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Background: The addition of anti-human epidermal growth factor receptor 2 (HER2)-targeted drugs, such as trastuzumab, lapatinib,
and trastuzumab emtansine (T-DM1), to chemotherapy significantly improved prognosis of HER2-positive breast cancer patients. However,
it was confused that metastatic patients vary in the response of targeted drug. Therefore, methods of accurately predicting drug response
were really needed. To overcome the spatial and temporal limitations of biopsies, we aimed to develop a more sensitive and less invasive
method of detecting mutations associated with anti-HER?2 therapeutic response through circulating-free DNA (cfDNA).

Methods: From March 6, 2014 to December 10, 2014, 24 plasma samples from 20 patients with HER2-positive metastatic breast cancer
who received systemic therapy were eligible. We used a panel for detection of hot-spot mutations from 50 oncogenes and tumor suppressor
genes, and then used targeted next-generation sequencing (NGS) to identify somatic mutation of these samples in those 50 genes. Samples
taken before their first trastuzumab administration and subsequently proven with clinical benefit were grouped into sensitive group. The
others were collected after disease progression of the trastuzumab-based therapy and were grouped into the resistant group.

Results: A total of 486 single-nucleotide variants from 46 genes were detected. Of these 46 genes, phosphatidylinositol 4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA), proto-oncogene c-Kit (KIT), and tumor protein p53 (7P53) were the most common mutated
genes. Seven genes, including epidermal growth factor receptor (EGFR), G protein subunit alpha S (GNAS), HRas proto-oncogene (HRAS),
mutL homolog 1 (MLH]I), cadherin 1 (CDH1), neuroblastoma RAS viral oncogene homolog (NRAS), and NOTCH1, that only occurred
mutations in the resistant group were associated with the resistance of targeted therapy. In addition, we detected a HER2 S8551 mutation
in two patients who had persistent benefits from anti-HER?2 therapy.

Conclusion: Targeted NGS of cfDNA has potential clinical utility to detect biomarkers from HER2-targeted therapies.
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vary in the response to those targeted therapies. What is more,
it is inevitable for them to develop resistant to anti-HER?2
treatment.[ Therefore, accurately predicting response of
anti-HER? treatment is necessary. The ideal way is a genomic

INTRODUCTION

Breast cancer with human epidermal growth factor receptor
2 (HER?2) positive is characterized by high malignant degree

and poor prognosis. Available data suggest that the incidence
of breast cancer for HER2 overexpression is approximately
20-25%." Fortunately, clinical studies data have shown that
in these subgroup’s patients, the addition of anti-HER2-targeted
drugs, such as trastuzumab, pertuzumab, trastuzumab
emtansine (T-DM1), and lapatinib, to chemotherapy
significantly improves both progression-free survival and
overall survival in primary and metastatic settings.*>! Despite
effectiveness, it is confusing that different metastatic patients
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scan which can reflect the overall tumor’s information clearly.
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Although tumor tissue through biopsies is the gold standard
for clinical and investigational genomic scans, they have
significantly inherent limitations. Biopsies, as the invasive
procedure for patients, are inconvenient, uncomfortable,
and accompanied with clinical complications.[”? All of
those contributed to the difficulty of tissues acquisition.
In addition, the repeatability of tissue biopsy remains a
problem. Furthermore, as tumor tissue is a single snapshot
in time and space, there are spatial and temporal limitations
due to heterogeneity of tumors.’®1 To overcome these
barriers, a less invasive technique capable of capturing tumor
heterogeneity and molecular changes of cancer cells when
they are exposed to systemic therapy is needed.” ! With the
advantages of being less invasive, real-time, and dynamic,
circulating-free DNA (cfDNA) detection has become the
promising method for predicting therapeutic response and
is expected to be an alternative of tissue biopsies.' The
development of next-generation sequencing (NGS) has
enabled the detection of ¢cfDNA which represents somatic
mutations of individual tumors.!"""!%

MeTtHoDS

Patient selection and plasma sample collection
Eligible patients were 18-75 years old women with
HER2-positive metastatic breast cancer currently undergoing
anti-HER2-targeted treatment at Affiliated Hospital of
Academy of Military Medical Sciences. Other eligibility
criteria included the presence of measurable disease (RECIST
criteria), performance status of 0—2 (World Health Organization
criteria), and normal coagulation function. Patients were
excluded from the study if they had clinical evidence of active
brain metastasis or a clinically serious concurrent illness and
history of previous cancer. HER?2 positive was defined as
either gene amplification by fluorescence in situ hybridization
or protein overexpression by immunohistochemistry. All
treatments and radiographic examinations were performed as
part of standard clinical care. All participants provided written
informed consent to participate in the study.

