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Abstract
Background: The prognostic values of preoperative neutrophil/lymphocyte ratio
(NLR), monocyte/lymphocyte ratio (MLR), and platelet/lymphocyte ratio (PLR)
in non-small cell lung cancer (NSCLC) have been previously described. This
study assessed the prognostic values of other pretreatment complete blood cell
parameters in Chinese patients with curatively resected NSCLC.
Methods: A total of 1466 consecutive NSCLC patients who received curative
surgery from January 1, 2005 to December 31, 2009 with complete data from
pretreatment blood tests were enrolled in this retrospective study. Correlations
between each blood test parameter and overall survival were examined by
Kaplan–Meier method or Cox proportional hazards regression, followed by a
stratification analysis of significant variables.
Results: Optimal cut-off values of 0.55 for neutrophil/white blood cell ratio
(NWR), 0.28 for lymphocyte/white blood cell ratio (LWR), 0.09 for monocyte/
white blood cell ratio (MWR), 2.06 for NLR, 0.35 for MLR, 204.00 for PLR, and
38.25 for platelet/white blood cell ratio (PWR) were identified using X-tile soft-
ware. Univariate analysis suggested that NWR ≥ 0.55, LWR < 0.28, MWR ≥
0.09, NLR ≥ 2.06, MLR ≥ 0.35, and PLR ≥ 204.00 predicted a poor prognosis in
NSCLC patients. However, only NWR and MLR were identified as independent
significant prognostic factors in multivariable analysis, especially in tumor node
metastasis stage I and I/II/III NSCLCs.
Conclusion: Pretreatment NWR, MWR, LWR, NLR, MLR, and PLR values are
associated with poor overall survival for patients with curatively resected NSCLC.
NWR and MLR are independent prognostic factors in curatively resected NSCLC.

Introduction

In China, lung cancer remains the leading cause of cancer
mortality for both men and women, regardless of the fact
that stable trends in incidence have been observed in
recent years. Approximately 733 300 new cases and
610 200 deaths were estimated in China in 2015, of which
non-small cell lung cancer accounts for 80–85%.1 Despite
rapid advances in surgical techniques and medical therapy,
the prognosis for lung cancer is still poor, with a five-year
survival rate less than 15%.2 Thus, sensitive and specific

factors for the prediction of prognosis are needed to guide
clinical practice.
Inflammatory responses are now generally believed to

play pivotal roles at different stages of tumor development
by inhibiting apoptosis and promoting angiogenesis. Addi-
tionally, more studies have revealed that the inflammatory
microenvironment is closely linked to immune surveillance
and responses to therapy in tumor treatment.3 The neutro-
phil/lymphocyte ratio (NLR), monocyte/lymphocyte ratio
(MLR), and platelet/lymphocyte ratio (PLR) based on com-
plete blood cell (CBC) counts, which are simple parameters
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for evaluating systemic inflammatory responses, are prog-
nostic factors for various malignancies, including gastric,
colon, and lung cancers.4–9 However, a comprehensive anal-
ysis of other CBC parameters is still lacking for lung cancer.
We therefore examined the associations between various
CBC parameters and prognosis in 1466 NSCLC patients.

Methods

Patient selection and data collection

This retrospective analysis included a cohort of 1466 con-
secutive patients who received curative resection for stage
I–IIIA NSCLC at Sun Yat-sen University Cancer Center
(SYSUCC) from January 1, 2005 to December 31, 2009. All
patients were restaged using the 7th International Classifi-
cation System for Lung Cancer. The SYSUCC medical eth-
ics and clinical trial review committees approved the study.
Information was collected from individual patient

records and survival data was obtained from the SYSUCC
follow-up registry. The information collected included age,
gender, smoking history, histology, pathological stage, pre-
treatment CBC counts, time of surgery, and death from
any cause. All CBC counts were performed in the Depart-
ment of Clinical Laboratory, SYSUCC.
Curatively resected pathologically confirmed stage I–IIIA

NSCLC patients who had not received previous therapy
other than surgical resection and neoadjuvant chemother-
apy were included in the study. Exclusion criteria were pre-
vious malignancies, perioperative death, and insufficient
data of survival or pretreatment hematology test data. To
avoid the potential impact of surgery or chemotherapy on
CBC counts, we ensured that each eligible patient had a
pretreatment blood routine test within seven days before
the first treatment. All parameters were calculated using
the equations as follows: NWR = neutrophil/white blood
cell, LWR = lymphocyte/white blood cell, MWR = mono-
cyte/white blood cell, NLR = neutrophil/lymphocyte,
MLR = monocyte/lymphocyte, PLR = platelet/lymphocyte,
and PWR = platelet/white blood cell.

