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Survival differences between patients with de
novo and relapsed/progressed advanced
non-small cell lung cancer without epidermal
growth factor receptor mutations or
anaplastic lymphoma kinase rearrangements

Byeong-Chan Oh', Ae-Ryeo Cho', Jin Hyun Nam?, So-Young Yang?, Min Ji Kim?, Sun-Hong Kwon'" and
Fui-Kyung Lee'”

Abstract

Background We aimed to examine whether patients with de novo and relapsed/progressed stage IlIB-IV non-small
cell lung cancer (NSCLC) without epidermal growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK)
mutations have different prognoses.

Methods This retrospective study analyzed the Health Insurance Review and Assessment claims data in South Korea
from 2013 to 2020. Patients with stage IlIB-IV NSCLC without EGFR or ALK mutations who received first-line palliative
therapy between 2015 and 2019 were identified. Overall survival (OS), time to first subsequent therapy (TFST),

and time to second subsequent therapy (TSST) were estimated using the Kaplan—-Meier method. Multivariate Cox
regression analysis was used to reveal the impact of de novo versus relapsed/progressed disease on OS. Treatment
patterns, including treatment sequence, top five most frequent regimens, and time to treatment discontinuation,
were described in both groups.

Results Of 14,505 patients, 12,811 (88.3%) were de novo, and 1,694 (11.7%) were relapsed/progressed. The median
OS in the de novo group was 11.0 versus 11.5 months in the relapsed/progressed group (P=0.002). The ongoing
treatment probability was higher in relapsed/progressed patients than in de novo patients from 6.4 months since
the initiation of first-line treatment (P<0.001). Median TSST was shorter in the de novo group than in the relapsed/
progressed group (9.5 vs. 9.9 months, P<0.001). In multivariate analysis, de novo disease was associated with shorter
OS (hazard ratio 1.07; 95% confidence interval 1.01-1.14). The overall treatment patterns for de novo and relapsed/
progressed patients were similar.
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Conclusions De novo patients had poorer OS and TSST after the initiation of palliative therapy than relapsed/
progressed patients. These findings suggest that the stage of the disease at the time of initial diagnosis should be
considered in observational studies and clinical trials as a prognostic factor.

Keywords Non-small cell lung cancer, Overall survival, Treatment pattern, De novo, Recurrence, Real-world data

Background

Lung cancer remains the leading cause of cancer-related
deaths, accounting for 18% (2.2 million) of new deaths
annually, and ranks second in incidence worldwide
(11.4%, 1.79 million) [1]. The majority of initial diagno-
ses of lung and bronchus cancers occur when cancer
has spread to regional lymph nodes (22%) or has metas-
tasized (55%) [2]. Non-small cell lung cancer (NSCLC),
which constitutes 84% of lung cancer cases, has a poor
prognosis [3]. The 5-year relative survival rates were
26% for patients with NSCLC and 8% for patients with
metastatic NSCLC in the United States [4]. NSCLC is a
molecularly heterogeneous disease subdivided into vari-
ous molecular subtypes based on genetic alterations.
As a result of advances in targeted therapies for vari-
ous biomarkers, such as epidermal growth factor recep-
tor (EGFR) and anaplastic lymphoma kinase (ALK), and
immunotherapies targeting programmed death-ligand
1 (PD-L1), the landscape of advanced NSCLC treat-
ment is changing [5]. Treatment options for patients
with advanced NSCLC without EGFR or ALK mutations,
such as platinum-based regimens, were limited to con-
ventional chemotherapy before the emergence of immu-
notherapy, which has been reimbursed in South Korea
since August 2017. Although the development of immu-
notherapies has improved survival [6], the prognosis for
patients with advanced NSCLC remains poor. A recent
chart review study in Japan reported a median overall
survival (OS) of 21.1 months from the initiation of first-
line therapy in patients with advanced NSCLC without
actionable mutations [7].