Ten milliliters of peripheral blood was collected from
prepatient into ethylenediaminetetraacetic acid-containing
tubes. Blood samples were immediately stored in a 4°C
environment within 2 h after collection and then centrifuged
at 3200 xg for 15 min at 4°C. Plasma was carefully removed
and stored at —80°C in 1 ml aliquots in 1.5 ml tubes for
c¢fDNA detection of further processing.

DNA extraction and library preparation

Briefly, DNA was extracted from 1 ml of plasma samples
using the QIAamp circulating nucleic acid kit (Qiagen,
Hilden, Germany) and 200 ul of peripheral blood
leukocytes (PBL) of patients using the QlAamp DNA
Blood Mini Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s recommendations. Then, the extracted
DNA was eluted into 50 pl buffer AVE (Qiagen, Hilden,
Germany) and stored at —20°C. DNA quantity was
measured using Qubit 2.0 Fluorometer (Life Technologies,
CA, USA) according to the manufacturer’s instructions.

The concentration of cfDNA per milliliter of plasma and
DNA per milliliter of PBL was calculated. The targeted
sequencing libraries were generated using DNA Seq NGS
Library Preparation kit for Amplicon Sequencing-Illumina
Compatible (Gnomegen, San Diego, USA) according to the
manufacturer’s protocol. The starting material consisted of
10 ng DNA for PBL samples which represented for germline
DNA and of 0.5 ng for the cfDNA samples.

Sequencing assay

We used a commercialized and already validated panel
which has been designed to amplify 207 amplicions covering
approximately 2800 COSMIC mutations from 50 oncogenes
and tumor suppressor genes.'® Samples passing quality
control (QC) were then bidirectionally sequenced on the
Hiseq2000 (Illumina, CA, USA) instrument, including the
germline cfDNA that was derived from leukocyte lysis and
the somatic cfDNA. Those sequencing data were expected
to achieve at least 1000 coverage per target amplicon for
PBL samples and 10,000 coverage per target amplicon for
plasma samples.

Sequencing data analysis and variant calling
Sequencing data after QC and filtrating were aligned
independently to the human genome (hgl9) by
Burrows-Wheeler Alignment tool (Sanger Institute,
Cambridge, UK) in pair-end mode. Single-nucleotide
polymorphisms (SNPs) were identified using VarScan
(Genome Institute, St. Louis, USA), and a receivable
mutation was called after filtration if it met all the following
conditions: coverage >100x; no strand bias; P < 0.1 by
binomial test; SNP frequency >0.1%.

Single-nucleotide variants (SNVs) are quantitated as
mutation allele frequency (AF) which is the number of
cfDNA fragments divided by the number of wild-type DNA
fragments that overlap the same mutated nucleotide base
position. A somatic mutation was called if the AF was
>2% with minimum coverage up to 1000x in plasma and
the AF was <10% with minimum coverage to 100x in PBL.

ResuLts

Patient characteristics

From March 6, 2014 to December 10, 2014, 24 plasma
samples from 20 patients fulfilled the study criteria. Of
these 24 samples, eight were grouped into sensitive group
and the others were grouped into the resistant group. Four
blood samples were collected twice from the resistant cases.
They were collected after either the disease progression of
trastuzumab or both trastuzumab and lapatinib. The clinical
details and results of all imaging performed during the study
were collected. All 24 plasma samples’ demographics and
treatment details at the time of collection are shown in Table 1.

