
Abstract. Background/Aim: While blood neutrophil-to-
lymphocyte ratio (NLR) has been associated with poor
prognosis in NSCLC, however few studies have focused on
pleural fluid white blood cell differential count. We
conducted a retrospective multicenter cohort study to
evaluate the predictive value of pleural NLR in non-small
cell lung cancer (NSCLC) patients with malignant pleural
effusion (MPE). Patients and Methods: From the multicenter
lung cancer cohort, 134 epidermal growth factor receptor
(EGFR) wild-type patients with NSCLC were selected for
evaluation. Receiver operating characteristic (ROC) curve
analysis was performed for pretreatment pleural NLR to
determine the cut-off value for predicting disease
progression within 100 days after the diagnosis. Results: The
low-pleural NLR group showed significantly longer overall
survival (OS) and progression free survival (PFS) compared
to the high-pleural NLR group. After stratification using
quartile cut-off values of pleural NLR, the correlation
between risk of disease progression and pleural NLR was
shown to be dose-dependent. The multivariate analysis on
PFS showed that high-pleural NLR (p=0.004) was an
independent predictor for shorter PFS with HR of 1.036
(1.011-1.061). Conclusion: Increased pleural NLR is
predictive of early disease progression in EGFR mutation
wild-type NSCLC patients with MPE.

Non-small cell lung cancer (NSCLC) comprises 85% of all
lung cancers (1). In 15% of lung cancer patients, malignant
pleural effusion (MPE) occurs during the course of treatment
(2) and MPE is a common complication for advanced
NSCLC patients (3). Advanced NSCLC patients with MPE
have a median survival time of less than 12 months (4).
Furthermore, lung cancer patients with MPE complain of
dyspnea, cough and chest pain, which lead to decreased
quality of life (5). 

It is well recognized that serum neutrophil-to-lymphocyte
ratio (NLR) has shown proven prognostic value in various
cancers (6, 7). In lung cancer, higher NLR is associated with
a worse prognosis in stage IV NSCLC patients undergoing
chemotherapy (8, 9). For NSCLC patients undergoing
curative resection, higher NLR is associated with shorter
overall survival (OS) (10-12). While serum NLR is proven
to have a prognostic value in lung cancer, higher NLR
suggests more active systemic inflammation which
contributes to the pathogenesis of cancer progression (13).
High NLR reflects neutrophilic inflammatory and relatively
lymphopenic status; neutrophilic inflammation contributes to
cancer progression, while lymphopenia reflects decreased
antitumor activity (14, 15).

If the increased blood NLR is associated with systemic
inflammation and lung cancer activity, it is also possible that
pleural NLR also reflects local inflammatory status and
tumor microenvironment of the pleural cavity and the nearby
lung parenchyma. In turn, pleural NLR may have association
with disease progression of lung cancer with MPE. If pleural
NLR reflects increased inflammatory activity and has a
predictability on early disease progression, it could be used
as a quick and simple biomarker in NSCLC with MPE. 

Furthermore, a reliable biomarker with predictive value on
disease progression in patients with epidermal growth factor
receptor (EGFR) wild-type NSCLC can be clinically important.
Patients with EGFR mutations are eligible for targeted therapy
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and thus have a longer median survival compared to those
without EGFR mutations (16); a readily available biomarker
which can predict the treatment response can be useful in the
relatively unfavorable EGFR wild-type NSCLC. The present
study evaluated the predictive value of pretreatment pleural
NLR on OS and PFS in patients with NSCLC with MPE. 

Patients and Methods

Patient selection. Patients with stage IV NSCLC diagnosed between
January 2012 and July 2017 were selected from records of six
university hospitals: Seoul St. Mary’s Hospital, Yeouido St. Mary’s
Hospital, Incheon St. Mary’s Hospital, St. Paul’s Hospital, Bucheon
St. Mary’s Hospital, and Uijeongbu St. Mary’s Hospital. The
inclusion criteria for enrollment were as follows (17): i) pleural
effusion study was available before initiation of treatment; ii)
patients had MPE which was proven either by pleural biopsy
simultaneously that proved malignant or cytologically; iii) patients
who had undergone 2 or more cycles of chemotherapy. Exclusion
criteria were: i) patients who had small cell lung cancer (SCLC) and
those who did not have primary lung cancer; ii) those who had
significant infection which required antibiotics treatment; iii) those
who had underlying hematological disease; iv) those who underwent
curative resection or other surgeries involving pleural cavities.

