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Purpose: To evaluate the prognostic value of interleukin (IL)-6, IL-8, granulocyte-macrophage colony-stimulating factor (GM-CSF),
leukemia inhibitory factor (LIF), and macrophage migration inhibitory factor (MIF) in non-metastatic nasopharyngeal carcinoma
(NPC) patients undergoing radical radiotherapy.

Patients and Methods: A serum panel compromising the inflammatory factors was analyzed in 372 NPC patients before and after
radiotherapy. Independent prognostic factors were screened out using multivariate Cox regression analysis. A prediction model was
built based on the training set data and validated using the test set data. The prognostic value of these factors was evaluated using the
time-dependent receiver operating characteristic (ROC) curve and an integrated time-averaged area under the curve (AUC).
Results: The baseline levels of IL-6, GM-CSF, and MIF were independent factors associated with poor OS and DMFS. A predictive
model base established combining the baseline levels of these factors. The AUC values for the test set were 0.9828, 0.9968, and
0.9571 at 1, 3, and 5 years, respectively, compared to 0.9978, 0.9981, and 0.9222 for the training set, respectively. The AUC values for
DMEFS at 1, 3, and 5-years for the training set were 0.8744, 0.8951, and 0.9358, respectively, compared to 0.9525, 0.9663, and 0.9625
for the test set, respectively. The combination of post-treatment levels of IL-6, GM-CSF, and LIF also had good predictive value for
OS with an AUC value > 0.85 during follow-up.

Conclusion: IL-6, GM-CSF, and MIF baseline levels are powerful prognostic factors for non-metastatic NPC patients. The
combination of these factors effectively predicts OS and DMFS in non-metastatic NPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is the most common malignant tumor in the head and neck with a high incidence in
China." NPC is highly sensitive to radiotherapy, which is the backbone of treatment for NPC. Neoadjuvant chemotherapy
is also indispensable for highly differentiated cases, late-stage cases, and recurrent cases.” The local-regional control of
NPC has made great progress through intensity-modulated radiotherapy (IMRT) or chemoradiation, while distant

metastasis has been the main cause of treatment failure.>* Patients with metastasis have a significantly higher risk of
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death than those without metastasis.” Thus, identifying appropriate prognostic markers and evaluating the survival and
metastasis of patients in advance may help to adjust the treatment plan to obtain better treatment outcomes.

Recent studies have shown that the inflammatory microenvironment is an important participant in tumor progression. The
contradictory process of immune killing and immune escape exists in all stages of tumor development.®” NPC has a close
relationship with Epstein-Barr virus (EBV) infection, and studies have shown that inflammation-based indices are associated
with the prognosis of NPC patients.®* '> However, most of these studies did not perform an analysis of receiver operating
characteristic curves (ROCs), the area under which (or AUC) shows the exact prognostic value. Few studies have conducted
ROC analysis, but the prognostic value of the indices used was not high, with AUC ranging from 0.6-0.8.'%'""'*"!> Therefore,
it is worth searching for inflammatory factors with higher prognostic value. In addition, these studies selected baseline
indicators as the predictors. Even if the baseline data are not obtained for various reasons, it is worth investigating whether the
factor levels after treatment still have prognostic value.

Interleukin (IL)-6, IL-8, granulocyte-macrophage colony-stimulating factor (GM-CSF), leukemia inhibitory factor
(LIF), and macrophage migration inhibitory factor (MIF) are related to the progress of NPC.'®2! The objective of the
present study was to evaluate the prognostic value of these factors for NPC patients before and after radical radiotherapy
with adjuvant chemotherapy and to identify the best prediction combination.

Materials and Methods
Study Cohort

This prospective study was approved by the Ethics Committee of Xiangya Hospital of Central South University
(Approval number 20140161) and the Ethics Committee of Hunan Cancer Hospital (Approval number 20140586).
Our study complied with the Declaration of Helsinki. The patients were enrolled between March 2014 and July 2017
with 161 patients from Xiangya Hospital of Central South University and 211 patients from Hunan Cancer Hospital. All
patients were pathologically diagnosed with MO stage NPC without distant metastasis, and had never received radio-
therapy and/or chemotherapy. Signed informed consent was obtained from all participants.

