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ABSTRACT
OX40 (CD134) is a co-stimulatory molecule mostly expressed on activated T lymphocytes. Previous 
reports have shown that OX40 can be an immuno-oncology target and a clinical biomarker for 
cancers of various organs. In this study, we collected formalin-fixed paraffin-embedded tumor 
samples from 124 patients with small-cell lung cancer (SCLC) who had undergone surgery. We 
analyzed the expression profiles of OX40 and other relevant molecules, such as CD4, CD8, and 
Foxp3, in tumor stroma and cancer nest using immunohistochemistry and investigated their asso
ciation with survival. High infiltration of OX40+ lymphocytes (OX40high) in tumor stroma was 
positively associated with relapse-free survival (RFS) and overall survival (OS) compared with low 
infiltration of OX40+ lymphocytes (OX40low) (RFS, median, 26.0 months [95% confidence interval (CI), 
not reached (NR)–NR] vs 13.2 months [9.1–17.2], p = .024; OS, NR [95% CI, NR–NR] vs 29.8 months 
[21.3–38.2], p = .049). Multivariate analysis revealed that OX40high in tumor stroma was an indepen
dent indicator of prolonged RFS. Moreover, RFS of patients with OX40high/CD4high in tumor stroma 
was significantly longer than that of patients with OX40low/CD4low. The RFS of patients with tumor 
stroma with OX40high/CD8high was significantly longer than that of patients with tumor stroma with 
OX40low/CD8high, OX40high/CD8low, or OX40low/CD8low. These findings suggest that OX40+ lympho
cytes in tumor stroma play a complementary role in regulating the relapse of early-stage SCLC. 
Reinforcing immunity by coordinating the recruitment of OX40+ lymphocytes with CD4+ and CD8+ 

T cells in tumor stroma may constitute a potential immunotherapeutic strategy for patients with 
SCLC.
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Introduction

Small-cell lung cancer (SCLC) accounts for approximately 13– 
15% of all lung cancers.1,2 SCLC has high mitotic rate and 
shows early metastasis; therefore, it requires early intervention, 
including chemotherapy and radiotherapy. Recently, the addi
tion of immune checkpoint inhibitors (ICIs) to platinum-based 
chemotherapy significantly prolonged overall survival (OS) in 
extensive stage SCLC, and this practice has since become 
a standard first line treatment.3,4 However, three recent phase 

III trials3–5 conducted in different countries have revealed that 
only a subset of patients benefits from ICIs. Thus, thorough 
investigation of treatment strategies including other immuno
logical targets is urgently required.

OX40, also known as CD134, is a member of the tumor 
necrosis factor superfamily. It resides on the surface of various 
immunological cells such as activated T lymphocytes and reg
ulatory T cells (Tregs). OX40 engagement via the OX40 ligand 
(OX40L) mediates antitumor immunity via anti-apoptotic 
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protein induction, effector T cell stimulation, and Treg 
suppression.6 However, conflicting clinical observations have 
been reported in this regard. Specifically, the infiltration of 
OX40+ T cells in tumors was related to better survival in 
patients with colon cancer7 and non-small cell lung cancer 
(NSCLC),8 but worse survival was observed in patients with 
hepatocellular carcinoma.9 Investigators, including us, have 
attempted to enhance OX40 signaling using OX40L fusion 
proteins and anti-OX40 agonistic monoclonal antibodies 
(mAbs) either individually or in combination with ICIs, other 
immunotherapy, or radiotherapy to establish a novel immu
notherapeutic strategy in pre-clinical and clinical settings.6,10– 

12 However, the OX40 expression profile in SCLC remains 
relatively unknown. In addition, searching ClinicalTrials.gov 
using the terms “SCLC” and “OX40” revealed just one ongoing 
clinical trial and another completed clinical trial that included 
patients with advanced solid tumors including SCLC who were 
administered agonistic anti-OX40 monoclonal antibodies 
(NCT02554812 and NCT03241173, respectively as of 
August 1st, 2021). The findings of these trials are yet to be 
reported.

In the light of these observations, in this study, we 
aimed at identifying the association between OX40 protein 
expression within the SCLC tumor microenvironment and 
patient survival to investigate if OX40 expression could be 
a prognostic biomarker of SCLC, and to validate if it can be 
an immunological target in SCLC. Further, we sought to 
examine the association between the expression levels of 
OX40 in SCLC and those of other relevant immunological 
molecules, including CD4, CD8, and Foxp3, which is 
expressed predominantly in Tregs, to determine whether 
OX40 has a complementary or superior role in the precise 
evaluation of survival.

