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Antibodies against checkpoint inhibitors such as anti-programmed cell death protein 1
(PD-1) and its ligand anti-programmed death ligand 1 (PD-L1) have shown clinical efficacy
in the treatment of multiple cancers. However, there are only a few studies on biomarkers
for these targeted immunotherapies, especially in peripheral blood. We first studied the
role of interferon-induced protein-10 (IP10) combined with interleukin-8 (IL-8) in peripheral
blood as a biomarker of immune-combined chemotherapy for lung cancer and multiple
cancers. We used the high-throughput cytokine detection platform and performed
bioinformatics analysis of blood samples from 67 patients with lung cancer and 24 with
multiple cancers. We selected the ratio of IP-10 to IL-8 (S2/S0, ratio of changes at 10–12
weeks after treatment to baseline) to predict the response to immunotherapy combined
with chemotherapy and evaluate the survival of lung cancer patients and mixed cancer
patients. In patients treated with the combination therapy, the specificity and sensitivity of
IL-8 and IP10 together as predictors were improved compared with those of IL-8 and IP10
alone. Our conclusion was verified in not only lung cancer but also multiple cancer
research cohorts. We then further validated the predictive effect of biomarkers in different
histologic types of NSCLC and chemotherapy combined with different PD-1 drug groups.
Subsequent validation should be conducted with a larger number of patients. The
proposed marker IP10 (S2/S0)/IL-8 (S2/S0), as a predictive immunotherapy biomarker,
has broad prospects for future clinical applications in treating patients with multiple
intractable neoplasms.
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INTRODUCTION

The use of immunotherapy for malignancy was first proposed in
1891 by Dr. William Coley (1). With the molecular identification
of tumor antigens (2), immunotherapy has been widely used
in multiple cancer treatment strategies. Tumors express
programmed death ligand 1 (PD-L1), which interacts with
programmed cell death 1 (PD-1) on T cells to negatively
regulate the immune response and evade host immune
surveillance (3). Immune checkpoint inhibitors (ICIs) targeting
PD-1 and its ligand (PD-L1) have substantially changed the
landscape of cancer treatment over the last 5 years. ICIs induce
durable responses and prolong the survival of patients with
advanced cancers by blocking the activity of the co-inhibitory
receptor, key to the T-cell immune response, and consequently
promoting T-cell-mediated antitumor activity (3, 4). Drugs
targeting this negative immune regulatory pathway, including
the anti-PD-1 monoclonal antibodies (mAbs) nivolumab (5),
pembrolizumab (6), and cemiplimab (7) and the anti-PD-L1
mAbs atezolizumab (8), avelumab (9), and durvalumab (10) have
been approved for the treatment of various cancer types. These
agents have now become first-line and adjuvant therapies,
particularly for the treatment of lung cancer. However, only
some patients with cancer are responsive to ICI treatment for
most cancer types (3, 11, 12). Recently, it has been reported that
immunotherapy combined with chemotherapy results in a
longer progression-free survival (PFS) and overall survival
(OS) for patients (13, 14). Considering the high cost and
potential immune-related adverse effects, it is of critical
importance to identify and develop reliable, highly specific/
sensitive, and easy-to-use biomarkers to predict the clinical
outcomes of ICI treatment.

Predictive biomarkers of the response to anti-PD-1/PD-L1
ICIs have been widely investigated. Studies have demonstrated
that the expression of PD-L1 in tumor tissues and the infiltration
of hematopoietic cells within the tumor are correlated with the
response to anti-PD1 immunotherapy (12, 15, 16). Microsatellite
instability has been considered a common response biomarker to
monitor a variety of solid tumors treated with pembrolizumab,
which was approved by the FDA (17). Furthermore, recently
reported peripheral circulation biomarkers include circulating
immune cells and peripheral blood cytokines. The biological
characteristics of peripheral blood CD8 T cells are associated
with clinical responses in patients treated with nivolumab for
non-small cell lung cancer (18), and the frequency of activated
monocyte and neutrophil counts have been shown to predict PFS
and OS in patients treated with ICIs (19, 20). Cytokines are
immune regulators that promote the recruitment of immune
cells into the tumor microenvironment (21–23). Peripheral
circulating cytokines have been reported to predict immune-
related toxicity in patients with melanoma treated with PD-1
(24). In a study of 29 patients with melanoma treated with
nivolumab or pembrolizumab, the serum IL-8 level was strongly
associated with therapy response, which was validated in 19
patients with Non-small cell lung cancer (NSCLC) treated with
these agents (25). Chemokines play a vital role in T cell
infiltration, and the interaction between CXCR3 and its ligands
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CXCL9, CXCL10, and CXCL11 plays a key role in T cell
distribution and migration. Chow et al. recently demonstrated
that the levels of circulating CXCL9 and CXCL10 in patients with
melanoma might serve as biomarkers for treatment with PD1
(26). However, owing to the complicated nature of the tumor
immune microenvironment, the predictive value of these single
markers is insufficient for clinical application. Previously, it was
found that IL-8 and IP10 alone are associated with tumor burden
and immunotherapy efficacy, but their combination as
biomarkers has not been addressed.

In this study, through a high-throughput cytokine detection
platform, the content of cytokines in peripheral blood plasma of 91
enrolled patients at three time points (S0, collected before therapy
initiation; S1, weeks 4–6 after therapy initiation; S2, weeks 10–12
after therapy) before and after treatment was detected. WE
selected IP10 combined with IL-8 cytokines (S2/S0, ratio of
changes at 10–12 weeks after treatment to baseline) to predict
the response to immunotherapy combined with chemotherapy
and evaluate the survival of 67 patients with lung cancer and 24
patients with mixed cancer. We proposed the combination of IL-8
and IP10 as a biomarker for immunotherapy in patients with
multiple cancers, especially lung cancer. This marker improved the
specificity and sensitivity as a predictor compared to those with
IL-8 and IP10 alone. The proposed model has high clinical
application value as an effective biomarker to screen patients
who would benefit from anti-PD-1 therapy and to determine
the survival of patients with cancer.
MATERIALS AND METHODS

Study Design and Participants
FromMarch 2016 to March 2019, 91 patients treated with PD-1–
PD-L1 pathway blockade immunotherapy in the Department of
Oncology of Chinese PLA General Hospital were included in this
study. The discovery cohort comprised 67 patients with lung
cancer and the validation cohort comprised 24 patients with
multiple cancers. The recruited patients received chemotherapy
including albumin taxol, cis-platinum, carboplatin, gemcitabine,
docetaxel, and docetaxel combined with immunotherapy such
as nivolumab (dosage, 3 mg/kg) and pembrolizumab (dosage,
2 mg/kg). The immune response effects were defined via two
different approaches as follows: clinical benefit (CB) and no
clinical benefit (NCB); patients with cancer were defined as those
with PFS >180 days and not >180 days, respectively; response (R)
and no response (NR) were defined based on the remission
degree of tumor lesions as complete response (CR), partial
response (PR), or stable disease (SD) and progressive disease
(PD). This study was approved by the ethics committee of
Chinese PLA General Hospital; the informed consent of all
patients participating in this study was obtained.

