
155

Pretreatment Neutrophil-to-Lymphocyte 
Ratio and Smoking History as Prognostic 
Factors in Advanced Non–Small Cell Lung 
Cancer Patients Treated with Osimertinib
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Background: The remarkable efficacy of osimertinib in non‒small cell lung cancer (NSCLC) with acquired T790M 
mutation has been widely documented in clinical trials and real-world practice. However, some patients show primary 
resistance to this drug. Even patients who initially show a favorable response have inconsistent clinical outcomes later. 
Therefore, the aim of this study was to identify additional clinical predictive factors for osimertinib efficacy.
Methods: A prospective cohort of patients with acquired T790M positive stage IV lung adenocarcinoma treated with 
osimertinib salvage therapy in Hallym University Medical Center were analyzed.
Results: Sixty-one eligible patients were analyzed, including 38 (62%) women and 39 (64%) who never smoked. Their 
mean age was 63.3 years. The median follow-up after treatment with epidermal growth factor receptor (EGFR) tyrosine 
kinase inhibitors (TKIs) was 36.0 months (interquartile range, 24.7–50.2 months). The majority (n=45, 74%) of patients 
were deceased. Based on univariate analysis, low baseline neutrophil-to-lymphocyte ratios (NLR), age ≥50 years, never-
smoking history, stage IVA at osimertinib initiation, and prolonged response to previous TKIs (≥10 months) were 
associated with a significantly longer progression-free survival (PFS). Multivariate analysis showed that never-smoking 
status (hazard ratio [HR], 0.54; 95% confidence interval [CI], 0.30–0.98; p=0.041) and a baseline NLR less than or equal to 
3.5 (HR, 0.23; 95% CI, 0.12–0.45; p<0.001) were independently associated with a prolonged PFS with osimertinib. 
Conclusion: Smoking history and high NLR were independent negative predictors of osimertinib PFS in patients with 
advanced NSCLC developing EGFR T790M resistance after the initial EGFR-TKI treatment.
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Introduction
The discovery of epidermal growth factor receptor (EGFR) 

mutations and EGFR tyrosine kinase inhibitors (TKIs) has 
changed the paradigm of non‒small cell lung cancer (NSCLC) 
treatment. The efficacy of TKIs in EGFR  mutation‒positive 
NSCLC has been well established1,2. However, although some 

patients respond well to EGFR-TKIs, some exhibit little or no 
response, even when they are positive for EGFR-sensitizing 
mutations. Moreover, some patients show good long-term 
effects, whereas others develop resistance after a short-term 
response3. The prognosis for patients with EGFR mutations 
administered with EGFR-TKI therapy could be partially pre-
dicted using clinical factors such as female sex, non-smoker 

Table 1. Patient characteristics (n=61)

Characteristic No. (%)

Age at diagnosis (mean±SD), yr 63.3±11.9

Female sex 38 (62)

Performance at osimertinib initiation

   ECOG 0–1 43 (70)

   ECOG 2–4 18 (30)

Smoking status, never smoker 39 (64)

Stage at osimertinib initiation

   IVA 17 (28)

   IVB 44 (72)

CNS metastasis at osimertinib initiation 24 (39)

EGFR co-mutation with T790M

   Exon 19 deletion 40 (66)

   Exon 21 L858R/L861Q 21 (34)

Detection methods of T790M

   Re-biopsy tissue positive* and plasma negative 7 (11)

   Re-biopsy tissue positive and plasma test not performed 36 (59)

   Plasma positive and re-biopsy not performed 12 (20)

   Plasma positive and re-biopsy tissue negative 6 (10)

Previous EGFR-TKI

   First-generation (gefitinib/erlotinib) 42 (69)

   Second-generation (afatinib) 19 (31)

PFS of previous EGFR-TKI, mo

   <10 mo 23 (38)

   ≥10 mo 38 (62)

Median PFS of previous TKIs (95% CI), mo 12.0 (9.9–14.0)

Baseline NLR at osimertinib initiation (mean±SD) 4.4±3.2

Baseline NLR at osimertinib initiation >3.5 26 (43)

Treatment line of osimertinib

   Second line 31 (51)

   ≥Third line (3–8) 30 (49)

Median PFS of osimertinib (95% CI), mo 9.3 (6.7–11.9)

Median OS after osimertinib (95% CI), mo 17.5 (13.4–21.5)

*Tumor tissue investigation included solid tumor biopsy and cytological analysis of body fluids (e.g., pleural effusion).
ECOG: Eastern Cooperative Oncology Group; EGFR: epidermal growth factor receptor; TKI: tyrosine kinase inhibitor; CI: confidence interval; 
NLR: neutrophil-tolymphocyte ratios; PFS: progression-free survival; OS: overall survival.
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status, and Asian race, which are considered as good predic-
tors before the introduction of EGFR mutation testing1.

