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Objective: The present study aimed to evaluate the role of integrating the pretreatment
neutrophil-to-lymphocyte ratio (NLR) into the eighth edition of the AJCC staging system
for nasopharynx cancer in an endemic region.

Methods: Between May 2007 and December 2012, a total of 713 cases with NPC were
retrospectively analyzed. The separation ability in terms of overall survival (OS), local
failure-free survival (LFFS), distant metastasis-free survival (DMFS), and failure-free survival
(FFS) was evaluated. The discriminatory ability was assessed using Harrell’s concordance
index (c-index). Recursive partitioning analysis (RPA) was conducted and incorporated
with pretreatment NLR.

Results: When integrated with NLR, the separate and discriminatory abilities for N
classifications were improved in terms of OS and DMFS, but not for T categories. By
using Recursive partitioning analysis, five subgroups were generated. Compared with the
overall stage, the integration of NLR could not enhance the separate and discriminatory
abilities. However, patients in the RPA 4 group gained significant benefits in terms of OS
(HR 0.390 (95%CI1 0.212-0.716), P = 0.002) and FFS (HR 0.548 (95%CI 0.314-0.958), P =
0.0832) from the additional adjuvant chemotherapy after concurrent chemoradiotherapy.

Conclusion: The integration of NLR into the 8" edition of the AJCC staging system could
enhance the separation and discriminatory abilities for N classifications, but not for T
categories. In addition, patients in the RPA 4 group could benefit from the addition of
adjuvant chemotherapy to concurrent chemoradiotherapy.

Keywords: nasopharynx cancer (NPC), neutrophil-to-lymphocyte ratio (NLR), neoplasm staging, concurrent
chemoradiotherapy (CCRT), adjuvant chemotherapy
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INTRODUCTION

Nasopharynx carcinoma (NPC) is prevalent in South-Eastern
China, Malaysia, Indonesia, Singapore, Eastern Asia, and
Northern Africa, with a high incidence rate of 15-50/100,000
cases per year (1, 2). Radiotherapy in combination with
chemotherapy is the main therapeutic regimen for NPC. With
improvements in diagnostic imaging and radiotherapy
technology and the broader application of systemic therapy,
the prognosis of NPC has improved significantly (3-5).

The American Joint Committee on Cancer (AJCC) Tumor-
Node-Metastasis (TNM) staging system has been widely applied
to estimate curative effects and to help develop therapeutic
strategies. We previously reported recommendations for
updating the T and N staging systems for NPC by comparing
the 2008 Chinese staging system and the 7 AJCC staging system
(6). Recently, the 8™ edition of the AJCC staging system for NPC
was released and is based on large-sample clinical trials using
magnetic resonance imaging (MRI) and intensity modulated
radiation therapy (IMRT) technology (7).

Clinically, patients with the same TNM stage may have
different prognoses, which indicates the heterogeneity among
patients. Therefore, it is essential to integrate other prognostic
factors into the TNM staging system. A set of studies have shown
that when integrated with some biomarkers, the separation and
discriminatory ability can be enhanced in several tumors,
including prostate cancer (8), breast cancer (9), lymphoma
(10), and seminoma (11). Pre-treatment neutrophil-
lymphocyte ratio (NLR) have been proved as an useful
biomarker to predict overall survival in several cancers, such as
gastric cancer (12), breast cancer (13), and nasopharyngeal
carcinoma (14, 15). Several studies have demonstrated that
NPC patients with an elevated pre-treatment NLR had poorer
survival (14, 15). The present study aimed to investigate the role
of integration of the pre-treatment NLR with the eighth edition
of the AJCC staging system for nasopharynx cancer in
an endemic region. In addition, an accurate staging system
could not only predict prognosis, but also guide clinicians in
making treatment decisions. Currently, controversy exists
regarding the role of adjuvant chemotherapy after concurrent
chemoradiotherapy for NPC (16, 17). Therefore, we also aimed
to explore whether the integration of NLR could help stratify
who may benefit from the additional adjuvant chemotherapy.

METHODS AND MATERIALS

Patients

A total of 713 patients with NPC were retrospectively analyzed
between May 2007 and December 2012. Patients who met the
following criteria were included: (1) differentiated or
undifferentiated nonkeratinizing NPC; (2) no distant metastases
upon diagnosis; (3) pretreatment evaluations, including a complete
patient history, physical and neurological examinations,
nasopharynx and neck MRI scans, chest X-ray or computed
tomography (CT) scans, abdominal ultrasonography scans, and
whole-body bone scans; and (4) use of IMRT as the radiotherapy

technology. Three patients had keratinizing carcinoma, and all the
other patients were diagnosed with nonkeratinizing carcinoma. The
median age was 45 years old. A total of 557 patients were male, and
175 were female. Stage classifications were identified according to
the 8" edition of the AJCC staging system by two radiation
oncologists. If discordance existed between the two radiologists, a
third physician’s opinion was obtained. The patient characteristics
are shown in Table 1. Blood routine, including the items of
neutrophil and lymphocyte counts, is conducted by automatic
blood analyzer before treatment (China, Shenzhen, Mindray
BC6900). Considering several studies had demonstrated that
NPC patients with an elevated pre-treatment NLR had poorer
survival, and the median of pre-treatment NLR of 713 patients was
2.07 (range, 0.63-12.03), so it was chosen as the cut-off. The Ethics
Committee of Guangxi Medical University Cancer Hospital
approved the study protocol, and informed consent forms were
signed by participants. The data were anonymously analyzed, and
all the participants’ personal information is confidential. The
research was performed in accordance with relevant guidelines
and regulations.