Plasma Samples
Peripheral blood samples from patients were collected
prospectively at baseline (S0, collected before therapy
initiation) and at regular intervals during therapy, including
early (S1; weeks 4–6 after therapy) and late (S2; weeks 10–12
April 2021 | Volume 12 | Article 665147
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after therapy). Whole blood was collected in vessels containing
EDTA (BD) and processed within 4 h of collection. At room
temperature, the blood samples were centrifuged at 1500 rpm
(800 × g) for 15 min to collect plasma, followed by a second
centrifugation at 4100 rpm (1600 × g) for 10 min for further
plasma clearance. The clarified plasma samples were frozen in
a −80°C refrigerator for further testing.

Multiplex Plasma Cytokine Analysis
Plasma samples were obtained using a commercial kit (Bio-Plex
Pro Human Cytokine Grp I Panel 27-Plex; Bio-Rad, USA) on the
Bio-Plex 200 System. The detected cytokines included Th1 type
cytokines (IL-2, IL-7, IL-12p70, IL-15, IFN-g, and IP-10), Th2
(IL-4, IL-5, and IL-13), proinflammatory cytokines (IL-1b, IL-
1RA, IL-6, IL-8, IL-17A, and TNF-a), an immunoregulatory
cytokine (IL-10), growth factors (FGF-basic, VEGF, G-CSF, and
GM-CSF), and several other chemokines (IL-9, MIP-1a, MIP-
1b, MCP-1, RANTES, Eotaxin, and PDGF-BB). Briefly, a
gradient dilution standard was prepared according to the
specification, and each standard was thoroughly mixed during
the preparation process. The diluted plasma was incubated in
plates containing magnetic antibody-coupled beads and
incubated under shock for 30 min. Thereafter, the sample was
washed and incubated with the secondary antibodies, as
described previously herein. Streptavidin-PE was added to the
sample at the end of incubation and washing. Bio-plex Manager
5.0 Software was used to obtain the raw data. The concentrations
of 27 cytokines were determined using standard curves. Quality
control standards were strictly followed during the experiment.

Statistical Analysis
Data are reported as the median and range. A Wilcoxon rank
sum test was used to analyze significant differences in single
factors between the two groups. The joint factor screening
algorithm mainly included factors through iteration, to ensure
that the logistic regression model fitted by each included factor
can optimize the area under curve (AUC) of both training and
validation sets. After including each factor, the coefficient
significance of the factors was statistically significant (default P
< 0.05), and the increase in the evaluation function was greater
than k (default k = 2). The effect of treatment on OS or PFS was
analyzed using Kaplan–Meier curves. A logarithmic rank test
was used to compare the survival curves between the two groups.
R software (version 3.6.0) and Perl software (version 5.2.2) were
used for data management and analyses. The significance level
for all results was set at P < 0.05.
RESULTS

Cytokines Are Associated With the
Effectiveness of Chemo-Combined
Immunotherapy Against Lung Cancer
Whether cytokines can act as biomarkers that predict the efficacy
of human PD-1 blocking therapy is still controversial. In this
study, we determined the cytokine levels in 67 patients with lung
cancer (discovery cohort) and verified them in 24 patients with
Frontiers in Immunology | www.frontiersin.org 3
multiple cancers (validation cohort). Data of 27 cytokines from
91 patients were obtained in three periods, specifically 0, 4–6,
and 10–12 weeks after immunotherapy combined with
chemotherapy, with the corresponding periods labeled S0, S1,
and S2 samples. Patient characteristics are listed in Table 1.

In the responder and non-responder classification, the
volcano plot analysis of 27 cytokines was conducted
according to the fold-change and P-values. Cytokines with
log2 (fold change) greater than 1.0 and –log10 (P value)
greater than 1.3 were considered significant. IL-2 and IP-10
of the responders in the S1 samples were significantly higher
than those of the non-responders. However, the S2 sample
respondents had lower levels of IL-8 and IL-10, but there was
TABLE 1 | Patient baseline characteristics.

Characteristics Discovery Cohort Validation Cohort

Lung cancer
(N=67)

Multiple cancer types
(N=24)

Median age 56.7(34-87) 58.3 (34-80)
Sex
Male 47(70.1) 12 (50.0)
Female 20 (29.9) 12 (50.0)

ECOG
0 18 (26.8) 0 (0.0)
1 33 (49.3) 19 (79.2)
≥2 16 (23.9) 5 (20.8)

Somking Status
Never 30 (44.8) 19 (79.2)
Former 23 (34.3) 5 (20.8)
Current 14 (20.9) 0 (0.0)

Stage
II 2 (3.0) 0 (0.0)
III 13 (19.4) 1(4.2)
IV 52 (77.6) 23 (95.8)

Tumor Histology
Adenocarcinoma 36 (53.7) 16 (66.7)
Squamous 21 (31.4) 3 (12.5)
Other 10 (14.9) 5 (20.8)

Mutation
BRAF or NRAS 1 (1.5) NA
KRAS 6 (9.0) NA
EGFR 14 (20.9) 1(4.2)
ALK 2 (3.0) NA

Treatment
Nivolumab 26 (38.8) 13 (54.2)
Pembrolizumab 38 (56.7) 9 37.5)
others 3 (4.5) 2 (8.3)

No. of prior systematic
therapies
0 15 (22.4) 3 (12.5)
1 28 (41.8) 14 (58.3)
2 10 14.9) 4 (16.7)
≥3

Confirmed ORR, n (%)
Best overall response
Complete Response
Partial Response
Stable Disease
Progressive Disease

14 (20.9)
19 (28.35)

