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Abstract

Background: The exosome-focused translational research for afatinib (EXTRA] study is the
first trial to identify novel predictive biomarkers for longer treatment efficacy of afatinib in
patients with epidermal growth factor receptor (EGFR) mutation-positive nonsmall cell lung
cancer (NSCLC) via a comprehensive association study using genomic, proteomic, epigenomic,
and metabolomic analyses.

Objectives: We report details of the clinical portion prior to omics analyses.

Design: A prospective, single-arm, observational study was conducted using afatinib 40 mg/
day as an initial dose in untreated patients with EGFR mutation-positive NSCLC. Dose
reduction to 20 mg every other day was allowed.

Methods: Progression-free survival (PFS), overall survival (0S), and adverse events (AEs) were
evaluated.

Results: A total of 103 patients (median age 70years, range 42-88years) were enrolled from
21 institutions in Japan between February 2017 and March 2018. After a median follow-up of
35.0months, 21% remained on afatinib treatment, whereas 9% had discontinued treatment
because of AEs. The median PFS was 18.4months, with a 3-year PFS rate of 23.3%. The
median afatinib treatment duration in patients with final doses of 40 (n=27), 30 (n=23), and
20mg/day (n=35), and 20 mg every other day (n=18) were 13.4, 15.4, 18.8, and 18.3months,
respectively. The median OS was not reached, with a 3-year 0S rate of 58.5%. The median 0S
in patients who did (n=25) and did not (n=78) receive osimertinib during the entire course of
treatment were 42.4 months and not reached, respectively (p=0.654).

Conclusions: As the largest prospective study in Japan, this study confirmed favorable 0S
following first-line afatinib in patients with EGFR mutation-positive NSCLC in a real-world setting.
Further analysis of the EXTRA study is expected to identify novel predictive biomarkers for afatinib.
Trial registration: UMIN-CTR identifier (UMIN000024935, https://centeré.umin.ac.jp/cgi-open-
bin/ctr/ctr_his_Llist.cgi?recptno=R000028688
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Introduction

Recent advances in epidermal growth factor
receptor (EGFR)-targeted therapy for nonsmall
cell lung cancer (INSCLC) have improved sur-
vival in precision medicine. As a result, three gen-
erations of EGFR tyrosine kinase inhibitors
(TKIs) have been approved in Japan as first-line
treatments for patients with EGFR mutation-pos-
itive NSCLC: first-generation reversible TKIs
(erlotinib and gefitinib), second-generation irre-
versible TKIs (afatinib and dacomitinib), and
third-generation mutant-selective TKIs (osimer-
tinib).! The FLAURA phase III study recently
demonstrated significantly prolonged overall sur-
vival (OS) in patients with EGFR mutation-posi-
tive NSCLC treated with first-line osimertinib
(n=279) compared with first-generation EGFR-
TKIs [gefitinib (#=183) or erlotinib (2=94)].2
Osimertinib has thus been established as the
standard treatment for previously untreated com-
mon EGFR mutation-positive NSCLC. However,
its efficacy in the FLAURA study was not defini-
tive, with hazard ratios (HRs) for OS of 1.00
[95% confidence interval (CI): 0.75-1.32] and
1.00 (95% CI: 0.71-1.40) in Asian and EGFR
L.858R-mutated patients, respectively, suggesting
limited benefit of osimertinib over first-genera-
tion EGFR-TKIs in these subgroups.?
Considering that race and EGFR mutation sub-
types were just two stratified factors in the rand-
omization of the FLAURA study, the results
could indicate that these two factors had inde-
pendent negative impacts on the clinical benefit
of osimertinib.

Regarding first-line afatinib, the LUX-Lung 7
phase IIb study showed a trend toward better OS
in patients treated with afatinib (z=160) com-
pared with gefitinib (z=159).3 Furthermore, the
retrospective Gio-Tag study, which included
real-world clinical patients treated with first-line
afatinib followed by second-line osimertinib,
found that the median duration of sequential
afatinib and osimertinib treatment was
37.1 months, and the median OS was 44.8 months
in Asian patients (z=50), compared with 27.6
and 36.7months, respectively, in non-Asians
(n=137).% Similarly, the Up-SwinG study, which
had a similar study design, found a median dura-
tion for sequential afatinib and osimertinib treat-
ment of 28.8months and median OS of
42.3months in Asian patients (z=118), com-
pared with 25.5 and 31.3 months, respectively, in
non-Asians (z=73).> These data thus indicated
that first-line afatinib followed by second-line

osimertinib might prolong the total duration of
EGFR-TKI therapy, especially in Asian patients,
thus improving OS. However, the efficacy of first-
line afatinib, like other EGFR-TXKIs, varies, with
some patients benefiting from long-term efficacy
while others do not. There is thus a need to iden-
tify biomarkers for afatinib efficacy in actual clini-
cal settings.%7

As previously reported, the EXTRA (EXosome-
focused Translational Research for Afatinib)
study protocol aims to explore novel biomarkers
for afatinib efficacy by matching data from multi-
omics analyses of peripheral blood samples in
patients treated with first-line afatinib to clinical
efficacy data (Supplemental Figure S1).8 We con-
ducted a prognostic survey and locked the clinical
data 3years after the final enrollment in this trial,
and then started to carry out proteomic, genomic,
metabolomic, and epigenomic analyses. Prior to
the publication of the results of these four omics
analyses, the current study aimed to analyze the
clinical efficacy data based on first-line afatinib
treatment. This report may be considered to
reflect the latest real-world data on first-line
afatinib, which has been used in Japan since 2014.

Patients and methods

Study design

The EXTRA study was designed as a prospective,
single-arm, observational study to identify novel
predictive biomarkers associated with longer OS
in patients treated with first-line afatinib, via
comprehensive genomic, proteomic, epigenomic,
and metabolomic association analyses using serial
peripheral blood samples (free molecules in
serum/plasma and exosome-packaged molecules)
(Supplemental Figure S1).8 We planned to enroll
60 patients as the discovery cohort and 40 patients
as the independent validation cohort.

