E1L3N Rabbit mAb 1:200; cat. no. 13684; Cell 
signaling Technology, Inc.), CD8 (cat. no. ab4055; 1:1,000; 
Abcam) and Foxp3 (cat. no. ab20034; 1:200; Abcam). The 
primary antibody was visualized by the Histofine Simple 
Stain MAX‑PO (Multi) Kit (Nichirei Biosciences, Inc.). 
Chromogen 3,3‑diaminobenzidine tetrahydrochloride was 
used as a 0.02% solution in 50 mM ammonium acetate‑citrate 
acid buffer (pH 6.0) containing 0.005% hydrogen peroxide. 
The sections were lightly counterstained with hematoxylin 
and mounted.

The tissue sections were examined by two independent 
evaluators who were blinded to the patient data. For evaluation 
of the PLS3 expression, the staining intensity was scored as 
follows: 0, none; 1, weak; 2, moderate; or 3, strong. Scores 1‑3 
were defined as positive PLS3 expression. The expression of 
PD‑L1 was evaluated using a semiquantitative scoring method 
according to the percentage of stained cells: 1, ≤1; 2, 1‑5; 
3, 5‑10; 4, 10‑50; and 5, ≥50%. Tumors with a score >3 were 
graded as positive. CD8 and Foxp3 were semi‑quantitatively 
evaluated based on the extent of positive lymphocytes infil‑
trating the tumor specimens, and patients with >5% positive 
lymphocytes were defined as positive for CD8 and Foxp3 
based on a previous study (24,26).

Statistical analysis. The data were presented as the 
mean ± standard deviation or median and the interquartile 
range  (IQR). Statistical analyses were performed using 
the Mann‑Whitney U test for continuous variables and the 
χ2 test for categorical variables. Kaplan‑Meier curves were 
generated for overall survival, and statistical significance was 
examined using the log‑rank test. Univariate analyses were 
performed using logistic regression analysis or Cox's propor‑
tional hazards model. Receiver operating characteristic (ROC) 
curve analyses were used to evaluate the potential of plasma 
PLS3 concentration as a cancer diagnostic marker, predictor 
of sensitivity to nivolumab and a marker of poor prognosis. 
All statistical analyses were performed using JMP software 
(SAS Institute, Inc.). A two‑tailed P<0.05 was considered to 
indicate a statistically significant difference.

Results

Immunohistochemistry of PLS3 expression. Prior to the 
ELISA analyses, immunohistochemical analysis of PLS3 
expression was performed using 34  surgically resected 
NSCLC specimens to evaluate the expression levels of PLS3 
in lung cancer tissues. Fig. S1 demonstrates the representative 

immunohistochemical staining of PLS3 in negative (Fig. S1A) 
and positive (Fig. S1B) cases. The expression of the PLS3 
protein was predominantly observed in the cytoplasm. The 
rate of positive PLS3 expression was 88.2% (31/34 patients).

Plasma PLS3 levels as a diagnostic marker of cancer. In total, 
10 healthy volunteers (8 male and 2 female) and 33 patients with 
recurrent or advanced NSCLC were enrolled in the present 
study. The mean age of the healthy volunteers and patients 
with NSCLC was 33.7±3.6 and 66.4±9.1 years, respectively 
(P<0.001). Plasma PLS3 concentrations in healthy volunteers 
and patients with NSCLC are presented in Fig. 1. The median 
plasma PLS3 concentration was significantly higher in patients 
with NSCLC compared with that in healthy volunteers (median 
7.64 ng/ml vs. 3.13 ng/ml, P<0.001). The diagnostic value of 
plasma PLS3 concentration to discriminate between patients 
with NSCLC and healthy volunteers was next determined. 
ROC analysis for plasma PLS3 concentration revealed that the 
optimal cut‑off value for patients with NSCLC was 5.18 ng/ml 
[area under the curve (AUC), 0.952; sensitivity, 97.0%; speci‑
ficity, 90.0%; Fig. 2A). Using this cut‑off value, 31 patients 
with NSCLC (93.9%) had PLS3 >5.18 ng/ml (Fig. 2B). The 
positivity rate of PLS3 in all patients with NSCLC was higher 
compared with that of CEA in patients with adenocarci‑
noma (66.6%) or SCC antigen in patients with squamous cell 
carcinoma (40%).

