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T790M mutation and subsequent osimertinib treatment had significant prognostic value.

Background/Aims: This study aimed to assess the real-world treatment outcomes in South Korean patients with epidermal
growth factor receptor (EGFR)-mutant non-small cell lung cancer (NSCLC) receiving first-line (1L) EGFR tyrosine kinase inhibi-
tors (TKIs).

Methods: We used the Health Insurance Review and Assessment Service database, which includes the data of a large pro-
portion of the Korean population. Patients with EGFR-positive NSCLC who received gefitinib, erlotinib, or afatinib as the 1L
treatment between 2012 and 2018 were included. Survival outcomes, subsequent therapies, and treatment patterns were
analyzed.

Results: Among the 9,478 patients included, gefitinib (56.68%) was the most commonly prescribed 1L EGFR-TKI, followed
by afatinib (25.30%) and erlotinib (18.02%). The median time to next treatment was 16.4 to 18.8 months. Overall survival (OS)
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was significantly different among the three treatment groups; the median OS was 28.8, 25.3, and 23.9 months for patients
who were treated with afatinib, gefitinib, and erlotinib, respectively (p < 0.001). For the patients who received second-line (2L)
therapy (n = 4,904, 51.74%), pemetrexed monotherapy was most commonly used (47.70%), followed by osimertinib (21.59%).
Patients who received osimertinib as the 2L treatment had longer OS compared to those receiving pemetrexed (median OS:
not reached vs. 25.3 to 28.8 months).

Conclusions: Our real-world study demonstrated survival outcomes that were comparable to those observed in clinical trials
for patients with EGFR-mutant NSCLC treated with EGFR-TKIs. Detection of the acquired T790M mutation and subsequent
osimertinib treatment had significant prognostic value.
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INTRODUCTION

Lung cancer is the leading cause of cancer mortality world-
wide and in South Korea [1,2]. However, the implemen-
tation of screening programs, smoking cessation, and ad-
vancements in treatment modalities have led to improved
survival rates in patients with lung cancer [3,4]. The 5-year
relative survival rate in lung cancer patients from South
Korea has improved from 12.5% (1993-1995) to 30.2%
(2013-2017) [5]. Non-small cell lung cancer (NSCLC) ac-
counts for approximately 85% of all lung cancer cases. The
discovery of specific driver mutations and application of
immunotherapy have served as breakthroughs in the treat-
ment of metastatic NSCLC [5].

Epidermal growth factor receptor tyrosine kinase inhib-
itors (EGFR-TKIs) are an important class of agents for the
targeted therapy of advanced NSCLC with EGFR-activating
mutations [6]. The incidence of EGFR mutations is higher
among the Asian population than among the people in
Western countries, with the South Korean population dis-
playing high rates, with 34.3% for NSCLC and 43.3% for
adenocarcinoma [7]. EGFR mutation positivity is predictive
for better overall survival (OS), and EGFR-TKIs have been
found to be more effective and better tolerated than che-
motherapy [8,9]. Consequently, testing for EGFR mutations
is a crucial step in the treatment decision process, and EG-
FR-TKIs are the recommended first-line (1L) treatment for
patients with EGFR mutation-positive advanced NSCLC [6].

Starting from gefitinib, several EGFR-TKIs have been ap-
proved and used in South Korea for the management of
EGFR-positive NSCLC based on the positive results of clin-
ical trials. Clinical trials are meticulously designed to evalu-
ate the efficacy and safety of treatments under controlled
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conditions. They have limitations in that they may not fully
reflect real-world patient outcomes [10]. Currently, nation-
wide data on Korean patients with EGFR-positive NSCLC are
lacking. The purpose of this real-world investigation was to
describe the treatment outcomes and patterns in patients
who received 1L EGFR-TKIs.

METHODS

Data source

In South Korea, the National Health Insurance policy is
availed by approximately 98% of the total population [11].
The Health Insurance Review and Assessment Service of
Korea (HIRA) generates data as part of the reimbursement
procedure for healthcare providers operating under the Na-
tional Health Insurance system. The HIRA database contains
various particulars, such as a distinct identification number
for each patient, demographic characteristics, diagnoses cat-
egorized by the International Classification of Diseases (ICD)
codes, pharmacy claims, examinations, and treatment re-
cords. Therefore, the HIRA database can be used as a source
to analyze data from Korean patients who have received
treatment with 1L EGFR-TKIs. This study was approved by
the Institutional Review Board (IRB) of the Ajou University
Hospital (approval number: AJOUIRB-EXP-2018-490). The
IRB waived the requirement for informed consent because
the data were de-identified in this study.

