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Abstract
Objective  The aim of this analysis was to evaluate the prognostic significance of inflammatory biomarkers (NLR, dNLR, 
PLR and LMR) in NPC patients.
Methods  This was a retrospective analysis of 111 NPC patients from January 2013 and December 2016. Receiver-operating 
characteristic (ROC) curve was plotted to determine the cut-off values of these inflammatory biomarkers. Univariate analysis 
and multivariate Cox regression model were used to evaluate the association between these parameters and progression-free 
survival (PFS) and overall survival (OS).
Results  The optimal critical value of NLR was 2.02, by which cases were divided into high NLR group (NLR ≥ 2.02) and 
low NLR group (NLR < 2.02). The elevated NLR was significantly associated with decreased OS (P = 0.009) and remained 
significant in multivariate analysis (HR 8.48, 95% CI 1.69–42.46, P = 0.009).
Conclusions  The before treatment NLR may be an independent prognostic biomarker for OS in patients with NPC. NLR, 
dNLR and PLR might be a useful complement to TNM staging in the prognosis evaluation of NPC patients.

Keywords  Nasopharyngeal carcinoma · Inflammatory biomarkers · NLR · Progression-free survival (PFS) · Overall 
survival (OS) · Prognosis

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most com-
mon head and neck cancers in Southern China with unique 
ethnic and geographic distributions [1, 2]. Patients with 
undifferentiated NPC accounts for 90% of cases in endemic 
regions [3]. Radiotherapy is the primary care for early-stage 
disease, while concurrent chemoradiotherapy is the standard 
treatment for advanced NPC [4]. Like other solid tumors, the 
prognosis of NPC mainly depends on TNM staging system 
[5]. Although the TNM stage is a very important and widely 
accepted as a predictor for prognosis, which currently pos-
sess some limitations as it does not reflect tumor heteroge-
neity. Patients with the same TNM and receiving similar 
treatment strategies exhibit different clinical behaviors and 
outcomes [6]. Therefore, we need to find out a new way to 
complement NPC prognosis.

Previous data had shown that inflammation plays a 
critical role in the metastasis and progression of can-
cer by facilitating angiogenesis and inhibiting apopto-
sis [7].Some inflammatory biomarkers, such as NLR 
(neutrophil-to-lymphocyte ratio), dNLR (derived 
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neutrophil-to-lymphocyte ratio), PLR (platelet-to-lym-
phocyte ratio), LMR (lymphocyte-to-monocyte ratio), 
have been found to be related to the prognosis of various 
cancers, such as laryngeal carcinoma, colorectal cancer, 
non-small cell lung cancer, gastric cancer [8–11]. The ele-
vated systemic inflammation response is associated with a 
poor survival [12]. However, few studies regarding these 
biomarkers in patients with NPC are available. Therefore, 
the aim of this analysis was to investigate the prognostic 
role of the inflammatory biomarkers (NLR, dNLR, PLR 
and LMR) in NPC.

Materials and methods

Patients

All patients were diagnosed with NPC between January 
2013 and December 2016 at our hospital. The patients with 
early-stage (T1–2N0) diseases were treated with radio-
therapy only. The cases with advanced-stage disease were 
treated with concurrent chemoradiotherapy. Inclusion crite-
ria were as follows: (1) histologically confirmed with NPC; 
(2) pathological type with low differentiation squamous 
cancer; (3) complete clinical information and laboratory 
data; (4) no history of other malignancy; (5) no infection or 
inflammatory condition. Exclusion criteria were as follows: 
(1) invalid or incomplete clinical data; (2) unwilling attend 
to follow-up or lost contact during research period; (3) previ-
ously treated in an external hospital; (4) active concomitant 
infection and acute attack of chronic inflammatory disease. 
The diagnosis of NPC was made depended on histological 
evidence and clinical stage according to the 8th edition of 
the American Joint Committee on Cancer (AJCC) staging 
system. All clinicopathological data utilized in the present 
study were retrospectively obtained from each patient’s 
medical records. Written consent was obtained in all the 
participants.