Plasma PLS3 levels and sensitivity to nivolumab treatment. 
The association between plasma PLS3 concentration and the 
sensitivity to nivolumab treatment was analyzed in patients 
with NSCLC. Fig. 3 demonstrates the results of the ROC anal‑
ysis of plasma PLS3 concentration to discriminate between PR 
and SD or PD according to the RECIST. The optimal cut‑off 
value for PR was 5.43 ng/ml (AUC, 0.607; sensitivity, 36.4%; 
specificity, 95.4%). Using this cut‑off value, the rate of PR in 
the PLS3 ≤5.43 ng/ml group was significantly higher compared 
with that in the PLS3 >5.43 ng/ml group (P=0.016; Table I). 
In addition, seven variables, including tumoral PD‑L1, CD8 
and PLS3 concentration, were evaluated as potential predic‑
tive factors of PR; however, univariate analysis indicated 
that PLS3 ≤5.43 ng/ml was the sole predictor of PR (odds 
ratio, 0.08; 95% CI, 0.01‑0.68; P=0.019; Table II).

Plasma PLS3 levels and overall survival. The prognostic 
value of the plasma PLS3 concentration was evaluated in 
patients with NSCLC treated with nivolumab. ROC analysis 
of plasma PLS3 concentration revealed that the optimal 

Table I. Association between plasma PLS3 concentration and 
sensitivity to nivolumab treatment.

Group	 PR (n=11)	 SD + PD (n=22)	 P‑value

PLS3 ≤5.43 ng/ml 	 4	 1	 0.016a

PLS3 >5.43 ng/ml	 7	 21	

aP<0.05. PLS3, plastin 3; PR, partial response; SD + PD, stable or 
progressive disease.
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Figure 1. Comparison of plasma PLS3 concentrations between healthy volunteers and patients with NSCLC. Horizontal lines indicate the mean plasma PLS3 
concentration. PLS3, plastin 3; NSCLC, non‑small cell lung cancer; IQR, interquartile range.

Figure 2. Diagnostic value of plasma PLS3 concentration as a tumor marker in patients with NSCLC. (A) ROC analysis for the ability of the plasma PLS3 
concentration to discriminate between patients with NSCLC and healthy volunteers. (B) Left stacked column chart showed the number of patients with plasma 
PLS3 >5.18 and ≤5.18 ng/ml among all patients with NSCLC. Middle stacked column chart presented the number of CEA ≤5.0 and > 5.0 ng/ml in patients 
with lung ADC. Right stacked column chart indicates the number of SCC antigen ≤2.0 and >2.0 ng/ml in patients with lung SCC. PLS3, plastin 3; NSCLC, 
non‑small cell lung cancer; ROC, receiver operating characteristic; AUC, area under the curve; ADC, adenocarcinoma; SCC, squamous cell carcinoma.
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cut‑off value for mortality was 8.55 ng/ml (AUC,0.609; sensi‑
tivity, 90.0%; specificity, 39.1%; Fig. 4A). The patients were 
divided into PLS3 ≤8.55 and >8.55 ng/ml groups according 
to this cut‑off point. The associations between clinicopatho‑
logical characteristics and PLS3 concentration in patients with 
NSCLC are presented in Table III; no significant differences 
in clinicopathological characteristics were identified between 
the PLS3  ≤8.55 and  >8.55  ng/ml groups. The prognostic 
analysis of patients with NSCLC according to PLS3 concen‑
tration demonstrated that the patients in the PLS3 >8.55 ng/ml 
group exhibited a poorer prognosis compared with those in the 
PLS3 ≤8.55 ng/ml group (Fig. 4B). Univariate analysis revealed 
that the high plasma PLS3 concentration was the sole predictor 
of poor survival (hazard ratio, 2.40; 95% CI, 1.01‑5.67; P=0.047; 
Table IV). The prognostic values of the other two cut‑off point 
(5.18 ng/ml used for diagnosis and 5.43 ng/ml used for treat‑
ment sensitivity) are presented in Fig. S2. Using the cut‑off 

values of 5.18 and 5.43 ng/ml, no significant differences were 
observed in patient overall survival rates according to the 
PLS3 concentration (P=0.214 and 0.306, respectively).