Study population

Based on the data in the HIRA database, a total of 151,340
patients were diagnosed with the ICD code “C34" for lung
cancer from January 1, 2012 to December 31, 2018. Of
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these, 52,622 patients who underwent lung surgery were
excluded. Among the remaining 98,718 patients, 48,825
received chemotherapeutic agents used for NSCLC, such as
docetaxel, gemcitabine, paclitaxel, pemetrexed, irinotecan,
vinorelbine, carboplatin, cisplatin, EGFR-TKIs, or anaplastic
lymphoma kinase TKls after lung cancer diagnosis. Finally,
9,478 who received gefitinib, erlotinib, or afatinib as 1L
treatment were selected as the target population for this
study (Fig. 1). In South Korea, the use of gefitinib, erlotinib,
and afatinib were approved for reimbursement by the Kore-
an National Health Insurance Service as 1L therapies for EG-
FR-mutant NSCLC in April 2011, March 2013, and October
2014, respectively.

Statistical analysis

The primary objective of this study was to evaluate the sur-
vival outcomes of patients with NSCLC who received EG-
FR-TKIs as the 1L treatment. Time to next treatment (TTNT)
was defined as the time from the start date of index treat-
ment to the start date of the next line of treatment or the

KJIM™

date of death. If a patient had not received subsequent
treatment or had not died, they were censored at the last
verified recorded date. OS was calculated as the time from
the start date of 1L EGFR-TKIs to the date of death or the
last known follow-up date. Patients were censored if they
were still alive at the cut-off date of December 31, 2019.
Dates of death were extracted from the insurance dataset.
If the date of death and any verified records of visits to the
outpatient or inpatient clinic during the six-month period
preceding December 31, 2019 could not be identified, the
patient was considered deceased. Kaplan—-Meier method
was used to estimate the median and 95% confidence
interval (Cl) for the time to event data. The log-rank test
was used to evaluate survival differences between different
treatment groups, with a threshold of p < 0.05 for statistical
significance.

Subjects who had a diagnosis code of lung cancer (C34.x) between 2010-2019
n=215,178

Subjects who had first C34.x as primary or secondary diagnosis code between 2012-2018
n = 151,340

Subjects who had lung surgery Subjects who did not have lung surgery
n=52,622 n=98718

v

Subjects who had CT?
n= 19,029

v

Subjects who had CT after C34.x diagnosis

v

Subjects who had CT?)
n = 48,825

v

Subjects who had CT after C34.x diagnosis

n=18,834 n = 47,037

Adjuvant CT Recurrence EGFR-TKIs as first-line CT ALK TKIs as first-line CT EGFR & ALK Other CT

(CT date < OP date + 90 days) (OP date + 90 days < CT date) By - = B TKls T
n = 14,002 n = 4,832 - : n =102 e

v

Vinorelbine + cisplatin (carboplatin)
Paclitaxel + cisplatin (carboplatin)
n = 10,361

Afatinib (n = 2,398; 25.30%)
Erlotinib (n = 1,708; 18.02%)
Gefitinib (n = 5,372; 56.68%)

Alectinib (n = 77; 12.96%)
Ceritinib (n = 19; 3.20%)
Crizotinib (n = 498; 83.84%)

Figure 1. Flow chart of the study cohort. CT, chemotherapy; OP, operation; EGFR-TKIs, epidermal growth factor receptor tyrosine kinase
inhibitors; ALK, anaplastic lymphoma kinase. ?Chemotherapy includes the following agents: afatinib, erlortinib, gefitinib, olmutinib, osim-
ertinib, docetaxel, gemcitabine, paclitaxel, pemetrexed, irinotecan, vinorelbine, alectinib, ceritinib, crizotinib, carboplatin, and cisplatin.
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Figure 2. Kaplan—Meier curves for time to next treatment with first-line EGFR-TKIs. EGFR-TKIs, epidermal growth factor receptor tyrosine

kinase inhibitors.
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Figure 3. Kaplan—Meier curves for overall survival.
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Table 1. Treatment patterns and sequences
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First-line therapy