Methods

Patient information

We used previously described eligibility criteria.13 Briefly, in 
this study, we included patients with primary SCLC who had 
undergone complete surgical resection of the primary lung 
tumor between January 2003 and January 2013 at 17 partici
pating institutions, which included the Fukushima 
Investigative Group for Healing Thoracic Malignancy 
(FIGHT) and the Hokkaido Lung Cancer Clinical Study 
Group Trial (HOT). Written informed consent was obtained 
only from patients who were still alive at the time of data 
accrual (from February 2013 to January 2014).

This retrospective observational study was registered with the 
University Hospital Medical Information Network (UMIN) 
Clinical Trials Registry with the Identification Number 
UMIN000010117. This study adhered to the guidelines outlined 
in the Declaration of Helsinki. The study protocol was approved 
by the institutional review boards of the respective participating 
institutions. All individual data were obtained from medical 
records and de-identified. Each tissue sample was anonymized 
by assigning a randomized code number. Tumor stages were 
determined or reclassified according to the seventh edition of 
the tumor, node, metastasis (TNM) staging system.14

Sample preparation

All the cases included in the present study met the following 
criteria: a complete surgical resection of primary tumors and 
confirmation of a pathological diagnosis of SCLC or combined 
SCLC according to the 2004 World Health Organization 
classification15 after a central re-review. The formalin-fixed par
affin-embedded tissue blocks were cut into 4–5 μm sections, and 
each section was mounted on a glass slide for immunohisto
chemistry (IHC). The central pathological review and IHC were 
performed at the Department of Translational Pathology, 
Hokkaido University Graduate School of Medicine (Sapporo, 
Japan). The reviewers were blinded to the sample grouping and 
assessment. Generally, the number of SCLC patients who 
undergo surgery is limited. Thus, we did not set any limit on 
the sample size for this study. Instead, we attempted to collect as 
many samples with annotated clinical data from the respective 
institutions as possible. The total number of samples finalized for 
analysis was 124.

IHC

Rabbit polyclonal anti-human OX40 antibody (1:1000; 
ab119904, Abcam, Cambridge, UK), mouse anti-human CD4 
mAb (1:100; 4B12, Leica Biosystems, Newcastle, UK), mouse 
anti-human CD8 mAb, (1:150; C8/144B, M710301, Agilent, 
Santa Clara, CA), and mouse anti-human Foxp3 mAb (1:200; 
236A/E7, ab20034, Abcam) were used as primary antibodies. 
For antigen retrieval, the slides were placed in a water bath for 
30 min in 1 mM ethylenediaminetetraacetic acid (EDTA, pH 
9.0). Subsequently, endogenous peroxidase activity was 
blocked by treatment with 3% hydrogen peroxide in phosphate 
buffered saline (PBS) for 10 min. The sections were then 
washed in water. After blocking nonspecific binding with the 
addition of 10% porcine serum in PBS for 10 min, the sections 
were incubated with primary antibodies in a humid chamber at 
4 °C overnight. After washing with PBS, the sections were 
incubated with a labeled polymer (Histofine Simple stain 
MAX-PO, Nichirei Bioscience, Tokyo, Japan) for 30 min at 
25 °C. The slides were washed with PBS and water. Then, 3, 
3-diaminobenzidine was added and the sample was incubated 
for 5 min, and the sections were counterstained with hematox
ylin for 1 min. We sought to detect OX40L during IHC; how
ever, no reliable primary antibody was available. Two 
specimens stained for CD4 could not be evaluated due to 
insufficient quantity. All slides were digitally scanned at 
100× or 400× using a scanner (NanoZoomer S210, 
Hamamatsu Photonics K.K., Hamamatsu, Japan) to obtain 
high-resolution digital images. The images were visualized 
using a software program, NanoZoomer Digital Pathology 
(NDP. view2 U12388-01, Hamamatsu Photonics K.K.).

