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Background: Immune checkpoint inhibitor (ICI) therapy has prolonged the survival of a proportion of 
patients with advanced non-small cell lung cancer (NSCLC). Histological quantification of programmed cell 
death-ligand 1 (PD-L1) in tumors is a widely adopted marker for predicting the efficacy of ICI treatment. 
However, its use in patients with malignant pleural effusion (MPE) is occasionally challenging because of the 
difficulty of tissue sampling. The aim of this study was to identify new predictive factors for ICI treatment in 
patients with MPE. 
Methods: A total of 22 patients with MPE were included. Initially, we surveyed several parameters of 
pleural effusion in relation to overall survival (OS). Next, we attempted to reflect the response to ICI 
treatment in vitro, a simple co-culture bioassay was designed, in which tumor cells and immune cells were co-
cultured with nivolumab. Binding of nivolumab to T cells was confirmed by flow cytometry, and the released 
interferon-gamma (IFN-γ) was evaluated by enzyme-linked immunosorbent assay.
Results: The parameter analysis demonstrated that the levels of albumin and the percentage of lymphocyte 
were significantly correlated with OS in all patients. Vascular endothelial growth factor (VEGF) and high 
mobility group box 1 (HMGB1) were negatively correlated with OS in only driver gene mutation-positive 
patients. In vitro bioassay showed that nivolumab-binding T cells predominantly produced IFN-γ compared 
with control antibody. Of the 22 patients, 12 showed an increase in IFN-γ release after treatment with 
nivolumab. Despite the lack of significant correlations between IFN-γ levels and OS, the duration of ICI 
treatment tended to be longer in patients with IFN-γ release versus those without IFN-γ release. 
Conclusions: This immune assay of IFN-γ release after treatment with nivolumab in vitro may identify 
responders prior to ICI treatment.
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Introduction

Background

Programmed ce l l  death-1  (PD-1)  and  cytotox ic 
T-lymphocyte-associated protein-4 (CTLA-4) are immune 
checkpoint molecules (1,2). They act as inhibitory co-
receptors and are essential for the regulation of T cells. 
Cancer evades the immune system by inactivation of T 
cells through expression of the ligand of these checkpoint 
molecules (3). Immune checkpoint inhibitor (ICI) therapy 
involves antibodies preventing the binding of ligands 
and promoting the activities of T cells. In 2015, the anti-
PD-1 inhibitor nivolumab became the first approved 
immunotherapy for the treatment of non-small cell lung 
cancer (NSCLC) (4).

Rationale and knowledge gap

ICI has prolonged the survival of a proportion of patients 
with advanced NSCLC. However, almost 20% of patients 

treated with ICI experience immune-related adverse 
effects with or without tumor shrinkage. At present, 
histological quantification of the tumor proportion score 
of programmed cell death-ligand 1 (PD-L1) expression in 
tumor cells is a widely adopted biomarker used to predict 
the efficacy of ICI in NSCLC. In the KEYNOTE-024 
trial, which enrolled patients with tumors with a PD-L1 
expression status >50%, pembrolizumab (an anti-PD-1 
antibody) significantly prolonged progression-free survival 
and overall survival (OS) (5). Several reports showed 
a positive correlation between PD-L1 expression and 
objective response rate (4,5).

However, we occasionally encounter a discrepancy 
between the tumor proportion score of PD-L1 and actual 
clinical response to ICI. Furthermore, evaluation of PD-
L1 expression is impossible in cases where tissue sampling 
is difficult. Malignant pleural effusion (MPE) is considered 
an inappropriate sample for the evaluation of PD-L1 
expression. The presence of MPE in NSCLC is associated 
with poor outcomes, the estimated median survival of 
patients with MPE is 4–9 months (6). Despite the advances 
achieved in the development of therapeutic agents, pleural 
drainage remains the standard strategy for the treatment of 
MPE. 

Objective

In this study, we initially investigated the association of 
biomarkers in MPE with disease outcomes. Next, we sought 
to establish a new bioassay that reflects the clinical response 
to ICI treatment and investigated the possibility of clinical 
application. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-559/rc).

Methods

Study design

This single-center retrospective study was conducted at 
Jichi Medical University Hospital (Shimotsuke, Japan). This 
study was approved by the Ethics Committee of Human 
Research at Jichi Medical University (No. A16-132). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Individual consent for this 
retrospective analysis was waived. We included consecutive 
patients with non-squamous NSCLC with MPE between 
May 2018 and August 2020. Clinical data were collected 

Highlight box

Key findings
•	 The aim of this study was to identify prognostic and predictive 

biomarkers for immune checkpoint inhibitor (ICI) therapy in 
patients with advanced lung cancer by analyzing malignant pleural 
effusion (MPE). 