Second-line therapy

Third-line therapy

Regimen

Regimen

n

Rank

Regimen

Gefitinib

5,372

Pemetrexed

Osimertinib

Gemcitabine + platinum

Erlotinib

Paclitaxel + platinum

Pemetrexed + platinum

Afatinib

Platinum monotherapy

Olmutinib

Gemcitabine

Docetaxel

Paclitaxel

Docetaxel + platinum

Gemcitabine + vinorelbine

1,450

544

283

151

56

48

39

38

27
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Gemcitabine
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Pemetrexed
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Platinum monotherapy
Pemetrexed

Osimertinib

Docetaxel

Pemetrexed

Osimertinib
Gemcitabine + platinum
Pemetrexed
Gemcitabine + vinorelbine
Osimertinib

Paclitaxel + platinum
Docetaxel

Gemcitabine + vinorelbine
Pemetrexed

Osimertinib
Gemcitabine + platinum
Pemetrexed

Erlotinib

Osimertinib

Osimertinib

Pemetrexed
Gemcitabine + platinum
Vinorebline

Pemetrexed

Docetaxel

Pemetrexed
Gemcitabine + platinum
Gemcitabine
Pemetrexed
Gemcitabine
Pemetrexed

Erlotinib

Pemetrexed

Docetaxel

270
105

—
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Table 1. Continued

First-line therapy Second-line therapy Third-line therapy
Regimen n Regimen n Rank Regimen n
Irinotecan + platinum 8 1 Pemetrexed 2
2 Erlotinib 1
Vinorebline + platinum 3 1 Osimertinib 1
Vinorebline 2
Afatinib 2,398 Pemetrexed 432 1 Gemcitabine + platinum 86
2 Osimertinib 32
3 Paclitaxel + platinum 18
4 Gemcitabine 16
5 Gemcitabine + vinorelbine 12
Osimertinib 307 1 Pemetrexed 63
2 Gemcitabine + platinum 23
3 Pemetrexed + platinum 6
Gemcitabine + platinum 152 1 Pemetrexed 54
2 Osimertinib 8
3 Paclitaxel + platinum 5
Gefitinib 112 1 Pemetrexed 15
2 Osimertinib 12
3 Gemcitabine + platinum 4
Erlotinib 44 1 Osimertinib 10
2 Pemetrexed 8
3 Gefitinib 2
Pemetrexed + platinum 41 1 Erlotinib 2
2 Gefitinib 1
2 Gemcitabine 1
Paclitaxel + platinum 37 1 Pemetrexed 6
2 Gemcitabine + platinum 4
3 Gemcitabine + vinorelbine 2
Platinum monotherapy 28 1 Osimertinib 4
2 Pemetrexed 3
3 Paclitaxel 2
Olmutinib 16 1 Osimertinib 4
2 Pemetrexed 3
Gemcitabine 7 1 Erlotinib 2
2 Pemetrexed 1
Paclitaxel 3
Docetaxel + platinum 2
Docetaxel 2
Gemcitabine + vinorelbine 1
Vinorebline + platinum 1 1 Pemetrexed 1
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Table 1. Continued
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First-line therapy

Second-line therapy

Third-line therapy

Regimen

Regimen

Rank

Regimen

Erlotinib

1,708

Pemetrexed

Osimertinib

Gemcitabine + platinum

Gefitinib

Pemetrexed + platinum

Paclitaxel + platinum

Afatinib

Olmutinib

Gemcitabine

Platinum monotherapy
Docetaxel
Irinotecan + platinum

Docetaxel + platinum

Paclitaxel
Gemcitabine + vinorelbine

Vinorebline + platinum

457

208

136

74
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Gemcitabine + platinum
Gemcitabine

Docetaxel

Osimertinib

Paclitaxel + platinum
Pemetrexed
Gemcitabine + platinum
Pemetrexed + platinum
Pemetrexed

