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Abstract

Background: The aims of this study were to investigate whether the preoperative hematologic markers, the neutrophil-
lymphocyte ratio (NLR) or the platelet-lymphocyte ratio (PLR) were prognostic indicators and to develop a novel risk
stratification model in pNO non-small-cell lung cancer (NSCLC).

Methods: We performed a retrospective analysis of 400 consecutive pNO NSCLC patients. Prognostic values were evaluated
by Cox proportional hazard model analyses and patients were stratified according to relative risks for patients’ survival.

Results: During the follow-up, 117 patients had cancer recurrence, and 86 patients died. In univariate analysis, age, gender,
smoke status and tumor size as well as WBC, NEU, LYM, PLR and NLR were significantly associated with patients’ prognosis.
In multivariate analysis, age, tumor size and NLR were independent predictors for patients’ overall survival (P=0.024, 0.001,
and 0.002 respectively). PLR didn't associated with patients’ survival in multivariate analysis. Patients were stratified into 3
risk groups and the differences among the groups were significant according to disease free survival and overall survival
(P=0.000 and 0.000 respectively).

Conclusions: We confirmed that NLR other than PLR was an independent prognostic factor. Combination of NLR, age and
tumor size could stratify pNO NSCLC patients into 3 risk groups and enabled us to develop a novel risk stratification model.
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Introduction investigated as prognostic and predictive markers in diverse
cancers [3,4]. Pretreatment elevating absolute NEU (neutrophil)
count or WBC count and decreasing absolute LYM (lymphocyte)
count had been suggested as independent prognostic factors for
unfavorable survival in patients with NSCLC [5]. However, the
absolute hematologic cell counts could vary under diverse
physiological and pathological conditions. Recently, the neutro-
phil-lymphocyte ratio (NLR), as a new systemic inflammatory—
immunological marker for prognosis was superior due to the
stability of NLR compared with other hematologic cell parame-
ters. A high NLR had been displayed with increased mortality in
various cancer populations, including patients with lung, colorec-
tal, breast, stomach, pancreatic and bladder cancer [6-13]. More
recently, the platelet-lymphocyte ratio (PLR) was reported to have
a similar role in predicting cancer mortality compared with that of

Tumor associated inflammation and immunology had been
demonstrated to play critical roles in the development and
progression of various cancers by facilitating malignant cell
transformation, promoting cancer cell proliferation and invasion,
and influencing tumor response to comprehensive therapies [1,2].
Links had been established through the increased risk of
pulmonary malignancy that existed in patients with chronic
obstructive pulmonary disease (COPD) and pulmonary tubercu-
losis. Chronic inflammation of the lung indicated both a significant
ctiologic factor and responsive process to lung cancer [3]. As
indicators of systemic inflammatory—immunological process, novel
markers including plasma C-reactive protein, the Glasgow
Prognostic Score (GPS), the absolute WBC (white blood cell)
count or WBC components, and the PLT (platelet) count had been
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NLR. Studies had indicated that the patients who had PLR=200
had significantly shorter progression-free and overall survivals than
those with PLR<200 in patients with epithelial ovarian cancer
[14]. PLR was a better prognostic factor for survivals compared to
elevated PLT or NLR>2.6. However, it was also displayed that
PLR was not superior to NLR in predicting prognosis in breast
cancer and colorectal cancer [8,9]. Furthermore, NLR and PLR
were associated with malnutrition, weight loss and hypoalbumin-
emia as chemotherapy induced toxicity in advanced NSCLC
treated with paclitaxel and cisplatin [15].

NLR and PLR are highly repeatable, more stable, inexpensive
and widely available. However, there is still no evidence
determining whether PLR is associated with survival in pNO
NSCLC patients. The present study aims to determine whether
the level of preoperative PLR is associated with the prognosis of
operable lung cancer patients, and to verify the role of NLR as a
prognostic factor in a larger cohort of completely resected pNO
NSCLC.

Patients and Methods

Study population
We retrospectively reviewed our clinical cancer biobank
database between January 2006 and December 2009. Inclusion

Table 1. Clinical characteristic of all 400 lung cancer patients.