•	 We developed an in vitro assay to measure interferon-gamma 
(IFN-γ) levels following administration of nivolumab to the whole-
cell component of MPE from patients with advanced non-small 
cell lung cancer. 

What is known and what is new? 
•	 There were few research studies regarding parameters in MPE. 

We proposed several biomarkers in pleural effusion as prognostic 
factors, including levels of albumin, vascular endothelial growth 
factor (VEGF), high mobility group box 1 (HMGB1), and the 
percentage of lymphocytes. 

•	 Furthermore, we developed an in vitro bioassay employing 
the whole-cell component of MPE and reflecting the immune 
environment of the pleural  cavity.  ICI-binding T cells 
predominantly produced IFN-γ, and the levels of IFN-γ may be 
correlated with the therapeutic efficacy of ICI treatment.

What is the implication, and what should change now? 
•	 This methodology is very simple because it employs the whole-cell 

component of the pleural effusion without requiring separation of 
individual cell fractions. The levels of IFN-γ in pleural effusion, as 
induced by ICIs, may serve as a novel biomarker for predicting the 
efficacy of ICI treatment.
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from electronic medical records. 
Pleural effusion samples were obtained by thoracentesis. 

Clinical staging was based on the eighth edition of the 
tumor-node-metastasis (TNM) staging system. Systemic 
response was assessed according to the Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1. The 
duration of treatment was defined from the time of ICI 
treatment initiation until its termination or the occurrence 
of cancer-related death. OS was defined from the time 
of diagnosis until death or the last follow-up. PD-L1 
expression was determined by immunostaining with Dako 
PD-L1 IHC 22C3 PharmDx Assay (Agilent, Santa Clara, 
CA, USA). Driver gene mutations were analyzed using 
clinically utilized diagnostic methods on an outsourcing 
basis.

In vitro ICI bioassay 

The MPE samples obtained from patients with NSCLC 
were filtered using a 70-μm cell strainer (Corning, Corning, 
NY, USA) and centrifuged at 1,200 rpm for 10 min at 4 ℃. 
Supernatants were collected and stored at −80 ℃. Each cell 
pellet was dissolved in 5 mL of RPMI 1640 (Sigma-Aldrich, 
St. Louis, MO, USA) containing 10% (volume/volume) 
fetal bovine serum (Sigma-Aldrich). The total number of 
cells was determined, and cells (1×106 per well) were placed 
in 300 μL of RPMI 1640 in a 96-well flat bottom microplate 
with nivolumab (Selleck Biotech, Yokohama, Japan) or 
control immunoglobulin G4 (IgG4) (Fully Human IgG4 
Isotype Control; EUREKA, Emeryville, CA, USA) for 
48 h. The concentrations of nivolumab and control IgG4 
were adjusted to 60 μg/mL based on the average serum 
concentration in patients treated with nivolumab. After  
48 h, cell supernatants were aspirated and centrifuged at 
5,000 rpm for 10 min at 4 ℃. Subsequently, measurement of 
IFN-γ was performed. Cells were also cultured for over 6 h 
with Cell Activation Cocktail with Brefeldin A (BioLegend, 
San Diego, CA, USA) and harvested for flow cytometry.

Flow cytometry

Harvested cells were pre-incubated with anti-CD16/32 
antibody (clone 2.4G2; BD Biosciences, Franklin Lakes, 
NJ, USA). Fixable Viability Stain (BD Biosciences) was used 
to exclude dead cells. Cell surface staining was performed 
with the following antibodies: anti-CD45; anti-CD3; anti-
CD4; anti-CD8; and anti-CD279 (PD-1) (BD Biosciences); 
as well as anti-IgG4 (Abcam, Cambridge, UK). For 

intracellular staining, cells were fixed with a Transcription 
Factor Buffer Set (BD Biosciences) according to the 
instructions provided by the manufacturer. Intracellular 
staining was performed with anti-IFN-γ antibody (BD 
Biosciences). All samples were analyzed using the FACS 
LSR FortessaX-20 (BD Biosciences) and Flow Jo (Tree Star 
Inc., San Carlos, CA, USA) software programs.