NSCLC cells can become resistant to first- and second-
generation EGFR-TKIs after approximately one year of treat-
ment4. The most common underlying mechanism is the ac-
quired EGFR T790M gatekeeper mutation in exon 20, which 
accounts for approximately half of cases resistant to EGFR-
TKIs4. Osimertinib, a third-generation irreversible EGFR-
TKI, can selectively inhibit EGFR-TKI‒sensitizing and T790M 
resistance mutations5. The AURA3 study has demonstrated a 
better efficacy of osimertinib in patients with acquired EGFR 
T790M mutation NSCLC than platinum plus pemetrexed che-
motherapy5. Subsequently, this drug was approved in several 
countries. It is currently used as salvage treatment in patients 
with the EGFR T790M mutation.

Patients with the acquired EGFR  T790M mutation also 
respond differently to osimertinib treatment. Therefore, there 
is a need to elucidate the mechanism and analyze prognostic 
factors for different responses6,7. In addition, predictors for re-
sponse to osimertinib other than the T790M mutation remain 
unclear. Therefore, the objective of this study was to analyze 

relationships between clinical factors and osimertinib efficacy 
in NSCLC patients with the acquired EGFR T790M mutation 
who were previously treated with EGFR-TKIs.

Materials and Methods
1. Study population and design

Data of a cohort of patients with lung adenocarcinoma 
from the Lung Cancer Registry of Hallym University Medi-
cal Center between January 2006 and August 2021 were 
analyzed. Inclusion criteria were as follows: (1) stage IV lung 
adenocarcinoma according to the 8th edition of the American 
Joint Commission on Cancer TNM staging system, (2) previ-
ous treatment with first-generation EGFR-TKIs (gefitinib or 
erlotinib) or second-generation EGFR-TKIs (afatinib) with 
EGFR-sensitive mutation, (3) acquired EGFR  T790M resis-
tance mutation after EGFR-TKI treatment, and (4) osimertinib 
as a salvage treatment. Host-related factors were age at lung 
cancer diagnosis, sex, Eastern Cooperative Oncology Group 
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Figure 1. (A) Forest plot of univariate 
analysis of progression-free survival of 
those treated with osimertinib and clini-
cal factors. (B) Forest plot of univariate 
analysis of overall survival after osimer-
tinib treatment and clinical factors. 
ECOG: Eastern Cooperative Oncology 
Group; NLR: neutrophil-to-lymphocyte 
ratio; CNS m: central nervous system 
metastasis; EGFR: epidermal growth fac-
tor receptor; TKI: tyrosine kinase inhibi-
tors; PFS: progression-free survival.
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(ECOG) performance status score at osimertinib initiation, 
and smoking status. Tumor-related factors were primary 
EGFR mutations, previous EGFR-TKIs, response to previous 
EGFR-TKIs, and serum neutrophil-to-lymphocyte ratio (NLR) 
at osimertinib initiation. Blood test results used for the analy-
sis were obtained immediately before osimertinib initiation 
without showing any symptoms of infection. Patients aged 
less than 50 years were included in the young-age group. This 
criterion was based on previous studies on young-age early-
onset lung cancer8,9. ECOG scores of 0 and 1 were defined as 
good performance status. Patients who had a previous EGFR-
TKI treatment with progression-free survival (PFS) of less than 
ten months were defined as poor responders10. We evaluated 
the optimal NLR cutoff value for PFS with osimertinib treat-
ment via a receiver operating characteristic curve (area under 
the curve, 0.741; confidence interval, 0.60–0.88). We selected 
the NLR cutoff value as 3.5 with the best sensitivity (0.75) and 
specificity (0.67) based on similar values indicated in previous 
studies11,12.

