
© 2023 Eurasian Journal of Pulmonology Published by Kare Media

Access this article online
Quick Response Code:

Website:
https://eurasianjpulmonol.org

DOI:
10.14744/ejp.2023.1003

Original Article

159

The contribution of 
neutrophil-lymphocyte ratio on 
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Abstract:
BACKGROUND AND AIM: The neutrophil/lymphocyte ratio (NLR) has been demonstrated to 
be a prognostic marker in various cancers, including non-small cell lung cancer (NSCLC). Nev-
ertheless, very little is known about this ratio in the specific NSCLC population that includes a 
targetable epidermal growth factor receptor (EGFR) mutation.
METHODS: Histologically or cytologically confirmed stage IIIB or IV NSCLC cases with a targetable 
EGFR mutation between 2014 and 2018 were retrospectively evaluated. The optimal cut-off value for 
NLR for prognostic purposes was determined by Receiver Operating Characteristic (ROC) analysis. 
The patients were divided into two groups according to the determined cut-off value, and the groups 
were compared in terms of variables, and the effect on overall survival was evaluated. Univariate cox 
regression analysis included age, gender, the extent of the primary tumor (T), involvement of regional 
lymph nodes (N), Tumor, Node, and Metastasis (TNM), and cancer treatment, in addition to NLR. 
RESULTS: The study included 62 patients. In the ROC analysis, Area Under the Curve (AUC): 
0.643 (95% Confidence Interval (CI): 0.504−0.783), and the cut-off for NLR was determined 
as 2.57 considering the highest “Youden’s index”. Accordingly, the specificity was found to be 
51.85%, and sensitivity was 74.29%. Survival was 23 (15.824−30.176) months in the NLR>2.57 
group, while it was 38 (29.665−46.335) months in the NLR equal to or lower than 2.57 (p=0.218). 
No statistically significant difference was found between the NLR rate and overall survival (OS).
CONCLUSIONS: Although no statistical significance was reached, the high NLR ratio was pos-
sibly found to be associated with poor prognosis in cases with EGFR mutant lung cancer, mostly 
composed of stage 4 cancer. 
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Introduction

Lung cancer is the leading cause of cancer-related 
deaths worldwide and is one of the most aggres-

sive tumors. Approximately 85% of all lung cancers 
are non-small cell lung cancers (NSCLC), with adeno-
carcinomas accounting for 40% of NSCLCs.[1] The sta-
tus of the epidermal growth factor receptor (EGFR) 
is a genetic analysis that guides the treatment of 
lung adenocarcinoma. Tyrosine kinase inhibitors can 
achieve lesser side effects and a longer duration of 
life compared to conventional cytotoxic chemother-
apy in cases where EGFR exon 19 deletion or 21L858R 
positivity is detected.[2]

Age, gender, cigarette smoking, and Tumor, Node, 
and Metastasis (TNM) staging are the most commonly 
accepted prognostic factors in lung cancer. Some new 
biomarkers, such as high carcinoembryogenic antigen 
(CEA) levels, cytokeratin-19 fragments, squamous 
cell carcinoma antigen, progastrin-releasing peptide, 
tumor M2-pyruvate kinase, and C-reactive protein 
(CRP), have been introduced to predict prognosis and 
guide clinical treatment.[3] Additionally, patients in the 
same TNM stage might have different prognoses, and 
most of the prognostic biomarkers mentioned above 
have not been included in routine tests due to their 
lack of cost-effectiveness.[4] 

The systemic inflammatory response in cases di-
agnosed with malignancy has a negative effect on 
cancer development and prognosis.[5,6] Neutrophils, 
lymphocytes, and monocytes play important roles in 
the cancer-related systemic inflammatory response. 
Peripheral absolute values of these parameters can 
provide information about the prognosis of various 
malignancies, including NSCLC.[7−9] The ratio of neu-
trophil value to lymphocyte value (NLR) reflects the 
imbalance between neutrophils and lymphocytes, 
representing systemic inflammation. An increased 
NLR has been shown to be associated with poor 
prognosis in various cancers, including advanced 
stage NSCLC.[10−12] However, very little is known 
about using this ratio in a specific genetic subset of 
EGFR-mutant NSCLC.[9] 

This study aims to evaluate the NLR in lung ade-
nocarcinoma in conjunction with EGFR mutation in 
terms of survival. 