TABLE 1 | Characteristics of patients with nasopharyngeal carcinoma.

Characteristics Number of patients (%)

Sex
male 544 (76.3%)
female 169 (23.7%)
Age, years’ 45 (16-86)
KPS
70-80 274 (38.4%)
90-100 439 (61.6%)
T classification®
™ 69 (9.7%)
T2 215 (30.2%)
T3 286 (40.1%)
T4 143 (20.1%)
N classification*
NO 62 (8.7%)
N1 252 (35.3%)
N2 294 (41.2%)
N3 105 (14.7%)
Clinical stage*
| 16 (2.2%)
I 139 (19.5%)
Il 329 (46.1%)
VA 229 (32.1%)
Neutrophil, k/cc’ 4.03 (0.74-14.32)
Lymphocyte, g/L" 1.93 (0.43-5.57)
NLR
<2.07 358 (50.2%)
>2.07 355 (49.8%)
Treatment regimens
IMRT 79 (11.1%)
CCRT 184 (25.8%)
CCRT+AC 331 (46.4%)
IC+CCRT 51 (7.2%)
IC+CCRT+AC 53 (7.4%)
IC+IMRT 8 (1.1%)
IC+IMRT+AC 7 (1.0%)

*The 8th ediition American Joint Committee on Cancer staging system; ' The median and
the range of values; NLR, Neutrophil-to-lymphocyte ratio; IMRT, Intensity modulated
radiotherapy; CCRT, Concurrent chemoradiotherapy; IC, Induction chemotherapy; AC,
Adjuvant chemotherapy.
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Treatment Strategies

A detailed description of IMRT has been previously published
(18). The prescribed dose was 68-74 Gy applied to the primary
tumor, 60-71 Gy applied to any involved cervical lymph nodes,
60-66 Gy applied to the high-risk regions, and 54-60 Gy applied
to the low-risk regions in 30-32 fractions/6-7 weeks. Those with
stage I disease underwent IMRT alone. For patients with stage II-
IVb disease, IMRT was administered in combination with a
platinum-based chemotherapy regimen.

Follow-Up and Statistical Analysis
Follow-up was conducted from the day of diagnosis to either the day
of death or the day of the last follow-up. Patients were evaluated
every 3 months during the first two years, every 6 months during the
next three to five years, and annually thereafter until death.
Statistical analyses were performed with SPSS software
(version 16.0, SPSS Inc., Chicago, IL). The endpoints, including
overall survival (OS), distant metastasis-free survival (DMEFS),
local failure-free survival (LFFS), and failure-free survival (FFS)
were calculated using the Kaplan-Meier method, and the
differences were assessed with the log-rank test. Multivariate
analyses with the Cox proportional hazards model were carried
out. The discriminatory performance was evaluated via Harrell’s
concordance index (c-index) (19). The c-index was calculated
using the package “rms” (20) in R version 3.5.1 (http://www.r-
project.org/). To compare the c-indexes, bootstrap datasets with
1000 repetitions were performed. Recursive partitioning analysis
(RPA) for OS was conducted with ordinal T- and N- categories
and pre-treatment NLR to derive RPA stages objectively. The
RPA algorithm is based on the optimized binary partition of T-
or N- categories or NLR, which would result in subgroups with
relatively homogeneous survival performance. All P-values were
two-sided, and P < 0.05 was considered statistically significant.

RESULTS

With a median follow-up of 77 months (range, 2-134 months), a
total of 171 (24%) patients died, 121 (17%) developed distant
metastasis, and 65 (9.1%) developed local recurrence. Univariate
analysis showed that patients with a pretreatment NLR > 2.07
had poor OS (HR 1.710 (95%CI 1.257-2.325), P = 0.001), DMFS
(HR 1.476 (95%CI 1.029-2.118), P = 0.033), and FFS (HR 1.475
(95%CI 1.125-1.934), P = 0.005) than those with a NLR < 2.07,
while no significant difference was found in LFFS (HR 1.194
(95%CI 0.734-2.118), P = 0.475) (Figure 1). The univariate
analysis also indicated that sex, age (continuous), and T and N
classifications were significant prognostic factors for OS. The
multivariate analysis revealed that age (continuous), pre-
treatment NLR, and T and N classifications were significant
factors for OS (details are shown in Table 2).

