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Background: Anti-tumoral immunotherapy of anti-program death-1/program death-ligand 1
(PD-1/PD-L1) immune checkpoint therapy demonstrated promising efficacy and tolerability in patients with
lung cancer. Apart from inhibitory checkpoints, OX40, the co-stimulatory receptor related to T cell priming
and proliferation, was valued identically. In this study, the relationship between OX40/OX40L expressed
on tumor infiltrating lymphocytes (TILs), PD-1/PD-L1 and other immunological factors, as well as its role
serving as the potential prognostic biomarker, were analyzed in NSCLC.

Methods: We investigated the relationship between OX40/0X40L, PD-1/PD-L1 and TILs in surgical
samples from 139 patients with NSCLC by immunohistochemistry (IHC). Factors related to OX40/0X40L
expression were analyzed by logistic regression and multi-linear regression. Cox analysis was also performed
to find the influencing factors. Survival analysis was conducted in order to testify its role in predicting
patients’ prognosis.

Results: The TILs OX40, OX40L expression were negatively correlated with the PD-1/PD-L1 expression,
respectively. PD-1 expression was negatively correlated with the TILs OX40 expression [R=0.250, (P=0.003)],
it was also negatively correlated with the TILs OX40L expression [R=0.386, (P=0.0001)]. PD-1 expression was
positively correlated with TILs grades and negatively correlated with the TILs OX40L expression in multiple
linear model [R=0.531, (X1, 95% CI: 3.552-8.176, P=0.0001; X2, 95% CI: 0.216-0.683), (P=0.0001)]. The
expression of TILs OX40 varied significantly among tumor OX40 and OX40L, PD-1, PD-L1, TILs and
pathology types. Tumor OX40L expression, TILs OX40L expression, PD-1 expression, PD-L1 expression
and TILs were considered as risk factors for TILs OX40 expression. The staging and TILs OX40L were
considered as risk factors for overall survival (OS) while stage and gender were risk factors for recurrence-free
survival (RFS). The low-expression of OX40 was related to longer RFS, OS and better prognosis.
Conclusions: OX40 plays a pivotal role in NSCLC, which was closely correlated with immunological
factors, RFS and prognosis.
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Introduction

Lung cancer was one of the major fatal cancer types,
which lead to 835,550 deaths in The United States in
2018 (1). With highly malignancy and limited early
detection methods, patients usually had poor prognosis and
limited survival. The early detection of pathological and
molecular features of lung cancer could be beneficial to
subsequent treatments and patients’ prognosis. Non-small
cell lung cancer (NSCLC) is the major pathology type in
lung cancer, which take up to nearly 80% of total incidence.
Driving mutations mainly take place in adenocarcinoma,
such as KRAS, EGFR, BRAF, NF1 and ALK fusion, even
with one fourth of none mutation detected (2). Combing
with first-line chemotherapy and anti-vascular therapy,
recent clinical trials had already demonstrated the efficacy
of target therapy in prolonging the survival and effectuate
better disease management than ever before (3-7). Although
target therapy and (or) anti-vascular therapy showed
promising results in overall survival (OS) and progression-
free survival (PFS), the beneficiary was limited, due to the
fact that relatively small amounts of patients harbor the
driving mutation (8). Also, acquired drug resistance and
second mutations also rendered existing target medication
ineffective, posing a new challenge for updating neo-
generation target medication against mutations (9-11).
Cancer immunotherapy (CIT) is a method of mobilizing
immune system to actively kill cancer cells. The past few
years had witnessed the unprecedented development of CIT
in clinical use, especially in lung cancer (12-14). The core
of immunotherapy focuses on modulating the biomarkers
expressed on immune cell and tumor microenvironment
(TME) that has close interaction with cancer cells and
immune cells. To date, the immune checkpoint PD-1/PD-
L1 inhibitors has become the standard first-line medicine
for advanced-stage Non-small cell lung cancer patients.
Previously, clinical trials with anti-PD-1/PD-L1 agents
had shown prompt and durable response in about 14-20%
of pre-treated patients with advanced NSCLC (15-17). The
results from Checkmate-017, checkmate-057 and POPLAR
study all made fundamental bases for immunotherapy (18-20).
Although statistics supported the conclusion that
checkpoint inhibitors did provide clinical efficacy and safety
for NSCLC patients, it should be noted that only less than
one fourth of all cancer patients respond to immunotherapy.
Yet, biomarkers such as TMB, T cell-inflamed GEP score
and PD-1/PD-L1 expression were used for screening
patients for immunotherapy (21,22). However, the results
of these biomarkers still cannot fully summarize and select
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patients for best clinical response. Some studies had already
challenged the role of PD-1/PD-L1 in patients’ selection
and prognosis evaluation (23,24). And for now, few
studies reported the prognosis value of these biomarkers
in resectable NSCLC patients. Thus, some immune
biomarkers with regard to stimulation of immune cells
should also be focused, such as co-stimulatory factors.