Measurement of IFN-γ and soluble factors in pleural 
effusion samples

The stored supernatants of cultured samples were thawed 
and analyzed by sandwich-enzyme-linked immunosorbent 
assay (ELISA) using an IFN-γ Human ELISA kit (Thermo 
Fisher Scientific, Waltham, MA, USA). The stored 
supernatants of the original pleural effusion samples were 
sent to the laboratory of Shino-Test Corporation (Tokyo, 
Japen); several soluble factors [PD-L1, high mobility 
group box 1 (HMGB1), vascular endothelial growth factor 
(VEGF)] were assessed by ELISA.

Statistical analysis

The quantitative data were described by mean ± standard 
deviation. Mann-Whitney U test, one-way analysis of 
variance, and Pearson’s correlation test were performed 
for statistical analysis with GraphPad Prism version 5.0 
(GraphPad Software, Inc., San Diego, CA, USA). P values 
<0.05 indicate statistically significant differences. OS was 
estimated using the Kaplan-Meier method with EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), which is a graphical user interface for R (The 
Foundation for Statistical Computing, Vienna, Austria).

Results

Patient characteristics 

Between May 17, 2018, and August 8, 2020, 32 patients 
with MPE caused by NSCLC were eligible for participation 
in the study. Initially, patients with small cell lung cancer, 
cancer of other organs, or mesothelioma were excluded. 
Next, although patients were diagnosed with NSCLC 
based on the primary tumor lesion, cytology-negative 
effusion samples were excluded. Finally, 22 patients  
(10  males  and 12 females )  were  inc luded in  the 
investigation (Figure 1). The baseline characteristics are 
shown in Table 1. The median age was 69 years (range, 
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52–85 years). The majority of patients had stage IV disease 
(stage IVA: n=5; stage IVB: n=14), and only three patients 
had experienced recurrence after radical chemoradiotherapy. 
A l l  pa t ient s  were  h i s to log ica l ly  d iagnosed  wi th 
adenocarcinoma. Driver gene mutations were detected 
in half of the patients, i.e., epidermal growth factor 
receptor (EGFR) mutation in 10 patients and anaplastic 
lymphoma kinase (ALK) rearrangement in two patients. 
PD-L1 expression was evaluated by immunostaining of 
specimens obtained from the primary tumor or cell blocks 
prepared from pleural effusion samples. The status of PD-
L1 expression was as follows: ≥50%, 0; 1–49%, 7; <1%, 4; 
unknown, 11. ICI therapy was administered in half of the 
patients. 

OS and prognostic biomarkers in pleural effusion samples

OS of participants from this study was shown in Figure 2. The 
median OS was 20.4 months (95% confidence interval: 
11.5–41.0). This long survival was observed in half of the 
patients with EGFR mutations. Next, several parameters 
were selected to identify biomarkers that correlate with 
OS: total cell numbers; each fraction of cells (neutrophils, 
lymphocytes ,  monocytes ,  atypical  cel ls ) ;  and the 
concentration of albumin, lactate dehydrogenase (LDH), 
soluble PD-L1, HMBG1, and VEGF121 in pleural effusion 
samples (Figure S1 and Figure 3A). We found a significant 
positive correlation with albumin levels and a significant 
negative correlation with the number of lymphocytes  
(Figure 3A). Since OS was highly influenced by the presence 

of a driver gene mutation, we classified the patients into 
driver gene mutation-positive (EGFR, ALK) or -negative 
groups, and the correlation with OS was evaluated in the 
same manner. In the EGFR and ALK-positive group, we also 
found positive correlations between OS and albumin levels, 
and negative correlation between OS and the percentage of 
lymphocytes. Additionally, HMGB1 and VEGF121 showed 
a significant negative correlation (Figure 3B). In contrast, 

Figure 1 Flow chart of the participants. NSCLC, non-small cell 
lung cancer; SCLC, small cell lung cancer.

All samples
n=32

NSCLC n=26

22 included

6 excluded
• Combined SCLC (n=1)
• SCLC (n=3)
• Renal cell cancer (n=1)
• Malignant pleural mesothelioma (n=1)

4 excluded
• No malignancy pleural effusion

Table 1 Patient characteristics

Variables Value (n=22)

Age (years) 69 [52–85]