All slides were reviewed by two pathologists who were 
blinded to the clinical information. For enumerating OX40+ 

lymphocytes, CD8+ T cells, and Foxp3+ lymphocytes, whole 
fields per slide at 200× were evaluated to determine the number 
of stained cells. OX40 is expressed on neutrophils, as described 
in a previous report.16 However, in this study, we examined the 
expression level of OX40 only on lymphocytes. For evaluating 
CD4+ T cells, we performed a semi-quantitative analysis for the 
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precise evaluation of the positive signal, since large deviations 
indicative of biological heterogeneity in SCLC were observed 
across staining fields within the same individual specimens. 
Whole fields per slide (200× magnification) were evaluated to 
semi-quantify the stained cells. The numbers of cells stained 
for CD4 were graded as follows; 0 (less than or equal to 1 cell 
per field in both cancer nest and tumor stroma), 1+ (more than 
1 to 2 cells per field in cancer nest, and more than 2 to 5 cells 
per field in tumor stroma), 2+ (more than 2 to 5 cells per field 
in cancer nest, and more than 5 to 10 cells per field in tumor 
stroma), 3+ (more than 5 to 10 cells per field in cancer nest, and 
more than 10 to 15 cells per field in tumor stroma), and 4+ 
(more than 10 cells per field in cancer nest, and more than 15 
cells per field in tumor stroma).

The pathologists repeated the evaluation five times in random 
fields spanning the tumor compartment and calculated the aver
age number of cells positively stained for OX40, CD8, and 
Foxp3. They also semi-quantified the tissues positively stained 
for CD4. The cutoff values to define high expression levels of 
immunological markers in tumor stroma were as follows: OX40+ 

lymphocytes, ≥60 per field; CD8+ T cells, ≥50 per field; and 
Foxp3+ lymphocytes, ≥1.7 per field. Their respective values in 
the cancer nest were ≥25, ≥10, and ≥1 per field. Considering that 
CD4 expression was evaluated semi-quantitatively, the 2+, 3+, 
and 4+ values were regarded as high expression. We determined 
these cutoff values in accordance with the distribution of the 
expression levels stratified by each histogram (Figure S1).

Statistical analysis

Univariate and multivariate Cox proportional hazard model 
analyses were performed to examine the association between 
clinical variables, IHC scores, and survival. The association 
between factors considered significant in univariate analysis 
was confirmed using Spearman’s rank correlation coefficient 
(Rho) analysis; the entering of multiple variables was avoided 
with Rho ≥ 0.6 and similar significance levels. We included 
variables from the univariate analysis with p < .05 in the multi
variate analysis. OS was calculated from the date of surgery to 
the date of death. Patients who had survived through the 
observation period were censored for the date at which the 
last status information was available. Survival curves were 
generated using the Kaplan–Meier method, and differences in 
survival distributions were evaluated using the log-rank test. 
Association between OX40 expression in the tumor stroma and 
the clinical variables in special interest cases, including stage 
and administration of adjuvant chemotherapy, was analyzed by 
either Pearson’s chi-square test or Fisher’s exact test. All sta
tistical analyses were performed using SPSS version 25 (IBM 
Corporation, Armonk, NY, USA). Results with p < .05 were 
considered statistically significant.

Results

Patient characteristics

Between January 2003 and January 2013, 156 patients with 
SCLC who had undergone surgery were enrolled from 17 
institutions. We collected formalin-fixed paraffin-embedded 

tumor samples from 127 patients. However, three patients 
were excluded because they died due to post-surgery complica
tions (Figure 1(a)). Of the three, two patients died of acute 
exacerbation of interstitial pneumonitis at 14 and 33 days after 
surgery, respectively. The third patient died of hemorrhagic 
shock due to anastomotic trachea-pulmonary artery fistula 
three days after surgery. The baseline characteristics of the 
remaining 124 patients, who were either alive at the end of 
the study period or had died due to SCLC, are listed in (Table 1 
and Table S1). The median age of participants was 70 years; 30 
(24.2%) patients were female, and 10 (8.1%) were never- 
smokers. Eighty-seven (70.2%) patients had Eastern 
Cooperative Oncology Group performance status 0. Twenty- 
one (16.9%) and 39 patients (31.5%) had a history or presence 
of interstitial pneumonitis and other types of cancer, respec
tively. The numbers of patients with SCLC and combined 
SCLC were 88 (71.0%) and 36 (29.0%), respectively. The clin
ical stages (TNM version 7) were IA (n = 78, 62.9%), IB (n = 13, 
10.5%), IIA (n = 12, 9.7%), IIB (n = 7, 5.6%), IIIA (n = 12, 
9.7%), and IIIB (n = 2, 1.6%). Most of the patients had under
gone lobectomy (71.8%) along with regional hilar–mediastinal 
lymph node dissection (62.9%). Adjuvant chemotherapy was 
conducted in 76 (61.3%) patients, including 69 patients who 
received platinum-containing regimens (Table S2), eight who 
received chemoradiotherapy, and two who received neo- 
adjuvant and adjuvant chemotherapy. Prophylactic cranial 
irradiation was performed in eight (6.5%) patients.

