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Objective: The present study aimed to investigate the predictive value of some indexes,
such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lympho-
cyte-to-monocyte ratio (LMR), systemic inflammatory response index (SIRI), and systemic
immune-inflammatory index (SII) in the survival of nasopharyngeal carcinoma (NPC) and
provide reference for the treatment.

Methods: A retrospective analysis was performed on 216 patients from 2016 to 2018. The
cutoff values of these indexes were determined by the receiver operating characteristic
(ROC) curve. The prognostic value of the indexes was evaluated according to the rate of
overall survival (OS), regional recurrence-free survival (RRFS), locoregional recurrence-free
survival (LRRFS), and distant metastasis-free survival (DMFS).

Results: The survival analysis showed that NLR <2.695 (P = 0.017) and PLR <140.065 (P =
0.041) were associated with poor OS; however, the LMR and SIRI showed no significant
statistical significance. NLR <2.045 (P = 0.018) and PLR <125.605 (P = 0.003) were associated
with poor RRFS, LMR <2.535 (P = 0.027) and PLR <140.065 (P = 0.009) were associated with
poor DMFS, NLR <2.125 (P =0.018) and PLR <132.645 (P = 0.026) were associated with poor
LRREFS, respectively. Logistic regression analysis showed that low LMR (<2.535) was signifi-
cantly inferior in OS (HR 23.085, 95% CI 3.425-155.622, P = 0.001) and DMFS (HR 22.839,
95% CI 4.096-127.343, P < 0.001). Moreover, low PLR (<140.065) remained significantly
related to worse OS (HR 11.908, 95% CI 1.295-109.517, P = 0.029) and DMFS (HR 9.556, 95%
CI 1.448-63.088, P = 0.019).

Conclusion: The index LMR and PLR can be used for predicting survival in NPC patients.
Keywords: nasopharyngeal carcinoma, neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte ratio, lymphocyte-to-monocyte ratio, systemic inflammatory response index,

systemic immune-inflammatory index

Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma arises from the naso-
pharyngeal mucosal lining. In the nasopharynx, the tumour often occur at the
pharyngeal recess.' There is a low incidence in the white population and
Northern China, nevertheless the malignancy shows a high incidence in the
Southern part of China. According to the International Agency for Research on

Cancer, in 2018, there were about 129,000 new cases of NPC, and >70% of new
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cases were in Southeast Asia, with an age-standardised
rate of 3.0 per 100,000 in China.> At present, radiotherapy
is the main treatment for NPC, and with the promotion of
comprehensive treatment, the treatment effect and prog-
nosis of NPC patients have been significantly improved.
However, due to individual patient differences, recurrence
and metastasis remain the main causes of treatment failure
for NPC.?

To date, the prognosis of tumors, including NPC, is
largely dependent on TNM stage. However, TNM staging
is distinguished based on different anatomical structures
and does not represent biological heterogeneity in NPC
patients.* For NPC, it is necessary to find some meaningful
prognostic biomarkers. Inflammatory response leads to
chronic oxidative stress and production of oxygen-free
radicals, which is closely related to the occurrence and
development of cancer.” The detection of inflammatory
markers in blood is convenient and low cost, which can
be a prognostic reference index of NPC. At present, many
inflammatory markers such as neutrophils, lymphocytes,
(NLR),
lymphocyte ratio (PLR), and lymphocyte-to-monocyte

neutrophil-to-lymphocyte  ratio platelet-to-
ratio (LMR) have been found to be associated with cancer
prognosis.® ® In addition, systemic inflammatory response
index (SIRI) and systemic immune-inflammatory index
(SII) are essential factors in predicting the survival of
cancer patients.”' However, inflammatory markers are
not tumor-specific indicators, and the relationship between
inflammatory markers and NPC prognosis needs to be
further confirmed.

The complex interactions between tumor cells and
tumor microenvironment (TME) may play an important
role in patient prognosis.11 The host immune response to
the tumor is largely dependent on lymphocytes.'”
Neutrophils are a major source of circulating angiogenesis
regulating chemokines, growth factors and proteases, and
are involved in tumor angiogenesis."® Platelets can secrete
inflammatory cytokines, chemokines, and vascular
endothelial growth factors, promote the migration of
inflammatory cells, and promote tumor angiogenesis and

stroma formation.'*'?