In the present study, no patient underwent immune checkpoint
inhibitor (ICI) therapy during the study period, because programmed
cell death protein 1 (PD-1) and programmed death-ligand 1 (PDL-
1) tests, and ICIs including nivolumab and pembrolizumab were not
a reimbursable expense for NSCLC treatment in Korean medical
insurance system.

Clinical and laboratory data. Data including sex, age, histology,
smoking status, tumor stages according to tumor-node-metastasis
(TNM) criteria (AJCC criteria 2009), and Eastern Cooperative
Oncology Group Performance Status Scale (ECOG PS) were
evaluated for all study patients.

For all study subjects, both pleural and blood laboratory values
were checked. A conventional cytologal examination was performed
to identify malignant cells in pleural effusion fluid and check
whether pleural biopsy tissue was malignant. Histological analysis
was performed separately. After centrifuging at 2,500 rpm for about
10 min, effusion fluid was examined for malignant cells. Two or
more thin smears were prepared for the sediment. One was air-dried
and stained with Leishman-Giemsa while the other was fixed in
95% alcohol and stained with Papanicolaou stain. 

Pretreatment complete blood count (CBC) and blood chemistry
data were checked from the blood samples of the study patients. The
difference in days between the dates of blood sampling and pleural
fluid sampling was no more than three days.

Inflammatory markers. Serum NLR was calculated by dividing
absolute neutrophil count by absolute lymphocyte count from
pretreatment CBC, while pleural NLR was calculated by dividing
absolute neutrophil count by absolute lymphocyte count from the
pretreatment pleural fluid analysis. Platelet-to-lymphocyte ratio
(PLR) was defined as a ratio of platelet count to absolute
lymphocyte count, while lymphocyte-to-monocyte ratio (LMR) was
defined as a ratio of absolute lymphocyte count to absolute
monocyte count from pretreatment CBC.

Overall survival and progression-free survival. Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 was used to evaluate
response (18). After completing two cycles of treatment, computed
tomography (CT) was performed. Responses were evaluated by the
treating physicians and independent radiologists. OS was defined as
the interval between the date of diagnosis and date of death. PFS
was defined as the time from lung cancer diagnosis until disease
progression after 1st line treatment. If patients were dead or lost
during the follow up period, they were censored, and the last
observation was performed on October 10th, 2018.

Defining cut-off values. Receiver operating characteristic (ROC)
curve was generated for pretreatment pleural NLR to determine the
cut-off value for predicting progression-free survival for <100 days
that yielded optimal sensitivity and specificity. The patients were
then allocated to high/low groups based on the cut-off values. 

Statistical analysis. All statistical analyses were performed using the
Statistical Package for Social Sciences software program version
20.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were
shown as mean values. The Chi-squared test was performed to
compare categorical variables between the groups. Continuous
variables were compared between the groups using two-sided tests
or Mann-Whitney test depending on normal distribution status. Using
Kaplan-Meier analysis, survival curves were presented. Log-rank test
was performed to assess the significance of difference in OS and PFS
between the low and high-pleural NLR groups. Median OS and PFS
were presented with 95% confidence interval (CI). The Cox
regression model was used to evaluate association with OS and PFS.
Statistically significant variables from the univariate analysis were
entered into the multivariate analysis using Cox proportional hazards
regression model. Pleural NLR was included in the Cox proportional
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Figure 1. Receiver operator characteristics curve of pleural neutrophil-
to-lymphocyte ratio (NLR) for disease progression within 100 days after
the diagnosis.



hazard regression model as a continuous variable. The association
between the outcomes and variable number of patients was presented
as hazard ratio (HR) and 95% confidence interval (CI). A p-value
less than 0.05 was considered statistically significant for all analyses.

Ethics statement. The study was approved by the Ethics Committee
at each Center: Seoul St. Mary’s Hospital, Yeouido St. Mary’s
Hospital, Incheon St. Mary’s Hospital, St. Paul’s Hospital, Bucheon
St. Mary’s Hospital, and Uijeongbu St. Mary’s Hospital
(XC17REDI0069U). Due to the retrospective nature of the data, the
requirement for informed consent was waived. This study was
conducted in accordance with the Declaration of Helsinki. All patient
data in the present study were fully anonymized before evaluation. 

Results

Predictability for disease progression. ROC curve analysis was
performed to determine the cut-off value for the pretreatment
pleural NLR that predicted disease progression within 100 days

after the diagnosis. The calculated cut-off value for a pleural
NLR was 0.536 [area under curve (AUC)=0.656;
sensitivity=0.650; specificity=0.737; p=0.029] (Figure 1). 

