
Vol.:(0123456789)

Targeted Oncology (2024) 19:925–939 
https://doi.org/10.1007/s11523-024-01094-5

ORIGINAL RESEARCH ARTICLE

Impact of First‑Line Osimertinib and Other EGFR‑Tyrosine Kinase 
Inhibitors on Overall Survival in Untreated Advanced EGFR‑Mutated 
Non‑small Cell Lung Cancer in Japan: Updated Data from TREAD 
Project 01

Makoto Hibino1   · Yoshinori Imamura2   · Rai Shimoyama3   · Tomoya Fukui4   · Ryuta Fukai5   · Akihiko Iwase6 · 
Yukihiro Tamura7 · Yusuke Chihara8   · Takafumi Okabe9 · Kiyoaki Uryu10   · Tadahisa Okuda11,12   · 
Masataka Taguri11   · Hironobu Minami2,13 

Accepted: 23 August 2024 / Published online: 20 September 2024 
© The Author(s) 2024

Abstract
Background  Osimertinib shows higher effectiveness than first-generation epidermal growth factor receptor (EGFR)-tyrosine 
kinase inhibitors (TKIs) in the initial treatment of EGFR-mutated non-small cell lung cancer. However, its superiority in 
terms of overall survival in the Asian population, especially Japanese patients, remains uncertain.
Objective  To evaluate the survival benefit of osimertinib over other EGFR-TKIs in Japanese patients, using real-world data.
Methods   As part of the Tokushukai REAl-world Data project, a retrospective multi-institutional study across 46 hospitals 
in Japan was conducted to evaluate the overall survival of patients with advanced EGFR-mutated non-small cell lung cancer 
using propensity score matching. The study involved patients receiving osimertinib as the first-line treatment (1L-Osi), those 
initially treated with other EGFR-TKIs (1L-non-Osi), and those receiving osimertinib after initial EGFR-TKI treatment (2L/
later-Osi) between April 2010 and December 2022 and followed up until April 2023.
Results  Among 1062 Japanese patients with EGFR-mutated non-small cell lung cancer, 416 (39.2%) received 1L-Osi, while 
646 (60.8%) received 1L-non-Osi, including 139 (13.1%) who received 2L/later-Osi. Within these groups, 416 (39.2%), 293 
(27.6%), and 75 (7.1%) patients received first-line EGFR-TKI treatment post-osimertinib approval as a later-line treatment 
in Japan (March 2016). After propensity score matching, the overall survival of the 1L-Osi group was comparable to that of 
the 1L-non-Osi group in the post-March 2016 subset (n = 283, 42.0 vs 42.4 months). Similar trends were observed in the 
Del19 and L858R subgroups. The median overall survival of the 2L/later-Osi group was notably long: 60.2 months post-
March 2016 (n = 75). A subgroup analysis based on initial EGFR-TKI treatment in the 1L-non-Osi and 2L/later-Osi groups 
revealed no significant differences among the gefitinib, erlotinib, and afatinib groups.
Conclusions  Based on real-world data, osimertinib did not show a significant improvement in overall survival compared to 
other EGFR-TKIs as a first-line treatment for EGFR-mutated advanced non-small cell lung cancer in the Japanese (Asian) 
population.
Clinical Trial Registration  This study was registered at the University Hospital Medical Information Network Clinical Trials 
Registry on 9 March, 2023 (identification UMIN000050552).

Extended author information available on the last page of the article

1  Introduction

Epidermal growth factor receptor (EGFR) mutations are the 
most common driver gene mutations in lung cancer among 
Asian populations and directly affect treatment choices [1]. 
Epidermal growth factor receptor-tyrosine kinase inhibi-
tors (TKIs) targeting these mutations are essential drugs for 

treating EGFR-mutated advanced non-small cell lung cancer 
(NSCLC) [2, 3]. First-generation (gefitinib and erlotinib), 
second-generation (afatinib and dacomitinib), and third-gen-
eration (osimertinib) EGFR-TKIs are used in the first-line pal-
liative treatment of advanced NSCLC [2, 3]. Osimertinib has 
become the primary choice of drug in the first-line treatment 
of EGFR-mutated advanced NSCLC, based on the results of 
a randomized phase III trial in which extended progression-
free survival and overall survival (OS) were achieved with 
osimertinib compared with those achieved through gefitinib or 
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Key Points 

Osimertinib was approved in Japan for epidermal growth 
factor receptor-mutated non-small cell lung cancer as 
a late-line therapy in March 2016 and as a first-line 
therapy in August 2018.

Real-world data demonstrated osimertinib did not pro-
long overall survival in Japanese patients with untreated 
advanced epidermal growth factor receptor-mutated 
non-small cell lung cancer who started epidermal growth 
factor receptor -tyrosine kinase inhibitor monotherapy 
after March 2016, when compared to treatment with 
other epidermal growth factor receptor-tyrosine kinase 
inhibitors.

erlotinib treatment [4]. Our previous real-world data (RWD) 
study, conducted since the practical use of EGFR-TKIs in 
clinical settings, underscored and validated the notable OS 
extension observed with the use of osimertinib, a new-gener-
ation EGFR-TKI [5]. However, patients receiving initial treat-
ment with first-generation and second-generation EGFR-TKIs 
were included in the era before osimertinib development [5]. 
Sequential administration of osimertinib is now possible, but 
it was not applicable to patients during that period. Moreover, 
a subgroup analysis of a phase III trial revealed no significant 
differences in survival benefits between osimertinib and first-
generation EGFR-TKIs in Asian and Japanese subsets, respec-
tively [6–8]. In the Japanese subset, there was a trend toward a 
lower prognostic benefit in the osimertinib group (hazard ratio 
[HR]: 1.39, 95% confidence interval [CI] 0.83–2.34) [7]. Fur-
thermore, osimertinib exhibits an insufficient inhibitory effect 
to achieve complete remission, resulting in resistance and 
relapse. Therefore, developing strategies to improve the prog-
nosis of patients with EGFR-mutated NSCLC is essential, and 
the sequential use of EGFR-TKIs, specifically osimertinib, in 
second-line and later-line therapies remains crucial.