The representing co-stimulatory factors CD134
(0X40), member of TNF receptor super family, showed
important role in potentiating antitumoral efficacy (25,26).
0OX40 highly expressed by activated T cells, B cells, DCs,
neutrophils and NKs. The activation of OX40/0X40L
axis is an important signal which can provide the co-
stimulatory second signal to CD8+ T cell and also diminish
the inhibitory effect of T, which can create proper anti-
tumoral effect (27,28). Recently, OX40 agonistic monoclonal
antibodies were investigated in several Phase I/II trials for
solid tumor either as monotherapy or in combination with
other immunomodulators INCT03410901, NCT03092856,
NCTO02559024, NCT02315066, NCT03831295,
NCT03390296, NCT02554812). However, those data are
still not available. For now, the role of OX40 as a pretreating
biomarker in lung cancer is still unclear. Whether it can be
used as a biomarker for determine survival and prognosis in
NSCLC is unknown. Also, the relationships between OX40
and PD-1/PD-L1 have not been fully analyzed in early-
stage NSCLC.

Therefore, in this study, we investigated the relationship
between OX40/0X40L, PD-1/PD-L1 and tumor
infiltrating lymphocytes (TILs) using surgical samples
from 139 patients with NSCLC by immunohistochemistry
(IHC). We analyzed the correlation between OX40/0X40L
expression and pathological traits. Factors that affected the
patients’ survival and recurrence-free survival (RFS) were
analyzed. We also conducted the survival analysis of patients
by using OX40/0X40L, PD-L1 expression condition,
TILs condition and pathological types as grouping factors
to determine the significant influential factors. From all
the analysis above, we should be able to determine the role
of OX40/0OX40L in resectable NSCLC patients and its
relationship with PD-1, PD-L1, TILs and other clinical-
pathological traits.

Methods
Patients

One hundred and thirty-nine NSCLC patients with
resectable tumor participated in this study, from
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Department of Oncology and Radiotherapy in Medical
University of Gdansk (Gdansk, Poland) started from April
2008 to August 2010. All the patients were naive of anti-
cancer treatment before surgery. The seventh edition of the
TASLC system was used to determine the TMN staging,
according to the pathological traits, lymph node status and
lung cancer stages. Approval of this study was obtained from
the Shanghai Pulmonary Hospital, Tongji University (ethical
number 15-235), and the regulation was in accordance
with the guidelines of the Helsinki Declaration of 1975, as
revised in 1983. All the written consents were provided by
the participants in the Medical University of Gdansk.

IHC for PD-1, PD-L1, OX40 and OX40L

Specimen THC for OX40, OX40L and PD-1 were
conducted by Ventana Benchmark XT platform, and
PD-L1 was conducted by using Dako platform. All the
Paraffin-embedded tissue sections were pretreated baking
in drying oven at 60 °C for 1 hour. For OX40/0X40L
and PD-1 slides, heat-mediated antigen retrieval was
performed, which were labeled and put in a Benchmark
XT system (Ventana Medical Systems, Tucson, AZ).
Primary antibody [OX40 and OX40L, 1:1,000, EPR4392
(Abcam, Cambridge, MA) or PD-1, predilute, NAT 105
(Cell Marque, Rocklin, CA)] was applied, and followed
by incubation at 37 °C for 1 hour. An UltraView DAB
detection and amplification kit (Ventana Medical Systems)
was applied for staining. Human tonsil was used as
the positive control for OX40 and PD-1. For PD-L1
slides, Dako Autostainer (Dako, Carpenteria, CA) was
used according to manufacturer’s instructions. Primary
antibody [PD-L1, 22C3 (Dako)] was implemented by the
Dako Autostainer, and followed by incubation at room
temperature for 30 minutes. Slides were stained and treated
according to protocol. Negative and positive controls were
used provided by the Dako kits. Handling procedures were
in accordance with previous published article (29).

Validation of 0X40/0X40L, PD-1 and PD-L1 cutoff
value

All the pathology and IHC results were checked and
reviewed independently by two qualified pathologists. As
for OX40/0OX40L, the value of more than 20% was chosen,
as it is the best value to predict both OS and RFS. The
cutoff value for PD-1was at least 8% positive indicated by
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former research. The cutoff value for PD-L1on tumor cells
was at least 50% staining, approved by U.S. Food and Drug
Administration.

