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ABSTRACT

Introduction: Treatment landscape for
advanced/metastatic NSCLC (aNSCLC) has
evolved considerably over the past few decades
with the advent of targeted therapies for epider-
mal growth factor receptor-mutated (EGFRm?)
aNSCLC treatment. This study described real-
world patient and disease characteristics, treat-
ment and practice patterns, and clinical, eco-
nomic, and patient-reported outcomes (PROs) in
patients with EGFRm? aNSCLC.
Methods: Data were derived from the Adelphi
NSCLC Disease Specific ProgrammeTM (DSPTM), a
point-in-time survey conducted between July
and December 2020. The survey included

oncologists and pulmonologists, and their con-
sulting patients (with physician-confirmed
EGFRm? aNSCLC) from nine countries: the US,
Brazil, the UK, Italy, France, Spain, Germany,
Japan, and Taiwan. All analyses were descriptive.
Results: Overall, 542 physicians reported data
for 2857 patients (mean age 65.6 years), and most
patients were female (56.0%), white (61.0%), and
had stage IV disease at initial diagnosis (76.0%),
and adenocarcinoma histology (89.0%). Most
patients received EGFR-tyrosine kinase inhibi-
tors (TKI) therapy in first- (91.0%), second-
(74.0%), and third-line (67.0%). The most com-
mon tumor samples and methods for EGFR
detection were EGFR-specific mutation detection
tests (44.0%) and core needle biopsy (56.0%).
Median time to next treatment was 14.0 (IQR
8.0–22.0) months and disease progression was
the main physician-reported reason for early
discontinuation. The most common physician-
reported disease symptoms were cough (51.0%),
fatigue (37.0%), and dyspnea (33.0%). In patients
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assessed for PROs, mean EQ-5D-5L index and
FACT-L health utility scores were 0.71 and 83.5,
respectively. On average, patients lost 10.6 h of
work/week for approximately 29.2 weeks due to
EGFRm? aNSCLC.
Conclusion: This real-world multinational
data set showed that most patients with
EGFRm? aNSCLC were treated per the country
relevant clinical guidelines, with progression as
the main reason for early treatment discontinu-
ation. For the included countries, these findings
may offer a useful benchmark for decision mak-
ers to determine future allocation of healthcare
resources for patients with EGFRm? aNSCLC.

Keywords: Advanced non-small cell lung
cancer; Disease Specific ProgrammeTM; EGFR
mutation; Patient-reported outcomes; Point-in-
time; Real-world; Survey; Treatment patterns

Key Summary Points

As the epidermal growth factor receptor-
mutated (EGFRm?) advanced non-small
cell lung cancer (aNSCLC) treatment
landscape continues to evolve, and the
number of approved and recommended
targeted treatments continues to grow, it
is important to understand implications
on real-world practice and patients.

This study used the Adelphi Disease
Specific ProgrammeTM (DSPTM)
methodology to describe real-world
patient and disease characteristics, testing
and treatment patterns, clinical and
economic outcomes, physician practice
patterns and rationale, and patient-
reported health-related quality of life
(HRQoL), across nine countries.

Overall, EGFRm? aNSCLC treatment
patterns were in line with international
treatment guideline recommendations for
targeted therapy with EGFR–tyrosine
kinase inhibitors (EGFR-TKIs), although
regional variation was observed in practice
and resource use patterns, suggesting
differing approaches to EGFRm? aNSCLC
management.

The burden of lung cancer symptoms
remains high. On average, patients lost
about 10.6 h of work per week for about
29 weeks in the 1 year prior to data
capture.

According to physicians, inadequate tissue
was the main barrier to EGFR testing and
disease progression was the main reason
for early treatment discontinuation.

For included countries, these findings may
offer a useful benchmark for decision
makers to determine future allocation of
healthcare resources for patients with
EGFRm? aNSCLC.

INTRODUCTION

Lung cancer remains the leading cause of cancer
deaths worldwide, accounting for approxi-
mately 1.8 million deaths in 2020 [1]. Non-
small cell lung cancer (NSCLC) accounts for
more than 82.0% of all lung cancer cases and is
often diagnosed at advanced stages IIIB or IV
[2–4]. Among the different genetic drivers of
advanced or metastatic NSCLC (aNSCLC) cases,
epidermal growth factor (EGFR) mutation is the
second most frequent genetic driver [5]. The
recommended standard of care for EGFR-mu-
tated aNSCLC (EGFRm? aNSCLC) is first-, sec-
ond-, or third-generation EGFR–tyrosine kinase
inhibitors (EGFR-TKIs) [6], which have demon-
strated favorable efficacy and safety over cyto-
toxic chemotherapy in this setting. However,
acquired resistance to EGFR-TKIs is inevi-
table [7, 8], and the 5-year survival rate for
patients with EGFRm? aNSCLC ranges from
14.6% to 23.8% [9, 10]. More recently, anti-an-
giogenic antibodies, ramucirumab or beva-
cizumab, in combination with erlotinib, have
been incorporated in the clinical guidelines [6]
based on landmark trials demonstrating clinical
benefit with these combinations over erlotinib
monotherapy in patients with EGFRm?

aNSCLC [11, 12].
As the EGFRm? aNSCLC treatment land-

scape continues to evolve, and the number of
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approved and recommended targeted treat-
ments continues to grow, it is important to
understand implications on real-world practice
and patients. Earlier studies have described real-
world EGFRm? aNSCLC treatment and practice
patterns; however, most are out of date and
were conducted before regulatory approval and
market uptake of osimertinib in the first-line
(1L) setting. In addition, most previous studies
have focused on US populations [13–17] and
therefore may not be applicable to the rest of
the world (e.g., Asia, with higher prevalence of
EGFRm? aNSCLC) [18–20]. Lastly, studies
determining physician rationale for EGFRm?

aNSCLC treatment decisions or patient per-
spectives on disease burden, management, and
treatment are also limited [21, 22].