We initially aimed to determine if osimertinib is the 
definitive choice for first-line therapy in an Asian popula-
tion, namely a Japanese population. Additionally, we sought 
to assess the OS of patients receiving sequential treatment—
initially treated with other EGFR-TKIs and subsequently 
received osimertinib. Consequently, we retrospectively 
examined the OS of untreated Japanese patients with EGFR-
mutated advanced or recurrent NSCLC receiving osimerti-
nib as first-line therapy and those treated with EGFR-TKIs 
other than osimertinib as first-line therapy, including those 
receiving osimertinib as second-line or later-line treatment. 
Propensity score matching (PSM) was performed using 
RWD, focusing on the time frame when osimertinib became 
available for use in second-line or higher-line treatment.

2 � Materials and Methods

2.1 � Study Design and Setting

We conducted a retrospective multi-institutional observa-
tional study using electronically available data from the data-
base created by the Tokushukai REAl-world Data (TREAD) 
project. The Tokushukai Group is a large leading medical 
group in Japan that includes 71 general hospitals nationwide. 
The TREAD project included 46 out of the 71 hospitals that 
used diagnosis procedure combination data, including infor-
mation on the primary diagnosis, interventions, and comor-
bidities. It aimed to collect RWD on systemic therapy for 
Japanese patients with cancer in the Tokushukai Medical 
Group [9]. The antecedent study within that project, named 
“TREAD-01,” specifically focused on EGFR-mutated 
NSCLC. We used the electronically available data from the 
Tokushukai Medical Database, which was regularly and 
centrally updated by Tokushukai Information Systems, Inc. 
before study initiation. All prescribed chemotherapy regi-
mens were approved by the regimen review committee of 
the Tokushukai Medical Group, ensuring nationwide stand-
ardization of treatment schedules and dosages. The standard 
EGFR-TKI regimen comprised gefitinib (250 mg/day), erlo-
tinib (150 mg/day), afatinib (40 mg/day), dacomitinib (45 
mg/day), and osimertinib (80 mg/day). This study adhered 
to the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) and REporting of studies 
Conducted using Observational Routinely-collected health 
Data (RECORD) guidelines [10, 11].

2.2 � Participants

The patients were consecutively enrolled in the TREAD-
01 database. Japanese patients aged ≥ 20 years at the start 
of the treatment were eligible for enrollment if they had 
cytologically or pathologically confirmed NSCLC; had ill-
ness resulting from sensitizing EGFR mutations (Del19 or 
L858R) and other uncommon mutations; had NSCLC cat-
egorized as untreated Stage III for which curative therapy 
was not feasible, Stage IV (according to the 7th or 8th edi-
tion of the American Joint Committee on Cancer staging 
criteria for lung cancer), or recurrent disease after curative 
treatment [12, 13]; and had received first-line treatment with 
EGFR-TKI monotherapy (gefitinib, erlotinib, afatinib, dac-
omitinib, or osimertinib) between April 2010 and Decem-
ber 2022. The exclusion criteria included the following: (1) 
active multiple cancer with a disease-free interval of ≤ 5 
years, except carcinoma in situ/intramucosal cancer cured 
through local treatment or endoscopic lesions diagnosed as 
carcinoma in situ; (2) lack of provision of informed consent; 
and (3) inadequate data extraction.
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2.3 � Data Collection

We obtained patient background information from the elec-
tronically available Tokushukai Medical Database at the 
initiation of the first-line EGFR-TKI therapy. Patient back-
ground information included age, sex, smoking history, his-
tological type, disease stage, and EGFR mutation type (in 
cases where sensitive mutations, Del19 and L858R, were 
positive as part of a compound mutation, including minor 
mutations turning positive, only sensitive mutations were 
documented). Additionally, patients with exclusive de novo 
T790M positivity were excluded, and Eastern Cooperative 
Oncology Group Performance Status (ECOG PS) scores 
were documented in the database or scored from unstruc-
tured narrative text up to 1 month before initiating first-line 
treatment. Data regarding height, weight, and body mass 
index were collected at the initiation of first-line EGFR-TKI 
therapy; if unavailable, these data were collected at the near-
est alternative period to the initiation of EGFR-TKI therapy. 
Additionally, we collected information on prognosis (final 
date of survival confirmation and date of death) and treat-
ment exposure, including the names of EGFR-TKIs and the 
treatment line. However, data on the reduction of initial 
doses, mid-treatment adjustments (involving dose reductions 
or extensions of dosing intervals), and treatment interrup-
tions were not collected. The treatment lines encompassed 
various regimens, including EGFR-TKIs, cytotoxic antican-
cer agents, immune checkpoint inhibitors, and angiogenesis 
inhibitors, administered individually and combined. Further-
more, we collected data on the reasons for discontinuing the 
previous EGFR-TKI therapy and initiating osimertinib treat-
ment in patients who received it as a second- or later-line 
treatment. Moreover, we gathered information on whether 
T790M confirmation was possible before initiating osimer-
tinib as a second-line or later-line therapy.

To ensure that opportunities for second-line or later-line 
osimertinib administration were equivalent to the current 
situation, a cohort of patients who started EGFR-TKIs as 
first-line therapy after March 2016 was established. In 
March 2016, osimertinib was approved in Japan for use in 
patients with NSCLC positive for the T790M-resistance 
gene as second-line or later-line treatment [14, 15]. Patients 
for whom EGFR-TKI treatment was initiated before this 
approval might have missed the chance of receiving osi-
mertinib in subsequent therapy lines. The cutoff date for 
prognosis-related information was 30 April, 2023.

2.4 � Endpoint

The primary endpoint was OS of patients who received osi-
mertinib as first-line therapy (1L-Osi), compared with OS of 
all patients who received a first-generation or second-gener-
ation EGFR-TKI other than osimertinib as first-line therapy 

(1L-non-Osi), with initiation dates after March 2016. The 
secondary endpoint was OS of patients who subsequently 
received osimertinib as second-line or later-line treatment 
after their first-line treatment with EGFR-TKIs other than 
osimertinib (2L/later-Osi, initiated after March 2016). Both 
endpoints were also assessed for the cohort throughout the 
study period.