Osimertinib

Docetaxel

Osimertinib

Pemetrexed
Gemcitabine + platinum
Gemcitabine + platinum
Docetaxel

Gemcitabine + vinorelbine
Pemetrexed
Gemcitabine + platinum
Osimertinib

Osimertinib

Pemetrexed

Osimertinib
Gemcitabine + platinum
Pemetrexed

Pemetrexed

Irinotecan

Erlotinib

Osimertinib

Pemetrexed

Paclitaxel + platinum
Pemetrexed

Pemetrexed

Irinotecan + platinum

N N — = N W

- = N O W b

Aplatinum agents include cisplatin and carboplatin.
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RESULTS

1L treatment patterns and survival outcomes
Gefitinib was the most commonly prescribed 1L EGFR-TKI,
accounting for 56.68%, followed by afatinib (25.30%)
and erlotinib (18.02%). The use of afatinib has gradually
increased, accounting for 16.63% of all 1L EGFR-TKIs used
in 2015 and 40.57% in 2018. The median TTNT was 18.8
months (95% Cl, 18.0-19.8), 18.6 months (95% Cl, 17.9-
19.3), and 16.4 months (95% Cl, 15.5-17.4) for patients
who received afatinib, gefitinib, and erlotinib, respectively
(p <0.0001, Fig. 2). The 1-year TTNT rates were 71%, 69%,
and 63% for the afatinib, gefitinib, and erlotinib groups,
respectively. At the time of data cut-off, mortality was ob-
served in 46.4% of patients using afatinib, 65.3% of pa-
tients using gefitinib, and 66.9% of patients using erlotinib.
There was a significant difference in OS between the three
groups (p < 0.0001, Fig. 3); median OS was longer for pa-
tients receiving afatinib (28.8 months; 95% Cl, 27.8-30.1)
than that for patients receiving gefitinib (25.3 months; 95%
Cl, 24.4-26.2) or erlotinib (23.9 months; 95% Cl, 22.4-
24.8).

Subsequent therapy and survival outcomes

Among all patients, 4,904 (51.74%) received second-line
(2L) therapy, 2,578 (52.57%) received third-line, and
1,195 (46.35%) received fourth-line treatment. The subse-
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quent treatment patterns after the failure of 1L EGFR-TKI-
based therapy are shown in Table 1. For the 2L therapy,
pemetrexed monotherapy was the most commonly used
(n = 2,339, 47.70%), followed by osimertinib (n = 1,059,
21.59%) and platinum-based doublets (n = 855, 17.43%).
As a 2L therapy, osimertinib was associated with better
TTNT (the interval between 2L treatment initiation and third-
line treatment initiation) than that associated with peme-
trexed; the median TTNT ranged from 12.2 to 17.8 months
for patients who received osimertinib and 5.3-6.4 months
for those who were treated with pemetrexed (Fig. 4). The
TTNT for those who received 2L osimertinib differed signifi-
cantly between the three EGFR-TKI groups (p = 0.0012, Fig.
4A); the use of osimertinib after afatinib resulted in a shorter
median TTNT than that after gefitinib or erlotinib. Patients
treated with 2L osimertinib had a longer OS from the start
of first-line EGFR-TKI treatment than patients who received
second-line pemetrexed; the median OS for patients who
received osimertinib was not reached, while for those who
received pemetrexed, it ranged between 25.3-28.8 months
(Fig. 5).

The effect of the order in which osimertinib and peme-
trexed were administered on OS were analyzed. There was
no significant difference in OS between patients who re-
ceived pemetrexed followed by osimertinib and those who
received osimertinib followed by pemetrexed (median OS,
52.7 months vs. 58.8 months; p = 0.4170, Fig. 6).

== Gefitinib
Afatinib

0.75 == Erlotinib

Survival probability
o
(S}
o
1

p = 0.00053
025

Follow-up (yr)
Number at risk
== 1,450 187 41 14 5

432 20 1 0 0
E = 457 43 14 8 1

Figure 4. Time to next treatment associated with second-line osimertinib (A) and pemetrexed (B) treatments.
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Figure 5. Kaplan—Meier curves for overall survival in patients who received second-line osimertinib or pemetrexed treatments.
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trexed followed by osimertinib, and osimertinib followed by pemetrexed. 1L EGFR-TKIs, first-line epidermal growth factor receptor tyro-

sine kinase inhibitors.
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DISCUSSION