Patient eligibility

The main inclusion criteria for registration were:
age =20years; histologically or cytologically con-
firmed metastatic or locally advanced NSCLC;
EGFR mutation (common or uncommon); Eastern
Cooperative Oncology Group performance status
(PS) of 0 or 1; adequate bone marrow, renal, and
liver functions; and chemotherapy-naive. The main
exclusion criteria were: interstitial pneumonia or
pulmonary fibrosis; active infection or uncontrolled
disease; and other active malignant disease.
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Study treatment

Enrolled patients were initially treated with
afatinib 40mg/day, and the dose was adjusted
according to toxicities observed by the investiga-
tors. Patients who developed drug-related grade
=2 adverse events (AEs) temporarily discontin-
ued afatinib until recovery to grade 1, and then
resumed afatinib treatment with a 10mg dose
reduction. The dose could be reduced by a fur-
ther 10 mg in patients who developed drug-related
grade =2 AEs again despite the initial dose
decrease. A total of three dose reductions were
allowed, with a minimum dose of afatinib of
20 mg every other day.

Treatment was discontinued in patients who
developed afatinib-induced grade =1 interstitial
lung disease and in patients who required a fourth
dose reduction of afatinib. Treatment was contin-
ued until disease progression, unacceptable toxic-
ity, or withdrawal of consent by the patient.

Assessment

Tumor response was assessed by thoracoabdomi-
nal and head computed tomography or head
magnetic resonance imaging. Tumor assessment
was performed every 8 weeks for the first 24 weeks
of treatment and every 12weeks thereafter until
progressive disease (PD), treatment discontinua-
tion, withdrawal of consent, or death, with the
date of treatment initiation defined as the refer-
ence date. The tumor response was evaluated
according to RECIST, version 1.1.

AESs were classified by the Medical Dictionary for
Regulatory Activities, and their severities were
assessed according to the Common Terminology
Criteria for Adverse Events, version 4.0.

Statistical analysis

The primary endpoint was the identification of
novel predictive biomarkers of afatinib efficacy
associated with longer OS. The secondary end-
points were the following clinical indicators to be
matched with the generated omics data: objective
response rate (ORR), disease control rate (DCR),
progression-free survival (PFS), OS, and AEs.

ORR was defined as the percentage of patients
who had a complete or partial radiological
response. DCR was defined as the percentage of
patients who had a complete or partial radiologi-
cal response, or stable disease. PFS was defined

as the time from each registration to confirmation
of PD or death from any cause. OS was defined as
the time from the registration to death from any
cause.

The 95% CIs for the proportions of ORR and
DCR were calculated using the Clopper—Pearson
method. Median PFS and OS and their 95% CIs
were estimated using the Kaplan—Meier method.
Between-group comparisons were performed
using log-rank tests. The analyses were carried
out using SAS ver. 9.4 (SAS Institute Inc., Cary,
NG, USA).

Ethics

This study complied with all the principles in the
Declaration of Helsinki (as revised in 2013), and
was approved by the Ethical Review Board for
Medical and Health Research Involving Human
Subjects at Teikyo University (Approval No.
16-066). All enrolled patients provided written
informed consent. This trial was registered with the
University Hospital Medical Information Network
clinical trial registry (No. UMIN000024935).

Results

Patient characteristics

A total of 103 patients (60 patients in the discov-
ery cohort, 43 patients in the validation cohort)
were enrolled from 21 institutions in Japan
between February 25, 2017, and March 30, 2018.
The patient characteristics are shown in Table 1.
The median age was 70years, with 32% aged
=75years, 74% were female, and 50% were PS 1.
About a quarter of patients (27%) had postsur-
gery recurrence, about a fifth (22%) had brain
metastasis before afatinib treatment, and all
patients (100%) had adenocarcinoma. Most
patients (90%) had common EGFR mutations
(exon 19 deletion and exon 21 LL858R), and the
other 10% had uncommon EGFR mutations.

Patient flow

Patient flow is summarized in Figure 1. Among
all 103 enrolled patients, treatment was discon-
tinued in 81 patients after a median follow-up of
35.0months (range: 0.5-44.4). The reasons for
discontinuation were: PD in 70 patients (68%);
AEs in nine patients (9%); and physician’s deci-
sion in two patients (2%), including cognitive
impairment in one patient and new onset of
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Table 1. Patient characteristics.

Characteristic

No. of patients

%

Total
Age (years)
Median (range)
<70
70-74

75-79

Sex
Male
Female

PS

Stage
1B
%
Postsurgery recurrence?
Brain metastasis
Present
Absent
Histology
Adenocarcinoma
EGFR mutation
Exon 19 deletion
Exon 21 L858R
Others
Exon 18
Exon 20 insertion
Exon 20 T790M

Exon 21 L861Q

Exon 20 S7681 + Exon 18 G719X

103

70 (42-88)
50
21
16

16

27

76

52

51

72

28

23
80

103

52

41
10

100

49

20

16

16

26

74

50

50

70

27

22
78

100

50

40

10

2These patients were not amenable to local therapy.

EGFR, epidermal growth factor receptor; PS, performance status.

thyroid cancer in one patient. A total of 22
patients (21%) finally remained on afatinib
treatment.

Treatment efficacy

Tumorresponses are summarized in Supplemental
Table S1. The ORR and DCR were 60.2% (95%
CI: 50.1-69.7) and 87.4% (95% CI: 79.4-93.1),
respectively.

The Kaplan—Meier curve of PFS and a forest plot
of median PFS are presented in Figure 2(a) and
(b), respectively. The median PFS was
18.4months (95% CI: 13.8-22.1), with a 3-year
PFS rate of 23.3%. Subgroup analyses of median
PFS indicated trends toward a longer PFS in
patients with PS 0 (25.0months, 95% CI: 18.8—
28.4) versus 1 (13.6months, 95% CI: 9.3-16.4),
patients with postsurgeryrecurrence [27.7 months,
95% CI: 18.8—not calculable (NC)] versus stage
IIB/IV (15.4months, 95% CI: 12.2-20.2),
patients without brain metastasis (20.6 months,
95% CI. 15.4-24.7) wersus those with brain
metastasis (13.8 months, 95% CI: 8.4-18.0), and
patients with EGFR exon 19 deletion mutation
(21.2months, 95% CI: 15.4-24.8) versus uncom-
mon EGFR mutations (14.3months, 95% CI:
0.3-31.0).