Materials and Methods

Patient and clinical characteristics
We retrospectively analyzed the clinical data of NSCLC 
patients between January 2014 and June 2018, who were 
included in the study. The patients were followed up un-
til January 2021.

The following inclusion criteria were used: adult patients 
aged 18 years or older; histologically or cytologically 
confirmed NSCLC; clinical stage IIIB or IV; harboring 
activating EGFR mutation (exon 19 deletion and exon 
21 L858R). The study exclusion criteria were as follows: 
patients with other malignancies, infections, or hemato-
logical or autoimmune diseases.

The following patient clinical characteristics were ob-
tained: age, gender, tumor pathology, and treatment his-
tory, as well as laboratory values. 

Treatment and monitoring methods
Disease assessments, including clinical parameters, 
hematological parameters, biochemistry, and chest ra-
diography, were performed every four weeks. Chest 
computed tomography (CT) or positron emission to-
mography-computed tomography (PET-CT) scans were 
conducted every two to three months. The evaluation 
of treatment response was based on the National Com-
prehensive Cancer Network (NCCN) guidelines,[13] and 
the presence of progression was graded according to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
1.1.[14] The survival indicators for progression-free sur-
vival (PFS) were defined as the time from the initiation of 
Epidermal Growth Factor Receptor Tyrosine Kinase In-
hibitors (EGFR-TKIs) to disease progression, death before 
documented progression, or the last follow-up time. The 
patient overall survival (OS) was defined as the time from 
the initiation of EGFR-TKIs to death or last follow-up.

Sample collection
Tumor cells were obtained through bronchoscopy, CT-
guided biopsy, pleural effusion cytology, or surgical pro-
cedures. All tissues were fixed in 10% buffered formalin. 
Routine follow-up involved graded alcohol, xylene, and 
paraffin. The tissues were then embedded in paraffin, 
and paraffin blocks were prepared. Routine five-micron 
sections were obtained from each block and stained with 
hematoxylin and eosin. Biopsy samples were examined 
under a light microscope, and tumors were classified ac-
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cording to the World Health Organization’s 2015 Lung 
Tumors Classification. Cases showing acinar, papillary, 
and micropapillary structures under light microscopy 
were reported as adenocarcinoma. Additionally, those 
exhibiting single-cell keratinization and globe cornea 
were reported as squamous cell carcinoma. Immuno-
histochemistry was performed to determine the type of 
cases without neuroendocrine morphology, small cell 
morphology, and non-lung carcinoma. p40 was used for 
typing squamous cell carcinoma, while Thyroid Tran-
scription Factor 1 (TTF1) was used for typing adenocar-
cinoma. During the diagnosis and typing phases, the tis-
sues were preserved for mutation studies.[15]

EGFR mutation testing
EGFR mutational analyses were performed using enlarged 
fragments of genomic Deoxyribonucleic Acid (DNA) ex-
tracted from paraffin-embedded tissues (QIAGEN EGFR 
RGQ PCR KIT) and Systematic, Comprehensive, One-
Step Real-time Polymerase Chain Reaction (SCORPIONS) 
and Amplification Refractory Mutation System (ARMS) 
polymerase chain reaction. Exon 19 deletion and L858R 
mutations were identified as common mutations. 

Complete blood count (CBC) testing
Approximately 2 ml of peripheral venous blood was col-
lected in a sterile ethylenediaminetetraacetic acid (EDTA) 
tube for the Complete Blood Count (CBC) testing. NLR 
was calculated by dividing the absolute neutrophil count 
by the absolute lymphocyte count. Previous hematologi-
cal parameters, approximately one month before the ini-
tiation of EGFR-TKIs, were recorded for evaluation. 