The evaluation of the abundance of TILs

We calculated the mass of lymphocytes under the
microscope’s scope. The infiltrating status was determined
by grades from 1+ to 3+, with a score of 1+ (<30%) indicating
a low percentage of TILs, 2+ indicating a moderate
percentage (30-60%), and 3+ indicating a largely (>60%)
increase in TILs, following the semi-quantitative manner.
TILs were composed of mononuclear cells, including
lymphocytes, macrophages and plasma cells. Intra-alveolar
macrophages were not considered as part of the immune
infiltration. The discordance between pathologists in TIL
category was reviewed jointly and consensus category were
also reached.

Statistical analysis

All the data analysis was performed by using SPSS 20.0
(SPSS, Inc., Chicago, IL, USA). The expression status of
0OX40 and OX40L on TILs or tumors were described.
Chi-square analysis was used to determine the correlation
between OX40 Expression on TILs and PD-1, PD-L1,
pathology type OX40 Expression on tumor. Multivariate
Linear Regression was used to determine the relationship
among PD-1, PD-L1, OX40 and OX40L on TILs or
tumors. Bivariate logistic regression was conducted to
determine the factor that affect the expression of OX40 on
TILs. Cox regression was conducted to find crucial factors
that affect the OS and RFS. Subgroup analysis was also
conducted to determine OX40/0OX40L and other immune
biomarker that may also affect patients’ prognosis. All
statistics were two sided, and statistical significance was
defined as P less than 0.05.

Results
Patients characteristics

In the cohort of 139 participated patients, 21.6% were
female and 78.4% were male. There were 34 patients who
were older than 70 years old, with 105 patients less than
70 years. The median age was 64 years. There were only 6
(4.3%) patients who were never-smoker. The staging of all
patients fell within I stage, with 93 stage IA and 46 stage
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IB. The major pathology type was squamous cancer cell,

Characteristic N (%) with 81 patients, taking up to 58.3%. The leading types
Gender of surgery performed were lobectomy (73, 52.5%) and
pneumonectomy (47, 33.8%). Other information should
Female 30(21.6) refer to Table 1.
Male 109 (78.4)
Age, median, years 64 The expression status of OX40 and OX40L on TILs or
<70 105 (75.5) tumors and the characterization among 0X40, OX40L,
>70 34 (24.5) PD-1, PD-L1, TILs andpatbology type
Smoking status The OX40 expression status on TILs were 71 positives
Smoker 133 (95.7) (51.1%) cases and 68 negatives (48.9%) cases. The OX40L
Non-smoker 643 expression status on TILs were 102 positives (73.4%) and
37 negatives (26.6%). With 125 negatives (89.9%) and 103
T negatives (74.1%), The OX40 and OX40L level status on
1 105 (75.5) tumors were relatively low. Only 15 cases (10.8%) were
o 34 (24.5) negative status of TILs, with 124 cases (89.2%) of positive
cases, grades ranging from “~” and “+” to “+++”. The PD-1
N positive expression were 60 cases (43.2%), and the PD-
0 75 (54.0) L1 positive expression were 25 cases (18%) (Tuble 2). Chi-
1 64 (46.0) square analysis validated the intergroup differences of
M TILs OX40 expression between tumor cell PD-L1 status
(P=0.006), TILs PD-L1 expression status (P=0.0001), tumor
0 132 (95.0) OX40 expression (P=0.028), PD-1 status (P=0.0001), TILs
1 7(5.0) status (positive/negative) (P=0.001) and pathology type
Staging (P=0.042). The intergroup comparison results indicated
that the status of PD-1, PD-L1, TILs, tumor OX40 and
A 93 (66.9) : ,
pathology types were important factors that might affect the
B 46 (33.1) TILs OX40 expression status (Table 3).
Pathology type
Sce 81(58.9) The linear correlation between OX40/0OX40L and
AC 40 (28.8) immune factors PD-1/PD-L1/TILs
LCC 4(2.9) Univariate linear regression results indicated that PD-
Other NSCLC 14 (10.0) lexpression was negatively correlated with the TILs
- OX40 expression [R=0.250, R’=0.063, Y=0.075X+12.227,
ypes of surgery
95% CI: 0.026-0.125, (P=0.003)]. PD-lexpression
Wedge 2(14) was also negatively correlated with the TILs OX40L
Segmentectomy 3(2.2) expression [R=0.386, R’=0.149, Y=0.246X+2.936, 95%
Lobectomy 73 (52.5) CIL: 0.147-0.346, (P=0.0001)]. The expression of OX40/
. OX40L was not correlated with TILs grades. Multivariate
Bilobectomy 8(5.8) . . L .
linear regression results indicated that PD-lexpression
Pneumonectomy 47(33.8) was positively correlated with TILs grades and negatively
Sleeve lobectomy 6 (4.3) correlated with the TILs OX40L expression [R=0.531,

R’=0.282, Y=5.864X,+0.450X,+1.373, (X,, 95% CL: 3.552—
8.176, P=0.0001; X,, 95% CI: 0.216-0.683), (P=0.0001)].