The mutational prevalence of 50 genes

We compared SNVs from cfDNA with matched lymphocytes
of patients as a source of germline DNA. A total of
486 somatic nonsynonymous mutations of 46 genes were
detected in the 24 blood samples [Figure 1]. No mutations
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Table 1: Characteristics of 24 plasma samples from
20 patients with HER2-positive metastatic breast cancer

Parameters

Resistant
group (n = 16)
46.5 (38.0-71.0)

Sensitive
group (n = 8)
48.5 (27.0-61.0)

Age (years), median (range)
Hormone receptor status, n (%)

ER or PgR positive 3(37.5) 12 (75.0)

ER and PgR negative 5(62.5) 4(25.0)
Metastatic sites, n (%)

Visceral 8 (100.0) 11 (68.8)

Nonvisceral 0(0.0) 5@31.2)
Lines of therapy, n (%)

1 8 (100.0) 0(0.0)

2-3 0(0.0) 4 (25.0)

>3 0(0.0) 12 (75.0)
Prior anti-HER? therapy

Trastuzumab alone 0(0.0) 8(50.0)

Trastuzumab and lapatinib 0(0.0) 8(50.0)

HER?2: Human epidermal growth factor receptor 2; ER: Estrogen receptor;
PgR: Progesterone receptor.

were identified in G protein subunit alpha 11 (GNAII),
colony-stimulating factor 1 receptor, anaplastic lymphoma
receptor tyrosine kinase (4LK), or nucleophosmin genes.
There were 26 genes which were detected containing less
than 10 SNVs (2%). These 26 genes contained fibroblast
growth factor receptor 1, G protein subunit alpha q, RB
transcriptional corepressor 1, ABL proto-oncogene 1, B-Raf
proto-oncogene, fibroblast growth factor receptor 3, guanine
nucleotide-binding protein alpha stimulating (GNAS), HRas
proto-oncogene (HRAS), fms-related tyrosine kinase 3, AKT
serine/threonine kinase 1, ret proto-oncogene, cadherin
1 (CDH]I), cyclin-dependent kinase inhibitor 2A, HER2,
enhancer of zeste 2 polycomb repressive complex 2 subunit,
isocitrate dehydrogenase 1, isocitrate dehydrogenase 2, MET
proto-oncogene, mutL homolog 1 (MLH1I), neuroblastoma
RAS viral oncogene homolog (NRAS), catenin beta 1, janus
kinase 2, NOTCH 1, protein tyrosine phosphatase nonreceptor
type 11, janus kinase 3, and MPL proto-oncogene.
Interestingly, the percentage of all these 26 genes’ SNVs
was 27%, which was twice as much as the most common
mutated phosphatidylinositol 4,5-bisphosphate 3-kinase
catalytic subunit alpha (PIK3CA) gene (11%).

All samples harbored at least one mutation (mean
20, range 1-51) and the mean detected AF was 3.9%
(range 2.0-31.7%). The most frequent alteration identified
were PIK3CA, followed by proto-oncogene c-Kit (KIT),
and tumor protein p53 (7P53). The mutational prevalence
of 50 genes identified varied widely from 100% to 0%
and reflected a long tail of biomarkers showing substantial
genetic differentiation [Figure 2].

Targeted therapy response-associated alterations

We next addressed whether the repertoire of somatic genetic
alterations identified in the analysis of cfDNA would reflect
anti-HER2-targeted therapy response in advanced breast
cancer patients.

TP53
7%

Figure 1: The constitution ratio of 486 somatic mutations detected from
24 plasma samples. *Genes that owe less than 10 single-nucleotide
variants (2%), those genes contain fibroblast growth factor receptor 1
(FGFRT), G protein subunit alpha g (GNAQ), RB transcriptional corepressor
1 (RBT), ABL proto-oncogene 1 (ABLT), B-Raf proto-oncogene (BRAF),
fibroblast growth factor receptor 3 (FGFR3), guanine nucleotide-binding
protein alpha stimulating (GNAS), HRas proto-oncogene (HRAS),
fms-related tyrosine kinase 3 (FLT3), AKT serine/threonine kinase 1 (AKT),
ret proto-oncogene (RET), cadherin 1 (CDH1), cyclin-dependent kinase
inhibitor 2A (CDKN2A), ERBB2, enhancer of zeste 2 polycomb repressive
complex 2 subunit (EZH2), isocitrate dehydrogenase 1 (I/DH7), isocitrate
dehydrogenase 2 (IDH2), MET proto-oncogene (MET), mutL homolog 1
(MLH1), neuroblastoma RAS viral oncogene homolog (VRAS), catenin
beta 1 (CTNNBT), janus kinase 2 (JAK2), NOTCH1, protein tyrosine
phosphatase nonreceptor type 11 (PTPN77), janus kinase 3 (JAK3),
and MPL proto-oncogene (MPL).