Statistics
Data analyses were performed using IBM Corp. Re-
leased 2017. IBM Statistical Package for the Social 
Sciences (SPSS) for Windows, Version 25.0. Armonk, 
NY: IBM Corp. The clinical characteristics of the patients 
were analyzed using descriptive statistics. Pearson’s 
chi-square test and Fisher’s exact test were used to com-
pare the baseline clinical characteristics between dif-
ferent groups, as applicable. To determine the optimal 
cutoff for the inflammatory markers (white blood cell 
count, absolute neutrophil, monocyte and lymphocyte 
counts, platelet counts, and red cell distribution width) 
as prognostic factors, receiver operating characteristic 
(ROC) curves and Youden’s index were utilized. A sig-
nificant ROC curve could not be obtained for progres-
sion-free survival, while it was obtained for overall sur-

vival. The results of the ROC analyses were expressed as 
sensitivity, specificity, and area under the curve (AUC) 
with 95% confidence intervals (CI). The Kaplan-Meier 
method was used to evaluate progression-free survival 
(PFS) and overall survival (OS), and the log-rank test 
was performed to compare the two groups. 

Results

A total of 62 patients, comprising 30 males and 32 fe-
males, with EGFR mutant lung adenocarcinoma were 
included in the study. There were 37 patients under the 
age of 65 and 25 patients over the age of 65. Among 
them, 11.3% (n=7) were at the locally advanced stage, 
and 88.7% (n=55) were at the advanced stage. The me-
dian survival in the overall study population was 21 
(12−35) months, and the progression-free survival was 
16 (8−23) months. The patient demographic and base-
line characteristics are shown in Table 1. The median 
neutrophil count, mean lymphocyte count, and mean 
NLR of the patients were 5.01/mm3 (4.18−65.00), 1.84/
mm3 (1.40−2.35), and 3.01 (2.26−4.27), respectively. 

Fifty-five patients received tyrosine kinase inhibitors, 
while six patients received systemic chemotherapy, 

Table 1: Demographic data of patients

Characteristics		  n=62

		  n		  %

Age (years)
	 <65 years	 37		  59.7
	 >65 years	 25		  40.3
Gender
	 Female	 32		  51.6
	 Male	 30		  48.4
Histology
	 Adenocarcinoma	 62		  100
Stage
	 Locally advanced stage	 7		  11.3
	 Stage 4	 55		  88.7
Treatment 
	 Concurrent CRT	 1		  1.6
	 Systemic CT	 6		  9.7
	 Tyrosine kinase inhibitors	 55		  88.7
Neutrophil count (median±IQR×109/L)		 5.01 (4.18−65.00)
Lymphocyte count (median±IQR×109/L)		  1.84 (1.4−2.35)
Neutrophil/Lymphocyte ratio		 3.01 (2.26−4.27)
OS (median), month		  21 (812−35)
Mean PFS (median), month		  16 (8−23)

CRT: Chemoradiotherapy, CT: Chemotherapy, IQR: Interquartile range, OS: Overall 
survival, PFS: Progression free survival
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and one patient had simultaneous chemoradiotherapy 
as first-line treatment. Re-biopsy was performed in 21 
(33.8%) of the patients who experienced progression. In 
the second-line treatment, 52 (83.8%) patients received 
systemic chemotherapy, 6 (9.6%) patients received Ty-
rosine Kinase Inhibitor (TKI), and 4 (6.4%) patients 
were managed with best supportive care. The low rate 
of re-biopsy can be attributed to factors such as lack of 
awareness about re-biopsy during patient follow-up, pa-
tient rejection, unsuitable patient clinical conditions for 
biopsy, and absence of accessible lesions for re-biopsy. 

In the ROC analysis, the AUC was 0.643 (95% Confidence 
Interval (CI): 0.504−0.783), and the cut-off for NLR was 
determined as 2.57, considering the highest “Youden’s 
index”. Accordingly, the specificity was found to be 
51.85%, and the sensitivity was 74.29% (Fig. 1. Kaplan-
Meier analysis for OS).

