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Abstract

Background
Systemic inflammatory responses have important roles in the development and progression of cancer, including the propensity for
metastasis. A high neutrophil-to-lymphocyte ratio (NLR) is associated with poor prognosis in nasopharyngeal carcinoma (NPC), but the
underlying mechanisms are not clear. Vascular endothelial growth factor (VEGF) has been reported to be involved in the recruitment of
pro-angiogenic neutrophils in tumor metastasis progress. Therefore, we focused on the correlations among NLR, neutrophil count, and
VEGF during metastasis and explored the reasons for changes of NLR in advanced NPC.

Methods
Consecutive patients who had been investigated with magnetic resonance imaging and irradiated with intensity-modulated
radiotherapy(IMRT) from November 2011 to December 2012 were studied retrospectively. Clinical parameters (NLR, neutrophil count)
were measured and their association with NPC stage advancement and VEGF were assessed using the Kruskal–Wallis test.
Associations with patient survival were analyzed using the Kaplan–Meier method and log-rank test.

Results
NLR was elevated in advanced N stage (P < 0.0001) and M stage disease (P = 0.0034), but not T stage disease (P = 0.7049). Changes to
the NLR in advanced N stage and M stage disease were affected most strongly by neutrophil count (P = 0.0074 and P = 0.0064,
respectively) and higher NLR levels were associated with higher neutrophil count (P < 0.0001). NLR > 2.26 and positive VEGF expression
(+++) correlated significantly with distant metastasis-free survival (P = 0.0340 and P = 0.0023, respectively). Neutrophil counts
correlated positively with VEGF expression (P = 0.0024) in NPC tissue.

Conclusion
Our results demonstrate a positive correlation between NLR, neutrophil count, and VEGF expression in NPC. Higher NLR and VEGF
expression are associated with distant metastasis-free survival among patients with NPC, which implies that they set a basis of
immune activation in advanced nasopharyngeal carcinoma.

Introduction
The occurrence of nasopharyngeal carcinoma (NPC) is rare worldwide but has reached epidemic proportions in Southeast Asia. In
southern China, the annual incidence of NPC is 15 − 30 cases per 100,000 people [1]. The treatment strategy for NPC is mainly based
on the tumor-node-metastasis (TNM) staging system. Radiotherapy alone is generally effective for early stage NPC, while
chemoradiotherapy remains the standard treatment for patients with advanced disease [2]. However, even after definitive
chemoradiotherapy, 15%−30% of patients eventually develop distant metastases (DM), which is the major cause of death among
patients with NPC [3, 4].

Previous work has demonstrated that a high neutrophil-to-lymphocyte ratio (NLR) is associated with DM and poor treatment outcomes
in patients with NPC [5 − 9], which suggests that NLR may represent an easily measurable and inexpensive prognostic marker in NPC.
However, the underlying changes in cell counts that drive NLR alterations remain unclear.

NLR is the ratio of two sub-types of white blood cells: neutrophils and lymphocytes. Recent studies suggest that these inflammatory
makers have a critical role in the immune system and the inflammatory response during various stages of carcinogenesis including
initiation, invasion, progression, and metastasis [10–12]. Neutrophils initiate interactions between cancer cells and endothelial cells in
the vicinity of the primary tumor microenvironment to expedite metastasis via the release of growth factors such as vascular
endothelial growth factor (VEGF) and proteases [13]. Lymphocytes act to prevent tumor cell proliferation and migration [14]. However,
whether alterations in these cell counts result in elevated NLR during NPC progress is controversial [15, 16]. Here, we revealed that
neutrophils have a crucial function in the metastasis of NPC.
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VEGF is an important prognostic marker and therapeutic target in NPC [17] and is produced by tumors is known to recruit pro-
angiogenic neutrophils, which are associated with the development of DM [18, 19]. We hypothesized that there is a link between these
clinical variables and the levels of relevant cytokines in NPC progression. In this study, we focused on the relationship between NLR
and immune cells in metastatic progress. We also explored the mechanisms underlying changes in NLR in metastatic NPC.

