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Abstract
Patients with EGFR-mutated non-small cell lung cancer (NSCLC) exhibit resistance to
EGFR-tyrosine kinase inhibitors (TKIs) within 9–14 months of therapy. Recently,
EGFR-mutated NSCLC has demonstrated the potential for heterogeneity; therefore, the
manner of clonal heterogeneity may impact the duration of progression-free and overall
survival and other parameters affecting EGFR-TKI treatment efficacy. However no pre-
dictive biomarker of these favorable treatment efficacies has been identified to date. The
exosome-focused translational research for afatinib (EXTRA) study aims to identify a
novel predictive biomarker and a resistance marker for afatinib by analyzing data from
association studies of the clinical efficacy of afatinib and four “OMICs” (genomics, pro-
teomics, epigenomics, and metabolomics) using peripheral blood from patients treated
with afatinib. This study aims to: (i) conduct comprehensive multi-OMIC analyses in a
prospective clinical trial, and (ii) focus on both sera/plasma and exosome as a source
for OMIC analyses to identify a novel predictor of the efficacy of a specific drug. To
eliminate the carryover bias of prior treatment, systemic treatment-naïve patients were
enrolled. The candidates to be screened for biomarkers comprise a discovery cohort of
60 patients and an independent validation cohort of 40 patients. The EXTRA study is
the first trial to screen novel biomarkers of longer treatment efficacy of EGFR-TKIs
using four-OMICs analyses, focusing on both “naked or free” molecules and “capsu-
lated” exosomal components in serially collected peripheral blood.
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Introduction

Lung cancer is the leading cause of cancer-related death
and globally 85% of all lung cancer patients are diagnosed
with non-small cell lung cancer (NSCLC). Recent advances
in targeted therapy for NSCLC have led to the develop-
ment of precision medicine with high efficacy and
decreased toxicity at reasonable cost. In the 2000s, targeted
therapy was developed for EGFR. Since 2009, EGFR muta-
tion discovery has increased the survival of patients treated
with EGFR-targeted therapy more than three-fold com-
pared to those treated with conventional cytotoxic
chemotherapy.1,2

Patients with EGFR-mutated advanced NSCLC demon-
strate 9–11 months of progression-free survival (PFS) with
first-generation EGFR-tyrosine kinase inhibitors (TKIs).3

Recently, two important trials using second-generation
EGFR-TKIs reported > 12 months of PFS. It is important
to note that the Kaplan–Meier curve deviates after
12 months, resulting in a 20% PFS rate after two years with
second-generation EGFR-TKIs.4,5

Afatinib, a second-generation EGFR-TKI, targets the
adenosine triphosphate-binding site of the tyrosine kinase
domain of EGFR, leading to irreversible inhibition of
EGFR activation. Moreover, afatinib selectively targets
ERBB2, ERBB3, and ERBB4, as well as EGFR (ERBB1).
Signal transduction by the ERBB family is presumed to be
overexpressed in cancer cells and is related to cancer-
mediated proliferation, angiogenesis, apoptosis inhibition,
invasion, and metastasis. Afatinib is thought to inhibit sig-
nal transduction accompanying tyrosine kinase phosphory-
lation following the heterodimerization of ERBB family
members (ERBB1–ERBB4), but is not functional with the
homodimerization of ERBB3. Originally, second-
generation EGFR-TKIs were developed to treat patients
with a broad spectrum of EGFR gene mutations and to
overcome the EGFR-TKI resistance resulting from
acquired EGFR T790M mutation. However, the clinical
efficacy of afatinib to overcome the resistance compared to
first-generation EGFR-TKIs has proven disappointing,
because the inhibitory activity of afatinib on EGFR T790M
has been insufficient in a clinical setting.6 Despite this
drawback, accumulating essential scientific evidence
regarding the use of first-generation EGFR-TKIs suggests
that a single EGFR mutation is responsible for activation in
NSCLC. The results of clinical trials of afatinib have gradu-
ally suggested clinical differences in each EGFR-TKI. First,
the presence of exon 19 and 21 EGFR mutations exhibits a
differential therapeutic effect when using EGFR-TKIs. The
overall survival (OS) of patients with advanced EGFR
mutations treated with second-generation afatinib was lon-
ger in two combined phase III trials.7 Second, as previously
described, in clinical trials comparing afatinib and

