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Purpose: Although serum neutrophil-to-lymphocyte ratio (NLR) is correlated with the outcome of various cancer types, its role in 
treatment-naïve, advanced, epidermal growth factor receptor (EGFR)-mutant non-small cell lung cancer (NSCLC) patients treated 
with osimertinib remains uncertain. We have the intention to use this biomarker to evaluate the outcomes in NSCLC.
Patients and Methods: Advanced EGFR-mutant NSCLC patients receiving osimertinib as the first-line treatment were included. We 
evaluated the prognostic role of baseline NLR and explored its association with patients’ characteristics. A high NLR was defined as 
pretreatment serum NLR ≥ 5.
Results: A total of 112 eligible patients were included. The objective response rate was 83.7%. The median progression-free survival 
(PFS) and overall survival (OS) were 20.5 months (95% CI 14.5–26.5) and 47.3 months (95% CI 36.7–58.2), respectively. A high 
NLR predicted an inferior PFS (HR 1.90 [95% CI 1.02–3.51], P = 0.042) and OS (HR 3.85 [95% CI 1.39–10.66], P = 0.009). Patients 
with stage IVB disease were more likely to have a high baseline NLR than those with stage IIIB-IVA (33.9% vs 15.1%, P = 0.029). 
Other patients’ characteristics did not correlate with the baseline NLR significantly. Patients with a high NLR had significantly more 
metastatic organs than those with a low NLR (2.5 ± 1.3 vs 1.8 ± 0.9, P = 0.012), particularly brain, liver, and bone metastasis. There 
was no significant association between NLR and intrathoracic metastasis.
Conclusion: Baseline serum NLR could act as an important prognostic marker for EGFR-mutant NSCLC patients receiving first-line 
osimertinib. A high NLR was associated with higher metastatic burden, more extrathoracic metastases, and therefore, a worse 
outcome.
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Introduction
Lung cancer carries both a high incidence and a high mortality rate, and is the leading cause of cancer-related death 
worldwide.1 Epidermal growth factor receptor (EGFR) mutation is the most common genetic alteration among East 
Asian people with non-small cell lung cancer (NSCLC).2 Given the higher response rate, longer survival time, and better 
quality of life, EGFR-TKIs have emerged as the cornerstone therapy for advanced NSCLC patients harboring sensitizing 
EGFR mutations and are recommended as the standard first-line therapy.3,4 Three generations of EGFR-TKIs are 
clinically available. FLAURA is a double-blind, Phase 3 randomized controlled trial comparing the efficacy and safety 
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of osimertinib and first-generation EGFR-TKIs among previously untreated, advanced EGFR-mutant (19del or L858R) 
NSCLC patients. The results suggest that osimertinib carries a favorable efficacy and lower rates of serious adverse 
events as compared with first-generation EGFR-TKIs.5 Currently, osimertinib serves as the preferred choice of first-line 
EGFR-TKIs.4

The serum neutrophil-to-lymphocyte ratio (NLR) is a highly available and easily measurable biomarker, which may 
represent the status of inflammation.6,7 In addition to its use in the treatment of critically ill patients receiving intensive 
care, infectious disease, and cardiovascular disease,8–10 NLR has been reported as an important prognostic factor among 
various cancer types, including lung cancer.11 Moreover, NLR is correlated with the efficacy of various antineoplastic 
treatments, including chemotherapy, immunotherapy, and targeted therapy.12–14 Consistently, a high NLR predicted an 
unfavorable outcome of treatment.

With regard to lung cancer targeted therapy, many studies revealed that an elevated serum NLR was associated with 
lower disease control rate and inferior survival time for EGFR-mutant NSCLC patients undergoing EGFR-TKI 
treatment.13,15,16 However, both the EGFR mutation subtypes and the EGFR-TKI regimens were heterogeneous in 
most of these studies. Studies focusing on osimertinib remain limited.17 Herein, we evaluated the prognostic role of 
baseline serum NLR in treatment-naïve EGFR-mutant NSCLC patients treated with osimertinib and explored the 
association between NLR and patients’ characteristics.

Materials and Methods
Study Population
This was a retrospective cohort study. In this study, we analyzed patients with lung cancer diagnosed and treated at 
Taichung Veterans General Hospital from November 2017 to May 2022. To be eligible for this study, patients were 
required to have cytologically or pathologically confirmed NSCLC, inoperable stage III to IVB disease, osimertinib as 
the first-line monotherapy, sensitizing EGFR mutations, precise data records, and clear survival follow-up. Since 
EGFR exon 20 T790M-mutant tumors are sensitive to osimertinib, patients who harbored a primary T790M mutation 
could be included in this study.18 Patients were excluded if they had mixed components of small cell carcinoma, had 
stage III disease treated with attempted curative local therapy, had another active malignancy, or had incomplete data 
records.