The Kaplan—Meier curve of OS is presented in
Figure 2(c). The median OS was not reached
(95% CI: 34.9—NC), with a 3-year OS rate of
58.5%. Subgroup analyses of median OS could,
therefore, only be calculated for patients aged
=75years (42.4months, 95% CI: 24.8—NC),
patients with PS 1 (31.6 months, 95% CI: 24.8—
42.4), stage IIIB/IV (35.4months, 95% CI:
31.6—NC), brain metastasis (32.2 months, 95%
CI: 17.1—NC), and patients with uncommon
EGFR mutations (34.9months, 95% CI:
9.8—NC).

Toxicity analysis

All AEs are summarized in Table 2. Among 103
patients, grade 3, grade 4, and grade 5 AEs
occurred in 21 (20%), 2 (2%), and 1 (1%) patients,
respectively. The most frequent grade =3 AEs
were diarrhea in 12 patients (12%), anorexia in 8
patients (8%), and rash acneiform in 6 patients
(6%). In addition, pneumonitis was observed in
three patients (3%), comprising one case each of
grade 2 (1%), grade 3 (1%), and grade 5 (1%).
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Nine patients discontinued afatinib treatment
because of AEs, comprising three discontinua-
tions due to pneumonitis (one each grade 2, grade
3, and grade 5), rash acneiform in three patients
(grade 2 in two patients and grade 4 in one
patient), diarrhea in two patients (grade 1 in each
patient), and anorexia in one patient (grade 4).

Treatment duration according to final dose

The treatment duration according to the final
dose of afatinib is presented in Figure 3. The
median afatinib treatment durations in patients
with final doses of 40 (n=27), 30 (n=23), and
20mg/day (n=35), and 20mg every other day
(n=18) were 13.4, 15.4, 18.8, and 18.3 months,
respectively.

Regarding the nine patients who discontinued
treatment because of AEs, five patients were in
the group with a final dose of 40 mg/day, and no
patient was in the group with a final dose of 20 mg
every other day. In contrast, the 22 patients who
remained on afatinib treatment were distributed
equally among the four dosage groups.

Poststudy treatment

Eighty-one patients discontinued treatment with
afatinib during the follow-up period (Figure 1),
including 62 patients who received poststudy
treatment (77%) (Supplemental Table S2) and
53 patients who underwent re-biopsy (65%)
before second-line treatment, resulting in the
detection of EGFR T790M mutation in 16/53
patients (30%).

A total of 25 of the 81 patients (31%) received
osimertinib as poststudy treatment. Osimertinib
was administered as second-line therapy in 19
patients (23%), comprising 11 patients with
EGFR T790M mutation-positive status and 8
patients with EGFR T790M mutation-unknown
status. Similarly, osimertinib was administered
after second-line therapy in six patients (7%),
comprising three patients with EGFR T790M
mutation-positive status and three patients with
EGFR T790M mutation-unknown status.

Impact of osimertinib on 0S

The Kaplan—Meier curves of OS for patients who
did (n=25) and did not (r=78) use osimertinib
during the entire course of treatment are pre-
sented in Figure 4. The median OS was

103 patients were assessed for eligibility
after receipt of informed consent

v
| Full evaluable analysis set (1= 103) |

Treatment discontinuation (n = 81)
* Progressive disease (n = 70)
- Adverse events (n = 9)
- Physician’s decision (n = 2)

v
On afatinib treatment after a median
follow-up period of 35.0 months (n = 22)

Figure 1. Patient flow in the EXTRA study.
EXTRA, exosome-focused translational research for afatinib.

42 .4months (95% CI: 30.1—NC) and not
reached (95% CI: 34.2—NC), respectively,
resulting in no significant difference between the
groups (log-rank test, p=0.654).

The median treatment durations of osimertinib in
all 25 patients, 14 patients with EGFR T790M
mutation-positive status, and 11 patients with
EGFR T790M mutation-unknown status were
7.9 months (95% CI: 5.3-10.5), 8.0 months (95%
CI: 5.1-10.9), and 7.8 months (95% CI: 2.9-
12.7), respectively.

Discussion

We are currently conducting genomic, proteomic,
epigenomic, and metabolomic analyses of periph-
eral blood samples (free molecules in serum/
plasma and exosome-packaged molecules) col-
lected from patients before, during, and after
treatment in the EXTRA study. Furthermore, a
comprehensive association study based on the
ORR, DCR, PFS, OS, and AEs reported here is
also in progress. The results for these clinical
indicators, based on a sufficient observation
period of 35.0months in a clinical study of
patients with advanced NSCLC, are considered
to reflect the latest real-world data for first-line
afatinib, which has been used in Japan since 2014.

In the EXTRA study, the median PFS in patients
receiving afatinib was 18.4months (95% CI:
13.8-22.1), and subgroup analyses indicated
trends toward longer PFS for patients with PS 0
(25.0months, 95% CI: 18.8-28.4), postsurgery
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<75 71 . 18.0 (13.3, 25.0)
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Female 76 18.3 (13.6, 22.3)
Male 27 18.4 (11.8, 26.5)
PS
0 52 * 25.0 (18.8, 28.4)
1 51 — 13.6 (9.3, 16.4)
Stage
HNB/IV 75 o : 15.4 (12.2,20.2)
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Figure 2. Kaplan-Meier curve of PFS (a), forest plot of median PFS (b, and Kaplan-Meier curve of 0S (c) in

patients treated with afatinib.

Cl, confidence interval; EGFR, epidermal growth factor receptor; NC, not calculable; OS, overall survival; PFS, progression-

free survival; PS, performance status.
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Table 2. Summary of all AEs.