Hematologic Markers in Lung Cancer

criteria were as follows: patients with data on complete hemato-
logic count including leukocyte subtype, with completely lobecto-
my or wedge resection, with pathological NO diagnosis, and with
squamous cell carcinoma (SCC) or adenocarcinoma (ADC)
histology. Exclusion criteria were as follows: patients with non-
curative intent cases, with clinical signs or microbiologically
proven preoperative infection, presence of coexisting hematologic
disorders, autoimmune disorders, patients on recent steroid
therapy and patients with any radio or chemotherapeutic therapies
before and after the surgery. Finally we identified 400 patients who
had undergone complete resections. All patients had undergone
routine preoperative evaluations to exclude contraindications.

Data acquisition

We investigated the clinical profiles of the patients including
patients’ medical notes and laboratory results. The methods and
results of the preoperative diagnoses were investigated for each
patient. Peripheral venous blood samples were collected between 8
and 10 am within 5 days before surgery and were then delivered to
the Department of Clinical Laboratory to have the blood routine
tests including the NEU, LYM, and PLT counts. NLR was
calculated as neutrophil count divided by lymphocyte count and
PLR was defined as the platelet counts to lymphocyte ratio. The
histopathological findings were classified according to the World

Characteristic

Data

No. of patients
Age (years)

Mean*=SD
(range; median)

Gender
Male/Female
Smoke status
Never smoker/Smoker
Histology
SCC/ADC
T stage
T1/T2/T3
TNM stage
71

Tumor size
(0.1 cm)

WBC count
(x10°/L)

NEU count
(x10°/L)

LYM count
(x10°/L)

PLT count
(x10°/L)

NLR
PLR

DFS (months)
Median/Mean=SD

OS (months)
Median/Mean=SD

60.819.6 (27-84; 62)

272 (68.0%)/128 (32.0%)

180 (45.0%)/220 (55.0%)

161 (40.3%)/239 (59.7%)

163 (40.8%)/194 (48.5%)/43 (10.8%)

310 (77.5%)/90 (22.5%)
3.6x2.1

6.72+2.03

4.22+1.73

1.83%+0.58

232*75

26*15
136.4*57.3
45.0/42.019.0

46.0/45.8x16.1

doi:10.1371/journal.pone.0111494.t001
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Table 2. Distribution of clinical characteristics stratified by pretreatment NLR or PLR.
Characteristic NLR P PLR P
<3.3 =3.3 <171 =171

Age
<65 195 37 0.017 180 52 0.705
=65 125 43 133 35

Gender
Male 203 69 0 208 64 0.209
Female 117 11 105 23

Smoke status
Never smoker 158 22 0 142 38 0.779
Smoker 162 58 171 49

Histology
SCC 110 51 0 119 42 0.084
ADC 210 29 194 45

Tumor size
<35 191 29 0 178 42 0.154
=35 129 51 135 45

TNM
| 261 49 0 251 59 0.014
I 59 31 62 28

DFS (months) Mean=SD 438=*17.7 35.0%£22.1 0.002 43.4+18.2 37.3%£21.0 0.012

OS (months) Mean=SD 473%149 39.7+18.9 0.001 46.7+15.5 42.6+17.7 0.027

doi:10.1371/journal.pone.0111494.t002

Health Organization, and pathological stages of the disease were Results

described according to the 7th TNM staging system for NSCLC.

Ethics statement

The study was approved by the Research Ethics Committee of
Provincial Hospital Affiliated to Shandong University, Shandong
University, China. At the time of surgery, informed written
consent for the use of their clinical data was obtained from the
investigated patients.

Follow-up and Statistical analysis

Patients were evaluated every 3 months by CT scans of thorax
and abdomen ultrasonography for the first 2 years after surgery
and annually thereafter. Survival time was calculated from the day
of surgery to the last checkup or death by any cause. Nominal data
were analyzed using crosstabs and the Fisher exact test. An
independent t-test or Mann—Whitney U test was applied for the
continuous variables properly. Nominal data were analyzed using
crosstabs and the Fisher exact test. In order to find optimal cut-offs
capable of splitting patients into groups with different outcomes,
the optimal cut-off points were determined as the threshold value
with the joint maximum sensitivity and specificity of the receiver
operating characteristic (ROC) curves associated with the patients’
overall survival [16,17]. Cut-offs allowed transforming continuous
into categorical variables. A Cox proportional hazard model was
used to identify relevant variables affecting survival. Median values
are shown with the 95% confidence interval (CI). Survival curves
were constructed using the Kaplan-Meier method and compared
using the log-rank test. Statistical analysis was performed with
SPSS 18.0 software (SPSS Inc, Chicago, IL). Significance was set
at P of less than 0.05.

