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Original Article

Pretreatment neutrophil-to-lymphocyte ratio is a predictive 
biomarker for EGFR TKI-treated patients with advanced  
EGFR-mutant Non-small cell lung cancer
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Background: Neutrophil-lymphocyte ratio (NLR) has been reported as a prognostic biomarker in various 
cancers, but its prognostic value for advanced epidermal growth factor receptor (EGFR) mutation-positive 
non-small cell lung cancer (NSCLC) treated with EGFR tyrosine kinase inhibitors (TKIs) remains unclear. 
To address this issue, we performed a retrospective study to investigate the clinical value of NLR in these 
patients.
Methods: All data were collected from medical records. Sixty-five cases with stage IIIB-IVB EGFR-mutant 
NSCLC treated with EGFR-TKIs were enrolled. The pretreatment NLR was analyzed for associations 
with disease control rate (DCR) and progression-free survival (PFS). The primary outcomes of interest were 
DCR and PFS. All the data were analyzed using SPSS 23.0. The PFS curves were plotted by Kaplan-Meier 
analysis and log-rank test. Univariate and multivariate Cox regression analyses were used to determine the 
factors affecting PFS.
Results: The results indicated that, compared with those with lower NLR (<2.57), the patients with a 
higher NLR (≥2.57) showed a significantly shorter PFS (8.8 vs. 12.2 months, P<0.01), and decreased DCR 
by the end of 8, 10 months after TKIs treatment (62.5% vs. 93.3%, P=0.014; 38.5% vs. 77.8%, P=0.037). 
COX multivariate analysis showed that NLR was an independent prognostic factor for PFS (P<0.001).
Conclusions: Elevated NLR is significantly associated with lower DCR, shorter PFS, and might act as a 
meaningful biomarker for predicting the efficacy of TKIs treatment and the prognosis of advanced EGFR-
mutant NSCLC. High-quality prospective clinical trials with longer follow-up are needed to further confirm 
the results.
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Introduction

Lung cancer remains one of the most common cancers 
and the leading cause of cancer-related mortality in 
China and worldwide (1-4). About 85% of lung cancers 
are non-small cell lung cancer (NSCLC) and most of the 
newly diagnosed patients are already at advanced stages 
(4-6). For the patients with epidermal growth factor 
receptor (EGFR) mutation-positive advanced NSCLC, 
EGFR tyrosine kinase inhibitors (TKIs) are the first-line 
treatment of choice (7).

Tumor-node-metastasis (TNM) staging is a significant 
prognostic factor for cancer patients, but its prognostic 
value for advanced cancer patients is limited (8). Many 
studies have found that the prognosis of advanced NSCLC 
patients is not only related to the staging but also closely 
related to clinical features of individual patients (9,10). It 
has been demonstrated that the systemic inflammation is 
involved in the initiation, development, and progression of 
several types of tumors. For example, increasing evidence 
has revealed that cancer-associated inflammation plays a 
crucial role in the clinical outcomes in colorectal cancer 
and NSCLC (11,12), and the neutrophil-lymphocyte ratio 
(NLR) has been reported to be one of the inflammation 
indicators which can be a potential predictor of treatment 
benefit (13,14).

There were very limited studies on the correlation of 
NLR with the clinical outcome of advanced EGFR-mutant 
NSCLC treated with TKIs, and the results of them were 
inconsistent and contradictory (15-17). Notably, a recent 
study reported that NLR was not a significant prognostic 
factor in EGFR-mutant NSCLC patients treated with 
TKIs (16). The prognostic significance of NLR for these 
lung cancer patients remains inconclusive. Therefore, 
we performed this retrospective study to investigate the 
correlation between NLR and the outcomes of patients, 
aiming to clarify the prognostic value of NLR in the 
advanced EGFR-mutant NSCLC patients treated with 

EGFR-TKIs.

Methods

Patient selection and treatment protocols

This was a retrospective study on patient data retrieved 
from hospital medical record system, an informed consent 
form was not required; the patient’s personal data have been 
secured. Sixty-five cases were hospitalized in the Cancer 
Center of the First Affiliated Hospital of Guangzhou 
University of Chinese Medicine (a teaching hospital and 
clinical research base of Macau University of Science 
and Technology) from January 1st, 2015 to October 1st, 
2017. All the included patients were definitively diagnosed 
with stage III/IV NSCLC via imaging and pathological 
examinations.