No. of patients (n=103)

AE All grades Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Total 101 36 41 21 2 1
Rash acneiform 68 4b 18 ) 1 0
Diarrhea 63 36 15 1 1 0
Paronychia 91 30 21 0 0 0
Mucositis oral 41 26 13 2 0 0
Anorexia 20 " 1 7 1 0
ALT increased 13 12 0 0 1 0
AST increased 9 8 0 0 1 0
Dysgeusia 5 5 0 0 0 0
Vomiting 4 1 1 2 0 0
Anemia 3 2 0 1 0 0
Pneumonitis 3 0 1 1 0 1
Creatinine increased 2 1 1 0 0 0
Conjunctivitis 2 2 0 0 0 0
Leukopenia 1 1 0 0 0 0
Rhinitis 1 1 0 0 0 0
Nasal bleeding 1 1 0 0 0 0
Constipation 1 1 0 0 0 0
Deep vein thrombosis 1 0 0 1 0 0
Hyponatremia 1 0 0 1 0 0

AE, adverse event; ALT, alanine aminotransferase; AST, aspartate transaminase.

recurrence (27.7months, 95% CI: 18.8—NC),
without brain metastasis (20.6 months, 95% CI:
15.4-24.7), and with EGFR exon 19 deletion
mutation (21.2months, 95% CI: 15.4-24.8).
Historically, the median PFS of 18.4months
(95% CI: 13.8-22.1) in the EXTRA study
seemed to be better than the median PFS reported
in the LUX-Lung 3 study [#=230; 11.1 months
(95% CI: unpublished)] and its Japanese subset
[n=54; 13.8 months (95% CI: 11.0-19.1)], the
LUX-Lung 6 study [#=242; 11.0 months (95%
CI: 9.7-13.7)], and the LUX-Lung 7 study
[n=160; 11.0 months (95% CI: 10.6-12.9)].°-12
The potentially better PFS in the EXTRA study
compared with these previous studies might be

attributable to the inclusion of patients with post-
surgery recurrence, while the LUX-Lung 3, 6,
and 7 studies only included stage IIIB/IV patients.
Indeed, about a quarter of patients (27%) in the
EXTRA study had postsurgery recurrence and
demonstrated a median PFS of 27.7months
(95% CI: 18.8—NC); however, even if the analy-
sis was limited to stage IIIB/IV patients, the
median PFS was 15.4months (95% CI: 12.2—
20.2), which still seemed better than in the previ-
ous studies. Given that there was little difference
in other patient characteristics, including PS,
brain metastasis, and EGFR mutation status, the
potentially better PFS in stage IIIB/IV patients in
the EXTRA study may be related to the
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difference in rates of treatment discontinuation
due to AEs.% 12

Differences in the body-surface area (BSA) and/
or liver metabolic functions mean that the inci-
dence of AEs following administration of a fixed-
dose EGFR-TKI is generally higher in Japanese
compared with Western patients.!> Notably, a
BSA<1.7m? was significantly associated with
severe afatinib-related AEs,!* although the strat-
egy of using a fixed-dose of afatinib was decided
based on the results of the phase I study, demon-
strating only a weak correlation between total

body clearance of afatinib and BSA (2=0.06).15
The rate of afatinib discontinuation due to AEs in
the Japanese subset of the LUX-Lung 3 study was
19%, compared with 8%, 6%, and 6% in the
global LUX-LLung 3, 6, and 7 studies, respec-
tively.%-12 A similar trend was observed in the
FLAURA study, with osimertinib discontinua-
tion rates of 26% in Japanese patients (z=65)
versus 13% in global patients (n=279), and dis-
continuation rates of first-generation EGFR-
TKIs of 35% in Japanese patients (n=55) versus
18% in global patients (z=277).1%17 As a result,
the actual median treatment durations in Japanese
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patients in the osimertinib (15.0months) and
first-generation EGFR-TKI groups (10.3 months)
were shorter compared with the median PFS val-
ues in the two groups (19.1 and 13.8 months,
respectively), whereas the actual median treat-
ment durations in all patients in the osimertinib
(20.7months) and first-generation EGFR-TKI
groups (11.5months) were almost the same as the
median PFS values in the respective groups (18.9
and 10.2 months, respectively).16-18 Therefore, if
the rate of treatment discontinuation due to AEs
in Japanese patients in the FLAURA study had
been lower, their median PFS might have been
much better. Given these results, the fact that the
rate of treatment discontinuation due to AEs
(9%) in the EXTRA study was about half of that
(19%) in the Japanese subset of the LUX-Lung 3
study is presumed to be one factor responsible for
the favorable PFS in the EXTRA study.

The reason for the low rate of treatment discon-
tinuation due to AEs in the EXTRA study, despite
the Japanese ethnicity, might be that the mini-
mum dose of afatinib specified in the LUX-Lung
3, 6, and 7 study protocols was 20 mg/day, com-
pared with 20 mg every other day in the EXTRA
study. A growing body of Japanese evidence sup-
ports this hypothesis. At least six phase II studies
of first-line afatinib in patients with EGFR muta-
tion-positive NSCLC have been conducted in
Japan, including three studies (z=30, 40, and 38,
respectively) with a protocol-specified minimum
dose of afatinib of 20mg/day,!°-2! and three stud-
ies (n=53, 46, and 35, respectively) with 20mg
every other day.?224¢ The rate of treatment dis-
continuation due to AEs was lower in the latter
(8, 11, and 11%, respectively) compared with the
former studies (17, 20, and 21%, respectively).
Furthermore, the median PFS seemed better in
the latter (12.6, 15.2, and 15.6 months, respec-
tively) than in the former studies (11.8, 12.9, and
14.2 months, respectively), although the patients’
characteristics were not necessarily the same in all
studies. These results suggest that a dose of 20 mg
every other day may be more appropriate for
some Japanese patients than 20 mg/day in terms
of tolerability and preserved efficacy. In addition,
plasma afatinib concentration was shown to be
positively correlated with grade 3 AEs and nega-
tively with BSA but not with treatment duration
in Japanese patients.?* We therefore agree with
previous reports indicating that tolerability-
guided dose reduction of afatinib had no impact
on treatment duration.?5:26 Most patients in the
EXTRA study with a final dose of 20mg every

other day showed a durable response, with tolera-
bility-guided dose reduction to 20 mg every other
day within several months after initiating a dose
of 20 mg/day.