To address these knowledge gaps, this study
used the Adelphi Disease Specific ProgrammeTM

(DSPTM) methodology to describe real-world
EGFRm? aNSCLC patient and disease charac-
teristics, testing and treatment patterns, clinical
and economic outcomes, physician practice
patterns and rationale, and patient-reported
health-related quality of life (HRQoL), across
nine countries in North and South America (the
United States [US] and Brazil), Europe (the
United Kingdom [UK], Italy, France, Spain, and
Germany), and Asia (Taiwan and Japan).

METHODS

Study Design and Survey Sample

Data were derived from the Adelphi NSCLC
DSPTM with data collected between July and
December 2020 from the US, Brazil, the UK,
Italy, France, Spain, Germany, Taiwan, and
Japan. The UK, France, Italy, Spain, and Ger-
many are referred to as Europe 5 (EU5). DSPTM

are large, multinational, point-in-time surveys
conducted with physicians and their patients
presenting in real-world clinical practice that
describe current disease management, disease-
burden impact, and associated treatment effects
(clinical and physician-perceived). A complete
description of the survey methods used for this
DSPTM has been previously published and vali-
dated [23–25].

Data sources included: (1) a physician inter-
view or physician survey to capture physicians’
attitudes; (2) a patient record form (PRF) com-
pleted by physicians to document individual
patient characteristics, disease history, symp-
toms, biomarker status, current/prior treat-
ments received, adverse events (AEs), healthcare
resource utilization, and supportive therapies;
and (3) a voluntary patient self-reported ques-
tionnaire (PSC) for patient-reported character-
istics, symptoms, outcomes/HRQoL, treatment
costs, and health status. Participating physi-
cians included oncologists and pulmonologists
(and respiratory surgeons in Japan) treating
patients with aNSCLC. Per the inclusion crite-
ria, physicians were eligible for inclusion if they
were personally responsible for the manage-
ment and systemic treatment decisions for
patients with aNSCLC and were required to be
consulting at least three patients with aNSCLC
each month. Per the patient-level inclusion
criteria in the patient record form, adult
patients with a physician-confirmed diagnosis
of aNSCLC, who were not participating in a
clinical trial during the survey, were eligible for
inclusion in the survey.

Participating physicians were asked to com-
plete the physician survey, and to then select
prospective patients presenting with aNSCLC,
completing a PRF for each patient selected at
the point of consultation. The physician surveys
and individual PRFs were administered online,
with data anonymized at entry.

Physicians were asked to collect data for their
next 13 consecutively consulting eligible
patients according to the following quota: six
consulting patients agnostic of biomarker status
(i.e., aNSCLC generally), then the next five
consulting patients with confirmed EGFRm?

aNSCLC (EGFRm? oversample group), and the
next two consulting patients with confirmed
rearranged during transfection fusions (RET
fusion?) aNSCLC (RET? oversample group,
excluding Japan). The overall sample of patients
with EGFRm? aNSCLC in this analysis
(n = 2857) was derived from patients with
EGFRm? from the general sample and the
EGFRm? oversample, i.e., all patients included
in this DSPTM had EGFRm? aNSCLC.
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Patients for whom a PRF was completed were
then given the voluntary PSC by the physicians
immediately after completing their consulta-
tion at the physician’s office. The PSCs were
completed by patients without assistance from
the physician and returned in a sealed envelope
to ensure anonymity of data.

The data collected were divided as follows:
(1) pre-index period: used to capture clinical
background including initial diagnosis of
NSCLC, treatment (e.g., neo/adjuvant treat-
ment), and management of early-stage NSCLC;
(2) index date: date of diagnosis of aNSCLC; and
(3) post-index period: data collection on
aNSCLC treatment and associated outcomes. In
the study, post-index (variable period following
the index date) was the time of data collection
and the other time points were completed ret-
rospectively, i.e., no follow-up periods were
there in this point-in-time study (Supplemen-
tary Fig. S1).

Using a check box, patients provided
informed consent for use of their anonymized
and aggregated data for research and publica-
tion in scientific journals. Data were collected in
such a way that patients and physicians could
not be identified directly; all data were aggre-
gated and de-identified before receipt.

Data collection was undertaken in line with
European Pharmaceutical Marketing Research
Association guidelines [26] and although did
not require ethical committee approval, the
study materials and protocol were reviewed and
approved by the Western Institutional Review
Board (study protocol number AG8759). In
addition, the survey was performed in full
accordance with relevant legislation at the time
of data collection, including the US Health
Insurance Portability and Accountability Act
1996 [27], and Health Information Technology
for Economic and Clinical Health Act legisla-
tion [28].