Data Records for Analysis
Clinical data in the analysis included patients’ age, gender, smoking status, the histological classification, the 
Eastern Cooperative Oncology Group performance status (ECOG PS), EGFR mutation status, tumor stage, meta-
static organs, treatment response, survival status, and pretreatment serum NLR. In the case of NLR, the highest 
NLR value between the diagnosis and the prescription of first dose of osimertinib was recorded and we avoid 
recording the value detected during acute infection episode or corticosteroid usage. Lung cancer TNM (tumor, 
node, and metastases) staging was conducted according to the 8th edition of the American Joint Committee on 
Cancer (AJCC) staging system.19 Unidimensional measurements as defined by Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1 were used in this study.20 This study was approved by the Institutional Review 
Board of Taichung Veterans General Hospital (IRB No. CF12019 and CF20175), which complied with the 
Declaration of Helsinki. Written informed consent for clinical data records and genetic testing was obtained from 
all patients.

EGFR Mutation Analysis
The EGFR mutation status of all patients included in this study was determined using tumor specimens by either matrix- 
assisted laser desorption ionization–time-of-flight mass spectrometry (MALDI-TOF MS) as previously described or by 
commercialized cobas® EGFR Mutation Test v2 platform.21,22
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Statistical Analysis
Fisher’s exact test was used to evaluate the association between categorized variables. Kaplan–Meier method was used to 
estimate the survival time. Progression-free survival is defined as the length of time from starting osimertinib treatment to 
disease progression or death of any cause and overall survival (OS) is defined as the length of time from starting 
osimertinib treatment to death of any cause. Association between baseline NLR and numbers of metastatic organs was 
assessed by Student’s t-test. Cox proportional hazard model was performed for univariate and multivariate analyses of the 
prognostic factors of survival outcomes. In the present study, we defined high NLR as pretreatment serum NLR ≥ 5, 
which was consistent with prior studies.11,23 All statistical tests were carried out using SPSS 15.0 (SPSS Inc., Chicago, 
IL, USA). Two-tailed tests with P values <0.05 were considered statistically significant.

Results
Patients and Their Demographic Data
From November 2017 to May 2022, there were 118 patients treated with osimertinib in the first-line setting. Five patients 
were excluded because they were also receiving chemotherapy simultaneously, and one patient who harbored the EGFR 
complex mutation with exon 20 insertion was also excluded. Finally, a total of 112 patients were included in the analysis. 
The baseline characteristics and demographic data are summarized in Table 1. The median age was 62.5 years. Of them, 
59.8% were females, while 69.6% were never smokers. Adenocarcinoma comprised the major histological type (97.3%). 
Fifty-nine patients (52.7%) had stage IVB disease and baseline ECOG PS was 0–1 in 88.4% of our patients. Exon 19 
deletion (19Del) (73.2%) and exon 21 L858R (23.2%) accounted for the most common EGFR mutation types.

Table 1 Patients’ Characteristics and Demographic Data

Characteristics N = 112

Age, years, median (range) 62.5 (32–90)

Gender, n (%)

Female 67 (59.8)

Male 45 (40.2)

Smoking status, n (%)

Never smokers 78 (69.6)
Smokers 34 (30.4)

Histological types, n (%)
Adenocarcinoma 109 (97.3)

Others# 3 (2.7)

Tumor stage, n (%)

Stage IIIB-IVA 53 (47.3)

Stage IVB 59 (52.7)

ECOG PS

0–1 99 (88.4)
2 or more 13 (11.6)

EGFR mutation, n (%)
19Del 82 (73.2)

L858R 26 (23.2)

Others& 4 (3.6)

Notes: #Includes 2 carcinoma not otherwise specified and 1 adenosquamous cell 
carcinoma. &Includes 1 del19+L858R, 1 del19+T790M, 1del19+G719X, and 1 L858R 
+T790M. 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; 
EGFR, epidermal growth factor receptor.
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Efficacy of First-Line Osimertinib Treatment
After exclusion of 14 patients without measurable lesions, one patient achieved a complete response, while 81 patients 
achieved a partial response. Moreover, 8 patients had stable disease and 8 patients had progressive disease. The objective 
response rate and disease control rate were 83.7% and 91.8%, respectively.

