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Abstract
Analyses of the composition of peripheral cytokines hold promise for providing a basis for determining
the prognosis of lung cancer treated with immunotherapy. In this study, we assessed correlations
between interleukins in peripheral blood and the disease prognosis in patients with lung cancer. We
retrospectively collected eligible adult patients with histologically con�rmed lung cancer. Patients with
immune-related adverse events (AE) from immunotherapy had higher pretreatment levels of IL-2
(p=0.002), IL-17 (p=0.01), and IFN-α (p=0.02) than patients with nonimmune-related adverse events
(NAE). Univariate analysis showed that changes in IL-2 (p=0.04), IL-5 (p=0.007), IFN-α (p=0.003), IFN-γ
(p=0.012) and TNF-α (p=0.049) levels were signi�cantly increased in patients with AE compared with
those with NAE before the second cycle of therapy. Patients with a clinical bene�t had higher levels of IL-
17 before the third cycle than patients without a clinical bene�t. No signi�cant cytokine differences were
observed between patients with and without a clinical bene�t undergoing ICI pretreatment or in the �rst
two cycles of therapy. Plasma cytokines are related to immune-related adverse events and clinical
responses, which 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 bene�t from PD-1/PD-L1 inhibitors.

Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide. 1Treatment with immune
checkpoint inhibitors (ICIs) has led to a paradigm shift in the treatment of solid tumors, including lung
cancer.2–4Although recent clinical studies have demonstrated that PD-L1 expression on tumor cells is
associated with clinical bene�ts in the treatment of lung cancer,3,5anti PD-1/PD-L1 immunotherapy is
also effective in some patients whose PD-L1 levels are low in their tumor tissue.2,4 Moreover, because of
the di�culty associated with obtaining tumor tissues, the identi�cation of prognostic biomarkers in
circulating blood for patient selection in pragmatic clinical settings would be of considerable value for
optimizing and personalizing anti-PD-1/PD-L1 immunotherapy. Some reports have also suggested that
the tumor mutational burden (TMB), the neoantigen burden and the presence of tissue in�ltrating
lymphocytes are predictive biomarkers in ICI treatment.6,7 Moreover, an increasing number of preclinical
and clinical studies have suggested that in�ltrating immune cells within a tumor or the tumor cells
themselves produce cytokines and chemokines, leading to modulation of the tumor microenvironment
and promoting angiogenesis, growth, invasion and metastasis.8 In this study, we explored the biomarkers
associated with clinical bene�ts such as tumor response and onset of irAEs(Immune-related Adverse
Events). The aim of our study was to investigate whether a de�ned cytokine panel (IL-1β, IL-2, IL-4, IL-5, IL-
6, IL-8, IL-10, IL-12, IL-20, IFN-α, IFN-γ, TNF-α) can play a prognostic or predictive role in lung cancer
patients treated with immune checkpoint inhibitors to assess any potential correlations between their
serum levels and clinical safety and the treatment response.

Results
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Patient characteristics:

We prospectively analyzed 229 patients treated at the First A�liated Hospital of Xi'an Jiaotong University
from November 2020 to September 2021 (Table 1). Of these, 192 (84%) patients were male and 16 (27%)
were female, with a median age of 64 years (range 34–81). The most frequent histological types were
adenocarcinoma (39%), squamous carcinoma (34%), and small cell lung cancer (21%). Among those
eligible for evaluation, 117 patients (51%) had lymph node metastasis, and 82 patients had bone
metastasis. The median line of therapy received was 1, and the most common ICIs used were
pembrolizumab (23%), tislelizumab (24%) and camrelizumab (19%). A total of 167 patients (73%)
completed more than 3 cycles of therapy. 
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Table 1
Summary of patient baseline characteristics

  Overall population, N =229(%)

Age 64(34-81)

Sex  

Male 192(84%)

Female 37(16%)

Smoke Status  

Current or former smoker 144(63%)

Never smoker 85(37%)

Hypertension  

Yes 57(25%)

No 172(75%)

Diabetes  

Yes 19(8%)

No 210(92%)

Histology  

Adenocarcinoma 89(39%)

Squamous carcinoma 79(34%)

Small cell lung cancer 49(21%)

Other 12(6%)