Discussion

The clinical usability of plasma PLS3 in patients with NSCLC 
remains unknown. In addition, the identification of novel, less 
invasive diagnostic tools that can predict the sensitivity to 
ICIs are necessary. The present study first demonstrated that 
the plasma PLS3 concentration in patients with NSCLC was 
significantly higher compared with that in healthy volunteers. 
In addition, low PLS3 concentration was associated with PR 
according to the RECIST in patients with NSCLC treated with 
nivolumab, with a cut‑off value of 5.43 ng/ml. PLS3 concen‑
tration ≥8.55 ng/ml was the sole predictor of poor overall 
survival. To the best of our knowledge, the present study is 
the first to indicate the clinical significance of plasma PLS3 
concentration in the prediction of the diagnosis, prognosis and 
sensitivity to nivolumab treatment in patients with NSCLC. 
Furthermore, the present study is unique due to the use of 
ELISA to measure peripheral PLS3 protein concentration in 
the plasma, which may enhance its clinical utility.

Tumor markers are broadly used in screening, diagnosis, 
monitoring and predicting therapeutic response and prognosis 
in various types of cancer, such as CEA or SCC antigen in 
NSCLC (27‑30). Ideally, it is desirable that tumor markers 
are detected only in patients with cancer and not in healthy 
individuals. The present study focused on EMT‑related char‑
acteristics and unique expression profiles of PLS3 to examine 
its potential as a novel tumor marker in the blood. Our previous 
study validated the PLS3 expression profiles in several cancer 
cell lines, including hematopoietic malignancies; as a result, 
the PLS3 expression was detected in solid cancer cell lines 
including esophageal cancer, gastric cancer, liver tumor, 
pancreatic cancer, breast cancer, lung cancer, prostate cancer 
and melanoma, but not in hematopoietic malignancies or 
blood samples from healthy individuals (23). The results of 
the present study demonstrated that plasma PLS3 protein 
concentration in patients with NSCLC was significantly higher 
compared with that in healthy volunteers. Further studies are 

Figure 3. ROC curve analysis of plasma PLS3 concentration as a predictor of 
sensitivity to nivolumab in patients with NSCLC. ROC analysis for plasma 
PLS3 concentration to discriminate between PR and SD + PD by RECIST is 
presented. ROC, receiver operating characteristic; PLS3, plastin 3; NSCLC, 
non‑small cell lung cancer; PR, partial response; SD + PD, stable or progres‑
sive disease; RECIST, response evaluation criteria in solid tumors; AUC, area 
under the curve.

Table II. Univariate analysis of the predictors associated with nivolumab treatment efficacy.

	 Univariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristic	 OR	 95% CI	 P‑value

Age, years (≤65 vs. >65)	 1.46	 0.34‑6.95	 0.617
Sex (male vs. female)	 0.21	 0.01‑1.48	 0.127
Histology (ADC vs. SCC)	 0.76	 0.09‑4.34	 0.761
PD‑L1 expression (negative vs. positive)	 1.25	 0.21‑8.13	 0.805
CD8 expression (negative vs. positive)	 2.55	 0.29‑55.41	 0.417
Recurrent disease (no vs. yes)	 0.69	 0.15‑3.06	 0.616
Plasma PLS3 concentration, ng/ml (≤5.43 vs. >5.43)	 0.08	 0.01‑0.68	 0.019a

aP<0.05. OR, odds ratio; CI, confidence interval; ADC, adenocarcinoma; SCC, squamous cell carcinoma; PD‑L1, programmed death ligand 1; 
PLS3, plastin 3.



KURIYAMA et al:  PLASMA PLS3 AND SENSITIVITY TO NIVOLUMAB IN NON-SMALL CELL LUNG CANCER6

warranted to clarify the clinical significance of plasma PLS3 
as a diagnostic marker in a broad range of solid tumors.