The baseline characteristics of the patients according to 
the NLR are listed in Table 2. We analyzed the correlation 
between baseline characteristics and NLR in patients 
with EGFR mutation-positive lung adenocarcinoma. 
The results showed no significant difference in terms of 
patient’s age, gender, TNM stage, and tumor (T) stage 
between the two groups with high-level and low-level 
NLR. Furthermore, patient’s age, gender, TNM stage, 
and T stage did not have a significant influence on PFS.

In the univariate analysis, there were no significant corre-
lations observed between patient’s age, gender, T stage, 
node (N) stage, metastasis (M) stage, treatment, NLR, 
and overall survival (Table 3).

The survival was 23 (15.824−30.176) months in the 
NLR>2.57 group, while it was 38 (29.665−46.335) months 
in the NLR equal to or lower than 2.57 (p=0.218). No sta-
tistically significant difference was found between the 
NLR rate and OS.

Discussion

Systemic inflammation promotes the progression of var-
ious cancer types by stimulating tumor angiogenesis, 
tumor metastasis, cancer cell proliferation, and affecting 
the tumor’s response to systemic treatment.[16] 

NLR, which combines neutrophil and lymphocyte counts 
in the circulation, serves as an index that represents sys-
temic inflammation. Additionally, since NLR can be cal-
culated from peripheral blood test results, it is an easily 
applicable marker of systemic inflammation that can 
provide prognostic information for patients.[9] 

This study aims to establish the association between 
NLR and prognosis in patients with EGFR-positive (+) 
adenocarcinoma of the lung. 

NLR has previously been shown to have a prognostic 
effect in various cancer types, including ovarian cancer, 

Table 2: Comparison of characteristic features between 
both groups according to NLR 2.57 threshold value

Variables			   NLR

	 	 	 ≤2.57	 	 	 >2.57	

		  n		  %	 n		  %	 p

Age
	 <65	 17		  45.9	 20		  54.1	 0.079
	 ≥65	 6		  24.0	 19		  76.0
Gender
	 Male	 8		  26.7	 22		  73.3	 0.100
	 Female	 15		  46.9	 17		  53.1	
TNM
	 Local advanced	 2		  33.3	 4		  66.7	 1.000*
	 Stage 4	 21		  37.5	 35		  62.5	
T
	 1A	 9		  42.9	 12		  57.1	 0.502
	 1B	 14		  34.1	 27		  65.9	

Pearson Chi-squared test. *: Fisher’s Exact test. NLR: Neutrophil/Lymphocyte 
ratio, TNM: Tumor, node, and metastasis, T: Tumor

Figure 1: Kaplan-meier analysis for overall survival in terms of NLR cut-off (2.57)
NLR: Neutrophil/Lymphocyte ratio
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breast cancer, pancreatic cancer, and colorectal cancer, as 
well as in advanced NSCLC patients treated with first-
line platinum-based chemotherapy.[17−21] Takahashi et 
al.[22] found that a high pre-operative NLR was associ-
ated with poor OS and PFS in patients with surgically 
treated lung adenocarcinoma. Four studies evaluating 
the effect of NLR on prognosis in cases of NSCLC treated 
with EGFR-mutant tyrosine kinase inhibitors have been 
identified in the literature.[2,23−25] Among these studies, 
Minami et al.[2] demonstrated a statistically significant 
association between increased NLR and OS in EGFR-
mutant NSCLC cases, while they found no significant 
results in terms of PFS. In our study, we did not reach 
a statistically significant result, indicating that a higher 
NLR was associated with worse OS based on the survival 
comparison and multivariate analysis performed. Fur-
thermore, the ROC analysis for PFS did not yield a sta-
tistically significant area under the curve (AUC). When 
comparing the study by Minami et al. with ours, there 
were some differences in terms of mean age (70.3±10.3 
and 63.3±11.6) and the proportion of patients who re-

ceived TKIs as first-line treatment (68% and 84.6%). In 
another study by Zhang et al.,[24] which included pa-
tients with locally advanced and advanced stage EGFR 
mutant NSCLC receiving TKIs as first-line treatment, an 
increased NLR was shown to be associated with poor OS 
and PFS. The median OS and median PFS in their study 
were 18 months and 11 months, respectively. In our 
study, the median OS and median PFS were found to be 
21 (12−35) months and 16 (8−23) months, respectively. 
Although the proportion of stage four patients was 
higher in our study compared to the study by Zhang et 
al. (86.2% and 79.5%), the inclusion of patients who had 
previously undergone surgery may have contributed to 
different results in terms of OS and PFS. 