NSCLC, non-small cell lung cancer; SCC, squamous cell
carcinoma; AC, adenocarcinoma; LCC, large cell carcinoma.
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Table 2 The expression status of PD-1, PD-L1, OX40, OX40L
and TILs

Expression status N (%)
PD-1 level
Positive 60 (43.2)
Negative 79 (56.8)
PD-L1 level
Positive 25(18.0)
Negative 114 (82.0)

0OX40 on tumors

Positive 14 (10.1)

Negative 125 (89.9)
OX40 on TlLs

Positive 71 (51.1)

Negative 68 (48.9)
OX40L on tumors

Positive 36 (25.9)

Negative 103 (74.1)
OX40L on TILs

Positive 102 (73.4)

Negative 37 (26.6)
TILs level

- 15 (10.8)

+ 48 (34.5)

++ 37 (26.6)

+++ 39 (28.1)

-, negative; +, general positive; ++, strong positive; +++, very
strong positive. PD-1, program death-1; PD-L1, program death-
ligand 1; TILs, tumor infiltrating lymphocytes.

Bivariate Logistic regression of TILs OX40 expression

In the regression model, 5 independent variables were
included and considered risk factors for TILs OX40
expression. OX40L expression on tumors had the OR of
5.675 (1.185-27.171, P=0.030), which were considered as
the important factor that had impact on the expression
of TILs OX40 expression. Likewise, TILs OX40L
expression, PD1 expression, PD-L1 expression and
TILs were other risk factors that influenced TILs OX40
expression (Table 4).

© Translational lung cancer research. All rights reserved.

He et al. 0X40 and OX40L in NSCLC

Cox regression analysis for OS and RFS

The Cox analysis results indicated that staging and TILs
OX40L expression were risk factors for OS, with the OR
1.750 for stage (95% CI: 1.061-2.885, P=0.0001) and OR
3.379 for TILs OX40L expression (95% CI: 2.197-5.199,
P=0.028). As for RFS, stage had the OR of 3.754 (95% CI:
2.447-5.758, P=0.0001), and gender had the OR of 1.842
(95% CI: 1.109-3.327, P=0.043) (1able 5).

Subgroup analysis for OS and RFS

All the patients were allocated into different subgroups
by immune biomarker status. The TILs OX40 expression
was the main grouping factor (7uble 6). In the subgroup
1, the intergroup comparison was not significant, possibly
due to limited sample size and follow-up time. However,
OX40 expression negative group had RFS surpass the
positive group, suggesting the OX40 did have the tendency
in reducing the RFS. In subgroup 2, the intergroup
comparison between OX40+/PD-L1+ and OX40-/PD-L1-
for RFS was significant (P=0.036). Likewise, in subgroup
3, the intergroup comparison between OX40L+/PD-L1+
and OX40L-/PD-L1- for RFS was significant (P=0.036)
(Figure 1A). In the subgroup 4, the group with Stage IA and
TILs OX40- had the survival of 3.5 years and RFS 4.903
years, which was the leading group. Also, the inter-group
comparison for RFS between OX40+ and OX40- in stage
IA was significant (P=0.037). The same results were shown
by the subgroup 5, in which the intergroup comparison
between OX40-/PD-L1- and OX40+/PD-L1+ in stage
IA was significant (P=0.017) (Table 6). In subgroup 5, the
inter-group comparison for RFS between adenocarcinoma
0X40- and non-adenocarcinoma OX40+ was significant
(P=0.029) (Figure 1B). All these results imply that TILs
0OX40 and OX40L expression both served as an important
biomarker for RFS prediction in early stage NSCLC.