dacomitinib, patients had similar median PFS but the two-
year PFS rate was greater when using a second-generation
EGFR-TKI than when using a first-generation EGFR-TKI.
In addition, osimertinib, a third-generation EGFR-TKI
proven in the AURA-3 study to overcome T790M with a
common EGFR-TKI resistance mechanism,8 demonstrated
superior PFS compared to first-generation EGFR-TKIs in
patients with previously untreated EGFR mutation-positive
NSCLC in the FLAURA study.9 Although OS in the
FLAURA study is not yet conclusive, osimertinib is consid-
ered the standard treatment for previously untreated com-
mon EGFR mutation-positive NSCLC. The positioning of
osimertinib is thus established but not definitive. In the
GIOTAG study (NCT03370770), which used real-world
data, an EGFR-TKI sequential strategy of afatinib followed
by osimertinib showed 46.7 months of survival when a
T790M mutation appeared.10 Moreover, new evidence of
post-osimertinib resistance has demonstrated low plausibil-
ity of EGFR-TKI rechallenge and atezolizumab in combi-
nation with carboplatin/paclitaxel/bevacizumab in
subgroup analysis of EGFR mutation (Impower150). In the
analysis, patients previously treated with osimertinib were
not included, and the reproducibility of the trial is uncer-
tain.11 Immune checkpoint inhibitors for EGFR mutations
have lower efficacy than those harboring driver mutations;
therefore, the optimal “sequential” strategy for EGFR
mutation-positive NSCLC, including EGFR-TKIs and
immune checkpoint inhibitors, is yet to be confirmed
based on biological plausibility and new biomarker
exploration.
In 1983, exosomes were reported as granular molecules

used to excrete unwanted cellular substances;12 however, in
2008, it was revealed that exosomes deliver capsules includ-
ing microRNAs and other molecules.13 Exosomes are now
regarded as a means of intercellular communication,
whereas it was previously thought that intercellular com-
munication occurred via proteins (e.g. cytokines or hor-
mones). Exosomes consist of proteins, nucleic acids, lipids,
and other cell components14 and are secreted in various
biological fluids, including blood, saliva, urine, and breast
milk.15 The function of exosomes is related to various bio-
logical processes, including antigen presentation,16

apoptosis,17 angiogenesis,18 inflammation,19 and coagula-
tion.20 Moreover, specific gene transduction and the
exchange of proteins or lipids to target cells can induce
downstream signal transduction.13,21,22 For example,
exosome-containing encapsulated nucleic acids
(e.g. microRNA and messenger RNA) derived from cancer
cells can promote cancer progression, influence metastatic
organs,23 and inhibit immune responses.13,21,22 Moreover, it
is suggested that exosomes are stable biomarkers because
of their lipid bilayer, which protects them from enzymatic
degradation.
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It remains unclear which predictive factors contribute to
longer survival or how resistance to afatinib is acquired. In
a phase II study comprising patients with platinum-
resistant metastatic urothelial cancers, afatinib was associ-
ated with better treatment efficacy in patients harboring
ERBB2 (HER2/neu) and ERBB3 mutations compared to
those expressing wild-type copies of these genes.24 In a
phase II study of patritumab (U3-1287, an anti-ERBB3
antibody) and erlotinib combination treatment, 24% of
previously treated NSCLC patients harboring EGFR muta-
tions demonstrated elevated levels of heregulin, a ERBB3
ligand.25 This investigation suggested that 20–30% of
patients with previously treated NSCLC harbor an EGFR
mutation and demonstrate activated ERBB3 signaling with
elevated levels of heregulin. Afatinib potentially inhibits
the activated ERBB3 signaling pathway in vivo, whereas
erlotinib does not. A retrospective analysis reported that
among patients with an EGFR mutation, those who also
had a p53 mutation had shorter survival.26

With regard to the mechanism of acquired resistance, it
remains unclear why a T790M mutation is acquired fol-
lowing treatment with a first-generation EGFR-TKI27–29 or
why C797S and L792F mutations are acquired following
treatment with osimertinib, a third-generation EGFR-
TKI.30

To clarify the different mechanisms underlying treat-
ment efficacy and the development of resistance to EGFR–
TKIs, a translational approach using a combination of
“OMIC” analyses, including genomics, proteomics, epige-
nomics, and metabolomics, is required. The results of this
large cohort, multi-center institutional exosome-focused
translational research for afatinib (EXTRA) study could
provide strategies to improve the clinical outcomes for
patients with advanced NSCLC who have an EGFR
mutation.

Methods/Design

Objectives

We intend to investigate the mechanisms underlying long-
lasting treatment efficacy and acquired resistance to afati-
nib by evaluating free and exosome-encapsulating mole-
cules (e.g. DNA, proteins, and metabolites) in the
peripheral blood of patients with advanced or recurrent
NSCLC with an EGFR mutation. Multi-OMIC analyses will
be applied to the samples to conduct an association study
of treatment efficacy.
Our primary objective is to identify a predictive bio-

marker and a resistant factor associated with longer OS
after afatinib treatment. The secondary objectives are to
elucidate relationships between the generated OMIC data
and treatment response rates, disease control, PFS time,

response duration, time to response, and treatment dura-
tion. We will also assess the appropriate source of OMIC
analysis between the free molecules of sera/plasma and
exosome-packaged molecules. This study is registered in
UMIN-CTR (UMIN000024935).

