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Background: Although programmed cell death protein-1 (PD-1)/programmed death ligand-1 (PD-L1)
checkpoint inhibitors have shown prominent efficacy for treatment of advanced lung cancer, the outcomes
of metastatic lung cancer remain poor throughout the world. Although progression-free survival (PFS) and
overall survival (OS) have improved in the first- and second-line therapy settings for advanced lung cancer,
the response rates to PD-1/PD-L1 inhibition range from 20% to 40%. Furthermore, patients may be at risk
for immune-related adverse events (irAEs); hence, appropriate patient selection is crucial. This study aimed
to identify a panel of plasma cytokines representing prognostic and predictive biomarkers of the response to
anti-PD-1/PD-L1 treatment.

Methods: We prospectively studied 32 lung cancer patients who received anti-PD-1/PD-L1 antibody
immunotherapy. Plasma cytokines in peripheral blood samples were evaluated and analyzed using flow
cytometry at the time of diagnosis and at 2 months after the initiation of PD-1/PD-L1 inhibition.

Results: The baseline plasma concentrations of interleukin-18 (IL-18) and C-X-C motif chemokine ligand
10 (CXCL10) were correlated with the degree of tumor response. Moreover, the magnitude of plasma IL-
18 and CXCL10 level fluctuations were correlated significantly with the objective tumor response to anti-
PD-1/PD-L1 immunotherapy, and patients with high CXCL10 expression had significantly shorter PFS
than those with low CXCL10 expression. A strong positive correlation between the fluctuation of IL-18
and interleukin-8 (IL-8) levels was detected, as was a negative correlation between the fluctuation of IL-18
and CXCLI10 levels. The level of plasma C-C motif chemokine ligand 5 (CCLS5) was significantly higher in
patients with irAEs than in those without irAEs.

Conclusions: Plasma cytokines are related to the clinical efficacy of PD-1/PD-L1 inhibitors. IL-18 and
CXCL10 are potential predictive markers for anti-PD-1/PD-L1 therapy in lung cancer patients and may
play an important role in selecting patients who would benefit from PD-1/PD-L1 inhibitors.
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Introduction

Lung cancer is one of the most common malignancies
worldwide, with considerable morbidity and mortality (1).
In many countries, including China, lung cancer is the
leading cause of cancer-related mortality. More than half of
patients with non-small cell lung cancer (NSCLC) initially
present with advanced stages of the disease (2).

Immune checkpoints are the T cell regulatory
mechanisms of co-stimulatory and inhibitory signals
that control the amplitude and quality of the immune
response (3). The activation of programmed cell death
protein-1 (PD-1)/programmed cell death ligand-1 (PD-
L1) has been recognized as a major immunoinhibitory
mechanism in solid tumors (4). Accordingly, the anti-PD-1
antibodies nivolumab and pembrolizumab, and the anti-
PD-L1 antibody atezolizumab, have shown remarkable
clinical benefits in various solid tumors, resulting in the
approval of these agents by the FDA for patients with
NSCLC (5-7). Moreover, favorable responses using PD-1/
PD-L1 inhibitors as monotherapy or in combination
with chemotherapy have been reported (7). Nonetheless,
these immune checkpoint inhibitors elicit durable clinical
responses in only a fraction of patients. Moreover,
the objective response rates (ORRs) of nivolumab or
pembrolizumab were reported to be approximately 20% in
patients with previously treated NSCLC (5,6).

Although PD-L1 expression is a logical biomarker for predicting
response to anti-PD-1/PD-L1 immunotherapies (8), the
predictive value of PD-L1 expression for immunotherapy is
currently under debate. Moreover, because of the difficulty
associated with obtaining tumor tissues, the identification
of prognostic biomarkers in circulating blood for patient
selection in pragmatic clinical settings would be of great
value for optimizing and personalizing anti-PD-1/PD-L1
immunotherapy. We previously reported that circulating T
cell subtypes may reflect the outcome of immunotherapy in
lung cancer patients (9).