Macrophages and monocytes
secrete tumor necrosis factor-alpha (TNF-a), vascular
endothelial growth factor and epidermal growth factor,
and promote tumgenesis and angiogenesis.'® Combined
analysis of lymphocyte and monocyte levels (such as
LMR) may be a prognostic factor for cancer patients.'’
In recent years, the systemic inflammation response index

(SIRI), an inflammation-based biomarker combining

peripheral monocytes, neutrophils, and lymphocytes
count, showed good prognostic ability in some solid
tumors.'* 2 A pooled analysis showed that NLR, PLR,
and LMR are related to NPC survival outcomes in Asian
populations, but there were some studies on the relation-
ship between inflammatory markers and NPC prognosis
have shown inconsistent results, which need to be further
confirmed.?' In this study, the clinical stages, classifica-
tion, hematological indicators and treatment methods
before treatment were analyzed to evaluate the prognostic

value of these indicators for NPC.

Materials and Methods

Subjects and Samples Collection

We retrospectively analyzed NPC patients treated at the
Meizhou People’s Hospital between January 2016 and
December 2018. The inclusion criteria were as follows:
(1) The pathological diagnosis was nasopharyngeal carci-
noma; (2) Computed tomography (CT) or magnetic reso-
nance imaging (MRI) examination of nasopharynx and
neck were performed before radiotherapy; (3) Complete
blood biological test sheet before treatment. The exclusion
criteria were as follows: (1) Patients with distant metasta-
sis prior to treatment; (2) Patients with serious liver, kid-
ney or heart diseases; (3) Patients with infection, or
hematologic disorder; (4) NPC patients with concurrent
other tumors. The study was conducted on the basis of
the Declaration of Helsinki, and was supported by the
Ethics Committee of the Meizhou People’s Hospital
(Huangtang Hospital) (Clearance No.: 2016-A-50).

A total of 216 NPC patients were included in this
study. Baseline data, including the general information,
related medical history, hematological parameters, staging
(AJCC 8th edition staging), and survival were collected.
The blood samples were collected at admission and 2-3
days before treatment. 2 mL blood sample was taken via
venipuncture of an antecubital vein from each subject and
collected in tube with ethylenediaminetetraacetic acid
(EDTA) as anticoagulant. Erythrocyte correlative indices
were detected by Sysmex XE-2100 blood analyzer
(Sysmex Corporation, Japan) according to the standard
operating procedures (SOP).

Treatment: Radiotherapy and
Chemotherapy

Radiotherapy is an important part of most NPC treatments.
Radiotherapy equipment and technology all adopted Elekta
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Synergy S linear accelerator, image guidance in radiotherapy
(IGRT) technology and Kilovoltage cone beam computed
tomography (kV-CBCT) scanning. The process of IGRT
treatment as follows: (1) Patients are fixed with thermoplastic
body film, positioned under CT simulation, and then the
scanned images are transmitted to the treatment planning
system through local area network. (2) At least one attending
physician and one deputy chief physician shall outline the
target area and organs at risk. According to the guidance of
the International Commission on Radiation Units and
Measurements (ICRU) 50/62, gross tumor volume (GTV)
and clinical target volume (CTV) in adult shall be delineated
respectively. (3) The physicist performs field setting, para-
meter setting and dose calculation to optimize the treatment
plan, transmitted to the Elekta Synergy S linear accelerator.
Volumetric modulated arc therapy (VMAT) has been widely
used in RT for NPC. Patients underwent a CT-scan with
a 3 mm slice thickness. CTV were delineated based on
EORTC 1219 head and neck study protocol. A margin of
3 mm was used to generate the PTV. All patients were
evaluated weekly for treatment response and toxicity during
chemoradiotherapy and radiotherapy. After completion of
radiotherapy, the first follow-up was done within a month
using an indirect fiberoptic nasopharyngoscope and physical
examination.