T Classification

The OS and LFFS curves for the T categories are shown in
Figure 2. Based on the 8™ edition staging system, there were
significant differences in OS between the T subgroups, except in
the comparison of the T1 and T2 classifications (details are

shown in Figure 2A). However, there only existed a significant
difference in LFFS between T4 and the other T categories (P <
0.05; Figure 2B). When integrated with NLR, a significant
difference in OS was found between “T'1-2 & NLR < 2.07” and
“T1-2 & NLR > 2.07”, but no significant differences existed
between “T1-2 & NLR > 2.07” and “T3-4 & NLR < 2.07”, “T3-4
& NLR <2.07” and “T'3-4 & NLR > 2.07” (Figure 2C). Regarding
LFES, significant differences were only observed between “T1-2
& NLR <2.07” and “T3-4 & NLR < 2.07”, “T1-2 & NLR < 2.07”
and “T'3-4 & NLR > 2.07” (Figure 2D). After integration of NLR,
the C-index became smaller for both OS and LFFS (details are
shown in Table 3), which meant that the discriminatory ability
was not improved.

N Classification

The OS and DMES curves for the N subsets are shown in
Figure 3. Significant differences were found between the N
subsets in terms of OS and DMFS for the 8 edition AJCC
staging system, except for comparison of the NO and N1 as well
as N2 and N3 classifications (details are shown in Figures 3A, B).
After integration of NLR, there were significant differences in OS
between the updated subgroups except for the comparison of
“NO-1 & NLR > 2.07” and “N2-3 & NLR < 2.07” (Figure 3C). In
terms of DMFS, there were still no significant differences
between the “N0-1 & NLR < 2.07” and “N0-1 & NLR > 2.07”
subgroups and between the “N2-3 & NLR < 2.07” and “N2-3 &
NLR > 2.07” subgroups. Cox multivariate regression analysis
showed that the N classifications were independent prognostic
indicators of DMFES and OS in the two staging systems (P<
0.001). When integrated with NLR, significant improvements in
the C-index of OS and DMFS were observed (details are shown
in Table 3).

Recursive Partitioning Analysis

Recursive partitioning analysis classified NPC patients into eight
categories with disparate outcomes for OS (Figure 4). Then 5-
year overall survival rates in each group were calculated by using
the Kaplan-Meier method, with 95.9%, 87.2%, 87.4%, 82.0%,
83.7%, 79.5%, 74.0%, and 67.8% in eight subgroups, respectively.
Those with 5-year OS > 90% were classified as the best prognosis
group (RPA1), and those with 5-year OS <70% were classified as
the poor prognosis group (RPA5). Those with 5-year OS > 70%,
and <80% were identified the intermediate prognosis group
(RPA4). Those with 5-year OS > 80%, and <90% were
identified as the good prognosis group. The good prognosis
group consisted of four subgroups, and the 5-year rates of OS
were 87.2%, 87.4%, 82.0%, and 83.7%, respectively. Then the
good prognosis group was divided into two groups. The two
subgroups with 5-year OS of 87.2% and 87.4% were merged into
RPA2, and the other two subgroups with 5-year OS of 82.0%, and
83.7% were merged into RPA3 (Figure 4). Five-year OS was
significantly different between RPA groupings (RPA1 to RPA5:
95.9%, 87.3%, 83.0%, 76.4%, and 67.8%, respectively). Figure 5
shows the FFS and OS curves for the overall stage and RPA
groups. According to the 8™ AJCC staging system, significant
differences were found between the clinical stages in terms of OS
and FES, except for comparison of stages I and II (details are
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FIGURE 1 | Kaplan-Meier survival curves for 713 patients stratified by the cutoff of NLR. NLR, Neutrophil-to-lymphocyte ratio. (A) Overall survival; (B) Failure-free

TABLE 2 | Univariate and multivariate analyses for the overall survival using Cox regression model.

Endpoints Univariate analysis

HR (95%Cl)

P Multivariate analysis P

HR (95%Cl)

Sex

Female vs male 0.680 (0.461-1.004)
Age
Continuous 1.042 (1.029-1.056)
Chemotherapy

Yes vs No 0.976 (0.612-1.558)
T classification

T3-4vs T1-2 2.490 (1.751-3.540)
N classification

N2-3 vs NO-1 1.849 (1.342-2.547)
NLR

>2.07 vs <2.07 1.710 (1.257-2.325)

0.05 0.753 (0.508-1.115) 0.156
<0.001 1.047 (1.033-1.062) <0.001
0.919
<0.001 2.036 (1.422-2.915) <0.001
<0.001 1.941 (1.398-2.695) <0.001
0.001 1.5698 (1.166-2.177) 0.003

HR, Hazard Ratio; NLR, Neutrophil-to-lymphocyte ratio.

