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Abstract
Background: Pretreatment and on-treatment plasma cytokine levels in predicting
clinical benefit in patients with advanced non-small cell lung cancer (NSCLC) treated
with anti-programmed death-1 (PD-1)-based chemotherapy is still a matter of debate.
Methods: We measured 12 kind of plasma cytokines in patients with stage III/IV
NSCLC before and during treatment with anti-PD-1 based chemotherapy. Associa-
tions with best overall response, and survival including progression-free survival (PFS)
and overall survival (OS) were assessed using Chi-square test and Kaplan–Meier plots
with log-rank test, respectively. Logistic regression and Cox regression were used to
determine independent risk factors.
Results: Of a total of 60 patients, high-level of pretreatment interleukin-2 was associ-
ated with longer PFS (log rank p = 0.049), while high-level of pretreatment
interleukin-8 was associated with shorter OS (log rank p = 0.006). Increased on-
treatment interleukin-1β (IL-1β) was associated with both better response (odds ratio
[OR] 6.233, 95% confidential interval [CI]: 1.451–26.344, p = 0.013) and longer PFS
(hazard ratio [HR] 0.305, 95% CI: 0.127–0.730, p = 0.008). On the contrary, increased
on-treatment interleukin-6 (IL-6) was associated with a worse response (OR 0.015,
95% CI: 0.001–0.400, p = 0.012), worse PFS (HR 2.639, 95% CI: 1.163–5.991,
p = 0.020) and worse OS (HR 2.742, 95% CI: 1.063–7.074, p = 0.037). Increased
interferon-γ (IFN-γ) was found to be associated with better PFS (HR 0.336, 95% CI:
0.153–0.745, p = 0.007).
Conclusions: In patients with advanced NSCLC who received chemoimmunotherapy,
on-treatment increased IL-1β and IFN-γ may serve as positive indicator of efficacy,
while on-treatment increased IL-6 might play a predictive role of worse clinical
outcome.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have emerged as a
promising new cancer treatment strategy over the past

decade which can exhibit durable efficacy in subsets of
patients with diverse tumor types and achieve disease
control for extended periods. Clinicians have made
efforts to search for biomarkers to predict not only
clinical benefit but also immune-related adverse events
(irAEs), which can affect almost any systems in the

Yuequan Shi, Xiaoyan Liu, and Juan Du contributed equally to this study.

Received: 7 October 2021 Accepted: 9 November 2021

DOI: 10.1111/1759-7714.14248

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

Thorac Cancer. 2022;13:219–227. wileyonlinelibrary.com/journal/tca 219

https://orcid.org/0000-0001-5469-8190
https://orcid.org/0000-0002-4040-6115
https://orcid.org/0000-0002-2832-2664
mailto:maraxu@163.com
mailto:mengzhaowang@sina.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca


body and are sometimes even fatal. Up to now, several
molecular biomarkers with predictive value for ICIs out-
come have been reported including programmed death
ligand-1 (PD-L1) expression and tumor mutational bur-
den.1 Peripheral blood biomarkers including neutrophil-
lymphocyte ratio and lactic dehydrogenase have also been
reported to have prognostic value in patients receiving ICI
treatments.2

Cytokines are important regulators of host immune
activity; they promote the recruitment of immune cells into
the tumor microenvironment and may also serve as predic-
tive biomarkers.3 For instance, high pretreatment interleukin
(IL)-6 and IL-8 has been reported as negative prognostic bio-
marker in patients receiving ICI treatments.4,5 In addition,
monitoring long-term changes in cytokine levels has been
reported to facilitate the prediction of patient outcomes,6,7

especially to differential diagnosis of pseudoprogression.8

However, the relationships between plasma cytokines and
anti-PD-1 treatment outcomes are not well established.
Furthermore, most of the published data has been focused
on ICI monotherapy. Chemoimmunotherapy has been
approved by the United States Food and Drug Administra-
tion and the China National Medical Products Administra-
tion as a first-line treatment for patients with non-small cell
lung cancer (NSCLC).9–12

In this study, we investigated the pretreatment plasma
cytokine levels and changes of on-treatment plasma cytokine
levels in relation to best overall response (BOR), progression-
free-survival (PFS) and overall survival (OS) in patients with
NSCLC who received anti-PD-1-based chemotherapy. Rela-
tionships between circulating cytokines and onset of irAEs
were also analyzed.