While some studies have focused on patients with
EGFR mutations [8, 9], it remains unclear whether
patients with stage IIIB-IV NSCLC without EGFR or
ALK mutations have a different prognosis according to
the disease stage at the time of the initial diagnosis. De
novo patients who are directly diagnosed with stage
IIIB-IV NSCLC have shorter OS and progression-free
survival (PES) than relapsed/progressed patients [9-12].
Most of these studies used single-center data and were
conducted in the pre-immunotherapy era, and no studies
were conducted on patients without EGFR or ALK muta-
tions. In addition, a study published in 2021 reported that
OS and PFS were not affected by the de novo versus sec-
ondary metastatic setting in patients with EGFR-mutated
NSCLC [8]. In breast cancer, the association between
prognosis and disease stage at the time of initial diagnosis
has been reported in the opposite direction, with de novo

patients having better survival [13, 14]. This suggests that
the impact of de novo versus relapsed/progressed disease
on survival may not be uniform across tumor sites and
biomarker status. In addition, there is a need to under-
stand the treatment patterns that may impact the sur-
vival of patients with de novo and relapsed/progressed
NSCLC. Although previous studies have described treat-
ment patterns of patients with advanced NSCLC [15-18],
limited data exist describing real-world treatment pat-
terns in both groups of patients.

In this study, we aimed to determine whether there
are survival differences between de novo and relapsed/
progressed disease in patients with stage IIIB-IV
NSCLC without EGFR or ALK mutations. Furthermore,
we observed the treatment patterns of the first to third
lines of therapy in both de novo and relapsed/progressed
patients in real-world settings using a nationwide health
insurance claims database.

Methods

Data source

This study utilized national claims data from the Health
Insurance Review and Assessment Service (HIRA) data-
base in South Korea. The database is a useful source of
data for generating real-world evidence with high gen-
eralizability, as it covers approximately 98% of the total
population of Korea [19]. It contains comprehensive
information about demographic characteristics, includ-
ing sex, age, insurance type, and healthcare services,
such as medical procedures, prescriptions, and records of
diagnoses according to the International Classification of
Disease-10th revision (ICD-10) for approximately 50 mil-
lion beneficiaries.

Study design and population

This retrospective cohort study used claims data from
January 1, 2013 to October 30, 2020 (study period). Our
study population comprised patients with stage IIIB-IV
NSCLC without EGFR or ALK mutations. To select eli-
gible patients from the claims data, patients with more
than one diagnosis of lung cancer according to the ICD-
10 code (C34) were identified. Patients who had received
regimens for only SCLC as first-line palliative therapy,
which was a proxy to rule out SCLC patients, were
excluded. We excluded patients who had used EGFR or
ALK tyrosine kinase inhibitors during the study period
as an alternative to select patients without EGFR or ALK
mutations. We adapted an operational definition used in
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a previous study to identify patients with stage IIIB-IV
NSCLC, as the HIRA database does not provide informa-
tion on the clinical stage [20]. Patients satisfying at least
one of the following criteria during the index period (Jan-
uary 1, 2015 to October 30, 2019) were considered stage
IIIB-IV NSCLC who initiated first-line palliative therapy:
patients who (1) had used cytotoxic chemotherapy at
least 6 months after thoracic surgery, as chemotherapy
within 6 months after thoracic surgery was considered
adjuvant therapy as an operational definition; (2) had
used cytotoxic chemotherapy for the first time with no
history of thoracic surgery, or (3) had undergone immu-
notherapy. The date of the initiation of first-line palliative
therapy for advanced NSCLC was defined as the index
date. Only adult patients (age>18 years) were included;
patients with other cancers 2 years prior to the index
date were excluded. Patients with pre-existing stage IIIB—
IV NSCLC who underwent treatment for stage IIIB-IV
NSCLC in 2013-2014, except for regimens for adjuvant
therapy, were excluded. Patients who underwent thoracic
surgery in 2013-2014 and received first-line chemother-
apy between 6 months after thoracic surgery and January
1, 2015, were excluded to prevent misclassification of the
line of therapy.

Among the patients with stage IIIB-IV NSCLC with-
out EGFR or ALK mutations, de novo and relapsed/pro-
gressed patients were classified based on the history of
thoracic surgery or NSCLC treatments 2 years prior to
the index date. De novo patients were identified with no
history of thoracic surgery or NSCLC treatment, includ-
ing all regimens for adjuvant and palliative therapies.
Other patients were identified as relapsed/progressed.
Patients in both groups were followed up until either
death or the end of the study period (October 30, 2020).
The study design is illustrated in S1 Fig., and the treat-
ment lists used for patient selection are shown in S1
Table.