Moreover, an increasing number of preclinical and clinical
studies have suggested that infiltrating immune cells within
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a tumor or the tumor cells themselves produce cytokines
and chemokines, leading to a modulation of the tumor
microenvironment and promoting angiogenesis, growth,
invasion and metastasis (10). In this study, we aimed to
investigate the association between plasma cytokine levels and
the response to anti-PD-1/PD-L1 treatment, and to further
assess the value of cytokine levels as predictive biomarkers for
lung cancer patients treated with PD-1/PD-L1 inhibitors.

We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1513).

Methods
Patients

A total of 32 patients with a histologically confirmed
diagnosis of stage III/IV advanced lung cancer were
enrolled in the immunotherapy cohort of this study between
September 2017 and August 2018. Patients with a history
of interstitial lung disease, systemic immunosuppressive
therapy, or active autoimmune disease were excluded.
Twenty-three patients who were diagnosed with stage 111/
IV NSCLC and treated with platinum and gemcitabine/
pemetrexed chemotherapy (chemotherapy cohort) and 20
healthy controls were also enrolled in this study, and their
clinical features are summarized in Tible 1.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Ethics Board of Peking
Cancer Hospital (No. 2017KT57) and informed consent
was obtained from all the patients.

Response evaluation

Clinical examinations, CT scans of the chest and abdomen,
cerebral MRI/CT and lymph node ultrasound scans
were performed at baseline and then every 6 weeks. For
all patients, tumor burden and the overall response were
assessed according to the modified Response Evaluation
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Table 1 Clinicopathologic characteristics of the study population

Page 3 of 13

Immunotherapy (n=32)

Chemotherapy (n=23)

Atezolizumab (n=17)

Nivolumab (n=10)

Pembrolizumab (n=5)  Platinum & Gemcitabine/Pemetrexed

Age (years)

Mean + SD 60+5.7 52.8+1.3
Sex

Male 13 (76.5%) 8 (80%)

Female 4 (23.5) 2 (20%)
Smoking status

Current or former smoker 9 (562.9%) 6 (60%)

Never smoker 8 (47.1%) 4 (40%)
Histology

Adenocarcinoma 11 (64.7%) 6 (60%)

Squamous carcinoma 3(17.6%) 4 (60%)

Adenosquamous carcinoma 1(5.9%) 0 (0%)

Small cell lung carcinoma 2 (11.8%) 0 (0%)
Disease stage

I 5(29.4%) 3 (30%)

Y 12 (70.6%) 7 (70%)
PD-L1 expression

>1% 7 (41.2%) 1 (10%)

0% 1(5.9%) 1 (10%)

ND 9 (52.9%) 8 (80%)
Response

Partial response 3(17.6%) 2 (20%)

Stable disease 6 (35.3%) 4 (40%)

Progressive disease 8 (47.1%) 4 (40%)
irAE

Yes 11 (64.7%) 3 (30%)

No 6 (35.3%) 7 (70%)

58.3+7.8 60.2+10.3
3 (60%) 16 (70%)
2 (40%) 7 (30%)
4 (80%) 13 (57%)
1 (20%) 10 (43%)
2 (40%) 18 (72%)
2 (40%) 4 (16%)
0 (0%) 1 (4%)
1 (20%) 0 (0%)
2 (40%) 7 (30%)
3 (60%) 16 (70%)
0 (20%) ND

0 (20%) ND

5 (100%) ND

2 (40%) 9 (39%)
3 (60%) 8 (35%)
0 (0%) 6 (26%)
3 (60%) ND

2 (40%) ND

ND, not detected; irAE, immune related adverse events.