0
19 (28.35)
29 (43.3)
19 (28.35)

3 (12.5)
7 (29.2)

0
7 (29.2)
8 (33.3)
9 (37.5)
April 2021 |
The 24 patients in the validation group included 11 for gastric cancer, 4 for esophageal
cancer, 4 for ovarian cancer, 2 for breast cancer, 1 for colon cancer, 1 for liver cancer and
1 for melanoma.
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no statistical difference between the R (response) and NR (no-
response) groups in the S0, S1/S0, S2/S0 and S2/S1 samples
(Figure 1A and Supplementary Table 1). The same analytical
strategy was used in the clinical benefit and no clinical benefit
groups. The volcano plot analysis of these cytokines
demonstrated that IL-7 and IL-5 in the S1 samples and IL-2
in the S2 samples were significantly elevated. However, the
levels of IL-8, IL-6, and IL-4 in the S1, S2, and S2/S0 samples
were lower in the clinical benefit patients. There was no
difference in cytokines the other groups between CB (clinical
Frontiers in Immunology | www.frontiersin.org 4
benefit) and NCB (no-clinical benefit) comparisons (Figure 1B
and Supplementary Table 1).

The result suggest the following: Th1 cytokines (IL-2 and
IP10) were significantly increased and Th2 cytokines were
significantly decreased in patients who responded and
benefited after clinical treatment, and proinflammatory
cytokines and external immune regulation (IL-6 and IL-10)
were significantly reduced. IL-10 plays an important role in
immune regulation, previous studies have also shown that
IL-10 can inhibit the antigen-presenting function of
A

B

FIGURE 1 | Cytokines are associated with the response of combination therapy in responder (R)/non-responder (NR) patients and patients with clinical benefit/no
clinical benefit (NCB). (A) Comparison of 27 cytokines in R patients and NR patients at different time points and different ratios in the volcano map. (B) Comparison
of 27 cytokines in CB and NCB patients at different time points and different ratios in the volcano map. Cytokines with a log2 |fold-change| greater than 1.0 and
a −log10 (P-value) greater than 1.3 were considered significant.
April 2021 | Volume 12 | Article 665147
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macrophages and inhibit the production of IFN-g by Th1 cells,
IL-10 is involved in suppressing the Th1 immune response in
vivo (27, 28).

Combination of Plasma Cytokines Acts as
a Predictive Biomarker
In the previous section, we highlighted several clinically
significant indicators through statistical analysis in different
analysis groups. We then used stepwise discriminant analysis
to elucidate superior biomarkers based on cytokine
combinations. A differential analysis was conducted with 162
items (27 cytokines × 3 time points + 27 cytokines × 3 ratios
(fold-change; S1/S0, S2/S0, and S2/S1) (Supplementary Table 2).
By determining the logarithm base 2 value of each factor, 17 and
15 factors with significant differences were found in the CB/NCB
and R/NR groups, respectively. The stepwise Akaike’s
information criterion regression analysis revealed that cytokine
combinations I and II were the most predictive of the S0+S1 and
S0+S1+S2 samples in the R/NR (Supplementary Table 3) and
CB/NCB groups (Supplementary Table 4), respectively. The two
combinations mainly included IL-2, IL-4, IL-6, IL-7, IL-8, IP10,
and MCP-1. Each combination is listed from top to bottom
according to the importance of cytokines.

We performed a linear discriminant analysis (LDA) and used
cytokine combination I to distinguish patients who responded to
treatment from those who did not for the S0+S1 sample with an
error rate of 16.42%. To verify the reliability of the obtained
cytokine combination 1, according to the LDA cutoff value, 67
samples were divided into LDA-R or LDA-NR (Figure 2A). For
PFS, there was a statistically significant difference between LDA-
R and LDA-NR, whereas there was no statistically significant
difference in the OS (Figure 2B). Furthermore, we found that
cytokine combination II had a lower error rate than combination
I in differentiating R and NR groups; the error rate was 10.45%
(Figure 2C). There were significant differences in PFS and OS
between LDA-R and LDA-NR (Figure 2D). To use the
discriminant model to calculate the AUC of cytokine
combinations, logistic regression was used to perform five-fold
cross validation, using the cross-validation method. For data
queue grouping, we used 80% of the data to build the model and
20% to validate; AUC was used to evaluate the performance of
the model. The AUC of cytokine combinations I and II was 0.89
and 0.90, respectively, indicating that combination II better
distinguished R and NR patients (Figures 2E, F).

In terms of clinical benefit versus no clinical benefit
classifications, the LDA demonstrated that cytokine
combination I distinguished between the CB and NCB groups
in the S0+S1 sample with an error rate of 29.85% (Figure 3A).
Similar to the results of the N/NR group, there was a significant
difference in PFS between LDA-CB and LDA-NCB, but no
statistical difference in OS (Figure 3B). Similarly, combination
II had a lower error rate (13.43%) than combination I
(Figure 3C), and both resulted in significant differences in PFS
and OS between LDA-CB and LDA-NCB (Figure 3D). The AUC
calculated by 5-fold cross-validation values was 0.68 and 0.88 for
cytokine combinations I and II, respectively, suggesting that
Frontiers in Immunology | www.frontiersin.org 5
combination II better discriminated CB from NCB groups
(Figures 3E, F).

These results were based on the analysis and presentation of
lung cancer data, Subsequently, we analyzed the cases of multiple
cancers, and only the PFS and OS of cytokine combination 2
between LDA-CB and LDA-NCB in the CB/NCB group showed
a statistical difference, whereas there was no statistical difference
in the other groups (Supplemental Figures 1A–D). Overall,
cytokine combinations I and II can be used as predictive
biomarkers for immunotherapy combined with chemotherapy,
especially in the lung cancer group. As a predictor, combination
II presented a lower prediction error rate and higher specificity
and sensitivity in the R/NR and CB/NCB groups. It was also
associated with better clinical outcomes. It is noteworthy that
IL-8 (S2/S0) and IP10 (S2/S0) were included in combination II of
the R/NR and CB/NCB groups.