The median follow-up time of our patients was 20.0 months (95% CI 18.0–20.0). The data cutoff date was 
December 16, 2022. The PFS was 20.5 months (95% CI 14.5–26.5). The median OS was 47.3 months (95% CI 
36.7–58.2).

Association Between Patients’ Characteristics and Survival Time
The results of the univariate analysis of patients’ characteristics and survival time are summarized in Table 2. In the PFS 
analysis, EGFR 19Del predicted a longer PFS as compared with other mutation types (HR 0.40 [95% CI 0.22–0.74], P = 
0.004). By contrast, patients with stage IVB disease and a high baseline NLR experienced a significantly shorter PFS 
(HR 2.01 [95% CI 1.09–3.72], P = 0.025 and 1.90 [95% CI 1.02–3.51], P = 0.042, respectively).

In the case of OS, patients with better ECOG PS (0–1) experienced a significantly longer OS (47.4 months [95% CI 
NR-NR] vs 26.2 months [95% CI 20.6–31.8], Log rank P = 0.005; HR 0.24 [95% CI 0.08–0.69], P = 0.008). By contrast, 
a high baseline NLR predicted a shorter OS (HR 3.85 [95% CI 1.39–10.66], P = 0.009). Of note, baseline NLR was the 
only factor associated with both PFS (26.2 months [95% CI 21.0–31.3] vs 18.0 months [95% CI 15.3–20.6], Log rank 
P = 0.038) and OS (47.4 months [95% CI 42.2–52.9] vs 35.6 months [95% CI 20.9–50.3], Log rank P = 0.005) 
(Figure 1A and B); a high baseline NLR predicted a worse outcome.

Association Between Baseline NLR and Patients’ Characteristics
As the baseline NLR correlated with survival time significantly in the univariate analysis, we further analyzed the 
association between NLR and patients’ characteristics to clarify its significance in outcome prediction. The results are 
summarized in Table 3. Of note, only tumor stage was significantly associated with baseline NLR. Patients with stage 
IVB disease were more likely to have a high baseline NLR than those with stage IIIB-IVA (33.9% vs 15.1%, P = 0.029). 
Age, gender, smoking status, ECOG PS, and EGFR mutation types did not correlate with baseline NLR.

In the multivariate analysis, adjusted for tumor stage, EGFR mutation types, and ECOG PS, baseline NLR only 
predicted OS significantly (aHR 3.45 [95% CI 1.18–10.27], P = 0.023) but not PFS (aHR 1.46 [95% CI 0.77–2.77], 
P = 0.253). With respect to PFS, EGFR 19Del (aHR 0.41 [95% CI 0.21–0.77], P = 0.006) was the only significant 
predictor of longer PFS. There was a trend toward shorter PFS in patients with stage IVB disease (aHR 1.87 [95% CI 
0.99–3.54], P = 0.056). Regarding OS, ECOG PS 0–1 also predicted a significantly longer survival time (aHR 0.12 
[95% CI 0.04–0.42], P = 0.001).