All patients received radical radiotherapy. The total dose of radiotherapy was 60-70 Gy (2 Gy/time, 5 times per week
for 6-7 weeks) with 60 Gy to the negative neck lymph nodes and 70 Gy to the positive neck lymph nodes. Adjuvant
chemotherapy with platinum-based regimens was performed 1 month after radiotherapy. Patients were administrated one
or two of cisplatin, 5-fluorouracil, and taxane every 3 weeks for 2—3 cycles.

Follow-Up and Clinical Endpoints

All patients underwent outpatient follow-up, once every 3 months in the first year, once every 6 months in the next two
years, and once a year thereafter. The median follow-up length was 49.5 months. The last follow-up time was May 2021.
Clinical outcomes, including overall survival (OS), progression-free survival (PFS), local recurrence-free survival
(LRFS), and distant metastasis-free survival (DMFS), were observed. OS was defined as the interval between the end
of radiotherapy and death from any cause. PFS was defined as the interval between the end of radiotherapy and the first
progression of the disease (local recurrent or distant metastasis) or death from any cause. LRFS was defined as the
interval between the end of radiotherapy and local recurrence or death from any cause. DMFS was defined as the interval
between the end of radiotherapy and distant metastasis or death from any cause.

Cytokine Measurement

Peripheral blood samples of the patients were taken before, immediately after, and 3 months after radiotherapy. The
serum levels of IL-6, IL-8, GM-CSF, MIF, and LIF were measured using commercial ELISA kits (Genetimes Technology
Inc, Shanghai, China).

Statistical Analysis
All data were analyzed using R 3.6.3 software (R Foundation, Vienna, Austria). P<0.05 was considered statistically
significant. The samples were randomly divided into a training set and a test set at a ratio of 2:1 for two-stage analysis.
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The data of the training set were analyzed using univariate and multivariate Cox regression models to screen out possible
prognostic factors. The Cox regression analysis was performed using the function coxph() from the survival package for
R language (https://CRAN.R-project.org/package=survival). In Cox regression analysis, the grouping cut-off value of

each cytokine was the median value of all samples. The hazard ratio (HR) and 95% confidence interval (CI) were
calculated to indicate the impact of each factor on treatment outcome. According to the results of Cox regression, each
cytokine had a corresponding coefficient. A prediction model of risk score was established based on the expression level
of dependent factors and their corresponding coefficient. A risk score was generated for each patient using the following
formula: /;(¢) = ho(¢) exp(xB) (where, x is the expression level of cytokine i and B is its corresponding coefficient). The
median risk score was taken as the grouping point and the patients of the training set were divided into a high-risk group
and a low-risk group. The Kaplan-Meier method was used to plot the cumulative curves of OS, PFS, LRFS, and DMFS.
The difference between the high-risk group and the low-risk group was compared by Log rank test. The data of the test
set were then used to verify the effectiveness of the prediction model. The predictive value of the studied cytokines was
further evaluated by time-dependent ROC.*

Results

Baseline Characteristics

In total, 374 NPC patients were enrolled in this study. The median follow-up time was 49.5 months, ranging from 4-74
months. A summary of the baseline characteristics is shown in Table 1. The ratio of males to females was approximately
1.65:1. Most of the patients were nonsmokers and had no family history. Pathological results showed that the patients
were mainly diagnosed with stage III to IV keratinized squamous cell carcinoma or non-keratinized undifferentiated
carcinoma. The median values of IL-6, IL-8, GM-CSF, LIF, and MIF in the total cohort were 4.10 pg/mL (1.04-38.29 pg/
mL), 58.21 pg/mL (2.39-1343.94 pg/mL), 8.26 pg/mL (2.88-674.21 pg/mL), 5.05 pg/mL (1.08-32.77 pg/mL), and
350.98 pg/mL (137.10-3090.80 pg/mL), respectively.