Study Measures

The primary objectives and measures were to
describe (1) patient demographics (age, sex,
ethnicity, and smoking status); (2) socioeco-
nomic status (employment, household income,

insurance) and economic burden (healthcare
resource utilization); (3) clinical characteristics
(disease duration, staging at advanced diagno-
sis, time from advanced diagnosis to treatment,
symptoms, metastatic sites, comorbidities, and
Eastern Cooperative Oncology Group [ECOG]
performance status); (4) treatment patterns (line
of therapy, treatment sequence, treatment dis-
continuation reasons, treatment duration for
each line, and supporting medication); and (5)
molecular testing patterns (testing at advanced
diagnosis, testing method, sample type, and
barriers to molecular testing reported by the
physicians testing molecular alterations). The
corresponding data were collected using the
PRF, except for socioeconomic status and test-
ing patterns. Socioeconomic data were collected
using the PSC. Data for molecular biomarker
testing patterns and physicians’ perceptions on
testing patterns data were collected using the
PRF and physician survey, respectively. Early
treatment discontinuation was defined as fail-
ure to complete the full treatment course as
intended by the physician, based on a physician
response of ‘‘no’’ to the question ‘‘Was the full
course completed as intended?’’ on the PRF.

Secondary objectives and corresponding
measures of interest included (1) clinical out-
comes (in terms of time to next treatment
[TTNT], time to treatment failure (TTF), full
response [FR], partial response [PR], and no
response [NR]), type and severity of aNSCLC
symptoms, and AEs of treatment; (2) economic
outcomes (frequency and reason for hospital-
ization, duration of hospitalization, healthcare
resource utilization, and loss of productivity for
employed patients); and (3) patients’ perception
of disease burden and management (loss of
productivity, attitude toward diagnosis, per-
ceptions toward treatment decision, out-of-
pocket expenses, health status, and HRQoL).
Tumor response was defined as the physician’s
assessment and documentation of change in
disease burden, and the type of change was
classified using predefined categories of FR (full
resolution of disease), PR (some reduction in
overall disease burden), and NR (increase or no
change in overall disease burden). TTNT was
defined as the time from start of treatment to
start of the next line of treatment. TTF was
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defined as the time from start of treatment to
date of progression or start of the next line of
treatment, whichever occurred first.

HRQoL was determined using standardized
patient-reported outcomes (PROs) question-
naires: European Quality of Life 5 Dimension
5 Level (EQ-5D-5L) and EQ–visual analog scale
(EQ-VAS) for general health status [29] and
Functional Assessment of Cancer Therapy–Lung
(FACT-L) and Functional Assessment of Cancer
Therapy–General (FACT-G) questionnaires for
HRQoL [30, 31]. The EQ-5D-5L descriptive sys-
tem comprises five dimensions (mobility, self-
care, usual activities, pain/discomfort, and
anxiety/depression), and each dimension has
five response levels: no problems, slight prob-
lems, moderate problems, severe problems,
unable to/extreme problems. The FACT-G
questionnaire includes the Physical Well Being
(PWB), Social/family Well-Being (SWB), Emo-
tional Well-Being (EWB), and Functional Well-
Being (FWB) HRQoL domains, and the FACT-L
consists of nine items involving common lung
cancer symptoms, such as shortness of breath,
weight loss, tightness in chest. Each item on the
FACT questionnaires is rated on a five-point
Likert scale, from 0 (not at all) to 4 (very much).
For the EQ-5D-5L and FACT questionnaires,
higher scores (e.g., higher total score in EQ-5D-
5L) indicate higher HRQoL.

Statistical Analysis

This paper presented data for patients with
EGFRm? aNSCLC. Descriptive analyses were
used for primary and secondary outcome mea-
sures: continuous variables were summarized by
mean (standard deviation [SD]) and median
(interquartile range [IQR], minimum, and
maximum), whereas categorical variables were
summarized as the number and percentage of
subjects in each category. Patients were exclu-
ded from specific analyses if their values were
missing for any particular variable, but they
were considered eligible for other analyses. No
imputation of missing values was attempted.
Numbers of non-missing values were reported.
TTNT, TTF, and time from aNSCLC diagnosis to
initiation of treatment were reported as median

and interquartile range (IQR). Patients with
ongoing treatment at the time of data collection
were censored at the data collection date.

Results were presented for the overall
EGFRm? aNSCLC sample and by country. Data
from the UK, Italy, France, Spain, and Germany
were combined to present the data for the EU5.
All analysis were conducted using the software
package IBM SPSS Data Collection Survey
Reporter Version 7.5 and STATA� Version 16
(StataCorp LP, College Station, US).

RESULTS

Between July and December 2020, 542 physi-
cians participated in the survey (46.0%
(n = 251) in the EU5, 21.0% (n = 116) in Japan,
13.0% (n = 71) in the US, 10.0% (n = 53) in
Brazil, 9.0% (n = 51) in Taiwan) and comprised
349 (64.0%) oncologists, 170 (31.0%) pulmo-
nologists, and 23 (4.0%) respiratory surgeons
(Supplementary Table S1). The physicians
reported data for 2857 patients (i.e., completed
PRFs), of whom 942 (33.0%) were eligible for
PRO analysis. Table 1 summarizes demographic
and clinical characteristics of the overall study
cohort and by each of the nine countries.