shown in Figures 5A, B). When using the RPA stages, patients
with RPA1 stage had better OS than those with RPA2 stage,
but no significant differences were observed between patients
with the RPA2 and RPA3 stages, between the RPA3 and RPA4

stages, and between the RPA4 and RPA5 stages (Figure 5C).
Regarding FFS, significant differences were found between the
subgroups, except for the comparisons of the RPA1 and RPA2,
RPA2 and RPA3, and RPA3 and RPA4 groups (Figure 5D). The
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FIGURE 2 | Kaplan-Meier survival curves of 713 patients stratified by the T and T & NLR classifications. NLR, Neutrophil-to-lymphocyte ratio. (A, C) Overall survival;

c-indexes of OS and FFS were not improved when using RPA
classifications (details are shown in Table 4).

We performed subgroup analyses to explore whether the
integration of NLR could help identify who may benefit from
the additional adjuvant chemotherapy by comparing concurrent
chemoradiotherapy followed by adjuvant chemotherapy versus
concurrent chemoradiotherapy alone. When using the 8™
edition AJCC staging system, no significant benefits of
adjuvant chemotherapy were found in any stage groups. For
those 206 patients in RPA4, 77.2% (159/206) patients received
concurrent chemoradiotherapy alone or concurrent
chemoradiotherapy followed by adjuvant chemotherapy. We
observed that patients in the RPA 4 group gained significant
OS benefits (HR 0.390 (95%CI 0.212-0.716), P = 0.002) and FFS
(HR 0.548 (95%CI 0.314-0.958), P = 0.032) from the additional
adjuvant chemotherapy (Figure 6). However, no significant
survival benefits were found for the additional adjuvant
chemotherapy to concurrent chemoradiotherapy for other RPA
groups. Meanwhile, the value of induction chemotherapy was
also investigated. A total of 119 patients (16.7%) received

induction chemotherapy, with 9 in RPA 1, 17 in RPA 2, 20 in
RPA 3, 34 in RPA 4, and 39 in RPA 5, respectively. Then we
compared the efficacy of the treatment regimens with or without
induction chemotherapy in RPA 4 and 5 groups. It was found
that no survival benefits were gained from induction
chemotherapy in both RPA 4 and 5 groups.

DISCUSSION

In the present study, we explored the role of integrating pre-
treatment NLR with the 8 edition AJCC staging system. We
observed that the integration of NLR could enhance the separate
and discriminatory abilities for the N category, but not for the T
classification. In addition, it could help identify who may benefit
from the additional adjuvant chemotherapy after
concurrent chemoradiotherapy.

In a meta-analysis involving 7,031 patients, an increased NLR
was related to a poor OS and PFS (PES) (21), which was
consistent with the present study. In another two retrospective
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TABLE 3 | Univariate analysis for T and N classifications associated with overall survival, local failure-free survival, and distant metastasis free survival.

HR (95%Cl) P C-index HR (95%Cl) P C-index P*
os oS
T reference T1-2&NLR < 2.07 reference <0.001
T2 1.231 (0.587-2.579) 0.583 0.632 T1-2&NLR>2.07 1.947 (1.054-3.598) 0.033 0.628
T3 2.409 (1.205-4.815) 0.013 (0.590-0.674) T3-4&NLR < 2.07 2.803 (1.647-4.772) <0.001 (0.585-0.671)
T4 4.119 (2.031-8.353) <0.001 T3-4&NLR>2.07 3.826 (2.320-6.308) <0.001
LFFS LFFS 0.088
1N reference T1-2&NLR < 2.07 reference <0.001
T2 2.956 (0.683-12.798) 0.147 0.626 T1-28NLR>2.07 1.859 (0.755-4.577) 0.177 0.580
T3 3.259 (0.768-13.832) 0.109 (0.558-0.694) T3-4&NLR < 2.07 2.666 (1.227-5.796) 0.013 (0.511-0.649)
T4 7.680 (1.808-32.629) 0.006 T3-4&NLR>2.07 2.299 (1.067-4.953) 0.034
0s 0s
NO reference NO-1&NLR < 2.07 reference <0.001
N1 1.245 (0.628-2.468) 0.531 0.593 NO-1&NLR>2.07 2.104 (1.225-3.614) 0.007 0.610
N2 2.002 (1.035-3.875) 0.039 (0.552-0.635) N2-3&NLR < 2.07 2.229 (1.329-3.737) 0.002 (0.567-0.653)
N3 2.810 (1.395-5.663) 0.004 N2-3&NLR>2.07 3.268 (2.003-5.332) <0.001
DMFS DMFS
NO reference NO-1&NLR < 2.07 reference <0.001
N1 1.551 (0.538-4.472) 0.416 0.640 NO-1&NLR>2.07 1.238 (0.590-2.596) 0.573 0.644
N2 3.683 (1.339-10.131) 0.012 (0.591-0.689) N2-3&NLR < 2.07 2.611 (1.411-4.830) 0.002 (0.593-0.694)
N3 5.549 (1.962-15.697) 0.001 N2-3&NLR>2.07 3.770 (2.098-6.775) <0.001