Survival Analysis

We analyzed the effect of baseline characteristics on survival endpoints by univariate and multivariate Cox regression
analyses. The grouping of each cytokine was based on the median value of the total samples. The results of univariate
analysis are shown in the forest plot (Supplementary Figure 1). Multivariate analysis determined that IL-6 > 4.1 pg/mL,
GM-CSF < 8.26 pg/mL, and MIF < 350.98 pg/mL were independent factors associated with poor OS and DMFS.
Because no influencing factors were found to be statistically associated with PFS and LRFS, we focused on the

prognostic factors of OS and DMFS in the following analysis. The results of multivariate analysis are shown in
Table 2. A reference prediction model was established based on the Cox regression analysis results of the training set,
and each patient was assigned a risk value. The training set was divided into a high-risk group and a low-risk group based
on the median risk value of the training set. There was a significant difference in OS, PFS, LRFS, and DMFS between the
two groups (Figure 1). The test set data were analyzed with the prediction model. Figure 2 shows that OS, PFS, LRFS,
and DMFS were significantly different between the high-risk group and the low-risk group. These results suggested that
the prediction model combining the baseline levels of IL-6, GM-CSF, and MIF effectively predicts the prognosis of NPC
patients undergoing radiotherapy with adjuvant chemotherapy.

ROC Analysis

We next evaluated the prognostic value of IL-6, GM-CSF, and MIF for OS by time-dependent ROC (Figure 3). The
results showed that the prediction model had good predictive value for OS and DMFS with an AUC value > 0.85 during
the follow-up. The AUC values for OS at 1, 3, and 5 years for the training set were 0.9828 (95% CI: 0.9564, 1.0000),
0.9968 (95% CI: 0.9901, 1.0000), and 0.9571 (95% CI: 0.9263, 0.9879), respectively. When the prediction model was
applied in the test set, the AUC values at 1, 3, and 5 years was 0.9978 (95% CI: 0.9922, 1.0000), 0.9981 (95% CI:
0.9951, 1.0000), and 0.9222 (95% CI: 0.8898, 0.9546), respectively. The AUC values for DMFS at 1, 3, and 5 years for
the training set was 0.8744 (95% CI: 0.8214, 0.9213), 0.8951 (95% CI: 0.8346, 0.9564), and 0.9358 (95% CI: 0.9049,
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Table |1 The Baseline Characteristics (N=374)
Characteristics N (%) or Median
(Interquartile Range)
Gender
Male 233 (62.30)
Female 141 (37.70)
Age 46 (39-52)
Smoking
Yes 168 (44.92)
No 206 (55.08)
Family history
Yes 68 (18.18)
No 306 (81.82)
Clinical stage

I 23 (6.15)

LI} 155 (41.44)

v 196 (52.41)

TNM stage

THT2 132 (35.29)

T3/T4 242 (64.71)

NO/NI 73 (19.52)

N2/N3 301 (80.48)

Pathological type

Keratinized squamous cell carcinoma/Non-keratinized 271 (72.46)

undifferentiated carcinoma

Non-keratinized differentiated carcinoma 103 (27.54)

Cytokines (pg/mL)

IL-6 4.10 (291, 6.05)

IL-8 58.21 (13.80, 222.06)

GM-SCF 826 (5.21, 12.81)

LIF 5.05 (3.88, 7.61)

MIF 350.98 (258.62, 554.63)
Abbreviations: IL, interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor; LIF, leukemia inhibitory factor;
MIF, macrophage migration inhibitory factor.

Table 2 Multivariate Cox Regression Analysis on Factors for OS and DMFS in the Training Set
Variables os DMFS
HR (95% CI) P HR (95% CI) P

IL-6 (pg/mL)

<4.1 Ref Ref

>4 1.547 (1.184-2.021) 1.38x1073 1.501 (1.149-1.960) 291x1073
GM-CSF (pg/mL)

<8.26 Ref Ref

>8.26 0.531 (0.400-0.704) 1.09x10°° 0.553 (0.417-0.734) 3.99x10°°
MIF (pg/mL)

<350.98 Ref Ref

>350.98 0.615 (0.462-0.819) 8.66x107* 0.601 (0.452-0.790) 473%x10°*
Abbreviations: OS, overall survival; DMFS, distant metastasis-free survival; HR, hazard ratio; Cl, confidence interval; IL,
interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor; MIF, macrophage migration inhibitory factor.
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Figure | Kaplan-Meier survival curves of overall survival (OS), progression-free survival (PFS), local recurrence-free survival (LRFS), and distant metastasis-free survival

(DMEFS) of the training set patients.
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Figure 2 Kaplan-Meier survival curves of overall survival (OS), progression-free survival (PFS), local recurrence-free survival (LRFS), and distant metastasis-free survival

(DMFS) of the test set patients.
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Figure 3 Time-dependent receiver operating characteristic curves for overall survival (OS), progression-free survival (PFS), local recurrence-free survival (LRFS), and distant
metastasis-free survival (DMFS). Time-dependent area under the curve (AUC) for both training set and test set are shown. Dashed lines represent 95% confidence intervals.