Criteria in Solid Tumors (RECIST 1.1) and categorized
as complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD) (11). The
patients who were diagnosed with disease progression at the
initial immunotherapy session underwent a confirmation
evaluation, including CT/MRI/Ultrasonic examinations,
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8 weeks later to exclude pseudoprogression. Immune-
related adverse events (irAEs) were continuously monitored
and evaluated in all treated patients and graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 3.0. irAEs were
managed following protocol-specific guidelines.
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Sample collection

Enrolled patients received either pembrolizumab or
atezolizumab every 3 weeks, or nivolumab every 2 weeks
intravenously until disease progression. No treatment was
stopped because of unacceptable toxicity. Relevant clinical
information and blood samples were collected before
and after two cycles of anti-PD-1/PD-L1 treatment or
chemotherapy. Peripheral blood samples were obtained
by venipuncture (10 mL; BD Vacutainer glass serum tube)
and centrifuged (2,000 g, 20 minutes) to isolate the plasma,
which was stored at -80 °C in aliquots until analysis. The
time interval between processing and freezing was no more
than 2 h for each sample. No freeze-thaw cycles were
performed before analysis.

Cytometric bead arvay immunoassay analysis of cytokines

The levels of various cytokines in plasma samples were
measured with LEGENDplex Human Inflammation and
Proinflammatory Chemokine Panel Kits from BioLegend
(Cat. #740102 and #740003), which allow the simultaneous
quantification of 13 human cytokines in a single sample to
provide higher detection sensitivity and a broader dynamic
range than the traditional ELISA method. All steps in
the assay were conducted according to the manufacturer’s
instructions. Specifically, 25 pL of plasma, 25 pL of beads
and 25 pL of detection antibodies from the panel kit
were mixed and incubated for 2 h at room temperature.
Samples were incubated with streptavidin-phycoerythrin
for another 30 min; 200 pL of wash buffer was added, and
the samples were centrifuged for 5 min. A BD FACSVerse
(BD Biosciences) system was calibrated with setup beads,
and 3,000 events were acquired for each sample. Various
cytokine concentration ratios were measured according
to the fluorescence intensities of individual cytokines, and
cytokine levels below the detection limit were assigned a
value equal to the lowest detectable value of that cytokine.
The cytokines examined were as follows: interleukin-1 beta
(IL-1B), IL-6, 1L-10, IL-12p70, IL-17A, IL-18, 1L-23,
IL-33, interferon alpha 2 (IFN-a2), interferon gamma
(IFN-y), tumor necrosis factor alpha (TNF-a), C-C motif
chemokine ligand 2 (CCL2, also named MCP-1), CCL3
(MIP-1a), CCL4 (MIP-1B), CCL5 (RANTES), CCL11
(EOTAXIN), CCL17 (TARC), CCL20 (MIP-3a), C-X-C
motif chemokine ligand 1 (CXCL1, also named GRO-a),
CXCLS5 (ENA-78), CXCLS8 (IL-8), CXCL9 (MIG), CXCL10
(IP-10), and CXCL11 (I-TAC).
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Statistical analysis

All measurements were performed in duplicate. All values
are expressed as the mean = standard error of the mean
(SEM). All statistical analyses were performed using Prism
6.0 statistical software (GraphPad Software Inc.). Two-way
analysis of variance (ANOVA) was employed to compare
differences between groups. Two-tailed Student’s #-tests
were used when only two groups were analyzed. Pearson’s
correlation coefficient (Rsq) was applied to assess the
reproducibility of the assay between near-serial sections
of the index array. Linear regression coefficients were
calculated to determine associations between the levels of
different cytokines. Progression-free survival (PFS) was
estimated using the Kaplan-Meier method and compared
with a nonparametric log-rank test. A multivariate Cox
proportional hazard regression model was applied with
potential risk factors as covariates, and hazard ratios (HRs)
and their 95% confidence intervals (Cls) were obtained. A
P value was considered statistically significant at <0.05.