Optimum Factor Combination Calculated
Using a Novel Regression Approach
Here, we propose a new algorithm to select a combination of
factors, by optimizing not only the fitness of the training set but
also the generalization of the validation set. Using this algorithm,
IL8 in the S2/S0 period and IP10 in the S2/S0 period were
selected as the combination factors for the R/NR and CB/NCB
grouping models (Table 2). The fitting coefficients of the two
groups were calculated using the logistic regression model
(Supplementary Table 5). We then transformed the logistic
regression model (Supplementary Table 6), and as the
coefficient was from the training set, we could further
transform the two cytokines into one factor IP10 (S2/S0)/IL8
(S2/S0) as a biomarker of the clinical response effect. There was
no significant difference in the AUC between this biomarker and
the logistic regression model in the lung cancer and multiple
cancer groups (Table 3). Therefore, we used this indicator in the
subsequent analysis and verification.

Combination of New Factors Can Predict
Survival More Precisely in Patients With
Lung Cancer and Multiple Cancers
After obtaining the combination factor IP10/IL8 (S2/S0), 67
patients were used as the training set to train the logistic
regression model of CB/NCB and R/NR. The ROC curves
displaying the maximum sensitivity and specificity were
calculated as the threshold of the immune response, as R/NR =
0.81 (Figure 4A) and CB/NCB = 0.47 (Figure 4C); survival
curves were constructed using the predicted values, IP10/IL-8
(S2/S0) was used as a predictive marker, the Cut-off value of R/
NR and CB/NCB was 1.753 and 1.385 respectively. The model
threshold was used to predict the immune response effect of R/
NR and CB/NCB. IP10/IL-8 (S2/S0) was used as a predictor of
both clinical response and clinical benefit for patients receiving
chemotherapy combined with immunotherapy for lung cancer
(n=67). There were significant differences in PFS and OS
(Figures 4B, D). IP10/IL-8 (S2/S0) was also validated as
biological predictor in multiple cancers(n=24), and it had
statistical significance in distinguishing CB/NCB and R/NR
April 2021 | Volume 12 | Article 665147
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and in judging the prognosis (PFS and OS) of patients (Figures
4E, F).

With these results, we obtained a new prediction marker,
IP10/IL-8 (S2/S0); for the lung cancer group or mixed carcinoma
queue, it showed a better prediction effect. This indicator was
more clinically significant than the cytokine combination I and
combination II. IP10 and IL-8 play an important role in tumor
promotion and inhibition, combining these two factors as
biomarkers has more clinical significance, and an increased
Frontiers in Immunology | www.frontiersin.org 6
IP10/IL-8 (S2/S0) ratio indicates that patients can benefit more
from the treatment.

Further Analysis of Biomarkers in Different
Pathological Types of NSCLC and
PD-1 Drugs
In the 67 patients we previously analyzed, including 57 cases of
non-small cell lung cancer, we used the previously obtained
indicators to validate two groups of tumors with different
A B

C D

E F

FIGURE 2 | Combination of cytokines could predict survival more precisely in responder (R) and non-responder (NR) lung cancer patients. (A) The accuracy of
cytokine combination I was evaluated by linear discriminant analysis (LDA). (B) Kaplan–Meier plots of progression-free survival (PFS, left) and overall survival (OS,
right) of LDA-R and LDA-NR based on cytokine combination I. (C) The accuracy of cytokine combination II was evaluated by LDA. (D) Kaplan–Meier plots of PFS
(left) and OS (right) of LDA-R and LDA-NR based on cytokine combination II. (E) The ROC curve of 5-fold cross-validation for cytokine combination I (F) The ROC
curve of 5-fold cross-validation for cytokine combination II.
April 2021 | Volume 12 | Article 665147
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pathological types. This validation group included 21 cases of
squamous cell carcinoma and 36 cases of adenocarcinoma. The
PFS and OS of the patients were analyzed according to different
clinical efficacies. There were statistically significant differences
in PFS and OS among groups with clinical response or non-
response for lung adenocarcinoma (P = 0.0012, P = 0.025), and
there were also statistically significant differences in PFS and OS
among groups with clinical benefit or non-benefit (P<0.0001, P =
Frontiers in Immunology | www.frontiersin.org 7
0.0027) (Figures 5A, B). Among patients with lung squamous
cell carcinoma, only clinical benefit and non-benefit groups had
statistically significant overall survival (P = 0.048), and there was
no statistical difference in other groups (Figures 5C, D).

In 57 patients with NSCLC, we further analyzed the
prediction of survival based on biomarkers in patients
receiving different PD-1 therapies. There was a statistically
significant difference in PFS and OS in the clinically
A B

C D

E F

FIGURE 3 | Combination of cytokines predicts survival more precisely in lung cancer patients with clinical benefit (CB) and no clinical benefit (NCB). (A) The
accuracy of cytokine combination I was evaluated using the linear discriminant analysis (LDA). (B) Kaplan–Meier plots of progression-free survival (PFS, left) and
overall survival (OS, right) of LDA-CB and LDA-NCB based on cytokine combination I. (C) The accuracy of cytokine combination II was evaluated using the LDA.
(D) Kaplan–Meier plots of PFS (left) and OS (right) of LDA-CB and LDA-NCB based on cytokine combination II. (E) The ROC curve of 5-fold cross-validation for
cytokine combination I. (F) The ROC curve of 5-fold cross-validation for cytokine combination II.
April 2021 | Volume 12 | Article 665147
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responsive/clinically non-responsive patients treated with
chemotherapy combined nivolumab (P = 0.024, P = 0.048), as
well as in the clinically beneficial and non-clinically beneficial
groups (P = 0.024 and 0.048, respectively) (Figures 5E, F). The
other group received chemotherapy combined with
pembrolizumab, and there was a significant difference in PFS
and OS between the clinical response and non-clinical response
cohort (P = 0.011, P = 0.037), whereas only PFS was statistically
different between the clinical benefit and non-clinical benefit
groups (P = 0.03) (Figures 5G, H).

Combined with these results, IP10/IL8 (S2/S0) as a predictive
marker can effectively predict the clinical efficacy and survival of
patients. Both lung adenocarcinoma and lung squamous cell
cancer and both chemotherapy combined with nivolumab and
pembrolizumab had good predictive value. The lack of a
statistical difference between individual groups might be
caused by the small sample size. In future studies, we will
include more samples for verification; as a predictor, there is
no difference between them (Supplemental Figures 2A, B).
DISCUSSION

Specific immunotherapy targeting cancer cells has been reported
to be more attention than non-specific therapy methods,
including surgery, radiotherapy, and chemotherapy (29). The
PD-l/PD-L1 pathway has been suggested to play important roles
in the escape mechanisms of tumor cells. Monoclonal antibodies
for PD-1/PD-L1 blockade therapy, one of the major treatment
strategies in cancer immunotherapy, are considered to
significantly suppress tumor growth in multiple tumor models
(30–32). Recently, increasing clinical evidence shows that
chemo-combined immunotherapy is more effective than
immunotherapy alone (33). Here, we propose a new biomarker
for PD-1 blockade therapy to better monitor the outcomes of
chemo-combined immunotherapy for patients with lung cancer
and multiple/various other cancer types.