OX40, CD4, and CD8 expression profiles by IHC

The expressions of OX40, CD4, and CD8 were observed on the 
membrane of lymphocytes, while the expression of Foxp3 was 
detected in the nucleus of lymphocytes, either in tumor stroma 
or the cancer nest of SCLC samples (Figure 1(b-g) and Figures 
S2(a,b)). The number of cells stained with the anti-OX40 anti
body in the tumor stroma was 0–511.6 (median 26.8) per slide, 
and that in the cancer nest was 0–195.2 (median 13.4) (Figure S1 
(a,e)). Spearman’s rank correlation coefficient (Rho) indicated 
a moderate correlation between the OX40+ lymphocytes in the 
tumor stroma and those in the cancer nest (Rho: 0.500, p < .001), 
and the CD8+ T cells in tumor stroma (Rho: 0.627, p < .001). 
Weak correlations were observed between the OX40+ lympho
cytes in the tumor stroma and the CD8+ T cells in the cancer 
nest (Rho: 0.379, p < .001), the Foxp3+ lymphocytes in either the 
tumor stroma or the cancer nest (Rho: 0.195, p = .028, and Rho: 
0.263, p = .003, respectively), and the CD4+ T cells in either the 
tumor stroma or cancer nest (Rho: 0.228, p = .012, and Rho: 
0.288, p = .001, respectively) (Table S3).

Association between expression of OX40 and other 
immunological molecules and survival

The median survival follow-up time was 27.2 months (range, 
2.2–130.9). The Kaplan–Meier and log-rank tests demonstrated 
that high infiltration of the OX40+ lymphocytes (OX40high) in 
tumor stroma was positively associated with relapse-free survival 
(RFS) and OS, compared with the low expression of OX40 
(OX40low) in the tumor stroma (p = .024, p = .049; Figure 2(a, 
b)); however, similar results were not observed in the cancer nest 
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(Figure 2(c,d)). High infiltration of CD4+ T cells (CD4high) in the 
tumor stroma was significantly associated with RFS (p = .023; 
Figure 3(a)), but not with OS (Figure 3(b)) compared with low 
infiltration of CD4+ T cells (CD4low). The extent of CD4 T+ cell 

infiltration in the cancer nest did not associate with either RFS or 
OS (Figure 3(c,d)). High infiltration of CD8+ T cells (CD8high) in 
both the tumor stroma and the cancer nest was associated with 
RFS (p = .012, p = .004; Figure 3(e,g)) and OS (p = .003, p = .004; 
(Figure 3(f,h)), compared with low infiltration of CD8+ T cells 
(CD8low). The expression levels of Foxp3 in both the tumor 
stroma and the cancer nest did not associate with either RFS or 
OS (Figure S2(c-f)).

The RFS of patients with OX40high/CD4high in the tumor 
stroma was significantly longer than that of those with 
OX40low/CD4low (p = .011) (Figure 4(a)). The RFS of patients 
with OX40high/CD8high in the tumor stroma was significantly 
longer than that of patients with either OX40low/CD8high, 
OX40high/CD8low, or OX40low/CD8low in the tumor stroma 
(p = .035, 0.01, and 0.005, respectively) (Figure 4(b)).

The primary goal of this study was to examine the associa
tion between the expression of OX40 on lymphocytes in the 
tumor microenvironment and clinical variables, including sur
vival. Thus, we included both the expression parameters of 
OX40 in the tumor stroma and clinical variables such as 
serum level of lactate dehydrogenase within the normal 
range, clinical stage I and II SCLC, lobectomy, hilar–mediast
inal lymph node dissection, and adjuvant chemotherapy in the 
multivariate analysis. All of these showed statistically signifi
cant association with RFS in the univariate analysis (Table S4). 
The multivariate analysis revealed that OX40 expression in 
tumor stroma was an independent factor for prolonged RFS 
(hazard ratio: 0.53, 95% CI: 0.30–0.93, p = .027) (Table 2). 
However, in the univariate and multivariate analyses, OX40 
expression in the tumor stroma was not associated with OS 
(Table S5 and Table 3).