Considering the use of EGFR-TKI monotherapy
in terms of OS, the HR of osimertinib over first-
generation EGFR-TKIs in the FLAURA study
was 1.00 (95% CI: 0.75-1.32) in Asian and 1.39
95% CI. 0.83-2.34) in Japanese patients;
although the latter result was from an exploratory
posthoc analysis, suggesting that EGFR-TKIs
other than osimertinib may also be a treatment
option, especially in Japanese patients.2!8
Notably, the Kaplan—Meier OS curve for first-
generation EGFR-TKIs in the Japanese subset in
the FLAURA study was initially inferior to that of
osimertinib, crossing over at approximately
month 27, after which the gap widened.!8 In con-
trast, the Kaplan—Meier OS curves in the EXTRA
study and for afatinib in the Japanese subset of
the LUX-Lung 3 study were almost identical to
that for the first-generation EGFR-TKI in the
Japanese subset of the FLAURA study.!%!8 As a
result, the 3-year OS rates were also similar across
the studies: 59% in the EXTRA study, approxi-
mately 61% (estimated from Kaplan—Meier curve
in the published literature) for afatinib in the
Japanese subset of the LUX-Lung 3 study, and
63% for first-generation EGFR-TKI in the
Japanese subset of the FLAURA study.10:18
Moreover, these results were based on patient
characteristics with little overall difference
between the three studies, especially the treat-
ment rates with second-line osimertinib.!0-18

The potentially better OS associated with first- and
second-generation EGFR-TKIs compared with
osimertinib in Japanese patients might be attribut-
able to better postprogression survival (PPS) after
first-line treatment with these EGFR-TKIs com-
pared with osimertinib. In the Japanese subset of
the FLAURA study, PPS after treatment with osi-
mertinib and a first-generation EGFR-TKI was
20 months and NC, respectively,!8 while PPS after
treatment with afatinib in the Japanese subset of
the LUX-Lung 3 study and the EXTRA study was
33months and NC, respectively.l® We hypothe-
sized that the potentially better PPS of Japanese
patients treated with first- or second-generation
EGFR-TKIs compared with osimertinib might be
because rechallenge therapy with EGFR-TKIs
may be less effective after osimertinib. In contrast,
rechallenge with osimertinib after first- or second-
generation EGFR—TKIs will be effective in patients
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with EGFR T790M mutation, and rechallenge
with EGFR-TKIs other than osimertinib at any
treatment line may be effective even in patients
without EGFR T790M mutation. In a phase II
study (n=12) of rechallenge therapy with dacomi-
tinib after osimertinib, the median PFS was only
1.8 months, with limited results even in patients
with second-site EGFR mutations (C797S or
G724S).27 The reason for this phenomenon is con-
sidered to be the frequent development of resist-
ance to osimertinib with the co-occurrence of two
or more mutations, making EGFR-TKI mono-
therapy less effective. In the Osiris study (z=50),
the co-mutation rate after osimertinib was 42%,
and PFS was comparable between patients treated
with cytotoxic chemotherapy and individualized
treatment with molecularly targeted therapy.28
However, two phase II studies of rechallenge ther-
apy with first- or second-generation EGFR-TKIs
other than osimertinib in patients with EGFR
T790M mutation-negative status showed median
PFS values of 4.2months (z=12) and 4.7 months
(n=732), respectively.2%30 Additionally, in a retro-
spective study (z=1603) of rechallenge therapy
with first- or second-generation EGFR-TKIs
before osimertinib became available in Japan,
rechallenge was performed once in 28% of patients
and twice or more in 12% of patients.3!

We, therefore, inferred that, even if osimertinib is
not available after first-line afatinib, multiple
rechallenge therapy with EGFR-TKIs may still
be effective. The EXTRA study found no signifi-
cant difference in OS between patients treated
with and without osimertinib throughout the
treatment. However, a difference might eventu-
ally be observed because patients currently not
receiving osimertinib may subsequently receive
osimertinib if an EGFR T790M mutation is
detected during long-term follow-up.
Nonetheless, the lack of any difference in patients
with advanced NSCLC after 35.0 months is clini-
cally meaningful.

Notably, the current frequency of 30% for detect-
ing EGFR T790M mutation in the EXTRA study
does not seem to be satisfactory. However, sev-
eral studies have shown that the EGFR T790M
mutation-positivity rate increased with increasing
treatment duration with first-line EGFR-
TKI.32-3¢ Thus, there is a high probability that
the 21% of patients still receiving treatment with
first-line afatinib will become EGFR T790M
mutation-positive in the future. In contrast, there
may be some situations in the real-world setting

where osimertinib is expected, taking into consid-
eration the treatment duration with first-line
EGFR-TKI, to patients with EGFR T790M
mutation-unknown status because of difficulty in
performing re-biopsy for various reasons. In fact,
the EXTRA study, reflecting real-world clinical
practice, included 11 patients who received osi-
mertinib despite their EGFR T790M mutation-
unknown status, resulting in a relatively favorable
median treatment duration of 7.8months.
However, we have to take care that it is consid-
ered the current standard of care in Japan as well
to offer chemotherapy to patients with EGFR
T790M mutation-negative or mutation-unknown
status If these patients are chemotherapy-naive.

To date, only one retrospective cohort study has
directly compared afatinib and osimertinib in
terms of OS in Japanese patients.?> Consecutive
patients were treated with afatinib (z=224) or
osimertinib (z=326) as first-line therapy, result-
ing in median OS after propensity score matching
of 36.2 and 25.1 months, respectively (HR 1.47,
95% CI: 1.07-2.02), and median PFS of 16.5
and 20.5 months, respectively (HR 1.02, 95% CI:
0.81-1.28). The median PPS values in the two
groups were 19.7 and 4.6 months, respectively,
indicating better PPS after first-line treatment
with afatinib compared with osimertinib in
Japanese patients in a real-world setting. However,
further studies are needed to determine the opti-
mal first-line EGFR-TKI.