Methods

Patients
The study protocol was approved by the ethics committee of Fujian Cancer Hospital, and informed consent was obtained from all
patients. We reviewed the records of 834 patients with NPC who were irradiated consecutively with IMRT at our hospital between
November 2011 and December 2012. Pretreatment evaluations included complete medical history, physical examination,
nasopharyngoscopy examination, dental evaluation, standard laboratory tests, chest radiography or computed tomography, bone scan,
and abdominal ultrasound. None of the patients had received any cancer-specific treatment at the time of data collection. Patients with
evidence of infection, hematological disease, renal dysfunction, or hyperpyrexia were excluded from the study. A diagnosis of NPC was
made via endoscopy-guided biopsy. Disease re-staging was defined according to the criteria of the 8th edition of the American Joint
Committee on Cancer staging system.

Tissue Samples And Laboratory Tests
VEGF expression were measured in 834 patients. Tumor samples were collected from a total of 62 patients, then immediately frozen in
liquid nitrogen and stored at − 80 °C, followed by immunohistochemical staining with rabbit anti-human VEGF (1:100; Abcam Inc.,
Cambridge, MA, USA). VEGF expression was described as ‘+’, ‘++’, or ‘+++’ to denote weak, moderate, or strong positive staining,
respectively. Thirty percent of all positive cells were weakly positive (+), 30–71% were moderately positive (++), and 29% were strongly
positive (+++) [20].

Laboratory data, including total white blood cell (WBC), neutrophil, lymphocyte and platelet counts, NLR and PLR ratios (based on
counts per µL of whole blood), hemoglobin (Hb) level, and red cell width distribution (RDW) were measured as part of the automated
complete blood count on a Sysmex XE-2100 analyzer (Sysmex Corporation, Japan).

Statistical analysis
Receiver operating characteristic (ROC) curves were constructed to select cut-off values for the stratification of patients based on
pretreatment laboratory parameters. Data are expressed as the median and interquartile range (IQR) or mean and 95% confidence
interval (CI), as appropriate. Laboratory parameters in patient and control groups were compared with Student’s t-tests for variables
with normal distribution or with the Mann–Whitney U-test for abnormally distributed variables. All DM-free survival curves were
analyzed only for M0 stage patients and constructed using the Kaplan–Meier method, then analyzed with the log-rank test and
multivariate Cox-regression analysis. The associations between laboratory parameters and tumor stage were assessed using the
Kruskal–Wallis test. Univariate logistic regression was used as a statistical model to show the probability of NLR versus neutrophil
counts values. Statistical significance was defined as P < 0.05 (two-tailed). All analyses were performed using Prism 5 (GraphPad
Software, La Jolla, CA, USA) and SPSS version 17 (SPSS, Chicago, IL, USA) software.

Results

NLR predicts outcome in NPC patients with distant metastasis
Table 1 depicts the basic characteristics of all patients included in the study. To assess the association with DM-free survival, we
categorized the M0 stage NPC patients (785) into groups using NLR, PLR, and WBC cut-off values of 2.26, 87.6, and 6.9, respectively,
based on the results of ROC curve analyses (data not shown). Patients with high baseline NLR (≥ 2.26) had worse DM-free survival
than patients with low baseline NLR (< 2.26; P = 0.034, HR: 1.5, 95%CI: 1.1–1.9; Fig. 1A). However, no significant association between
DM-free survival and PLR or WBC was detected (Fig. 1B and C).
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Table 1
Clinicopathological characteristics of

NPC patients
Characteristic No. of Patients (%)

Gender  

Male 612(73.4)

Female 222(26.6)

Age(yrs)  

≤ 50 491(58.9)

> 50 343(41.1)

T category  

T1 119(14.3)

T2 181(21.7)

T3 272(32.6)

T4 262(31.4)

N category  

N0 6(0.7)

N1 179(21.5)

N2 463(55.5)

N3 186(22.3)

M category  

M0 785(94.1)

M1 49(5.9)

Clinical stages  

Stage I 7(0.8)

Stage II 49(5.9)

Stage III 411(49.3)

Stage IV 367(44.0)

NLR and neutrophil count changes are associated with advanced N and M stage Next, we examined changes in clinical parameters in
NPC patients stratified according to TNM stage (Table 2 and Fig. 2). Kruskal–Wallis analysis revealed that NLR and neutrophil counts
were significantly associated with increasing N stage (P < 0.0001 and P = 0.0074, respectively) and significantly higher in the M1
compared with the M0 subgroup (P = 0.0034 and P = 0.0064, respectively; Fig. 2A and B). Both had no significant association with T
stage (P = 0.7049 and P = 0.2133, respectively; Table 2).
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Table 2
Association between hematologic markers TNM stage in NPC

  NLR P
value

PLR P
value

Lymphocyte

(109/L)