P* < 0.05 was considered statistically significant difference between the two c-indexes. HR, Hazard Ratio; NLR, Neutrophil-to-lymphocyte ratio; OS, Overall survival; LFFS, Local failure-free

survival; DMFS, Distant metastasis-free survival.

studies, Liao et al. and Ye et al. also observed that patients with a
high NLR had significantly lower PFS and OS (15, 22). What is
the potential mechanism by which NLR can affect tumor
prognosis? As is well known, the tumor microenvironment
(TME) plays a key role in tumorigenesis, proliferation,
invasion, and metastasis. As inflammatory markers,
neutrophils and lymphocytes are both important components
of TME (23, 24). Neutrophils can activate tumor initiation by
inducing the formation of reactive oxygen species (ROS), reactive
nitrogen species (RNS) and proteases, as well as promoting
tumor proliferation (23). In addition, neutrophils can also
motivate metastasis formation via inhibiting natural killer
function and facilitating the extravasation of tumor cells
through the secretion of IL1f and matrix metalloproteinases
(25). Several studies have reported the potential mechanism why
neutrophil correlate with poor prognosis of cancer patients.
Wang et al. found that patients with gastric cancer showed a
significantly higher neutrophil infiltration in tumors, and the
tumor-activated neutrophils fostered immune suppression and
disease progression through granulocyte-macrophage colony-
stimulating factor-PD-L1 (GM-CSF-PD-L1) pathway (26). In
2021, Kajioka et al. reported that neutrophil extracellular traps
(NETs) induced the epithelial to mesenchymal transition in
pancreatic cancer cells and thereby promoted their migration
and invasion (27). Lymphocyte, including cytotoxic T cells, Th1l
helper cells and B cells, can orchestrate tumor cell elimination
(24). Therefore, an abundance of lymphocytes may result in poor
prognoses. That is to say if patients have higher level of
neutrophil and lower level of lymphocyte, their prognoses may
be poor.

The peripheral NLR may become an easily measured, cost-
effective and reproducible marker associated with clinical
practice. However, there still exist some issues that need to be
resolved. For example, the cutoff of NLR is not unique in
different research institutes, ranging from 2.28 to 5.0 according
to the published results (21). It is also unclear whether the level of
NLR can be altered to improve prognosis by targeted treatment.
Therefore, more studies need to be performed to assess the
widespread use of this biomarker.

In the era of precision medicine, heterogeneities among
patients require oncologists to integrate other prognostic
factors into the TNM staging system. For example, prostatic
specific antigen (PSA), as a powerful biomarker for prostate
cancer, has been merged into the AJCC staging system to help
divide patients into different risk groups (8). The expression
levels of estrogen receptors (ER) and progesterone receptors
(PR), as well as Her-2 for breast cancer, guide oncologists in
predicting prognosis and developing the corresponding
therapeutic strategies (9). Our study showed that the
integration of NLR could help improve the separation and
discriminatory abilities for the N category, but not for T
classification. It is urgent to conduct multicenter studies to
identify the role of integrating NLR with the TNM staging
system for NPC.

Currently, the role of adjuvant chemotherapy (AC) after
concurrent chemoradiotherapy (CCRT) for NPC is still
unclear. A multicenter randomized controlled trial and a
retrospective study with 2,263 patients both showed that the
addition of adjuvant chemotherapy to CCRT could not provide
significant survival benefits (16, 28). However, a multi-
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survival; (B, D) Distant metastasis failure-free survival.
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institutional retrospective study with 380 patients in the CCRT
alone arm and 327 patients in the CCRT-AC arm revealed that
AC can significantly improve survival (17). In the present study,
we observed that patients in the group RPA 4 (T3-4NO-
1&NLR>2.07, or T3-4N2-3&NLR < 2.07) may gain a survival
benefit from the addition of adjuvant chemotherapy to
concurrent chemoradiotherapy. However, the samples in both
arms were not large. It is essential to conduct prospective trials
with large samples to verify the results.

There are some limitations of the present study. First, as a
retrospective study, selection bias may have occurred because
patients were included only if they met specific selection
criteria. However, these findings can help us design and
conduct prospective studies to investigate the truth. Second,
the sample size was not large. Third, the patients were from a
single hospital, which may result in selection bias. Finally, a set
of studies has shown that the presence of Epstein-Barr viral
DNA (EBV DNA) in plasma (29) has a significant influence on
the prognosis of NPC patients. However, these relevant data
are not available for all patients, and plasma EBV DNA assay
by RT-PCR (reverse transcription-polymerase chain reaction)
is not yet a routine investigation in many centres, especially in
low income countries and cities. Additionally, most published
studies are based on laboratory-derived test of the individual
institute: the lowest detection limit varies widely among
different institutions, resulting in variation in false-negative
rates and recommended cutoff values (30). Therefore,
considering that the updated stage system should have wide
popularization and application prospects, we did not include
this factor in the analysis.