Metastatic number  

<2 55(24%)

≥2 62(76%)

PD-L1 expression  

Positive 28(12%)

Negative 52(22%)

Unknown 149(66%)

Metastases Organ*  
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  Overall population, N =229(%)

Liver metastasis 44(19%)

Bone metastasis 82(36%)

Brain metastasis 43(19%)

Lung metastasis 63(28%)

Lymph node metastasis 117(51%)

Other organ metastasis 57(25%)

ICI category  

PD-1 ICI 188(82%)

PD-L1 ICI 41(18%)

ICI treatment received  

Pembrolizumab 52(23%)

Atezolizumab 16(7%)

Toripalimab 12(5%)

Camrelizumab 43(19%)

Tislelizumab 54(24%)

Durvalumab 25(11%)

Sintilimab 26(11%)

Line of therapy  

First line 160(70%)

Second line 58(25%)

Third line 8(3%)

Further lines 3(2%)

DOS  

≤3 62(27%)

>3 167(73%)

Clinical safety:
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First, we evaluated the potential of serum proteins as predictive biomarkers of irAE onset. The most
frequently reported immune-related adverse events were checkpoint inhibitor-related pneumonitis (31,
13.5%), myocarditis (12, 5%), and hypothyroidism (11, 4.8%), and 2 of these patients died because of
acute adverse events. Cytokine data were available at baseline and at 1 month for 110 and 65 patients,
respectively.

Patients with AEs from immunotherapy had higher pretreatment levels of IL-2 (p=0.002), IL-17 (p=0.01),
and IFN-α (p=0.02) than patients with NAEs (Table 2a and Figure 2). 

Table 2
a. Cytokine levels with clinical safety at baseline and cycle 1 therapy.

Pretreatment        

  Univariate Multivariate    

p Odds Ratio OR (95% CI) p

IL-2 0.004 1.592 1.165-2.176 0.002

IL-17 0.397 1.224 1.048-1.430 0.011

TNF-α 0.025 1.127 1.026-1.250 0.023

On-treatment        

IL-2 0.118 1.260 1.010-1.572 0.040

IL-5 0.019 1.237 1.059-1.445 0.007

IFN-α 0.004 1.451 1.133-1.858 0.003

IFN-γ 0.015 1.064 1.014-1.116 0.012

TNF-α 0.067 1.128 1.007-1.271 0.049

 
Table 2

b. Cytokine levels with clinical safety before cycle 3 therapy.
On-treatment        

  Univariate Multivariate    

p Odds Ratio OR (95% CI) p

IL-10 0.041 0.574 0.338-0.976 0.143

IL-17 0.028 0.815 0.673-0.986 0.035

Table 2. Associations of (a) pretreatment and (b) on-treatment (before second cycle of therapy) cytokine
levels with clinical response from systemic therapy. The χ2 test was used to determine statistical
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signi�cance in comparison of high versus low cytokine values between AE and NAE patients.AE, adverse
events; NAE, nonadverse events; IFN-γ, interferon-γ; IL, interleukin; TNF, tumor necrosis factor.

Additionally, we assessed cytokine concentration changes before the second cycle of therapy. Univariate
analysis showed that changes in IL-2 (p=0.04), IL-5 (p=0.007), IFN-α (p=0.003), IFN-γ (p=0.012) and TNF-α
(p=0.049) levels were signi�cantly increased in patients with irAEs compared with those without irAEs
before the second cycle of therapy (Table 2a and Figure 3).

Clinical response/treatment e�cacy:

Next, we evaluated the potential of serum proteins as predictive biomarkers of the ciliary response. At the
time of analysis, the median PFS for all patients was 3.3 months (95% CI, 2.9–4.0), and OS could not be
analyzed. Patients with CB had higher levels of IL-17 before the third cycle than patients with NCB (Table
2b and Figure 4). No signi�cant cytokine differences were noted among CB and NCB patients undergoing
ICI pretreatment or in the �rst two cycles of therapy.

Discussion
This is the �rst retrospective study involving analyses of baseline and on-treatment cytokine
concentrations during ICI therapy. We found that pretreatment levels of IL-2, IL-17, and TNF-α as well as
on-treatment levels of IL-2, IL-17, IFN-α, IFN-γ, and TNF-α were associated with immune-related adverse
events. At the same time, on-treatment levels of IL-17 were related to the clinical response.