Study measures

OS, time to first subsequent therapy or death (TFST),
and time to second subsequent therapy or death (TSST)
were used to evaluate the prognosis. OS was calculated
from the date of the initiation of first-line therapy to the
date of death. The date of death was extracted from the
claims data as follows: (1) death indication as a result of
treatment; (2) ICD-10 codes 146.1, R96, R98, or R99; or
(3) if there was no inpatient or outpatient medical record
for 6 months. The operational definition was validated
in a previous study when using the definition, the true-
positive rate was over 98%, and the false-positive rate was
less than 2% in patients with lung cancer in South Korea
[21]. TFST and TSST were included to reflect the dura-
tion of disease and symptom control, considering patient
compliance and tolerance because it was not possible to
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assess the date of progression from the claims data [22].
TEST was defined as the time from the date of the ini-
tiation of first-line palliative therapy to the start date
of second-line therapy or death. TSST was defined as
the interval between the initiation of first-line palliative
therapy and the start of third-line therapy or death. The
subsequent line of therapy was defined as the initiation
of a new drug regimen after the initial 28-day period. The
discontinuation of some agents in the initial regimen was
not considered a change in the line of therapy. The line
of therapy did not change when there was an exchange
of cisplatin or carboplatin or when the new drug regimen
was maintenance therapy with pemetrexed.

We assessed the top five most frequent regimens in
first- and second-line therapies. For the top five regimens,
the number of patients and time to treatment discontinu-
ation were observed as measures of treatment duration.
The time to treatment discontinuation was defined as the
time until treatment discontinuation or death. The date
of treatment discontinuation was calculated by adding
the length of the administration cycle to the date of the
last prescription. The regimens included in the analysis
were determined according to the HIRA reimbursement
list in South Korea (S2 Table).

The patient characteristics identified on the index date
included age, sex, Charlson comorbidity index (CCI),
type of insurance, type of hospital, geographic region of
the hospital, and the time point at the initiation of first-
line therapy. CCI was computed over the 1-year pre-
index period to assess patients’ baseline comorbidity
status; lung cancer diagnosis was excluded from the CCI
algorithm [23]. The time point at the initiation of first-
line palliative therapy was classified based on the reim-
bursement of immunotherapy for second-line therapy;
if first-line palliative therapy was initiated between 2018
and 2019, it was defined as the post-immunotherapy era
and before 2018, it was defined as the pre-immunother-
apy era. We designated the post-immunotherapy era as
the time period in South Korea when the use of immu-
notherapeutic agents was believed to have commenced in
earnest, aligning with the initiation of reimbursement for
immunotherapies in August 2017.

Statistical analysis

Patient characteristics of the study population are sum-
marized descriptively. OS, TEST, and TSST were esti-
mated using the Kaplan—Meier method, and patients
who did not experience the event during the study period
were censored at the dataset cut-off date. To focus on
patients who survived beyond 1 year after the initiation
of first-line therapy, we also counted survival from the
1-year landmark using the Kaplan—Meier method. Sur-
vival curves for de novo and relapsed/progressed patients
were compared using log-rank tests. A multivariate Cox
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proportional hazards model was used to determine the
impact of de novo versus relapsed/progressed disease
in terms of OS and TFST while adjusting for measured
confounders, such as age group, sex, CCI, insurance type,
type of hospital, geographic region of hospital, and the
time point at the initiation of first-line therapy. Treat-
ment sequences for up to the first three lines of therapy
are illustrated using a Sankey diagram. We explored the
operational definition of adjuvant therapy through a sen-
sitivity analysis to investigate its effect on OS. In the sen-
sitivity analysis, cytotoxic chemotherapy used within 5
months was considered adjuvant therapy.

All analyses were conducted using SAS Enterprise
Guide version 7.1 (SAS Institute, Inc., Cary, North Car-
olina, USA) and R (version 3.5.1) (The R Foundation for
Statistical Computing, Vienna, Austria). The SAS Enter-
prise Guide software was used for data management
and analyses, and R was used to create Sankey diagrams
and Kaplan—Meier survival curves. A two-tailed value of
P<0.05 was considered statistically significant.

Results

Patient characteristics

In the HIRA database, 293,199 patients were diag-
nosed with lung cancer between January 2013 and

Table 1 Baseline characteristics of study population, n (%)
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October 2020. Of these, 28,673 patients with stage IIIB—
IV NSCLC without EGER or ALK mutations were iden-
tified. After excluding patients who had previously been
in stage IIIB-IV and those with other cancers, a total of
14,505 patients were included in the study. Among them,
12,811 (88.3%) were de novo patients, and 1,694 (11.7%)
were relapsed/progressed patients (S2 Fig.). The median
follow-up duration was 11.1 months (interquartile range,
5.0-21.0 months) from the initiation of first-line pallia-
tive therapy.