PLOS ONE | www.plosone.org

Patient characteristics

Altogether 68.0% of the patients were male (272 of 400
individuals). The mean age was 60.8£9.2 years (range from 27 to
84 years). Lobectomies (including sleeve, bronchoplastic lobecto-
mies) were performed in 369 patients, and 31 patients underwent
wedge resection. Mediastinal dissection was added in all patients.
In the recruited cases, there were 161 (40.3%) SCCs, and 239
(59.7%) ADCGCs. There were 310 and 90 patients staged as
pathologically stage I and II respectively. The median follow-up
duration was 46 months (range from 1 to 78 months). During this
period, 117 patients had cancer recurrence, and the recurrence
sites are mostly locoregional, brain, adrenal gland, and liver. 86
patients died due to cancer causes.

Preoperative hematologic counts of all 400 patients were
collected and the absolute numbers of each blood component or
their ratio were calculated. Patients’ characteristics, the median
values and ranges of WBC, NEU, LYM, PLT counts as well as
PLR and NLR of the patients are shown in table 1.

The cut-off points of the NLR, PLR, WBC, NEU, LYM, and
PLT were identified as 3.3, 171, 8.2, 5.66, 1.58, and 190
respectively. Table 2 shows the baseline demographics stratified
by NLR and PLR in 400 lung cancer patients. Significant
correlation between NLR and age, gender, smoke status, histology,
tumor size, and TNM stage (P =0.017, 0.000, 0.000, 0.000, 0.000,
and 0.000 respectively) were observed. In terms of PLR, only
TNM stage (P =0.014) correlated with PLR. Both NLR and PLR
assoclated with patients’ disease free survival (DFS) (P =0.0020
compared to 0.012) and overall survival (OS) (P =0.001 compared
to 0.027) significantly. In addition, the correlation between other
hematologic parameters (WBC, NEU, LYM, and PLT) and
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Table 3. Univariate proportional hazards (Cox) regression analyses according to DFS and OS.

Hematologic Markers in Lung Cancer

Variables in

(1.000-1.006)

the equation DFs os
Hazard Hazard
ratio ratio
P (95% ClI) P (95.0% CI)
Categorical covariates
Age 0.016 1.559 0.008 1.777
(<65 versus =65) (1.085-2.241) (1.162-2.717)
Gender 0.017 0.595 0.012 0.514
(Male versus Female) (0.389-0.910) (0.306-0.865)
Smoke status 0.004 1.756 0.034 1.616
(Never versus Smoker) (1.198-2.574) (1.037-2.519)
Histology 0.620 0911 0.253 0.781
(SCC versus ADC) (0.631-1.316) (0.511-1.193)
Tumor size 0.000 2.101 0.000 2511
(<3.5 versus =3.5) (1.452-3.042) (1.611-3.914)
WBC 0.013 1.684 0.011 1.831
(<8.2 versus =8.2) (1.117-2.541) (1.149-2.918)
NEU 0.001 2.028 0.000 2.300
(<5.66 versus =5.66) (1.339-3.074) (1.443-3.665)
LYM 0.041 0.680 0.001 0.494
(<1.58 versus =1.58) (0.470-0.984) (0.323-0.755)
PLT 0.044 1.575 0.140 1.469
(<190 versus =190) (1.012-2.452) (0.882-2.446)
NLR 0.000 2.067 0.000 2.570
(<3.3 versus =3.3) (1.390-3.072) (1.648-4.008)
PLR 0.039 1.534 0.003 1.985
(<171 versus =171) (1.022-2.304) (1.269-3.104)
Continuous covariates
Tumor size 0.000 1.260 0.000 1.303
(0.1 cm) (1.171-1.356) (1.202-1.414)
WBC 0.013 1.110 0.044 1.104
(x10°/L) (1.022-1.205) (1.003-1.216)
NEU 0.004 1.144 0.005 1.164
(x10%/L) (1.043-1.254) (1.047-1.295)
LYM 0.311 0.841 0.017 0.598
(x10%/L) (0.602-1.176) (0.392-0.911)
PLT 0.403 1.001 0.707 1.001
(x1 OQ/L) (0.999-1.003) (0.998-1.003)
NLR 0.007 1.130 0.000 1.187
(1.034-1.236) (1.081-1.303)
PLR 0.074 1.003 0.016 1.004

(1.000-1.007)

doi:10.1371/journal.pone.0111494.t003

Table 4. Multivariate proportional hazards (Cox) regression analyses according to DFS and OS.

