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Abstract

Background: In the FLAURA trial, superiority of osimertinib over the standard of care (SOC]
was not demonstrated in Asian patients; SOC seemed favorable among Japanese patients
(hazard ratio 1.39, 95% confidence interval 0.82-2.33). Three reasons are suggested: since
rechallenge with epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) is
covered by health insurance in Japan, EGFR-TKI rechallenge rate was higher in SOC than

in the osimertinib group, which resulted in a long-term sequential administration of EGFR-
TKls; treatment discontinuation rate was high in the osimertinib group due to adverse
events such as interstitial pneumonia among Japanese patients. EGFR-TKIs enhance tumor
antigen-specific cytotoxicity of T cells, especially first- and second-generation EGFR-TKIs,
which are more active against various cells with wild-type EGFR, including regulatory T cells.
Consequently, subsequent immune checkpoint inhibitor therapy seemed more promising in

the SOC group. Therefore, optimal first-line EGFR-TKI for EGFR-mutant advanced lung cancer

may not have been identified in Japanese patients.

Methods: The Heat on Beat study is a randomized, open-label, multicenter, phase Il study

to compare OS between initial treatment with afatinib and osimertinib in treatment-naive
patients with advanced or recurrent EGFR-mutant NSCLC. Exploration of immunomonitoring
through peripheral blood mononuclear cells will also be performed, before, during, and after
treatment. Treatment-naive EGFR mutation-positive non-small cell lung cancer (NSCLC])

patients (N=100) will be randomized to two groups in a 1:1 ratio. The co-primary endpoints are
3-year survival rate and characterization of immune environment associated with response to
afatinib, osimertinib, or immune checkpoint inhibitors. Enrollment will start in May 2020 at 28

sites in Japan and continue for 1year, with 3-year follow-up.

Discussion: Because there is no clinical trial comparing second- with third-generation EGFR-

TKI for advanced EGFR-mutant NSCLC, our study would provide a major impact on clinical
practice.
Trial registration

Japan Registry of Clinical Trials, jJRCTs031190221, registered date: 25 February 2020, https://
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Introduction

Epidermal growth factor receptor (EGFR) muta-
tions are an important recent discovery for the
treatment of lung cancer,’»2 and EGFR tyrosine
kinase inhibitors (EGFR-TKIs) have been widely
accepted as a first-line standard of care for EGFR
mutation-positive advanced lung cancer based on
higher response rates and longer progression-free
survival than cytotoxic chemotherapy.?* EGFR-
TKIs have evolved from first generation to second
and third generation with gradual improvement in
therapeutic efficacy.??

However, which EGFR-TKI is superior as a first-
line treatment in terms of overall survival (OS),
especially from the perspectives of EGFR muta-
tion subtypes, race, and adverse events, remains
controversial. Three phase III studies have been
conducted with EGFR-TKIs.”° The LUX-Lung
7 trial was a phase IIB study in treatment-naive
patients with stage IIIB or IV non-small cell lung
cancer (NSCLC), and EGFR mutation-positive
(exon 19 deletion or exon 21 point mutation)
patients were randomized to receive initial treat-
ment with afatinib, a second-generation EGFR-
TKI, or gefitinib, a first-generation EGFR-TKI.”
Progression-free survival (PFS) and time to treat-
ment failure were significantly longer in the
afatinib group than in the gefitinib group. While
statistical analysis showed no significant differ-
ence in OS, Kaplan—Meier curves indicated a bet-
ter prognosis in the afatinib group [hazard ratio
(HR) 0.86, 95% confidence interval (CI) 0.66—
1.12]. Likewise, the ARCHER 1050 trial was a
phase III study comparing dacomitinib, which
was developed as a second-generation EGFR-
TKI, with gefitinib in first-line treatment of EGFR
mutation-positive  NSCLC.8 That study was
designed to analyze PFS, objective response rate
(ORR), and OS in a gatekeeping way. The PFS
was significantly improved in the dacomitinib
group (HR 0.59, 95% CI 0.47-0.74). In addition,
the OS, which was not statistically analyzed due to
the lack of significant difference in ORR, was bet-
ter in the dacomitinib group than in the gefitinib
group (HR 0.76, 95% CI 0.58-0.99).