Figure 1. (a) Flowchart depicting this study. TRD, treatment-related death; IHC, immunohistochemistry. (b, c) Representative images of IHC stained tumor sections 
showing either low or high infiltration of OX40+ lymphocytes in both tumor stroma and cancer nest. (original magnification: 100×; inset: 400×). Areas surrounded by 
black lines show cancer nests. (d, e) Representative images of IHC stained sections showing either low or high CD4+ T cells and (f, g) CD8+ T cells in both tumor stroma 
and cancer nest (original magnification: 100×; inset: 400×). Scale bars represent 100 µm.

Table 1. Demographic and clinical characteristics of patients included in this 
study.

Patients (n = 124)
Variables No. %

Age, median (range in years) 70 (44–85)
Sex

Female 30 24.2
Male 94 75.8

Smoking status
Never-smoker 10 8.1

Smoker (current or former) 107 86.3
Unknown 7 5.6

ECOG PS
0 87 70.2
1 30 24.2

Unknown 7 5.6
Maximum tumor diameter, median (mm) 20.5 (8–95)
Histology

SCLC 88 71.0
Combined SCLC 36 29.0

Clinical stage (TNM, version 7 · 0)
IA 78 62.9
IB 13 10.5

IIA 12 9.7
IIB 7 5.6

IIIA 12 9.7
IIIB 2 1.6

Adjuvant chemotherapy
Yes 76 61.3
No 45 36.3

Unknown 3 2.4

ECOG PS, Eastern Cooperative Oncology Group performance status; SCLC, small- 
cell lung cancer; TNM, tumor-node-metastasis
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In this study, we selected patients who had undergone adju
vant platinum-based chemotherapy and examined the association 
between OX40 expression and response to the therapy in terms of 

RFS and OS using a log-rank test. There was no significant 
association between OX40 expression in the tumor stroma and 
either RFS or OS (RFS, p = .507; OS, p = .733, Figure S3).

Figure 2. Kaplan–Meier estimates of relapse-free survival (RFS) (a) and overall survival (OS) (b) of the patients with tumors stratified by the infiltration of OX40+ 

lymphocytes in tumor stroma. Kaplan–Meier estimates of RFS (c) and OS (d) of the patients with tumors stratified by the expression of OX40+ lymphocytes in cancer 
nest. Vertical bars indicate the censored cases at the data cutoff point.

Figure 3. Kaplan–Meier estimates of either relapse-free survival (RFS) or overall survival (OS) of the patients with tumors stratified by the infiltration of CD4+ T cells in 
tumor stroma (a, b), CD4+ T cells in cancer nest (c, d), CD8+ T cells in tumor stroma (e, f), and CD8+ T cells in cancer nest (g, h). Vertical bars indicate the censored cases at 
the data cutoff point.
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Discussion

To the best of our knowledge, this is the first study to demon
strate the association between OX40 expression on lymphocytes 
and survival in patients with SCLC. Previous studies have sug
gested that tumor compartments such as the tumor stroma and 
the cancer nest have differential patterns of cytokine or 

chemokine secretion in breast cancer.17 Further, in solid tumors, 
distinct phenotypes and quantitative differences in various 
immunological properties, including among effector immune 
cells and tumor-associated macrophages, are observed.18 

Previous clinical reports have underscored the importance of 
these differences by showing that these differences are associated 
with survival in human cancers.19,20 Moreover, these differences 
hint at distinct therapeutic targets.18 In the vast majority of 
SCLC cases, the tumor stroma and cancer nest can be clearly 
distinguished from each other, as can be seen in (Figure 1(b,c)). 
Thus, we considered it plausible to assess immunological pro
files, including OX40 expression, at these two tumor locations in 
this study.

The results showed that patients with OX40high in the tumor 
stroma but not in the cancer nest had better RFS and non- 
independently better OS than patients with OX40low. To 
address the possibility of an association between OX40 expres
sion in the tumor stroma and either the stage or history of 
adjuvant chemotherapy, which may affect prolonged RFS in 
patients with OX40high, we performed either Pearson’s chi- 
square test or Fisher’s exact test. However, no association was 
found (Table S6).