Table 1 summarizes the patient characteristics strati-
fied by de novo and relapsed/progressive diseases. The
mean age at initiation of first-line palliative therapy was
67.6 years (standard deviation [SD], 9.2) for de novo
patients and 66.7 years (SD, 8.5) for relapsed/progressed
patients. Most patients in each group were male (87.1%
and 87.0%) and covered by National Health Insurance
(92.9% and 92.8%). The CCI score was >3 points in 35.8%
and 37.1% of de novo and relapsed/progressed patients,
respectively.

Clinical outcomes

By data cutoff, 76.5% (9,804/12,811) of the de novo and
73.1% (1,239/1,694) of the relapsed/progressed patients
had died. There was a statistically significant difference

Total De novo patients Relapsed/progressed patients (n=1,694)
(n=14,505) (n=12,811)

Age group at initiation of first-line therapy, years

<60 2,682 (18.5) 2,354 (184) 328(19.4)

60-69 5269 (36.3) 4,578 (35.7) 691 (40.8)

70-79 5499 (37.9) 4,894 (38.2) 605 (35.7)

>80 1,055 (7.3) 985 (7.7) 70 (4.1)
Sex

Male 12,633 (87.1) 11,160 (87.1) 1,473 (87.0)

Female 1,872 (12.9) 1,651 (12.9) 221(13.0)
ccl

<3 9,290 (64.1) 8,225 (64.2) 1,065 (62.9)

>3 5215 (36.0) 4,586 (35.8) 629 (37.1)
Insurance type

National health insurance 13,479 (92.9) 11,907 (92.9) 1,572 (92.8)

Medical aid or veterans 1,026 (7.1) 904 (7.1) 122(7.2)
Type of hospital at initiation of first-line therapy

Tertiary hospital 10,512 (72.5) 9,251 (72.2) 1,261 (74.4)

Others 3,993 (27.5) 3,560 (27.8) 433(25.6)
Geographic region of hospital

Capital area 9,408 (64.9) 8,220 (64.2) 1,188 (70.1)

Metropolitans 2,753 (19.0) 2,477 (19.3) 276 (16.3)

Rural 2,344 (16.2) 2,114 (16.5) 230(13.6)
Time point at initiation of first-line therapy

Pre-immunotherapy era 8,117 (56.0) 7,194 (56.2) 923 (54.5)

Post-immunotherapy era 6,388 (44.0) 5617 (43.9) 771 (45.5)

CCl, Charlson comorbidity index
All percentages may not be a total of 100% due to rounding.
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(P=0.002) in OS from the initiation of first-line palliative
therapy, with de novo patients presenting a median OS of
11.0 months (95% confidence interval [95% CI], 10.7-11.4
months) compared with 11.5 months (95% CI, 10.6-12.6
months) for relapsed/progressed patients (Fig. 1). The
difference remained significant after changing the opera-
tional definition of adjuvant therapy to consider cytotoxic
chemotherapy used within 5 months as adjuvant therapy
in the sensitivity analysis (S3 Fig.). Kaplan-Meier survival
curves were generated for patients who survived beyond
1 year after the initiation of first-line therapy, with sur-
vival counted from the 1-year landmark. The analysis of
the survival data showed that the curves for de novo and
relapsed/progressed patients diverged over time, with a
significant difference observed (S4 Fig.). Stratification of
Kaplan—Meier curves for OS based on immunotherapy
use was also presented, which still revealed a signifi-
cant difference (S5 Fig., S4 Table). Median TFST was 6.4
months (95% CI, 6.3—6.5 months) in de novo patients and

100 1
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6.4 months (95% CI, 6.0-6.9 months) in relapsed/pro-
gressed patients (P<0.001) (Fig. 2a). Median TSST in de
novo patients was 9.5 months (95% CI, 9.3-9.7 months)
versus 9.9 months (95% CI, 9.2—-10.6 months) in relapsed/
progressed patients (P<0.001) (Fig. 2b).