0.96406), respectively, and those for the test set were 0.9525 (95% CI: 0.9034, 0.9759), 0.9 0.9663 (95% CI: 0.9358,
0.9967), and 0.9625 (95% CI: 0.8885, 0.9728), respectively.

Comparison of the Prognostic Value of Cytokine Combinations at Different Time

Points

The above prediction model was established using the baseline cytokine levels. We further investigated the prognostic
value of post-treatment cytokine levels for OS. Univariate and multivariate Cox regression analyses determined that the
potential risk factors for OS were IL-6, GM-CSF, and LIF after treatment, as well as IL-6, IL-8, GM-CSF, and LIF at 3
months after treatment (Table 3). The predictive value of cytokine combinations at different time points for OS was then
evaluated by time-dependent ROC. The results are shown in Figure 4 and Table 4. The combinations of baseline levels
and post-treatment levels had better diagnostic values, which remained > 0.85 during the follow-up.

Discussion

In the present study, we found that inflammatory cytokines may be good prognostic factors for non-metastatic NPC
patients undergoing radiotherapy with adjuvant chemotherapy. The baseline combination of IL-6, GM-CSF, and MIF
resulted in an AUC value > 0.85 for both OS and DMFS. Moreover, the combination of post-treatment levels of IL-6,
GM-CSF, and LIF also had good predictive value for OS, with an AUC value > 0.85 during follow-up.

Our analysis showed that baseline levels of IL-6, GM-CSF, and MIF were independent prognostic factors of NPC.
The important effects of these cytokines on NPC have been reported in previous studies. In general, IL-6 expression is
a risk factor for poor prognosis in cancer patients, which is consistent with the results of the present study. The expression
of IL-6 in NPC tissues is a risk factor for poor prognosis of NPC and is associated with lymph node metastasis.”® The
serum IL-6 level is related to treatment. A significant decrease in serum IL-6 has been observed in treated NPC patients
compared to untreated NPC patients.24’25 In terms of the molecular mechanism, IL-6 promotes the proliferation, invasion,
and migration of NPC cells by activating the JAK2/STAT3 signaling pathway.>® The role of GM-CSF in different types
of tumors is contradictory. Although most studies have indicated that GM-CSF stimulates tumor progression, GM-CSF
also has anti-proliferative effects in certain types of tumor cell lines and stages of development.”® In a mouse model of
NPC, adenovirus-mediated expression of the GM-CSF gene effectively inhibits the growth of tumors, suggesting the
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Table 3 Multivariate Cox Regression Analysis of Post-Treatment Cytokines for OS in the Training Set

Variables After Treatment Variables 3 Month After Treatment
HR (95% CI) P HR (95% CI) P

IL-6 (pg/mL) IL-6 (pg/mL)

<5.33 Ref <3.74 Ref

>5.33 1.345 (1.030-1.755) 2.92x1072 >3.74 2.189 (1.651-2.904) 5.44x10°8
IL-8 (pg/mL) IL-8 (pg/mL)

- - - <17.05 Ref

- - - >17.05 0.662 (0.499-0.879) 432x10°3
GM-CSF (pg/mL) GM-CSF (pg/mL)

<8.12 Ref <8.37 Ref

>8.12 0.489 (0.365-0.654) 1.48x107°® >8.37 0.534 (0.397-0.719) 3.57x107°
LIF (pg/mL) LIF (pg/mL)

<5.26 Ref <5.44 Ref

>5.26 0.722 (0.537-0.971) 3.14x1072 >5.44 0.640 (0.472-0.869) 4.19x10°3

Abbreviations: OS, overall survival; HR, hazard ratio; Cl, confidence interval; IL, interleukin; GM-CSF, granulocyte-macrophage colony-
stimulating factor; MIF, macrophage migration inhibitory factor.