A subgroup analysis of OS according to EGFR muta-
tion type was performed in the aforementioned population. 
Additionally, the study investigated the reasons for regi-
men change to osimertinib and the T790M status in the 2L/
later-Osi group. Another planned subgroup analysis of OS 
focused on the 1L-non-Osi and 2L/later-Osi groups, catego-
rized by the specific EGFR-TKIs used in the first-line treat-
ment. Overall survival was defined as the time from the date 
of the first EGFR-TKI prescription as first-line therapy to the 
date of death or last confirmed survival.

2.5 � Ethical Considerations

The study was conducted following the principles of the 
Declaration of Helsinki and was reviewed and approved by 
the Ethics Committee of the Tokushukai Group on 2 March, 
2023 (approval number: TGE 01427-008). The requirement 
for obtaining informed consent from patients was waived 
because this was a retrospective analysis of anonymized 
patient data. Patients were allowed to opt out of the research 
use of their data, and related information is publicly avail-
able on the Tokushukai Medical Group website. This study 
was registered at the University Hospital Medical Informa-
tion Network Clinical Trials Registry on 9 March, 2023 
(identification UMIN000050552).

2.6 � Statistical Analysis

To estimate median OS, we generated survival curves using 
the Kaplan–Meier method and compared the groups using 
the log-rank test. Given the presence of immortal time 
bias, we refrained from conducting direct statistical com-
parisons of OS between certain groups, such as between 
the 1L-Osi and 2L/later-Osi groups. Continuous variables 
are presented as median with range or interquartile range 
(IQR), and univariate between-group comparisons were con-
ducted using the Mann–Whitney U test. Categorical vari-
ables are expressed as numbers (percentage), and they were 
compared using the chi-square and Fisher’s exact tests. We 
applied PSM to enhance comparability between the treat-
ment groups. Covariate selection was guided by their rel-
evance and the potential to introduce bias. We used a logistic 
regression model to estimate propensity scores, accounting 
for the selected covariates. The selected prognostic factors 
were age, sex, smoking history, histological type, disease 
stage, EGFR mutation type, and ECOG PS. In the matching 
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process, we used nearest-neighbor matching with a speci-
fied caliper width, causing a more balanced distribution 
of covariates within each group. Cox proportional hazards 
regression analysis was performed to determine the adjusted 
HR and 95% CIs for OS. The possible determinants were 
the previously mentioned prognostic factors. Additionally, 
for the population that started treatment after March 2016, 
we included 1L-Osi or 1L-non-Osi status. For the subgroup 
analysis based on the specific type of EGFR-TKI used in the 
first-line treatment, we included the EGFR-TKI type data. 
Statistical significance was set at p < 0.05. p values were 
reported to two decimal places, except where greater preci-
sion was required. All data analyses and visualizations were 
performed using R (version 4.3.1; R Foundation for Statisti-
cal Computing, Vienna, Austria). Data extraction, cleaning, 
and analysis were conducted from May 2023 to March 2024.

3 � Results

3.1 � Patient Characteristics

A flowchart of the study participant selection process is 
shown in Fig. 1. Of the 1380 patients considered for enroll-
ment, 1062 patients with EGFR-mutated advanced or recur-
rent NSCLC, treated with any EGFR-TKI as first-line pal-
liative treatment, were eligible. We identified 555 patients 
who received at least one dose of osimertinib during the 
treatment period: 416 and 139 patients in the 1L-Osi and 2L/
later-Osi groups, respectively, with 103 and 36 receiving it 
as second-line and later-line treatments, respectively. A total 

of 646 patients were included in the 1L-non-Osi group: 404 
received gefitinib, 119 received erlotinib, and 123 received 
afatinib as first-line treatment. Among the 293 patients for 
whom first-line treatment was initiated after March 2016 
in the 1L-non-Osi group, 75 (25.6%) received osimertinib 
as second-line or later-line treatment. In contrast, among 
patients whose first-line treatment was started before this 
period, 64 of 353 patients (18.1%) received osimertinib as 
second-line or later-line treatment. The difference between 
these proportions was significant (p = 0.03).

The baseline demographics and clinical characteristics 
of the included patients are summarized in Table 1. The 
predominant histological subtype was adenocarcinoma, with 
most patients in Stage IV and a high prevalence of patients 
with a good performance status. A significant proportion 
of patients were never smokers. Mutations in addition to 
Del19 and L858R included G719X (n = 44), L861Q (n = 
25), S768I (n = 8), exon 20 insertions (n = 5), exon 19 inser-
tions (n = 1), G719X with S768I (n = 6), and G719X with 
E709A (n = 2).

Applying PSM at a 1:1 ratio, the study cohort comprised 
an equal number of 399 patients each in the 1L-Osi and 
1L-non-Osi groups, including 283 with initiation dates for 
first-line treatment after March 2016. After PSM, there were 
no significant differences in clinical characteristics between 
the groups (Table 2). The baseline demographics and clini-
cal characteristics of patients in the 2L/later-Osi group are 
summarized in Table 3.

Fig. 1   Patient flowchart. EGFR epidermal growth factor receptor, TKI tyrosine kinase inhibitor, VEGF vascular endothelial growth factor
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3.2 � Survival Analysis

The median follow-up period for OS was 16.2 (IQR, 
6.2–27.0), 20.3 (IQR 7.9–40.2), and 44.6 months (IQR 
25.5–60.3) for the 416 patients in the 1L-Osi, 646 in the 
1L-non-Osi, and 139 in the 2L/later-Osi groups, respec-
tively. At the data cutoff point, the number of deaths in each 
group was as follows: 114 (27.4%) in the 1L-Osi group, 410 

(63.5%) in the 1L-non-Osi group, and 84 (60.4%) in the 2L/
later-Osi group.