The inclusion criteria for patients were as follows: (I) 
pathologically confirmed NSCLC and the initial stages 
were IIIB, IIIC, IVA or IVB; (II) molecularly identified 
activating mutations in the EGFR gene by amplification 
refractory mutation system (ARMS)-PCR or next-
generation sequencing (NGS); (III) not treated with any 
anti-tumor drugs before inclusion; (IV) TKIs drugs were 
administrated regularly except for cases with disease 
progression or unacceptable toxicity; (V) normal liver, 
kidney functions, and absent of any serious diseases, acute 
or chronic hematological diseases, rheumatic autoimmune 
diseases, chronic liver disease, chronic renal insufficiency, 
immune diseases, and active infections, etc.; (VI) within 1 
month before admission, not treated with anti-tuberculosis 
medication, hormone therapy or other treatments which 
might affect the blood system.

All the included patients received the first-line EGFR-
TKIs treatment and did not switch their medicine during 
the treatment unless the disease progressed. Clinical 
features of all the patients, including gender, age, smoking 
status, differentiation, tumor stage, and complete blood 
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cell (CBC) counts, were recorded before the first cycle of 
EGFR-TKIs therapy. All the pretreatment CBC counts 
were performed within 3 days before the first treatment. 
NLR was calculated by dividing the absolute neutrophil 
count by the absolute lymphocyte count.

Evaluation and follow-up

Patients were followed up and evaluated after EGFR-TKIs 
treatment, the last follow-up was March 1, 2018. All data 
were collected from medical records. According to Response 
Evaluation Criteria in Solid Tumors (RECIST) (18),  
complete response (CR), partial response (PR), stable 
disease (SD), and progressive disease (PD) were the 
common indicators for evaluating the objective response. 
The primary outcomes of interest were disease control rate 
(DCR), progression-free survival (PFS). DCR was defined 
as the proportion of cases with CR or PR or SD. PFS was 
defined as the time from the date of commencing treatment 
to the date of first progression or death from any cause 
without progression, and calculated every month.

Statistical analysis

All the data were analyzed using SPSS 23.0 software 
(SPSS, Chicago, IL, USA). Chi-square test was used to 
compare the categorical variable between the groups, and 
the numerical variables were analyzed by t-test or Mann-
Whitney U test. The median value of NLR (2.57) was 
assigned to be the NLR cut-off point. The PFS curves 
were plotted by Kaplan-Meier analysis and log-rank test. 
Univariate and multivariate Cox regression analyses were 
used to determine the factors affecting PFS. P<0.05 was 
considered statistically significant.

Results

Baseline characteristics of the included patients

The deadline for inclusion was October 1, 2017. Thirty-
one (47.7%) of these patients were men, forty-four (67.7%) 
were under the age of 65 years, and forty-seven (72.3%) 
patients were non-smokers. The pathological type of most 
patients was adenocarcinoma (n=55). The EGFR mutations 
identified and described in the medical records of the 
included patients were: an in-frame deletion in exon 19 
in thirty-nine patients; an L858R point mutation in exon 

21 in twenty-two patients; and no detailed description 
of specific EGFR mutations in the medical records of 4 
patients. A total of 65 patients were included in the final 
analysis, and 18 patients did not show disease progression 
until the deadline for follow-up. The clinicopathological 
characteristics of the 65 patients were shown in Table 1.