Follow‑up

Each patient received regular follow-up regularly until June 
2020 or until death (every 3 months for the first 2 years, 
every 6 months in years 3–5 and annually thereafter). Fol-
low-up visit included clinical examination, radiological 
assessment and electronic nasopharyngoscope. The time of 
progression-free survival (PFS) and overall survival (OS) 
were calculated from date of histological diagnosis to the 
date of disease progressed, death or last follow-up respec-
tively, whichever came first. The median follow-up time was 
59 months.

Blood samples

The before treatment blood samples were obtained before 
first treatment, and which were blinded to the clinical 
materials. The blood samples are routine examinations 
before treatment. The NLR, dNLR, PLR and LMR were 
constructed as follows: NLR = neutrophils count to lym-
phocytes count, dNLR = neutrophils count to (white cell 
count—neutrophils count), PLR = platelet count to lym-
phocytes count, and LMR = platelet count to monocyte 
count. Patients without information on blood samples and 
patients with baseline leukocyte counts > 10 × 10^9/L were 
excluded, as this might portend infection or hematologic 
conditions.

Statistical analysis

Statistical analysis was carried out by SPSS 23.0 (IBM 
SPSS, Chicago, IL, USA). Receiver-operating curve 
(ROC) analysis was applied to determine the area under 
the curve (AUC) and ideal cut-off values of NLR, dNLR, 
PLR and LMR. Survival curves were performed by 
Kaplan–Meier survival analysis. The significance of each 
clinicopathological parameter (age, gender, disease stage) 
and inflammatory response index (NLR, dNLR and PLR) 
with PFS and OS were analyzed using the log-rank test. 
Multivariate Cox regression model was performed to 
determine the effect of variables achieving significant level 
of P < 0.05. Ninety-five percent confidence intervals (95% 
CI) of hazard risk (HR) were used as common measures 
to assess relative risk. P < 0.05 was considered to indicate 
a statistically significant difference.

Results

Association of clinicopathological characteristics 
with PFS and OS in patients with NPC

A total of 111 patients were eligible for this analysis. Clin-
icopathological characteristics are presented in Table 1. 
Briefly, the cohort included 77 male and 34 female patients 
with a median age of 63 years (range 12–74 years). The 
demographic form of patients' characteristics is shown in 
Fig. 1. The median PFS and OS times were 44 months 
(range 3–90 months) and 53 months (range 5–90 months), 
respectively. Of the 111 patients, 59 (53.15%) developed 
tumor progression and 50 (45.05%) died within the fol-
low-up period. The 1-year, 3-year and 5-year overall sur-
vival rate were 92.79%, 82.88% and 57.5% for the whole 
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cohort, respectively. We found a significant correlation 
between age and PFS (P = 0.025). Meanwhile, age, gender 
and distant metastasis or not also found to significantly 
affected the OS time (P = 0.012, P = 0.045 and P = 0.034, 
respectively).

The optimal cut‑off values for NLR, dNLR and PLR

The ROC curves, using death as an end-point for NLR, 
dNLR and PLR are shown in Fig. 2. The areas under curve 
(AUC) for NLR, dNLR, PLR and LMR were 0.647, 0.635, 
0.570 and 0.415 respectively. Because of AUC of LMR less 
than 0.5, we do not think LMR has application value. The 
ideal cut-off values based on OS were 2.02 for NLR (86.0% 
sensitivity and 44.3% specificity), 1.60 for dNLR (82.0% 
sensitivity and 42.6% specificity) and 266.65 for PLR (72.0% 
sensitivity and 88.5% specificity) by ROC curve analysis. 
Patients were divided into two groups based on the ideal 
cut-off values, with a high group ≥ the optimal cut-off values 
and a low group < the optimal cut-off values. The association 
of two groups with OS in patients with NPC is presented in 
Table 2. The mortality in the low group of NLR was 20.6% 
and in the high group of NLR was 55.8% (P = 0.009, Fig. 3). 
The mortality in the low group of dNLR was 25.7% and in 
the high group of dNLR was 53.9% (P = 0.035, Fig. 3). The 
mortality in the low group of PLR was 40.0% and in the high 
group of NLR was 66.7% (P = 0.047, Fig. 3).