The 1L-Osi group demonstrated an extended median OS 
of 42.0 months (95% CI 35.8 to not available [NA]), which 
significantly exceeded the median OS of 28.3 months 
(95% CI 24.9–31.0) in the 1L-non-Osi group (HR 0.63; 
95% CI 0.51–0.78, p < 0.001) (Fig. 2a). However, in the 
cohort of patients for whom first-line EGFR-TKI treatment 
was initiated after March 2016, there were no significant 

Table 1   Clinical characteristics of patients treated with osimertinib or non-osimertinib epidermal growth factor receptor-tyrosine kinase inhibi-
tors as first-line treatment before propensity score matching adjustment

1L-Osi first-line osimertinib, 1L-non-Osi first-line non-osimertinib, 2L/later-Osi second-line or later-line osimertinib, BMI body mass index, 
ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor receptor, IQR interquartile range, NOS not otherwise specified, 
NSCC non-small cell carcinoma
a The sample size pertains to the number of patients with EGFR mutations across three categories (Del19, L858R, and others). Patients with 
exclusive de novo T790M positivity were excluded from this study, and only those with concurrent T790M positivity and any other mutations 
were included

Unmatched patients

Entire study period Since March 2016

1L-Osi (n = 416) 1L-non-Osi (n = 646) p value 1L-Osi (n = 416) 1L-non-Osi (n = 293) p value

Sex, n (%)
 Male 173 (41.6%) 268 (41.5%) 1.00 173 (41.6%) 117 (39.9%) 0.70
 Female 243 (58.4%) 378 (58.5%) 243 (58.4%) 176 (60.1%)

Age (years), median [range] 74.0 [37.0–95.0] 73.0 [39.0–97.0] 0.12 74.0 [37.0–95.0] 72.0 [39.0–93.0] 0.08
Smoking history (former and current), 
n (%)

 Former or current 161 (38.7%) 195 (30.2%) 0.005 161 (38.7%) 91 (31.1%) 0.04
 Never 255 (61.3%) 451 (69.8%) 255 (61.3%) 202 (68.9%)

Histological subtype of lung cancer, 
n (%)

 Adenocarcinoma 401 (96.4%) 646 (100.0%) <0.001 401 (96.4%) 293 (100.0%) 0.005
 Squamous cell carcinoma 3 (0.7%) 0 (0.0%) 3 (0.7%) 0 (0.0%)
 NSCC, NOS 7 (1.7%) 0 (0.0%) 7 (1.7%) 0 (0.0%)
 Others 5 (1.2%) 0 (0.0%) 5 (1.2%) 0 (0.0%)

Disease stage, n (%)
 III 22 (5.3%) 52 (8.0%) 0.21 22 (5.3%) 24 (8.2%) 0.19
 IV 295 (70.9%) 439 (68.0%) 295 (70.9%) 192 (65.5%)
 Recurrent 99 (23.8%) 155 (24.0%) 99 (23.8%) 77 (26.3%)

EGFR mutationa, n (%)
 Exon 19 deletion 213 (51.2%) 291 (45.0%) 0.008 213 (51.2%) 143 (48.8%) 0.006
 Exon 21 L858R 180 (43.3%) 287 (44.4%) 180 (43.3%) 114 (38.9%)
 Others 23 (5.5%) 68 (10.5%) 23 (5.5%) 36 (12.3%)
 de novo T790M 4 (1.0%) 17 (2.6%) 4 (1.0%) 4 (1.4%)

ECOG performance status, n (%)
 0 136 (32.7%) 168 (26.0%) 0.21 136 (32.7%) 91 (31.1%) 0.99
 1 193 (46.4%) 326 (50.5%) 193 (46.4%) 137 (46.8%)
 2 45 (10.8%) 72 (11.1%) 45 (10.8%) 34 (11.6%)
 3 29 (7.0%) 55 (8.5%) 29 (7.0%) 21 (7.2%)
 4 13 (3.1%) 25 (3.9%) 13 (3.1%) 10 (3.4%)

BMI, median (IQR) 21.4 (19.4–23.7) 21.4 (19.2–23.9) 0.68 21.4 (19.4–23.7) 21.5 (19.5–24.1) 0.58
 Unknown/not documented 8 16 8 10
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differences in OS between the 1L-Osi (42.0 months: 95% 
CI 35.8 to NA) and 1L-non-Osi (42.4 months: 95% CI 
33.8–51.0) groups when comparing all patients (HR 0.92; 
95% CI 0.71–1.20, p = 0.55) (Fig. 2b). These trends for 
the 1L-Osi and 1L-non-Osi groups remained in the PSM 
cohort, where the median OS reached 42.0 months (95% 
CI 35.8 to NA) and 28.7 months (95% CI 24.8–33.0), 
respectively (HR 0.61; 95% CI 0.48–0.77, p < 0.001) 
(Fig. 2c), and the median OS reached 42.0 months (95% 
CI 35.8 to NA) and 42.4 months (95% CI 34.0–51.0) in 
the post-March 2016 cohort, respectively, with an HR of 
0.89 (95% CI 0.67–1.18, p = 0.42) (Fig. 2d).

The median OS of the 2L/later-Osi group over the 
entire study period was 54.1 months (95% CI 47.0–60.2), 
and that for the cohort of patients who initiated first-line 

EGFR-TKI treatment after March 2016 was 60.2 months 
(95% CI 49.9–95.9) (Fig. 3) Conversely, for the 1L-non-Osi 
group without sequential osimertinib over the entire study 
period (n = 507), the median OS was 22.3 months (95% CI 
19.7–25.0). For this group after March 2016 (n = 218), the 
median OS was 32.2 months (95% CI 24.0–40.0).