Patient Characteristics

Patient characteristics were largely similar
across countries (Table 1). Overall, mean age
was 65.6 years (standard deviation [SD]
10.6 years) and the majority were female
(56.0%, except in Germany with approx. 40.0%
being female) and white (61.0%, except in
Japan and Taiwan with[95.0% Asian patients)
with the mean (SD) Charlson comorbidity
index score of 7.5 (2.2) (n = 2728). Most
patients had stage IV disease at initial diagnosis
(76.0%) and had adenocarcinoma histology
(89.0%). At advanced diagnosis 80.0% of
the patients had stage IV disease (Table 1, Fig. 1,
and Supplementary Table S2). In the overall
patient population (n = 2857), the most com-
mon EGFR mutations were exon 19 deletions
(38.0%) or exon 21 mutations (16.0%). Co-mu-
tations with ALK, RET, and ROS1 aberrations
were reported in 4.0%, 3.0%, and 2.0%,
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respectively, and PD-L1 expression was reported
in 21.0% (Table 1). Most patients had no history
of prior surgery, radiotherapy, or neo/adjuvant
therapy (Table 3). In the overall patient popu-
lation, 53.0% (n = 1513) had no smoking his-
tory ranging from 71.0% in Taiwan to 29.0% in
Germany (Table 1).

At the start of 1L systemic therapy, the mean
(SD) time to aNSCLC diagnosis from data col-
lection was 14.5 (16.3) months (Table 2), and
most (77.0%) patients had an ECOG perfor-
mance status of 0 or 1 at advanced diagnosis
(Supplementary Table S3). Among the patients
with stage IV disease at data capture, the med-
ian number of primary metastatic (n = 2396)
sites was 2 (IQR 1–2) (Supplementary Fig. S2),
with contralateral lung, bone, and distant
lymph nodes as the most common sites. About
14.0% had brain/central nervous system
metastases at diagnosis of advanced disease
(Supplementary Table S4). Most patients were
retired (44.0% physician-reported and 48.0%
patient-reported) and had health insurance
(95.0%) (Supplementary Fig. S3). Supplemen-
tary Table S5 summarizes annual household
income for eligible patients by country.

Treatments

Among the overall patient population
(n = 2857), 2819 (99.0%) received 1L systemic
therapy for EGFRm? aNSCLC and 38 (1.0%)
received best supportive care only (Fig. 2a); 487
(99.0%, n = 493) and 81 (99.0%, n = 84)
patients were treated systemically in second line
(2L) and third line (3L) respectively (Fig. 2b). In
1L, most patients (91.0%) received targeted
agents, 11.0% received chemotherapy, 3.0%
received immunotherapy, and 2.0% received
other systemic treatments (Fig. 2a). Similar
trends were observed in subsequent lines (2L
and 3L) and across most countries (Fig. 2b),
although chemotherapy and immunotherapy
were used relatively more often in some coun-
tries (including Brazil, Germany, Taiwan, and
Italy) and in subsequent lines than the 1L set-
ting (Figs. 2a, b). Of note, observed variations in
patterns of subsequent therapy (especially 3L
treatments) across countries were limited by

T
ab
le
1

co
nt
in
ue
d

P
at
ie
nt

ch
ar
ac
te
ri
st
ic
s

O
ve
ra
ll

(n
=
28
57
)

U
S

(n
=
42
2)

B
R

(n
=
31
3)

U
K

(n
=
27
9)

IT (n
=
28
7)

FR (n
=
28
5)

E
S

(n
=
30
2)

D
E

(n
=
28
4)

E
U
5a

(n
=
14
37
)

T
W

(n
=
39
0)

JP (n
=
29
5)

U
nk
no
w
n

64
7
(2
3.
0)

71
(1
7.
0)

11
7 (3
7.
0)

27
(1
0.
0)

38
(1
3.
0)

25
(9
.0
)

36
(1
2.
0)

79
(2
8.
0)

20
5
(1
4.
0)

15
5 (4
0.
0)

99
(3
4.
0)

A
L
K
an
ap
la
st
ic
ly
m
ph
om

a
ki
na
se
,B

R
B
ra
zi
l,
C
C
I
C
ha
rl
so
n
C
om

or
bi
di
ty
In
de
x,
D
E
G
er
m
an
y,
E
S
Sp
ai
n,
E
U
5
5
co
un

tr
ie
s
fr
om

th
e
E
ur
op
ea
n
U
ni
on
,F
R
Fr
an
ce
,I
T

It
al
y,
JP

Ja
pa
n,
PD

-L
1
pr
og
ra
m
m
ed

de
at
h
lig
an
d,
R
E
T
re
ar
ra
ng
ed

du
ri
ng

tr
an
sf
ec
ti
on
,R

O
S,
c-
ro
s
on
co
ge
ne

1,
T
W

T
ai
w
an
,U

K
U
ni
te
d
K
in
gd
om

,U
S
U
ni
te
d
St
at
es

a I
nc
lu
de
s
th
e
U
K
,I
T
,F

R
,E

S,
an
d
D
E

b I
nc
lu
de
s
H
an
/C

hi
ne
se
,J
ap
an
es
e,
an
d
So
ut
he
as
t
A
si
an

c I
nc
lu
de
s
A
si
an
-I
nd

ia
n
su
bc
on
ti
ne
nt
,
A
si
an
-O

th
er
,
B
la
ck
,
M
ul
at
to
,
A
si
an
,
C
hi
ne
se
,
M
ix
ed

R
ac
e,
M
id
dl
e
E
as
te
rn
,
A
fr
o-
C
ar
ib
be
an
,
In
di
ge
no
us

T
ai
w
an
es
e,

N
ot

an
sw
er
ed
,a
nd

O
th
er

c T
he

sa
m
pl
e
si
ze
s
pr
es
en
t
in

th
e
co
lu
m
ns

fo
r
av
er
ag
e
C
C
I
sc
or
e
ar
e
no
t
ap
pl
ic
ab
le
to

an
y
ot
he
r
pa
ra
m
et
er

Adv Ther (2023) 40:3135–3168 3143



small numbers of eligible patients in some
individual countries. Figure 3 and Supplemen-
tary Table S6 present the treatment combina-
tions by overall population and for each
country. Table 3 presents the targeted treatment
breakdown by generation for overall population
and each country.