Using the cut-off calculated from the ROC curve analysis,
the study patients were categorized into the high-pleural and
low-pleural NLR groups. Among the overall patients, 50
patients were categorized into the high-pleural NLR group
(pleural NLR >0.536), and 84 patients were categorized into
the low-pleural NLR group (pleural NLR <0.536). 

Patient characteristics. A total of 134 patients with NSCLC
were found to have MPE that was proven cytologically or
confirmed by pleural biopsy with malignant result. Baseline
characteristics and other clinical parameters of these patients
are shown in Table I. Median age of patients was 68.7 years
(range=32-96 years), and a total of 89 (64.9%) patients were
male. The majority (84.3%) of patients were diagnosed with
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Table I. Clinical characteristics of 134 EGFR wild-type NSCLC patients with malignant pleural effusion.

Factor Overall patients High-pleural NLR Low-pleural NLR p-Value

Number of patients 134 50 84
Median age, range 69.0 (32-96) 68.0 (41 - 96) 71.0 (32-85) 0.345
Median OS (months) 13.4 (8.2-18.6) 7.8 (5.6-10.1) 17.1 (11.6-22.7) 0.041
Median PFS (months) 6.8 (4.5-9.0) 4.5 (2.8-6.2) 7.8 (6.9-8.7) 0.012
Gender 0.565

Male 89 (64.9) 34 (68.0) 53 (63.1)
Female 47 (35.1) 16 (32.0) 31 (36.9)

ECOG 0.182
0 and 1 118 (88.1) 42 (84.0) 76 (91.6)
≥2 15 (11.2) 8 (16.0) 7 (8.4)

Histologic features <0.001
Adenocarcinoma 113 (84.3) 35 (70.0) 78 (92.9)
Squamous 21 (15.7) 15 (30.0) 6 (7.1)

Smoking 0.704
Never smoker 64 (47.8) 23 (46.0) 41 (49.4)
Ever smoker 69 (51.5) 27 (54.0) 42 (50.6)

M-factor 0.580
M1a/M1b 72 (53.7)/53 (39.5) 29 (58.0)/17 (34.0) 43 (51.2)/36 (42.9)

Treatment modality (1st line) 0.054
Supportive care only 15 (11.2) 9 (18.0) 6 (7.1)
Conventional chemotherapy 119 (88.8) 41 (82.0) 78 (92.9)

WBC count (×109/l) 9518±4865 11485±7052 8347±2202 0.003
Hemoglobin (g/dl) 13.0±1.8 12.4±1.7 13.5±1.7 <0.001
Platelet (per/ul) 308,900±82,365 309,380±76,032 308,610±86,359 0.958
Albumin (g/dl) 3.6±0.5 3.4±0.5 3.8±0.4 <0.001
CRP (mg/l) 2.5±4.2 3.4±4.8 1.9±3.8 0.048
CEA (ng/ml) 70±156 87.3±179.7 59.3±142.0 0.469
LDH (IU/l) 503±234 532±248 486±226 0.294
Serum NLR 5.5±12.4 9.1±20.0 3.4±1.7 0.049
Pleural NLR 2.00±7.5 5.26±11.79 0.13±0.13 0.004
PLR 208±150 249±218 184±80 0.047
LMR 2.7±1.4 2.2±1.1 3.1±1.5 0.001

CI: Confidence interval; CEA: carcinoembryonic antigen; CRP: c-reactive protein; ECOG: Eastern Cooperative Oncology Group; HR: hazard ratio;
LDH: lactate dehydrogenase; LMR: lymphocyte to monocyte ratio; OS: overall survival; PFS: progression-free survival; PLR: platelet to lymphocyte
ratio; WBC: white blood cell.



adenocarcinoma. Most (88.1%) patients had an ECOG PS of
0-1. Among the study patients, 119 (88.8%) underwent
conventional systemic chemotherapy as first-line treatment,
and 15 (11.2%) patients received supportive care only.

Median OS was 13.4 months (8.2-18.6 months). PFS for 1st
line treatment was 6.8 months (4.5-9.0 months). 

Median age in the low-pleural NLR group was higher than
in the high-pleural NLR group. There was no statistically
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Figure 3. Comparison of overall survival (A) and progression-free survival (B) between the four groups using quartile cut-off values of pretreatment
pleural neutrophil-to-lymphocyte ratio (NLR).

Figure 2. Comparison of overall survival (A) and progression-free survival (B) between high- and low-pleural neutrophil-to-lymphocyte ratio (NLR)
groups in non-small cell lung cancer (NSCLC) with malignant pleural effusion (MPE).



significant difference in the proportion of male, ever smoker
and patients who received active anticancer treatment
between the two groups. The low-pleural NLR group showed
a significantly higher proportion of adenocarcinoma when
compared to the high-pleural NLR group (92.9% vs. 70.0%,
p<0.001). 