Results
Patient characteristics

The immunotherapy cohort included 19 cases of
adenocarcinoma, 9 cases of squamous carcinoma, 1 case
of adenosquamous carcinoma and 3 cases of small cell
lung cancer. The median age of the patients was 58 years
(range, 41-69 years), with a male:female ratio of 3:1. The
clinical staging was as follows: stage III (31.3%) and stage
IV (68.7%). In total, 19 (59.4%) patients were current or
former smokers (Table I). These patients received anti-
PD-1/PD-L1 treatments for a median of 8 cycles, which
corresponded to a median treatment period of 6 months,
and 12 patients were still under treatment when this article
was written. Atezolizumab was administered to 17/32
(53.13%) patients, nivolumab was administered to 10/32
(31.25%) patients, and pembrolizumab was administered
to the remaining 5/32 (15.62%) patients. Among the 10
patients for whom PD-L1 expression was detected, 8 were
positive for PD-L1 expression (mostly patients treated with
atezolizumab). Seventeen (53.1%) patients experienced
irAEs, with rash and fatigue as the most prevalent. Overall,
grade 1 irAEs were reported in 8 patients, grade 2 irAEs in
5 patients, and grade 3 irAEs in 4 patients. No grade 4 to 5
irAEs were reported.

At the time of analysis, the median PFS for all patients
was 3.8 months (95% CI, 2.81-6.12), and the median
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Figure 1 Levels of plasma cytokines on anti-PD-1/PD-L1 monotherapy were shown. (A) Waterfall plot for the best tumor
response in lung cancer patients on anti-PD-1/PD-L1 monotherapy (n=32). (B) Expression levels of plasma IL-8, IL-18,
CCLS5 and CXCL10 in lung cancer with immunotherapy (n=32), chemotherapy (n=23) and healthy controls (n=20). (C)
Comparison of the average concentration of 16 cytokines in the plasma of lung cancer patients prior to and during anti-
PD-1/PD-L1 treatment (n=32). ¥, P<0.05; **, P<0.01; ****, P<0.0001. Red, increased cytokines; black, not changed cytokines;
green, reduced cytokines. PD, progressive disease; SD, stable disease; PR, partial response.

overall survival (OS) was not reached. Patients were divided
into PR (7/32, 21.9%), SD (13/32, 40.6%) and PD (12/32,
37.5%) subgroups according to the best therapy response
(Figure 1A4).

The chemotherapy cohort included 23 NSCLC patients:
18 cases of adenocarcinoma, 4 cases of squamous carcinoma
and 1 case of adenosquamous carcinoma. The median age of
the patients was 60.2 years, with a male:female ratio of 2.3:1.
The clinical staging was as follows: stage III (30%) and
stage IV (70%). In total, 13 (57%) patients were current or
former smokers (7able I). These patients received platinum
and gemcitabine/pemetrexed chemotherapy. Moreover,
20 healthy controls (those without chronic diseases), with
a median age of 50.2 years and a male:female ratio of 3:2,
were enrolled in the cohort study.

© Annals of Translational Medicine. All rights reserved.

Levels of multiple cytokines in plasma at baseline and
during treatment

To understand the immune response in patients and identify
immune correlations with the objective tumor response,
24 immune-related cytokines and chemokines were
measured in plasma samples. Among them, certain
ILs, including IL-6, IL-8 and IL-18, are reported to be
promising for cancer immunotherapy. Furthermore, IFNs
and chemokines, such as IFN-y and CXCL10, are potent
immunomodulators that shape immunity through direct
actions on innate and adaptive immune cells. Because
of the limited sensitivity of the BioPlex system under
our experimental conditions, 17 types of cytokines were
detected in this study (Table 2).
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Figure 2 Correlation between the best tumor response and baseline plasma IL-18 (A) or CXCL10 (B) levels using two-
tailed Pearson’s correlation analysis. Patients divided into partial response (PR, n=7), stable disease (SD, n=13) or progressive

disease (PR, n=12) subgroups.

We firstly compared the baseline plasma cytokine levels
between lung cancer patients and healthy controls. As
shown in Figure 1B, at baseline, the plasma levels of IL-
18, IL-8, and especially CCL5 were higher in lung cancer
patients than in healthy controls, while no significant
difference in the plasma CXCL10 level at baseline was
found between lung cancer patients and healthy controls.