Correlation of pretreatment NLR with clinicopathological 
characteristics

The included patients were divided into different groups 
based on various clinicopathological characteristics: age 
(≤65 vs. >65 years), gender (male vs. female), smoking status 
(never-smoker vs. smoker), pathological type (squamous 
carcinoma vs. adenocarcinoma), differentiation degree 
(poor differentiation vs. moderate differentiation vs. well 
differentiation), and TNM staging (stage IIIB/IIIC vs. stage 
IVA/IVB). The association of NLR with clinicopathological 
features was analyzed. The results showed that NLR of the 
patients with smoking history was significantly higher than 
that of patients without smoking history (P=0.001); NLR of 
the patients with squamous cell carcinoma was significantly 
higher than that of patients with adenocarcinoma (P=0.029); 
NLR of the patients at stage IVA/IVB was significantly 
higher than that of the patients at stage IIIB/IIIC (P=0.007), 
and NLR of the patients with poorly differentiated cancer 
was significantly higher than that of the patients with 
well or moderately differentiated cancer (P=0.041, 0.048, 
respectively). The correlation of pretreatment NLR with 
various clinicopathological characteristics was presented in 
Tables 2 and 3. There was no significant difference in NLR 
between groups based on age or gender (P=0.751, 0.385, 
respectively).

Correlation between pretreatment NLR and DCR of 
patients treated with EGFR-TKIs

Pretreatment NLR of all the included patients was 3.87±2.92 
(mean ± standard deviation), and 2.57, the median value of 
NLR, was assigned to be the NLR cut-off point. According 
to the cut-off value, the patients were divided into the 
low NLR group (<2.57) and the high NLR group (≥2.57). 
There were 32 patients in the low NLR group and 33 in the 
high NLR group. The efficacy of EGFR-TKIs treatment 
was evaluated by the end of 2, 4, 6, 8 and 10 months. The 
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results showed that the DCR of patients in the higher 
NLR group was notably lower than those in the low NLR 
group by the end of 8 and 10 months; the differences were 
statistically significant (P=0.014, 0.037, respectively). The 
difference in DCR between groups by the end of 2, 4, and 

6 months was not statistically significant (P=0.492, 0.492, 
0.606, respectively) (Table 4).

Correlation between pretreatment NLR and PFS of 
patients treated with EGFR-TKIs

The median PFS of all the included patients was 10 months. 
As illustrated in Figure 1, patients with high NLR (≥2.57) 
had shorter PFS than those with low NLR (<2.57) after 
EGFR-TKI treatment (8.8 vs. 12.2 months); the difference 
between groups was statistically significant (P<0.01).

Univariate and multivariate Cox regression analyses of 
potential factors affecting PFS

We performed univariate and multivariate analyses to 
identify the potential factors affecting PFS. The age, gender, 
history of smoking, pathological type, neoplasm staging, 
tumor differentiation, NLR level (with NLR of 2.57 as the 
cut-off, NLR ≥2.57 as the high NLR group, NLR <2.57 
as the low NLR group) were included in the univariate 

Table 2 Correlation of pretreatment NLR with clinicopathological 
characteristics

Variables N Mean SD P value

Age (years) 0.751

≤65 44 3.95 3.18

>65 21 3.7 2.32

Gender 0.385

Male 31 3.54 2.48

Female 34 4.17 3.27

Smoking 0.001

Never-smoker 47 3.16 2.02

Current or ex-smoker 18 5.74 3.99

Pathological type 0.029

Squamous carcinoma 10 6.88 4.30

Adenocarcinoma 55 3.32 2.24

TNM staging 0.007

Stage IIIB/IIIC 13 2.78 0.73

Stage IVA/IVB 52 4.14 3.19

NLR, neutrophil-to-lymphocyte ratio; SD, standard deviation.

Table 1 Clinicopathological characteristics of the included patients

Characteristics N

Age (years)

≤65 44 (67.7%)

>65 21 (32.3%)

Gender

Male 31 (47.7%)

Female 34 (52.3%)

Smoking

Never-smoker 47 (72.3%)

Current or ex-smoker 18 (27.7%)

Neoplasm staging

Stage IIIB/IIIC 12 (18.5%)/1 (1.5%)

Stage IVA/IVB 25 (38.5%)/27 (41.5%)

Pathological type

Squamous carcinoma 10 (15.4%)

Adenocarcinoma 55 (84.6%)

Differentiation degree

Poorly differentiated 21 (32.3%)

Moderately differentiated 32 (49.2%)

Well-differentiated 12 (18.5%)

NLR (median/mean ± SD) 2.57/3.87±2.92

Prescribed EGFR-TKI drugs

Gefitinib 28 (43.1%)