Statistical analysis

X-tile software (Yale University, New Haven, CT, USA)
was used to determine the optimal cut-off values of NWR,
MWR, LWR, NLR, MLR, PLR, and PWR for predicting
lung cancer prognosis.10 The entire cohort was then respec-
tively dichotomized into high and low groups according to
each optimal cut-off value. The chi-square test was used to
compare categorical variables.
Overall survival (OS), defined as the interval from the date

of surgery to the date of death from any cause, was evaluated
as the endpoint. Kaplan–Meier curves were drawn for OS,

and differences were compared by log-rank test. Variables
reaching 0.1 significance in univariate analysis were included
in the Cox proportional hazards model for multivariate anal-
ysis. Two-tailed P values of <0.05 were considered statistically
significant. All analyses were performed using SPSS version
19.0 (IBM Corp., Armonk, NY, USA).

Figure 1 Patient selection process. A total of 1466 patients with non-
small cell lung cancer who underwent curative resection were included
in this study.

Figure 2 Overall survival of 1466 non-small cell lung cancer (NSCLC)
patients.
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Results

Patient population

A total of 1466 patients, including 1058 men and 408 women,
who had undergone curative resection for primary stage I–
IIIA NSCLC were included in this study (Fig 1). After a
median follow-up of 69.9 months (95% confidence interval
64.3–75.4), 732 of the patients had died, while 734 were still
alive at the last follow-up or censored, with a five-year OS
rate of 45.4% (Fig 2). Table 1 shows the baseline characteris-
tics of the patient population. A high NWR was observed in
70.6% of the patient population, while a high MLR was

detected in 71.0%. There were more male patients and more
advanced tumors in the high-NWR and high-MLR groups,
especially in the pathologic tumor (pT) category. Addition-
ally, larger numbers of older patients, current smokers, squa-
mous carcinomas, and pneumonectomy surgeries were
observed in the high-MLR than in the low-MLR group
(Table 1).

Optimal cut-off values

Using X-tile software, we defined the cut-off values for pre-
dicting prognosis in NSCLC patients as 0.55 for NWR

Table 1 Baseline clinicopathological characteristics of patients in NWR and MLR groups

NWR group MLR group

Characteristics <0.55 ≥0.55 P† <0.35 ≥0.35 P†

Age 0.257 0.030
≥55 years 280 (65.0) 704 (68.0) 681 (65.4) 303 (71.3)
<55 years 151 (35.0) 331 (32.0) 360 (34.6) 122 (28.7)

Gender 0.010 <0.001
Male 291 (67.5) 767 (74.1) 687 (66.0) 371 (87.3)
Female 140 (32.5) 268 (25.9) 354 (34.0) 54 (12.7)

Smoking status 0.099 <0.001
Never 190 (44.1) 407 (39.3) 484 (46.5) 113 (26.6)
Former 51 (11.8) 108 (10.4) 110 (10.6) 49 (11.5)
Current 190 (44.1) 520 (50.2) 447 (42.9) 263 (61.9)

Pathology 0.320 <0.001
Squamous carcinoma 136 (31.6) 379 (36.6) 322 (30.9) 193 (45.4)
Adenocarcinoma 255 (59.2) 564 (54.5) 620 (59.6) 199 (46.8)
Adenosquamous carcinoma 26 (6.0) 58 (5.6) 65 (6.2) 19 (4.5)
Others 14 (3.2) 34 (3.3) 34 (3.3) 14 (3.3)

pT category <0.001 <0.001
1 107 (24.8) 146 (14.1) 209 (20.1) 44 (10.4)
2 267 (61.9) 680 (65.7) 663 (63.7) 284 (66.8)
3 35 (8.1) 121 (11.7) 99 (9.5) 57 (13.4)
4 22 (5.1) 88 (8.5) 70 (6.7) 40 (9.4)

pN category 0.341 0.606
N0 249 (57.8) 586 (56.6) 600 (57.6) 235 (55.3)
N1 64 (14.8) 132 (12.8) 140 (13.4) 56 (13.2)
N2 118 (27.4) 317 (30.6) 301 (28.9) 134 (31.5)

pTNM stage 0.099 0.073
I 228 (52.9) 487 (47.1) 525 (50.4) 190 (44.7)
II 71 (16.5) 177 (17.1) 177 (17.0) 71 (16.7)
III 132 (30.6) 371 (35.8) 339 (32.6) 164 (38.6)