Table 2 presents the results of the multivariate Cox
regression analysis with hazard ratios>1.0 meaning an
increased risk of death. According to the analysis, de
novo disease was associated with shorter survival than
relapsed/progressed disease after adjusting for confound-
ers (hazard ratio [HR], 1.07; 95% CI, 1.01-1.14). Other
known prognostic factors, including older age, male sex,
and a higher comorbidity index, were also correlated
with worse survival. Insurance type, type of hospital, and
geographic region of the hospital were associated with
prognosis in de novo patients but not in relapsed/pro-
gressed patients. De novo patients who initiated first-line
palliative therapy in the post-immunotherapy era showed
a better prognosis than those who initiated therapy in the

De novo vs. Relapsed/progressed patients
— Relapsed/progressed
- - De novo

De novo patients
(N=12,811)

Relapsed/progressed patients
(N=1,694)

751

Median overall survival,
months (95% ClI)

11.0 (10.7-11.4) 11.5 (10.6-12.6)

P value (log-rank test)

0.002

501

Survival probability (%)

25+

0 6 12

18 24 30 36

Time since initiation of first-line therapy (months)

Number at risk

Relapsed/progressed 1694 1187 827

Denovo 12811 8855 6101

565 406 284 209

3888 2569 1734 1192

Fig. 1 Overall survival in de novo and relapsed/progressed advanced non-small cell lung cancer

Cl, confidence interval
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(A) Time to first subsequent therapy (TFST)

100

75

50

Ongoing treatment probability (%)

25

Relapsed/progressed

De novo

De novo vs. Relapsed/progressed patients
— Relapsed/progressed
- = Denovo

De novo patients
(N=12,811)

Relapsed/progressed patients
(N=1,694)

Median time to first subsequent
therapy, months (95% Cl)

6.4 (6.3-6.5)

6.4(6.069)

P value (log-rank test)

<0.001

Number at risk
1694 891

12811 6785

12 18

24

Time since initiation of first-line therapy (months)

567 363

3802 2182

(B) Time to second subsequent therapy (TSST)

100

75

50

Ongoing treatment probability (%)

25

267

1398

30 36
186 140
962 684

De novo vs. Relapsed/progressed patients
— Relapsed/progressed

- - De novo

De novo patients
(N=12,811)

Relapsed/progressed patients
(N=1,694)

Median time to second subsequent
therapy, months (95% CI)

95(9.39.7)

99(9.2-106)

P value (log-rank test)

<0.001

Number at risk

Relapsed/progressed

De novo

1694 1138

12811 8551

12

18

24

Time since initiation of first-line therapy (months)

746

5388

494

3192

344

2086

30

247

1395

36

175

949

Fig. 2 Time to (A) first and (B) second subsequent therapy or death in de novo and relapsed/progressed advanced non-small cell lung cancer

Cl, confidence interval
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Fig. 3 Sankey diagram of treatment patterns (A) De novo patients; (B) Relapsed/ progressed patients
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Table 2 Hazard ratio for overall survival
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Hazard ratio (95% CI)
Variable Total De novo patients Relapsed/progressed patients (n=1,694)
(n=14,505) (n=12,811)

De novo vs. relapsed/progressed

Relapsed/progressed reference - -

De novo 1.07 (1.01-1.14) - -
Age group, years

<60 reference reference reference

60-69 1.15(1.09-1.22) 1.17 (1.10-1.24) 1.04 (0.89-1.22)

70-79 141 (1.33-149) 144 (1.36-1.53) 1.20 (1.03-141)

>80 1.72(1.59-1.87) 1.73(1.59-1.88) 1.85(1.39-2.47)
Sex

Female reference reference reference

Male 137 (1.29-145) 1.35(1.27-1.44) 1.54 (1.28-1.85)
ca

<3 reference reference reference

>3 1.08 (1.03-1.12) 1.07 (1.02-1.11) 1.14(1.01-1.28)
Insurance type

National health insurance reference reference reference

Medical aid or veterans 1.16 (1.08-1.24) 1.15(1.06-1.24) 1.24 (1.00-1.54)
Type of hospital at initiation of first-line therapy

Tertiary hospital reference reference reference

Others 1.06 (1.02-1.11) 1.07 (1.02-1.11) 1.02 (0.89-1.16)
Geographic region of hospital

Capital area reference reference reference

Metropolitans 1.09 (1.04-1.15) 1.11(1.06-1.17) 0.96 (0.82-1.13)

Rural 1.09 (1.03-1.14) 1.09 (1.03-1.15) 1.08 (0.91-1.27)
Time point at initiation of first-line therapy

Pre-immunotherapy era reference reference reference

Post-immunotherapy era

0.84 (0.80-0.87)

0.83 (0.79-0.86)

0.90 (0.80-1.02)

CCl, Charlson comorbidity index; Cl, confidence interval

pre-immunotherapy era (HR, 0.83; 95% CI, 0.79-0.86).
The results of multivariate Cox regression analysis for
TEST are shown in S3 Table.

