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Abstract 
Utilization of circulating tumor DNA as a novel and noninvasive test for diagnosis confirma-
tion, therapy selection, and cancer surveillance is a rapidly growing area of interest. In the 
wake of FDA approval of a liquid biopsy test, it is important for clinicians to acknowledge the 
obvious clinical utility of liquid biopsy for cancer management throughout the course of the 
disease. This case report describes a female with invasive ductal adenocarcinoma of the 
breast, where liquid biopsy was instrumental for her cancer characterization and personalized 
therapy selection. © 2017 The Author(s) 
 Published by S. Karger AG, Basel 
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Introduction 

The breast cancer incidence has been reported to be up to 1.7 million annually across 
the globe [1]. Breast cancer is a heterogeneous group of neoplasms and is one of the few 
tumor types in which molecular classification has successfully been used to design and per-
sonalize therapies, leading to major improvements in survival. 

HER2 gene amplification, hence protein overexpression, is present in approximately 15–
20% of breast tumors [2]. HER2 amplification usually appears first in atypical ductal hyper-
plasia and ductal carcinoma in situ [3], and is associated with comedocarcinoma and aggres-
sive invasive cancers. The most attractive component of this marker is that it qualifies pa-
tients for anti-HER2 treatment. Anti-HER2 therapy (e.g., trastuzumab) in combination with 
chemotherapy has been shown to reduce recurrence, metastases, and mortality [4, 5], as 
well as improve survival in metastatic disease [6, 7]. 

Given the impact that anti-HER2 treatment may have on patients, according to NCCN as 
well as CAP/ASCO recommendations, HER2 testing must be performed on every primary 
invasive carcinoma and on a metastatic site in stage IV cases. In addition, NCCN guidelines 
recommend re-testing of recurring HER2-negative patients for HER2 status conversion from 
negative to positive. Eligibility to anti-HER2 agents strictly depends on the demonstration of 
HER2 overexpression (by immunohistochemistry) or of HER2 gene amplification by in situ 
hybridization (ISH) techniques such as FISH/CISH. However, approximately 20% of cases by 
FISH are considered as “equivocal,” which may lead to the preclusion of anti-HER2-based 
therapy for some patients. In addition to equivocal cases, there are scenarios when HER2 is 
wrongly considered as negative due to either ISH assay failure or the phenomenon of tumor 
heterogeneity. Here we address the tumor heterogeneity phenomenon in a female with an 
invasive ductal adenocarcinoma of the breast. The issue became evident to us when conflict-
ing results were obtained by liquid biopsy and ISH assay. Circulating tumor DNA sequencing 
results triggered revision of the negative HER2 ISH results, which led to further studies and 
ultimately positive ISH results for HER2 amplification.  

Case Report 

A 48-year-old female presented to the Kaohsiung Hospital (Taiwan) with left breast 
mass in 2012. The biopsy was performed to confirm invasive ductal carcinoma of the breast. 
Subsequently, the patient underwent modified radical mastectomy, and surgical specimen 
was submitted to the pathology. The patient’s cancer was stage pT2N2M0, and the tumor 
was classified as invasive ductal adenocarcinoma with 85% of ER+ and 60% PR+ expression, 
and negative HER2/neu. 

 The patient refused systemic chemotherapy and was treated with tamoxifen for nearly 
2 years followed by Xeloda for a year; however, her disease progressed. Subsequent exci-
sional biopsies of left supraclavicular lymph nodes (2015) demonstrated infiltrating invasive 
ductal adenocarcinoma of the breast with 55% of ER+, 10% of PR expression with negative 
HER2 and 60% of Ki67. Given the lack of compliance and refusal to systemic intravenous 
chemotherapy, the patient was given gonadotropin-releasing hormone agonist with tamoxi-
fen, followed by Navelbine for about 3 months. Four years into the course of the disease, she 
suffered from general malaise, developed multiple skin nodules and elevated tumor markers 
(CA-153: 1,230 U/mL). PET scan showed multiple neck, mediastinal, retroperitoneal lymph 
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node metastases, osteolytic lesions, bilateral lung metastases, and peritoneal seeding with 
massive ascites (Fig. 1). 

The patient was biopsied over the left chest wall, which confirmed to be invasive carci-
noma of no special type with 7% of ER expression, negative PR and “negative” HER2 by CISH. 
At the same time, peripheral blood was drawn for circulating tumor DNA sequencing in 
plasma. The sample was sent to the CellMax Life laboratory (Taipei) for the liquid biopsy test 
called Oncolbx, where cell-free DNA was extracted from plasma and sequenced using 
CellMax Life proprietary SMSEQ technology for 73 genes. The patient’s liquid biopsy results 
were discordant with chest wall biopsy findings as there was a significant gain (approxi-
mately ×40) in gene copy variation observed in the ERBB2/HER2 gene (Fig. 2) by the On-
colbx test conflicting with negative ISH results for HER2 amplification. In addition to 
ERBB2/HER2, there were amplifications found in KRAS (×10) and FGFR2 (×20) genes. The 
liquid biopsy results triggered revision of the chest wall biopsy ISH test results, and new 
slides from the same lesion were stained showing HER2 signal to chromosome 17 centro-
mere signal ≥2.18, with 4.85 as an average number of HER2 gene copies per cell, and as-
signed as positive (Fig. 3). 