Chemotherapy 0.076 0.092
Neoadjuvant + adjuvant 5 (1.2) 29 (2.8) 18 (1.7) 16 (3.8)
Neoadjuvant only 2 (0.5) 16 (1.5) 12 (1.2) 6 (1.4)
Adjuvant only 191 (44.3) 459 (44.3) 472 (45.3) 178 (41.9)
No 233 (54.1) 531 (51.3) 539 (51.8) 225 (52.9)

Surgery type 0.072 0.046
Pneumonectomy 21 (4.9) 84 (8.1) 66 (6.3) 39 (9.2)
Lobectomy 410 (95.1) 950 (91.8) 975 (93.7) 385 (90.6)
Others 0 (0) 1 (0.1) 0 (0) 1 (0.1)

Total 431 (100) 1035 (100) 1041 (100) 425 (100)

†χ2 test (multigroup comparison). MLR, monocyte/lymphocyte ratio; NWR, neutrophil/white blood cell ratio; pN, pathologic node; pT, pathologic
tumor; pTNM, pathologic tumor node metastasis.
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(P = 0.002), 0.28 for LWR (P < 0.001), 0.09 for MWR
(P = 0.003), 2.06 for NLR (P < 0.001), 0.35 for MLR
(P < 0.001), 204.00 for PLR (P = 0.002), and 38.25 for
PWR (P = 0.121) (Fig 3).

Univariate and multivariate analysis

NWR, MWR, LWR, NLR, MLR, PLR, and PWR were
then examined in univariate and multivariate analyses to
identify prognostic predictors in NSCLC patients. In uni-
variate analyses, smoking status, pT category, pathologic
node (pN) category, pathologic tumor node metastasis
(pTNM) category, surgery type, chemotherapy, NWR, LWR,
MWR, NLR, MLR, and PLR were identified as significant
prognostic factors. In multivariate analyses, we found that
pT category (P < 0.001), pN category (P < 0.001), pTNM
stage (P < 0.001), chemotherapy (P = 0.002), NWR
(P = 0.014), and MLR (P = 0.035) had significant hazard
ratios, indicating that they were independent, significant pre-
dictors of OS (Table 2). Elevated NWR and MLR were
independent predictive factors for poor prognosis.
The OS rates of 1466 NSCLC cancer patients according

to NWR and MLR are shown in Fig 3. The high NWR
group had significantly poorer OS than the low NWR
group, with a median OS of 63.2 versus 90.7 months
(P < 0.001). Similarly, the high MLR group had signifi-
cantly poorer OS than the low MLR group, at 53.2 versus
76.6 months (P < 0.001) (Fig 4).
The prognostic value of NWR and MLR for OS were

then further analyzed with patients stratified by TNM
stage. While NWR only predicted prognosis in stage I
NSCLC patients (P = 0.001), MLR predicted prognosis in
stage I (P = 0.006), stage II (P = 0.040), and stage III
(P = 0.005) NSCLC patients (Fig 5).

Discussion

With the development of precision medicine in recent
years, various methods for cancer diagnosis and the evalu-
ation of prognosis have been applied at the molecular
level, such as in the Genome-Wide Association Study.
These new technologies have largely expanded the infor-
mation we can collect from patients, which is used to eas-
ily evaluate prognosis and administer appropriate and
individualized treatment. However, most of these methods
are difficult to extend to much of the public because of
limitations in funds and facilities. Thus, simple and cost-
efficient biomarkers for evaluating prognosis must be
found.
The association between the inflammatory microenvi-

ronment and tumor prognosis has long been verified, and
the prognostic value of the inflammatory parameters of
NLR, PLR, and MLR has recently been revealed.11–13 To

Figure 3 Cut-off values of neutrophil/white blood cell ratio (NWR),
monocyte/white blood cell ratio (MWR), lymphocyte/white blood cell
ratio (LWR), neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte
ratio (MLR), platelet/lymphocyte ratio (PLR), and platelet/white blood
cell ratio (PWR) in 1466 non-small cell lung cancer patients. The optimal
cut-off values were 0.55 for NWR, 0.28 for LWR, 0.09 for MWR, 2.06
for NLR, 0.35 for MLR, 204.00 for PLR, and 38.25 for PWR.