Icotinib 20 (30.8%)

Erlotinib 9 (13.8%)

Afatinib 5 (7.7%)

Osimertinib 3 (4.6%)

PFS (months) (median/mean ± SD) 10/10.4±4.3

EGFR-TKI, epidermal growth factor receptor tyrosine kinase 
inhibitor; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-
free survival; SD, standard deviation.
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analysis. The results showed that NLR level, pathological 
type and smoking history were related with PFS of patients 
(P<0.001, =0.002 and =0.011, respectively) (Table 5). High 
NLR, pathological type of squamous carcinoma and history 
of smoking are the risk factors affecting PFS of patients 
with advanced NSCLC. We included age, pathological type, 
neoplasm staging, smoking history, tumor differentiation 
and NLR in the COX proportional hazard model for 
multivariate analysis. Multivariable analysis demonstrated 
that higher NLR [hazard ratio (HR) 3.560, 95% confidence 
interval (CI): 1.736–7.301, P<0.001], squamous carcinoma 
(HR 0.222, 95% CI: 0.087–0.567, P=0.002) were 
significantly associated with shorter PFS, indicating that 
NLR and pathological type were independent prognostic 
factors for PFS (Table 6).

Discussion

The hypothesis of the relationship between tumor 
and inflammation was first proposed by Virchow (19). 
More intensive research is providing further evidence 
that encompasses these microscopic to epidemiological 
perspectives.  Clinical  studies have confirmed the 
inextricable relationship between inflammation and tumor, 
such as the correlation of viral hepatitis and hepatocellular 
carcinoma, or Helicobacter pylori infection and gastric 
cancer, etc.

Both the tumor cells and their microenvironment 
contribute to the formation of  the inflammatory 
microenvironment, which conversely promotes tumor 

growth and development. Some inflammatory indices, 
including NLR, have been found to be associated with 
tumor sufferers’ outcomes and the efficacy of anti-tumor 
therapy (13,14,20). However, the correlation of NLR with 
the prognosis of EGFR-mutant NSCLC patients treated 
with TKIs remains controversial. A previous study by 
Sim et al. reported that NLR was not associated with the 
prognosis of these TKIs-treated patients (16). The results 
of our study clearly indicated that DCR of the higher NLR 
group (NLR ≥2.57) was much lower than that of the low 
NLR group by the end of 8 and 10 months after TKIs 
treatment. Furthermore, through plotting the PFS curve of 
the enrolled patients, we found that the patients with high 
NLR levels had significantly shorter PFS than those with 
low NLR levels. EGFR-TKIs treatment was less effective 
in patients with high NLR levels than those with low NLR, 
which was consistent with the results of some previous 
studies (15,17), suggesting that the elevated NLR could 
be a predictor of shorter survival in patients with advanced 
EGFR-mutant NSCLC.

The study by Sim et al. reported that NLR did not affect 
either the response rate or PFS, and was not a significant 
prognostic factor in EGFR-mutant NSCLC patients treated 
with TKIs (16), which were different from the results of our 
study. The differences between two studies might be related 
to the following reasons: (I) different methods to determine 
the NLR cut-off point: in Sim et al.’s study (16), receiver 
operating characteristic curve analysis was performed to 
determine the NLR cut-off, and NLR >3.0 was considered 
to be high, while NLR ≤3.0 was considered to be low; in our 
study, the median value of NLR (2.57) was assigned to be 
the NLR cut-off point; (II) different time spot for blood cell 
counts: in Sim et al.’s study, the CBC counts were performed 
within 31 days of commencing first-line treatment (after 
treatment) and at different times in different patients; in 
our research, all the pretreatment CBC counts were tested 

Table 3 Correlation of pretreatment NLR with different tumor 
differentiation

Tumor differentiation N Mean SD P value

Type 1 0.048

Poorly differentiated 21 5.69 4.07

Moderately differentiated 32 3.03 1.49

Type 2 0.041

Poorly differentiated 21 5.69 4.07

Well-differentiated 12 2.94 1.95

Type 3 0.394

Moderately differentiated 32 3.03 1.49

Well-differentiated 12 2.94 1.95

NLR, neutrophil-to-lymphocyte ratio; SD, standard deviation.