The FLAURA trial, which was a phase III study
of great interest in recent years, compared osi-
mertinib, a third-generation EGFR-TKI, with
gefitinib and with erlotinib, first-generation
EGFR-TKIs established as the standard of care
(SOC).? The PFS was significantly prolonged in
the osimertinib group (HR 0.46, 95% CI 0.37—
0.57), whereas subgroup analysis showed that the

OS was similar between the osimertinib group
and the SOC group in the exon 21 point muta-
tion and Asian patients (HR 0.996, 95% CI
0.708-1.404, and HR 0.995, 95% CI 0.752-
1.319, respectively). On the contrary, the OS in
Japanese patients seemed to be better in the SOC
group than in the osimertinib group (HR 1.39,
95% CI; 0.82-2.33).10

On the other hand, OS data of second-generation
EGFR-TKIs in Japanese patients are available
from the following two studies: the LUX-Lung 3
trial, a phase III study comparing afatinib with a
cytotoxic chemotherapy in first-line treatment,
which revealed very long survival of Japanese
patients with a median OS of 46.9 months,6-1!
and the ARCHER 1050 trial, in which an analysis
in Japanese patients showed that the median sur-
vival was not reached in the dacomitinib group,
indicating very long OS.® In addition, the OS
curves of Japanese patients in the afatinib or dac-
omitinib group in these two studies were very
close to the OS curve of Japanese patients in the
SOC group in the FLAURA trial.81%11 From
these results, the OS of Japanese patients who
start first-line treatment with a second-genera-
tion EGFR-TKI may be reproducibly better than
the OS in the osimertinib group in the FLAURA
trial. On the other hand, osimertinib was hardly
used as subsequent treatment in the LUX-Lung
3 or ARCHER 1050 trial. This suggests that
first-line treatment with a second-generation
EGFR-TKI followed by treatment with osimerti-
nib in T790M-positive patients can be expected
to result in longer OS than shown by the existing
OS data of second-generation EGFR-TKIs in
Japanese patients.

In addition to the speculation based on the find-
ings obtained from past clinical trials, other rea-
sons for anticipated longer OS after first-line
treatment with afatinib than after first-line treat-
ment with osimertinib in Japanese patients are
explained in the Discussion below, especially in
terms of EGFR-TKI rechallenge,!0-12:13 and dif-
ference of adverse events in clinical practice.%-10:14

On the other hand, it is speculated that this study
is extremely significant in terms of tumor and host
immunological aspects. Recently, immune check-
point inhibitor (ICI)-based combination therapy
is expected to be a very effective treatment subse-
quent to afatinib, even if osimertinib cannot be
used, because the efficacy may be higher after
afatinib than after osimertinib, as described below.
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At present, more therapeutic options are available
than were at the time the FLAURA trial was being
conducted, and ICIs are now used for EGFR
mutation-positive lung cancer. The IMpower150
trial has suggested that cytotoxic chemotherapies
combined with an ICI and a vascular endothelial
growth factor inhibitor (VEGFI) are promising for
EGFR-mutant lung cancer.!5

It was also reported that the tumor antigen-specific
cytotoxicity of T lymphocytes cultured with tumor
cells expressing the tumor antigen (OVA), to
which the lymphocytes are specific, was enhanced
by first- and second-generation EGFR-TKIs.1¢ In
other words, it is suggested that EGFR-TKIs may
be beneficial to antitumor immunity. In this regard,
since EGFR is expressed in regulatory T cells, a
subset of T cells, afatinib, which acts not only on
lung cancer cells but also on various other cells
with wild-type EGFR, may be more likely to stim-
ulate CD8 T cells to damage lung cancer cells by
inhibiting the activity of regulatory T cells than osi-
mertinib, which acts exclusively on EGFR muta-
tion-positive lung cancer cells.!” Indeed, afatinib
has been demonstrated to activate CD8 T cells
most strongly in all EGFR-TKIs, including osi-
mertinib.!® Furthermore, DS8201a, an anti-HER2
agent, increased the expression of dendritic cell
markers and major histocompatibility complex
(MHC) class I in tumor cells, and induced acquired
immunity to reject implanted tumor cells in an
allograft model, suggesting that DS-8201a may
enhance tumor recognition by T cells.!8 Therefore,
HER?2 inhibition, like EGFR inhibition, may be
beneficial to host immunity. Afatinib, an irreversi-
ble pan-ErbB inhibitor, strongly inhibits not only
EGFR but also HER2.1° In contrast, osimertinib-
induced inhibition of HER2 is very limited.20
Taken together, afatinib is highly expected to be
immunologically more beneficial to subsequent
ICI-based combination therapy than osimertinib.
To verify the immunological dynamics of tumors
and hosts, exploratory immunomonitoring through
peripheral blood mononuclear cells (PBMCs) will
also be performed, before, during, and after treat-
ment in all patients to investigate differences in
effects of afatinib versus osimertinib on the immune
environment dynamically. This information is
expected to characterize the immune environment
associated with response to afatinib, osimertinib,
or ICIs in EGFR mutation-positive patients.