In this retrospective cohort study using real-world Korean
insurance claims data, we evaluated survival outcomes in
9,478 patients with NSCLC who received 1L first-(1G) or
second-generation (2G) EGFR-TKIs. Our study showed that
patients with tumors harboring EGFR mutations had a medi-
an OS ranging from 23.9 to 28.8 months when treated with
the three EGFR-TKIs, which was comparable to the results
reported in their randomized clinical trials [12-16]. Similarly,
a recent real-world study in the USA (n = 1,029) reported a
median OS of 27.2 months (95% Cl, 25.9-30.0) in patients
in whom 1G or 2G EGFR-TKIs were administered between
2011 and 2018 [17]. In our study, the OS of patients treat-
ed with afatinib was longer than that of patients treated
with 1G EGFR-TKIs. The LUX-LUNG 7 study, which com-
pared afatinib with gefitinib as 1L treatment, demonstrated
that afatinib significantly improved response rate and pro-
gression-free survival (PFS), although it was associated with
more serious drug-related adverse events and frequent dose
reductions [16]. While the improvement in OS with afatinib
did not reach statistical significance, younger patients (< 65
years) showed an OS benefit [18]. Based on these findings,
the better OS in the afatinib group may be explained by the
preferential use of afatinib in fitter patients, such as those
who are younger and have a better performance status, in
the real-world clinical setting [19].

TTINT and time to treatment discontinuation (TTD) are
endpoints used to assess treatment efficacy in real-world
oncology data and can serve as proxies for PFS [20]. TTD,
also called time on treatment, is defined as the duration
from the initiation of the index treatment to the date of
treatment discontinuation, regardless of the reason for
discontinuation, including toxicity, disease progression, or
death [21]. We used TTNT as the endpoint because the HIRA
database does not provide information on drug discontinu-
ation and disease progression dates. The median TTNT of
16.4 to 18.8 months in our study was longer than the me-
dian PFS of 10-14 months observed in clinical trials using
1G or 2G EGFR-TKIs [6]. Our findings should be interpreted
cautiously because TTNT may be longer than real-world PFS
[20]. Another explanation for this difference could be that,
in clinical practice, EGFR-TKIs are occasionally continued af-
ter disease progression, particularly in cases of oligoprogres-
sion in which local therapy is employed [22].

Detection of the acquired EGFR T790M mutation is crucial,
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as it guides subsequent treatment strategies and predicts
prognosis [1]. Current therapeutic options in T790M-nega-
tive tumors are predominantly limited to cytotoxic chemo-
therapy with low-response rates. While the T790M mutation
is detected, third-generation EGFR-TKIs are the standard of
choice for 2L or subsequent treatment. Our study revealed
the prognostic significance of acquired T790M mutation.
Patients who received osimertinib treatment experienced an
increased survival time (> 4 years) compared with those who
did not. A recent Korean study showed a median OS of 36.7
months (95% Cl, 30.9 to not reached) from the time of ini-
tiation of osimertinib [23]. These findings indicate that the
detection of the acquired T790M mutation after the failure
of 1G or 2G EGFR-TKIs is crucial. Although the T790M mu-
tation accounts for 50% of the resistance mechanisms to
early generation EGFR-TKIs [24], our study showed that only
approximately 20% of patients received osimertinib as a 2L
treatment. This observation can be explained by the fact
that 2L osimertinib was approved for insurance coverage
in South Korea in December 2017 for patients with EGFR
T790M mutation. However, it suggests that identifying the
acquired T790M mutation in a real-world clinical setting is
challenging. The relatively longer OS observed in patients
treated with osimertinib in our study, compared to that of
the 1L osimertinib group in the FLAURA study [25], suggests
that sequential treatment with early generation EGFR-TKIs
followed by osimertinib may be an effective strategy to max-
imize survival benefits. Identifying patients at diagnosis who
are likely to acquire the T790M mutation after early gener-
ation TKI treatment could be crucial for selecting person-
alized treatment approaches. Recent studies indicate that
radiomics hold promise in predicting the emergence of the
acquired T790M mutation at the time of diagnosis [26,27].