In summary, the integration of NLR into the 8™ edition of the
AJCC staging system could significantly improve the separation
and discriminatory abilities for N classification, but not for T
category. Additionally, it could help stratify patients who may
gain a survival benefit from the addition of adjuvant

chemotherapy to concurrent chemoradiotherapy. More
prospective trials with large samples are essential to verify
these results.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethics Committee of Guangxi Medical
University Cancer Hospital. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

X-DZ contributed to conception and design of the study. Z-GL,
FZ, K-GL, LH, and FS organized the database. Z-GL and FZ
performed the statistical analysis. Z-GL, FZ, and YL wrote the
first draft of the manuscript. LL, SQ, B-BY, and YG wrote
sections of the manuscript. All authors contributed to
manuscript revision, read, and approved the submitted version.

FUNDING

This work was sponsored by grants from the National Natural
Science Foundation of China (No. 81760544), Key R&D

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 724467


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liang et al.

Neutrophil-to-Lymphocyte Ratio for Nasopharynx Cancer

Program of Guangxi (AB18221007), Project of Guangxi Medical
and Health Appropriate Technology Development and
Extension Application (No. S2018001), Guangxi Natural
Science Foundation (No. 2020GXNSFBA159002), the Health

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Petersson F. Nasopharyngeal Carcinoma: A Review. Semin Diagn Pathol
(2015) 32:54-73. doi: 10.1053/j.semdp.2015.02.021

. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin (2018) 68:394—
424. doi: 10.3322/caac.21492

. Sun Y, Li WF, Chen NY, Zhang N, Hu GQ, Xie FY, et al.

Induction Chemotherapy Plus Concurrent Chemoradiotherapy Versus
Concurrent Chemoradiotherapy Alone in Locoregionally Advanced
Nasopharyngeal Carcinoma: A Phase 3, Multicentre, Randomised
Controlled Trial. Lancet Oncol (2016) 17:1509-20. doi: 10.1016/S1470-2045
(16)30410-7

. Hong RL, Hsiao CF, Ting LL, Ko JY, Wang CW, Chang JTC, et al. Final

Results of a Randomized Phase III Trial of Induction Chemotherapy Followed
by Concurrent Chemoradiotherapy Versus Concurrent Chemoradiotherapy
Alone in Patients With Stage IVA and IVB Nasopharyngeal Carcinoma-
Taiwan Cooperative Oncology Group (TCOG) 1303 Study. Ann Oncol (2018)
29:1972-9. doi: 10.1093/annonc/mdy249

. Ribassin-Majed L, Marguet S, Lee AWM, Ng WT, Ma ], Chan ATC, et al.

What Is the Best Treatment of Locally Advanced Nasopharyngeal
Carcinoma? An Individual Patient Data Network Meta-Analysis. J Clin
Oncol (2017) 35:498-505. doi: 10.1200/jc0.2016.67.4119

. Liang ZG, Chen XQ, Niu ZJ, Chen KH, Li L, Qu S, et al. Recommendations for

Updating T and N Staging Systems for Nasopharyngeal Carcinoma in the Era
of Intensity-Modulated Radiotherapy. PloS One (2016) 11:¢0168470.
doi: 10.1371/journal.pone.0168470

. PanJJ, Ng WT, Zong JF, Chan LL, O’Sullivan B, Lin SJ, et al. Proposal for the

8th Edition of the AJCC/UICC Staging System for Nasopharyngeal Cancer in
the Era of Intensity-Modulated Radiotherapy. Cancer (2016) 122:546-58.
doi: 10.1002/cncr.29795

. Abdel-Rahman O. Assessment of the Prognostic Value of the 8th AJCC

Staging System for Patients With Clinically Staged Prostate Cancer; A Time to
Sub-Classify Stage IV? PloS One (2017) 12:e0188450. doi: 10.1371/
journal.pone.0188450

. Nicolini A, Ferrari P, Dufty MJ. Prognostic and Predictive Biomarkers in

Breast Cancer: Past, Present and Future. Semin Cancer Biol (2018) 52:56-73.
doi: 10.1016/j.semcancer.2017.08.010

Thacker N, Bakhshi S, Chinnaswamy G, Vora T, Prasad M, Bansal D, et al.
Management of Non-Hodgkin Lymphoma: ICMR Consensus Document.
Indian ] Pediatr (2017) 84:382-92. doi: 10.1007/s12098-017-2318-0

Motzer R], Jonasch E, Agarwal N, Beard C, Bhayani S, Bolger GB, et al.
Testicular Cancer, Version 2.2015. ] Natl Compr Canc Netw (2015) 13:772-99.
doi: 10.6004/jnccn.2015.0092