Cytokines comprise a category of small proteins that are
important in cell signaling for growth, differentiation, and
Frontiers in Immunology | www.frontiersin.org 8
inflammatory or anti-inflammatory effects. Some cytokines
have strong anti-tumor activity, interferon-alpha and
interleukin-2 are used in the treatment of malignancies (34).
Cytokines are produced by a variety of cells, including immune
cells such as macrophages, B lymphocytes, T lymphocytes, and
mast cells (35). Chemokines are an important part of cytokines,
and they induce responsive cells to have directional chemotactic
action. They are involved in a variety of immune and
inflammatory reactions, such as recruiting activated T
lymphocytes, neutrophils, monocytes, and natural killer cells
from the blood to sites of infection or tissue damage and
promoting wound healing via G protein-coupled receptors (36).

IP-10, also referred to as interferon g-induced protein
(CXCL10), is a 10 kDa secreted polypeptide belonging to the
CXC chemokine family, which is involved in trafficking immune
cells to inflammatory sites (37). IP10 is secreted by several cell
types strongly in response to IFN-g and IFN-a/b and weakly in
response to TNFa. IP10 can also be induced by NF-kB and plays
an early role in hypoxia-induced inflammation (38–40). In the
last decade, IP10 was determined to be an immune response
indicator. After therapeutic surgery, CXCL10 was found to be
negatively associated with high levels of CD8 T cell infiltration,
indicating poor tumor growth and recurrence (41). In an animal
study, CXCL10-deficient mice infected with dengue virus
presented with a higher mortality rate (42). A recent study also
confirmed that IP10 can as a biomarker to predict clinical curative
effects; the results show that levels of IP10 in peripheral plasma
increased after treatment compared to baseline levels in clinically
responsive patients. Patients who progressed after treatment had
lower IP10 levels than those before treatment, and the baseline
level of IP10 was determined to be associated with patient PFS
(43). Macrophage-derived CXCL9 and CXCL10 are indispensable
for the response of immune checkpoint inhibitors (anti-PD-1 and
anti-CTLA-4), single-cell RNA-seq analysis of tumor-infiltrating
lymphocytes (TIL) showed that CXCL9/CXCL10/CXCL11 was
mainly expressed by macrophages following immune checkpoint
blockade, this study showed that enhancing the production of
CXCL9/CXCL10 to improve the efficacy of immunotherapy in
patients, these findings can be used clinically for diagnosis or
treatment (44).
TABLE 2 | The best predictive combination of cytokines selected by the new algorithm.

Group Cytokines AUC in training set AUC in validation set Evaluation Function Coefficient Significance P

CB/NCB IP10 (S2/S0) 73.6 88.89 28.64 0.00311
IP10 (S2/S0)+IL8 (S2/S0) 87.93 96.53 12.56 0.001937, 0.000714

R/NR IL8 (S2/S0) 84.54 72.69 31.38 0.000426
IL8 (S2/S0)+IP10 (S2/S0) 89.25 89.08 15.32 0.000562, 0.022791
April 2021 |
TABLE 3 | Comparison of AUC between IP10/IL8 (S2/S0) and logistic regression model in different sets.

Model Group AUC (lung cancer) AUC (Multiple cancers)

Logistic regression CB/NCB 0.8793 0.9653
R/NR 0.8925 0.8908

IP10/IL8 (S2/S0) CB/NCB 0.8784 0.9653
R/NR 0.8887 0.8992
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FIGURE 4 | Plasma ratio of IP-10 to IL-8 was associated is progression-free survival (PFS) and overall survival (OS) in chemo-immunotherapy patients with cancer.
(A) ROC curve as the threshold of the immune response in the R/NR groups. (B) Kaplan–Meier survival curves of PFS (left) and OS (right) in R and NR patients with
lung cancer. (C) ROC curve as the threshold of the immune response in CB and NCB patients with lung cancer. (D) Kaplan–Meier survival curves of PFS (left) and
OS (right) in CB and NCB patients with lung cancer. (E) Kaplan–Meier survival curves of PFS (left) and OS (right) in R and NR patients with multiple cancers.
(F) Kaplan–Meier survival curves of PFS (left) and OS (right) in CB and NCB patients with multiple cancers. R, responder; NR, non-responder; CB, clinical benefit;
NCB, no clinical benefit; HR, hazard ratio.
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FIGURE 5 | Survival analysis of IP10/IL-8 (S2/S0) in different pathological types of Non-small cell lung cancer (NSCLC) and PD-1 drugs. (A, B) progression-free
survival (PFS) and overall survival (OS) in patients with lung adenocarcinoma in the R/NR (left) and CB/NCB (right) groups (n = 36). (C, D) PFS and OS in patients
with R/NR (left) and CB/NCB (right) lung squamous cell carcinoma (n = 21). (E, F) PFS and OS in patients with receiving chemotherapy combined with nivolumab in
the R/NR (left) and CB/NCB (right) groups (n = 26). (G, H) PFS and OS in patients receiving chemotherapy combined with pembrolizumab in the R/NR (left) and CB/
NCB (right) groups (n = 38). R, responder; NR, non-responder; CB, clinical benefit; NCB, no clinical benefit; HR, hazard ratio.
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Interleukin (IL) levels were found to be related to some types
of advanced cancer. They are associated with a poor prognosis
for malignant disease. Reitter et al. investigated the association
between eight different cytokines and prognosis in patients
with cancer. Higher IL-6, IL-8, and IL-11 levels were found to
be associated with worse survival in patients with cancer,
whereas elevated IL-10 and IL-6 levels might be markers of a
favorable prognosis for colorectal cancer and lung cancer,
respectively (45).