P
value

Neutrophil

(109/L)

P
value

Platelet

(109/L)

P
value

T
category

                   

T1 2.2(0.7 
− 7.7)

  123.9(52.7 
− 249.8)

  1.9(0.9 − 
4.5)

  4.1(1.8 − 
10.7)

  236.5(109.0 
− 393.0

 

T2 2.1(0.8 
− 13.4)

0.7049 122.9(52.8 
− 504.6)

0.2844 1.9(0.4 − 
3.8)

0.7513 4.0(1.9 − 
10.9)

0.2133 239.0(127.0 
− 433.0

0.0012

T3 2.1(0.7 
− 12.4)

  118.3(41.8 
− 353.9)

  2.0(0.7 − 
5.4)

  4.0(1.5 − 
13.0)

  230.5(103.0 
− 447.0

 

T4 2.1(0.7 
− 9.4)

  124.6(50.9 
− 370.8)

  1.9(0.6 − 
4.5)

  4.2(1.4 − 
11.3)

  243.0(124.0 
− 483.0

 

N
category

                   

N0 2.0(0.8 
− 6.5)

  110.1(52.1 
− 357.9)

  2.0(0.7 − 
3.0)

  3.9(1.6 − 
8.8)

  220.5(109.0 
− 345.0

 

N1 2.0(0.7 
− 12.4)

< 
0.0001

121.9(52.7 
− 504.6)

0.0024 2.0(0.6 − 
4.5)

0.1653 4.0(1.5 − 
13.0)

0.0032 236.5(109.0 
− 483.0)

0.0164

N2 2.1(0.7 
− 13.4)

  121.2(41.8 
− 435.2)

  1.9(0.4 − 
3.9)

  4.0(1.4 − 
11.3)

  237.0(103.0 
− 475.0)

 

N3 2.7(0.8 
− 7.7)

  136.1(51.0 
− 439.0)

  1.8(0.6 − 
5.4)

  4.6(2.1 − 
10.7)

  250.0(124.0 
− 434.0)

 

M
category

                   

M0 2.1(0.7 
− 13.0)

0.0034 122.5(41.8 
− 504.6)

0.3038 1.9(0.4 − 
5.4)

0.6609 4.0(1.4 − 
13.0)

0.0064 237.0(103.0 
− 483.0)

0.0782

M1 2.4(1.1 
− 9.0)

  123.9(60.9 
− 359.8)

  2.0(0.9 − 
3.8)

  4.7(2.4 − 
9.5)

  251.0(158.0 
− 475.0)

 

Correlation Between NLR, Neutrophil Count Levels, And Metastasis
Univariate logistic regression showed the baseline NLR levels were significantly associated with neutrophil count (P < 0.0001) (Fig. 3A
and B), but not lymphocyte count (Table 2). In other words, higher NLR was associated with higher neutrophil counts. Furthermore, N3
stage patients (Fig. 3A) and DM patients (Fig. 3B) in NPC showed a positive correlation with elevated NLR, which was dominated by
neutrophil counts.

Neutrophil count is positively associated with tumor VEGF expression in NPC patients

Figure 4A shows that DM-free survival worsened significantly if VEGF expression was strongly positive (+++; P = 0.0023, HR: 3.66,
95%CI: 1.82–15.79). Kruskal–Wallis analysis revealed that neutrophil count was significantly associated with VEGF expression (P = 
0.0024, Fig. 4B), which suggests that tumor VEGF production may contribute to the increase in neutrophil count.

Discussion
Elevated NLR has previously been reported to be a risk factor for DM and an indicator of poor prognosis in NPC patients [5 − 9],
although the reasons for this are obscure. In this retrospective study, we found that increases in NLR and neutrophil count were
significantly associated with lymph node involvement and DM. For the first time, we found that in the process of NPC metastasis,
changes in NLR were driven by an increase in neutrophil count, which correlated significantly with VEGF expression.
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Among the parameters examined here, NLR and PLR showed an association with advanced lymph node involvement (N3) (Fig. 2A and
Table 2), but only NLR was significantly associated with DM and DM-free survival. This finding is consistent with others reported in
similar studies of head and neck cancer, which showed that PLR was not significantly associated with survival [21 − 23]. However,
increasing evidence suggests that PLR is a useful prognostic factor for lung and colon cancer [24, 25]. This apparent discrepancy may
be caused by tumor heterogeneity, among other factors. Taken together, our results implicate a neutrophil-dependent inflammatory
response in the development of NPC metastasis.