Table 4 Correlation between pretreatment NLR and DCR

DCR NLR <2.57 NLR ≥2.57 P value

2-month DCR 100% 93.9% 0.492

4-month DCR 100% 96.8% 0.492

6-month DCR 96.8% 93.1% 0.606

8-month DCR 93.3% 62.5% 0.014

10-month DCR 77.8% 38.5% 0.037

NLR, neutrophil-to-lymphocyte ratio; DCR, disease control rate.
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within 3 days before the first treatment and at almost the 
same time in all patients; (III) different distribution of 
pathological types: in Sim et al.’s study, 91.6% of patients 
had lung adenocarcinoma tumors; in our study, 84.6% of 
patients had adenocarcinoma. By comparing these two 
studies, we hypothesize that there are probably some factors 
affecting the predictive value of NLR for advanced EGFR 
mutation-positive NSCLC treated with TKIs, with more 
research needed to identify the potential influencing factors 
and their effects. For example, the method to determine the 

NLR cut-off point and the time spot for the CBC counts, 
etc. could be considered. A meta-analysis published in 
June 2019 also confirmed that the pretreatment NLR was 
a promising prognostic biomarker for NSCLC patients 
receiving targeted therapy (21), but, it is still necessary 
to further investigate the specific factors leading to the 
diversity of the results, and how to appropriately use NLR 
as a predictive biomarker for lung cancer patients.

Due to the short follow-up period, the overall survival 
(OS) of all patients was not evaluated, but the patients’ 
PFS could, to some extent, predict the prognosis of 
NSCLC patients. The results of the present study also 
showed that a higher NLR was significantly associated with 
smoking history, squamous carcinoma, stage IVA/IVB, or 
poor differentiation in our cohort. Age and gender were 
not associated with NLR levels. With the multivariate 
regression analysis, we found that NLR and pathological 
type were the independent risk factors for PFS, but the 

Table 5 Univariate analysis of potential factors affecting PFS

Variables HR (95% CI) P

NLR (<2.57/≥2.57) 3.959 (2.083–7.525) <0.001

Gender (male/female) 0.964 (0.545–1.704) 0.898

Smoking (never-smoker/current 
or ex-smoker)

2.32 (1.214–4.434) 0.011

Age (≤65/>65 years) 1.448 (0.795–2.638) 0.226

Pathological type (squamous 
carcinoma/adenocarcinoma)

0.302 (0.143–0.638) 0.002

TNM staging (stage III/IV) 1.174 (0.544–2.536) 0.682

Tumor Differentiation (well/
moderately/poorly)

0.863 (0.550–1.353) 0.520

NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free 
survival; TNM, The TNM Classification of Malignant Tumors.

Table 6 Multivariate analysis of potential factors affecting PFS

Variables HR (95% CI) P

NLR (<2.57/≥2.57) 3.560 (1.736–7.301) <0.001

Pathological type (squamous 
carcinoma/adenocarcinoma)

0.222 (0.087–0.567) 0.002

NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free 
survival; HR, hazard ratio.

Figure 1 Correlation between the neutrophil-to-lymphocyte ratio (NLR) and progression-free survival (PFS). Patients with high NLR 
(≥2.57) had shorter PFS than those with low NLR (<2.57) after EGFR-TKI treatment (8.8 vs. 12.2 months), the difference between groups 
was statistically significant (P<0.01). EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor.
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tumor stage and differentiation did not show significant 
effects on PFS. Possible reasoning points to our study, 
in which most of the included patients were at similarly 
advanced stages (IIIB–IVB) and most of the patients were 
with moderately or poorly differentiated cancer. The 
differences between the subgroups based on tumor stage 
and differentiation were not statistically significant. The 
relatively small sample size of our study might also affect 
the statistical significance of the results. More studies are 
needed to further investigate the effects of tumor stage and 
differentiation on the survival outcomes.