Discussion

OX40 with its ligand OX40L, member of the tumor
necrosis factor receptors/tumor necrosis factor superfamily,
plays a pivotal role in regulating immune cells. It is
expressed on activated immune cells such as T cells (CD4,
CD8, Thl, Th2, Thl7, regulatory T cells), B cells, DCs,
macrophage, neutrophils, mast cell, even on some antigen-
presenting cells and tumor cells (30). The activation of
0X40/0X40L can create comprehensive downstream
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OX40 expression on TlLs

Characteristic P value
Negative Positive
OX40 expression on tumor 0.028
Negative 65 60
Positive 3 11
PD-L1 expression on tumor 0.006
Negative 62 52
Positive 6 19
OX40L expression on tumor 0.074
Negative 55 48
Positive 13 23
PD-1 expression 0.0001
Negative 51 28
Positive 17 43
TILs in the tumor 0.001
microenvironment
Negative 41 22
Positive 27 49
PD-L1 expression on TILs 0.0001
Negative 57 32
Positive 11 39
Pathology types 0.042
Non-adenocarcinoma 43 56
Adenocarcinoma 25 15
PD-1, program death-1; PD-L1, program death-ligand 1; TILs, tumor infiltrating lymphocytes.
Table 4 Bivariate Logistic regression of TILs OX40 expression
Variables OR 95% ClI P values
TILs in the tumor microenvironment (+ or ) 2915 1.220-6.964 0.016
OX40L expression on tumors (+ or —) 5.675 1.185-27.171 0.030
PD-L1 expression on tumors (+ or —) 3.780 1.196-11.943 0.023
PD-1 expression on TILs (+ or -) 2.451 1.037-5.796 0.041
OX40L expression on TILs (+ or —) 4.684 1.798-12.202 0.002
OX40L expression on tumors (+ or —) NA NA 0.969
Pathology types (adeno or non-adeno) NA NA 0.165

+, positive; —, negative. NA, not available; PD-1, program death-1; PD-L1, program death-ligand 1; TILs, tumor infiltrating lymphocytes.
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Table 5 Cox regression analysis for OS and RFS
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Variables OR 95% CI P values
0os
Stage 1.750 1.061-2.885 0.0001
OX40L expression on TILs 3.379 2.197-5.199 0.028
RFS
Stage 3.754 2.447-5.758 0.0001
Gender 1.842 1.109-3.327 0.043

OS, overall survival; RFS, recurrence-free survival; TILs, tumor infiltrating lymphocytes.

signaling factors, including PI3K/PKB, NF-«kB and NFAT,
which can contribute to the cell division, maturation
and activation of T cells (31-33). Its role as an immune
modulator in CD4+ T cell was well studied, as previous
studies illustrated OX40 was shown to have effects on
cytokine production and lead CD4+ T cell into Th1 or Th2
subsets (34). When it comes to naive CD4T cell, the OX40/
OXA40L signal usually lead CD4+T cell converting into Th2
cells due to the CD4+T autocrine of IL-4 (35,36). Several
studies illustrated the presence of IL-2 and type I interferon
could transform this process into Th1 (35,37,38). It was also
proved by a mouse model study that the OX40 KO results
in the absence of Thl immune response, suggesting the
role of OX40 in Thl immune response (39). Data implied
0OX40 was involved in the production of IL-17 and IL-
23, leading to Th17 activation and differentiation (40). So
far, less was known about the role of OX40 in Tfh. As for
Treg development, studies suggested that OX40 had few
contributions to the development of nTreg, and the OX40
signaling was thought to play a much more important role
in i'Treg formation. Hitherto, studies were divergent on the
ideas of whether OX40 directly alter the ability of i'Treg
or modified the phenotype of the population and cytokine
milieu. Some studies put forward that OX40 affect the
iTreg in a way of modulating the expression of Foxp3 by
the combing the Foxp3 promoter of pSmad3 and Stat3
(41,42). Some other research demonstrated OX40 drive
IL-4 and IFN-y production which could synergize with
APC-produced IL-6 and blocked Foxp3 expression (32,43).
Recent research also put forward several independent
mechanisms concerning the iTreg induction, where OX40
activate AKT-mTOR pathway in order to inhibit Foxp3
expression (44). The role of OX40 in inhibiting iTreg
was also observed in an airway tolerance autoimmune
model (43). It was believed that the survival of T cells,
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including Tregs, rely on the activation of OX40/0OX40L
signaling (28). However, it remained contradictory in
whether OX40/0X40L signaling suppressing or promoting
the amount of Treg. For now, the majority support the latter
idea. Studies showed that the OX40 agonist could induce
proliferation of both naive effectors and Tregs in a dose-
dependent manner. Also, upregulated OX40L was shown
to have intact suppressive function for Treg (45-48). Some
research also proposed novel OX40L DCs that selectively
expand Tregs (49). In another word, the activation of OX40/
OX40L signaling would not only activate the CD4+ and
CD8+ T cell, but also Treg. The underlying reason could
be that the immune system was programmed to balance
the homeostasis in the life entity. Thus, the role of OX40
in expanding Treg could partially explain why the OX40/
OX40L was associated with decreased survival and poor
prognosis in our study. Due to the fact that the activation
of OX40/0X40L would surely proliferate and prime the
Treg, and the TILs (mainly T cells and APCs) in the TME
could be possibly suppressed by the activated Treg. Also,
early expression of OX40 on the TILs in the TME could
possibly be the sign of depletion of CD8+T cells and
overproduced Tregs. Therefore, it is vital to distinguish
T cell types (CD4+, CD8+, Treg, etc.) when OX40 were
chosen as a biomarker to determine the survival in patients.
Recently, OX40 agonist has already existed in Phasel/II
study clinical trials, alone or in combination with immune
checkpoints inhibitors (NCT02315066, NCT02410512,
NCT02221960, NCT02705482, NCT02923349,
NCT02528357. Data are currently not available). Although
the toxicity record was good to perform, the application
of OX40 agonist on patients should go through a series of
certain biomarker test, including OX40/0X40L expression,
staging and cancer types. Further to say, OX40/0X40L