Various studies have reported the predictive value of ICI 
sensitivity markers, such as tumoral PD‑L1 expression (10), 
tumor mutation burden (11) and IFN‑γ gene signature (12); 

however, for predicting the sensitivity to nivolumab, 
established biomarkers that are obtained via less invasive 
techniques are urgently needed. Recent studies have reported 
that cancer cells undergoing EMT were resistant to immu‑
notherapy  (20,31). In addition, Dodagatta‑Marri et al  (32) 

Table III. Associations between clinicopathological characteristics and plasma PLS3 concentrations in patients with non‑small 
cell lung cancer treated with nivolumab.

Clinicopathological characteristic	 PLS3 ≤8.55 ng/ml (n=23)	 PLS3 >8.55 ng/ml (n=10)	 P‑value

Age, years, mean ± SD	 67.3±8.6	 64.2±10.3	 0.377
Sex			 
  Male	 18	 7	 0.612
  Female	 5	 3	
Histology			 
  SCC	 6	 1	 0.299
  ADC	 17	 9	
PD‑L1			 
  Negative	 5	 4	 0.512
  Positive	 9	 4	
CD8			 
  Negative	 2	 3	 0.211
  Positive	 12	 5	
Foxp3			 
  Negative	 2	 4	 0.163
  Positive	 10	 5	
Driver mutation			 
  EGFR	 2	 1	 0.364
  ALK	 0	 1	
  Wild‑type	 15	 7	
  Unknown	 6	 1	
Recurrent disease			 
  No	 8	 5	 0.411
  Yes	 15	 5	
Number of previous regimens, mean ± SD	 2.7±2.3	 3.2±1.9	 0.419
Nivolumab administrations, mean ± SD	 17.5±20.4	 9.2±10.1	 0.215
irAE			 
  Negative	 19	 7	 0.416
  Positive	 4	 3	
Therapeutic effect			 
  PR	 9	 2	 0.284
  SD + PD	 14	 8	
Reason for treatment discontinuation			 
  Disease progression	 15	 7	 0.448
  irAE	 3	 0	
  Decreased PS 	 3	 0	
  Death due to AMI	 0	 1	
  Long stable disease	 1	 0	
  Treatment continuation	 1	 0	

PLS3, plastin 3; SCC, squamous cell carcinoma; ADC, adenocarcinoma; PD‑L1, programmed death ligand 1; Foxp3, forkhead box protein 
P3; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; irAE, immune‑related adverse events; PR, partial response; 
SD + PD, stable or progressive disease; PS, performance status; AMI, acute myocardial infarction.
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have demonstrated that the combination of anti‑PD‑1 and 
anti‑TGF‑β antibodies inhibit the EMT signaling pathways in 
murine tumor models. Furthermore, PLS3 induces the EMT 
via the TGF‑β signaling pathway, and PLS3 expression is also 
detectable in the EMT‑induced CTCs (33,34). In the present 
study, plasma PLS3, but not tumoral PD‑L1, expression was 
associated with sensitivity to nivolumab treatment, although 
the origin of plasma PLS3 (EMT‑induced CTCs, tumor mass 
or other tissue) was unclear. A previous study has reported that 
EMT causes therapeutic resistance to not only nivolumab, but 
also other immunotherapies (20). Therefore, the evaluation of 
plasma PLS3 may also be a useful predictive marker of sensi‑
tivity to treatment with a range of ICIs, including anti‑cytotoxic 
T lymphocyte‑associated protein 4 and anti‑PD‑L1 antibodies.