Patients in stage I received radiotherapy alone, patients
in stage II received concurrent chemoradiotherapy,
patients in stage III and IVa received neoadjuvant che-
motherapy combined with concurrent chemoradiotherapy,
and patients in T4 and N3 received neoadjuvant che-
motherapy combined with concurrent chemoradiotherapy
followed by adjuvant chemotherapy. Neoadjuvant che-
motherapy uses platinum-based two-drug or three-drug
combination regimens for 1-3 courses. Concurrent che-
moradiotherapy was performed with platinum, 1-2 courses
of treatment. Adjuvant chemotherapy used platinum-based
two-drug combination regimen, 1-3 courses; or fluorour-
acil oral chemotherapy drugs, 6—8 courses. Patients in
stage III and IVa received

targeted therapy with

Nimotuzumab once a week during radiotherapy.

Follow-Up

After the completion of treatment, patients received regular
examinations at our outpatient clinics every 3 months during
the first 2 years, every 6—9 months in the 3rd to 5th years, and
annually thereafter. Salvage treatments such as neck nodal
dissection, re-radiotherapy or systemic chemotherapy were
provided to patients with confirmed local-regional relapse or

distant metastatic event. Endpoints included overall survival
(OS), regional recurrence-free survival (RRFS), locoregional
recurrence-free survival (LRRFS), and distant metastasis-
free survival (DMFS).

In this study, OS is defined as time from the date of the
completion of treatment to death from any cause. RRFS is
defined as time from the date of the completion of treat-
ment to recurrence of regional lymph nodes. LRRFS is
defined as time from the date of the completion of treat-
ment to recurrence of local or regional lymph nodes.
DMEFS is defined as time from the date of the completion
of treatment to the date of distant metastasis.

Data Processing

Blood routine results were collected before the treatment and
calculated the inflammation index according to the following
formula: SII = plateletxneutrophil/lymphocyte, SIRI =
monocytexneutrophil/lymphocyte, ~ NLR=neutrophil/lym-
phocyte, PLR=platelet/lymphocyte, LMR = lymphocyte/
monocyte.

Statistical Analysis

Determination of Cutoff Values

The optimal cutoff values of NLR, LMR, PLR, SIRI, and
SII for the predicting survival were determined by receiver
operating characteristic (ROC) curve analysis. The optimal
cut-off points with the highest Youden’s index of NLR,
LMR, PLR, SIRI, and SII for OS, RRFS, DMFS and
LRRFS analysis were selected by ROC curve analysis.

Survival Analysis

Survival curves were plotted using the Kaplan—-Meier method,
and the Log rank test was applied to assess the differences
between survival rates. Survival outcomes in NPC patients
were analyzed. Stage I-II and stage III-IV NPC patients were
analyzed, respectively. The prognostic value of NLR, LMR,
PLR, SIRI, SII, and other variables was assessed by multi-
variate Cox regression analysis. P <0.05 indicated statistically
significant difference. All the analyses were carried out using
SPSS version 21.0.

Results

Patient Characteristics

A total of 216 NPC patients were included in this study,
including 142 (65.7%) male patients and 74 (34.3%)
female patients. One hundred and sixteen (53.7%)
cases were 50 years old or younger, and 100 (46.3%)
cases were older than 50 years old. The tumor stages of
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these patients were mainly in the middle and late stages.
There were 122 (56.5%) patients in the T3-T4 stage,
119 (55.1%) patients in the N2-N3 stage. There were 38
(17.6%) patients in stagel-II, and 178 (82.4%) patients
in stage III-IV (Table 1). The baseline hematologic
markers of 216 NPC patients are shown in Table 2.
There were no statistically significant differences in
neutrophil, monocyte, lymphocyte counts, NLR, LMR,
PLR, SII, and SIRI between patients aged under 50 and
those aged over 50. There were statistically significant
differences in monocyte count (P = 0.003) and LMR
(P = 0.033) between male and female patients, while
there were no statistically significant differences in neu-
trophil, lymphocyte counts, NLR, PLR, SII and SIRI.
There was statistically significant difference in SII (P =
0.044) between T1-T2 and T3-T4 patients, while there
were no statistically significant differences in neutrophil,
monocyte, lymphocyte counts, NLR, LMR, PLR, and
SIRI. There was statistically significant difference in
monocyte count (P = 0.046) between NO-N1 and N2-
N3 patients, while there were no statistically significant
differences in neutrophil, lymphocyte counts, NLR,
LMR, PLR, SII, and SIRI.