Growing evidence indicates that immunotoxicity pro�les can be tied to speci�c cytokines that can
amplify both pro- and anti-in�ammatory immunity.10 Among Th2 cytokines, IL-2 is a key cytokine
involved in promoting the proliferation of natural killer (NK) cells and T lymphocytes.11 Constantini et
al.12 showed that a low serum IL-2 concentration measured at nivolumab initiation was associated with
grade 3–4 toxicities in patients with advanced NSCLC; however, no association with progression-free
survival (PFS) or overall survival (OS) was observed.

IL-5 is mainly produced by T helper-2 (Th2) lymphocytes and Group 2 innate lymphoid cells (ILC2s). It can
increase antibody secretion by promoting the differentiation and growth of B cells and enhance the
humoral immune response mediated by Th2 cells. Immunity to tumors is mainly governed by Th1-
mediated cellular immunity. A Th1-Th2 drift will lead to immunosuppression and cancer development. 13

High concentrations of baseline serum IL-17 were identi�ed in ipilimumab (anti-CTLA-4 Ab)-treated
metastatic melanoma patients developing severe grade 3 gastrointestinal irAEs and may thus serve as a
putative biomarker for de�ning both at-risk patients and the severity of ipilimumab-induced colitis.14

With close collaborations between academia and industry, recombinant IFNα2 became the �rst human
immunotherapeutic approved by the US Food and Drug Administration (FDA) for cancer and, other than
insulin, the �rst FDA-approved pharmaceutical product produced by recombinant DNA technology.15 IFNα
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has multiple antitumor properties, including direct tumor cell killing and stimulation of host immune cells,
including dendritic cells and CD8+ T cells.16–18 However, no association has been found between the
level of IFN-α and immune-related adverse events. According to our results, we can explain why
overactivated immune cells can also damage other normal cells, which may lead to immune-related
adverse events.

IFN-γ has various roles in immune reactions against tumors, including stimulation of tumor-in�ltrating
lymphocyte (TIL) proliferation and differentiation and secretion of IFN-γ following activation of T
lymphocytes by tumor antigens.19 In contrast, IFN-γ may also promote the production of
immunosuppressive molecules, which can have direct negative feedback on effector T cell function.20

During the elimination phase of the immune response against tumor cells, recruited tumor-in�ltrating
macrophages and NK cells produce various cytokines, including IFN-γ, to kill tumor cells.21 Therefore, an
elevated level of IFN-γ may suggest increased cytotoxic activity against lung cancer tumor cells. However,
this mechanism of action can also give rise to autoimmune-like side effects known as irAEs. In a study by
Constantini et al. 12 IFN-γ levels at nivolumab initiation and two months later did not show correlations
with the objective response rate, clinical bene�t, or survival, which is consistent with our study.

In the tumor microenvironment, TNF-α acts as an in�ammatory mediator involved in tumorigenesis.22,23

Soluble TNF-α is also involved in the activation of neutrophils, macrophages, and lymphocytes at
damaged and infected sites24. In rheumatoid arthritis, the in�ammatory response is associated with
increased secretion of tumor necrosis factor (TNF)-α and interleukin (IL)-6, whereas psoriasis involves the
production of TNF-α, IL-17, and IL-23, in affected tissues.25

Perez-Ruiz et al. 26found that enriched TNF gene expression was enriched in colonic mucosal tissue
biopsies from CPI-treated cancer patients who developed colonic irAEs compared to healthy controls,
which was further con�rmed in another study by single-cell RNA sequencing, where melanoma patients
who developed CPI-induced colitis displayed an increased abundance of myeloid cells in the colon with
an enriched TNF-α gene signature compared to CPI-treated melanoma patients without colitis and to
healthy controls.27

Conclusion
Cytokine serum levels may provide prognostic information and constitute predictive markers of
immunotherapy bene�ts in patients with lung cancer. Further studies of the predictive effects of these
markers in larger populations are warranted.