Our study had several limitations. First, this was
a single-arm study with no comparison group. We
are therefore now conducting a randomized phase
II study comparing first-line afatinib and osimer-
tinib in patients with EGFR mutation-positive
NSCLC, with 3year OS rate as the endpoint (the
Heat on Beat study).3® Patient accrual (z=100)
was completed on September 7, 2021, and the
results will be published in the future. Second, we
could not analyze the median treatment duration
for sequential afatinib and osimertinib, like the
Gio-Tag retrospective and Up-SwinG studies,
nor the details of the rechallenge therapy with
EGFR-TKI, because we did not schedule these
items for analyses at the start of the study. We,
therefore, aim to collect these data, together with
new OS data, after a minimum follow-up period
of 5years. We also anticipate the results of the
ongoing and prospective Gio-Tag Japan study
(UMINO000037452). Third, we did not assess
serum afatinib concentrations to monitor its
pharmacokinetic profile, despite the importance
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of these data for validating tolerability-guided
dose reduction. However, our comprehensive
association study with multi-omics analyses,
including metabolomics, will provide useful tox-
icity predictors for afatinib.

In conclusion, the EXTRA study is the largest
prospective study reflecting current real-world
data for the use of first-line afatinib in patients
with EGFR mutation-positive NSCLC in Japan,
in an era when osimertinib almost exclusively
monopolizes first-line treatment. The results con-
firmed the favorable OS following first-line
afatinib, possibly because of favorable PFS based
on a low rate of treatment discontinuation due to
AEs and favorable PPS independent of treatment
with osimertinib. In the near future, the EXTRA
study will identify novel predictive biomarkers for
longer OS associated with first-line treatment
with afatinib via a comprehensive association
study using genomic, proteomic, epigenomic,
and metabolomic analyses.

Declarations

Ethics approval and consent to participate

This study complied with all the principles in
the Declaration of Helsinki (as revised in
2013), and it was approved by the Ethical
Review Board for Medical and Health Research
Involving Human Subjects at Teikyo University
(approval no. 16-066). All enrolled patients
provided written informed consent. This trial
was registered with the University Hospital
Medical Information Network clinical trial reg-
istry (no. UMINO000024935).

Consent for publication
Not applicable

Author contributions
Saori Takata: Resources; Writing — review &
editing.

Kei Morikawa: Resources; Writing — original
draft; Writing — review & editing.

Hisashi Tanaka: Resources; Writing — review &
editing.

Hidetoshi Itani: Resources; Writing — review &
editing.

Masashi Ishihara: Resources; Writing — review
& editing.

Kazuya Horiuchi: Resources; Writing — review
& editing.

Yasuhiro Kato: Resources; Writing — review &
editing.

Shinnosuke Ikemura: Resources; Writing —
review & editing.

Hideyuki Nakagawa:
review & editing.

Resources; Writing —

Yoshiro Nakahara: Resources; Writing — review
& editing.

Yoshitaka Seki: Resources; Writing — original
draft; Writing — review & editing.

Akihiro Bessho: Resources; Writing — review &
editing.

Nobumasa Takahashi: Resources; Writing —
review & editing.

Kentaro Hayashi: Resources; Writing — review
& editing.

Takeo Endo: Resources; Writing — review &
editing.

Kiyoshi Takeyama: Resources; Writing — review
& editing.

Toshiya Maekura: Resources; Writing — review
& editing.

Nagio Takigawa: Resources; Writing — original
draft; Writing — review & editing.

Akikazu Kawase: Resources; Writing — review &
editing.

Makoto Endoh: Resources; Writing — review &
editing.

Kenji Nemoto: Resources; Writing — review &
editing.

Kazuma Kishi: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Project administration; Validation; Writing —
original draft; Writing — review & editing.

Kenzo Soejima: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Project administration; Validation; Writing —
original draft; Writing — review & editing.

Yusuke Okuma: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Project administration; Validation; Writing —
original draft; Writing — review & editing.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 15

Kenichi Yoshimura: Conceptualization; Data
curation; Formal analysis;  Investigation;
Methodology; Validation; Writing — original
draft; Writing — review & editing.

Daisuke Saigusa: Conceptualization; Data
curation; Formal analysis;  Investigation;
Methodology; Project administration; Validation;
Writing — original draft; Writing — review &
editing.

Yae Kanai: Conceptualization; Data curation;
Formal analysis; Investigation; Methodologys;
Project administration; Validation; Writing —
original draft; Writing — review & editing.

Koji Ueda: Conceptualization; Data curation;
Formal analysis; Investigation; Methodologys;
Project administration; Validation; Writing —
original draft; Writing — review & editing.

Akira Togashi: Conceptualization;
Methodology; Project administration; Writing —
review & editing.

Noriyuki Matsutani: Conceptualization; Data
curation; Formal analysis; Funding acquisition;
Investigation; Methodology; Project administra-
tion; Validation; Writing — original draft; Writing
— review & editing.

Nobuhiko Seki: Conceptualization; Data cura-
tion; Formal analysis; Funding acquisition;
Investigation; Methodology; Project administra-
tion; Validation; Writing — original draft; Writing
— review & editing.

Acknowledgements

The authors would like to thank all the patients
who participated in this study and their families,
as well as the investigators. The authors express
their gratitude to ASCA Corporation for editing a
draft of this article funded by Boehringer
Ingelheim.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
funded by Boehringer Ingelheim.

Competing interests

Hisashi Tanaka: personal fees as honoraria from
Ono Pharmaceutical, Bristol Myers Squibb,
AstraZeneca, Chugai Pharmaceutical, Boehringer
Ingelheim, and Pfizer; Yoshitaka Seki: personal
fees as honoraria from AstraZeneca, Eli Lilly,
MSD, Ono Pharmaceutical, Novartis, Taiho

Pharmaceutical, Chugai Pharmaceutical,
Boehringer Ingelheim, Shionogi, Sanofi, Kyowa
Kirin, Kyorin Pharmaceutical, and GSK; Kazuma
Kishi: research funding and personal fees as hono-
raria from Boehringer Ingelheim; Yusuke Okuma:
research funding and personal fees as honoraria
from AstraZeneca and Chugai Pharmaceutical;
research funding from AbbVie; and personal fees
as honoraria from Eisai, Eli Lilly, MSD, Novartis,
Ono Pharmaceutical, Takeda Pharmaceutical,
and Taiho Pharmaceutical; Akira Togashi:
employee of Boehringer Ingelheim; Nobuhiko
Seki: research funding and personal fees as hono-
raria from Eli Lilly, Ono Pharmaceutical,
Boehringer Ingelheim, Taiho Pharmaceutical,
Chugai Pharmaceutical, Takeda Pharmaceutical,
Nippon Kayaku, Pfizer, and Daiichi Sankyo;
research funding from Eisai and Shionogi; and
personal fees as honoraria from AstraZeneca,
MSD, Bristol Myers Squibb, Novartis, and Kyowa
Kirin. No potential conflicts of interest were dis-
closed by the other authors.