We evaluated tumor response and disease progression ev-
ery 8 weeks per cohort protocol. If necessary, radiologic evalu-
ations were conducted to assess responses according to the 
clinician’s judgment, even within this period. Evaluation of re-
sponses to EGFR-TKIs was performed by retrospective review 
of radiologic images of the entire case by two experienced in-
vestigators based on the Response Evaluation Criteria in Solid 
Tumor (RECIST) v1.1 criteria. The attending physician’s evalu-
ation or decision was not included in the efficacy evaluation. 
We defined PFS as the period from osimertinib initiation to 
the date of disease progression or death from any cause. Base-
line clinical factors were analyzed according to favorable or 
unfavorable (primary resistant) efficacy group. The favorable 
efficacy group was defined as those with a PFS of greater than 
or equal to 6 months with osimertinib treatment. The unfa-
vorable efficacy group was defined as those with a PFS of less 
than 6 months with osimertinib treatment. The criterion of 6 
months was based on the AURA3 study, in which the lower 
quarter of patients showed a PFS of less than 6 months5. Over-

all survival (OS) was calculated as the time from osimertinib 
initiation to death from any cause or censorship at the last fol-
low-up. If progression occurred after first-line EGFR-TKI treat-
ment, then biopsy was repeated, if possible. The PNAClamp 
EGFR mutation detection kit (Panagene, Daejeon, Korea), a 
peptide nucleic acid-mediated real-time PCR clamping tech-
nology, was used to detect acquired EGFR mutations13. When 
tissue-based assays were not feasible, plasma EGFR T790M 
mutation tests were performed using a Cobas EGFR mutation 
test v2 (Roche, Pleasanton, CA, USA). If T790M mutation was 
not detected by one method, another method was employed. 
However, this was not mandatory. The Institutional Review 
Board of Hallym University Sacred Heart Hospital approved 
the study protocol and informed consent was waived owing to 
the retrospective nature of the study (HALLYM 2020-03-016-
001). All methods were carried out in accordance with the ap-
proved guidelines and regulations (Declaration of Helsinki).

2. Statistical analysis

Categorical variables were statistically analyzed using 
Fisher’s exact test. Continuous variables were analyzed using 
Student’s t-tests or Mann-Whitney U-tests. We used Kaplan-
Meier estimates to construct survival curves and calculate 
median PFS and OS. Cox regression methods (univariate and 
multivariate) were used to estimate prognostic factors for PFS 
and OS by adjusting baseline characteristics. All analyses were 
performed using SPSS Statistics for Windows, version 26.0 
(IBM Corp., Armonk, NY, USA).

Results
1. Baseline characteristics

Sixty-one patients with acquired EGFR T790M mutation 
were enrolled. All patients were followed up until August 20, 
2021. They all had histologically confirmed lung adenocarci-

Table 2. Cox proportional hazard regression analysis of PFS

HR for progression 95% CI p-value*

Smoking status

   Never smoker 0.54 0.30–0.98 0.041

   Ever smoker 1

Baseline NLR at osimertinib initiation

   ≤3.5 0.23 0.12–0.45 <0.001

   >3.5 1

*Covariates of the multivariate analysis were selected using the log-rank test (p<0.100) for the Kaplan-Meier estimation of progression-free 
survival (PFS) (age group, sex, smoking status, Eastern Cooperative Oncology Group performance, baseline neutrophil-to-lymphocyte ratio 
[NLR], stage at osimertinib initiation, PFS with previous tyrosine kinase inhibitors, and T790M detection methods). 
HR: hazard ratio; CI: confidence interval.
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noma with EGFR -sensitizing mutations. They were treated 
with gefitinib, erlotinib, or afatinib until disease progression, 
at which point they were treated with osimertinib. Clinical 
characteristics of the study patients are summarized in Table 
1. Their mean age was 63.3±11.9 years. There were 38 women 
(62%) and 39 never-smokers (64%). At osimertinib treatment 
initiation, 17 (28%) and 44 (72%) patients had disease stages 
IVA and IVB, respectively. Central nervous system metastasis 
was present in 24 patients (39%) at osimertinib treatment 
initiation. Forty patients (66%) initially had EGFR exon 19 de-
letions and 21 (34%) had an EGFR exon 21 mutation (L858R, 

20 patients; L861Q, one patient) before their first EGFR-TKI 
treatment, whereas none of these patients had a de novo 
EGFR T790M mutation. The mean baseline NLR at osimer-
tinib treatment was 4.4±3.2. Twenty-six patients (43%) had a 
high NLR (>3.5).