Second, a comparison of the average concentration of 17
cytokines in the plasma of lung cancer patients prior to and
during treatment was conducted. In the immunotherapy
cohort, the cytokines CCL2, CCL5 and IL-18 were
generally highly detected. Thl cytokines (IFN-y, IL-18,
and CXCL10) were significantly increased in response to
anti-PD-1/PD-L1 treatment, and CXCLS5 and CCL11
were moderately elevated; in contrast, IFN-a2, CCL2
and CCL17 were decreased. Moreover, anti-PD-1/PD-
L1 treatment led to a reduction in the Thl17-related
level of cytokine IL-17A, although the IL-6 level was not
consistently altered (Figure 1C). In our multiplex analysis of
cytokine levels pre- and posttreatment, significant changes
in five cytokines were observed (IL-6, IL-18, CCL5,
CXCLS5 and CXCL10) in different response subgroups
(P<0.05) (1able 2).

Analysis of the correlation between plasma cytokines and
the tumor response

We first assessed the relationship between the levels
of cytokines and the objective tumor response in the
immunotherapy cohort. At baseline, the level of IL-
18 showed a positive correlation with tumor remission

(P=0.0003, Figure 2A), whereas the level of CXCL10 showed

© Annals of Translational Medicine. All rights reserved.

a negative correlation with tumor regression (P=0.0033,
Figure 2B). However, there was no correlation between other
cytokine levels at baseline and the tumor response.

Next, we evaluated the correlation of the tumor response
and fluctuations in cytokine levels (changes in cytokine
levels from pre- to posttreatment) (7able 3) and found that
changes in CCL5 and CXCL10 were strongly associated
with patient response. In addition, the levels of IL-6, IL-
18, CXCL10 and CCLS5 were correlated with PR, and the
levels of CXCL5 and CXCL10 were correlated with PD.
The IL-18 level decreased in patients who benefited from
anti-PD-1/PD-L1 treatment but clearly increased in those
with disease progression. In contrast, the levels of CCLS5
and CXCL10 increased in the PR and SD subgroups but
decreased in the PD subgroup (Zable 2). The levels of IL-18,
CXCL10 and CCLS5 before and after treatment categorized
by different responses are shown in Figure 3. We also
analyzed the changes in plasma cytokines in patients treated
with pembrolizumab, nivolumab or atezolizumab and found
that the changes in IL-18, CCLS5 and CXCL10 were similar
among the different treatment subgroups even though the
number of patients in the pembrolizumab subgroup was too
small for statistical analysis (data not shown).

However, in the chemotherapy cohort, neither the
baseline levels nor dynamic changes of IL-18, CXCL10,
IL-8 or CCL5 were significantly correlated with the tumor
response. In addition, the changes in IL-18, CXCL10 and
CCLS5 levels were similar between the adenocarcinoma and
squamous carcinoma subgroups. Moreover, we performed
a multivariate analysis of the changes in plasma cytokines
and histology and found no significant difference between
the different subtypes, although the changes in the

Ann Transl Med 2021;9(1):33 | http://dx.doi.org/10.21037/atm-20-1513
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Table 3 Fluctuations in different cytokine levels from pre- to post- anti-PD-1/PD-L1 treatment, their mean values, standard deviation and their

statistical correlation with patient response

Mean value (pg/mL)

Standard deviation (pg/mL)

P value (correlation with response)

IFN-02 -11.36 47.28 0.2168
IFN-y 30.46 112.78 0.4308
TNF-a 5.11 23.58 0.2663
IL-6 4.64 159.53 0.5020
IL-8 3.67 23.52 0.4486
IL-17A -3.72 22.36 0.1327
IL-18 23.59 17.94 0.1788
CCL2 -68.19 122.95 0.2084
CCL4 -0.67 127.08 0.6401
CCL5 74.93 71.24 0.0314*
CCL11 9.70 40.82 0.6319
CCL17 -10.66 689.95 0.7320
CCL20 2.76 95.74 0.4154
CXCLA 2.34 16.76 0.7557
CXCL5 29.99 57.39 0.1836
CXCL10 34.35 16.75 0.0098**
CXCL11 3.77 24.81 0.1875
Cytokine level changes from pre- to post-treatment measurements. *, P<0.05; **, P<0.01.
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Figure 3 Induction of plasma IL-18 (A), CXCL10 (B) and CCL5 (C) reflects objective tumor response to PD-1/PD-L1
inhibitors. Significant differences in cytokine levels were detected between plasma samples pretreatment and posttreatment
according to two-tailed student’s -tests. Data are represented as means + SEM. Pre, pretreatment; Post, posttreatment.