signaling is intricate and should be reviewed in different
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Figure 1 (A,B) Subgroup analysis results. The S stands for OS group, and the R stands for RFS. The sub-grouping method and group

numbers are demonstrated in 7able 6, which is in corresponding order in this figure. OS, overall survival.
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Table 6 Subgroup analysis for OS and RFS

He et al. 0X40 and OX40L in NSCLC

Subgroup Over:.alll survival, P value for RFS, median P value for Intgr—sublgro.u.p
median (years) whole (years) whole comparison significance
OX40 expression on TlLs 0.364 0.219 NA
Positive 1.72 1.41
Negative 3.04 2.70
OX40 expression on TILs plus PD-L1 0.367 0.108 Existed
expression on tumor
Both positive 1.08 0.875
Both negative 3.04 2.00
Only one positive 2.77 1.8
OX40L expression on TILs plus PD-L1 0.201 0.079 Existed
expression on tumor
Both positive 0.9 1.30
Both negative 3.28 3.26
0OX40 or PD-L1 positive 1.49 2.35
OX40 expression on TILs plus staging 0.0001 0.0001 Existed
Stage IA and OX40+ 3.13 1.90
Stage IA and OX40- 4.90 4.90
Stage IB and OX40+ 0.85 0.65
Stage IB and OX40- 0.75 0.63
OX40 expression on TILs plus staging plus 0.0001 0.0001 Existed
PD-L1 expression
Stage IA and both positive 3.13 1.03
Stage IA and both negative 3.50 4.903
Stage |IA and OX40 or PD-L1 positive 3.25 3.08
Stage IB and both positive 1.00 0.85
Stage IB and both negative 0.83 0.68
Stage IB and OX40 or PD-L1 positive 0.63 0.53
OX40 expression plus pathology types 0.306 0.2 Existed
Adenocarcinoma plus OX40 positive 5.00 1.85
Adenocarcinoma plus OX40 negative 3.21 2.93
Non-adenocarcinoma plus OX40 positive 1.50 1.30
Non-adenocarcinoma plus OX40 negative 2.95 1.8167

OS, overall survival; RFS, recurrence-free survival; TILs, tumor infiltrating lymphocytes; PD-L1, program death-ligand 1.

aspects. What’s more, the indication of OX40 agonist
should also be fully analyzed. Research found the agonistic
0X40 antibody could deplete intra-tumoral Tregs which
expressed higher levels of OX40 through FcyR mediated

ADCC caused by myeloid and NK cells within the
TME (45). On the other hand, in some trials, anti-OX40
agonistic antibody showed increased tumor infiltration
of Tregs despite increased Teff cell proliferation, thus
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compromised the anti-tumoral efficacy (50,51). The
explanation was that Tregs were induced by constitutively
expressed OX40 upon OX40L binding. Therefore, it is
still important to verify role of anti-OX40 agonists in
immunological modulation, although it showed promising
efficacy for cancer therapy.