EGFR Testing

Tumor samples used to detect EGFR gene
mutations were mainly tissue biopsy specimens
(mostly core needle biopsy [56.0%] and bron-
chial brush biopsy [19.0%]) followed by liquid
biopsy specimens (7.0% globally and highest
[16.0%] in Germany) (Table 4). Overall, the
most common methods used for EGFR detec-
tion were EGFR-specific mutation detection test
(specifics not captured in the survey) (44.0%;
especially in Taiwan, Japan, and Brazil), fol-
lowed by next-generation sequencing (NGS,
27.0%). However, there was variation in the
methods used across countries, with higher
usage rates of NGS in the US (54.0% for EGFR
mutations and 80.0% for any molecular marker)
and France (47.0% and 56.0%, respectively) and
relatively lower rates in Taiwan (3.0% and
14.0%).

EGFR tests were mostly requested by the
treating physician, except in the UK where
59.0% of tests were requested by a pathologist.
For almost all (96.0%) patients, EGFR mutation
results were known before initiation of 1L
therapy for aNSCLC. Overall, physicians repor-
ted a median turnaround time of 10.0 (IQR
7.0–14.0) days for EGFR test results (Table 4).
The most common physician-reported barriers
to EGFR testing were inadequate tissue (68.0%,
especially in Taiwan [86.0%]) and time delay in
getting results (28.0%), although one in three
physicians in Brazil also reported test availabil-
ity, cost, and reimbursement issues as key bar-
riers (Table 4). For the 172 patients with
available testing data in the post-progression
setting, T790M was tested in 79 patients
(46.0%), of whom 56 (71.0%) were T790M
positive.

Outcomes

Effectiveness
In the 1L setting, the median (IQR) TTNT and
TTF were 14.0 (IQR 8.0–22.0) and 13.3 (IQR
7.9–20.9) months, respectively. Of the 2857
patients, a response assessment was given for
311 patients. Of the 2857 with documented
response in 1L (n = 311), FR and PR to 1L

Fig. 1 Tumor staging at different time points: overall population. All data are presented as %. 1L first line, aNSCLC
advanced non-small cell lung cancer
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therapy were reported in 12.0% and 83.0%,
respectively, with 5.0% showing no response.
Generally similar results were observed across
countries, although Brazil had a relatively
higher rate of no response (18.0%) (Supple-
mentary Table S7). Response rates for overall
population by each line of therapy are pre-
sented in Fig. 4. In the overall patient popula-
tion (n = 2857), the mean (SD) duration of 1L
treatment was 14.3 (11.2) months and the
median number of treatment lines received was
1 (IQR 1–1). Mean (SD) duration of 2L therapy
was 12.3 (10.7) months. The main physician-
reported reason for early discontinuation of 1L
(n = 223) or 2L therapy (n = 29), in all countries,
was disease progression (77.0% for 1L and
83.0% for 2L), followed by side effects (20.0%
for 1L and 17.0% for 2L) and lack of response
(12.0% for 1L and 7.0% for 2L) (Supplementary
Table S7).

Disease Symptoms and Side Effects
In the overall population, the top five physi-
cian-reported disease symptoms in the overall
cohort (n = 2857) were cough (51.0%), fatigue
(37.0%), dyspnea (33.0%), persistent cough
(24.0%), and weight loss (22.0%) (Table 5).
Analysis of patient-reported disease symptoms
in the subset of patients with eligible PSC data
(n = 962, 34.0% of overall cohort) showed a
similar trend. However, patient-reported rates
trended higher than physician-reported rates,
especially for weight loss (33.0% and 22.0%),
low mood (24.0% and 14.0%, respectively), and
anxiety (27.0% and 14.0%) (Table 5). Table 5
also includes the patient- and physician-re-
ported symptoms across all counties.

Among the 733 patients (26.0% of the over-
all cohort) with available safety data (reported
AEs), the majority were grade 1 or grade 2 in
severity. The most common any grade AEs were
rash (46.0%, 334/733) and diarrhea (45.0%,
333/733), followed by dry skin (32.0%,
235/733), fatigue (28.0%, 204/733), loss of
appetite (26.0%, 191/733), and nausea (24.0%,
178/733) (Supplementary Fig. S4). Patterns of
disease symptoms and therapy AEs were gener-
ally similar across countries as summarized in
Supplementary Table S8.
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Patient-Reported Outcomes
The mean (SD) EQ-5D-5L index score for the
934 patients with available PSC data was 0.7
(0.2) and mean (SD) EQ-5D VAS for 947 patients
was 69.7 (17.6) (Table 6). Some or extreme
problems were reported by at least 40.0% of
patients across most domains (self-care, 35.0%;
mobility, 42.0%; usual activities, 55.0%; anxi-
ety/depression, 64.0%; pain/discomfort, 66.0%)
(Supplementary Table S9).