Based on these findings, the patient was prescribed TDM-1, which resulted in dropping 
of the CA-153 tumor marker from 513.4 to 268 U/mL. Despite marked correction of tumor 
markers, the patient’s cancer evolved rapidly and the patient expired after about 1 month 
from the anti-HER2 treatment. 

Discussion 

It is obvious that more superior molecular assays are needed to determine the HER2 sta-
tus. Based on the promising data available on anti-HER2 regimens, this patient might have 
greatly benefited from anti-HER2 treatment if administered timely at an early stage.  

It is clear that the metastatic lesion from the chest wall displayed intratumoral hetero-
geneity in this patient, and if liquid biopsy was not performed, ISH test results would not be 
challenged.  

This case demonstrates not only intratumoral heterogeneity within one metastatic le-
sion, but also heterogeneity between primary and metastatic lesions, since primary tumor 
was reported as HER2 negative based on the ISH assay. Primary tumor tissue was not avail-
able for further examination; hence, we do not know whether the intratumoral heterogenei-
ty was also present within the primary lesion. 

This case demonstrates a significant clinical utility of alternative assays such as liquid 
biopsy for assessing the complete mutational profile of a tumor during the course of the 
disease. 

Circulating tumor DNA provides crucial genetic information as a tissue biopsy but with 
some major advantages [8]. First, it is a mixture of tumor DNA derived from multiple tumor 
sites representing tumor genome broadly compared to a localized biopsy, which introduces 
the sampling bias. Second, peripheral blood draw is a minimally invasive procedure, allow-
ing serial and longitudinal profiling of a tumor genome, for monitoring of tumor burden, 
assessment of heterogeneity as well as evaluation of response or resistance to treatment [9]. 

Liquid biopsy comes truly handy in a clinical setting when dealing with the intratumoral 
and intermetastatic tumor heterogeneity phenomenon. Tumor heterogeneity may potential-
ly lead to an incomplete picture of the mutational profile of the malignancy, hence provide 
no information that is critical for planning of targeted therapy regimens if only tissue analy-
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sis is utilized [10]. Based on the sampled tissue during the course of the disease, this pa-
tient’s breast cancer varied across the sites sampled for hormone receptor expression; pri-
mary tumor tested strongly positive for ER/PR at the time of diagnosis; however, subse-
quent biopsy of supraclavicular lymph node showed much lower expression of ER/PR and 
very diminished expression of the same markers in the chest wall biopsy specimen. It is pos-
sible that HER2 expression was also variable among primary and metastatic lesions; hence, 
tumor heterogeneity was present. Besides tumor heterogeneity, it is noteworthy to mention 
that these biopsies were spatially distributed during 4 years through the course of the dis-
ease, which raises the possibility that cancer had evolved and changed its mutational profile 
hence phenotype due to clonal evolution. This is a clear example why only sampling tissue 
may not be an ideal way of assessing tumor markers for therapeutic purposes during the 
course of the disease, and how noninvasive liquid biopsy can help to track tumor evolution 
and assess the complete mutational profile of primary as well as metastatic lesions at any 
point of the course of the disease. 
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Fig. 1. The 18F fluorodeoxyglucose (FDG) PET scan from the head to pelvis revealed FDG uptake in the 
midline-to-left anterior chest wall, left pleura with effusion; metastatic lymph nodes in bilateral neck re-
gions, bilateral axillary chains, left internal mammary chain, mediastinum/bihilar regions, and retroperito-
neum; osteolytic metastases in C3, C4, T10; bilateral lung metastases; peritoneal/abdominal wall seeding 
with massive ascites. 
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Fig. 2. Comparison between expected normal values of ERBB2 gene copies (10,000–20,000) versus signifi-
cantly increased observed counts of ERBB2 gene (~50,000) found in this patient’s plasma using single 
molecular sequencing technology (SMSEQ). 
 
 

 

Fig. 3. This is a representative image of Her2 chromogenic in situ hybridization test performed on the chest 
wall biopsy. Average number of HER2 gene copies per cell observed: 4.85. Average copy number of chro-
mosome 17 per cell: 2.25. HER2/CEP17 ratio: 2.18. The ratio of HER2 signal to chromosome 17 centro-
mere signal observed ≥2.0, hence HER2 gene amplification is considered positive. 
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