Comparing the SNV from sensitive group with that from
resistant group, we found seven genes’ mutations that only
occurred in the resistant group. These 7 resistance-associated
genes included epidermal growth factor receptor (EGFR),
GNAS, HRAS, MLH1, CDH1, NRAS, and NOTCH [Figure 3].
Seven resistant samples (43.7%) were found to harbor eleven
EGFR mutations: four in exon 7 (p.V292M, p.K284E,
p-V292E, and p.G288D), four in exon 18 (p.I1706T, p.R705G,
p.E711K, and p.G696E), two in exon 19 (p.L760F and
p.P7418S), and one in exon 21 (p.A822V). Four samples (25%)
harbored seven GNAS mutations: three in exon 7 (p.R186H,
p.D181G, and p.N203S) and four in exon 8 (p.R216L,
p-M206V, p.R216C, and p.D214N). Four samples (25%)
contained seven HRAS mutations: five in exon 2 (p.S17N,
p-GI12S, p.T2A, p.N26S, and p.V9A) and two in exon 3 (p.
D54N and p.Q61X). We detected four different CDH1
mutations in three samples (19%): two in exon 8 (p.V345A
and p.A348V) and two in exon 3 (p.R74Q and p.R90Q).
Three resistant samples harbored four MLHI mutations in
exon 11 (p.FI55S, p.Q168K, p.V143D, and p.S160N). In
addition, we also detected three NOTHCI mutations in two
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resistant samples: p.VI1599M in exon 26 and p.S1689P and
p-V1676A in exon 27 as well as four NRAS mutations in two
samples: two in exon 2 (p.F28S and p.V14A) and two in exon
3 (p.F78L and p.A66T). The potential genes’ function and the
potential therapeutic strategies while harboring those genetic
mutations are shown in Table 2.

In addition, as all the samples we collected were HER?2
overexpressed, we paid special attention to the mutation
of this gene. Four samples harbored three different HER?2
mutations, and among those mutational samples, two had the
same p.S8551 mutation which was never reported previously
[Figure 4]. It was encouraging to see that these two patients
received longest time of effective therapy combined with
anti-HER2-targeted agents in this trial.

Patient R2 was diagnosed with metachronous bilateral
invasive breast cancer on October, 2008 and immediately

received systemic treatment. Unfortunately, 13 months after
operation, she underwent a local recurrence. Subsequently,
she received therapy of lapatinib (1250 mg, PO, daily)
combined with capecitabine (1500 mg, PO, twice daily
days 1-14 cycled every 21 days) and reached to clinical
complete response (CR) 8 months later. We collected the
plasma sample during this line therapy for cfDNA detection.
It was 48 months later that she got disease progression
(new metastatic bone lesion) [Figure 5a].

Patient S8 was first diagnosed with stage I'V breast cancer.
She achieved clinical CR in primary and live lesions and
subsequently was proved to achieve pathological complete
response in breast after 8 cycles’ therapy combined with
trastuzumab (440 mg, IV, day 1, every 21 days). Later, we
collected the plasma sample during her following first-line
maintenance therapy of trastuzumab (440 mg, IV, day 1,
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Figure 2: Mutational prevalence of 24 human epidermal growth factor receptor 2-positive breast cancer patients’ plasma samples from 46 genes.

Table 2: Seven anti-HER2 therapy resistance-associated genes and its potential function

Gene Resistant Potential gene function Potential therapeutic
group, n (%) strategies
CDHI 3(19.0) The CDH1I gene encodes a transmembrane glycoprotein E-cadherin that maintains None
Ca*-dependent cell—cell adhesion in epithelial tissues!'”!
EGFR 7 (43.7) This gene encodes a protein that is a receptor for members of the epidermal growth TKI
factor family. Binding of the protein to a ligand induces receptor dimerization and
tyrosine autophosphorylation and leads to cell proliferation
GNAS 4 (25.0) Inhibit the adenylyl cyclase-stimulating activity of guanine nucleotide-binding protein None
G(s) subunit alphal!®!%
HRAS 4(25.0) It relates to the transforming genes of mammalian sarcoma retroviruses. Ras proteins MET inhibitors
bind GDP/GTP and possess intrinsic GTPase activity
MLHI 3(19.0) It may play a role to recruit the DNA polymerase I1I to the site of the MMR 2% PARP inhibitors
NOTCHI1 2 (13.0) It encodes a member of the notch family that play a role in a variety of developmental None
processes by controlling cell fate decisions!?!!
NRAS 2 (13.0) It encodes a membrane protein that shuttles between the Golgi apparatus and the plasma MET inhibitors