Gender

Male 10

Female 12

Smoking status

Ex- or current smoker 11

Never smoker 11

Stage

IV 19

Recurrence after CRT or surgery 3

Histology

Adenocarcinoma 22

Others 0

PD-L1 status

≥50% 0

1–49% 7

<1% 4

Unknown 11

Driver mutation

EGFR 10

ALK 2

Unknown or wild type 10

Immune checkpoint inhibitor therapy

No 11

Yes 11

Data are presented as median [range] or number. CRT, 
chemoradiotherapy; PD-L1, programmed cell death-ligand 
1; EGFR, epidermal growth factor receptor; ALK, anaplastic 
lymphoma kinase.

https://cdn.amegroups.cn/static/public/TLCR-24-559-Supplementary.pdf


Translational Lung Cancer Research, Vol 13, No 12 December 2024 3271

© AME Publishing Company.   Transl Lung Cancer Res 2024;13(12):3267-3277 | https://dx.doi.org/10.21037/tlcr-24-559

there were no useful parameters detected in the driver gene 
mutation-negative group (Figure 3C).

Establishment of in vitro ICI bioassay

To reconstruct the immune environment in vitro, we 
designed the original culture system, in which tumor cells 
and immune cells obtained from pleural effusion samples 
were co-cultured with an ICI (nivolumab) (Figure 4). Initially, 
we identified T cells (CD45+CD3+ cells) and distinguished 
CD4+ and CD8+ T cells in the pleural effusion samples 
(Figure S2A). In MPE, CD4+ T cells were dominant and 
the number of T cells and proportion of CD4+ and CD8+ T 
cells were almost similar in individuals with or without ICI 
(Figure S2B). We successfully demonstrated the binding of 
nivolumab on the cell surface of both CD4+ and CD8+ T 
cells; such binding was not observed with the control IgG4 
antibody (Figure 5, Figure S3A). In addition, the expressions 
of CD279 (PD-1) on the surface of T cells were decreased 
by the binding of nivolumab (Figure 5B, Figure S3B). 
Next, we examined whether nivolumab would enhance 
the anti-tumor activities of T cells. Nivolumab-binding T 
cells showed predominant production of IFN-γ compared 
with control IgG4 antibody (Figure 5A, Figure S3A). In 
particular, nivolumab amplified IFN-γ-release from CD8+ 
compared with CD4+ T cells. On the other hand, it is well 
established that IFN-γ is also produced by monocytes; 
however, we could not detect both binding of nivolumab on 
CD45+ CD14+ monocytes and IFN-γ-release in this assay 
(Figure S4). Therefore, IFN-γ production in this assay 
was considered to be derived from T cells in response to 
nivolumab.

Release of IFN-γ in in vitro bioassay and correlation analysis 

Subsequently, we analyzed the released IFN-γ in the supernatant 
of the bioassay system in 19 patients (Figure 6A). We found 
significant individual variation in the levels of IFN-γ 
production. Among 19 patients, 12 showed increase in IFN-γ 
after treatment with nivolumab; however, the remaining 
seven patients did not show an increase in IFN-γ. This is 
considered individual variability in response to treatment 
with nivolumab and may be comparable to the response 
observed after systemic nivolumab treatment. In addition, 
we analyzed the correlation between released IFN-γ 
and several biomarkers. The concentration of released 
IFN-γ was positively correlated with soluble PD-L1 and 
negatively correlated with VEGF121 (Figure 6B). Next, 
we investigated the relationship between IFN-γ and 
clinical parameters, specifically OS and the duration of ICI 
treatment, in patients receiving ICI (n=10). This analysis did 
not reveal significant correlations. Although the differences 
were not statistically significant, the duration of ICI 
treatment tended to be longer in patients with IFN-γ release 
(>0 pg/mL) (n=7) versus those without IFN-γ release (n=3) 
(Figure 7A,7B). The present findings suggest that evaluation 
of IFN-γ release after treatment with nivolumab through 
our immune bioassay may help identify responders prior to 
ICI treatment.

Discussion

In this study, we explored markers in MPE associated with 
the efficacy of ICI therapy and prognosis of NSCLC that 
could be useful in clinical practice. OS and the percentage 
of lymphocytes and the levels of albumin in MPE were 
statistically correlated in all eligible patients. In addition, 
the levels of VEGF were negatively correlated with OS 
only in patients with driver gene mutations. Furthermore, 
we established an in vitro bioassay to assess the immune 
activation status of patients by measuring IFN-γ levels 
following the co-culture of ICI with the cell component of 
MPE. The duration of ICI treatment tended to be longer in 
patients with IFN-γ release, suggesting that this method has 
the potential to predict the efficacy of ICI.