The mean (SD) FACT-L score was 83.5 (21.0)
(Table 6), with subscale mean scores ranging

from 13.8 for the emotional well-being subscale
to 19.7 for the physical well-being subscale
(Supplementary Table S10). Almost all the
patients (942/956 patients, 99.0%) felt com-
pletely informed by their physicians about their
disease and treatment options (reported in
patient self-reported questionnaire), and
involved in their treatment decisions (88.0%,
831/945), with key treatment goals of main-
taining or improving NSCLC symptoms (59.0%,
556/950) and prolonging life (47.0%, 442/950).

Fig. 2 Treatment patterns: overall population and by country. a 1L. b 2L and 3L. All data are presented as %. 1L first line,
2L second line, 3L third line, BR Brazil, BSC best supportive care, DE Deutschland, ES Spain, EU5 5 countries from the
European Union, FR France, IT Italy, JP Japan, TW Taiwan, UK United Kingdom, US United States
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Healthcare Resource Utilization
Over the 12 months prior to data capture,
almost all patients (98.0%) consulted with the
physician involved in data capture with
mean (SD) 1.0 (0) consultations for the overall
population. Among hospitalized patients
(n = 827), the mean (SD) number of hospital
visits in the last 12 months was 1.5 (1.5). Other
healthcare providers involved in the ongoing
management of patients are summarized in
Table 7. Patients lost about mean (SD) 10.6
(6.6) h of work per week for approximately
mean (SD) 29.2 (25.7) weeks. Approximately
one in three patients (31.0%, 288/916) incurred
out-of-pocket expenses for NSCLC treatment.
Table 7 summarizes the proportion of patients
incurring out-of-pocket costs and median (IQR)
out-of-pocket costs by country. Out of the 2857
patients, 827 (29.0%) were admitted to the
hospital at some point in time for a mean of 1.5
visits. Mean hospital length of stay ranged from
7 to 9 nights. About one of three hospitaliza-
tions involved emergency care (e.g., 35.0% for
the first hospitalization) and 7.0% of hospital-
izations involved intensive care (Table 7). Most
of the hospitalizations were to treat a compli-
cation, except for biopsy which was the main
reason (38.0%) for the first hospitalization
(Supplementary Table S11).

At data capture, most (58.0%) patients had
received supportive therapy, and patterns of
supportive therapy use were generally consis-
tent across countries as summarized in Table 8.
Procedures or tests performed in diagnosis and
monitoring of EGFRm? mutated aNSCLC are

summarized in Fig. 5 and Supplementary
Table S12. Overall, the most used tests for
diagnosis included biopsy (76.0%), chest com-
puterized tomography (CT) scans (74.0%), and
X-ray (50.0%). These tests were also commonly
used for disease monitoring, albeit at lower rates
especially for biopsy testing (18.0% for moni-
toring and 76.0% for diagnosis). Testing pat-
terns were largely consistent across countries
but the use of specific imaging techniques var-
ied between countries: ultrasound use ranged
from 2.0% in the UK to 50.0% in Germany,
X-ray usage ranged from 27.0% in the US to
81.0% in Japan, magnetic resonance imaging
[MRI] use ranged from 16.0% in Japan to 72.0%
in Taiwan). In addition, most patients in Japan
did not receive biopsy testing for either diag-
nosis (51.0%) or monitoring (94.0%) of
EGFRm? aNSCLC.

DISCUSSION

Findings from this large multiregion data set
reflect real-world treatment practice and out-
comes for EGFRm? aNSCLC across nine coun-
tries, during a period when the treatment
landscape was rapidly changing with imple-
mentation of third-generation EGFR-TKI and
dual EGFR-VEGF pathway inhibition as guide-
line-recommended treatment strategies
[6, 32, 33]. Our results set an important baseline
for care as evaluation for increased adoption of
new regimens and ongoing shifting treatment
algorithms are affecting patient outcomes.

Fig. 3 Treatment combinations: overall population. All data are presented as %. 1L first line, 2L second line, 3L third line,
BSC best supportive care
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Overall, EGFRm? aNSCLC treatment patterns
across all regions were in line with international
treatment guideline recommendations for sys-
temic therapy with targeted regimens and con-
sistent with the available treatment options
covered for reimbursement [6, 32, 33]. However,
regional variation was observed in treatment
and resource use patterns, suggesting differing
approaches to EGFRm? aNSCLC management.
As guidelines and treatment patterns will
change with the development of new treatment
options, future studies should assess the place in
therapy for these newer agents.

Consistent with most EGFR aNSCLC popu-
lations, adenocarcinoma was the most common
histology in this study, most patients were
older, had cardiovascular comorbidities, and
contralateral lungs as the main site of metastasis
[14, 34–36]. While most (74.0–98.0%) patients
received EGFR-TKIs in the 1L setting, reflecting
current European Society for Medical Oncology
(ESMO) [33], American Society of Clinical
Oncology (ASCO) [32], and National Compre-
hensive Cancer Network (NCCN) guideline [6]
recommendations, the relative use of first/sec-
ond-generation EGFR-TKIs and third-generation
TKIs (i.e., osimertinib) varied across countries.
First/second-generation EGFR-TKIs were the
most common 1L treatment in most of the
countries, except in the US and Japan where
osimertinib (3rd generation EGFR-TKI) was the

most common treatment and in Germany and
Italy with similar usage of these regimens. As
osimertinib is the preferred 1L treatment option
in clinical guidelines [37] our finding suggests
differential adoption of innovative therapies,
possibly owing to differences in access, reim-
bursement, or physician behavior across coun-
tries. Hence, these and other data in this study
should be considered in the context of the
country in which the data were collected and
may not be globally applicable.