Considering the aforementioned assumptions, it
is clinically questionable whether first-line treat-
ment with osimertinib is truly beneficial to

Japanese patients for the purpose of prolonging
OS. However, no head-to-head study of second-
generation EGFR-TKI oersus third-generation
EGFR-TKI has been conducted. Therefore, we
have planned a randomized comparative study to
test the hypothesis that first-line treatment with
afatinib is superior to that with osimertinib in
terms of OS in Japanese patients.

Heat on Beat, the title of this study, is an abbrevia-
tion for Hypothesis generative head-to-head study
comparing Efficacy of Afatinib and osimerTinib
based On immuNological Biomarkers in Japanese
NSCLC patients with EGFR mutATions.

Methods

The Heat on Beat trial is a randomized, open-
label, multicenter, phase II study to compare OS
between initial treatment with afatinib and osimer-
tinib in treatment-naive patients with advanced or
recurrent EGFR mutation-positive NSCLC
(Figure 1). We have planned this study based on
the hypothesis that first-line treatment with afatinib
followed by osimertinib or ICI-based combination
therapy is more likely to contribute to prolonged
OS than first-line treatment with osimertinib.

After confirming cytological or pathological
NSCLC, genetic analysis will be performed using
a companion diagnostic kit (Cobas® EGFR
Mutation Test v.2, Roche Molecular Diagnostics;
or Oncomine™ Dx Target Test multi CDx sys-
tem, NeoGenomics Laboratories). EGFR muta-
tion-positive patients aged 20 years or older with a
performance status (PS) of 0-1 will be rand-
omized to the following two groups:

e Group A: first-line treatment with afatinib
at a daily dose of 40 mg until response eval-
uation criteria in solid tumors (RECIST) or
clinical progressive disease (PD);

e Group B: first-line treatment with osimerti-
nib at a daily dose of 80 mg until RECIST
or clinical PD.

In both groups, the dose will be interrupted or
reduced according to toxicity at the discretion of
the treating physician. Blood for PBMC sampling
will be collected from all patients before first-line
treatment, 1 month after the start of treatment,
and before second-line treatment following PD.

In Group A, re-biopsy for detection of T790M
mutation is mandatory to determine whether to
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Figure 1. Study schema of the hypothesis generative head-to-head study comparing the efficacy of afatinib
and osimertinib based on immunological biomarkers in Japanese NSCLC patients with EGFR mutations (Heat

on Beat) study.

EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; 0S, overall survival; PBMC, peripheral blood
mononuclear cells; PD, progressive disease; PFS, progression-free survival; PS, performance status; Tx, treatment; W,

week.

use osimertinib for second-line treatment. Tissue
biopsy is recommended because of its high sensi-
tivity, but liquid biopsy is acceptable if direct
biopsy is risky due to lesion site or size. In this
study, tissue or plasma T790M mutation can be
determined by ultrasensitive digital polymerase
chain reaction, in addition to the Cobas assay
used in clinical practice.

T790M-positive patients are required to receive
protocol treatment with osimertinib until RECIST
or clinical PD. The regimen is the same as that for
initial treatment in Group B. On the other hand,
T790M-negative patients are not required, but
recommended, to receive ICI-based combination
therapy as carboplatin, paclitaxel, bevacizumab
and atezolizumab in the IMpowerl150 trial.

The co-primary endpoints are 3-year survival rate
and characterization of immune environment

associated with response to afatinib, osimertinib,
or ICIs. The secondary endpoints are PFSI,
PFS2, ORR, OS, time to discontinuation of treat-
ment or death 1 (TDT1), TDT2, and time to
first subsequent therapy or death. Stratification
factors include PS, sex, presence or absence of
brain metastases, and EGFR mutation type. A
total of 100 treatment-naive patients with EGFR
mutation-positive advanced NSCLC will be ran-
domized to receive afatinib or osimertinib in a 1:1
ratio. Enrollment in the study will start in May
2020 at 30 sites in Japan and continue for 1 year,
with 3years of follow-up GRCT: s031190221).