METHODS

Patient enrollment and study assessments

Patients, aged 18 years or older, with pathologically-
confirmed unresectable stage III/IV NSCLC, who received at
least one dose of anti-PD-1-based chemotherapy at Peking
Union Medical College Hospital (PUMCH) from January
1, 2015, to December 31, 2020, were retrospectively enrolled
in this study. Anti-PD-1-based chemotherapy were adminis-
tered intravenously every 21 days according to label. The
data cutoff was on August 31, 2021.

Tumor assessment was performed before treatment, and
every 6 to 8 weeks after injection of the first dose of chemo-
immunotherapy. According to the Response Evaluation
Criteria in Solid Tumors version 1.1 (RECIST 1.1),13

response of each patient was categorized as complete
response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD).

PFS was defined as the time from the start of chemo-
immunotherapy to the date of clinician-assessed radio-
graphic progression, death, or last follow-up appointment,
whichever occurred first. OS was defined as the date of the

first dose of chemoimmunotherapy, or death from any cause
or the last follow-up appointment.

The Common Terminology Criteria for Adverse Events
(CTCAE) of the National Cancer Institute (version 4.03)
was used to assess adverse events in patients. The irAEs were
defined as adverse events that reflected a disorder of the
immune system.

Sample processing and cytokine measurements

Plasma samples from patients were collected prospectively
at baseline (collected 0–7 days prior to therapy initiation),
and during treatment (after therapy initiation and before
disease progression). Blood samples (�10 ml) were collected
in EDTA vacutainer tubes (BD vacutainer blood collection
tubes) and processed within 4 h of collection. Samples were
centrifuged at 1500 rpm (800 x g) for 10 min for further
plasma clearance. Clarified plasma samples were stored at

TAB L E 1 Patient clinical characteristics at baseline

Characteristic

Patients receiving
chemoimmunotherapy
(n = 60)

Age at chemoimmunotherapy initiation,
median (IQR)

66 (61.2, 70.0)

Gender

Male 42 (70.0)

Female 18 (30.0)

BMI before chemoimmunotherapy, median
(IQR)

22.2 (20.8, 24.0)

ECOG PS

0/1 55 (91.7)

≥ 2 5 (8.3)

Smoking status

Never 30 (50.0)

Current 19 (31.7)

Former 11 (18.3)

Histology

Nonsquamous 38 (63.3)

Squamous 22 (36.7)

Stage at diagnosis

III 14 (23.3)

IV 46 (76.7)

Number of metastatic sites

<3 45 (75.0)

≥3 15 (25.0)

Line of therapy

1 42 (70.0)

2 8 (13.3)

≥3 10 (16.7)

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group;
IQR, interquartile range; PS, performance status.
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�80�C. Cytokines were measured by EasyMagPlex Human
Cytokine 12 Plex Kit (Shenzhen Wellgrow Technology Inc.)
in the department of clinical laboratory at PUMCH. The
panel of measured cytokines included IL-1beta, IL-2, IL-4,

IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-17, interferon (IFN)-α,
IFN-γ, and tumor necrosis factor (TNF)-α.