Subgroup analysis of OS was conducted based on three 
EGFR mutations: Del19, L858R, and other EGFR muta-
tions. Throughout the study period, for patients with Del19, 
the 1L-Osi group showed better OS outcomes (median 
OS, NA; 95% CI 35.8 to NA) than the 1L-non-Osi group 
(median OS, 30.9 months; 95% CI 27.5–38.4; HR 0.61; 
95% CI 0.45–0.84; p = 0.002). Similarly, for patients with 
L858R, the 1L-Osi group had longer OS (median OS, 38.8 
months; 95% CI 27.0–45.3) than the 1L-non-Osi group 

Table 2   Clinical characteristics of patients treated with osimertinib or non-osimertinib epidermal growth factor receptor-tyrosine kinase inhibi-
tors as first-line treatment, aligned through propensity score matching

1L-non-Osi first-line non-osimertinib, 1L-Osi first-line osimertinib, 2L/later-Osi second-line or later-line osimertinib, ECOG Eastern Coopera-
tive Oncology Group, EGFR epidermal growth factor receptor, NA not available, NOS not otherwise specified, NSCC non-small cell carcinoma

Propensity score-matched patients

Entire study period Since March 2016

1L-Osi (n = 399) 1L-non-Osi (n = 399) p value 1L-Osi (n = 283) 1L-non-Osi (n = 283) p value

Sex, n (%)
 Male 164 (41.1%) 174 (43.6%) 0.52 115 (40.6%) 113 (39.9%) 0.93
 Female 235 (58.9%) 225 (56.4%) 168 (59.4%) 170 (60.1%)

Age (years), median (range) 72.0 [37.0–95.0] 73.0 [39.0–97.0] 0.34 73.0 [37.0–95.0] 73.0 [39.0–93.0] 0.94
Smoking history (former and current), 
n (%)

 Former or current 155 (38.8%) 161 (40.4%) 0.71 95 (33.6%) 91 (32.2%) 0.79
 Never 244 (61.2%) 238 (59.6%) 188 (66.4%) 192 (67.8%)

Histological subtype of lung cancer, n 
(%)

 Adenocarcinoma 399 (100.0%) 399 (100.0%) NA 283 (100.0%) 283 (100.0%) NA
 Squamous cell carcinoma 0 (0%) 0 (0%) 0 (0%) 0 (0%)
 NSCC, NOS 0 (0%) 0 (0%) 0 (0%) 0 (0%)
 Others 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Disease stage, n (%)
 III 21 (5.3%) 25 (5.0%) 0.85 12 (4.2%) 23 (8.1%) 0.13
 IV 279 (69.9%) 276 (61.9%) 199 (70.3%) 185 (65.4%)
 Recurrent 99 (24.8%) 98 (33.1%) 72 (25.4%) 75 (26.5%)

EGFR mutation, n (%)
 Exon 19 deletion 204 (51.1%) 218 (54.6%) 0.61 129 (45.6%) 143 (50.5%) 0.06
 Exon 21 L858R 172 (43.1%) 160 (40.1%) 135 (47.7%) 110 (38.9%)
 Others 23 (5.8%) 21 (5.3%) 19 (6.7%) 30 (10.6%)

ECOG performance status, n (%)
 0 131 (32.8%) 118 (29.6%) 0.70 89 (31.4%) 89 (31.4%) 0.93
 1 185 (46.4%) 197 (49.4%) 138 (48.8%) 133 (47.0%)
 2 41 (10.3%) 36 (9.0%) 28 (9.9%) 31 (11.0%)
 3 29 (7.3%) 36 (9.0%) 17 (6.0%) 21 (7.4%)
 4 13 (3.3%) 12 (3.0%) 11 (3.9%) 9 (3.2%)
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(median OS, 25.8 months; 95% CI 22.3–30.8; HR 0.67; 95% 
CI 0.49–0.91; p = 0.01) (Fig. 4a). No significant differences 
were observed for other mutations (1L-Osi: median OS, 22.0 
months; 95% CI 7.3 to NA vs 1L-non-Osi: median OS, 19.0 
months; 95% CI 12.3–36.7; HR 0.73; 95% CI 0.35–1.51, p 
= 0.39) (Fig. 4a).

In the cohort where initial treatment was initiated after 
March 2016, for Del19, there were no significant differences 
in OS between the 1L-Osi (median OS, NA; 95% CI 35.8 
months to NA) and 1L-non-Osi (median OS, 49.9 months; 
95% CI 36.1–82.5 months) [HR 0.83; 95% CI 0.56–1.21; 

p = 0.33] groups of patients. Similarly, for L858R, there 
were no significant differences in OS between the 1L-Osi 
(median OS, 38.8 months; 95% CI 27.0–45.3) and 1L-non-
Osi (median OS, 38.4 months; 95% CI 27.1–47.3) (HR 
1.04; 95% CI 0.70–1.54; p = 0.85) groups. For other muta-
tions, there were no significant differences in OS between 
the 1L-Osi (median OS, 22.0 months; 95% CI 7.33 to 
NA) and 1L-non-Osi (median OS, 36.7 months; 95% CI 
13.7–51.0) (HR 1.25; 95% CI 0.53–2.94, p = 0.61) groups 
(Fig. 4b). In the entire 2L/later-Osi group, the median OS 
was 58.4 months (95% CI 45.1–74.5), 50.9 months (95% CI 

Table 3   Clinical characteristics of patients treated with osimertinib as a second-line or later-line treatment following first-line treatment with 
non-osimertinib epidermal growth factor receptor-tyrosine kinase inhibitors

1L-non-Osi first-line non-osimertinib, 1L-Osi first-line Osimertinib, 2L/later-Osi second-line or later-line osimertinib, BMI body mass index, 
ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor receptor, IQR interquartile range, NOS not otherwise specified, 
NSCC non-small cell carcinoma
a The sample size pertains to the number of patients with EGFR mutations across three categories (Del19, L858R, and others). Patients with 
exclusive de novo T790M positivity were excluded from this study, and only those with concurrent T790M positivity and any other mutations 
were included

2L/later-Osi

Entire study period (n = 139) Since March 2016 (n = 75)

Sex, n (%)
 Male 49 (35.3%) 29 (38.7%)
 Female 90 (64.7%) 46 (61.3%)