Biomarkers of lung cancer are generally identified in 
blood, and there is currently a low number of pleural 
effusion-derived candidates. Thus far, it has been reported 
that high levels of LDH (7), low levels of protein (8), a 
high neutrophil-to-lymphocyte ratio (9), and an increase 
in the number of CD4+ T cells (10) in MPE are correlated 

Figure 2 Kaplan-Meier curve for OS in all eligible patients (n=22). 
OS, overall survival; mOS, median OS; CI, confidence interval.
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Figure 3 Correlation between OS and several parameters in MPE. Linear correlation between OS and each parameter was evaluated by 
Pearson’s correlation coefficient in: (A) all eligible patients with NSCLC (n=22); (B) patients with driver gene mutation-positive NSCLC 
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Figure 4 Schematic diagram of the in vitro ICI assay. NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor; IFN-γ, 
interferon-gamma.
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Figure 5 IFN-γ production from nivolumab-binding CD8+ T cells in the in vitro bioassay. Representative flow cytometry plots of CD8+ 
T cells in in vitro bioassay were depicted. (A) Whole-cell component of MPE was co-cultured with control IgG4 antibody or nivolumab, 
binding of these antibodies on CD8+ T cells were confirmed through staining with an anti-IgG4 antibody. Production of IFN-γ from T 
cells was evaluated by intracellular staining of IFN-γ. (B) The change of PD-1-expression on CD8+ T cells after binding of nivolumab 
was evaluated by anti-CD279 (PD-1) antibody. Four independent experiments were performed, and similar results were obtained. IFN-γ, 
interferon-gamma; PD-L1, programmed cell death-ligand 1; IgG4, immunoglobulin G4; MPE, malignant pleural effusion.
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with poor prognosis of NSCLC. In our study, the positive 
correlation of albumin with OS was in line with previous 
findings, implying that nutritional status and systemic 
metabolic function were also important for prognosis. 
Unexpectedly, the percentage of lymphocytes in MPE 
exhibited a negative correlation with OS, in contrast to the 
results of a previous study (9). We suspected that an increase 
in regulatory T cells might influence the anti-tumor 
activity, or highly inflammatory effusion might exaggerate 
cachexia and lead to poor prognosis. In this study, we could 

not classify the immune phenotype of lymphocytes; hence, 
further analyses of T cells in MPE are warranted to clarify 
the precise role of lymphocytes in MPE. 

PD-L1 expression in tumor tissue is a well-established 
marker in NSCLC. Its expression in pleural fluid cell 
blocks showed high concordance with that recorded in 
primary solid tumors (11,12). However, our data indicated 
that soluble PD-L1 in MPE did not show any correlations 
with OS (Figure 3). Recently, Hayashi et al. reported that 
soluble PD-L1 and soluble CTLA-4 in blood reflected 

Figure 6 Evaluation of IFN-γ release based on the in vitro bioassay and correlation with other parameters. (A) The concentration of IFN-γ 
in the supernatant of in vitro bioassay was quantified by enzyme-linked assay (n=19). (B) Linear correlation between the concentration of 
IFN-γ and sPD-L1, VEGF121, OS, and duration of ICI treatment. IFN-γ, interferon-gamma; PD-L1, programmed cell death-ligand 1; 
VEGF, vascular endothelial growth factor; sPD-L1, soluble PD-L1; OS, overall survival; ICI, immune checkpoint inhibitor.

Figure 7 IFN-γ release and duration of ICI treatment. (A) Each duration of ICI treatment was aligned in descending order between patients 
with or without IFN-γ release (n=10). (B) Comparison of the duration of ICI treatment between patients with or without IFN-γ release (n=10). 
P values were calculated based on the Mann-Whitney U test. ICI, immune checkpoint inhibitor; IFN-γ, interferon-gamma.
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overactivation or an exhaustion status of antitumor 
immunity, while patients with high soluble PD-L1 levels 
were linked to poor outcome (13). Therefore, the impact 
of soluble PD-L1 in MPE remains controversial. In the 
in vitro bioassay, PD-L1 showed a significant correlation 
with the levels of released IFN-γ (Figure 6B). Based on this 
observation, we speculated that soluble PD-L1 in MPE 
might reflect a potential of immune reactivity against ICI 
and may be a predictive factor of the efficacy of ICI in 
NSCLC with MPE. 