Although clinical guidelines also recom-
mend anti-angiogenic antibodies, ramucirumab
or bevacizumab, in combination with erlotinib
as alternative 1L treatments [6, 32, 33], there
was little use of these regimens (1%) in our data
set. This was likely due to the recent approval of
ramucirumab plus erlotinib by the EMA
(December 2019) and FDA (May 2020) [38, 39]
and its incorporation into guidelines
[38, 40, 41], which limits the time period for
evaluation for these therapies. In spite of
specific recommendations, some patients
(about 14.0% overall) in our study received
chemotherapy and/or immunotherapy instead
of EGFR-TKIs, suggesting incomplete adherence
to the guideline’s recommendations and further
dissemination and clarification may be needed.

In this study, a partial or full response to
therapy was reported for 83.0% and 12.0%,
respectively, of the overall patient population.

Fig. 4 Response rates after end of treatment: overall population. All data are presented as %. 1L first line, 2L second line, 3L
third line, FR full response, NR no response, PR partial response
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As these rates are based on the physician’s own
clinical judgment in routine practice, and not
based on protocol-driven Response Evaluation
Criteria in Solid Tumors (RECIST) criteria, direct
comparison with previous studies [42–44] is
difficult. In addition, the median TTNT of
14.0 months was within the range (10.6–-
14.2 months) reported in previous observa-
tional studies of patients with EGFRm? aNSCLC
[17, 42]. The most common reason for stopping
1L treatment in this data set was disease pro-
gression (77.0%). As most patients received
first/second-generation EGFR-TKI monotherapy
in this study, the time to progression may
change with the use of newer treatment options
[45].

The burden of lung cancer symptoms
remains high, and HRQoL continues to be
impaired for patients with EGFRm? aNSCLC,
highlighting the need for more effective and
targeted treatment strategies and symptom
control in this setting [46–48]. Consistent with
previous studies, coughing, fatigue, breathing
complications, and appetite or weight loss were
the most common symptoms observed in this
data set [49, 50]. However, in our study there
seemed to be some discordance between
patients and physicians in the assessment of
symptoms, especially low mood, anxiety, and
weight loss [51]. Future research should inves-
tigate associated factors for the discordance as
the disagreement could lead to suboptimal
management and outcomes for EGFRm?

aNSCLC. A more comprehensive clinical picture
of symptom burden captured from both patient
perspective (subjective) and physician perspec-
tive (objective) could help optimize patient
management and outcomes.

The overall mean EQ-5D derived health
utility score in this study was 0.7, which is
similar to that previously reported for EGFR-TKI
trial populations [52, 53]. This suggests that
patients with EGFRm? aNSCLC are generally in
good health, as the score is only marginally
lower than the average utility score (0.81) of the
general UK population of similar age [54]. In
addition, the score is similar to that reported in
a small observational EGFRm? aNSCLC cohort
(n = 183) with disease progression in Canada
(0.70) but lower than the score of 0.81 observedT
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in the subgroup of patients with stable disease
in that study [55]. FACT-L scores in our study
were also within the range reported in a previ-
ous data set of patients with aNSCLC in France
and Germany [22], although the absolute values
were higher in this study (71.4 vs 83.5, respec-
tively), possibly because our study focused only
on patients with EGFRm? aNSCLC and did not
include as many patients receiving later lines of
therapy as the previous study had. With limited
real-world health utility information available
for EGFRm? aNSCLC, utility and functional
scores in this study could be considered in
future economic evaluations of EGFR targeted
treatments.

In line with previous studies of patients with
aNSCLC, resource use was high in this study,
including diagnostic testing, treatments, mul-
tiple office visits, hospitalizations, and sup-
portive care [56–58]. However, there was
regional variation in resource use measures,

with more frequent hospitalizations in Japan
(48.0%), Germany (43.0%), and Taiwan
(42.0%), relative to the other countries (29.0%
overall). In addition, the mean length of each
hospital stay varied across countries (ranging
from 3.0 nights in the US to 10.8 in Japan).
While the rate of hospital admission via the
emergency room also varied, the lowest rates
were observed in Germany (5.0%) and Japan
(9.0%) versus the US (72.0%) and overall pop-
ulation (35.0%), further suggesting that clinical
preference and practices varied across the
countries as reported previously [59, 60]. The
costs associated with healthcare resource use in
this study were not evaluated; however, hospi-
talizations are known to be a key driver of
healthcare costs in many countries [48, 58]. In
terms of productivity, on average, patients in
this data set lost about 11 h of work per week for
about 29 weeks in the 1 year prior to data cap-
ture, and about one in three incurred direct out-
of-pocket expenses for aNSCLC.