Treatment patterns

The proportion of patients who died after initiating first-
line palliative therapy without any subsequent therapy
was 41.8% and 39.8% in the de novo and relapsed/pro-
gressed groups, respectively. During the first-line pallia-
tive therapy, 16.7% and 21.3% of patients were censored
at the end of the study period in de novo and relapsed/
progressed patients, respectively. Table 3 presents the
top five regimen compositions for first- and second-line
therapy, and Fig. 3 illustrates the treatment sequences by
regimen. Platinum-based chemotherapy was primarily
used as first-line therapy in both groups of patients. The
most frequently used regimens were paclitaxel+plati-
num, pemetrexed+platinum, and gemcitabine+ plati-
num. These three regimens were predominant in both de
novo (34.2%, 29.4%, and 28.3%) and relapsed/progressed
(21.9%, 17.7%, and 24.3%) patients. Relapsed/progressed

patients used a more varied therapeutic approach for
first-line therapy than de novo patients.

Of the 12,811 and 1,694 patients who received first-
line therapy in de novo and relapsed/progressed patients,
5,314 (41.5%) and 659 (38.9%) initiated second-line
therapy, respectively. The most common second-line
treatment regimen in both groups was docetaxel, admin-
istered to 18.7% and 19.9% of de novo and relapsed/
progressed patients, respectively (Table 3; Fig. 3). Gem-
citabine+platinum was the second-most preferred sec-
ond-line therapy, administered to 16.2% and 13.1% of de
novo and relapsed/progressed patients, respectively. The
time to treatment discontinuation of the top five regi-
mens for first- and second-line therapies is presented in
Table 3 and S5 Table. The difference in the mean time
to treatment discontinuation for first-line (2.8 vs. 3.0
months) and second-line therapies (3.7 vs. 3.8 months)
between de novo and relapsed/progressed patients was
less than 5 days.
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Table 3 Top five regimens and their time to discontinuation
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Number of patients (%)

Time to treatment discontinuation
(months), mean (SD)

Total De novo patients Relapsed/pro- Total De novo Relapsed/
gressed patients patients pro-

gressed

patients
First-line regimen 14,505 (100.0) 12,811 (100.0) 1,694 (100.0) 29(27) 2.8(2.5) 30(4.0)
Paclitaxel+ platinum 4,758 (32.8) 4,387 (34.2) 371(21.9) 2829 2829 25(28)
Pemetrexed + platinum 4,063 (28.0) 3,763 (29.4) 300 (17.7) 2.7(1.3) 2.7(1.3) 26(1.1)
Gemcitabine + platinum 4,042 (27.9) 3,631 (283) 411 (24.3) 29(27) 29(24) 3.1 43)
Gemcitabine 430(3.0) 337 (2.6) 93 (5.5) 2.8(4.8) 28(5.2) 26(3.0)
Docetaxel + platinum 329 (2.3) 295 (2.3) 34(2.0) 3120 322.0) 22(1.7)
Others 883 (6.1) 398 (3.1) 485 (28.6) 364.9) 34(4.0) 37(54)
Second-line regimen 5.973 (100.0) 5,314 (100.0) 659 (100.0) 3.8(4.9) 37(4.9) 38(5.1)
Docetaxel 1,127 (18.9) 996 (18.7) 131 (19.9) 24(23) 24(23) 23(1.9)
Gemcitabine +platinum 946 (15.8) 860 (16.2) 86 (13.1) 26(23) 2624) 25(1.9)
Pembrolizumab 822 (13.8) 765 (14.4) 57 (8.7) 7.0(7.6) 6.9 (7.5) 8.7 (8.6)
Nivolumab 688 (11.5) 617 (11.6) 71(10.8) 6.0 (7.0) 59(6.9) 6.6 (8.1)
Paclitaxel + platinum 404 (6.8) 373(7.0) 31(4.7) 2.7(39) 2.7 (3.8) 33(.3)
Others 1,986 (33.3) 1,703 (32.1) 283 (42.9) 3239 3.1(3.8) 3339

SD, standard deviation

All percentages may not add to a total of 100% because of rounding.

Discussion

In this population-based study of patients with stage
IIIB-IV NSCLC without EGFR or ALK mutations, we
found that de novo patients had worse clinical outcomes
in terms of OS and TSST than relapsed/progressed
patients. This difference remained significant, even after
controlling for age, sex, and other factors. The over-
all treatment patterns for both de novo and relapsed/
progressed patients were similar, except that relapsed/
progressed patients used more varied therapeutic
approaches as first-line therapy.