2. Osimertinib treatment outcomes

The EGFR T790M mutation was identified in 43 patients 
by tissue re-biopsy (plasma T790M negative, 7/43; plasma 
test not performed, 36/43) and in 18 patients by plasma 

0

100

80

60

40

20

54

P
ro

b
a
b
ili

ty
o
f

p
ro

g
re

s
s
io

n
-

s
u
rv

iv
a
l
(%

)
fr

e
e

Months

6 12 18 24 30 36 42 48

HR for disease progression or death: 0.55, p=0.047

Never smoker
Ever smoker

39
22

No. of patients

9.8 mo [8.4 11.1]
6.8 mo [4.4 9.1]

Median PFS [95% CI]B

0

100

80

60

40

20

66

P
ro

b
a
b
ili

ty
o
f

o
v
e
ra

ll
s
u
rv

iv
a
l
(%

)

Months

Never smoker
Ever smoker

ECOG 0 1
ECOG 2 4

HR for death: 0.38, p=0.003

ECOG 0 1
ECOG 2 4

43
18

No. of patients

20.2 mo [15.7 24.7]
6.3 mo [0.8 11.7]

Median OS [95% CI]D

6 12 18 24 30 36 42 48 54 60

0

100

80

60

40

20

54

P
ro

b
a
b
ili

ty
o
f

p
ro

g
re

s
s
io

n
-f

re
e

s
u
rv

iv
a
l
(%

)

Months

6 12 18 24 30 36 42 48

Low NLR
High NLR

HR for disease progression or death: 0.24, p<0.001

Low NLR
High NLR

35
26

No. of patients

12.3 mo [8.9 15.6]
5.7 mo [2.2 9.3]

Median PFS [95% CI]A

0

100

80

60

40

20

66

P
ro

b
a
b
ili

ty
o
f

s
u
rv

iv
a
l
(%

)
o
v
e
ra

ll

Months

Low NLR
High NLR

HR for death: 0.19, p<0.001

Low NLR
High NLR

35
26

No. of patients

24.8 mo [19.5 30.2]
8.3 mo [3.3 13.4]

Median OS [95% CI]C

6 12 18 24 30 36 42 48 54 60

Figure 2. Kaplan-Meier survival curves for progression-free survival (PFS) of patients who received osimertinib as salvage treatment strati-
fied by baseline neutrophil-to-lymphocyte ratio (NLR) (A) and smoking status (B). Kaplan-Meier survival curves for overall survival (OS) of 
patients who received osimertinib as salvage treatment stratified by baseline NLR (C) and Eastern Cooperative Oncology Group (ECOG) 
performance scores (D). CI: confidence interval; HR: hazard ratio.
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sampling (re-biopsy tissue negative, 6/18; re-biopsy not 
performed, 12/18). Thirty-one (51%) and 30 (49%) patients 
received osimertinib and cytotoxic chemotherapy as second-
line therapy, respectively, followed by osimertinib as third- to 
eighth-line treatments. With osimertinib treatment, 39 (64%) 
achieved partial response (PR), 15 (25%) had stable disease 
(SD), and seven (11%) had progressive disease (PD). At data 
cutoff, 50 patients (82%) had PD. The overall median PFS 
following osimertinib treatment was 9.3 months (95% confi-
dence interval [CI], 6.7–11.9 months). Supplementary Table 
S1 presents a comparison of clinical characteristics of patients 
with PFS with osimertinib treatment for less than 6 months 
(unfavorable group) or higher than or equal to six months 
(favorable group). The baseline NLR at the commencement 
of osimertinib treatment was higher in the unfavorable group 
than in the favorable group (5.8±3.9 vs. 3.5±2.3, p=0.016). How-
ever, no significant differences in other clinical factors were 
observed among predefined groups.

3. Clinical factors associated with PFS with osimertinib

Figure 1 shows results of univariate analysis of clinical fac-
tors for PFS with osimertinib. The median PFS was signifi-
cantly longer in patients with a low NLR (≤3.5) at the start of 
osimertinib treatment than in those with a high NLR (>3.5) 
(12.3 months vs. 5.7 months, p<0.001). In addition, old age (≥50 
years), non-smoking history, stage IVA at osimertinib initia-
tion, and prolonged response to previous TKIs (≥10 months) 
were associated with a significantly longer PFS (p<0.05). 
Female sex and good performance (ECOG score, 0–1) were 
also associated with a prolonged PFS trend, although the re-
sult was not significant (p<0.1). Corresponding to the T790M 
detection method, the median PFS of osimertinib was 3.5 
months in the tissue negative/plasma positive group, which 
was significantly shorter than that in other groups (tissue un-
known/plasma positive, 9.4 months, p=0.034; tissue positive/
plasma unknown, 9.3 months, p=0.009; and tissue positive/