Likewise, using the progression of disease as end-point 
for NLR, dNLR and PLR, the ROC curves are shown in 
Fig. 4. The areas under curve (AUC) for NLR, dNLR, and 
PLR were 0.627, 0.623, and 0.573 respectively. The ideal 
cut-off values based on PFS were 2.02 for NLR (81.4% 
sensitivity and 44.2% specificity), 1.34 for dNLR (91.5% 

Table 1   Univariate analysis of 
clinicopathological variables 
according to PFS and OS

Statistically significant results were in bold
OS overall survival, RF recurrence-free survival, TNM tumor-node-metastasis, NLR neutrophil-to-lympho-
cyte ratio, dNLR derived neutrophil-to-lymphocyte ratio (white cell count–neutrophil count), PLR platelet-
to-lymphocyte

Parameters No. of patients (%) PFS
No. of relapses (%)

χ2 P value OS
No. of death (%)

χ2 P value

Gender
 Male 77 (69.4) 44 (57.1) 2.078 0.149 39 (50.6) 4.034 0.045
 Female 34 (30.6) 15 (44.1) 11 (32.4)

Age at operation
 < 63 86 (77.5) 42 (48.8) 5.042 0.025 34 (39.5) 6.327 0.012
 ≥ 63 25 (22.5) 17 (68.0) 25 (100)

Tumor-invasion depth
 T1 + T2 72 36 1.472 0.225 29 1.987 0.159
 T3 + T4 39 23 21

Lymph node metastasis
 Absence 5 (4.5) 4 1.451 0.228 3 0.808 0.369
 Presence 106 (95.5) 55 47

Distant metastasis
 M0 95 (85.6) 48 (50.5) 3.339 0.068 40 (42.1) 4.470 0.034
 M1 16 (14.4) 11 (68.9) 10 (62.5)

TNM stage
 I + II 20 8 1.922 0.166 6 3.013 0.083
 III + IV 91 51 44

Fig. 1   The demographic form of patients' characteristics, the numbers 
of patients aged ≤ 40 years were 13, aged 41–50 years were 38, aged 
51–60 years were 26, aged 61–70 years were 30, aged > 70 years were 
4. The median age was 63 years, the mean age was 52.55 years
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sensitivity and 30.8% specificity) and 151.89 for PLR (55.9% 
sensitivity and 59.6% specificity) by ROC curve analysis. 
The tumor progressed in 11 (32.4%) out of 34 patients 
with NLR < 2.02 and in 48 (62.3%) out of 77 patients with 
NLR ≥ 2.02 (P = 0.013, Fig. 5), 5 (23.8%) out of 21 patients 
with dNLR < 1.34 and in 54 (60%) out of 90 patients with 
dNLR ≥ 1.34 (P = 0.013, Fig. 5), and 25 (44.6%) out of 56 
patients with PLR < 151.89 and in 34 (61.8%) out of 55 

patients with PLR ≥ 151.89 (P = 0.132, Fig.  5), respec-
tively. In the present study, the NLR and dNLR were asso-
ciated with PFS, whereas PLR was not associated with PFS 
(Table3).

According to multivariate analysis, age, gender, distant 
metastasis or not and NLR were independent prognostic fac-
tors for OS (P = 0.025, P = 0.012 P = 0.007 and P = 0.009, 
respectively; Table 4). It was showed that high NLR, high 
age, male and distant metastasis were associated with worse 
OS. On univariate analyses, high age was associated with 
worse PFS (P = 0.025, Table5).