Eligibility criteria

Enrollment eligibility criteria for the study are as
follows: age =20years; histologically or cytologi-
cally confirmed metastatic or locally advanced
NSCLC (Stage IIIB/C, IV, or postoperative
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recurrence); an EGFR mutation (common or
uncommon, except for de novo T790M expres-
sion); Eastern Cooperative Oncology Group PS
of 0 or 1; adequate bone marrow, renal, and
hepatic functions; and life expectancy of at least
3 months. No systemic treatment. For example,
irradiation of brain metastases is acceptable for
local treatment. In Group A, re-biopsy is manda-
tory before second-line treatment. Tissue biopsy
is preferable, in principle, but liquid biopsy is
acceptable if re-biopsy of the relevant lesion is
difficult.

Randomization

Patients will be randomized to Group A or Group
B offered on-site and issued with a participant
identification number.

Statistical considerations

The primary purpose of this phase II study is to
evaluate the superiority of first-line afatinib to
first-line osimertinib in terms of OS. This study is
based on the results of the Japanese subset in the
LUX-Lung 3 trial, which showed a 3-year OS of
62% for the afatinib arm, and of the Asian subset
in the FLAURA trial, which showed a 3-year OS
of 50% for the osimertinib arm. With a statistical
power of 70% and a one-sided a error of 30%, we
estimated that a total of 100 patients would be
required for this study, with 50 patients in each
arm. The data analysis will be conducted on an
intention-to-treat basis. There will be no interim
analysis.

Study assessments

For objective tumor assessment, imaging will be
performed every 8 weeks until 24 weeks from ini-
tial drug administration, and also required every
12weeks after 24weeks until RECIST PD or
clinical PD using RECIST v.1.1 for reference. In
cases of radiological progression (according to
RECIST v.1.1) without clinical worsening, ongo-
ing treatment will be permitted as beyond PD.

Analytical methods

Blood sample analysis

Samples will be collected into heparinized CPT
Vacutainer tubes (Becton Dickinson Vacutainer
Systems, NJ, USA) and will be centrifuged at 1500
X g for 20min at room temperature to separate

PBMUC:s from erythrocytes and granulocytes over a
Ficoll gradient. PBMCs will be frozen at —80°C in
Cellbanker2 (Nippon Zenyaku Kogyo Co., Ltd.,
Fukushima, Japan) and the frozen cells will be
transferred into a liquid nitrogen tank within
1week. For T cell subset analyses, cells will be
incubated for 32—48h in culture medium consist-
ing of RPMI1640 and 10% FCS before cell
staining.

Cells will be stained with the following mAbs
using a FACSCalibur flow cytometer (Becton
Dickinson, NJ, USA): fluorescein isothiocyanate
(FITC)-conjugated anti-CD3 (HIT3a) and anti-
CD4 (RPA-T4), phycoerythrin (PE)-conjugated
anti-CD8 (RPATS) and anti-CD25 (M-A251),
PE-Cy7-conjugated anti-CD25 (MA251), PE-
Cy5-conjugated anti-CD62L (Dreg 56; all from
BD Pharmingen, NJ, USA), and FITC-conjugated
anti-CD62L (Dreg 56; eBioscience, CA, USA).
Cell-surface phenotypes will be analyzed by direct
immunofluorescence staining of 1 X 10° cells with
fluorophore-conjugated mAbs. In brief, cells will
be stained with fluorophore-conjugated mAbs in
100mL of FACS buffer, PBS supplemented with
5% FCS, for 30min at 4°C. Samples will be
immediately washed twice with 1.0mL FACS
buffer. Samples will be prepared for intracellular
staining using a FoxP3 fix and permeabilization
kit in accordance with the manufacturer’s instruc-
tions (eBioscience, CA, USA) and will be stained
at 4°C. After washing twice with FACS buffer,
samples will be fixed using 0.5% paraformalde-
hyde in PBS. The gating strategy is shown in
Supplemental Material Figure S1 online. From
each sample, 10,000 cells will be analyzed using a
FACSCalibur, LSR Fortessa flow microfluorom-
eter, and Flow]Jo software (Becton Dickinson, NJ,
USA).

Cell purification

Blood for PBMC sampling will be collected from
all patients before first-line treatment, 1 month
after the start of treatment, and before second-
line treatment following PD. CD4" T cells will
be purified through negative selection using a
human CD4" T cell isolation kit (Dynabeads
Untouched Human CD4" T Cells Kit, 11346D)
in accordance with the manufacturer’s instruc-
tions (Dynal Biotech, WI, USA). CD4" T cells
will be further separated into CD62Lhish and
CD62LIv cells using anti-CD62L. mAb-coated
microbeads and a MACS system (Miltenyi
Biotec, Gladbach, Germany), following the
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manufacturer’s suggested procedure. Cell puri-
ties will all be >90% by FCM analysis.