NSCLC patients with a driver oncogene mutation, 
such as EGFR mutations and ALK rearrangements, are 
considered poor responders to ICI treatment (14). In 
particular, in EGFR-mutated NSCLC, the clinical response 
to ICI treatment is insufficient even in cases with high 
PD-L1 expression (15). This highlights the difficulty in 
predicting the efficacy of ICI based on PD-L1 testing in 
MPE of EGFR-mutant NSCLC. VEGF121 were one 
of the splicing variants of VEGF; thus far, four splicing 
variants (VEGF121, 165, 189, 206) were identified (16). 
Particularly, VEGF121 and 165 could be detected in 
pleural effusion. We found significant correlation with 
VEGF121. In our study, low levels of VEGF121 in MPE 
were associated with good OS in patients with EGFR-
mutant NSCLC. Moreover, in all patients, the levels of 
VEGF121 were negatively correlated with IFN-γ release in 
the ICI bioassay. VEGF generally promotes angiogenesis, 
increases  vascular  permeabil i ty,  and has immune 
suppressive function by affecting immune cells, including T 
cells (16). In particular, VEGF is involved in the induction 
and maintenance of regulatory T cells (17). Clinical trial 
data demonstrated that the median progression-free survival 
of EGFR mutation-positive patients was longer after 
treatment with erlotinib plus bevacizumab versus erlotinib 
alone, especially in those with pleural effusion (18,19). 
Therefore, our results reinforced the appropriateness and 
clinical benefit of combination therapy with an EGFR-
tyrosine kinase inhibitor (TKI) and a VEGF inhibitor in 
EGFR-mutant NSCLC with MPE. Additionally, several 
investigations demonstrated that extracellular HMGB1 is 
an immunogenic factor associated with tumor progression 
and unfavorable prognosis in various types of cancer (20,21). 
Therefore, the negative correlation of HMGB1 with OS 
observed in the present study is compatible with this notion. 
However, further investigation is required to elucidate the 
role of HMGB1 in driver-mutant NSCLC with MPE.

Next, we developed a new in vitro bioassay to reflect the 
clinical response to ICI. Thus far, several in vitro bioassays, 

such as three-dimensional culture and organoid formation, 
have been proposed for the evaluation of cytotoxic agents 
in patients with MPE (22,23). Pre-existing bioassays were 
mainly constructed by cancer cells obtained from each 
primary site and immune cells from peripheral blood. 
However, these assays are technically complicated and do 
not demonstrate the actual immune microenvironment. 
This is because MPE contains various immune cells and 
immunomodulators. Therefore, we established this simple 
co-culture bioassay, in which the whole-cell component of 
MPE (including cancer cells, immune cells, and stromal 
cells) was incubated with ICI. Importantly, the cellular 
component of the pleural fluid varied between cases, and 
may reflect the immune environment of individual patients.

The cytokine IFN-γ plays a key role in the activation of 
the anti-tumor immune response. Recognition of tumor 
antigens by T cells results in the release of IFN-γ, which 
acts as a cytotoxic cytokine (24). In our in vitro bioassay, 
we detected an increase in IFN-γ in approximately one-
third of the patients in response to ICI. In this respect, our 
in vitro assay mimics the tumor microenvironment in the 
pleural cavity, and the increase in IFN-γ-release may reflect 
the individual anti-tumor activity. Furthermore, the levels 
of released IFN-γ in the bioassay correlated with those of 
soluble PD-L1 and VEGF. This evidence suggested that 
soluble PD-L1 and VEGF are immune modulators and 
may be associated with the efficacy of ICI in the pleural 
cavity, despite the absence of a positive correlation with OS. 
Regarding the association with clinical factors, the duration 
of ICI treatment tended to be longer in patients with IFN-γ 
release versus those without IFN-γ release. Thus, screening 
for IFN-γ release after treatment with nivolumab using our 
in vitro immune assay may help identify responders prior to 
ICI treatment among NSCLC patients with MPE with or 
without driver oncogene mutations.

The limitations of this study were as follows: the 
present investigation included a small number of pleural 
effusion samples; hence, additional studies involving a 
larger number of cases are required to support our results. 
Moreover, detailed cellular analysis including regulatory 
T cells is desirable in this in vitro assay. Further analysis is 
also required to reveal the value of our assay in treatment 
with ICI.

Conclusions

This study attempted to predict treatment response and 
prognosis based on the analysis of pleural fluids obtained 
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from patients. The results revealed several useful factors. 
We also established a co-culture bioassay to evaluate IFN-γ 
release following the administration of an ICI, reflecting 
the immune environment of the pleural cavity under this 
treatment. This in vitro bioassay of IFN-γ release may help 
identify responders prior to ICI treatment.
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