As aforementioned, EMT promotes tumor invasion, metas‑
tasis, therapeutic resistance and poor prognosis, and PLS3 has 
been reported as one of the regulators of EMT (17,23). Our 
previous study demonstrated by PCR detection that the mRNA 
levels of PLS3 in the tumor tissue were associated with cancer 
progression and a poor prognosis in patients with colorectal 
cancer (23). In addition, Ueo et al  (34) have demonstrated 

that PLS3 evaluation in the peripheral blood by PCR‑based 
analysis is associated with a poor prognosis in patients with 
breast cancer. However, whether the protein expression level of 
PLS3 in blood samples using ELISA may predict therapeutic 
response and cancer prognosis remained unknown. The results 
of the present study demonstrated that the high plasma PLS3 
concentration was associated with nivolumab resistance and 
poor survival. PCR‑based gene expression analysis in the 
peripheral blood may require complicated methods to extract 
the unstable total RNA from blood samples. By contrast, 
ELISA‑based analysis requires serum or plasma samples 
obtained by standard collection tubes frequently used in 
clinical practice. The evaluation of plasma PLS3 by ELISA 
may be easier to use in clinical application compared with 
gene expression‑based analysis.

The present study had several limitations. First, a 
retrospective design was used, and a small sample size was 
included. Second, the mean age of healthy volunteers was 
different compared with that of patients with NSCLC, which 
may have affected the plasma PLS3 concentration among 
individuals. Third, there is the possibility of false‑positive 

Figure 4. Plasma PLS3 concentration and overall survival in patients with NSCLC treated with nivolumab. (A) ROC analysis for the ability of plasma PLS3 
concentration to predict overall survival. (B) Overall survival curves of patients with NSCLC according to plasma PLS3 concentration. PLS3, plastin 3; 
NSCLC, non‑small cell lung cancer; ROC, receiver operating characteristic; AUC, area under the curve.

Table IV. Univariate analysis of clinicopathological factors affecting overall survival.

	 Univariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristics	 HR	 95% CI	 P‑value

Age, years (≤65 vs. >65)	 0.60	 0.26‑1.37	 0.224
Sex (male vs. female)	 2.07	 0.81‑5.27	 0.128
Histology (ADC vs. SCC)	 1.58	 0.57‑4.38	 0.380
PD‑L1 expression (negative vs. positive)	 0.72	 0.26‑2.02	 0.535
CD8 expression (negative vs. positive)	 0.74	 0.24‑2.30	 0.602
Recurrent disease (no vs. yes)	 0.77	 0.34‑1.77	 0.539
Plasma PLS3 concentration, ng/ml (≤8.55 vs. >8.55)	 2.40	 1.01‑5.67	 0.047a

aP<0.05. HR, hazard ratio; CI, confidence interval; ADC, adenocarcinoma; SCC, squamous cell carcinoma; PD‑L1, programmed death ligand 1; 
PLS3, plastin 3.
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cases, as plasma PLS3 may originate from not only CTCs or 
primary tumors, but also healthy solid tissues of the whole 
body. Fourth, only patients with recurrent or advanced 
NSCLC who possessed large numbers of cancer cells were 
enrolled; therefore, further studies in patients with early‑stage 
cancer who may possess relatively small numbers of cancer 
cells are warranted to determine whether plasma PLS3 may be 
useful as a diagnostic marker for cancer. Fifth, all patients in 
the present study had history of previous chemotherapy treat‑
ment. In Japan, nivolumab has been covered by the medical 
insurance system for NSCLC as second‑line therapy since 
December 2015, and at present, a number of ICIs are avail‑
able as first‑line therapy (4). The present study did not include 
untreated patients with NSCLC; therefore, it remains unclear 
whether plasma PLS3 may predict the sensitivity to nivolumab 
treatment or prognosis as first‑line therapy. Sixth, the present 
study did not include functional experiments on the relation‑
ship between plasma PLS3 expression and nivolumab using 
in vitro or in vivo analyses.

In conclusion, the results of the present study demon‑
strated the diagnostic value of plasma PLS3 concentration in 
distinguishing patients with NSCLC from healthy volunteers. 
In addition, the low pretreatment plasma PLS3 concentration 
was associated with high responsiveness to nivolumab treat‑
ment, whereas high plasma PLS3 concentration predicted 
poor overall survival in patients with NSCLC treated with 
nivolumab. These observations suggest that the evaluation of 
PLS3 concentration in plasma samples may be used as a cancer 
diagnostic marker, predictor of sensitivity to nivolumab and 
a marker of poor prognosis for patients with NSCLC. Future 
prospective studies are required to confirm these results and 
explore the use of PLS3 as a marker in other types of cancer.
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