To our knowledge, it is the first research to analyze the
role of OX40/0X40L in early-stage resectable NSCLC
and demonstrate its relationships with PD-1/PD-L1,
TILs and patients’ clinical outcomes. OX40/OX40L has
already been studied previously as an immune characteristic
biomarker in some other cancer types, including
lymphoma, hepatocellular carcinoma, Leukemia, ovarian,
neuroblastoma, head and neck squamous cell carcinoma,
gastric cancer and breast cancer (52-63). The TILs OX40
was reported to correlate with patient survival. The role
of OX40 was evaluated in the cohort of 316 patients with
hepatocellular carcinoma, in which the high expression of
OX40 is associated with poor survival, vascular invasion
and high serum AFP level (53). They found the expression
of OX40 is an independent predictor of survival, with
low-OX40 expression having longer survival. The high-
expression of OX40 was characterized by upregulated
cytokines and exhaustion-specific markers, which indicated
that high expression of OX40 was associated with
immunosuppressive factors. Also, the high or low expression
status was related to mutations in AKT/mTOR and Wnt/
B-catenin signaling, respectively. The OX40 expression was
also associated with poor prognosis and shorter survival
in the study of acute myeloid leukemia (54). In nearly half
of the cases, OX40 expression led to proliferation and
release of proleukemic cytokines, which provided a survival
benefit for leukemic cells. Some authors proposed that the
prognostic value of OX40 was inconsistent, with especially
superior prognostic value in melanoma, lung cancer and
colorectal cancer but inferior prognosis in cutaneous
squamous cell carcinoma (25,64). However, our results
showed that the expression of OX40 is negatively correlated
with PD-1, PD-L1, and serve as a good biomarker for RFS
prediction, with high level of OX40 associated with poor
RES and shorter survival, and vice versa. Most importantly,
we found the prognostic value of OX40 was dependent on
the tumor staging, as early stage (IA) tumor with different
OX40 expression status could have different survival
condition. And it was not associated with pathological
types and clinicopathological factors as stated before. This
was also confirmed by Martins ez /., who found T cells in
gastric cancer had decreased levels of OX40 that become
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more pronounced with stages III and IV (57). Although
studies indicated that the OX40 served an independent
prognosis factors, it should be noted that the expression
of OX40 as a prognostic marker must be observed with
other important clinicopathological features, such as PD-1/
PD-L1 or staging. In another study, a panel of immune
checkpoints (including OX40) was analyzed with NSCLC
patients, in which they found the OX40 was related with
tumor-associated inflammatory cells (TAIC) (65). Although
the data did not show the importance of OX40 in the
prognosis of NSCLC patients, they suggested that the
upregulation of checkpoints markers on the TAIC indicated
the exhaustion of immune cell in the TME and tumor cell
invasion. Therefore, in early stage resectable NSCLC, the
high expression of OX40 should be an indicative of immune
cell exhaustion. Thus, Future studies are still needed
whether the high expression of OX40 warrant anti-OX40
agonist treatment alone or in combination with present
anti-cancer immunomodulators.

The OX40 agonist application has becoming an
emerging strategy to potentiate anti-tumoral effect by
initiating immune system. These antibodies were designed
to provide co-stimulatory signal for exhausted immune
cells in the TME, like TILs. Some preclinical studies
had witnessed the effect of OX40 agonist in causing
tumor regression and tumor rejection in animal models
(26,48,50,66-73). 9B12, a murine IgG anti-OX40 antibody,
was studied in a phase I clinical trial (NCT01644968)
for patients with solid tumor refractory to conventional
therapy (50). The study consisted of 3 arms with different
dosage of 9B12. The results showed acceptable toxicity
profile of the 9B12 and demonstrated OX40 was a potent
immune-stimulating target for treatment in patients with
solid tumors. Although no patients received partial response
by RECIST, regression and stable disease was observed.
Mechanistically, the 9B12 increased the immune response
of T cell and B cell and also led preferential upregulation
of OX40 on CD4+FoxP3+ Treg in the TILs. In line,
humoral immunity was also activated according to study
results, as flow cytometry indicate Ki-67 upregulation in
the CD4+T cells after anti-OX40 treatments. In summary,
this study had already shined lights on the anti-tumoral
anti-OX40 treatment of human beings and studies with
refined design would be anticipated for better results. For
now, some antibodies such as BMS 986178, PF-04518600,
MEDI6469 are anticipated for promising clinical results
in solid malignancies. Although the anti-OX40 therapy
was thought to be a promising strategy in anti-tumoral
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immunotherapy, two issues should be noted. Firstly, the
sequence and combination arrangement of anti-OX40-
based immunotherapy should be scrutinized. According to
Rajeev K. Shrimali er a/., the concurrent use of anti-PD-1
antibody combing with anti-OX40 antibody reduced the
anti-tumoral effect created by OX40 agonist and induced
the T cell apoptosis (74). However, once the sequence
was reversed, the anti-tumoral effects remained intact.
The possible mechanism was explained by the theory of
the PD-1-induced TCR-mediated signaling altered the
contact interaction between T cell and antigen-bearing
cells. It is possible that the checkpoint inhibitor could
render OX40 agonist ineffectual by interfering pivotal
factors or receptors that correlated with OX40/0X40L
signaling. Although the underlying molecular relationship
remains unknown, it is necessary to conduct strict
appraisal when using combination therapy of 2 or more
immunological modulators. Another research also proposed
the importance of the timing and sequence of OX40-based
immunotherapy (75). As they found the sequential
combination therapy of anti-OX40 followed by anti-PD-1
resulted in remarkable increase in therapeutic efficacy,
however the concurrent using of those two antibodies
negated the anti-tumoral effect. Secondly, the efficacy of
anti-OX40 may vary on the method of administration.
Anti-OX40 antibodies is associated with depletion of TILs
through an antibody-dependent cell cytotoxicity (71).
When the antibody is given systematically, it will mobilize
peripheral lymphocyte instead of TILs in the TME. Data
are still limited concerning the consequences of different
administration method of anti-OX40 in human beings.
Thus, it is necessary to analyze whether systematical or
in situ administration could hamper the therapeutic efficacy
of anti-OX40 therapy in clinical trials.