Availability of data and materials
All data generated or analyzed during this study
are included in this published article.

ORCID iDs
Kei Morikawa
0745-5118

https://orcid.org/0000-0002-

Yasuhiro Kato
8585-1995

Akihiro Bessho
0394-7377

https://orcid.org/0000-0001-

https://orcid.org/0000-0002-

Nagio Takigawa https://orcid.org/0000-0002-

3835-5128

Supplemental material
Supplemental material for this article is available
online.

References
1. The Japan Lung Cancer Society. Guidelines for
diagnosis and treatment of lung cancer/malignant
pleural mesothelioma/thymic tumor, https://www.
haigan.gr.jp/guideline/2022/ (2022, accessed 1
December 2022). (Japanese)

2. Ramalingam SS, Vansteenkiste J, Planchard
D, et al. Overall survival with osimertinib in
untreated, EGFR-mutated advanced NSCLC.
New Engl ¥ Med 2020; 382: 41-50.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0002-0745-5118
https://orcid.org/0000-0002-0745-5118
https://orcid.org/0000-0001-8585-1995
https://orcid.org/0000-0001-8585-1995
https://orcid.org/0000-0002-0394-7377
https://orcid.org/0000-0002-0394-7377
https://orcid.org/0000-0002-3835-5128
https://orcid.org/0000-0002-3835-5128
https://www.haigan.gr.jp/guideline/2022/
https://www.haigan.gr.jp/guideline/2022/

S Takata, K Morikawa et al.

3. Paz-Ares L, Tan EH, O’Byrne K, ez al. Afatinib
versus gefitinib in patients with EGFR mutation-
positive advanced non-small-cell lung cancer:
overall survival data from the Phase IIb LUX-
Lung 7 trial. Ann Oncol 2017; 28: 270-277.

4. Hochmair M], Morabito A, Hao D, ez al.
Sequential afatinib and osimertinib in patients
with EGFR mutation-positive non-small-cell lung
cancer: final analysis of the GioTag study. Furure
Oncol 2020; 16: 2799-2808.

5. Popat S, Jung HA, Lee SY, et al. Sequential
afatinib and osimertinib in patients with EGFR
mutation-positive NSCLC and acquired T790M:
a global non-interventional study (UpSwinQG).
Lung Cancer 20215 162: 9-15.

6. Trams EG, Lauter CJ and Salem N ]Jr, ez al.
Exfoliation of membrane ecto-enzymes in the
form of micro-vesicles. Biochim Biophys Acta
1981; 645: 63-70.

7. Valadi H, Ekstrom K, Bossios A, et al. Exosome-
mediated transfer of mRNAs and microRNAs is
a novel mechanism of genetic exchange between
cells. Nat Cell Biol 2007; 9: 654—-659.

8. Okuma Y, Morikawa K, Tanaka H, et al.
Prospective exosome-focused translational
research for afatinib study of non-small cell lung
cancer patients expressing EGFR (EXTRA
study). Thorac Cancer 2019; 10: 395-400.

9. Sequist LV, Yang JC, Yamamoto N, ez al. Phase
IIT study of afatinib or cisplatin plus pemetrexed
in patients with metastatic lung adenocarcinoma
with EGFR mutations. ¥ Clin Oncol 2013; 31:
3327-3334.

10. Kato T, Yoshioka H, Okamoto I, ez al. Afatinib
versus cisplatin plus pemetrexed in Japanese
patients with advanced non-small cell lung cancer
harboring activating EGFR mutations: subgroup
analysis of LUX-Lung 3. Cancer Sct 2015; 106:
1202-1211.

11. Wu YL, Zhou C, Hu CP, et al. Afatinib versus
cisplatin plus gemcitabine for first-line treatment
of Asian patients with advanced non-small-cell
lung cancer harbouring EGFR mutations (LUX-
Lung 6): an open-label, randomised phase 3 trial.
Lancet Oncol 2014; 15: 213-222.

12. Park K, Tan EH, O’Byrne K, ez al. Afatinib
versus gefitinib as first-line treatment of patients
with EGFR mutation-positive non-small-cell lung
cancer (LUX-Lung 7): a phase 2B, open-label,
randomised controlled trial. Lancer Oncol 2016;
17: 577-589.

13. Seki N, Uematsu K, Shibakuki R, ez al.
Promising new treatment schedule for gefitinib
responders after severe hepatotoxicity with daily

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

administration. ¥ Clin Oncol 20065 24: 3213—
3214.

Arrieta O, De la Torre-Vallejo M, Lopez-Macias
D, er al. Nutritional status, body surface, and low
lean body mass/body mass index are related to
dose reduction and severe gastrointestinal toxicity
induced by afatinib in patients with non-small cell
lung cancer. Oncologist 2015; 20: 967-974.

Yap TA, Vidal L, Adam ], er al. Phase I trial of
the irreversible EGFR and HER?2 kinase inhibitor
BIBW 2992 in patients with advanced solid
tumors. ¥ Clin Oncol 2010; 28: 3965-3972.

Soria JC, Ohe Y, Vansteenkiste J, er al.
Osimertinib in untreated EGFR-mutated
advanced non-small-cell lung cancer. New Engl ¥
Med 2018; 378: 113-125.

Ohe Y, Imamura F, Nogami N, ez al. Osimertinib
versus standard-of-care EGFR-TKI as first-

line treatment for EGFRm advanced NSCLC:
FLAURA Japanese subset. Fpn ¥ Clin Oncol 2019;
49: 29-36.