This study was performed in accordance with the princi-
ples for Good Clinical Practice and the Declaration of

T A B L E 2 Pretreatment plasma cytokines and treatment response in patients receiving chemoimmunotherapy (n = 56)

Cytokines Responders (n = 30) high-level (%) Nonresponders (n = 26) high-level (%) p-value

IL-1β 17 (56.7) 12 (46.2) 0.432

IL-2 18 (60.0) 11 (42.3) 0.186

IL-4 13 (43.3) 13 (50.0) 0.618

IL-5 15 (50.0) 14 (53.8) 0.774

IL-6 14 (46.7) 12 (46.2) 0.969

IL-8 14 (46.7) 14 (53.8) 0.592

IL-10 15 (50.0) 12 (46.2) 0.774

IL-12p70 14 (46.7) 14 (53.8) 0.592

IL-17 16 (53.3) 13 (50.0) 0.803

IFN-α 13 (43.3) 15 (57.7) 0.284

IFN-γ 12 (40.0) 15 (57.7) 0.186

TNF-α 16 (53.3) 12 (46.2) 0.592

Abbreviations: IL-1β, interleukin-1β; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-12p70, interleukin-
12protein70; IL-17, interleukin-17; IFN-α, interferon-α; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor-α.

F I G U R E 1 (a) Kaplan–Meier analysis
of PFS for patients with NSCLC treated with
chemoimmunotherapy according to
pretreatment IL-2 (<= median vs. > median).
(b) Kaplan–Meier analysis of OS for patients
with NSCLC treated with
chemoimmunotherapy according to
pretreatment IL-8 (<= median vs. > median).
The p-values were calculated with the log
rank test. PFS, progression-free-survival;
NSCLC, non-small cell lung cancer; IL-2,
interleukin-2; OS, overall survival; IL-8,
interleukin-8
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Helsinki. The study was approved by the Internal Review
Board of PUMCH on Sept 27th, 2021 (protocol number S-
K1764).

Statistical analysis

Pretreatment cytokine level was determined as high or low
according to median. In terms of on-treatment cytokine level,
we chose >10% change over pretreatment cytokine level as the
cutoff point to define increased on-treatment cytokine group
and nonincreased on-treatment cytokine group. Patients with a
BOR of CR or PR were defined as responders, while others with
a BOR of SD or PD were defined as nonresponders. Categorical
variables are expressed as numbers (%), which was compared

by chi-squared test. Logistic regression was performed to exam-
ine the association of change of cytokines and clinical benefit of
chemoimmunotherapy. A Kaplan–Meier analysis of PFS and
OS was performed according to the median of pretreatment
cytokine levels or changes between pretreatment and on-
treatment cytokine levels. Differences between each group were
assessed with the log rank test. The hazard ratios (HRs) and
95% confidence intervals (CI) were calculated with the Cox pro-
portional hazard model. Cytokines with a p-value <0.2 were
then entered into a multivariable model.

For all analyses, differences with a 2-tailed p < 0.05 were
considered statistically significant.

All statistical analyses were performed using the SPSS
26.0 software. The figures were developed in GraphPad
Prism 8.0.

T A B L E 3 Changes of plasma cytokines related to best overall response (n = 55)

Cytokines Responders (n = 30) increased (%) Nonresponders (n = 25) increased (%) p-value

IL-1β 18 (60.0) 7 (28.0) 0.018*

IL-2 13 (43.3) 11 (44.0) 0.960

IL-4 16 (53.3) 11 (44.0) 0.491

IL-5 21 (70.0) 12 (48.0) 0.097

IL-6 8 (26.7) 13 (52.0) 0.054

IL-8 8 (26.7) 7 (28.0) 0.912

IL-10 17 (56.7) 20 (80.0) 0.066

IL-12p70 15 (50.0) 13 (52.0) 0.883

IL-17 15 (50.0) 11 (44.0) 0.657

IFN-α 16 (53.3) 11 (44.0) 0.491

IFN-γ 19 (63.3) 12 (14.1) 0.254

TNF-α 12 (40.0) 12 (48.0) 0.551

Abbreviation: IL-1β, interleukin-1β; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-12p70, interleukin-
12protein70; IL-17, interleukin-17; IFN-α, interferon-α; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor-α.
*means that the p value is statistically significant.