Although this study targeted patients with NSCLC
without EGFR or ALK mutations and included the post-
immunotherapy era, our findings were consistent with
previous studies targeting patients with different bio-
marker status or studies conducted in the pre-immu-
notherapy era [9-12]. Our results showed that de novo
patients had shorter median OS than relapsed/pro-
gressed patients (11.0 vs. 11.5 months; HR 1.07) from the
initiation of first-line palliative therapy. According to pre-
vious studies in Canada that identified patients with met-
astatic NSCLC in the pre-immunotherapy era regardless
of biomarker status, de novo presentation of metastatic
NSCLC had HRs ranging from 1.2 to 1.4 in terms of OS
than relapsed/progressed presentation [10, 11]. These
studies reported the median OS from the date of diagno-
sis of metastatic disease ranged from 3.7 to 4.7 months
for de novo patients and 6.9-8.9 months for relapsed/
progressed patients. Similar results were reported in a
study using single-center data from the United States,
in which the median OS from the date of diagnosis of
metastatic disease in patients with KRAS-mutant lung

adenocarcinomas was 13 months in de novo patients
and 18 months in recurrent patients (HR, 1.41) [9]. These
results are in line with our findings that more patients in
the de novo group died during first-line therapy than in
the relapsed/progressed group (41.8% vs. 39.8%). In addi-
tion, fewer patients in the de novo group reached the end
of the study period without initiation of second-line ther-
apy or death (16.7% vs. 21.3%).

Other than the OS, we observed TFST and TSST. TEST
and TSST reflect the duration of disease and symptom
control and incorporate treatment tolerability and patient
compliance [22]. Although real-world PFS is used in ret-
rospective studies in oncology, it often requires manual
extraction of data from medical charts, potentially slow-
ing research and limiting the number of patients par-
ticipating in retrospective studies [24]. TEST could
be considered a candidate surrogate marker for real-
world OS or PES, although further validation is needed
[24-26]. TSST could be considered a proxy for time to
second objective disease progression or death, as long
as the second subsequent therapy is initiated by disease
progression rather than the toxicity of the previous ther-
apy [27]. Our results showed that the median TFST was
6.4 months in both groups of patients, but the ongoing
treatment probability was higher in relapsed/progressed
patients than in de novo patients from 6.4 months since
the initiation of first-line treatment (P<0.001). Median
TSST (9.5 vs. 9.9 months, P<0.001) was shorter in de
novo patients than in relapsed/progressed patients. Simi-
lar results were reported in a study from Japan, although
it was conducted in the pre-immunotherapy era and
identified patients with metastatic NSCLC treated with



Oh et al. BMC Cancer (2023) 23:482

chemotherapy. In the study, de novo patients had a worse
median PFS from the initiation of first-line chemotherapy
than patients with postoperative recurrence (4.2 vs. 5.5
months, P<0.01) [12].

To our knowledge, the mechanism underlying the dif-
ference in survival between patients with de novo versus
relapsed/progressed NSCLC is unknown. The difference
may be attributed to the relatively high tumor burden
in de novo patients, as reported in previous studies. For
instance, Gibson et al. [10] reported that de novo cohort
of NSCLC had more extrapulmonary metastatic sites
than relapsed cohort (27% vs. 3%, P<0.001) noting that
this could explain the worse prognosis of the de novo
cohort. Additionally, Sekine et al. [12] observed that
brain and bone metastases were significantly more com-
mon in de novo compared to patients with postoperative
recurrence, while pulmonary metastases were more fre-
quent in the patients with postoperative recurrence. The
relatively limited routine monitoring in de novo patients
may contribute to the higher tumor burden in this group.
Due to routine monitoring, disease progression is likely
to be detected earlier in asymptomatic relapsed/pro-
gressed patients, resulting in smaller tumor burden. In
contrast, de novo patients are more likely to present with
symptoms indicating a more advanced disease stage at
the time of detection.

Unlike the differences in OS and TSST, treatment
patterns for both de novo and relapsed/progressed
patients were similar, except that treatment regimens
for relapsed/progressed patients were more varied in
first-line therapy. Among patients who received first-line
palliative therapy, platinum-based chemotherapy was
the most prevalent in both groups, consistent with the
results of previous studies [17, 18]. De novo patients used
paclitaxel/pemetrexed/gemcitabine+platinum as first-
line therapy more frequently than relapsed/progressed
patients (92.0% vs. 63.9%). Previous use of the platinum-
based regimen as adjuvant therapy may have affected
the treatment pattern of the relapsed/progressed group.
Although recent studies in the United States reported
high use of immunotherapy in the first-line setting [15,
28], a direct comparison is inappropriate because, in our
study, immunotherapies were not reimbursable for first-
line therapy during the study period, resulting in low use
of immunotherapy.