therapeutic potential of GM-CSF.?’ The present study also indicated that high expression of serum GM-CSF was
favorable for better prognosis of NPC patients. These data suggested that GM-CSF has an anti-cancer effect on NPC.
However, the relationship between the MIF expression level and the prognosis of patients is controversial. Several
studies have reported that MIF is strongly expressed in NPC tissues, and high expression of MIF is positively correlated
with angiogenesis, lymph node metastasis, and locoregional failure of NPC patients.?**° Interfering with MIF expression
reduces downstream IL-8 expression and the growth of NPC spheres.>® In contrast, Li et al reported that increased
expression of MIF in tumor-infiltrating lymphocytes is an independent factor for better OS and disease-free survival of
NPC patients.®' Our results showed that a high serum MIF level was a favorable factor for OS and DMFS, which agreed
with the study reported by Li et al. Thus, the expression of MIF in the tumor environment is related to the intratumoral
immune response, which is inconsistent with the role of MIF in tumor entities.”'

An increasing number of studies have investigated the feasibility of using inflammation-based indices as prognostic
factors of NPC. The Glasgow Prognostic Score (GPS), a scoring system based on serum C-reactive protein level and
albumin concentration, is an independent prognostic factor of OS with AUC values at 6 months, 1 year, and 2 years of
0.805, 0.705, and 0.705, respectively.®'* The systemic immune-inflammation index (SII), another integrated index based
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Figure 4 Time-dependent receiver operating characteristic curves of cytokine combinations for overall survival (OS). Time-dependent area under the curve (AUC) for both
training set and test set are shown. Dashed lines represent 95% confidence intervals. Abbreviations: ImPost, immediate postoperation; 3mPost, 3 months postoperation.
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Table 4 AUC Values of Cytokine Combinations for OS at Different Time Points

Time (OS) AUC
Training Set Test Set
Baseline | Post-Treatment | 3 Mon Post-Treatment | Baseline | Post-Treatment | 3 Mon Post-Treatment

20% (14.8 mon) 99.33 99.47 99.39 99.19 99.45 99.72
40% (29.6 mon) 98.11 98.19 95.78 98.48 97.76 96.64
60% (44.4 mon) 93.19 95.53 93.08 94.39 92.21 94.46
80% (59.2 mon) 93.69 96.8 91.08 96.42 94.23 85.79
100% (74 mon) 93.75 94.36 90.56 97.26 9291 86.96

Abbreviations: AUC, area under the curve; OS, overall survival.

on platelet count and NLR, has been shown to be associated with OS and PFS in NPC patients with an approximate AUC
value of 0.6 for OS.'*'1532 An elevated neutrophil to lymphocyte ratio (NLR) is associated with a lower survival rate
and worse treatment response to chemotherapy with an AUC value of 0.619 for OS."""1%:1433:34 1 j et al proposed an index
combining the C-reactive protein to albumin ratio and platelet to lymphocyte ratio, resulting in an AUC value of 0.670
for OS prediction.®> One advantage of these studies is that indicators of routine clinical detection can be used. However,
regardless of the combination is used, the diagnostic value of these integrated indices is poor. In contrast, the combination
of the baseline levels of IL-6, GM-CSF, and MIF had powerful predictive value with AUC values > 0.85 for both OS and
DMFS. In addition, we found that the combination of post-treatment levels of IL-6, GM-CSF, and LIF had the same
prognostic value as the pretreatment levels. Therefore, if the pretreatment blood sample is not collected for various
reasons, the blood sample can still be collected for prognosis analysis after radiotherapy to provide guidance for
subsequent adjuvant treatment.

The present study had several limitations. We only selected patients at the MO stage in this study to more accurately
observe the prognostic effect of research factors on metastasis. Such inclusion criteria led to insufficient sample
representation in predicting OS. Moreover, the levels of inflammatory factors evaluated in this study are likely to change
in different M stages, suggesting that the predictive value of these factors in all NPC patients may vary from the
conclusion of this study. In addition, IL-6, GM-CSF, and MIF are not routinely tested indicators in clinical practice,
indicating that additional detection work is needed, which may limit the application of our research conclusions.
Moreover, external independent studies are needed to validate the conclusion of this study.

Conclusion

In summary, our study indicated that inflammatory factors are powerful prognostic factors. The baseline levels of IL-6,
GM-CSF, and MIF effectively predict the survival and metastasis of NPC patients undergoing radical radiotherapy with
adjuvant chemotherapy.
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