T A B L E 4 Univariate and multivariate analysis of relationship between changes of increased plasma cytokines and response

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

IL-1β 3.857 1.236–12.040 0.020* 6.233 1.475–26.344 0.013*

IL-2 0.973 0.334–2.838 0.960

IL-4 1.455 0.501–4.227 0.491

IL-5 2.528 0.836–7.647 0.101 4.156 0.980–17.621 0.053

IL-6 0.336 0.109–1.036 0.058 0.105 0.020–0.537 0.007*

IL-8 0.935 0.284–3.075 0.912

IL-10 0.327 0.097–1.104 0.327

IL-12p70 0.923 0.319–2.670 0.883

IL-17 1.273 0.438–3.695 0.657

IFN-α 1.455 0.501–4.227 0.491

IFN-γ 1.871 0.635–5.512 0.256

TNF-α 0.722 0.247–2.110 0.552

Abbreviations: IL-1β, interleukin-1β; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-12p70, interleukin-
12protein70; IL-17, interleukin-17; IFN-α, interferon-α; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor-α.
*means that the p value is statistically significant.

222 SHI ET AL.



RESULTS

Patient characteristics, treatment, and efficacy

We identified 60 patients with advanced NSCLC treated
with PD-1 based chemoimmunotherapy. Of these
60 patients, 63.3% (n = 38) were diagnosed with adenocar-
cinoma, while 36.7% (n = 22) had a squamous NSCLC. A
total of 91.7% (n = 55) of the patients had an Eastern Coop-
erative Oncology Group (ECOG) performance status (PS) of
0–1, and 76.7% (n = 46) had metastatic disease. A total of

70.0% (n = 48) received chemoimmunotherapy in the first-
line setting. The patient clinical characteristics are summa-
rized in Table 1.

The median follow-up time was 14.3 (95% CI: 12.6 to
16.0) months. The median PFS was 12.0 (95% CI: 7.0 to
17.3) months, and the median OS was not reached. A total
of 56 patients were available for response assessment. The
objective response rate (ORR) was 53.6% (30/56, 0 CR,
30 PR), and the disease control rate (DCR) was 94.6%
(53/56, 0 CR, 30 PR, 23 SD). As for patients who received
chemoimmunotherapy as first-line treatment (n = 42), the

F I G U R E 2 (a) Kaplan–Meier analysis
of PFS for patients with NSCLC treated with
chemoimmunotherapy according to on-
treatment increased or nonincreased IL-6.
The p-values were calculated with the log
rank test. (b) Kaplan–Meier analysis of PFS
for patients with NSCLC treated with
chemoimmunotherapy according to on-
treatment increased or nonincreased IL-10.
The p-values were calculated with the log
rank test. (c) Kaplan–Meier analysis of OS
for patients with NSCLC treated with
chemoimmunotherapy according to on-
treatment increased or nonincreased IL-1β.
The p-values were calculated with the log
rank test. PFS, progression-free-survival;
NSCLC, non-small cell lung cancer; IL-6,
interleukin-6; IL-10, interleukin-10; OS,
overall survival; IL-1β, interleukin-1β
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ORR was 65.0% (26/40, 0 CR, 26PR), and DCR was 100.0%
(40/40, 0 CR, 26 PR, 14 SD).

Pretreatment plasma cytokines related to
clinical outcome

Patients were stratified into two subgroups according to
whether they were responders (whose BOR was CR or PR)
or nonresponders (whose BOR was SD or PD) to chemo-
immunotherapy. Pretreatment plasma cytokines were
defined as high-level group and low-level group according
to the median value of each cytokine. No significant

association was noticed between pretreatment plasma cyto-
kine and response (Table 2).

In terms of survival analysis, patients with high pre-
treatment IL-2 (> median, which is 0.09 pg/ml) showed lon-
ger PFS compared to those with low IL-2 (log rank
p = 0.046) (Figure 1a). Moreover, patients with high pre-
treatment IL-8 (> median, which is 4.9 pg/ml) showed
shorter OS in patients receiving chemoimmunotherapy (log
rank p = 0.004) (Figure 1b). A similar tendency was also
noticed in pretreatment IL-2 and its relationship with OS, as
well as pretreatment IL-8 and its relationship with PFS (Sup-
plementary Figure S1a and S1b), although no significant
relationship was found.