We observed CD8high in both the tumor stroma or the 
cancer nest, which was associated with prolonged RFS and 
OS (Figure 3(e-h)); this confirmed that CD8+ T cells were 
potentiated as effector T cells. Moreover, this finding was 
consistent with those of previous studies.21,22 OX40 is not 
expressed on naïve T cells but is strongly expressed on acti
vated T cells, such as CD4+ T cells and CD8+ T cells, after 
antigen stimulation and subsequent T cell receptor signaling.23 

Thus, the variable findings regarding the association between 

Figure 4. (a) Kaplan–Meier estimates of relapse-free survival (RFS) of the patients with stratified by OX40+ lymphocytes and CD4+ T cells in tumor stroma. RFS of patients 
with high infiltration of both OX40+ lymphocytes and CD4+ T cells in tumor stroma was significantly longer than that of patients with low infiltration of both OX40+ 

lymphocytes and CD4+ T cells in tumor stroma (p = .011). (b) Kaplan–Meier estimates of RFS of the patients with stratified by OX40+ lymphocytes and CD8+ T cells in 
tumor stroma. RFS of patients with high infiltration of both OX40+ lymphocytes and CD8+ T cells in tumor stroma was significantly longer than that of patients with low 
infiltration of both OX40+ lymphocytes and CD8+ T cells in tumor stroma (p = .005), that of patients with low infiltration of OX40+ lymphocytes and high infiltration of 
CD8+ T cells in tumor stroma (p = .035), and that of patients with high infiltration of OX40+ lymphocytes and low infiltration of CD8+ T cells in tumor stroma (p = .01). 
Vertical bars indicate the censored cases at the data cutoff point. NR, not reported.

Table 2. Multivariate analysis of the association between the explanatory vari
ables and RFS.

Variables HR 95%CI p value

Serum level of LDH < ULN 1.00 0.61–1.64 0.990
Lobectomy 0.46 0.27–0.79 0.005
Hilar-mediastinal lymph node dissection 0.64 0.37–1.09 0.100
c-stage I and II 0.34 0.17–0.67 0.002
Adjuvant chemotherapy 0.49 0.30–0.81 0.005
High OX40 in tumor stroma 0.53 0.30–0.93 0.027

RFS, relapse-free survival; HR, hazard ratio; CI, confidence interval; LDH, lactate 
dehydrogenase; ULN, upper limit of normal; c-stage, clinical stage; Cox propor
tional hazard model analysis was used to obtain the p values.

Table 3. Multivariate analysis of the association between the explanatory vari
ables and OS.

Variables HR 95%CI p value

Without history or presence  
of other types of cancer

0.54 0.31–0.95 0.034

c-stage I and II 0.25 0.13–0.50 < 0.001
Lobectomy 0.60 0.33–1.10 0.099
Hilar-mediastinal lymph node dissection 0.63 0.34–1.16 0.137
Adjuvant chemotherapy 0.61 0.36–1.02 0.061
High OX40 in tumor stroma 0.56 0.30–1.05 0.071

OS, overall survival; HR, hazard ratio; CI, confidence interval; c-stage, clinical stage; 
Cox proportional hazard model analysis was used to obtain the p values.
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RFS and OX40 expression at different locations may be due to 
plausible partial expression of OX40 on antigen-encountered 
CD8+ T cells with effector function in the tumor stroma but 
not in the cancer nest. (Figure 4(b)) demonstrates that the RFS 
of patients with OX40high/CD8high in the tumor stroma was 
significantly longer than that of patients with OX40low/ 
CD8high. A previous study demonstrated that some of the 
CD8+ T cells detected in the tumor may be non-antigen- 
specific T cells called bystander CD8+ T cells, which lack 
CD39 expression and contribute less to anti-tumor 
immunity.24 Our results suggest that OX40+ expression may 
play a complementary role, along with effector CD8+ T cells, in 
the accurate prediction of the RFS of patients with SCLC, as 
reported in patients with colorectal cancer.7

Another reason behind this diversity could be the role 
played by CD4+ T cells in the tumor stroma and the cancer 
nest in specific individuals whose tumors are infiltrated with 
OX40+ lymphocytes. It has been reported that CD4+ T cells 
augment the recruitment of tumor-specific CD8+ T cells into 
tumors, which facilitates tumor elimination.25 A previous 
study26 showed that the expression of major histocompatibility 
complex (MHC) class II molecules was not detected in SCLC 
cell lines or in tumor cells from tissue specimen, but was 
observed in tumor-infiltrating lymphocytes (TILs), although 
the expression level in TILs was lower than that in NSCLC 
TILs. Another study27 demonstrated that MHC class II- 
restricted tumor derived antigens are required to reject tumors, 
suggesting that activation of CD4+ T cells should occur in 
tumor microenvironment for tumor elimination. As shown 
in (Figure 3), the RFS of patients with CD4high in the tumor 
stroma was significantly longer than that of patients with 
CD4low. In addition, (Figure 4(a,b)) demonstrated that the 
longest RFS was observed in patients with coexistence of 
OX40+ lymphocytes and CD4+ T cells in the tumor stroma, 
and in those with the localization of both OX40+ lymphocytes 
and CD8+ T cells in the tumor stroma. These results indicate 
that antitumor immunity in SCLC may be induced by follow
ing steps: i) accumulation of antigen-presenting cells (APCs) 
that may express MHC class II molecules and neoantigens, ii) 
recruitment of OX40+ lymphocytes and CD4+ T cells or OX40+ 