Table | Baseline Characteristics of 216 Patients with
Nasopharyngeal Carcinoma
Characteristics N %
Age
<50 116 53.7
>50 100 46.3
Gender
Male 142 65.7
Female 74 343
Diabetes
Yes 19 8.8
No 197 91.2
T-stage
TI-T2 94 435
T3-T4 122 56.5
N-stage
NO-NI 97 44.9
N2-N3 119 55.1
Clinical stage
11l 38 17.6
-1v 178 82.4

Cut-off Values for NLR, LMR, PLR, SII,
and SIRI

The optimal cut-off value for the survival prediction was
determined by ROC curve analysis. When OS was taken
as the endpoint of NLR, LMR, PLR, SII, and SIRI, the
critical value of NLR was 2.695 (sensitivity 65.5%, speci-
ficity 100%), the LMR cutoff value was 2.535 (sensitivity
70.9%, specificity 54.5%), the PLR cutoff value was
140.065 (sensitivity 50.2%, specificity 81.8%), and the
SIRI cutoff value was 1.825 (sensitivity 73.4%, specificity
90.9%) (Figure 1A). When RRFS was used as the end-
point, the NLR cutoff value was 2.045 (sensitivity 58.4%,
specificity 100%), the PLR cutoff value was 125.605
(sensitivity 65.1%, specificity 100%), and the SIRI cutoff
value was 1.025 (sensitivity 61.2%, specificity 80.0%)
(Figure 1B). When DMFS was used as the endpoint, the
NLR cutoff value was 2.695 (sensitivity 59.1%, specificity
63.6%), the LMR cutoff value was 2.535 (sensitivity
71.4%, specificity 63.6%), the PLR cutoff value was
140.065 (sensitivity 50.2%, specificity 81.8%), and the
SIRI cutoff value was 1.795 (sensitivity 72.4%, specificity
81.8%) (Figure 1C). When LRRFS was used as the end-
point, the NLR cutoff value was 2.125 (sensitivity 54.9%,
specificity 87.5%), the LMR cutoff value was 3.065 (sen-
sitivity 59.7%, specificity 50.0%), the PLR cutoff value
was 132.645 (sensitivity 58.3%, specificity 75.0%), and
the SIRI cutoff value was 1.280 (sensitivity 47.6%, speci-
ficity 75.0%) (Figure 1D).

Kaplan—Meier Curves

The Kaplan—Meier survival curves showed that NLR
<2.695 (P = 0.017) (Figure 2A) and PLR <140.065 (P =
0.041) (Figure 2C) were associated with poor OS; how-
ever, the K-M curve of LMR (Figure 2B) and SIRI
(Figure 2D) showed no significant statistical significance
(P > 0.05). The same results were seen in stage I1I-IV NPC
patients (Supplemental Figure 1).

The Kaplan—Meier survival curves showed that NLR
<2.045 (P = 0.018) (Figure 3A) and PLR <125.605 (P =
0.003) (Figure 3C) were associated with poor RRFS; how-
ever, the K-M curve of LMR (Figure 3B) and SIRI
(Figure 3D) showed no significant statistical significance
(P > 0.05). The same results were seen in stage 11I-IV NPC
patients (Supplemental Figure 2).

The Kaplan—Meier survival curves showed that LMR
<2.535 (P = 0.027) (Figure 4B) and PLR <140.065 (P =
0.009) (Figure 4C) were associated with poor DMFS;
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Figure | The ROC curve of NLR, LMR, PLR, SIRI based on the overall survival (OS) (A), regional recurrence-free survival (RRFS) (B), distant metastasis-free survival

(DMFS) (C) and locoregional recurrence-free survival (LRRFS) (D).

however, the K-M curve of NLR (Figure 4A) and SIRI
(Figure 4D) showed no significant statistical significance
(P > 0.05). The same results were seen in stage III-IV NPC
patients (Supplemental Figure 3).