Discussion

Currently, studies have shown that the invasion ability of 
malignant tumors is not only related to the essential char-
acteristics of tumor cells, but also depends on the inflam-
matory microenvironment. The specific mechanism may be 
as follows: inflammatory mediators and cytokines secreted 
by inflammatory cells can stimulate the body to produce a 
series of stress responses, leading to excessive accumulation 
of inflammatory cells, resulting in negative biological effects 
of cell oxidative damage, and affecting the body's micro-
environment, which eventually leads to the transformation 

Fig. 2   Optimal cut-off levels 
for NLR, dNLR and PLR 
were applied with ROC curves 
for OS. AUC: NLR = 0.647, 
dNLR = 0.635, PLR = 0.634, 
LMR = 0.415, and true 
area = 0.5. AUC​LMR < 0.5, we 
do not think LMR has applica-
tion value

Table 2   Univariate analysis of NLR、dNLR and PLR according to 
OS

Statistically significant results were in bold

Parameters No. of patients 
(%)

No. of death (%) χ2 P value

NLR
 NLR < 2.02 34 (30.6) 7 (20.6) 6.925 0.009
 NLR ≥ 2.02 77 (69.4) 43 (55.8)

dNLR
 dNLR < 1.60 35 (31.5) 9 (25.7) 4.460 0.035
 dNLR ≥ 1.60 76 (68.5) 41 (53.9)

PLR
 PLR < 266.65 90 (81.1) 36 (40.0) 3.955 0.047
 PLR ≥ 266.65 21 (18.9) 14 (66.7)
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of normal cells to tumor cells, and enhances the ability of 
tumor growth, invasion and metastasis [13, 14]. The inflam-
matory microenvironment is mainly composed of inflam-
matory cells, and neutrophils, lymphocytes, platelets and 
monocytes in the peripheral blood are easily obtained.

Neutrophils are generally considered to have antibacterial 
functions. However, more and more studies have proved that 
tumor-associated neutrophils (TAN) play an important role 
in cancer biology. TAN can be divided into N1 (anti-tumor 

type) and N2 (tumor-promoting type) according to different 
activation pathways [15]. TAN is of N2 type in the presence 
of transforming growth factor β(TGF-β). N2TAN can secrete 
angiogenic factors, chemokines, cytokines and reactive oxy-
gen species, which promote tumor development. Lympho-
cytes are an important cell component of the body's immune 
response process. During the malignant growth of tumors, 
its main function is to inhibit the development of tumors 
through immune surveillance. Ts cells and NK cells induce 

Fig. 3   Kaplan–Meier curves predicting OS, groups categorized by the before treatment NLR, dNLR and PLR

Fig. 4   Optimal cut-off levels 
for NLR, dNLR and PLR were 
applied with ROC curves for 
PFS. AUC: NLR = 0.627, 
dNLR = 0.623, PLR = 0.573, 
LMR = 0.444, and true 
area = 0.5. AUCLMR < 0.5, we 
do not think LMR has applica-
tion value
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cancer cell apoptosis and inhibit tumor growth by secret-
ing interferon-γ (IFN-γ) [16, 17]. Th17 cells secrete a high 
level of cytokines, including IFN-γ, and tumor necrosis fac-
tor (TNF), which mediate the antitumor effects [18]. Plate-
lets store various angiogenesis regulators, such as VEGF, 
platelet-derived growth factor, and fibroblast growth factor. 
Most of these angiogenesis regulators have been proved 
to be direct or indirectly participate in the angiogenesis 
of tumor cell growth. Hyperplatelet is considered to be an 
important factor affecting the prognosis of cancer patients. 
Tumor-associated macrophages (TAM) exist in the tumor 
microenvironment, which can promote angiogenesis and 
immunosuppression, enhance tumor progression and growth 
[19].

NLR, dNLR, PLR and LMR as the ratio of absolute 
counts between two types of inflammatory cells.

Jin et al. found that NLR before treatment is considered to 
be an independent predictor of survival in patients with meta-
static nasopharyngeal carcinoma [20]. In this study, elevated 
NLR was significantly associated with poor PFS and OS of 

the NPC patients. In addition, NLR was the independent prog-
nostic factor for OS of NPC patients. The result was consistent 
with the finding of existing research [21, 22]. Moreover, we 
found that the dNLR was significantly associated with poor 
PFS and OS of the NPC patients, which were rarely found 
in other studies. This was our new discovery. The relatively 
high PLR was associated with poor OS of the NPC patients. 
However, PLR was not the independent prognostic factor in 
this study. The result was consistent with the finding of Lu 
et al. [23]. There was no significant correlation between LMR 