T A B L E 5 Cox regression of cytokine changes and PFS (n = 58)

Univariate Cox regression Multivariate Cox regression

HR 95% CI p-value HR 95% CI p-value

IL-1β 0.578 0.277–1.209 0.146 0.305 0.127–0.730 0.008*

IL-2 1.161 0.578–2.373 0.661

IL-4 0.830 0.408–1.686 0.606

IL-5 0.808 0.395–1.650 0.558

IL-6 2.059 1.012–4.189 0.046 2.639 1.163–5.991 0.020*

IL-8 1.590 0.744–3.398 0.231

IL-10 2.324 0.997–5.418 0.051 2.768 0.932–8.215 0.067

IL-12p70 0.972 0.480–1.970 0.938

IL-17 1.005 0.495–2.041 0.990

IFN-α 1.609 0.790–3.277 0.190 1.681 0.721–3.972 0.236

IFN-γ 0.587 0.289–1.193 0.141 0.336 0.152–0.745 0.007*

TNF-α 1.868 0.913–3.823 0.087 1.375 0.615–3.076 0.438

Abbreviations: IL-1β, interleukin-1β; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-12p70, interleukin-
12protein70; IL-17, interleukin-17; IFN-α, interferon-α; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor-α.
*means that the p value is statistically significant.

T A B L E 6 Cox regression of cytokine changes and OS (n = 58)

Univariate Cox regression Multivariate Cox regression

HR 95% CI p-value HR 95% CI p-value

IL-1β 0.325 0.107–0.989 0.048 0.307 0.093–1.013 0.052

IL-2 0.768 0.297–1.986 0.586

IL-4 0.694 0.268–1.794 0.451

IL-5 0.470 0.185–1.192 0.112 0.553 0.206–1.487 0.241

IL-6 1.885 0.744–4.776 0.181 2.742 1.063–7.074 0.037*

IL-8 1.816 0.699–4.718 0.221

IL-10 1.160 0.435–3.097 0.767

IL-12p70 0.672 0.260–1.740 0.413

IL-17 0.888 0.350–2.254 0.803

IFN-α 1.209 0.479–3.053 0.688

IFN-γ 0.465 0.180–1.204 0.465

TNF-α 1.304 0.510–3.332 0.580

Abbreviations: IL-1β, interleukin-1β; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-12p70, interleukin-
12protein70; IL-17, interleukin-17; IFN-α, interferon-α; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor-α.
*means that the p value is statistically significant.
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Changes between pretreatment and
on-treatment plasma cytokines related
to treatment outcome

On-treatment plasma cytokines were available in 59 patients.
A total of 55 patients were available with an assessment of
response. Significant biological variation was predetermined
as ≥10% change compared to the pretreatment level.
Increased IL-1β was significantly higher in the responder’s
group compared to the nonresponder’s group (60.0%
vs. 28.0%, p = 0.018, Table 3). Increased IL-5 was also
higher in the responder’s group (70.0% vs. 48.0%, p = 0.097,
Table 3). To the contrary, increased IL-6 was higher in the
nonresponder’s group compared to the responder’s group
(52.0% vs. 26.7%, p = 0.054, Table 3). Moreover, increased
IL-10 was also higher in the nonresponder’s group (80.0%
vs. 56.7%, p = 0.066, Table 3). Multivariate analyses result
showed that increased IL-6 (HR 0.015, 95% CI: 0.001–0.400,
p = 0.012) was a negative risk factor for treatment response,
while increased IL-1β (HR 6.233, 95% CI: 1.451–26.344,
p = 0.013) was a positive risk factor for treatment response
in patients receiving chemoimmunotherapy (Table 4).