In our study, the use of osimertinib after afatinib resulted
in a shorter median TTNT than that observed after gefitinib
or erlotinib. Conversely, other studies reported a longer PFS
of osimertinib in the afatinib group than in the 1G TKI group
[28,29]. Drawing a conclusion regarding the impact of dif-
ferent 1L EGFR-TKIs on the clinical outcome of subsequent
osimertinib treatment in patients with acquired T790M mu-
tation is challenging because several factors could affect
the efficacy of 2L osimertinib. Recent studies revealed that
tumor genomic complexity increased over the course of
EGFR-TKI treatment and other resistance alterations co-oc-
curred with T790M mutation during 1L therapy [28,30,31].
These accompanying alterations can affect the response of
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osimertinib [32]. Clinical features such as age, performance
status, and hepatic metastases could be associated with
outcome in patients receiving 2L osimertinib [23,33,34]. It
is crucial to acknowledge the possibility of differences in
these molecular and clinical features that could influence
the efficacy of osimertinib between treatment groups. The
limitation of our study is that we could not incorporate such
detailed information into the analysis due to its unavailabili-
ty in the HIRA database.

Currently, no optimal chemotherapy regimen has been
established for patients with T790M-negative metastatic
NSCLC whose disease has progressed on early generation
EGFR-TKIs [35]. Platinum doublet chemotherapy, including
pemetrexed and carboplatin, is considered one of the treat-
ment options for eligible patients. In our study, pemetrexed
monotherapy was the most commonly used regimen be-
cause the combination of pemetrexed and platinum was
not covered by the insurance system until October 2019.
Interestingly, a recent study comparing the effectiveness of
pemetrexed plus cisplatin with pemetrexed alone in patients
with an Eastern Cooperative Oncology Group (ECOG) per-
formance status 0 or 1 who have failed 1L EGFR-TKIs re-
vealed that there were no statistically significant differences
in terms of PFS and OS between the two treatment arms
[36].

Osimertinib has been shown to result in significantly lon-
ger PFS and OS than 1G EGFR-TKIs in patients with common
EGFR mutations (exon 19 deletion or L858R mutation), mak-
ing it a preferred option for 1L treatment in EGFR-mutant
NSCLC [37]. A recent real-world study based on a US claims
database revealed that osimertinib has become the most
commonly prescribed 1L EGFR-TKI since 2018 [38]. How-
ever, this situation differs in South Korea. The 1L treatment
of osimertinib was approved in December 2018, but it was
not covered by the national insurance until January 2024.
Consequently, we were unable to obtain real-world data on
the use of osimertinib in a 1L setting. Notably, data support-
ing superior OS associated with 1L osimertinib therapy could
not be obtained in the Asian subset analysis of the FLAURA
trial [25] and the FLAURA China study [39]. Therefore, fu-
ture real-world studies evaluating the use of 1L osimertinib
are necessary to provide a comprehensive understanding of
its impact on long-term outcomes in Korean patients.

In conclusion, our real-world study involving patients
with NSCLC who were treated with 1G or 2G EGFR-TKIs
revealed a comparable median OS of 23.9 to 28.8 months,
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consistent with the findings from randomized clinical trials.
Our study also highlighted the importance of detecting the
acquired T790M mutation after failure of early generation
EGFR-TKIs or subsequent chemotherapy, as patients who
received osimertinib treatment showed improved survival.
Future real-world studies are warranted to evaluate the im-
pact of third-generation EGFR-TKIs, including osimertinib
and lazertinib, for 1L treatment and to further understand
their long-term outcomes in Korean patients.

KEY MESSAGE

1. Real-world outcomes of 1L EGFR-TKI therapy in
Korean NSCLC patients demonstrate median over-
all survival of approximately 2 years, highlighting
the efficacy of targeted therapy in this population.

2. Detection of the acquired EGFR T790M mutation
after 1G or 2G EGFR-TKI failure is crucial, as sub-
sequent treatment with osimertinib significantly
improves survival, emphasizing the importance of
molecular testing in treatment decision-making.

3. Differences in treatment patterns and outcomes
among EGFR-TKIs suggest the need for further
investigation into optimal sequencing strategies,
particularly regarding the use of third-generation
EGFR-TKIs in 1L therapy, to better inform clinical
practice and improve long-term outcomes for Ko-
rean NSCLC patients.
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