The baseline laboratory test values of the study patients are
shown in Table I. Mean white blood cell (WBC) count was
9,518. Mean levels of hemoglobin, platelet and albumin were
13.0 g/dl, 308,900/μl and 3.6 g/dl, respectively. Mean c-
reactive protein (CRP), carcinoembryonic antigen (CEA) and
lactate dehydrogenase (LDH) were 2.5 mg/l, 70 ng/ml and 503
IU/l, respectively. Mean serum NLR, pleural NLR and PLR
were 5.5, 2.00 and 208, respectively. Mean LMR was 2.7.

Mean WBC count and CRP were significantly higher in the
high-pleural NLR group than in the low-pleural NLR group
(11485 vs. 8347, p=0.003, and 3.4 vs. 1.9, p=0.048, respectively).
Mean hemoglobin and albumin levels were significantly lower
in the high-pleural NLR group than in the low-pleural NLR
group (12.4 vs. 13.5, p<0.001, and 3.4 vs. 3.8, p<0.001). While,
platelet count showed no significant difference, NLR, pleural
NLR, and PLR were significantly higher in the high-pleural
NLR group (9.1 vs. 3.4, p=0.049, 5.26 vs. 0.13, p=0.004, and
249 vs. 184, p=0.047, respectively). LMR was lower in the high-

pleural NLR group than in the low-pleural NLR group (2.2 vs.
3.1, p=0.001).

Overall survival and progression-free survival: Log-rank
test. Between the two groups, OS and PFS were compared.
The low-pleural NLR group showed a significantly longer
median OS and PFS when compared to the high-pleural NLR
group (17.1 vs. 7.8 months, p=0.041, and 7.8 vs. 4.5 months,
p=0.012, respectively) (Figure 2A and B). 

After stratification using quartile cut-off values of
pretreatment pleural NLR, Kaplan-Meier curve analysis was
performed to compare OS and PFS between the four groups.
Between the four categories, no significant difference in OS
was found (p=0.136) (Figure 3A). The graph from Kaplan
Meier-curve analysis showed that as pleural NLR levels
increase, the risk of disease progression increases as well
(p=0.046) (Figure 3B). As pleural NLR increases from 1st
quartile to 4th quartile, median PFS changes as follows: 6.0,
9.8, 10.0, and 12.1 months, respectively.

Overall survival and progression-free survival: Cox-
regression model. Clinical parameters were entered into
univariate analyses for association with OS and PFS: age,
sex, smoking status, histology, ECOG, first line treatment,
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Table II. Univariate and multivariate analysis on OS and PFS.

Characteristics OS PFS

Multivariate Multivariate
Univariate Univariate
p-Value p-Value HR 95% CI p-Value p-Value HR 95% CI

Age 0.009 0.126 1.025 0.993-1.057 0.262 0.528 1.007 0.986-1.028
Male 0.019 0.342 1.355 0.725-2.532 0.146 0.438 1.189 0.768-1.841
Smoking status (ever/never) 0.214 - - - 0.133 - - -
Histology (adenocarcinoma/ 0.792 - - - 0.452 - - -
squamous cell)

ECOG (0-1/≥2) 0.007 0.406 0.670 0.261-1.723 0.125 - - -
First line treatment (1st line) <0.001 <0.001 2.013 1.405-2.885 - - - -
(conventional chemotherapy/
supportive care)

Pleurodesis 0.244 - - - 0.355 - - -
M stage (M1a/M1b) 0.668 - - - 0.863 - - -
Hemoglobin, g/dl 0.006 0.388 0.923 0.769-1.108 0.213 - - -
Protein, g/dl 0.036 0.715 1.105 0.648-1.883 0.732 - - -
Albumin, g/dl <0.001 0.073 0.419 0.162-1.084 0.014 0.098 0.653 0.394-1.082
LDH, IU/l 0.138 - - - 0.799 - - -
CRP, mg/dl <0.001 0.007 1.115 1.031-1.207 0.389 - - -
Pleural NLR 0.117 - - - <0.001 0.004 1.036 1.011-1.061
Serum NLR <0.001 0.072 1.029 0.997-1.061 0.160 - - -
PLR <0.001 0.534 1.001 0.998-1.004 0.019 0.090 1.002 1.000-1.005
LMR <0.001 0.417 0.897 0.691-1.166 0.062 - - -

CI: Confidence interval; CRP: c-reactive protein; ECOG: Eastern Cooperative Oncology Group; HR: hazard ratio; LDH: lactate dehydrogenase;
LMR: lymphocyte to monocyte ratio; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; OS: overall survival; PFS: progression
free survival.



pleurodesis, M stage, hemoglobin, protein, albumin, LDH,
CRP, pleural NLR, NLR, PLR and LMR (first-line treatment
was not entered into the univariate analysis for PFS). The
univariate analysis for association with OS showed that age,
sex, ECOG, first-line treatment, hemoglobin, protein,
albumin, CRP, NLR, PLR and LMR were significant factors.
In the multivariate analysis for association with OS, first line
treatment and CRP showed significant association (Table II).