Variables in the equation DFs os

Hazard Hazard

ratio ratio

P (95% ClI) P (95.0% ClI)
NLR 0.007 1.741 0.002 2.075
(<3.3 versus =3.3) (1.161-2.611) (1.317-3.271)
Age 0.016 1.572 0.024 1.636
(<65 versus =65) (1.087-2.273) (1.067-2.509)
Tumor size 0.001 1.860 0.001 2.221
(<3.5 versus =3.5) (1.275-2.711) (1.414-3.488)
doi:10.1371/journal.pone.0111494.t004
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Figure 1. Kaplan-Meier estimates according to categorical age, tumor size, NLR and PLR on DFS (a, b, ¢, d) and OS (e, f, g, h).

doi:10.1371/journal.pone.0111494.9001

patients’ characteristics were also calculated and shown in Table
S1.

Factors predicting survival: univariate and multivariate
analyses

The risking factors for DFS or OS were analyzed using the
univariate Cox-regression hazard model. As continuous variables,
tumor size, WBC, NEU, and NLR (P =0.000, 0.013, 0.004, and
0.007 respectively) were significant factors for recurrence survival
in the univariate analysis (Table 3). Acting as categorical variables,
age, gender, smoke status, tumor size as well as WBC, NEU,
LYM, PLT, PLR and NLR were predictors of DFS. As for overall
survival, younger age, female, never smoker, smaller tumor size,
lower WBC, NEU, LYM, PLR and NLR were favorable
predictors. Interestingly, PLT didn’t associate with OS as a
categorical variable significantly.

In multivariate Cox analysis, NLR (P =0.007), age (P =0.016),
and tumor size (P =0.001) were significant factors influencing DFS
(Table 4). In terms of OS, the independent predicting factors were
NLR (P =0.002), age (P =0.024) and also tumor size (P =0.001).

The survival curves according to DFS and OS by age, tumor
size, NLR and also PLR were obtained from Kaplan-Meier
method and compared using the log-rank test (Figure 1). Clear
distinctions in DFS and OS stratified by NLR and PLR were
observed (P =0.000, 0.000 and 0.037, 0.002 respectively).

Low risk (n=118)

) s -
*1., Intermediate risk (n=165)
= . — High risk (n=117)
bbb bR - — et

Log-rank: chi-square=22.576, P<0.000

Cum Survival
Cum Survival

DFS (months)

Risk stratification

Using the three statistically significant variables in the multi-
variate cox regression analysis, the relative risk of survival could be
calculated using the formula exp (0.492 xage+0.798 Xtumor size+
0.730xNLR). '*In this equation, age <65 and age =65 equaled to
0 and 1, tumor size <3.5 and tumor size =3.5 equaled to 0 and 1,
and NLR<3.3 and NLR=3.3 equaled to 0 and 1, respectively.
On the basis of the analysis, the patients were divided into three
risk groups: Low risk group which gathered patients with none of
the risk factors; Intermediate risk group, which gathered patients
with 1 risk factors; High risk group which gathered patients with =
2 risk factors. Survival curves according to risk groups were shown
in Figure 2. From the curves, we could see that clear distinctions
between the three groups were observed according to DFS,
however no clear distinction was seen between low and
intermediate risk group according to patients’ OS. This difference
between DFS and OS can be explained by relatively shorter
follow-up, and patients who underwent recurrence but not died
due to cancer causes accounted a large part in the intermediate
risk group. With longer follow-up, the tendency of clear distinction
would occur for the patients’ overall survival.

Discussion

To our best knowledge, the result of our study is the first to show
that increasing NLR as a prognostic factor is superior to PLR in
resected pPNO NSCLC. Our results indicate that increasing NLR

Low risk (n=118)

.

-
*-, High risk (n=117)
.