Survival data was available in 58 patients, although one
patient developed grade IV irAE and stopped anti-PD-1
treatment permanently. Kaplan–Meier analysis showed
increased IL-6 (log rank p = 0.042, Figure 2a) and increased
IL-10 (log rank p = 0.044, Figure 2b) were related to shorter
PFS. Patients with on-treatment increased IL-1β had longer
OS (log rank p = 0.037, Figure 2c). Multivariate Cox regres-
sion analysis revealed that an increased IFN-γ and IL-1β

were associated with longer PFS (IFN-γ: HR 0.336, 95% CI:
0.153–0.745, p = 0.007; IL-1β: HR 0.305, 95% CI: 0.127–
0.730, p = 0.008), while increased IL-6 was a negative risk
factor for better PFS (HR 2.639, 95% CI: 1.163–5.991,
p = 0.020, Table 5). As for OS, multivariate analysis showed
increased IL-6 remained a negative risk factor for better OS
(HR 2.742, 95% CI: 1.063–7.074, p = 0.037, Table 6).

Onset of irAEs and its relationship with
circulating cytokines

A total of 21 patients (35.0%) experienced 31 irAEs,
13 patients developed single-system irAEs, while eight
patients developed multiple-system irAEs with a maximum
of three systems. The most observed irAEs were thyroid dys-
function (19.4%), rash (16.1%) and pancreatic dysfunction
(12.9%). The most common severe irAE (grade > =3) was
myocarditis (n = 2). One patient developed Steven-Johnson
syndrome after the first injection of PD-1 antibody and
stopped anti-PD-1 treatment permanently. The irAEs are
listed in Table 7.

Comparison between patients who developed irAEs and
patients without irAEs are listed in supplementary Table S1.
No significant differences were found between the two
groups on cytokine changes.

DISCUSSION

This retrospective study involved analyses of pretreatment
and on-treatment cytokine concentrations on anti-PD-
1-based chemotherapy. We found that pretreatment levels
of IL-2 and IL-8 as well as on-treatment increased IL-6,
increased IFN-γ, and increased IL-1β were associated with
clinical outcome from chemoimmunotherapy.

Among cytokines analyzed pretreatment, we observed a
positive association between IL-2 and PFS as well as a nega-
tive relationship between IL-8 and OS. IL-2 is recognized as
having the ability to promote natural killer cell differentia-
tion and T cell clonal expansion after antigen exposure.14

Moreover, a high dose of IL-2 has been used to interfere
with the activity of endothelial cells.15 It has been reported
higher pretreatment IL-2 was associated with a better clini-
cal response and longer OS and time to treatment failure
NSCLC receiving chemotherapy.16 Pretreatment IL-8 was
found to be a negative prognostic factor in patients receiving
chemoimmunotherapy in our study. IL-8 is a chemokine
with multiple protumorigenic roles within the tumor micro-
environment, including stimulating tumor cell proliferation,
migration, angiogenesis and recruiting of immunosuppres-
sive cells. IL-8 has been observed to be associated with worse
disease prognosis in pancreatic cancer, ovarian cancer,
breast cancer and NSCLC.17–20 Our results contribute to the
literature in the era of chemoimmunotherapy.

As for on-treatment cytokines, increased IL-6 was corre-
lated with a worse response, shorter PFS and shorter

T A B L E 7 Distribution of immune-related adverse events

Adverse event
N (%), total = 31
events in 21 patients

Grade ≥ 3
irAEs

Cutaneous 8 (25.8)

Pruritus 3 (9.7)

Rash 5 (16.1) 1

Gastrointestinal 7 (22.6)

Pancreatitis or lipase/
amylase increase

4 (12.9)

alanine aminotransferase/
bilirubin increase

3 (9.7)

Endocrine disorders 9 (29.0)

Hyperthyroidism 3 (9.6)

Hypothyroidism 3 (9.7)

Hypophysitis 1 (3.2)

Hyperglycemia 2 (6.5)

Pneumonitis 2 (6.5)

Myocarditis/cardiac troponin
I increase

3 (9.7) 2

Albuminuria 1 (3.2)

Drug induced sarcoidosis-like
reaction

1 (3.2)