Partial response (PR, n=7), stable disease (SD, n=13) and progressive disease (PD, n=12). *, P<0.05.

adenocarcinoma subgroup were more obvious than those
in the squamous carcinoma subgroup (data not shown).
All these data suggest that the degree of plasma IL-18 and
CXCL10 induction is significantly associated with the

tumor response to anti-PD-1/PD-L1 therapy.

© Annals of Translational Medicine. All rights reserved.

Analysis of the association between PFS and plasma
CXCL10 and IL-18

PFS was assessed in all patients treated with anti-PD-1/
PD-L1 antibody therapies using receiver operating

characteristic (ROC) curves. The area under the curve
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Figure 4 Association between elevated CXCL10 level and reduced PFS was observed in lung cancer patients treated with PD-1/PD-

L1 inhibitors (n=32). The 2-sided log-rank test P values for the survival analysis, the PFS HR (based on Cox proportional hazard model)
between CXCL-10 and IL-18 subgroups are indicated. (A) Probability of PFS with >60.95 versus <60.95 pg/mL CXCLI10 levels. (B)
Probability of PFS with >70.44 versus <70.44 pg/mL IL-18 levels. HR, hazard ratio.

(AUC) identified plasma CXCL10 levels >60.95 pg/mL
and plasma IL-18 levels >70.44 pg/mL as cut-off values for
PFS. Based on the optimal cut-off values as stratification
points, we further compared the association between PFS
and CXCL10 subgroups (=60.95 versus <60.95 pg/mL)
or IL-18 subgroups (>70.44 versus <70.44 pg/mL) using
two-sided log-rank tests. High baseline CXCL10 level was
significantly associated with poor PFS (HR =2.083, 95%
CI: 0.9118-4.76 months, P=0.0483) (Figure 44), suggesting
that CXCL10 could be a biomarker to predict a subset of
patients who are likely to benefit from anti-PD-1/PD-L1
therapy.

However, no significant association between an elevated
baseline plasma IL-18 level and prolonged PFS was
observed (HR =1.356, 95% CI: 0.4899-2.466 months,
P=0.4358) (Figure 4B), suggesting that IL18 might be a
predictive marker indicating partial remission but not
survival for these patients. In the chemotherapy cohort,
there was no significant association between baseline
CXCLI10 or IL-18 levels and the PFS of NSCLC patients
receiving chemotherapy treatment (Figure S1), suggesting
the predictive value of plasma CXCL10 for anti-PD-1/PD-

L1 immunotherapy.

Assessment of the objective response to anti-PD-1/PD-
L1 treatment by analyzing associations between different
plasma cytokines

The associations between fluctuations in the levels of
different plasma cytokines were evaluated using linear
regression analysis, and a strong positive correlation of IL-
18 and IL-8 (P=0.0009) and a negative correlation of IL-18
and CXCL10 (P=0.001) were identified (Figure 5). Although

© Annals of Translational Medicine. All rights reserved.

IL-18 and CXCL10 induction was significantly associated
with the tumor response, a significant relationship was not
observed when IL-18 and CXCL10 or IL-8 were combined.

Associations between irAEs and plasma cytokine levels

We explored the value of plasma cytokines in predicting the
risk of irAEs. At baseline, there was no notable difference
in plasma cytokines between patients with irAEs and those
without irAEs, while CCL5 but not IL-18 and CXCL10
differed between these two subsets of patients after 2 cycles
of anti-PD-1/PD-L1 treatment (Figure 6). Moreover, the
level of CCLS5 was significantly associated with irAE onset,
suggesting that CCL5 might be involved in irAE onset
caused by anti-PD-1/PD-L1 therapy.