CD4+ T cells to the tumor stroma, and iii) production of 
cytokines by APCs and T cells. These processes may eventually 
assist in the activation of CD8+ T cells and in their penetration 
into the cancer nest.

While OX40 functions as a suppressor of Tregs,6 it is con
stitutively expressed on Tregs, including on Foxp3+ T cells, 
particularly on those isolated from tumor sites.28–30 In our 
study, significant but weak correlation was found between the 
OX40+ and Foxp3+ lymphocytes in the cancer nest (Rho: 0.285, 
p = .001, data not shown). We cannot exclude the possibility 
that some of the OX40+ lymphocytes in the cancer nest in our 
SCLC cohort may have been Foxp3+ lymphocytes, or other 
regulatory T cells31 on which the expression of specific 
immune-checkpoint molecules such as T-cell immunoglobu
lin, mucin domain 3 (Tim-3),32 programmed cell death protein 
1 (PD-1),22 and cytotoxic T-lymphocyte-associated protein 4 
(CTLA-4)33 may be upregulated. Alternatively, effector func
tion of OX40+ lymphocytes in the cancer nest might be 
impaired by immune suppressive cytokines from cancer 

cells34 with the expression of indoleamine 2,3-dioxygenase 
(IDO) and poliovirus receptor (PVR).32 Further studies evalu
ating these differential expression profiles of OX40+ lympho
cytes in tumor stroma and cancer nest are required. Various 
spatial relationship analyses using multiplex IHC and image 
cytometry35 may further investigate these differences.

Emerging evidence from clinical trials has shown that neo- 
adjuvant immunotherapy for early-stage cancers is efficacious, 
which has been confirmed by pathological observations of TIL 
and less viable tumor cell accumulation in resected specimens 
of melanoma36 and NSCLC.37,38 This neo-adjuvant che
motherapy is based on the hypothesis that both the primary 
tumor and subclinical micrometastatic disease are eliminated 
through the generation of systemic anti-tumor immunity, lead
ing to augmentation of the clinical curative rate and complete 
molecular remission in peripheral blood.39,40 The differences 
between the infiltration of OX40+ lymphocytes into the tumor 
stroma and the cancer nest in our SCLC cohort, and the 
differences in its association with survival, may be due to the 
surgeries that the patients underwent. OX40+ lymphocytes in 
both the cancer nest and tumor stroma were removed by 
lobectomy (in 71.8% of the patients in our cohort); however, 
more effector T cells, present in residual lung parenchyma or 
circulating in peripheral blood, probably existed in patients 
with OX40high in the resected tumor stroma. This speculation 
is partly supported by the results presented in (Figure 5), in 
which more durable benefits are represented as high plateaus in 
the tails of the RFS curves of patients with OX40high in the 
tumor stroma, compared with those in patients with OX40low 

in the tumor stroma, irrespective of the infiltration of OX40+ 

lymphocytes in the cancer nest. A previous study demonstrated 
that certain gene signatures of circulating T cells matched with 
those of clonally expanded tumor-infiltrating T cells with 
effector functions in melanoma patients.41 Other investigators 
found that the cytotoxicity of a subset of tumor-infiltrated 
CD8+ T cells closely correlates with that of peripheral CD8+ 

T cells in patients with NSCLC.42 Thus, investigating the rela
tionship between the infiltrated OX40+ lymphocytes in the 
tumor stroma and the OX40+ lymphocytes, or other specific 
types of T cells, in peripheral blood is important to validate 
whether this can be used to predict survival or to monitor 
longitudinal anti-tumor immunity in patients with SCLC.