Abbreviation: irAEs, immune-related adverse events.
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OS. Previous studies have also observed an inverse relation-
ship between clinical benefit and levels of IL-6 in multiple
cancer types treated with ICIs, including malignant
melanoma,4 NSCLC,6 and renal cell carcinoma.21 One of the
key biological pathways governing this phenomenon is the
IL-6/JAK/STAT3 axis, which potentiates tumor proliferation
and cellular metabolism on upregulation.22 In addition to
STAT3, IL-6 also activates Ras, MAPK, COX-2, Wnt and
PI3K/AKT pathways which are related to protumorigenic
activities.23,24 Moreover, IL-6 can promote tumor survival
through recruiting mesenchymal stem cells, which are non-
immune cells and can be induced by IL-6 to suppress tumor-
infiltrating lymphocytes in the tumor environment.25–27 In
recent years, anti-IL-6 receptor antibody tocilizumab and
anti-IL-6 antibody siltuximab have shown potential clinical
benefits in treating various human cancers.28 Our results on
IL-6 are consistent with the published literature that IL-6
serves as a negative prognostic factor in NSCLC patients
treated with chemoimmunotherapy, which indicates to clini-
cians the importance of monitoring IL-6 levels before and
during systemic anticancer treatment. However, since IL-6 is
not measured routinely in clinical practice, the predictive role
of IL-6 might be replaced by monitoring C-reactive protein,
which is a serum protein that is elevated in acute phases of
inflammation and changes in correlation with serum IL-6,
both pre-ICI-treatment and after ICI treatment in cancer
patients.4

INF-γ also stands out as one of the meaningful cytokines
in our study. We found that increased levels of INF-γ were
highly predictive of a good and durable response to chemo-
immunotherapy. IFN-γ is a proinflammatory cytokine
released from tumor suppressor cells and is believed to have a
positive relationship with increased PD-L1 expression.29

Meanwhile, it can enhance cancer immunogenicity30 and
induce lymphocyte activation.31 IFN-γ facilitates cell-mediated
adaptive immune response through the IFN-γ/JAL/STAT1
pathway to promote T cell-mediated antitumor immune
responses.32 Another study also found a positive effect of high
INFγ levels both before and during treatment on the outcome
of ICI treatment.33 Damage of IFN-γ stimulus response is
correlated with both primary and acquired resistance to ICI
therapy.34,35

Our results showed that increased IL-1β is a positive fac-
tor correlated with both clinical response and PFS. IL-1β is
produced and secreted by both immune and tumor cells.
Usually it has a protumor role, but it can act as an antitumor
cytokine in some cases depending on both cancer and treat-
ment types.36 Preclinical studies showed that IL-1β increases
the antitumor effect through granzyme B production in
mice harboring B16 melanoma.37 Furthermore, chemothera-
peutic agents promote caspase-1 activation and pyroptotic
cell death of mesothelioma cells, leading to the release of IL-
1β from cancer cells.38 Our study also suggests that on-
treatment increased IL-1β was positively associated with
clinical benefit. However, most of the published data showed
that IL-1β served as a negative prognostic factor. Further
studies are awaited to investigate this discrepancy.

This study had several limitations. First, its retrospective
nature and limited number of patients may have introduced
case selection bias and restricted the generalizability of the
results. Second, the patients received chemoimmunotherapy
at different lines of therapy. Thus, the degree of baseline
inflammation may have been affected by previous treat-
ments. Third, cytokines from multiple timepoints should be
examined especially at time of disease progression to better
understand cytokine evolution.

In conclusion, in the present study, we evaluated the
associations between peripheral cytokine concentrations and
treatment outcome to PD-1-based chemotherapy in patients
with advanced NSCLC. On-treatment increased IL-1β and
IFN-γ may serve as a positive indicator of efficacy, while on-
treatment increased IL-6 might play a predictive role of
worse clinical outcome. Cytokine is therefore of predictive
significance for clinical outcome in patients receiving
chemoimmunotherapy.
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