IL-8, a member of the CXC chemokine family, was originally
thought to be a neutrophil-related chemokine (46). IL-8 has
been found to be secreted under inflammatory stimulation of
malignant cells and tumor stromal cells in different tumor types
(47). Tumor invasiveness has been found to be mediated by the
increased activation of matrix metalloproteinase-2 and -9
(MMP-2 and MMP-9), mediated by IL-8 levels, indicating
that the IL-8 level is associated with metastatic invasiveness
and early recurrence (48, 49). Sanmamed et al. found that the
serum IL-8 level reflects tumor burden and acts as a biomarker
to monitor therapeutic outcomes of vemurafenib and
ipilimumab in patients with metastatic melanoma (50).
Recent studies also revealed that the changes in serum IL-8
levels reflect clinical benefits from PD-1 blockade therapy in
patients with melanoma and NSCLC. More importantly, they
were also found to correctly discern responses in a small
number of patients presenting with pseudoprogression,
highlighting a potential role of serum IL-8 as a predictor of
immunotherapy clinical outcomes (25).

In this study, 67 lung cancers were used as a discovery group
and 24 different cancers were used as a validation group. We used
the high-throughput cytokine detection platform and performed
bioinformatics analysis of blood samples. This study is the first to
propose that an evaluation of the cytokine IP10/IL-8 (S2/S0, ratio
changes at 10–12 weeks after treatment) in peripheral blood can
be a suitable biomarker with high specificity and sensitivity for
tumor chemo-combined immunotherapy. The best cutoff value
was then calculated based on the training set. The training set
(lung cancer) and validation set (multiple cancers) were
predicted, and this predictor could effectively distinguish the
response and benefit after treatment. Moreover, there was a
strong correlation between plasma IP10/IL-8(S2/S0) levels and
patient survival. This would be useful to predict patients who will
benefit from chemotherapy combined with immunotherapy. A
more important result of our statistical algorithm is that the
biomarker IP10/IL-8 (S2/S0) obtained in both CB/NCB and R/
NR groups was the same. In addition, corresponding validation
was also performed for different histological types of NSCLC and
chemotherapy combined with different PD1 drug groups, and
there was no difference between the histological types of lung
cancer and different PD-1 antibodies in predicting the efficacy of
this biomarker. We propose an innovative regression variable
selection strategy that considers not only the goodness-of-fit but
also the predictive ability based on the verification set and selects
the optimal variables to improve the explanatory ability of the
variables while optimizing the number of variables. This
observation would play a critical role in the clinical guidance
Frontiers in Immunology | www.frontiersin.org 11
of patients using appropriate antibodies targeting the PD-1
signaling pathway and drug combinations.
CONCLUSIONS

This study demonstrates the ratio of IP-10 to IL-8 (S2/S0, ratio of
changes at 10-12 weeks after treatment to baseline) to predict the
response to immunotherapy combined with chemotherapy and
evaluate the survival of lung cancer patients and multiple cancer
patients. Importantly, we show that for patients treated with
combination therapy, the specificity and sensitivity of IL-8 and
IP10 as predictors were better than those of IL-8 and IP10 alone,
which was verified in not only lung cancer but also multiple
cancer research cohorts. Moreover, the biomarker also
showed a good predictive effect on different histological types
of NSCLC and chemotherapy combined with different PD1 drug
groups, it provides a new idea for the biomarkers of tumor
combination therapy.
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Supplementary Figure 1 | Cytokine combinations were used as biomarkers in
multiple cancers to predict patient survival. (A) Kaplan–Meier plots of progression-
free survival (PFS, left) and overall survival (OS, right) of LDA-R and LDA-NR based
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on cytokine combination I. (B) Kaplan–Meier plots of PFS (left) and OS (right) of
LDA-R and LDA-NR based on cytokine combination II. (C) Kaplan–Meier plots of
PFS (left) and OS (right) of LDA-CB and LDA-NCB based on cytokine combination I.
(D) Kaplan–Meier plots of PFS (left) and OS (right) of LDA-CB and LDA-NCB based
on cytokine combination II.

Supplementary Figure 2 | IP10/IL8 (S2/S0) was used as a predictor in different
histological types of NSCLC and different PD-1 drugs were analyzed. (A) Different
histological types of lung cancer. (B) Chemotherapy combined with different PD-1
antibody drugs.
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14. Gandhi L, Rodrıǵuez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F,
et al. Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung
Cancer. N Engl J Med (2018) 378:2078–92. doi: 10.1056/NEJMoa1801005

15. Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, et al. Association of
PD-1, PD-1 ligands, and other features of the tumor immune
microenvironment with response to anti-PD-1 therapy. Clin Cancer Res
(2014) 20:5064–74. doi: 10.1158/1078-0432.Ccr-13-3271

16. Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS,
et al. Predictive correlates of response to the anti-PD-L1 antibody
MPDL3280A in cancer patients. Nature (2014) 515:563–7. doi: 10.
1038/nature14011

17. Chang L, Chang M, Chang HM, Chang F. Microsatellite Instability: A
Predictive Biomarker for Cancer Immunotherapy. Appl Immunohistochem
Mol Morphol (2018) 26:e15–21. doi: 10.1097/pai.0000000000000575

18. Kunert A, Basak EA, Hurkmans DP, Balcioglu HE, Klaver Y, van Brakel M,
et al. CD45RA(+)CCR7(-) CD8 T cells lacking co-stimulatory receptors
demonstrate enhanced frequency in peripheral blood of NSCLC patients
responding to nivolumab. J Immunother Cancer (2019) 7:149. doi: 10.1186/
s40425-019-0608-y

19. Ferrucci PF, Ascierto PA, Pigozzo J, Del Vecchio M, Maio M, Antonini
Cappellini GC, et al. Baseline neutrophils and derived neutrophil-to-
lymphocyte ratio: prognostic relevance in metastatic melanoma patients
receiving ipilimumab. Ann Oncol (2016) 27:732–8. doi: 10.1093/annonc/
mdw016

20. Krieg C, Nowicka M, Guglietta S, Schindler S, Hartmann FJ, Weber LM, et al.
High-dimensional single-cell analysis predicts response to anti-PD-1
immunotherapy. Nat Med (2018) 24:144–53. doi: 10.1038/nm.4466

21. Harlin H, Meng Y, Peterson AC, Zha Y, Tretiakova M, Slingluff C, et al.
Chemokine expression in melanoma metastases associated with CD8+ T-cell
recruitment. Cancer Res (2009) 69:3077–85. doi: 10.1158/0008-5472.Can-08-
2281