Eligibility criteria

Enrollment was limited to patients: aged ≥ 20 years; with
histologically or cytologically confirmed metastatic or local
advanced NSCLC; with an EGFR mutation (common or
uncommon); Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1; and adequate bone marrow, renal,
and liver function. Patients previously treated for advanced
diseases were excluded.
The ethics committees at Teikyo University and each

institution approved this study and written informed con-
sent was obtained from each patient.

Study design and treatment plan

The EXTRA study, a prospective, single-arm, observational
study, is currently underway. Serial liquid biopsies were
obtained from patients with advanced or recurrent
advanced NSCLC harboring EGFR mutations treated with
afatinib as their first-line treatment (Fig 1). Afatinib was
initially used at a dose of 40 mg/day; the dose was adjusted
according to toxicities observed by the investigators.
The primary efficacy endpoint is to identify a novel pre-

dictive biomarker for OS after afatinib treatment via a
comprehensive association study using multi-OMIC data.
We obtained 33 mL of peripheral blood from registered
patients before treatment (baseline); eight weeks following
treatment; and at the point of disease progression, intolera-
ble toxicity, or withdrawal of consent. All collected blood
samples included 3 mL for serum isolation and six 5 mL
samples for plasma isolation. We plan to enroll 60 patients
in the discovery cohort and 40 in the independent valida-
tion cohort, and data for interim analysis should be avail-
able by the end of 2018.

Expected results

First, using comprehensive multi-OMIC analyses, novel
markers associated with the efficacy of and resistance to
afatinib treatment should be revealed. Second, recently
proposed predictors for afatinib treatment, that is, ligands
of ERBB family receptors and somatic gene alterations of
ERBBs, will be evaluated for their feasibility as biomarkers.
Third, a novel approach using exosomal DNA from
peripheral blood to detect EGFR-TKI resistance-associated
mutations should effectively assess sensitivity and specific-
ity compared to the standard method using circulating free
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DNA. Finally, concordant results of proteomic, epige-
nomic, and metabolomic analyses using sera/plasma-
derived and exosome-derived molecules will be obtained.

Analytical methods

Multi-OMIC analyses will be performed using both sera/
plasma and exosome-capsulated molecules collected from
patients treated with afatinib as follows: (i) liquid
chromatography-mass spectrometry (LC/MS)-based prote-
omics analysis; (ii) next-generation sequencing for 508 can-
cer-associated genes; (iii) genome-wide DNA epigenomics
analysis using a methylation array; and (iv) LC/MS or
LC/MS/MS-based comprehensive metabolome analysis of
metabolites. Using clinical data of efficacy and after obtain-
ing OMIC data, statistical association analysis will be per-
formed to identify candidates that achieve a good outcome
after afatinib treatment. Additionally, using archived speci-
mens, we will analyze drug sensitivity and resistance by

evaluating their relationship to the molecular expression
within cancer tissue. Alternatively, if disease progression
occurs after treatment with afatinib, immunohistochemical
analysis will be performed using a re-biopsied specimen.
The large amount of data obtained from four OMIC

layers will be statistically analyzed to find a robust clinical
predictive marker of afatinib using the following framework:
1 We will select molecular signatures and analyze biologi-
cal pathways.

2 We will then select molecules from these signatures in
the pathways with a significance probability in order to
select functional molecules that exhibit differences
between the two groups.

3 We will perform model selection based on the general-
ized linear mixed model,31 where the explanatory and
objective variables are the outcomes of afatinib and the
selected molecules, as stated above, respectively. Bio-
markers will be selected from the variables in the
models.
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Figure 1 Study schema of the exosome-focused translational research for afatinib (EXTRA) study. LC-MS, liquid chromatography-mass spectrometry;
NSCLC, non-small cell lung cancer; PD, progressive disease.
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4 If several mathematical models are selected under the
criterion of model selections, we will further construct a
predictor of models by boosting.32

The procedure will be performed for each OMIC to
obtain a model for each of the four layers. The four layers
of data will not be integrated to construct the model
because data includes noises that are specific to each layer
and because the integrated model includes variables from
different layers that will not be practically used in the clini-
cal sense. Instead, we plan to select a model from the four
models in consideration of clinical usage, such as sampling
burden and measuring cost.
As a coordinated multi-center investigation, the EXTRA

study is designed to explore and link OMIC data generated
in an academic setting with clinical data acquired at several
community hospitals. It will attempt to uncover the mech-
anisms underlying EGFR-TKI resistance, as well as the bio-
logical mechanisms responsible for the differential
response to afatinib developing in a clinical setting. We will
focus on the role of exosomes and their contribution to
resistance mechanisms; particularly, we will explore DNA
methylation and acquired mutations other than EGFR.
This approach will hopefully allow us to understand the
mechanisms of resistance that develop in NSCLC patients
and highlight potential mutations that can be targeted by
novel therapeutics.
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