Table 2 Univariate Analysis of Patients’ Characteristics and Survival Time

Characteristics HR for PFS P value# HR for OS P value#

Age ≥ 65 vs < 65 years 1.19 (0.66–2.16) 0.560 1.98 (0.67–5.84) 0.217

Female vs Male 0.72 (0.40–1.30) 0.277 1.14 (0.41–3.15) 0.800

Never smokers vs smokers 0.73 (0.40–1.34) 0.313 1.06 (0.36–3.08) 0.919

Stage IVB vs IIIB-IVA 2.01 (1.09–3.72) 0.025 1.76 (0.64–4.85) 0.278

ECOG PS 0–1 vs 2 or more 1.16 (0.49–2.77) 0.732 0.24 (0.08–0.69) 0.008

EGFR 19del vs others& 0.40 (0.22–0.74) 0.004 0.52 (0.19–1.41) 0.197

NLR high vs low$ 1.90 (1.02–3.51) 0.042 3.85 (1.39–10.66) 0.009

Notes: #By Cox proportional hazard model, presented as hazard ratio (95% confidence interval). &19Del group includes 1 del19 
+L858R, 1 del19+T790M, and 1del19+G719X. $N/L ratio ≥ 5 and < 5 is defined as high and low, respectively. 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR, epidermal growth factor receptor; NLR, 
neutrophil-to-lymphocyte ratio; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.
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Baseline NLR Was Associated with Higher Metastatic Burden Leading to Worse 
Outcome
Since NLR correlated with tumor stage, we further analyzed its association with tumor burden and metastatic sites. 
Interestingly, patients with a high baseline NLR had significantly more metastatic organs than those with a low NLR (2.5 
± 1.3 vs 1.8 ± 0.9, P = 0.012). As shown in Figure 2, a high baseline NLR was associated with more brain and liver 
metastases (P = 0.022 and 0.042, respectively) and there was also a trend toward more bone metastases (P = 0.075). By 
contrast, we did not observe any significant association between lung and pleural metastases with baseline NLR (P = 
0.507 and 1.000, respectively). These results suggest that a high NLR was associated with higher metastatic burden, 
particularly extrathoracic metastasis.

Figure 1 Influence of the baseline neutrophil-to-lymphocyte ratio on progression-free survival (A) and overall survival (B).

Table 3 Association Between the Baseline Neutrophil-to-Lymphocyte Ratio and Patients’ 
Characteristics

Characteristics N NLR High, % NLR Low, % P value#

Age 0.514

≥65 years 51 21.6 78.4
<65 years 61 27.9 72.1

Gender 0.507
Female 67 22.4 77.6
Male 45 28.9 71.1

Smoking status 0.816

Never smokers 78 24.4 75.6
Smokers 34 26.5 73.5

(Continued)
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PFS was significantly shorter in patients with stage IVB disease than in those with non-stage IVB disease (18.2 months 
[95% CI 15.9–20.4] vs NR [95% CI NR-NR]) (Table 2). The OS curve also disclosed a trend toward a shorter survival time 
among patients with stage IVB disease despite the lack of statistical significance (Supplementary Figure 1). We analyzed 
the influence of baseline NLR on the outcome of patients with stage IVB and non-stage IVB disease separately. As shown in 
Figure 3, a high baseline NLR was associated with both a shorter PFS (15.9 vs 19.0 months, P = 0.070) and OS (35.6 vs 47.4 
months, P = 0.005). By contrast, for patients with non-stage IVB disease, neither PFS nor OS correlated with baseline NLR 
(P = 0.889 and 0.679, respectively; data not shown). Taken together, patients with a high baseline NLR had higher 
metastatic burden, more extrathoracic metastases, and a worse outcome, particularly for those with stage IVB disease.

Discussion
The treatment of advanced NSCLC has been directed towards personalized therapy, typically involving histological 
classification and biomarker assessment, which play a crucial role in the decision of front-line therapy.24,25 Since 
osimertinib showed consistent benefits of varying degrees across all subgroups in the FLAURA study and no biomarkers 
other than EGFR mutations have been identified, relevant prognostic factors that could help in clinical decision-making 

Figure 2 Association between the baseline neutrophil-to-lymphocyte ratio and metastatic organs.

Table 3 (Continued). 

Characteristics N NLR High, % NLR Low, % P value#

Tumor stage 0.029

Stage IIIB-IVA 53 15.1 84.9
Stage IVB 59 33.9 66.1

ECOG PS 0.305

0–1 99 23.2 76.8
2 or more 13 38.5 61.5

EGFR mutation 0.611

19Del& 85 23.5 76.5
Others 27 29.6 70.4

Notes: #By Fisher’s exact test. &19Del group includes 1 del19+L858R, 1 del19+T790M, and 1del19+G719X. 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR, epidermal growth factor 
receptor; NLR, neutrophil-to-lymphocyte ratio.
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are still lacking.5,26,27 In the present study, we found real-world evidence showing comparable efficacy of first-line 
osimertinib and more importantly, we attempted to determine whether baseline serum NRL could serve as a useful 
biomarker in outcome prediction. As compared with previous reports, our study consisted of a relatively homogeneous 
population, which included advanced NSCLC patients harboring sensitizing EGFR mutations and all of them received 
osimertinib as the first-line treatment. Our results suggest that baseline serum NLR is an important prognostic factor for 
these patients, particularly those with stage IVB disease.