The antitumor effect of agonistic OX40 antibody monother
apy is modest in patients with advanced solid tumors.29 Thus, 
thorough exploration of elaborate strategies targeting OX40 is 
required. Our results support the notion that the development 
of therapies targeting OX40 should be accompanied with traf
ficking CD4+ and CD8+ T cells in the tumor stroma for patients 
with immune-cold tumors, which includes the vast majority of 
SCLC.32,43 It can be safely assumed that the induction of 
chemotaxis in APCs and T cells passing tumor vasculature by 
the manipulation of cognate cytokines or chemokines might be 
the first step, followed by the administration of OX40 agonists 
with or without anti-CTLA-4 mAb, anti-PD-1/ PD-ligand 1 
mAb, and other immune checkpoint inhibitors.

This study involved one of the largest cohorts of SCLC 
patients who had undergone complete resection. Biological 
heterogeneity for various protein markers and gene expres
sions is well documented in both cancerous and normal tissues. 
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A massive effort to map the heterogeneity in human tissues, 
including lung tissue, has been undertaken, as documented in 
the Human Atlas studies using single-cell RNA sequencing.44 

The use of surgical specimens, but not biopsy samples, can 
avoid this heterogeneity.45,46 Thus, we could overlook the dis
tribution of OX40 and other molecules within differential 
tumor compartments, including the tumor stroma and cancer 
nest. In addition, the present study collected various clinical 
variables available in daily practice, which could exclude poten
tial confounding factors associated with OX40 expression.

We performed a single-plex IHC assay of OX40 and other 
molecules. Further, we presumed correlation between OX40+ 

lymphocytes and CD4+ T cells, CD8+ T cells, and Foxp3+ 

lymphocytes based on Spearman’s correlation analysis results. 
Thus, we could not specify the exact lymphocytes that 
expressed OX40.

In our multivariate analysis, we eliminated CD8+ T cells to 
avoid multicollinearity and to more concisely address the pri
mary objective of this study, which was to explore the potentia
tion of OX40 for survival. Further, in a previous report which 
addressed the association between OX40 expression and survi
val in patients with NSCLC, the investigators had omitted CD3, 
CD8, and various chemokines, and had included only OX40 
expression and clinical variables in the subsequent multivariate 
analysis.8

However, the presence of CD8+ T cell in the tumor stroma 
and cancer nest was a strong indicator of RFS and OS as shown 
in (Figure 3(e–h). Thus, we cannot deny the possibility that 
CD8 was a more predominant indicator of RFS than OX40, 
and that OX40 might play a complementary role in prolonging 
RFS with CD8+ T cells in SCLC.

Our study was retrospective and non-global in nature and 
there was a limited number of deaths (n = 53, 49.5%). 
Various cytotoxic chemotherapy regimens were used as adju
vant therapies in a heterogeneous patient population, and this 
could introduce another bias. A large-scale prospective study 
using the IHC data of OX40 with a complete follow-up is 
required to investigate the prolonged RFS and OS of SCLC 
patients who had undergone surgery to confirm our results. 
Another limitation of our study is that the patients in our 
cohort did not undergo immunotherapy at post-operative 
recurrence; thus, we could not examine the relationship 
between OX40 expression in tumors and the effect of immu
notherapy. It would be valuable to study the impact of OX40 
expression on patient responses to immune checkpoint inhi
bitors. In addition, we analyzed patients with relatively early- 
stage SCLC, which may not reflect the tumor biology and 
host immune response seen in in patients with extensive- 
stage SCLC whom we usually treat in day-to-day clinical 
practice.

Figure 5. Kaplan–Meier estimates of relapse-free survival (RFS) of the patients with tumor specimen stratified by infiltration levels of OX40+ lymphocytes in tumor 
stroma (sOX40) and OX40+ lymphocytes in cancer nest (nOX40). The RFS of patients with high infiltration of OX40+ lymphocytes in both tumor stroma and cancer nest 
was significantly longer than that of patients with low infiltration of OX40+ lymphocytes in tumor stroma and high or low infiltration of OX40+ lymphocytes in cancer 
nest (p = .02 and 0.047, respectively). Vertical bars indicate the censored cases at the data cutoff point. NR, not reported.
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In conclusion, OX40 expression in the tumor stroma could 
be a biomarker of relapse in patients with early-stage SCLC. 
Clarification of the phenotypic difference of OX40+ lympho
cytes in the tumor stroma and cancer nest, and the selection of 
a treatment modality that can modulate the tumor stroma by 
stimulation and the coordinated recruitment of OX40+ lym
phocytes with CD4+ and CD8+ T cells are necessary for the 
establishment of novel treatment strategies for patients with 
SCLC.
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