Age (years), median (range) 70.0 (39.0–90.0) 72.0 (41.0–86.0)
Smoking history (former and current), n (%)
 Former or current 48 (34.5%) 28 (37.3%)
 Never 91 (65.5%) 47 (62.7%)

Histological subtype of lung cancer, n (%)
 Adenocarcinoma 139 (100.0%) 75 (100.0%)
 Squamous cell carcinoma 0 (0.0%) 0 (0.0%)
 NSCC, NOS 0 (0.0%) 0 (0.0%)
 Others 0 (0.0%) 0 (0.0%)

Disease stage, n (%)
 III 7 (5.0%) 3 (4.0%)
 IV 86 (61.9%) 49 (65.3%)
 Recurrent 46 (33.1%) 23 (30.7%)

EGFR mutationa, n (%)
 Exon 19 deletion 84 (60.4%) 46 (61.3%)
 Exon 21 L858R 50 (36.0%) 25 (33.3%)
 Others 5 (3.6%) 4 (5.3%)
 de novo T790M 3 (2.2%) 2 (2.7%)

ECOG performance status, n (%)
 0 47 (33.8%) 29 (38.7%)
 1 72 (51.8%) 35 (46.7%)
 2 11 (7.9%) 6 (8.0%)
 3 7 (5.0%) 4 (5.3%)
 4 2 (1.4%) 1 (1.3%)

BMI, median (IQR) 20.9 (19.2–23.5) 20.9 (18.8–23.9)
 Unknown/not documented 3 3
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35.3–59.0), and 51.0 months (95% CI 5.5 to NA) for Del19, 
L858R, and other mutations, respectively, with no signifi-
cant differences among the groups (Fig. 4c). A comparison 
of the L858R mutation with the Del19 mutation yielded an 
HR of 1.22 (95% CI 0.77–1.94, p = 0.39), and a comparison 
of other mutations with the Del19 mutation yielded an HR 

of 1.55 (95% CI 0.92–2.59, p = 0.10). Additionally, a com-
parison of other mutations with the L858R mutation yielded 
an HR of 1.79 (95% CI 0.63–5.12, p = 0.28). However, in 
the subset of patients where initial treatment was initiated 
after March 2016 in the 2L/later-Osi group, the median OS 
was 82.5 months (95% CI 58.4 to NA), for 49.1 months (95% 

Fig. 2   Kaplan–Meier curves for overall survival (OS) in the first-
line treatment with osimertinib (1L-Osi) and first-line treatment with 
non-osimertinib epidermal growth factor receptor-tyrosine kinase 
inhibitors (1L-non-Osi) groups: a throughout the study period, b after 

March 2016, c throughout the study period using propensity score 
matching, and d after March 2016 using propensity score matching. 
CI confidence interval, HR hazard ratio, NA not available
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CI 32.8 to NA), and 31.9 months (95% CI 5.5 to NA) for 
Del19, L858R, and other mutations, respectively (Fig. 4d). 
In the subset, there were significant differences between 
the L858R and Del19 groups, with an HR of 2.13 (95% CI 
1.01–4.48, p = 0.046) and between the other mutation and 
Del19 groups, with an HR of 2.47 (95% CI 1.29–4.70, p = 
0.006). However, the difference between the other mutation 
and L858R groups was not significant (HR 3.28; 95% CI 
0.90–11.94; p = 0.07). In the population that began treat-
ment after March 2016, a multivariate analysis identified 
several significant factors associated with OS. These factors 
include EGFR mutation type (HR 1.36, 95% CI 1.11–1.66, 
p = 0.003), histological type (HR 1.46, 95% CI 1.06–2.00, p 
= 0.02), ECOG PS (HR 1.39, 95% CI 1.22–1.57, p < 0.001), 
and disease stage (HR 1.76, 95% CI 1.37–2.26, p < 0.001). 
Conversely, the use of osimertinib as a first-line treatment 
was not a significant predictor of OS (HR 0.86, 95% CI 
0.66–1.12, p = 0.27).

In the 1L-non-Osi group, in which the initial treatment 
was initiated after March 2016, a subgroup analysis of OS 
was conducted based on the EGFR-TKI used as first-line 
treatment. The median OS of patients initially treated with 
gefitinib, erlotinib, and afatinib was 40.2 months (95% CI 
28.5–57.1), 33.1 (95% CI 23.6–45.2), and 46.8 months (95% 
CI 32.2 months to NA), respectively (Fig. 5). The differences 
among the three groups were not significant (p = 0.33). In 
the subgroup of patients who began their treatment with 

agents other than osimertinib after March 2016, a multivari-
ate analysis identified several significant factors associated 
with OS. EGFR mutation type (HR 1.35, 95% CI 1.04–1.75, 
p = 0.03), ECOG PS (HR 1.28, 95% CI 1.07–1.53, p = 
0.007), and disease stage (HR 1.71, 95% CI 1.26–2.32, p < 
0.001) were significant predictors. Conversely, the type of 
EGFR-TKI used as first-line treatment was not a significant 
predictor (HR 0.93, 95% CI 0.76–1.14, p = 0.49).

In the 2L/later-Osi group, a subgroup analysis of OS 
was conducted based on the EGFR-TKI used as a first-line 
treatment. The median OS for patients initially treated with 
gefitinib, erlotinib, and afatinib was 54.1 months (95% CI 
43.2–59.2), 41.8 months (95% CI 25.2–82.5), and 73.3 
months (95% CI 46.8 to NA), respectively (Fig. 6). The 
differences among the three groups were not significant (p 
= 0.21). In this cohort, multivariate analysis identified the 
disease stage as a significant factor associated with OS (HR 
1.68, 95% CI 1.06–2.65, p = 0.03). Other factors, includ-
ing the type of first-line treatment used (HR 0.79, 95% CI 
0.61–1.03, p = 0.08), were not significant predictors.