Discussion

To date, reliable predictive markers for PD-1/PD-L1
inhibitors in lung cancer are still under investigation (12).
In this study, we prospectively evaluated lung cancer
patients who received anti-PD-1/PD-L1 therapy. First, we
observed significant changes in the plasma levels of IL-18,
CCLS5 and CXCL10 after immunotherapy (P<0.05). More
importantly, we found that both the baseline concentration
and fluctuations of plasma IL-18 and CXCL10 levels were
correlated significantly with the objective tumor response
to anti-PD-1/PD-L1 immunotherapy. We also found that
patients with high CXCL10 expression had significantly
shorter PFS than those with low CXCL10 expression.
Previous studies have investigated plasma cytokines
at baseline, including IFN-y (1.23+0.430 pg/mL) and
TNF-o (1.215+0.3663 pg/mL), in patients with advanced
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Figure 6 Association between plasma cytokines level and irAEs. The plasma IL-18 (A), CXCL10 (B) and CCL5 (C) levels were assessed
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NSCLC (13). The findings were similar to those reported
in this study, supporting the reliability of our results. It
has also been reported that low granzyme B at nivolumab
initiation is associated with a poor tumor response and
poor PFS, while low IL-2 and high IFN-y levels are
associated with grade 3-4 irAEs in NSCLC patients (14).
Moreover, IFN-y, TNF-a and IL-8 levels increased in
the sera of lung cancer patients in response to anti-PD-1
therapy (13). Similarly, in our study, IFN-y, TNF-o and
IL-8 levels increased after anti-PD-1/PD-L1 therapy, even
though no significant differences were observed, perhaps
because of differences in the population, experimental
conditions and/or sample size.

Correlation analysis revealed that the higher the baseline
plasma IL-18 level was, the more likely the patients were to
benefit from anti-PD-1/PD-L1 treatment, revealing that
the level of IL-18 was correlated positively with the tumor
response. Indeed, IL-18 plays a pivotal role in inflammation
and immune responses. Evidence for the IL-18-mediated
anticancer effects involves natural killer (NK) or T cells,

© Annals of Translational Medicine. All rights reserved.

and the increased production of IFN-y is usually observed
with when high doses of IL-18 are combined with IL-2
or IL-12 (15,16). A high concentration of IL-18 might
contribute to the expansion of IL-18R*CD8" T cells within
the tumor microenvironment of lung cancer patients,
further promoting the CD8" T' cell response in the tumor
milieu. Therefore, IL-18 functions as a boosting cytokine
for immune checkpoint antagonists in the restoration of
T cell responses (17,18). Furthermore, we found that IL-
18 plasma levels decreased in patients who achieved PR
following anti-PD-1/PD-L1 treatment. One possible
reason for this finding is that IL-18 produced by tumor cells
promotes tumor progression in a PD-1-dependent manner,
thereby blocking PD-1/PD-L1 axis-inhibited tumor cells
and resulting in a decrease in IL-18 levels (19). Regardless,
we did not find a significant association between PFS and
IL-18 levels, possibly because of the limited sample size.
Based on the present data, we suggest that IL-18 may be
a predictive marker indicating partial remission but not
survival for these patients.
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CXCL10 is a small secretory protein in the cysteine-X
amino acid-cysteine (CXC) subfamily of cytokines that
mediates leukocyte trafficking, adaptive immunity,
inflammation, hematopoiesis and angiogenesis by binding
to and signaling through the CXCR3 receptor (20).
Accumulating evidence suggests a beneficial role for
CXCL10 produced by tumor or immune cells, which can
recruit CXCR3" tumor-infiltrating T cells and NK cells
associated with tumor suppression (21). Nonetheless,
CXCL10 has been shown to enhance migration, invasion,
proliferation, survival, and ECM adhesion in diverse cancer
cells (22). Importantly, CXCL10 is induced in pancreatic
cancer cells, and recruits immunosuppressive CXCR3"
Tregs to pancreatic ductal adenocarcinoma to block the
stimulation of T effector cells by antigen presenting cells
or to directly inhibit effector T and NK cells, favoring
pancreatic tumor growth and progression (23). These
findings show that CXCL10 facilitates the trafficking
of CXCR3-expressing Tregs toward tumor sites, which
augments their own production and then promotes cancer
outgrowth and poor OS. This may explain why CXCL10
levels showed an inverse correlation with the tumor
response and PFS and were increased in patients who
benefited from PD-1/PD-L1 inhibitors.