Lieto E, Galizia G, Auricchio A, Cardella F, Mabilia A, Basile N, et al.
Preoperative Neutrophil to Lymphocyte Ratio and Lymphocyte to
Monocyte Ratio Are Prognostic Factors in Gastric Cancers Undergoing
Surgery. ] Gastrointest Surg (2017) 21:1764-74. doi: 10.1007/s11605-017-
3515-x

Ethier JL, Desautels D, Templeton A, Shah PS, Amir E. Prognostic Role of
Neutrophil-to-Lymphocyte Ratio in Breast Cancer: A Systematic Review
and Meta-Analysis. Breast Cancer Res (2017) 19:2. doi: 10.1186/s13058-016-
0794-1

Yao JJ, Zhu FT, Dong ], Liang ZB, Yang LW, Chen SY, et al. Prognostic Value
of Neutrophil-to-Lymphocyte Ratio in Advanced Nasopharyngeal
Carcinoma: A Large Institution-Based Cohort Study From an Endemic
Area. BMC Cancer (2019) 19:37. doi: 10.1186/s12885-018-5236-2

Liao LJ, Hsu WL, Wang CT, Lo WC, Cheng PW, Shueng PW, et al. Prognostic
Impact of Pre-Treatment Neutrophil-to-Lymphocyte Ratio (NLR) in

Commission of Guangxi Zhuang Autonomous Region
(N0.Z20200333). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Nasopharyngeal Carcinoma: A Retrospective Study of 180 Taiwanese
Patients. Clin Otolaryngol (2018) 43:463-9. doi: 10.1111/c0a.12992

Chen L, Hu CS, Chen XZ, Hu GQ, Cheng ZB, Sun Y, et al.
Adjuvant Chemotherapy in Patients With Locoregionally Advanced
Nasopharyngeal Carcinoma: Long-Term Results of a Phase 3 Multicentre
Randomised Controlled Trial. Eur J Cancer (2017) 75:150-8. doi: 10.1016/
j-€jca.2017.01.002

Kim YS, Ahn YC, Lee CG, Cho KH, Moon SH, Wu HG, et al. The Role of
Adjuvant Chemotherapy After Definitive Chemoradiation Therapy in
Locoregionally Advanced Nasopharyngeal Carcinoma in a Non-Endemic
Area: Multi-Institutional Retrospective Study Using Propensity Score
Matching Analysis. Int ] Radiat Oncol Biol Phys (2018) 100:1326. doi:
10.1016/j.ijrobp.2017.12.054

Liang ZG, Chen XQ, Lin GX, Yu BB, Chen KH, Zhong QL, et al. Significant
Survival Benefit of Adjuvant Chemotherapy After Concurrent
Chemoradiotherapy in Locally Advanced High-Risk Nasopharyngeal
Carcinoma. Sci Rep (2017) 7:41449. doi: 10.1038/srep41449

Harrell FEJr., Lee KL, Mark DB. Multivariable Prognostic Models: Issues in
Developing Models, Evaluating Assumptions and Adequacy, and Measuring
and Reducing Errors. Stat Med (1996) 15:361-87. doi: 10.1002/(sici)1097-
0258(19960229)15:4<361::aid-sim168>3.0.co;2-4

Rms E F COMMAJ.RX.X.X H. Regression Modeling Strategies. R Package
Version 5.1-2. Available at: http://biostat.mc.vanderbilt.edu/wiki/Main/RmS
(Accessed January 06, 2018).

Yang S, Zhao K, Ding X, Jiang H, Lu H. Prognostic Significance of
Hematological Markers for Patients With Nasopharyngeal Carcinoma: A
Meta-Analysis. ] Cancer (2019) 10:2568-77. doi: 10.7150/jca.26770

Ye L, Oei RW, Kong F, Xu T, Shen C, Wang X, et al. Prognostic Values of
Hematological Biomarkers in Nasopharyngeal Carcinoma Patients Treated
With Intensity-Modulated Radiotherapy. Eur Arch Otorhinolaryngol (2018)
275:1309-17. doi: 10.1007/s00405-018-4956-x

Ocana A, Nieto-Jimenez C, Pandiella A, Templeton AJ. Neutrophils in
Cancer: Prognostic Role and Therapeutic Strategies. Mol Cancer (2017)
16:137. doi: 10.1186/s12943-017-0707-7

Taube JM, Galon J, Sholl LM, Rodig SJ, Cottrell TR, Giraldo NA, et al. Implications
of the Tumor Immune Microenvironment for Staging and Therapeutics. Mod
Pathol (2018) 31:214-34. doi: 10.1038/modpathol.2017.156

Spiegel A, Brooks MW, Houshyar S, Reinhardt F, Ardolino M, Fessler E, et al.
Neutrophils Suppress Intraluminal NK Cell-Mediated Tumor Cell Clearance
and Enhance Extravasation of Disseminated Carcinoma Cells. Cancer Discov
(2016) 6:630-49. doi: 10.1158/2159-8290.cd-15-1157