Moreover, as a pivotal biomarker expressed in immune
system, OX40 also serves as an important marker in
associate with MEK, Dectin-1, RORyt+ CD8+ T Cells and
other immune modulator in the anti-cancer immunology
setting (76-82). To our knowledge, the activation of RAS/
MAPK pathway plays an important role in tumor growth
and escape, and it is a common phenomenon in clinical
cancer settings. One study investigated the OX40 acted
as an important factor in upregulating inhibited MEK in
triple-negative breast cancer, which augmented the anti-
tumoral effect (76). The downstream signaling was related
to p38/JNK signaling. Putting together, OX40 was the
crucial factor in reversing exhausted immune cell and
increased the immunogenicity, thus resulting in superior
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anti-cancer efficacy. OX40 also was upregulated in dectin-1
stimulated DC, which induced potent antitumor immunity
response depended on Th9 and IL-9 (80). The underlying
mechanism was that dectin-1 activate syk, Rafl and NF-
kB signaling that increased p50 and RelB translocation and
0X40 expression. In CD8+ T cell signaling, a subset of
RORyt+ CD8+ T cells that expressed high-level OX40 was
found to be associated with reduced patients (78). Unlike
0OX40-expressed Treg, the OX40-expressed RORyt+ CD8+
T cells were associated with promoting pro-carcinogenic
inflammation and lead to tolerogenic microenvironment
in tumors. Therefore, OX40, as a distinct biomarker,
should have important clinical implication for anti-tumoral
immunity.

There are some limitations in our study. Firstly, with 139
patients participated in our study, the limited sample size
may result in biased outcome and lead to neglect of some
latent pattern. Secondly, due to the fact that this study is a
retrospective study, some aspects are not perfect, including
lack of the driver gene mutation status and follow-up of
subsequent immune system alteration. Thirdly, the cell line
derived from resected sample were failed to establish due to
limited recourses. To make this study better, a verification
study should be also conducted on new collected clinical
sample. Some large-sample, multi-center with long term
follow up clinical study is still needed to verify the role of
0X40/0X40L signaling in NSCLC.

Conclusions

To conclude with, the co-stimulatory marker OX40 and
OX40L are crucial factors that should be focused. In our
study, we analyzed the relationship between OX40/0X40L
and other immune modulator and identified its role as the
biomarker for RFS and prognosis in early-stage NSCLC.
The TILs OX40/0OX40L expression is correlated with the
PD-1/PD-L1 expression. The expression of TILs OX40
varied significantly among tumor OX40/0X40L, PD-
1, PD-L1, TILs and pathological types. The bivariate
logistic regression of TILs OX40 expression indicated that
tumor OX40L expression, TILs OX40L expression, PD1
expression, PD-L1 expression and TILs were considered as
risk factors. In the survival analysis, the staging and TILs
OX40L were considered as risk factors for OS while stage
and gender were risk factors for RFS. In the subgroup
analysis, the TILs OX40 expression status was identified
as a major factor for determine the RFS. Although the P
value in some subgroup were not significant (>0.05), the
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tendency of intergroup comparison was distinct and it could
be better if the sample size was larger than present. The
low-expression of OX40 was related to longer RFS, OS and
better prognosis. In short, future studies should focus on
the underlying mechanism of OX40/0X40L signaling in
anti-tumoral therapy and investigate the synergism effect of
anti-OX40 with other checkpoint inhibitors in some large
sample size settings.
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