In addition, we found a correlation between two
combinations of IL-18 and IL-8, or CXCL10. A previous
report revealed that in responding patients, serum IL-8
levels significantly decreased between baseline and the
best response but increased upon tumor progression,
and early decreases in serum IL-8 levels were associated
with prolonged OS in melanoma and NSCLC patients,
suggesting that changes in serum IL-8 and IL-18 levels
could be used to monitor and predict clinical benefits from
immune checkpoint blockade in NSCLC patients (24).
A recent study showed that elevated baseline serum IL-8
levels were associated with poor outcomes in squamous and
nonsquamous NSCLC patients treated with nivolumab
and/or ipilimumab, revealing that serum IL-8 levels might
be an independent biomarker to identify unfavorable tumor
immunobiology in NSCLC patients receiving immune
checkpoint inhibitors (25). Similarly, our study also showed
that serum IL-8 levels decreased in patients who benefited
from anti-PD-1/PD-L1 treatment but increased in those
with PD.

However, there are limitations to the present study.
The sample size was relatively small, which could partly
explain why an association with the tumor response was
not observed when IL-18 and CXCL10 or IL-8 were
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combined. Another limitation of our study was that some
of our patients had received first-line chemotherapy prior
to PD-1/PD-L1 inhibitors. The impact of conventional
chemotherapy on cytokine levels on the background of
second-line PD-1 inhibition remains vague. As it is very
difficult to obtain fresh biopsy tumors in the second
line setting, we were not able to analyze the intratumor
expression of IL-18 and CXCL10 in this study. Large-scale
studies including tumor cytokine analysis are warranted in
the future. Therefore, the results of our study will likely
serve as a foundation for future large-scale validation studies
evaluating temporal changes in plasma cytokine levels and
investigating their associations with the tumor response to
anti-PD-1/PD-L1 treatments.

Studies on predictive biomarkers for immunotherapy are
developing rapidly. Intratumoral PD-L1 expression, tumor
mutation burden and neoantigen burden as well as certain
oncogene mutations appear to identify patients who are
eligible for anti-PD-1/PD-L1 treatments (26,27). As shown
in this study, plasma cytokine level analysis, which serves
as a noninvasive, cost-effective and reproducible tool for
monitoring patients’ clinical response, provided a candidate
predictive biomarker for lung cancer immunotherapy with
potential clinical application. For such potential predictors,
consensus and standardization are necessary for their broad
application in future studies. Multiplex detection methods
and combinations of biomarkers may provide new strategies
for predicting the efficacy of PD-1/PD-L1 inhibitors. Among
these strategies, blood cytokine detection might become an
important part of the integrated predictive model in the future.

Conclusions

Although clinical applications of immunotherapy have
achieved marked success, the efficacy and responsiveness
of these agents varies greatly among lung cancer patients.
We found that the absolute plasma concentrations of IL-
18 and CXCL10 were correlated with the degree of tumor
response and that the degree of IL-18, CXCL10 and CCL5
fluctuations were correlated significantly with the objective
tumor response to anti-PD-1/PD-L1 immunotherapy.
Moreover, patients with high CXCL10 expression had
significantly shorter PFS than those with low CXCL10
expression. Our findings indicate that cytokine plasma
levels may provide prognostic information and constitute
predictive markers of the response to anti-PD-1/PD-L1
immunotherapy in patients with lung cancer. Future large-
scale studies of these cytokine markers are warranted.
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