membrane. Ras proteins bind GDP/GTP and possess intrinsic GTPase activity

HER?2: Human epidermal growth factor receptor 2; CDH1I: Cadherin 1; EGFR: Epidermal growth factor receptor; GNAS: Guanine nucleotide-binding
protein alpha stimulating; HRAS: HRas proto-oncogene; MLH1: mutL homolog 1; NRAS: Neuroblastoma RAS viral oncogene homolog; MMR: Measles,
Mumps, Rubella; TKI: Tyrosine kinase inhibitor; PARP: Poly ADP-ribose polymerase.
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every 21 days) combined with capecitabine (1500 mg, PO,
twice daily days 1-14 cycled every 21 days). Encouragingly,
she got 35-month response to trastuzumab therapy until her
lung lesion mildly growing up [Figure 5b].

Discussion

The characteristics of breast cancer tumors are critical in
determining appropriate treatment options and predicting
patient prognosis. Currently, the hormone receptor status
and HER?2 expression work as major biomarkers to direct
drug treatments. Yet, there is increasingly more evidence
showing that gene mutations play a role in predicting breast
cancer progression and response to treatment. Herein, we
demonstrated that targeted NGS of ¢fDNA had potential
clinical utility to detect biomarkers and gene alternations
which were correlative with HER2-targeted therapies, and
blood sample could be used as an alternative specimen
source for targeted gene screen in molecular screening
programs. We detected the nucleotide alterations of cfDNA
in 20 advanced breast cancer patients’ plasma samples
through targeted NGA aiming to direct targeted therapy.

The mutational prevalence of 50 genes identified varies
widely from 100% to 0%, which reflected a long tail
of markers showing substantial genetic differentiation.
Although PIK3CA, TP53, and KIT were the most common
mutational genes in HER?2 positive patients, the therapies
targeted these genes were controversial. Investigators from
PEGGY, OPPORTUNE, and FERGI reported little or no
association between PIK3CA mutation status and clinical
outcome of the P13k family-inhibitor, pictilisib.?*?* It means

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16

CDH1 38 35
EGFR 441 35 - 241
GNAS 45 9.8 .
HRAS 2.3 - 25 Tri-mutation
MLH1 9.0 3.8 I Bi-mutation
NOTCH1 33 m{‘:“ on
NRAS 26 3.0 Nonmutation

Figure 3: The landscape of the identified mutations in seven anti-human
epidermal growth factor receptor 2-targeted therapy-resistant genes.
The number shown in the box meant the mean allele frequency of the
identified mutations in that gene. R: Resistant group. EGFR: Epidermal
growth factor receptor; GNAS: Guanine nucleotide-binding protein alpha
stimulating; HRAS: HRas proto-oncogene; MLH7: mutL homolog 1;
CDH?1: Cadherin 1; NRAS: Neuroblastoma RAS viral oncogene homolog.

that those high-frequency mutations may not be driven
genes which mediate tumors development, and the therapy
targeted those genes obtained no benefits. However, those
low-frequency mutations which were uncommon event in
breast cancer probably predicted the response of targeted
therapy, such as ALK in nonsmall cell lung cancer.

Here, we detected seven mutated genes occurred only in
the resistant group and were considered to be correlative
with anti-HER? therapy resistance. Particularly, we detected
11 different EGFR mutations from 7 resistant samples.
Ritter et al.?%! have reported that trastuzumab-resistant
cells exhibited higher levels of EGFR and EGFR/HER?
heterodimers. Moreover, the phosphorylated EGFR
protein could be inhibited by the EGFR tyrosine kinase
inhibitors (TKIs) lapatinib, erlotinib, or gefitinib. Therefore,
those EGFR-mutated patients who are resistant to standard
anti-HER2-targeted treatment may benefit from TKI.*"

Another resistance-associated gene we detected, NOTCH 1,
is a well-established mediator of cell-cell communication
that plays a critical role in stem cell survival, self-renewal,
cell fate decisions, tumorigenesis, invasion, metastasis,
and drug resistance in a variety of cancers.?**! It has been
reported that resistance of human breast cancer cell lines to
HER2/neu inhibition can be mediated by activation of Notch
signaling in vitroP®*32 and in xenograft models.*! It indicated
that drugs targeting the Notch pathway may be potential
therapeutic strategies for some patients who are resistant to
current anti-HER?2 treatment. The potential gene function
and therapeutic strategies of the other 5 resistance-associated
genes are shown in Table 2.