Wang TT, Zhao YL, Peng LS, Chen N, Chen W, Lv YP, et al. Tumour-
Activated Neutrophils in Gastric Cancer Foster Immune Suppression and
Disease Progression Through GM-CSF-PD-L1 Pathway. Gut (2017) 66:1900—
11. doi: 10.1136/gutjnl-2016-313075

Kajioka H, Kagawa S, Ito A, Yoshimoto M, Sakamoto S, Kikuchi S, et al.
Targeting Neutrophil Extracellular Traps With Thrombomodulin Prevents
Pancreatic Cancer Metastasis. Cancer Lett (2021) 497:1-13. doi: 10.1016/
j.canlet.2020.10.015

Liu LT, Chen QY, Tang LQ, Guo SS, Guo L, Mo HY, et al. Neoadjuvant or
Adjuvant Chemotherapy Plus Concurrent CRT Versus Concurrent CRT
Alone in the Treatment of Nasopharyngeal Carcinoma: A Study Based on
EBV DNA. J Natl Compr Canc Netw (2019) 17:703-10. doi: 10.6004/
jncen.2018.7270

Huang CL, Sun ZQ, Guo R, Liu X, Mao YP, Peng H, et al. Plasma Epstein-Barr
Virus DNA Load After Induction Chemotherapy Predicts Outcome in
Locoregionally Advanced Nasopharyngeal Carcinoma. Int J Radiat Oncol
Biol Phys (2019) 104:355-61. doi: 10.1016/j.ijrobp.2019.01.007

Lee AWM, Lee VHF, Ng WT, Strojan P, Saba NF, Rinaldo A, et al. A
Systematic Review and Recommendations on the Use of Plasma EBV DNA

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 724467


https://doi.org/10.1053/j.semdp.2015.02.021
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S1470-2045(16)30410-7
https://doi.org/10.1016/S1470-2045(16)30410-7
https://doi.org/10.1093/annonc/mdy249
https://doi.org/10.1200/jco.2016.67.4119
https://doi.org/10.1371/journal.pone.0168470
https://doi.org/10.1002/cncr.29795
https://doi.org/10.1371/journal.pone.0188450
https://doi.org/10.1371/journal.pone.0188450
https://doi.org/10.1016/j.semcancer.2017.08.010
https://doi.org/10.1007/s12098-017-2318-0
https://doi.org/10.6004/jnccn.2015.0092
https://doi.org/10.1007/s11605-017-3515-x
https://doi.org/10.1007/s11605-017-3515-x
https://doi.org/10.1186/s13058-016-0794-1
https://doi.org/10.1186/s13058-016-0794-1
https://doi.org/10.1186/s12885-018-5236-2
https://doi.org/10.1111/coa.12992
https://doi.org/10.1016/j.ejca.2017.01.002
https://doi.org/10.1016/j.ejca.2017.01.002
https://doi.org/10.1016/j.ijrobp.2017.12.054
https://doi.org/10.1038/srep41449
https://doi.org/10.1002/(sici)1097-0258(19960229)15:4%3C361::aid-sim168%3E3.0.co;2-4
https://doi.org/10.1002/(sici)1097-0258(19960229)15:4%3C361::aid-sim168%3E3.0.co;2-4
http://biostat.mc.vanderbilt.edu/wiki/Main/RmS
https://doi.org/10.7150/jca.26770
https://doi.org/10.1007/s00405-018-4956-x
https://doi.org/10.1186/s12943-017-0707-7
https://doi.org/10.1038/modpathol.2017.156
https://doi.org/10.1158/2159-8290.cd-15-1157
https://doi.org/10.1136/gutjnl-2016-313075
https://doi.org/10.1016/j.canlet.2020.10.015
https://doi.org/10.1016/j.canlet.2020.10.015
https://doi.org/10.6004/jnccn.2018.7270
https://doi.org/10.6004/jnccn.2018.7270
https://doi.org/10.1016/j.ijrobp.2019.01.007
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liang et al.

Neutrophil-to-Lymphocyte Ratio for Nasopharynx Cancer

for Nasopharyngeal Carcinoma. Eur J Cancer (2021) 153:109-22.
doi: 10.1016/j.¢jca.2021.05.022

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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Liang, Zhang, Li, Li, Qu, Su, Yu, Guan, Han, Li and Zhu. 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.

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 724467


https://doi.org/10.1016/j.ejca.2021.05.022
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Integration of the Pre-Treatment Neutrophil-to-Lymphocyte Ratio in the Eighth Edition of the AJCC Staging System for Nasopharynx Cancer
	Introduction
	Methods and Materials
	Patients
	Treatment Strategies
	Follow-Up and Statistical Analysis

	Results
	T Classification
	N Classification
	Recursive Partitioning Analysis

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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 false
  /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 false
  /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 false
  /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