Mass cytometry

The mAbs to be used for Helios™ mass cytometry
(Fluidigm, CA, USA) analysis, as of June 2020,
are listed in Supplemental Table S1. Up to
2.5 X 106 cells will be stained with mass cytometry
antibodies in accordance with the manufacturer’s
instructions. In brief, a 50-mL volume of 198Pt
monoisotopic cisplatin (Fluidigm, CA, USA) in
PBS will be added directly for a final concentration
of 2.5 mmol/L for 5min. Samples will be immedi-
ately washed twice with Maxpar Cell Staining
Buffer (Fluidigm, CA, USA). Cells will be stained
with mass cytometry antibodies for 30 min at room
temperature. For intracellular staining, samples
will be prepared using a FoxP3 fix and permeabili-
zation kit as described above before staining. After
washing twice with Maxpar Cell Staining Buffer,
samples will be fixed using 1.6% paraformalde-
hyde in PBS supplemented with 100 nmol/L irid-
ium nucleic acid intercalator (Fluidigm, CA,
USA). Following fixation, cells will be washed
twice with 0.5% BSA PBS and 0.1% BSA water
and will be resuspended in 0.1% BSA water.
Twenty thousand cells will be subjected to viSNE
analysis and heatmap analysis using a Helios mass
cytometer (Fluidigm, CA, USA) and Cytobank
software (Cytobank Inc., CA, USA).

Statistical analysis

SAS 9.4 (SAS Institute Inc., NC, USA) and Prism
8 (GraphPad, CA, USA) will be used to conduct
statistical analyses. Data will be expressed as
means = SEM, unless otherwise indicated. Tests
for differences between two populations will be
performed using Student’s z-test. Multiple-group
comparison will be performed using one-way
analysis of variance with Tukey post hoc analysis.
The prediction formula will be developed using
the discovery cohort data with a logistic regression
model. The performance of the prediction for-
mula will be evaluated using the independent vali-
dation cohort data. Survival curves will be
estimated using the Kaplan—Meier method. All
p-values will be two-sided, and p<<0.05 will be
considered statistically significant.

Discussion
This is the world’s first phase II trial comparing
second- with third-generation EGFR-TKI for

advanced EGFR-mutant NSCLC. Especially in
Japanese patients, anticipated longer OS after
first-line treatment with afatinib than after first-
line treatment with osimertinib may be explained
in terms of the following reasons: first, since
rechallenge with an EGFR-TKI is covered by
health insurance in Japan, rechallenge with an
effective EGFR-TKI can be repeated without
limit. In the FLAURA trial, rechallenge with an
EGFR-TKI may have contributed to prolonged
OS in the SOC group in Japanese patients.!? The
appropriateness of rechallenge with an EGFR-
TKI in the SOC group may be supported by the
following facts: it is known that treatment with
osimertinib is followed by expression of many
resistance genes that confer insensitivity to other
EGFR-TKIs, including afatinib, whereas treat-
ment with a first- or second-generation EGFR-
TKI is followed by frequent expression of
resistance genes, including T790M mutation,
that confer sensitivity to other EGFR-TKIs. 1213
Indeed, the proportion of patients rechallenged
with an EGFR-TKI in Japanese patients in the
FLAURA trial was 30% in the osimertinib group
and 80% in the SOC group. Second, in the
FLLAURA trial, the incidence of osimertinib-
related interstitial pneumonia was higher in
Japanese patients (12%) than in the overall popu-
lation (4%), and the rate of treatment interrup-
tion due to all adverse events was also higher in
Japanese patients (29%) than in the overall popu-
lation (13%).%1° It is already known that the risk
of EGFR-TKI-related interstitial pneumonia is
higher in Asians than in non-Asians,!* and osi-
mertinib is found to be associated with a higher
risk of interstitial pneumonia than conventional
EGFR-TKIs.

We have also planned to examine the differential
effects of afatinib and osimertinib on systemic
immunity by serial PBMC collection and subse-
quent immune monitoring for each case to iden-
tify the patients who seems to be effective for ICI
and cytotoxic chemotherapy combination treat-
ment for NSCLC patients with EGFR mutations.
Consequently, our study would provide a major
impact on clinical practice.
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