Based on univariate analysis on association with PFS,
albumin, pleural NLR and PLR were entered into
multivariate analysis, along with age and sex. The
multivariate analysis showed that only pleural NLR
(p=0.004) was an independent predictor for early disease
progression, with HR=1.036 (1.000-1.005) (Table II).

Discussion

The present study showed that increased pleural NLR was
an independent predictor for early disease progression in
EGFR wild-type NSCLC patients with MPE. In addition, our
study results showed that the correlation between PFS and
pleural NLR was dose-dependent. 

Higher NLR, which can be interpreted as more neutrophilic
inflammation and lymphopenia state, was associated with poor
survival in many cancers (19). Recent studies support that
chronic inflammation in the tumor microenvironment
promotes cancer progression and angiogenesis (13, 19). In
depth, neutrophilic inflammation is associated with
angiogenesis and tumor progression as well as poor outcomes
in lung cancer (14, 20). In contrast, lymphocytes play an
important role in anticancer activity (15).

Like NLR calculated from blood of NSCLC patients, NLR
calculated from pleural fluid leukocyte analysis can give
useful clinical information. MPE is basically lymphocytic,
but MPE with relatively higher neutrophil percentage may
reflect more active inflammation involving increased
cytokine activity, and in turn, may have an association with
cancer progression within and around the pleural cavity. A
study on MPE of immunocompetent mice has shown that T
lymphocytes and associated cytokines play significant roles
in pathogenesis of MPE development (21). Increased levels
of VEGF and related cytokines have been reported to have
an association with formation of MPE (22). 

In the present study, increased pleural NLR was
independently associated with early disease progression of
NSCLC with MPE. The disease progression included a
meaningful increase of primary lung mass, a development of
new mass in lung parenchyme, and a significant increase of
MPE according to RECIST (18). As we hypothesized before,
we assume that increased pretreatment inflammatory activity
as was shown by relative neutrophilia, influenced cancer
microenvironments of the pleural cavity and lung
parenchyme. However, this hypothesis needs to be verified

in a larger population with NSCLC and MPE before using
this biomarker in clinical use. 

The reason why pleural NLR was statistically significant
in wild-type NSCLC patients should also be clarified. In a
separate analysis involving our study cohort, pleural NLR
was not significant in the EGFR mutation-positive NSCLC.
We believe that the strong effect of targeted therapy on
disease progression made predictability of pleural NLR not
visible. Despite recent advances in treatment modalities for
stage IV NSCLC patients, conventional chemotherapy
remains the mainstay treatment in management of driver
mutation-negative patients. The EGFR mutation wild-type
NSCLC patients have a relatively poorer survival compared
to EGFR mutation-positive NSCLC patients (16). With
limited treatment options for first-line treatment and
relatively poor prognosis, a prediction of disease progression
is significant in this disease group. Therefore, a cost-
effective and more readily available biomarker can
contribute to the management of NSCLC by making an
easier prediction of early disease progression. 

The present study has several limitations. First, median
survival time of the patients was 13.4 months, which was
significantly longer than the reported survival time of lung
cancer with MPE (23). These could be due to the fact that
patients with hematological disease and combined infections
that would require antibiotics therapy were excluded.
Second, pleural NLR was not measured serially and we
could not evaluate whether pleural NLR demonstrates
response after anticancer treatment. Finally, pleural NLR was
not validated in the separate cohort, and this process should
be performed in the large-sized population in the near future.

Despite its limitations, the present study showed that
pleural NLR may assist in predicting prognosis in advanced
NSCLC with MPE. This potential biomarker needs further
affirmation for its clinical application, but its availability and
cost-effectiveness deserve further attention from clinicians
who manage lung cancer.

Pleural NLR was predictive of early disease progression
in EGFR mutation wild-type NSCLC with MPE. Further
studies involving a larger number of patients are necessary
to clarify the correlation between pleural inflammation and
cancer progression. 
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