plasma negative, 14.4 months, p=0.010).
Table 2 shows results of analysis using the Cox proportional 

model of osimertinib PFS. Covariates of multivariate analy-
sis were selected using log-rank tests for the Kaplan-Meier 
estimation of PFS (p<0.1). The analysis showed that a never-
smoking status (hazard ratio [HR], 0.54; 95% CI, 0.30–0.98; 
p=0.041) and a baseline NLR less than or equal to 3.5 (HR, 0.23; 
95% CI, 0.12–0.45; p<0.001) were independent and good pre-
dictive factors for PFS after osimertinib treatment (Figure 2). 
However, there were no differences in clinical characteristics 
between the PR group and the SD/PD group (Supplementary 
Table S2).

4. OS after osimertinib treatment

Forty-five patients (74%) were deceased by the end of the 
study. The median OS of all patients was 17.5 months (95% CI, 
13.4–21.5 months) after osimertinib treatment. The univari-
ate analysis showed that patients with a good performance 
status (ECOG 0–1), low baseline NLR (≤3.5), and stage IVA at 
osimertinib initiation had significantly longer OS (Figure 1). 
Corresponding to T790M detection methods, the median OS 
was 4.8 months in the tissue negative/plasma positive group, 
which was significantly shorter than that in other groups (tis-
sue positive/plasma unknown, 17.5 months, p=0.005; tissue 
positive/plasma negative, the median OS was not reached). 
Multivariate Cox regression analysis revealed that perfor-
mance status and NLR were independent prognostic factors 
for OS (ECOG 0–1: HR, 0.35; 95% CI, 0.18–0.67; p=0.002; low 
NLR: HR, 0.17; 95% CI, 0.09–0.34; p<0.001) (Table 3). 

Discussion
This real-world study showed that osimertinib PFS in pa-

tients with acquired T790M mutation after primary EGFR-
TKI treatment was shortened by a smoking history and a high 

Table 3. Cox proportional hazard regression analysis of overall survival after osimertinib treatment according to clinical 
factors

HR for progression 95% CI p-value*

Performance at osimertinib initiation

   ECOG 0–1 0.35 0.18–0.67 0.002

   ECOG 2–4 1

Baseline NLR at osimertinib initiation

   ≤3.5 0.17 0.09–0.34 <0.001

   >3.5 1

*Covariates of the multivariate analysis were selected using the log-rank test (p<0.100) for the Kaplan-Meier estimation of overall survival 
(Eastern Cooperative Oncology Group [ECOG] performance, baseline neutrophil-to-lymphocyte ratio [NLR], stage, central nervous system 
metastasis at osimertinib initiation and progression-free survival with previous tyrosine kinase inhibitors, and T790M detection methods).
HR: hazard ratio; CI: confidence interval.
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baseline NLR. In addition, NLR was an independent prog-
nostic factor for OS after osimertinib treatment together with 
ECOG performance status.

EGFR mutations in advanced stage NSCLC are powerful 
markers for screening patients with the corresponding driving 
mutation and predicting the efficacy of EGFR-TKI14. On the 
other hand, among patients with EGFR mutations, 20%–30% 
develop primary resistance to EGFR-TKI therapy14,15. There-
fore, additional factors that may determine the prognosis of 
EGFR-TKIs are continuously being studied. Recently, as the 
accessibility of genetic profiling has increased, some studies 
have suggested that co-mutations in genes other than EGFR 
are essential for determining the therapeutic response14,15. 
Furthermore, the authors have reported that the EGFR-TKIs 
efficacy decreases when there is a concomitant mutation, par-
ticularly with more mutations or a specific type of mutation 
(e.g., an oncogene mutation) related to a poor outcome14,15. 
Therefore, determining which clinical characteristics in these 
groups might provide clues to elucidate the complicated car-
cinogenesis of EGFR lung cancer and select these patients for 
more individualized treatment is essential.