Method
Patient selection and sample acquisition
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This was a single-arm retrospective clinical study. Eligible patients were adults with histologically
con�rmed lung cancer. Patients with a previous history of systemic immunosuppressive therapy or active
autoimmune disease were excluded (Figure 1). Agent choice was based on PD-L1 status and patients’
previous treatment history (�rst- or second-line setting).

Grading of toxicity

Toxic effects were graded with the use of the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0. Scheduled computed tomography or magnetic resonance imaging was
performed every 9-12 weeks. Although immune-related response criteria were evaluated, the primary
radiographic assessment was carried out using the Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1.

Cytokine testing in blood by �ow cytometry

Peripheral blood samples were included by immune response at the following time points: before anti-PD-
1 inhibition treatment (every 3 weeks/1 cycle, a total of 4 cycles).

The 3-month (4 cycles) follow-up period was determined on the basis of the essential time required for
the immune system to convert from innate to adaptive responses.9

Blood samples were collected from all patients before starting anti-PD-1 inhibitors (every 3 weeks/1 cycle,
a total of 4 cycles). Serum samples were collected and processed using the same standardized protocol.
Brie�y, blood samples were left to coagulate at room temperature for 30 min and centrifuged at 1000 g
for 10 min at room temperature, and the supernatants were collected, divided into aliquots, and stored at
−80°C until assay. The time interval between processing and freezing was no more than 2 h for each
sample. None of the samples were thawed more than twice before analysis.

The serum levels of the following cytokines were measured: IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-
17, IFN-α, IFN-γ, and TNF-α. The principle of the direct sandwich method is consistent with the classical
sandwich immunoassay. Speci�cally, 45 µl of serum sample and 45 µl beads of the panel kit were mixed
and then incubated for 1 h at room temperature. After incubation, 0.5 ml of wash buffer was added, and
the samples were centrifuged for 5 min. Samples were incubated �rst with biotin-conjugated monoclonal
antibody (30 min) and then subsequently incubated with streptavidin-conjugated monoclonal antibody
(20 min). Finally, wash reading buffer was added to all samples. The technical principle is that the
cytokine antibody conjugated by �uorescein microspheres is combined with the biotin-labeled cytokine
paired antibody and the cytokines in the sample or calibration to form a "sandwich" complex, which then
reacts with the addition of phyoglobinin-labeled streptavidin (SA-PE). The �uorescence intensity was
directly proportional to the cytokine content in the sample within the detection range.

Abbreviations
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ICIs Immune checkpoint inhibitors

IFN-γ Interferon gamma

IL Interleukin

IL-1RA Interleukin 1 receptor antagonist

IP10 Interferon gamma-induced protein 10

irAEs Immune-related adverse events

PD-1 Programmed cell death protein 1

PD-L1 Programmed death-ligand 1

TNF-α Tumor necrosis factor alpha

TNF-γ Tumor necrosis factor gamma

CTCAE Common Terminology Criteria for Adverse Events

RECIST Response Evaluation Criteria in Solid Tumors

ICIs Immune checkpoint inhibitors

TMB Tumor mutational burden

CB Clinical bene�t 

NCB No clinical bene�t

PR partial response

SD stable disease 

PD progressive disease  

PFS Progression-free survival

AE Adverse events

NAE Non-adverse events

NK Natural killer

NSCLC Non-small cell lung cancer
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CTLA-4 Cytotoxic T lymphocyte-associated antigen-4

FDA Food and Drug Administration

TILs Tumor-in�ltrating lymphocyte

CPI Checkpoint inhibitor
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Figure 1

Selection process for patients
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Figure 2

Associations between pretreatment interleukin-2 (IL-2), IL-17 and interferon-γ (IFN-γ). Box contains values
q1, median and q2. Whiskers expand out to 10th and 90th percentiles. AE, immune-related adverse
events; NAE, nonimmune-related adverse events
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Figure 3

Associations between on-treatment (before second cycle of therapy) IL-2, IL-5, interferon-α (IFN-α), IFN-γ
and tumor necrosis factor (TNF-α). Box contains values q1, median and q2. AE, adverse events; NAE, non-
adverse events.
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Figure 4

Associations between on-treatment (before the third cycle) IL-17 changes. Box contains values q1,
median and q2. Whiskers expand out to 10th and 90th percentiles.