Therapeutic approaches varied in second-line therapy,
with no regimen accounting for >20%. Similarly, previ-
ous studies conducted before immunotherapies became
prevalent in the United States showed that various che-
motherapies were used in advanced NSCLC [16, 29]. In
our study, docetaxel was the preferred second-line ther-
apy for both groups of patients. However, previous stud-
ies conducted in patients with metastatic NSCLC without
EGFR or ALK mutations and in the post-immunotherapy
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era showed that immunotherapy was the most common
second-line therapy. For example, Simeone et al. [17]
reported that nivolumab was the most frequent regi-
men, accounting for 31% of second-line therapies among
patients with metastatic NSCLC, using Flatiron health
data from January 2013 to January 2017. Similarly, in a
study using Flatiron health data from 2018 to 2019, most
patients (50.7%) with metastatic NSCLC used second-
line therapy containing immunotherapy [28]. Compared
with previous studies, the patients included in this study
were treated with chemotherapy more than immunother-
apy. The difference might be due to limited patient access
to immunotherapy, considering that the study period
included the era before immunotherapy reimbursement
for the second and subsequent line of therapy, which has
been effective since 2017.

This study represents a large-scale, multi-year analysis
of prognosis and treatment patterns between patients
with de novo and relapsed/progressed NSCLC. In this
study, both inpatient and outpatient prescriptions were
confirmed as part of the national health insurance sys-
tem in South Korea based on a fee-for-service deliv-
ery system. The results of our study are representative
of patients with stage IIIB-IV NSCLC in South Korea,
as the database covers nearly the entire Korean popula-
tion. Considering the impact of the disease stage at the
time of the initial diagnosis on OS, our findings highlight
the importance of screening for the early detection of
NSCLC. In addition, these findings suggest that the stage
of the disease at the time of the initial diagnosis should
be considered in observational studies and clinical tri-
als as a prognostic factor. To the best of our knowledge,
this is the first study to represent the treatment pattern of
patients with NSCLC without EGFR or ALK mutations,
divided into de novo and relapsed/progressed patients.

This study had several limitations. First, we could not
obtain genomic information as the HIRA database does
not provide them. Therefore, EGFR mutation and ALK
translocation statuses were inferred based on the use of
EGFER and ALK tyrosine kinase inhibitors, not by molec-
ular testing. In addition, patients with EGFR mutations
or ALK translocations may not have been treated with
targeted therapies. However, EGFR and ALK tyrosine
kinase inhibitors are the most commonly recommended
regimens for patients with EGFR and ALK mutations
[30]. Similarly, patients with SCLC were excluded based
on first-line treatment, which was used as an alterna-
tive for biopsy results. Also, we were unable to identify
PD-L1 status in the HIRA database. However, patients
receiving immunotherapies may have a certain level of
PD-L1 expression, given that PD-L1 expression levels
are used to determine reimbursement for immunothera-
pies in South Korea. Second, it was impossible to iden-
tify the actual status of the cancer stage in the HIRA



Oh et al. BMC Cancer (2023) 23:482

database. However, we used an operational definition
from a previous study that identified patients with stage
IIIB-IV NSCLC using the HIRA claims data [20], and
the approach was discussed with clinical experts. Third,
there is a possibility of misclassifying palliative therapy
initiated within 6 months of thoracic surgery as adjuvant
therapy. This could underestimate the OS observed in
the relapsed/progressed group and misclassify second-
line therapy as first-line therapy. However, the difference
in OS remained significant when we changed the opera-
tional definition to 5 months. In addition, the operational
definition was based on a previous study and the results
of consultation with clinical experts that setting a nar-
rower gap can misclassify adjuvant therapy as first-line
palliative therapy [20]. Finally, there could be potential
confounders, and some prognostic variables were not
available, such as squamous cell histology and smoking
history.

Conclusions

Our study confirmed that patients with de novo NSCLC
have worse prognoses than those with relapsed/pro-
gressed stage IIIB-IV NSCLC without EGFR or ALK
mutations. De novo patients had poorer OS and TSST
after the initiation of palliative therapy compared with
relapsed/progressed patients under similar treatments.
These findings suggest that the stage of the disease at the
time of initial diagnosis should be considered in observa-
tional studies and clinical trials as a prognostic factor.
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