Thoracic Cancer 8 (2017) 350–358 © 2017 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 353

C. Yuan et al. NWR/MLR and NSCLC



further investigate the prognostic value of various inflam-
matory parameters based on CBC, we performed this ret-
rospective research in a single cancer center. The results
support the findings of previous studies, indicating that
elevated NLR, MLR, and PLR were linked to poor prog-
nosis in lung cancer. Moreover, high NWR, MWR, and
low LWR were revealed for the first time to predict poor
prognosis in NSCLC. Furthermore, NWR and MLR were
independent prognostic factors in NSCLC. Finally, NWR
was only predictive of prognosis in stage I NSCLC
patients.

Neutrophils and lung cancer

Neutrophils are usually recognized as short-lived cells
because of their antimicrobial functions. However, tumor-
associated neutrophils (TANs), derived from peripheral neu-
trophils, have been proposed as key mediators in tumor pro-
gression specifically because they induce genetic instability,
promote tumor growth, stimulate angiogenesis, and favor
cancer cells’ invasive behavior.14 NLR, a good index reflecting
the balance between inflammation and immunoreaction in
patients, has long been proven to be a biomarker for progno-
sis in various cancers, including lung cancer.9,15–21 However,

Table 2 Univariate and multivariate analysis for OS of NSCLC patients

Variable

Univariate analysis Multivariate analysis

Median OS (months) HR (95% CI) P β HR (95% CI) P

Age
≥55 years vs. <55 years 67.1 vs. 74.1 1.118 (0.957,1.305) 0.160

Gender
Males vs. females 67.8 vs 76.0. 1.160 (0.985,1.365) 0.075 −0.048 0.953 (0.754,1.203) 0.684

Smoking status
Ever vs. never 64.7 vs. 76.0 1.204 (1.038,1.397) 0.014 0.191 1.211 (0.978,1.499) 0.079

Pathology
Squamous vs. non-squamous 72.4 vs. 69.2 1.001 (0.860,1.166) 0.998

pT category
3/4 vs. 1/2 30.6 vs. 80.9 2.084 (1.761,2.466) <0.001 0.415 1.514 (1.257,1.825) <0.001

pN category
≥ N1 vs. N0 40.7 vs. NA 2.899 (2.497,3.365) <0.001 0.820 2.271 (1.804,2.858) <0.001

pTNM stage
III vs. I–II 33.8 vs. 109.1 2.962 (2.559,3.428) <0.001 0.439 1.551 (1.232,1.952) <0.001

Chemotherapy
No vs. yes 85.0 vs. 58.5 1.385 (1.197,1.601) <0.001 −0.258 0.772 (0.654,0.912) 0.002

Surgery type
Pneumonectomy vs. others 28.4 vs. 72.5 1.783 (1.389,2.289) <0.001 0.150 1.162 (0.897,1.504) 0.256

NWR
High group vs. low group 63.2 vs. 90.7 1.379 (1.168,1.629) <0.001 0.277 1.319 (1.057,1.645) 0.014

LWR
High group vs. low group 82.3 vs. 59.3 0.746 (0.644,0.863) <0.001 0.039 1.040 (0.769,1.406) 0.800

MWR
High group vs. low group 59.8 vs. 74.6 1.195 (1.022,1.398) 0.026 0.112 1.118 (0.926,1.351) 0.245

NLR
High group vs. low group 59.7 vs. 82.5 1.351 (1.166,1.566) <0.001 −0.048 0.954 (0.690,1.318) 0.773

MLR
High group vs. low group 53.2 vs. 76.6 1.493 (1.281,1.740) <0.001 0.224 1.252 (1.016,1.542) 0.035

PLR
High group vs. low group 50.5 vs. 72.2 1.406 (1.126,1.755) 0.003 0.053 1.055 (0.831,1.340) 0.661

PWR
High group vs. low group 63.7 vs. 72.2 1.123 (0.962,1.312) 0.141

β, partial regression coefficient; CI, confidence interval; HR, hazard ratio; LWR, lymphocyte/white blood cell ratio; MLR, monocyte/lymphocyte ratio;
MWR, monocyte/white blood cell ratio; NA, not available; NSCLC, non-small cell lung cancer; NLR, neutrophil/lymphocyte ratio; NWR, neutrophil/
white blood cell ratio; OS, overall survival; PLR, platelet/lymphocyte ratio; pN, pathologic node; pT, pathologic tumor; pTNM, pathologic tumor node
metastasis; PWR, platelet/white blood cell ratio.
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reports on the association between NWR and prognosis in
lung cancer are still lacking. In the present study, we demon-
strated for the first time that NWR is an independent prog-
nostic factor of curative resected NSCLC, although the
underlying mechanisms require further exploration. On the
other hand, patients with high NLR were observed to have
longer OS than those with low NLR, although NLR was not
an independent prognostic factor for NSCLC in our study.