The Kaplan—Meier survival curves showed that NLR
<2.125 (P = 0.018) (Figure 5A) and PLR <132.645 (P =
0.026) (Figure 5C) were associated with poor LRRFS;
however, the K-M curve of LMR (Figure 5B) and SIRI
(Figure 5D) showed no significant statistical significance
(P > 0.05). The K-M curve of NLR, LMR, PLR, and SIRI
showed no significant statistical significance (P > 0.05)

(Supplemental Figure 4).

Logistic Regression Analysis for Survival
of NPC Patients

Logistic multivariate analysis model was used to obtain
the independent predictive factors of survival of NPC.

After adjustment for some potential confounders, such as
age, gender, TNM stage, low LMR (<2.535) was signifi-
cantly inferior in OS (HR 23.085, 95% CI 3.425-155.622,
P = 0.001) and DMFS (HR 22.839, 95% CI 4.096—
127.343, P < 0.001). Moreover, low PLR (<140.065)
remained significantly related to worse OS (HR 11.908,
95% CI 1.295-109.517, P = 0.029) and DMFS (HR 9.556,
95% CI 1.448-63.088, P = 0.019) (Table 3).

Discussion

NPC has distinct geographical distribution characteristics,
and its incidence is mainly concentrated in Southeast
Asia.*? With the progress of medical treatment, the survi-
val rate of patients has been greatly improved. To better
improve the survival rate and quality of life of patients,
individual medical care has attracted more and more atten-

tion previous studies have analyzed the influence of
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Figure 2 The Kaplan—Meier survival curves of NLR (A), LMR (B), PLR (C), SIRI (D) based on the overall survival (OS) in NPC patients.

prognostic factors on NPC patients.”> The analysis of
influencing factors of prognosis helps doctors to improve
patients’ treatment plans further, effectively improve the
survival rate and quality of life of patients, and also help to
promote individualized medical treatment and find a more
suitable plan for patients.

Due to its special anatomical location and sensitivity to
radiation, radiotherapy, especially intensity modulated
radiotherapy (IMRT), has become the standard treatment
for NPC.>* In recent years, targeted therapy has received
more and more attention.”® In terms of prognosis, TNM

staging system is the gold standard for predicting the
prognosis of NPC. However, this system cannot reflect
the biological heterogeneity among tumor individuals.
Reliable biomarkers are of great significance in determin-
ing and improving the prognosis of NPC patients, and can
be an important supplement to the existing TNM staging
system.

The prognosis of tumor is not only related to the local
characteristics of tumor, but also closely related to the
immune and inflammatory responses of the body itself.?®
The host immune response to the tumor is largely
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Figure 3 The Kaplan—Meier survival curves of NLR (A), LMR (B), PLR (C), SIRI (D) based on the regional recurrence-free survival (RRFS) in NPC patients.

dependent on lymphocytes.'> Neutrophils are a major
source of circulating angiogenesis regulating chemokines,
growth factors and proteases, and are involved in tumor
angiogenesis.' Platelets also release a variety of growth
factors and promote angiogenesis.’’ At present, several
inflammatory markers such as neutrophils, lymphocytes,
NLR, and PLR have been found to be associated with
NPC prognosis.?’ The detection of blood inflammatory
markers is convenient and low cost, which can be further
promoted as a prognostic indicator of NPC. Previous stu-
dies on the relationship between inflammatory markers
and NPC prognosis have shown inconsistent results,
which need to be further confirmed.?'

A study performed by Chua et al showed that no
of NPC
patients.”® The study analyzed two published randomized

relationship between NLR and prognosis

controlled trials, including 221 patients with nasopharyn-
geal cancer in the SQNPO1 study and 172 in the NCC0901
study, which used 3.0 as the cut-off for NLR and showed
that high NLR was associated with T stage, N stage, and
overall TNM stage, but there was no statistical association
with OS, DFS, DMFS, and LRFS. In fact, SQNPOI study
and NCC0901
patients and treatment regiments, as well as different

study included significantly different

radiotherapy methods, which may be the main reason for
this negative result. Although clinically standardized
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treatment is carried out according to clinical stages, differ-
ences in the treatment process of different patients may
affect the prognosis, such as differences in treatment meth-
ods and courses. These factors are not included in the
analysis of many studies, including this one, which is
one of the deficiencies of our study.