This study is important and unique in the literature as 
it exclusively focuses on cases of lung adenocarcinoma, 
whereas previous studies included all patients diag-
nosed with NSCLC. The results of this study suggest that 
the prognostic value of NLR in lung adenocarcinoma is 
similar to that in all NSCLCs. 

Table 3: Log rank analysis-means and medians for survival time

Variables		  Meana				    Median			   p

		  Estimate	 Std.	 95% CI		  Estimate	 Std.	 95% CI 
			   error 				    error	

				    Lower	 Upper			   Lower	 Upper 
				    bound	 bound			   bound	 bound	

Age
	 <65	 38.255	 6.298	 25.911	 50.598	 31.000	 2.805	 25.503	 36.497	 0.778
	 >=65	 35.125	 5.417	 24.508	 45.743	 23.000	 5.666	 11.895	 34.105	
Gender
	 Male	 37.594	 6.009	 25.816	 49.373	 31.000	 6.541	 18.180	 43.820	 0.881
	 Female	 34.965	 5.889	 23.422	 46.508	 31.000	 7.749	 15.812	 46.188	
T
	 1A	 40.135	 7.353	 25.722	 54.547	 35.000	 18.883	 0.000	 72.011	 0.724
	 1B	 32.072	 3.420	 25.369	 38.774	 31.000	 3.791	 23.570	 38.430	
N
	 1	 26.171	 4.846	 16.673	 35.670	 23.000	 5.273	 12.665	 33.335	 0.443
	 2	 38.140	 4.560	 29.202	 47.079	 31.000	 5.953	 19.333	 42.667	
M
	 0	 45.800	 7.335	 31.423	 60.177	 48.000	 20.024	 8.753	 87.247	 0.314
	 1	 36.506	 4.670	 27.352	 45.660	 28.000	 4.059	 20.044	 35.956	
Treatment
	 CT/CRT	 27.143	 2.822	 21.613	 32.673	 31.000	 0.000	  	  	 0.728
	 TKI	 36.700	 4.400	 28.077	 45.323	 31.000	 6.762	 17.747	 44.253	
NLR
	 ≤2.57	 45.618	 9.136	 27.712	 63.524	 38.000	 4.252	 29.665	 46.335	 0.218
	 >2.57	 32.997	 4.386	 24.401	 41.594	 23.000	 3.661	 15.824	 30.176	
Overall	 36.977	 4.197	 28.751	 45.204	 31.000	 4.593	 21.999	 40.001	

a: Estimation is limited to the largest survival time if it is censored. Std.: Standard, CI: Confidence interval, T: Tumor, N: Node, M: Metastasis, CT: Chemotherapy, 
CRT: Chemoradiotherapy, TKI: Tyrosine kinase inhibitors, NLR: Neutrophil/Lymphocyte ratio
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The most appropriate cut-off value has yet to be deter-
mined, and the cut-off value used in this study may be 
considered arbitrary since the results were not confirmed 
in different settings. The cut-off value of NLR was found 
to be 2.57 with 74.29% sensitivity 51.85% specificity, as 
determined by the ROC curve. 

There are some limitations of this study: it includes 
a small patient group, it is retrospective, and the re-
biopsy rate is low. Multicenter, prospective, and large-
scale studies are ideal for investigating such a specific 
cancer population. 

Conclusion

Consistent with the results of this study, it can be sug-
gested that patients in the group with a higher NLR had 
a poor clinical course, although no statistically signifi-
cant association was found between NLR and OS in this 
present study. 
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