Table 6 EQ-5D-5L, EQ-VAS, and FACT scores: overall population

PRO PRO score (min–max)

Overall 1L 2L 3L

EQ-5D-5L n = 934 n = 764 n = 138 n = 32

0.7 (0.2) 0.7 (0.3) 0.7 (0.3) 0.8 (0.3)

EQ-VAS n = 947 n = 776 n = 138 n = 33

69.7 (17.6) 70.7 (17.4) 63.7 (17.7) 71.8 (16.9)

FACT-La n = 930 n = 764 n = 135 n = 31

83.5 (21.0) 83.9 (21.4) 79.6 (18.9) 90.5 (16.4)

FACT-Gb n = 931 n = 765 n = 135 n = 31

66.1 (17.4) 66.4 (17.8) 63.2 (15.6) 71.5 (13.5)

Trial index outcomesc n = 935 n = 768 n = 136 n = 31

51.1 (14.9) 51.6 (15.0) 47.5 (14.0) 56.1 (14.2)

All values are presented as mean (SD)
1L first line, 2L second line, 3L third line, EQ-5D-5L European Quality of Life 5 Dimension 5 Level, EQ-VAS EuroQoL
visual analog scale, FACT-L Functional Assessment of Cancer Therapy–Lung, FACT-G Functional Assessment of Cancer
Therapy–General
aIncludes all 5 individual parameters
bIncludes social/family well-being subscale, emotional well-being subscale, functional well-being subscale, and physical well-
being subscale
cIncludes functional well-being subscale, physical well-being subscale, and lung cancer subscale
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For most patients, EGFR mutation status was
known before initiation of 1L treatment, and
turnaround time for testing was within inter-
national guidelines recommendations
[32, 33, 46]. However, only a small proportion
of patients (n = 172, 6.0%) showed disease pro-
gression on 1L therapy, of whom 52.0% (n = 90)
were retested for molecular markers, despite
prevalent use of first/second-generation EGFR-
TKIs and osimertinib in 1L and 2L settings,
respectively. While this study did not investi-
gate why fewer patients than expected
(65.0%)—instead of all patients as recom-
mended by guidelines [33, 46]—underwent
testing at the time of disease progression,
potential reasons include previously reported
difficulties in conducting re-biopsy as a result of
patient intolerance or tumor location, failed re-
biopsies, and financial limitations [33, 61, 62].
According to the physicians who participated in
this study, inadequate tissue was the main bar-
rier to EGFR testing irrespective of timing. These
challenges may suggest the need for increased
adoption of blood biopsy specimens that are
easier to collect and NGS-based approaches with
the advantages of sparing tissue samples,

detecting EGFR-TKI resistance mutations in
plasma ctDNA samples with high sensitivity,
avoiding multiple sequential single gene tests
for prognostic markers such as co-occurring
TP53 mutations, and minimizing delays for
patients. Overall, liquid biopsy specimens and
NGS were used to detect EGFR mutations for
about 6.0% and 27.0% of patients in this study,
respectively, although testing rates varied across
countries likely owing to differences in access to
healthcare systems and economic barriers
between countries. Of note, the proportion of
T790M positive patients in this study (56 of 79
patients tested, 71.0%) is comparable with that
reported earlier [63, 64], although this result
should be interpreted cautiously given the small
sample size for patients who showed disease
progression in this cohort.

Strengths of this descriptive study include
the large real-world data set obtained from nine
geographically diverse countries with different
health systems. The data set reflects relatively
recent clinical practices for the diagnosis and
management of EGFRm? aNSCLC. Several lim-
itations also apply to this study. While minimal
inclusion criteria were applied to increase the

Fig. 5 Types of tests performed for diagnosis and monitoring: overall population. All data are presented as %. CT
computed tomography, FDG-PET fluorodeoxyglucose-positron emission tomography, MRI magnetic resonance imaging
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generalizability of the data, the study cohort
does not represent a true random sample of the
broader EGFRm? aNSCLC population as physi-
cian and patient participation was influenced
by their willingness to complete the survey.
Therefore, selection and survival bias were pos-
sible, and our findings may be considered gen-
eralizable to consulting patients with EGFRm?

aNSCLC in the countries studied. Similar stud-
ies should be conducted to evaluate treatment
patterns and patient burden in countries not
included in this study. Study data were collected
during the COVID-19 pandemic (July–Decem-
ber 2020) and thus may not reflect current
practice, as previous reports suggest that cancer
care was negatively impacted (e.g., delayed
testing and treatment) in different countries by
pandemic restrictions [65, 66]. However, our
findings may serve as a useful point of reference
for future studies in the post-COVID-19 pan-
demic era. The patient survey was cross-sec-
tional and therefore cannot be used to
demonstrate cause and effect. Tumor response
and progression outcomes were based on
physician assessment in routine clinical practice
and not according to RECIST criteria, which
limits direct comparison with clinical trial end
points. All comparisons between countries were
descriptive. As no formal statistical testing was
applied, use of comparative terms such as
‘‘lower’’ or ‘‘more’’ does not imply statistical
significance.

CONCLUSION

This large real-world multinational data set
showed that most patients with EGFRm?

aNSCLC were treated per the country relevant
clinical guidelines for EGFR targeted therapy.
However, progression continues to be the main
reason for early treatment discontinuation,
which along with high patient symptom and
associated economic burdens, highlights the
need for increased adoption of newer, more
effective, and safer treatments that delay disease
progression. For the included countries, these
findings may offer a useful benchmark for
decision makers to determine future allocation
of healthcare resources for patients with

EGFRm? aNSCLC. Future research should fur-
ther evaluate the country-specific variability in
clinical practices to identify unmet needs for
patients with EGFRm? aNSCLC.
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