In our trial, two patients harbored the same HER2 p.S8551
mutation obtained more benefit from anti-HER2 therapy.
Bose et al.®* had reported that most of HER2 mutations
are likely to be driver events in the breast cancer which
suggested that HER2 mutation positive patients constitute a
breast cancer subpopulation who would likely benefit from
HER?2-targeted drugs. However, it does not mean that all the
mutations were able to drive a breast cancer cell progression.
Park et al.®¥! suggested that in HER2-amplified breast
cancer patients, HER2 mutations contribute to resistance
to anti-HERZ2-directed therapy. It appeared that protein
structure and conformation makes a large contribution to
the functional effect of the mutation, with conservative
substitutions occurring in critical locations for the protein
have a large effect of HER2.B3 Therefore, whether it is an

Receptor L
domain

Furin-like cysteine
rich region

Receptor L
domain

1 52 173183 343 366

Growth factor
receptor domain

486510

1g68s°d

Protein tyrosine kinase

643 720 976 1255

Figure 4: The gene map of human epidermal growth factor receptor 2 p.S855I mutation identified in circulating-free DNA.
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Patient R2

Diagnosis with metachronous
bilateral breast cancer
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Figure 5: The clinical timeline for two metastatic breast cancer patients with the HER2 p.S855| mutation in cfDNA. (a and b) The clinical
treatment history and the dramatic effect of containing anti-HER2 agents’ regimen in the Patient R2 and S2 with HER2 activating mutation,
respectively. Values within each circle represent mutation frequency. Positron emission tomography/computed tomography scan
showed the clinical complete response in the right breast tumor of patient S8 after eight cycles’ therapy. *TPH: Docetaxel, carboplatin,
trastuzumab; RT: Radiotherapy; ANA: Anastrozole; G: Goserelin. fLX: Lapatinib, capecitabine. *TXH: Docetaxel, capecitabine, trastuzumab.
$The pathological images showed the pathological complete response in the breast tumor of patient S8 after eight cycles’ therapy.
HER2: Human epidermal growth factor receptor 2; cfDNA: Circulating-free DNA.

accidental phenomenon or a truth that patient harboring this
mutation preforms extremely sensitive to anti-HER?2 therapy
required further preclinical researches.

Moreover, the mutational prevalence of 46 genes that detected
somatic mutations in this study is higher than previously
reported though the rates reported vary widely by study.%*7
The higher prevalence of these mutations in our study could
be attributed to the following reasons: (1) the mean sequencing
depth is up to 40,000x of cfDNA samples which enables
us to detect the mutation AF as low as 2%; (2) the patients
undergoing cfDNA testing are in advanced state with relatively
heavy tumor burden; and (3) the patients met the enrollment
criteria in this study are all HER2-positive breast cancer
characterized by high malignant degree and poor prognosis.

This study had several limitations so far. First, the limited
number of samples for cfDNA detection makes the
interpretation of results should be cautiously given. Second, it
was a cohort study but not self-control design, which restricted
us to observe the biomarker difference between sensitive and
resistant of anti-HER? target treatment. Finally, it was unable
for mutation calling using tissue-based NGS as a comparison.

Although tissue-based NGS was the gold standard for
clinical and investigational sequencing, cfDNA relied on
its unique advantages was hopeful to be an alternative.
Compared with tissue-based NGS, cfDNA sequencing
was a less invasive technique capable of capturing tumor
heterogeneity and the molecular changes cancer cells.["
On the other hand, cfDNA tests may be sensitive enough
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to detect some low-frequency mutations that tissue-based
NGS could not be identified. Further studies will be needed
to perform in-depth analyses of the concordance between
tissue and cfDNA molecular results to better understand the
observations from each test.[*”]

In conclusion, we demonstrate that targeted NGS of cfDNA
has potential clinical utility to detect biomarkers and gene
alternations which are correlative with HER2-targeted
therapies, and blood sample could be used as an alternative
specimen source for targeted gene screen in molecular
screening programs.
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