B T

Log-rank: chi-square=29.953, P<0.000

0OS (months)

Figure 2. Kaplan-Meier estimates according to low, intermediate and high risk groups on DFS (a) and OS (b).

doi:10.1371/journal.pone.0111494.g002
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and PLR have impact on survival in patients with pNO NSCLC in
univariate analysis. However, increasing NLR but not PLR does
exert an independent prognostic value even after adjustment for
age, gender, tumor size, and smoking status in multivariate
analysis. PLR is not an independent predictor of survival in pNO
NSCLC. These results are partially consistent with previous
observations on the association between hematologic parameters
and variety of cancers [5-13]. Studies comparing the prognostic
value between NLR and PLR found that NLR was superior in
breast and gastric cancer [8,9]. However, studies also found that
PLR was superior to NLR in predicting ovarian cancer and
pancreatic cancer survival [7,14]. The results of our study
confirmed that NLR was superior to PLR in predicting survival
of pNO NSCLC and validated that an elevated NLR was an
independent predictor in a cohort population of treatment naive
pNO NSCLC.

Increasing NLRs were associated with higher stage and
remained an independent predictor of survival in patients with
stage I disease in a retrospective review of 178 NSCLC patients
undergoing complete resection [18]. Kim et al. [19] showed that
increasing preoperative NEU counts and percentages, LYM
percentage and NLR were meaningful for predicting survival,
but only NLR was an independent predictor in multivariate
analysis. Another two studies also indicated that a high NLR may
be a convenient biomarker to identify patients with poor prognosis
after resection for NSCLC [20,21]. Limitations of the above 4
studies in operable lung cancer are the small sample sizes. As for
advanced lung cancer, Teramukai et al. evaluated a total of 338
chemonaive patients with stage IIIB-IV and found linear
assoclations between pretreatment elevated NEU count and short
overall and progression free survival after adjustment for known
prognostic factors. The relationship between NLR and overall
survival was also found, however, it was to some degree weak and
non-linear [12]. Another two studies on advanced lung cancer
demonstrated that elevated NLR was an independent predictor of
shorter survival in patients, and interestingly, one of the studies
also showed that elevated NLR might be a potential biomarker of
worse response to first-line platinum-based chemotherapy [10,11].
Furthermore, NLR and PLR were associated with malnutrition,
weight loss and hypoalbuminemia and PLR=150 was related with
the development of toxicity grade III/IV and anemia in patients
with advanced NSCLC treated receiving paclitaxel-cisplatin
chemotherapy [15].

In our series, increasing NLR was found with elders, male
gender, smokers, and larger tumor size in pNO NSCLC.
Elders, male and smokers in China always had chronic or
subclinical inflammation with their lung and/or airways,
which made increasing NLR higher in these patients. Then
increasing NLR would lead to worse survival of these patients.
This was somewhat consistent with previous studies. After
adjusting for known prognostic factors such as age, gender,
smoke status and tumor size, patients with elevated NLR
(P=0.002, HR =2.075) but not PLR presented a decrease in
overall survival. In addition, we found that the prognostic
value of elevated NLRs was comparable in patients who had
SCC or ADC.

Risk modeling by prognostic nomograms or risk class
stratification, may provide a powerful tool for individualized
outcome prediction and/or stratification of patients. According
to the NCCN guidelines, early stage NSCLC was not
recommended for chemotherapy and/or radiotherapy after

PLOS ONE | www.plosone.org
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complete surgery. However, some of the patients would suffer
from recurrence lately. So if more precise risk stratification
were established, then beneficial adjuvant therapy could be
given to the high risk group patients to improve the patients’
survival. In the present study, we demonstrated a mnovel
preoperative risk stratification model. The risk-class model
proposed herein, which incorporated NLR, age and tumor size
in our series, was able to discriminate between patients with
low-, intermediate-and high-risk of DFS and OS with striking
efficiency, especially for patients’ DFS. Our risk stratification
model would contribute to clinical practices, because it would
assist identification of a subgroup of patients with unfavorable
prognosis that might have the potential benefits of innovative
therapies.