There have been many studies evaluating NLR as a predictive marker for EGFR-mutant NSCLC patients receiving 
EGFR-TKI treatment.13,15,16 Consistently, a high NLR was associated with a worse outcome. However, most data came 
from first-generation EGFR-TKI, gefitinib and erlotinib,13 and many of the study populations were heterogeneous in 
histological types, EGFR mutation subtypes, and race. In studies by Xu et al and Yun et al, 3 and 36 patients with 
osimertinib treatment were enrolled, respectively.15,16 Given the small case numbers, subgroup analysis focusing on the 
third-generation EGFR-TKI was not possible. Park et al investigated the role of pretreatment NLR in advanced NSCLC 
patients treated with osimertinib. Sixty-one eligible patients were included retrospectively.17 Thirty-one of the patients 
received second-line treatment with osimertinib, while the remaining 30 patients received third line or later treatment 
with osimertinib. The T790M mutation status of these patients came from either tissue rebiopsy or liquid biopsy. The 
results suggested that never-smoking status (HR 0.54 [95% CI 0.30–0.98], P = 0.041) and a baseline NLR ≤ 3.5 (HR 0.23 
[95% CI 0.12–0.45], P < 0.001) were independently associated with a longer PFS following osimertinib treatment. 
Currently, data regarding first-line osimertinib treatment remain limited. Herein, our study consisted of a larger cohort 
and our data support the prognostic role of baseline NLR among EGFR-mutant NSCLC patients receiving first-line 
osimertinib treatment.

Although NLR can be widely applied for outcome prediction in cancer management, the underlying mechanism 
remains uncertain. Most studies have linked NLR with inflammation. In the tumor microenvironment, cancer cells may 
secrete cytokines that reprogram neutrophils to a cancer-promoting polarity,28,29 and lymphopenia was reported to be 
associated with an inadequate cell-mediated immune response to cancer.30 Additionally, NRL is a reliable and valid 

Figure 3 Influence of the baseline neutrophil-to-lymphocyte ratio on progression-free survival (A) and overall survival (B) among stage IVB patients.
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biomarker of systemic inflammation in both cancer and non-cancer diseases.10,31 Given that there is a strong link between 
inflammation and lung tumorigenesis and cancer progression,32 it would not be surprising that these inflammatory 
markers are associated with the outcomes of cancer patients. Clinically, it is not easy to define whether an elevated NLR 
is a “cause” or an “effect” since the causal relationship between cancer and inflammation may be reciprocal.33

In the case of hepatocellular carcinoma, preoperative NLR is associated with more aggressive phenotypes, including 
the presence of vascular invasion, satellite tumor numbers, and high levels of alpha-fetoprotein.34 Among patients with 
head and neck cancer, subjects with higher T and N staging were more likely to have a high NLR.35 A similar situation 
can also be observed in patients with breast cancer and colorectal cancer.36,37 In the present study, tumor stage was the 
only factor among the different patients’ characteristics that was significantly associated with baseline NLR. Indeed, 
patients with stage IVB disease were more likely to have a high baseline NLR. It is not surprising that a high NLR 
corresponded to higher tumor stage and therefore a worse outcome.19

In addition to tumor stage, we further clarified the association between the NLR and tumor metastatic burden. Of 
note, patients with a high NLR had significantly more metastatic organs, particularly extrathoracic metastases, and these 
organs are important metastatic sites for determining the M1c status and stage IVB stage. By contrast, neither lung nor 
pleural metastases, which belong to M1a status and stage IVA disease, were significantly correlated with baseline NLR. 
In the stratified analysis, NLR could only predict the outcome of patients with stage IVB disease but not those with stage 
III or IVA disease. In the study by Yun et al, there was a trend towards more metastatic sites and more brain metastasis 
among those with NLR ≥ 5.16 Xu et al also showed that baseline NLR was significantly higher in stage IV than in stage 
III NSCLC patients.15 Along with the wide application of NLR in various cancer types and treatments, we suggest that 
NLR can serve as an important prognostic factor, representing the tumor burden and extension of metastasis, rather than 
a predictive factor specific to a certain disease or regimen.

The major limitation of this investigation was the retrospective nature of the study design, and the study was done at 
a single cancer center. Although the data were collected retrospectively, we analyzed a relatively homogeneous patient 
population to maximize the validity of the patients’ characteristics, treatment response, and survival follow-up. More 
importantly, considerable efforts were undertaken to clarify and qualify the extension of tumor metastasis. Our results 
suggested the associations between NLR and metastatic burden and its value to predict the outcome of first-line 
osimertinib treatment.

Conclusion
Baseline serum NLR could act as an important prognostic marker. A high NLR was associated with higher metastatic 
burden, more extrathoracic metastases, and therefore, a worse outcome.
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