In our study, all  the included participants were 
molecularly identified activating mutations in the EGFR 
gene. Among the 65 included patients, 55 patients were 
with adenocarcinoma and 10 with squamous carcinoma, 
47 patients were never-smokers, 18 were current or ex-
smokers. EGFR mutations are more common in lung 
adenocarcinoma and non-smokers. Our data show that the 
EGFR mutations are not rare in lung squamous carcinoma 
and smokers, which are consistent with some previous 
studies in the Chinese population. A recent study showed 
that EGFR with TKI-sensitive mutations in exon 19 was 
highly expressed and frequently detected in Chinese patients 
with lung squamous carcinoma (22). And according to a 
meta-analysis based on the data from six medical centers 
in mainland China, among the patients with NSCLC 
who received EGFR mutation analysis, patients with non-
adenocarcinoma had an EGFR mutation rate of 9.2%, 
and the EGFR mutation rate for smokers was 15.1% (23).  
Another study on the rates of EGFR mutations also 
reported that, in current smokers and former smokers, the 
rates of the mutations were 6% and 15%, respectively (24).

Increased NLR means an increase in neutrophils and/or 
a decrease in lymphocytes. Although the neutrophils have 
the role of killing tumor cells, recent studies have found 
that the degree of neutrophil infiltration in tumor tissues 
was inversely related to the prognosis of the tumor. Recent 
evidence has shown that some populations of neutrophils, 
such as tumor-associated neutrophils (TANs), could 
enhance tumor progression and metastasis (25); TANs 
contribute to the tumor invasion and angiogenesis through 
the production of matrix metalloproteinase-9 (MMP9) and 
vascular endothelial growth factor (VEGF) in the primary 
and metastatic sites (26). Neutrophils can accelerate 
tumorigenesis on premalignant epithelial cells as well as 
initiate and engage in complex crosstalk with other immune 
cells throughout their development and activation (27). The 
tumor-associated neutrophils can stimulate T cell responses 

to further aggravate inflammatory responses through 
positive feedback in human lung cancer (28). Lymphocytes 
are the main immune cells of the body, with T lymphocytes 
and NK cells both playing an immune role in tumors. 
T lymphocytes in particular have an inhibitory effect on 
distant metastasis of tumors (29,30). As NLR is the ratio of 
neutrophils to lymphocytes, the increase of NLR in cancer 
patients suggests that the body’s anti-tumor function might 
decrease and tumor progression or metastasis is more likely 
to occur. On the contrary, the body’s anti-tumor function 
is elevated when NLR decreases, therefore, NLR can be 
used as an indicator to predict the prognosis of tumor, and 
its dynamic changes can also reflect the current anti-tumor 
status, thus providing an objective indicator for clinical 
evaluation. Moreover, the NLR index can be obtained by a 
routine blood test of peripheral blood, which is convenient, 
rapid, inexpensive, and repeatable. Its clinical value cannot 
be ignored. It can be used to evaluate the efficacy of clinical 
treatment, predict the prognosis of patients, and help the 
clinicians choose optimal treatment regimens for NSCLC.

There are some limitations in our study: it is a 
retrospective cohort study which analyzes the pre-existing 
data, and is subject to some biases; the sample size included 
in our study is relatively small (n=65); most of the included 
patients were at similarly advanced stages (stage IIIB–IVB); 
the duration of follow-up was relatively short, etc.

In the included studies, the detection of NLR was 
performed before TKIs treatment. Many patients did not 
have regular re-examination of the laboratory parameters, 
including routine blood tests, thus resulting in the inability 
to analyze the dynamic change of NLR after TKIs 
treatment. Therefore, in the future study, the trend of NLR 
should be observed to dynamically evaluate the correlation 
of NLR with the outcomes of the patients.

Conclusions

In conclusion, the results of our study reveal that elevated 
NLR is significantly related with lower DCR, shorter PFS, 
and might act as a meaningful biomarker for predicting 
the efficacy of TKIs treatment and the prognosis of the 
advanced EGFR-mutant NSCLC. The findings could help 
doctors to identify the specific subsets of patients who may 
most likely benefit from EGFR TKI-targeted therapy. 
However, given the nature of the retrospective study, the 
limited sample size and relatively short follow-up period, 
additional large, high-quality prospective studies with 
longer follow-up are still needed to further confirm our 
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findings.
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