Results of studies on clinical factors related to first- and 
second-generation EGFR-TKIs efficacy are as follows. A sub-
group analysis of randomized clinical trials (RCTs) comparing 
EGFR-TKIs to cytotoxic chemotherapy indirectly has revealed 
prognostic factors of the efficacy of EGFR-TKI treatment in 
EGFR mutation‒positive NSCLC. In the IPASS study (gefitinib 
vs. carboplatin-paclitaxel), gefitinib prolonged the PFS in the 
older subgroup (≥65 years) more significantly than in the 
younger subgroup1. In the LUX-lung 3 trial (afatinib vs. peme-
trexed plus cisplatin), significantly longer PFS and OS with 
afatinib were observed in patients with the EGFR 19del muta-
tion than in those with the L858R mutation2,16. A meta-anal-
ysis of seven RCTs, including this trial, confirmed the benefit 
of EGFR-TKI regardless of past smoking history, but showed 
a more significant prolongation of PFS in never-smokers by 
meta-regression analysis17. However, because these were re-
sults from a subgroup analysis of TKIs efficacy compared to 
cytotoxic agents, the prognostic evaluation based on specific 
clinical factors had limitations. On the other hand, previous 
real-world studies analyzing patients receiving EGFR-TKIs 
only did not show consistent prognostic factors. Although 
there was a problem with the small number of subjects, other 
reasons were the inclusion of cases with unconfirmed EGFR 
mutations, the omission of important prognostic factors, and 
inconsistent EGFR test methods or treatment processes with-
in one study18,19. However, well-designed recent studies have 
reported that smoking history can affect the efficacy of first- 
and 2nd-generation TKIs through multivariate analysis20-22.

The T790M mutation was confirmed in about half of cases 
where resistance developed after EGFR-TKI treatment. 
Based on results of the AURA3 trial, 6.5% of patients with the 
acquired EGFR T790M mutation showed rapid progression 

after osimertinib treatment5. In a subgroup analysis, no spe-
cific clinical factors were associated with osimertinib efficacy. 
However, the AURA3 trial did not represent all real-world pa-
tients (only patients with an ECOG score of 0–1 were enrolled; 
96% of patients were treated with osimertinib as second-line 
after first-line TKIs). A retrospective real-world study by Kato 
et al.6 have reported that an older age and an ECOG score of 
0–1 are good predictors for PFS after osimertinib treatment 
in 30 patients with the acquired EGFR T790M mutation. 
Yoshimura et al. have reported that a prolonged PFS history 
with previous EGFR-TKIs is a predictive factor for subsequent 
osimertinib treatment among 27 patients7. Similar to previous 
generation TKI studies, each study showed different results. 
Therefore, similar to previous studies, the leading cause of the 
heterogeneity was the small case number. However, factors 
that were non-significant in our multivariate analysis tended 
to be prognostic factors in univariate analysis, consistent 
with those previous reports. Interestingly, Chang et al.23 have 
recently reported that osimertinib efficacy is diminished in a 
group of patients who have a complex mutation apart from 
the T790M mutation.

EGFR mutations are more frequently identified in NSCLC 
in non-smokers. However, approximately 30% of mutation-
positive patients are reported to have a smoking history20. 
In our study, the low efficacy of osimertinib in patients with 
a history of smoking might indicate that inhibition of EGFR 
activation alone does not entirely block the carcinogenesis 
pathway. Smoking can induce various genetic alterations in 
lung cancer. The most frequently observed co-occurring alter-
ation with EGFR mutations is TP53 mutation, which is highly 
related to smoking. The effect of TP53 mutation on the EGFR-
TKI therapy has been demonstrated in several clinical studies 
and preclinical studies24. Recently, Kim et al.15 have reported a 
significantly reduced PFS and a worse OS of osimertinib treat-
ment in patients with acquired T790M mutation with a TP53 
accompanying mutation. A preclinical study has reported that 
cigarette smoke extract (CSE) and tobacco smoke-derived 
carcinogen can upregulate the c-MET pathway, which induces 
resistance to EGFR-TKI in 19del mutation cell lines25. Ahn et 
al.26 have shown that c-MET amplification in re-biopsy histol-
ogy is associated with previous smoking history in the case of 
progression after EGFR-TKI treatment. Li et al.27 have reported 
that CSE can inhibit the effect of EGFR-TKIs through Src ac-
tivation and epithelial to mesenchymal transition. The above 
results are also consistent with next-generation sequencing 
data showing that a higher tumor mutation burden can lead 
to lower EGFR-TKI responses28.