Nogami N, Ramalingam SS, Imamura F, ez al.
Osimertinib as first-line therapy for EGFRm
advanced NSCLC (FLAURA): Final OS in
Japanese subset. In: Presented at the 60th
Annual Meeting of the Japan Lung Cancer
Society, Osaka, Japan, 6-8 December 2019,
Paper no. PS-1. https://www.haigan.gr.jp/journal/
am/2019a/19a_pdsy0000PS-1.html

Nakamura A, Tanaka H, Saito R, ez al. Phase II
study of low-dose afatinib maintenance treatment
among patients with EGFR-mutated non-small
cell lung cancer: North Japan Lung Cancer Study
Group Trial 1601 (NJLCG1601). Oncologist
2020; 25: el451-e1456.

Imai H, Kaira K, Suzuki K, er al. A phase II
study of afatinib treatment for elderly patients
with previously untreated advanced non-small-
cell lung cancer harboring EGFR mutations.
Lung Cancer 2018; 126: 41-47.

Minegishi Y, Yamaguchi O, Sugawara S, er al.

A phase II study of first-line afatinib for patients
aged =75 years with EGFR mutation-positive
advanced non-small cell lung cancer: North East
Japan Study Group trial NEJ027. BMC Cancer
20215 21: 208.

Noro R, Igawa S, Bessho A, ez al. A prospective,
phase II trial of monotherapy with low-dose
afatinib for patients with EGFR, mutation-
positive, non-small cell lung cancer: Thoracic
Oncology Research Group 1632. Lung Cancer
2021; 161: 49-54.

Yokoyama T, Yoshioka H, Fujimoto D, ez al.
A phase II study of low starting dose of afatinib

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://www.haigan.gr.jp/journal/am/2019a/19a_pdsy0000PS-1.html
https://www.haigan.gr.jp/journal/am/2019a/19a_pdsy0000PS-1.html

THERAPEUTIC ADVANCES in

Volume 15

Visit SAGE journals online
journals.sagepub.com/
home/tam

SSAGE journals

24.

25.

26.

217.

28.

20.

30.

as first-line treatment in patients with EGFR
mutation-positive non-small-cell lung cancer
(KTORG1402). Lung Cancer 2019; 135:
175-180.

Mizugaki H, Oizumi S, Fujita Y, ez al.
Pharmacokinetic and pharmacogenomic analysis
of low-dose afatinib treatment in elderly patients
with EGFR mutation-positive non-small cell lung
cancer. Eur ¥ Cancer 2022; 160: 227-234.

Yang JC, Sequist LV, Zhou C, ez al. Effect

of dose adjustment on the safety and efficacy

of afatinib for EGFR mutation-positive lung
adenocarcinoma: post hoc analyses of the
randomized LUX-Lung 3 and 6 trials. Ann Oncol
20165 27: 2103-2110.

Schuler M, Paz-Ares L, Sequist LV, ez al. First-
line afatinib for advanced EGFRm+ NSCLC:
analysis of long-term responders in the LUX-
Lung 3, 6, and 7 trials. Lung Cancer 2019; 133:
10-19.

Choudhury NJ, Makhnin A, Tobi YY, et al.
Pilot study of dacomitinib for patients with
metastatic EGFR-mutant lung cancers with
disease progression after initial treatment
with osimertinib. FCO Precis Oncol 2021; 5:
PO.21.00005.

Van Der Wel T, Jebbink M, Boelens Mc, et al.
MAOQ07.03 paired liquid and tissues biopsies to
guide treatment for patients that progress on 2nd
line osimertinib treatment. ¥ Thorac Oncol 2021;
16: S906.

Oda N, Hotta K, Ninomiya K, ez al. A phase II
trial of EGFR-TKI readministration with afatinib
in advanced non-small-cell lung cancer harboring a
sensitive non-T790M EGFR mutation: Okayama
Lung Cancer Study Group trial 1403. Cancer
Chemother Pharmacol 2018; 82: 1031-1038.

Song Y, Wu YL, Cao L], ez al. Efficacy and safety
of gefitinib as third-line treatment in NSCLC

31.

32.

33.

34.

35.

36.

patients with activating EGFR mutations treated
with first-line gefitinib followed by second-

line chemotherapy: a single-arm, prospective,
multicenter phase II study (RE-CHALLENGE,
CTONG1304). Am ¥ Clin Oncol 2019; 42:
432-439.

Inoue A, Yoshida K, Morita S, et al.
Characteristics and overall survival of EGFR
mutation-positive non-small cell lung cancer
treated with EGFR tyrosine kinase inhibitors: a
retrospective analysis for 1660 Japanese patients.
Fon F Clin Oncol 20165 46: 462—-467.

Matsuo N, Azuma K, Sakai K, er al. Association
of EGFR exon 19 deletion and EGFR-TKI
treatment duration with frequency of T790M
mutation in EGFR-mutant lung cancer patients.
Sci Rep 2016; 6: 36458.

Oya Y, Yoshida T, Kuroda H, ez al. Association
between EGFR T790M status and progression
patterns during initial EGFR-TKI treatment in
patients harboring EGFR mutation. Clin Lung
Cancer 2017; 18: 698-705.e2.

Kawamura T, Kenmotsu H, Omori S, ez al.
Clinical factors predicting detection of T790M
mutation in rebiopsy for EGFR-mutant non-
small-cell lung cancer. Clin Lung Cancer 2018;
19: e247—-e252.

Ito K, Morise M, Wakuda K, ez al. A multicenter
cohort study of osimertinib compared with
afatinib as first-line treatment for EGFR-mutated
non-small-cell lung cancer from practical dataset:
CJLSG1903. ESMO Open 2021; 6: 100115.

Morikawa K, Tanaka H, Itani H, ez al.
Hypothesis generative head-to-head study
comparing efficacy of afatinib and osimertinib
based on immunological biomarkers in Japanese
NSCLC patients with EGFR mutations (Heat
on Beat study). Ther Adv Med Oncol 2020; 12:
1758835920967254.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