3.3 � Rationale Behind Transitioning Treatment 
to Osimertinib

The reasons for changing the treatment regimen to osimer-
tinib in the 2L/later-Osi group (osimertinib as second-line 
or later-line treatment following first-line treatment with 
non-osimertinib EGFR-TKIs) were the following: disease 
progression in 111 cases (79.9%), of which 91 (65.5%) 
had T790M confirmed through rebiopsy before initiating 
second-line or later-line osimertinib treatment, 17 (12.2%) 
had unconfirmed T790M, and 3 (2.2%) were de novo 
T790M-positive cases; adverse events during first-line 
treatment in 25 cases (18.0%); and availability of osimer-
tinib, recently launched in Japan, during the effectiveness 
of first-line treatment in three cases (2.2%).

4 � Discussion

In this study, in the cohort where first-line treatment was 
initiated after March 2016, when osimertinib became 
available as a second-line treatment, there were no signifi-
cant differences in OS between the groups using osimerti-
nib and other EGFR-TKIs as first-line treatments. Further-
more, the group receiving osimertinib as a second-line or 
later-line treatment showed extended OS, emphasizing the 
extended survival observed in this cohort. The subgroup 
analysis based on EGFR gene mutations, specifically 
Del19 and L858R, indicated similar trends irrespective 
of the genetic mutation, in line with the aforementioned 
results.

Fig. 3   Kaplan–Meier curves for overall survival (OS) in the second-
line/later-osimertinib (following first-line treatment with non-osi-
mertinib epidermal growth factor receptor-tyrosine kinase inhibitors) 
group. The black line represents data from the entire study period, 
whereas the red line represents data from patients who received first-
line treatment after March 2016. CI confidence interval
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The primary reason for the improved OS in the group 
using other EGFR-TKIs as first-line treatment after March 
2016 compared with that during the entire study period is 
the enhanced adoption rate of osimertinib as the second-
line or later-line treatment. In the group using an EGFR-TKI 

other than osimertinib as first-line treatment, many individu-
als could not receive osimertinib as second-line or later-
line treatment, regardless of T790M expression, owing to 
timing constraints. Therefore, the cohort during the study 
period differs from that in the current environment where 

Fig. 4   Kaplan–Meier curves for overall survival by epidermal growth 
factor receptor mutation type. a First-line treatment with osimerti-
nib (1L-Osi) and first-line treatment with non-osimertinib epidermal 
growth factor receptor-tyrosine kinase inhibitor (1L-non-Osi) groups 
during the entire study period, b 1L-Osi and 1L-non-Osi groups after 

March 2016, c 2L/later-Osi (osimertinib in second-line or later-line 
treatment following first-line treatment with non-osimertinib epider-
mal growth factor receptor-tyrosine kinase inhibitors) group during 
the entire study period, and d 2L/later-Osi group after March 2016
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osimertinib is available as a second-line or later-line treat-
ment. However, the period since March 2016 has been simi-
lar, as osimertinib has become available as a second-line 
or later-line treatment. The most significant finding is that 
after osimertinib became available as a second-line or later-
line treatment, there were no differences in OS between the 
group receiving osimertinib and that receiving non-osimer-
tinib drugs as a first-line treatment.

In contrast, a large phase III trial strongly endorsed first-
line treatment with osimertinib, as recommended in the 
Japanese lung cancer treatment and international guide-
lines [2–4]. However, despite consistent results across vari-
ous subgroups in the trial, the efficacy of first-line treat-
ment with osimertinib in terms of survival was not superior 
in Asian populations, particularly the Japanese population 
[6–8]. Moreover, a single-institution retrospective study of 
117 cases within an American–Asian population with Stage 
IV NSCLC treated with osimertinib demonstrated no sig-
nificant differences in 2-year OS between the groups treated 
with first-line osimertinib and earlier-generation EGFR-TKI 
before osimertinib [16]. This multi-center RWD-based study 
involving PSM reaffirmed that first-line osimertinib treat-
ment does not necessarily demonstrate absolute superiority 
in Japanese (Asian) individuals.

The advantage of using non-osimertinib EGFR-TKIs 
as first-line treatment lies in the sequential treatment with 
EGFR-TKIs, particularly the introduction of osimertinib in 
later-line settings [17]. There is a concern that the optimal 
treatment sequence would involve the initial use of first-gen-
eration or second-generation EGFR-TKIs, followed by osi-
mertinib as second-line or later-line treatment, particularly 
in cases where T790M is detected in rebiopsy [17]. In fact, 
a retrospective single-center study with a limited number of 
Japanese patients with NSCLC reported that upfront use of 
first/second-generation EGFR-TKIs followed by osimerti-
nib (n = 17) resulted in better OS than upfront osimertinib 
therapy alone (n = 57) [18], consistent with the extended OS 
observed in the group receiving osimertinib as a second-line 
or later-line treatment in the present study, which involved a 
larger participant pool.

If the optimal sequence is followed, osimertinib will not 
be indicated as a second-line treatment if the patient has pro-
gressive disease and T790M is negative after first-line treat-
ment with a first-generation or second-generation EGFR-TKI 
[17]. Additionally, the indication for secondary therapy may 
be lost if performance status drops rapidly during primary 
therapy [17]. This phenomenon results in a group of patients 
who do not benefit from osimertinib. Indeed, a previous 
phase III study has demonstrated that the introduction rate 
for osimertinib as a second-line or later-line treatment is 24% 
in the Japanese population and 30.7% in all participants [6, 
7]. In this RWD study, the introduction rate of osimertinib 
was 25.6% in the group that initiated treatment after March 

Fig. 5   Kaplan–Meier curves for overall survival (OS) based on the 
epidermal growth factor receptor-tyrosine kinase inhibitors used in 
first-line therapy among patients treated with non-osimertinib epider-
mal growth factor receptor-tyrosine kinase inhibitors as their initial 
treatment (treatment initiated after March 2016). CI confidence inter-
val, NA not available

Fig. 6   Kaplan–Meier curves for overall survival (OS) based on the 
epidermal growth factor receptor-tyrosine kinase inhibitors used in 
first-line therapy among patients treated with osimertinib as second-
line or later-line treatment following first-line treatment with non-osi-
mertinib epidermal growth factor receptor-tyrosine kinase inhibitors. 
CI confidence interval, NA not available
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2016, which was comparable to previously reported rates [6, 
7]. However, under the conditions reported in this study, our 
findings indicate that using non-osimertinib EGFR-TKIs as 
initial treatment did not result in a lower OS than that of the 
group using osimertinib as a first-line treatment, suggesting 
a deviation from the one-sided perspective that osimertinib 
is the mainstay of first-line treatment. Furthermore, in the 
subgroup analysis of the cohort in which treatment was initi-
ated with EGFR-TKIs other than osimertinib and the cohort 
where osimertinib was introduced as a second-line or later-
line treatment, the results suggest that gefitinib, erlotinib, 
or afatinib used as a first-line treatment are viable options. 
In addition to monotherapy with first-generation or second-
generation EGFR-TKIs, combination therapies with angio-
genesis inhibitors or cytotoxic anticancer agents are feasible, 
and their use remains an option as a first-line treatment.