Fig. 5   Kaplan–Meier curves predicting OS, groups categorized by the before treatment NLR, dNLR and PLR

Table 3   Univariate analysis of NLR、dNLR and PLR according to 
PFS

Statistically significant results were in bold

Parameters No. of patients 
(%)

No. of relapses 
(%)

χ2 P value

NLR
 NLR < 2.02 34 (30.6) 11 (32.4) 6.231 0.013
 NLR ≥ 2.02 77 (69.4) 48 (62.3)

dNLR
 dNLR < 1.34 21 (18.9) 5 (23.8) 6.228 0.013
 dNLR ≥ 1.34 90 (81.1) 54 (60.0)

PLR
 PLR < 151.89 56 (50.5) 25 (44.6) 2.266 0.132
 PLR ≥ 151.89 55 (49.5) 34 (61.8)

Table 4   Multivariate analysis of clinicopathological variables accord-
ing to OS time

The age, gender, distant metastasis or not and NLR were independent 
prognostic factors for OS according to multivariate analysis. The risk 
of death in NLR ≥ 2.02 patients was 8.480 times that of NLR < 2.02 
patients

Variable Hazard ratio (95%CI) P value

Age at operation
 < 63 1 (reference) 0.025
 ≥ 63 2.038 (1.092–3.805)

Gender
 Male 2.193 (1.101–4.369) 0.012
 Female 1 (reference)

Distant metastasis
 M0 1 (reference) 0.007
 M1 2.945 (1.343–6.459)

NLR
 NLR < 2.02 1 (reference) 0.009
 NLR ≥ 2.02 8.480 (1.693–42.461)

dNLR
 dNLR < 1.60 1 (reference) 0.264
 dNLR ≥ 1.60 0.438 (0.103–1.865)

PLR
 PLR < 266.65 1 (reference) 0.810
 PLR ≥ 266.65 1.091 (0.537–2.216)
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level and prognosis in NPC patients. At present, there are 
very few studies on the prognosis of NPC patients with before 
treatment LMR. This study has some limitations. First, this 
paper is based on a single-center retrospective research with 
only a small number of patients enrolled. For the furthermore 
endeavor, we would conduct a multi-center large-scale pro-
spective research to further verify the correlations between 
inflammation and the prognosis of NPC patients. Second, 
from clinical judgment, there are many pathological types of 
nasopharyngeal carcinoma. This paper only focused on the 
most popular pathological type—low differentiation squamous 
cancer, which led to a limitation in the number of patients 
enrolled. In the future, we will expand more pathological types 
and explore the correlations between different pathological 
types and prognosis of NPC patients. Finally, we did not col-
lect blood samples from patients after treatment, which made it 
very hard to observe the changes on inflammatory indicators of 
all the NPC patients after treatment. Therefore, in future series 
of researches, we will pay attention to the dynamic changes of 
inflammatory indicators in relevant patients between before 
treatment and post-treatment, so as to further clarify the rela-
tionship between inflammatory response indicators and the 
prognosis of patients with nasopharyngeal carcinoma.

In summary, NLR, dNLR and PLR, as indicators of sys-
temic inflammatory response, have certain significance in the 
prognostic evaluation of patients with nasopharyngeal carci-
noma. At the same time, due to easy access, low cost, and 
easy acceptance by patients, the inflammatory indicators may 
be useful complements to the prognosis evaluation of NPC 
patients.

Conclusion

In the current study, we found that the before treatment 
NLR was independent prognostic factor for OS in NPC 
patients. The elevated NLR, dNLR and PLR were linked 
to poor prognosis in NPC patient. NLR, dNLR and PLR 
mightbe a useful complement to TNM staging in the prog-
nosis evaluation of NPC patients. At present, it is still 
necessary to find the best cut-off value of the inflammatory 
response indicators for evaluating the prognosis of NPC 
patients in my country through domestic multi-center and 
large-sample research, and to clarify its diagnosis, curative 
effect evaluation and prognosis judgment for NPC patients 
through prospective studies.
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