22. Kunkel EJ, Butcher EC. Chemokines and the tissue-specific migration of
lymphocytes. Immunity (2002) 16:1–4. doi: 10.1016/s1074-7613(01)00261-8

23. Spranger S, Bao R, Gajewski TF. Melanoma-intrinsic b-catenin signalling
prevents anti-tumour immunity. Nature (2015) 523:231–5. doi: 10.1038/
nature14404

24. Lim SY, Lee JH, Gide TN, Menzies AM, Guminski A, Carlino MS, et al.
Circulating Cytokines Predict Immune-Related Toxicity in Melanoma
Patients Receiving Anti-PD-1-Based Immunotherapy. Clin Cancer Res
(2019) 25:1557–63. doi: 10.1158/1078-0432.Ccr-18-2795

25. Sanmamed MF, Perez-Gracia JL, Schalper KA, Fusco JP, Gonzalez A,
Rodriguez-Ruiz ME, et al. Changes in serum interleukin-8 (IL-8) levels
reflect and predict response to anti-PD-1 treatment in melanoma and non-
small-cell lung cancer patients. Ann Oncol (2017) 28:1988–95. doi: 10.1093/
annonc/mdx190

26. Chow MT, Ozga AJ, Servis RL, Frederick DT, Lo JA, Fisher DE, et al.
Intratumoral Activity of the CXCR3 Chemokine System Is Required for the
Efficacy of Anti-PD-1 Therapy. Immunity (2019) 50:1498–1512 e1495.
doi: 10.1016/j.immuni.2019.04.010

27. Fiorentino DF, Zlotnik A, Vieira P, Mosmann TR, Howard M, Moore KW,
et al. Pillars Article: IL-10 Acts on the Antigen-presenting Cell to Inhibit
Cytokine Production by Thl Cells. J Immunol (2016) 197:1531–8. J.
Immunol19911463444-3451.

28. Mosmann TR, Schumacher JH, Fiorentino DF, Leverah J, Moore KW, Bond
MW. Isolation of monoclonal antibodies specific for IL-4, IL-5, IL-6, and a new
Th2-specific cytokine (IL-10), cytokine synthesis inhibitory factor, by using a
solid phase radioimmunoadsorbent assay. J Immunol (1990) 145:2938–45.

29. Kimiz-Gebologlu I, Gulce-Iz S, Biray-Avci C. Monoclonal antibodies in cancer
immunotherapy. Mol Biol Rep (2018) 45:2935–2940s. doi: 10.1007/s11033-
018-4427-x

30. Vokes EE, Ready N, Felip E, Horn L, Burgio MA, Antonia SJ, et al. Nivolumab
versus docetaxel in previously treated advanced non-small-cell lung cancer
(CheckMate 017 and CheckMate 057): 3-year update and outcomes in
patients with liver metastases. Ann Oncol (2018) 29:959–65. doi: 10.1093/
annonc/mdy041
April 2021 | Volume 12 | Article 665147

https://www.frontiersin.org/articles/10.3389/fimmu.2021.665147/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.665147/full#supplementary-material
https://doi.org/10.1016/0163-7258(94)90023-x
https://doi.org/10.1126/science.1840703
https://doi.org/10.1186/s12929-017-0329-9
https://doi.org/10.1186/s12967-019-1865-8
https://doi.org/10.1200/JCO.2009.26.7609
https://doi.org/10.1200/JCO.2009.26.7609
https://doi.org/10.1016/j.ygyno.2018.11.017
https://doi.org/10.1007/s40265-018-1012-5
https://doi.org/10.1016/s0140-6736(16)00561-4
https://doi.org/10.1186/s13045-019-0779-5
https://doi.org/10.2147/DDDT.S141491
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1158/1078-0432.Ccr-13-3271
https://doi.org/10.1038/nature14011
https://doi.org/10.1038/nature14011
https://doi.org/10.1097/pai.0000000000000575
https://doi.org/10.1186/s40425-019-0608-y
https://doi.org/10.1186/s40425-019-0608-y
https://doi.org/10.1093/annonc/mdw016
https://doi.org/10.1093/annonc/mdw016
https://doi.org/10.1038/nm.4466
https://doi.org/10.1158/0008-5472.Can-08-2281
https://doi.org/10.1158/0008-5472.Can-08-2281
https://doi.org/10.1016/s1074-7613(01)00261-8
https://doi.org/10.1038/nature14404
https://doi.org/10.1038/nature14404
https://doi.org/10.1158/1078-0432.Ccr-18-2795
https://doi.org/10.1093/annonc/mdx190
https://doi.org/10.1093/annonc/mdx190
https://doi.org/10.1016/j.immuni.2019.04.010
https://doi.org/10.1007/s11033-018-4427-x
https://doi.org/10.1007/s11033-018-4427-x
https://doi.org/10.1093/annonc/mdy041
https://doi.org/10.1093/annonc/mdy041
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wu et al. Cytokines Can Predict Clinical Efficacy
31. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob J-J, Cowey
CL, et al. Overall Survival with Combined Nivolumab and Ipilimumab in
Advanced Melanoma. New Engl J Med (2017) 377:1345–56. doi: 10.1056/
NEJMoa1709684

32. Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, et al. Safety
and activity of anti-PD-L1 antibody in patients with advanced cancer. N Engl J
Med (2012) 366:2455–65. doi: 10.1056/NEJMoa1200694

33. Karakhanova S, Ryschich E, Mosl B, Harig S, Jager D, Schmidt J, et al.
Prognostic and predictive value of immunological parameters for
chemoradioimmunotherapy in patients with pancreatic adenocarcinoma. Br
J Cancer (2015) 112:1027–36. doi: 10.1038/bjc.2015.72

34. Berraondo P, Sanmamed MF, Ochoa MC, Etxeberria I, Aznar MA, Perez-
Gracia JL, et al. Cytokines in clinical cancer immunotherapy. Br J Cancer
(2019) 120:6–15. doi: 10.1038/s41416-018-0328-y

35. Antonelli A, Ferrari SM, Ruffilli I, Fallahi P. Cytokines and HCV-related
autoimmune disorders. Immunol Res (2014) 60:311–9. doi: 10.1007/s12026-
014-8569-1

36. Wang J, Zhao JH, Wang PP, Xiang GJ. Expression of CXC chemokine
IP-10 in patients with chronic hepatitis B. Hepatobiliary Pancreat Dis Int
(2008) 7:45–50.