The threshold determination method is also very
important in the study of the prognostic value of NLR
and PLR, and the specific values used in several published
studies are inconsistent. ROC curve analysis was used to
determine the cut-off value of NLR. Lu et al defined NLR
> 3.73 as the group with high NLR,?® while another study

used 2.28 as the critical value of NLR.*® In our study, the
results of ROC curve analysis showed that for OS, RRFS,
DMEFS, and LRRFS, the AUC of NLR was 0.554, 0.780,
0.559 and 0.646, respectively. Regression analysis showed
that there was no relationship between NLR and OS,
RRFS, DMFS, and LRRFS. This suggests that NLR is
not an independent prognostic factor in NPC patients.
The decrease of LMR indicates the increase of neutrophils
and monocytes or the relative or absolute decrease of lympho-
cyte count. Neutrophils can secrete vascular endothelial-
derived growth factor (VEGF) to provide sufficient microen-
vironment for tumor development.*’ Monocytes can also
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promote tumor growth and angiogenesis by releasing VEGF,
epidermal growth factor (EGF) and tumor necrosis factor-
alpha (TNF-0)) from megakaryocytes.’® At the same time,
in vitro culture experiments showed that neutrophils could
inhibit NK cell activity, and the inhibition degree was propor-
tional to the number of neutrophils.* Study has shown that the
increase of monocytes suggests poor prognosis in some
tumors,** which is consistent with the findings in this study
that NPC group with poor survival has lower LMR than the
NPC patients with better survival group. As an important part
of the body’s immune system to defend against tumor cells,
lymphocytes can inhibit the proliferation and migration of
tumor cells.*® Therefore, lymphocytopenia can weaken the
lymphocyte-dependent
increase the risk of poor prognosis.

host’s anti-tumor response and

Studies have shown that PLR has no relationship with
the prognosis of patients with intensity modulated radio-
therapy for NPC and other head and neck tumors, and
regression analysis showed that PLR has no significant
relationship with PFS, DMFS and LRFS.>*37 However,
PLR has been shown to be associated with NPC.*®
Platelets can not only protect cancer cells by building
a partial physical barrier towards NK cells, but also inter-
fere with the recognition of cancer cells by NK cells.
Platelets can transfer “normal” MHC-class 1 molecules
onto the surface of tumor cells, which makes them unrec-
ognizable as foreign cells and impairs cytotoxicity and
IFN-y production by NK cells. Moreover, platelet-derived
TGF-B diminishes NK cell activity by NKG2D downregu-
lation and inhibition of NK cell antitumor reactivity. TGF-
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B from platelets not only weakens NK cell function, but
also increases tumor cell survival by activating the TGF-p/
Smad and NF-kB pathways, which induce an EMT-like
phenotype in cancer cells and increase metastases in vivo,
and increases proliferation of cancer cells.*’ Moreover,
responses of the adaptive immune system and T-helper
cell 17 differentiation are also regulated by platelets. It
represents a double-edged sword in cancer progression, as
these cells propagate angiogenesis and immunosuppres-
sive activities but are also involved in recruiting immune
cells into tumors and stimulating effector CD8+ T cells.*
The results of this study suggest that low PLR is a factor
of poor survival in NPC. This may be related to the
disorder of platelets, and the specific mechanism needs
further study. Since this study was a relatively small retro-
spective study, it could not represent the all NPC patients,
and the follow-up time was short, which had certain lim-
itations. Therefore, a multi-center, large-sample prospec-
tive study is needed for further confirmation.

Conclusion

The results of this study indicated that LMR and PLR levels
before treatment are associated with the prognosis of NPC
patients, and may be independent risk factors affecting the
prognosis of NPC patients. The detection of LMR and PLR
in blood is convenient and low cost, which can be
a prognostic reference index of NPC and can be used as
a beneficial supplement for the evaluation of NPC patients.
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