Links between tumor associated inflammation and immunology
and tumor prognosis had been of great interests [1,2]. The
relationship may be explained via an inflammatory process
induced by tumor cells and a tumor promoting process by
inflammation. First, the causes of elevated NEU or WBC in cancer
patients were likely to be the result of paraneoplastic production of
myeloid growth factors such as G-CSF or GM-CSF by cancer cells
themselves [12,22]. Also, elevated PLTs could be caused by the
stimulation of megakaryocytes by inflammatory mediators released
by tumors or inflammatory cells [23]. Second, preclinical studies
indicated that NEUs could stimulate tumor angiogenesis by
producing vascular endothelial growth factor, matrix metallopro-
teinases and elastases [24]. Lymphocytes in tumor microenviron-
ment had significant influence on tumor biology. In NSCLC,
elevated tumor infiltrating lymphocytes had been shown to inhibit
tumor growth and correlated with a favorable prognosis in cancer
[25]. Furthermore, platelets can also produce growth factors 1i.c.
platelet-derived growth factor, vascular endothelial growth factor,
and platelet factor4 which could stimulate tumor cells proliferation
and adhesion to other cells leading to tumor growth and
metastases [26].

Conclusions

To sum up, the present study demonstrates that NLR is superior
to PLR and other hematologic parameters as prognostic factors in
pNO NSCLC patients. NLR, as well as age and tumor size are
independent prognostic factors in patients with completely
resected pNO NSCLC. A combination of these easily obtained
prognostic factors enabled us to develop a novel risk stratification
model, which may aid to discriminate patients with favorable or
poor prognosis who might be candidates for multimodality
treatment strategies.

Supporting Information

Table S1 The relationship between other hematologic
markers and clinical characteristics. Pearson chi-square
test was adopted and P values were shown.

DOC)

Author Contributions

Conceived and designed the experiments: TZ JD QL. Performed the
experiments: TZ Y]J. Analyzed the data: TZ XQ HS QL JD. Contributed
reagents/materials/analysis tools: TZ XQ HS. Contributed to the writing
of the manuscript: TZ YJ JD QL.

October 2014 | Volume 9 | Issue 10 | e111494



References

1.

Mantovani A, Allavena P, Sica A, Balkwill I (2008) Cancer-related
inflammation. Nature 454: 436-444.

Schreiber RD, Old L], Smyth MJ (2011) Cancer immunoediting: integrating
immunity’s roles in cancer suppression and promotion. Science Signaling 331:
1565.

. Brenner DR, Boffetta P, Duell EJ, Bickeboller H, Rosenberger A, et al. (2012)

Previous lung diseases and lung cancer risk: a pooled analysis from the
International Lung Cancer Consortium. American journal of epidemiology 176:

573-585.

. Gorczyca W (2011) Prognostic and predictive markers in hematologic

neoplasms. A review. POL J PATHOL 4: 189-205.

. Tomita M, Shimizu T, Hara M, Ayabe T, Onitsuka T (2009) Preoperative

leukocytosis, anemia and thrombocytosis are associated with poor survival in
non-small cell lung cancer. Anticancer research 29: 2687-2690.

. Gondo T, Nakashima J, Ohno Y, Choichiro O, Horiguchi Y, et al. (2012)

Prognostic value of neutrophil-to-lymphocyte ratio and establishment of novel
preoperative risk stratification model in bladder cancer patients treated with
radical cystectomy. Urology 79: 1085-1091.

. Bhatti I, Peacock O, Lloyd G, Larvin M, Hall RI (2010) Preoperative

hematologic markers as independent predictors of prognosis in resected
pancreatic ductal adenocarcinoma: neutrophil-lymphocyte versus platelet-

lymphocyte ratio. The American Journal of Surgery 200: 197-203.

. Azab B, Shah N, Radbel J, Tan P, Bhatt V, et al. (2013) Pretreatment

neutrophil/lymphocyte ratio is superior to platelet/lymphocyte ratio as a
predictor of long-term mortality in breast cancer patients. Medical Oncology 30:
1-11.

. He W, Yin C, Guo G, Jiang C, Wang F, et al. (2013) Initial neutrophil

lymphocyte ratio is superior to platelet lymphocyte ratio as an adverse prognostic
and predictive factor in metastatic colorectal cancer. Medical Oncology 30: 1-6.

. Yao Y, Yuan D, Liu H, Gu X, Song Y (2013) Pretreatment neutrophil to

lymphocyte ratio is associated with response to therapy and prognosis of
advanced non-small cell lung cancer patients treated with first-line platinum-
based chemotherapy. Cancer Immunology, Immunotherapy: 1-9.