Neutrophils actively participate in various steps of the metastatic cascade [26 − 29]. Our finding here that neutrophil counts increase
with advancing NPC is consistent with previous studies showing that myeloid cells facilitate tumor advancement by promoting an
inflammatory tumor microenvironment, which is required for epithelial–mesenchymal transition, intravasation, and tumor metastasis
[30]. The previously published finding that neutrophils release growth factors such as VEGF and specific proteases [31, 32] supports
our finding that VEGF expression was positively associated with neutrophil count in NPC tissue.

We found that NPC patients had significantly lower lymphocyte counts than healthy controls (Table 3); however, there was no obvious
association of lymphocyte count with either advancing disease stage or the development of metastasis (Table 2). Lymphocytes play
an essential role in the anti-tumor immune response, impeding tumor cell proliferation and migration and inducing cell death [33]. Thus,
although lymphocytes affect tumor growth, they likely have little influence on metastasis in NPC.

Table 3

  controls NPC patients P value

WBC (109/L) 6.3(2.4 − 15.3) 6.8 (3.3 − 14.9) < 0.0001

Neutrophil (109/L) 3.4(1.2 − 11.7) 4.0 (1.41 − 13.03) < 0.0001

Lymphocyte (109/L) 2.1(0.7 − 4.9) 1.9 (0.42 − 5.36) < 0.0001

Platelet (109/L) 223(35 − 401) 238 (103 − 483) < 0.0001

Hb (g/L) 143(90 − 175) 141 (79 − 176) 0.0178

RDW (%) 13.1(10.9 − 19.4) 12.9 (10.4 − 19.9) < 0.0001

NLR 1.61(0.58 − 7.46) 2.12(0.65 − 9.36) < 0.0001

PLR 105.2(40.4 − 253) 122.79 (41.81 − 504.63) < 0.0001

Comparison of laboratory parameters in NPC patients and healthy control subjects

VEGF is a tumor-produced growth factor that contributes to tumor angiogenesis and metastasis [34 − 38], and high VEGF expression
has previously been associated with poor prognosis in patients with NPC [39]. The significant correlation between VEGF and neutrophil
count demonstrated here may provide the immunological basis for the clinical observation that a very high NLR is correlated with poor
survival [5 − 9]. The association identified in the present study suggests that these parameters could be markers for the precise curative
effect of the anti-VEGF monoclonal antibody bevacizumab, which is currently used to treat NPC [40].

There are several limitations to this study. First, it was retrospective. Second, the number of patients with stage I/II NPC was low (7 and
49 patients, respectively), which may have reduced the statistical power for the subgroup analysis. Thus, our observations must be
validated in a large-scale prospective study. Moreover, further work is required to detect the mechanism for increased NLR in NPC
metastasis.

Conclusions
These findings indicate that there is a close interaction between NLR, neutrophil count, and VEGF in NPC-related metastasis. Among all
the factors investigated in this study, a stage-dependent increase in neutrophil count, which correlated positively with tumor VEGF
expression, contributed most strongly to changes in NLR in the progression of locally advanced and metastatic NPC.

Abbreviations
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Figure 1

Kaplan–Meier distant metastasis-free survival curves for NPC patients stratified by hematological parameters. Patients were assigned
to two groups based on cut-off values for (a) NLR, (b) PLR, and (c) WBC, as determined by ROC curve analysis. The cut-off values were:
(a) ≥2.26 and <2.26, (b) ≥87.6 and <87.6, and (c) ≥6.9 and <6.9.
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Figure 2

Correlation between NLR and neutrophil in lymph node involvement and distant metastasis. (a) and (b) NLR was elevated in patients
with N or M stage disease (P<0.0001 and P=0.0034, respectively). (c) and (d) Neutrophil counts in patients with N or M stage disease
(P=0.0074 and P=0.0064, respectively).
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Figure 3

Correlation between NLR, neutrophil and metastasis. (a) and (b) Linear regression analysis of NLR level and neutrophil count showed
higher NLR levels were associated higher neutrophil count (P<0.0001). (a) Scatter plot depicting the distribution of N3 stage among the
NPC patients. (b) Scatter plot depicting the distribution of distant metastasis among the NPC patients.

Figure 4

(a) Kaplan–Meier survival curves for NPC patients with negative and positive expression of VEGF. (b) Neutrophil count in NPC patients
with negative, weak/moderate, or strongly positive VEGF expression.