In the genetic subgroup analysis of the present study, 
osimertinib did not demonstrate superiority for L858R 
or Del19 mutations. In contrast, in the subgroup analysis 
of a previous trial, the superiority of osimertinib was not 
observed among Asian populations or for the L858R muta-
tion, but was evident for the Del19 mutation [6]. In Asian 
patients with EGFR-mutated NSCLC residing in the USA, 
the 2-year OS was reportedly reduced in the group receiving 
first-line treatment with osimertinib for patients with Del19 
compared with that in the group receiving first-line treat-
ment with first-generation or second-generation EGFR-TKIs 
[14]. These results imply that investigations on the effect 
of first-line treatment with osimertinib on OS should con-
sider differences in race besides known genetic mutations. 
The reason for the lack of observed superiority in OS with 
osimertinib as a first-line treatment in the Asian population 
remains unclear; however, it is speculated to be attributable 
to differences in the effectiveness of the comparator EGFR-
TKI. In the Japanese subset of a previous trial, there were 
no significant differences in OS between the osimertinib and 
comparator EGFR-TKI groups [7, 8]. However, the 3-year 
OS of the osimertinib group was nearly identical for the 
Japanese (59%) and overall (54%) populations [7, 8]. Con-
versely, in the comparator EGFR-TKI group, the 3-year OS 
rate in the Japanese population was 63%, compared with 
44% in the overall population [7, 8]. Moreover, in this RWD 
study, the introduction rate of osimertinib as a second-line 
treatment or beyond was comparable to previously reported 
rates [6, 7]. These findings suggest that Japanese (Asian) 
individuals might derive greater benefits from the compara-
tor EGFR-TKI than the overall population. Other factors to 
consider include differences in adverse-effect profiles and 
drug approval statuses. In Japanese patients, comparator 
EGFR-TKIs have been linked to lower interstitial pneumonia 
rates and fewer treatment discontinuations than those linked 
to osimertinib [19]. Furthermore, EGFR-TKI retreatment is 
reimbursed in Japan, potentially prolonging the exposure to 

various EGFR-TKIs in patients initially treated with com-
parator EGFR-TKIs. These factors may contribute to the OS 
advantage associated with comparator EGFR-TKIs [20].

The efficacy of EGFR-TKIs in patients with EGFR 
uncommon mutations is variable and generally lower than 
that in those with common mutations, such as Del19 and 
L858R—a trend also observed in our study [21, 22]. Accord-
ing to the latest National Comprehensive Cancer Network 
guidelines [2], the recommended first-line therapy for 
patients with EGFR Exon 20 insertion mutations includes a 
combination of amivantamab-vmjw, carboplatin, and pem-
etrexed [23]. For other uncommon EGFR mutations, afatinib 
or osimertinib is recommended. Given the notable limita-
tions of current treatments, there is a pressing need for the 
development of new targeted therapies and innovative strate-
gies to improve outcomes for this critical patient population.

Our study has some limitations. First, the broad patient 
enrollment period may have caused variations in the acces-
sibility to immune checkpoint inhibitor (ICI) therapy, poten-
tially influencing OS. The cohort receiving first-line osimer-
tinib treatment had more favorable access to ICI therapy, 
whereas cases of first-line therapies other than osimertinib 
usually involved instances before ICI approval, potentially 
hampering access to ICI treatments. Additionally, the sub-
group that received osimertinib in the second-line or later-
line treatment usually underwent a rebiopsy for T790M con-
firmation. This suggests a population with a high likelihood 
of good performance status after pre-EGFR-TKI treatment 
and the potential for inherently longer survival. Further-
more, although we conducted PSM at the initiation of the 
first-line treatment, the inherent characteristics of this sub-
group could influence the results, potentially leading to bias. 
Detailed information regarding programmed death-ligand 
1 expression within tumor tissues and the specifics of dis-
tant metastasis before treatment initiation is not structur-
ally represented in the electronic data. Hence, these factors 
could not be included in the PSM analysis. Similarly, despite 
efforts to align various backgrounds through PSM, complete 
homogeneity was not achieved. In our subgroup analyses, 
the relatively small sample size limited our ability to adjust 
for background factors. Consequently, potential confounding 
factors may not have been fully accounted for, possibly influ-
encing the interpretation of the results. Finally, the primary 
focus was the hard endpoint, OS. However, factors such as 
economic toxicity, detailed adverse events, and changes in 
quality of life have not been considered owing to concerns 
related to data extraction.
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5 � Conclusions

This large-scale RWD study indicated that osimertinib, in 
the initial treatment of EGFR-mutated advanced NSCLC in 
the Japanese (Asian) population, did not show better efficacy 
in terms of OS than other EGFR-TKIs. Furthermore, the use 
of osimertinib in second-line or later-line treatments after 
the initial EGFR-TKI therapy resulted in notably longer OS. 
With the current possibility to conduct liquid biopsies for 
confirming T790M mutations, reserving osimertinib as a 
sequential treatment option for the Asian population, specifi-
cally the Japanese population, is a valuable strategy. Further 
investigation is essential to optimize the first-line treatment 
in patients with EGFR-mutated NSCLC.
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