37. Fallahi P, Ragusa F. Mesothelioma and interferon-g-dependent chemokine IP-
10. Clin Ter (2016) 167:e192–7. doi: 10.7414/CT.2016.1967

38. Xia JB, Liu GH, Chen ZY, Mao CZ, Zhou DC, Wu HY, et al. Hypoxia/
ischemia promotes CXCL10 expression in cardiac microvascular endothelial
cells by NFkB activation. Cytokine (2016) 81:63–70. doi: 10.1016/
j.cyto.2016.02.007

39. Qian C, An H, Yu Y, Liu S, Cao X. TLR agonists induce regulatory dendritic
cells to recruit Th1 cells via preferential IP-10 secretion and inhibit Th1
proliferation. Blood (2007) 109:3308–15. doi: 10.1182/blood-2006-08-
040337

40. Ohmori Y, Wyner L, Narumi S, Armstrong D, Stoler M, Hamilton TA. Tumor
necrosis factor-alpha induces cell type and tissue-specific expression of
chemoattractant cytokines in vivo. Am J Pathol (1993) 142:861–70.

41. Kondo T, Ito F, Nakazawa H, Horita S, Osaka Y, Toma H. High expression of
chemokine gene as a favorable prognostic factor in renal cell carcinoma. J Urol
(2004) 171:2171–5. doi: 10.1097/01.ju.0000127726.25609.87

42. Hsieh MF, Lai SL, Chen JP, Sung JM, Lin YL, Wu-Hsieh BA, et al. Both
CXCR3 and CXCL10/IFN-inducible protein 10 are required for resistance to
primary infection by dengue virus. J Immunol (2006) 177:1855–63.
doi: 10.4049/jimmunol.177.3.1855
Frontiers in Immunology | www.frontiersin.org 13
43. Wang Y, Chen H, Zhang T, Yang X, Zhong J, Wang Y, et al. Plasma cytokines
interleukin-18 and C-X-C motif chemokine ligand 10 are indicative of the
anti-programmed cell death protein-1 treatment response in lung cancer
patients. Ann Transl Med (2021) 9:33. doi: 10.21037/atm-20-1513

44. House IG, Savas P, Lai J, Chen AXY, Oliver AJ, Teo ZL, et al. Macrophage-
Derived CXCL9 and CXCL10 Are Required for Antitumor Immune
Responses Following Immune Checkpoint Blockade. Clin Cancer Res (2020)
26:487–504. doi: 10.1158/1078-0432.ccr-19-1868

45. Reitter EM, Ay C, Kaider A, Pirker R, Zielinski C, Zlabinger G, et al.
Interleukin levels and their potential association with venous
thromboembolism and survival in cancer patients. Clin Exp Immunol
(2014) 177:253–60. doi: 10.1111/cei.12308

46. Xie K. Interleukin-8 and human cancer biology. Cytokine Growth Factor Rev
(2001) 12:375–91. doi: 10.1016/s1359-6101(01)00016-8

47. Zarogoulidis P, Katsikogianni F, Tsiouda T, Sakkas A, Katsikogiannis N,
Zarogoulidis K. Interleukin-8 and interleukin-17 for cancer. Cancer Invest
(2014) 32:197–205. doi: 10.3109/07357907.2014.898156

48. Chen Y, Chen L, Li JY, Mukaida N, Wang Q, Yang C, et al. ERb and PEA3 co-
activate IL-8 expression and promote the invasion of breast cancer cells.
Cancer Biol Ther (2011) 11:497–511. doi: 10.4161/cbt.11.5.1466

49. Wang Y, Xu RC, Zhang XL, Niu XL, Qu Y, Li LZ, et al. Interleukin-8 secretion
by ovarian cancer cells increases anchorage-independent growth,
proliferation, angiogenic potential, adhesion and invasion. Cytokine (2012)
59:145–55. doi: 10.1016/j.cyto.2012.04.013

50. Sanmamed MF, Carranza-Rua O, Alfaro C, Onate C, Martin-Algarra S, Perez
G, et al. Serum interleukin-8 reflects tumor burden and treatment response
across malignancies of multiple tissue origins. Clin Cancer Res (2014)
20:5697–707. doi: 10.1158/1078-0432.CCR-13-3203

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wu, Xie, Wang, Li, Han, Qin, Zhang, Wu, Gao, Zhang, Wei, Liu
and Jiao. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
April 2021 | Volume 12 | Article 665147

https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1200694
https://doi.org/10.1038/bjc.2015.72
https://doi.org/10.1038/s41416-018-0328-y
https://doi.org/10.1007/s12026-014-8569-1
https://doi.org/10.1007/s12026-014-8569-1
https://doi.org/10.7414/CT.2016.1967
https://doi.org/10.1016/j.cyto.2016.02.007
https://doi.org/10.1016/j.cyto.2016.02.007
https://doi.org/10.1182/blood-2006-08-040337
https://doi.org/10.1182/blood-2006-08-040337
https://doi.org/10.1097/01.ju.0000127726.25609.87
https://doi.org/10.4049/jimmunol.177.3.1855
https://doi.org/10.21037/atm-20-1513
https://doi.org/10.1158/1078-0432.ccr-19-1868
https://doi.org/10.1111/cei.12308
https://doi.org/10.1016/s1359-6101(01)00016-8
https://doi.org/10.3109/07357907.2014.898156
https://doi.org/10.4161/cbt.11.5.1466
https://doi.org/10.1016/j.cyto.2012.04.013
https://doi.org/10.1158/1078-0432.CCR-13-3203
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	The Ratio of IP10 to IL-8 in Plasma Reflects and Predicts the Response of Patients With Lung Cancer to Anti-PD-1 Immunotherapy Combined With Chemotherapy
	Introduction
	Materials and Methods
	Study Design and Participants
	Plasma Samples
	Multiplex Plasma Cytokine Analysis
	Statistical Analysis

	Results
	Cytokines Are Associated With the Effectiveness of Chemo-Combined Immunotherapy Against Lung Cancer
	Combination of Plasma Cytokines Acts as a Predictive Biomarker
	Optimum Factor Combination Calculated Using a Novel Regression Approach
	Combination of New Factors Can Predict Survival More Precisely in Patients With Lung Cancer and Multiple Cancers
	Further Analysis of Biomarkers in Different Pathological Types of NSCLC and PD-1 Drugs

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