Monocytes and lung cancer

Tumor-associated macrophages (TAMs), which are derived
from circulating monocytic precursors, also play key roles
in the inflammatory microenvironment of tumor progres-
sion.14 In parallel with TAN, TAM can stimulate tumor cell
proliferation, promote angiogenesis, and favor invasion and
metastasis by producing growth and angiogenic factors, as
well as protease enzymes, which degrade the extracellular
matrix.22 The prognostic value of MLR, which represents
the relative levels of peripheral monocytes and lymphocytes,
had been observed in numerous studies as a favorable pre-
dictor for prognosis in breast, colon, and lung cancers.5,7,23

In the 1466 cases we studied, elevated MLR was identified
as an independent factor for poor prognosis in NSCLC,
which was consistent with the results of previous studies.
Nevertheless, MWR was only associated with OS in univari-
ate analysis and not in multivariate analysis.

Lymphocytes and lung cancer

Lymphocytes, different from neutrophils and monocytes,
play a crucial role in host cell-mediated immunity regula-
tion, which is important to destruct residual malignant cells
and related micrometastases.19 It is now widely believed that
tumor-infiltrating lymphocytes (TILs) are associated with
better clinical outcomes in cancers.24 Furthermore, the pre-
operative lymphocyte count was defined as a favorable prog-
nostic factor for disease-free survival in NSCLC.25 In
accordance with a previous study, high NLR, MLR, and PLR
all related to poor OS in NSCLC patients in our study.
While high LWR predicts favorable prognosis in OS, it was
not an independent factor when adjusted by other charac-
teristics in multivariate analysis. To some degree, low levels
of peripheral lymphocytes may explain these poor
outcomes.

Platelets and lung cancer

The correlation between platelets and the prognosis of
solid tumors has drawn much attention in recent years,
although the underlying mechanisms remain unclear.6,26,27

It has been proposed that platelets are an important factor
in tumor angiogenesis, as platelets may adhere to tumor
vessels and release granules that contain potent stimulators
of angiogenesis, such as vascular endothelial cell growth

Figure 4 Overall survival of 1466 non-small cell lung cancer patients according to neutrophil/white blood cell ratio (NWR), and monocyte/lymphocyte
ratio (MLR), respectively. (a) The high NWR group has significantly poorer overall survival (OS) than the low NWR group. (b) The high MLR group has
significantly poorer OS than the low MLR group.
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Figure 5 Overall survival (OS) of 1466 non-small cell lung cancer patients according to neutrophil/white blood cell ratio (NWR) and monocyte/lym-
phocyte ratio (MLR), stratified by tumor node metastasis (TNM) stage. Significant differences in OS can be observed in (a) TNM stage I but not in (b)
TNM II and (c) TNM III, according to NWR. OS rates were significantly different in (d) TNM stage I, (e) TNM II, and (f) TNM III according to MLR.
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factor (VEGF) and platelet-derived endothelial cell growth
factor (PDEGF).28,29 High PLR was suggested to be a pre-
dictive factor for poor prognosis in NSCLC,6 which was
then verified in a meta-analysis based on 12 independent
studies.30 Similarly, we found that high PLR predicted
adverse outcomes in the OS of patients with NSCLC. How-
ever, PLR was not a significant factor in subsequent multi-
variate analysis.
In summary, we propose that NWR and MLR are

independent prognostic factors for NSCLC, which to
some degree reflect the status of both inflammation and
immunoreaction in patients with lung cancer. As highly
reproducible, easily obtained, and reliable biomarkers
for the evaluation of prognosis, NWR and MLR can be
applied to distinguish high-risk from low-risk patients
after curative surgery, thus helping to determine postop-
erative treatment.
Several limitations should be noted. First, as in other ret-

rospective studies, we could not completely rule out the
impact of selection bias. The patients were included over a
relatively long period (2005–2009), and many patients were
initially staged according the 6th International Classifica-
tion System for Lung Cancer, whereas they were restaged
according to the 7th Classification System during our anal-
ysis. Second, East Asians constituted most of our study
population; therefore, our results may not apply to other
ethnic populations. Third, we were unable to collect infor-
mation on other potential significant prognostic factors for
NSCLC, such as the mutational status of epidermal growth
factor receptor and anaplastic lymphoma kinase rearrange-
ment status.
In conclusion, high NWR, MWR, LWR, NLR, MLR, and

PLR predict poor prognosis in curatively resected NSCLC.
Furthermore, NWR and MLR are independent prognostic
factors in curatively resected NSCLC, especially in stage I
for NWR.
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