. Cedrés S, Torrejon D, Martinez A, Martinez P, Navarro A, et al. (2012)

Neutrophil to lymphocyte ratio (NLR) as an indicator of poor prognosis in stage
IV non-small cell lung cancer. Clinical and Translational Oncology 14: 864—
869.

. Teramukai S, Kitano T, Kishida Y, Kawahara M, Kubota K, et al. (2009)

Pretreatment neutrophil count as an independent prognostic factor in advanced
non-small-cell lung cancer: an analysis of Japan Multinational Trial Organisa-
tion LC00-03. European Journal of Cancer 45: 1950-1958.

. Kobayashi N, Usui S, Kikuchi S, Goto Y, Sakai M, et al. (2012) Preoperative

lymphocyte count is an independent prognostic factor in node-negative non-
small cell lung cancer. Lung cancer 75: 223-227.

PLOS ONE | www.plosone.org

20.

21.

22.

23.

24.

26.

Hematologic Markers in Lung Cancer

. Raungkaewmanee S, Tangjitgamol S, Manusirivithaya S, Srijaipracharoen S,

Thavaramara T (2012) Platelet to lymphocyte ratio as a prognostic factor for
epithelial ovarian cancer. Journal of gynecologic oncology 23: 265-273.

. Arrieta O, Ortega RM, Villanueva-Rodriguez G, Serna-Thomé M, Flores-

Estrada D, et al. (2010) Association of nutritional status and serum albumin
levels with development of toxicity in patients with advanced non-small cell lung
cancer treated with paclitaxel-cisplatin chemotherapy: a prospective study. BMC
cancer 10: 50.

. Metz CE (1978) Basic principles of ROC analysis. Elsevier. 283-298.
. Van der Schouw Y, Verbeek A, Ruijs J (1992) ROC curves for the initial

assessment of new diagnostic tests. Family Practice 9: 506-511.

Sarraf KM, Belcher E, Raevsky E, Nicholson AG, Goldstraw P, et al. (2009)
Neutrophil/lymphocyte ratio and its association with survival after complete
resection in non-small cell lung cancer. The Journal of thoracic and
cardiovascular surgery 137: 425-428.

. Kim D, Kwak Y, Cho S (2012) 445. Associations Between White Blood Cell,

Neutrophil, Lymphocyte Counts and Neutrophil/lymphocyte Ratio on
Preoperative Blood Samples and Survival After Complete Resection for Non-
small Cell Lung Cancer. European Journal of Surgical Oncology (EJSO) 38:
861-862.

Tomita M, Shimizu T, Ayabe T, Onitsuka T (2012) Elevated preoperative
inflammatory markers based on neutrophil-to-lymphocyte ratio and C-reactive
protein predict poor survival in resected non-small cell lung cancer. Anticancer
research 32: 3535-3538.

Tomita M, Shimizu T, Ayabe T, Yonei A, Onitsuka T (2011) Preoperative
neutrophil to lymphocyte ratio as a prognostic predictor after curative resection
for non-small cell lung cancer. Anticancer research 31: 2995-2998.

Asahi Y, Kubonishi I, Imamura J, Kamioka M, Matsushita H, et al. (1996)
Establishment of a Clonal Cell Line Producing Granulocyte Colony-Stimulating
Factor and Parathyroid Hormone-Related Protein from a Lung Cancer Patient
with Leukocytosis and Hypercalcemia. Cancer Science 87: 451-458.
Alexandrakis M, Passam F, Perisinakis K, Ganotakis E, Margantinis G, et al.
(2002) Serum proinflammatory cytokines and its relationship to clinical
parameters in lung cancer patients with reactive thrombocytosis. Respiratory
medicine 96: 553-558.

B Vendramini-Costa D, E Carvalho J (2012) Molecular link mechanisms
between inflammation and cancer. Current pharmaceutical design 18: 3831—
3852.

. Hiraoka K, Miyamoto M, Cho Y, Suzuoki M, Oshikiri T, et al. (2006)

Concurrent infiltration by CD8+ T cells and CD4+ T cells is a favourable
prognostic factor in non-small-cell lung carcinoma. British journal of cancer 94:
275-280.

Peterson JE, Zurakowski D, Italiano Jr JE, Michel LV, Connors S, et al. (2012)
VEGF, PF4 and PDGF are elevated in platelets of colorectal cancer patients.
Angiogenesis 15: 265-273.

October 2014 | Volume 9 | Issue 10 | e111494