Additional studies have identified relationships between 
systemic inflammation and tumorigenesis factors such as tu-
mor angiogenesis, invasion, and metastasis29,30. Tumor-related 
inflammation is correlated with neutrophilia, lymphopenia, or 
both in peripheral blood. It is also associated with a poor prog-
nosis in patients with various carcinomas31. In addition, neu-
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trophils play a role as a metastasis promoter by trapping and 
migrating tumor cells using extracellular traps32. Moreover, 
tumor-associated neutrophils may support tumor angiogene-
sis and invasion by producing matrix metalloproteinase-9 and 
vascular endothelial growth factors32. Previous reports have 
suggested that an elevated NLR is a useful prognostic bio-
marker in early33, locally advanced34, and advanced stages of 
lung cancer35, as well as various treatment modalities in lung 
cancer patients36,37. In a small number of studies, a high NLR 
is also an independent poor prognostic marker for PFS or OS 
after first- or second-generation EGFR-TKI treatment12,38. To 
the best of our knowledge, our study is the first to report that 
NLR elevation is correlated with poor osimertinib efficacy in 
patients with acquired T790M mutation.

We found osimertinib to have inconsistent efficacy in the 
univariate analysis, varying according to different T790M 
detection methods. Previously, in the post-hoc analysis of 
plasma samples from the phase I AURA trial, the PFS of 
osimertinib in the tissue T790M negative/plasma T790M 
positive group was shorter than that in the tissue positive/
plasma positive group (4.2 months vs. 9.3 months, p=0.002)39. 
In another retrospective study, the tissue negative/plasma 
positive group showed a poor objective response rate of only 
7.6%40. Tumor heterogeneity might explain this discrepancy. 
It could be assumed that different resistance mechanisms for 
previous EGFR-TKIs occurred in multiple metastatic tumors 
in the same patient41. On the other hand, the tissue positive/
plasma negative group showed the most prolonged PFS in 
our study, although such result did not reach statistical signifi-
cance. In the AURA3 trial (all subjects must have confirma-
tion of re-biopsy tissue T790M mutation), the PFS in tissue- 
and plasma circulating tumor DNA (ctDNA)- T790M positive 
subgroup was approximately two months shorter than that of 
patients in the intention-to-treat population (8.2 months vs. 
10.1 months)5. Hong et al.40 have also reported a better efficacy 
in the tissue positive/plasma negative group. The absence of 
plasma ctDNA of T790M mutation in systemic circulation 
may mean that metastasis is indolent40. Interestingly, in our 
study, the high NLR was found in one of seven patients (14.3%) 
in the tissue positive/plasma negative group and four of six 
patients (66.7%) in the tissue negative/plasma positive group. 
Further studies are needed to determine the relationship of 
ctDNA with peripheral blood NLR in lung cancer.

Regarding the effect of age on PFS with subsequent osimer-
tinib treatment, Kato et al.6 have found that an older age is 
a good independent prognostic factor. In our study, the age 
factor showed a difference in univariate analysis. No known 
biological or other mechanism explained the difference in the 
effect of EGFR-TKIs depending on age groups. In a previous 
report, uncommon EGFR mutations, which have lower EGFR-
TKI response rates, are more prevalent in a young-age group42. 
However, this hypothesis could not be applied to the study by 
Kato et al.6, in which there were two uncommon mutations at 

old age.
Limitations of our study include its retrospective nature 

and the relatively limited number of patients. However, we 
could reduce some bias and minimize missing data because 
the same protocol was used for diagnostic testing and treat-
ment within a prospective lung cancer cohort. Moreover, the 
observation period was sufficiently long. We were able to ana-
lyze survival data, which were highly maturated. During the 
response evaluation of EGFR-TKIs, the investigators were not 
blinded to other clinical features or laboratory results. To over-
come this limitation, independent investigators, other than an 
individual patient’s treating physician, reviewed the radiologic 
images of all cases and re-evaluated the response strictly ac-
cording to the RECIST criteria. Lastly, there are limitations in 
interpreting results of prognosis according to T790M detec-
tion methods because several confounding factors acted in 
selecting T790M test methods. In addition, both tissue biopsy 
and plasma tests were not routinely performed for all patients.

Smoking history and a low NLR were found to be associated 
with good outcomes with osimertinib treatment in patients 
with NSCLC developing EGFR T790M resistance after the 
initial EGFR-TKI treatment. Furthermore, a poor performance 
status and high NLR were poor prognostic factors for OS in 
these patients. Additional large-scale studies are needed to 
validate these results.
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