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Case Report
Molecular phenotype discordance between primary  
and synchronous metastatic lesions of breast  
cancer and its determinant role in guiding  
treatment decisions: a case report
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Abstract: Molecular phenotype discordance between primary and metastatic tumors exists in a small proportion 
of breast cancer (BC) patients with accessible synchronous metastases. Reduced therapeutic effect and delays in 
treatment can occur when decisions on systemic therapy are determined by ignoring the differences in tumor type. 
Here we report a 54-year-old post-menopausal locally advanced BC patient, who showed no tumor response fol-
lowing routine treatment which included targeting anti-HER2, based on the phenotype of primary tumor (Luminal 
B, HER2-positive), during neoadjuvant therapy. However, following a secondary biopsy of the metastatic subclavian 
lymph node, a distinct pathological feature (Triple-negative) was revealed; chemotherapy was adjusted accordingly 
and resulted in a positive tumor response. Various subclones within primary and metastatic lesions were identified 
which might be attributed to tumor heterogeneity and in turn resulting in the phenotypic discordance in the receptor 
status. The patient died due to tumor progression related to triple-negative-featured lung metastasis, with overall 
survival time of 26.4 months. This study strengthens the value of concurrent biopsies of both primary and synchro-
nous metastatic lesions in BC patients, and provides a reference for treating this kind of tumor when discordance 
in the molecular phenotype is observed.
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Introduction 

Breast cancer (BC) is the most frequently diag-
nosed malignancy and the leading cause of 
cancer death among women worldwide; Ch- 
ina’s proportional contribution to global rates  
is increasing, accounting for 12.2% of all newly 
diagnosed BCs and 9.6% of all deaths from the 
disease [1, 2]. The current therapeutic model 
for treating BC involves individualized treat-
ment, which is mainly based on the molecular 
classification of the tumor [3]. Due to the het-
erogeneity of BC, the pathological molecular 
phenotypes between the primary and meta-
static lesions could be discordant, which could 
significantly impact the treatment regimen of 
BC [4]. Thus, several guidelines [5, 6] for the 

diagnosis and treatment of BC recommended 
reviewing the status of estrogen receptor (ER), 
progesterone receptor (PR), and human epi- 
dermal growth factor receptor 2 (HER2) upon 
tumor recurrence or progression. However, syn-
chronous metastasis can be discovered in 
5%-10% BC patients in clinical practice during 
the first diagnosis [7]. For these patients, clini-
cal treatment is usually established by the pa- 
thological characteristics of the primary lesion 
where the possibilities of differences between 
the primary and metastatic lesions are invari-
ably ignored [8]. Disregarding the variation bet- 
ween lesions may lead to poor therapeutic 
effect and delays in treatment time. This artic- 
le reports the diagnosis and treatment of a BC 
patient whose receptor status of the primary 
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lesion (Luminal B, HER2-positive) and meta-
static lesions, including subclavian lymph node 
and left lung (Triple-negative), were totally dif-
ferent. The report focuses on the significance 
of concurrent biopsies of primary and synchro-
nous metastatic lesions in BC patients, mecha-
nisms underlying the molecular phenotype dif-
ferences between primary and metastatic le- 
sions, and also the current knowledge for treat-
ing these types of tumors.

Case presentation

A 54-year-old post-menopausal woman was 
admitted to the local hospital for evaluation 
due to a newly discovered right breast mass in 
early March 2017. Physical examination re- 
vealed a right breast mass (6.0*5.0 cm) as well 
as enlarged right axillary and right subclavian 
lymph nodes (largest: 2.0*2.0 cm). Without 
baseline imaging assessment, a simple exci-
sion of the right breast mass was conducted 
revealing a malignant tumor. Histopathological 
analysis showed infiltrating ductal carcinoma, 
Nottingham grade II out of III, and a 7.0 cm 
diameter tumor (Figure 1A). The tumor was 
found to be ER 2+, PR 2+, HER2 2+ and Ki-67 
20% positive by immunohistochemistry (IHC) 
(Figure 1B-E). Without fluorescence in situ hy- 
bridization (FISH) analysis to confirm the status 
of HER2 gene amplification, she received sys-
temic chemotherapy with cyclophosphorami- 
de/epirubicin/5-fluorouracil (CEF) after sur- 
gery.

Two weeks following chemotherapy, she was 
referred to our institution for further medical 
help. Physical examination revealed enlarge-
ment of both right axillary and subclavian lymph 
nodes, the largest one increased to 5.0*5.0 
cm; no mass was discovered in the right or con-
tralateral breast. Positron emission computed 
tomography (PET/CT) scan revealed right axil-
lary and right subclavian lymph node metasta-
ses with no evidence of distant metastasis 
(Figure 2A, 2B). The patient had an Eastern 
Cooperative Oncology Group (ECOG) score of 1. 
Blood, liver and renal function tests, urine test 
and ECG were normal. Serum CEA and CA153 
were both within normal range. HER2 gene 
amplification status in the pathologic speci- 
men of excised breast mass was confirmed to 
be positive by FISH analysis (Figure 2C). Based 
on the patient’s molecular findings, prior thera-

peutic drug usage, health condition and treat-
ment willingness, paclitaxel and carboplatin 
combined with trastuzumab (TCH) were admin-
istrated for 2 cycles as a neoadjuvant therapy, 
but the targeted metastatic lymph node lesions 
showed no significant shrinkage.

The patient stopped treatment, due to personal 
reasons, for 3 months. The right subclavian 
lesion was increased to 12.0*8.0 cm following 
readmission. Biopsy of the right subclavian le- 
sion revealed a poorly differentiated carcino- 
ma originated from the mammary gland (Fi- 
gure 3A). The lesion was found to be ER nega-
tive, PR negative, HER2 negative and Ki-67 
90% positive by IHC analysis (Figure 3B-E). 
When reviewing the evolution of the patient’s 
molecular phenotype, we further labeled tu- 
mors of both primary and metastatic lesions 
with cancer stem cells (CSCs) molecular mark-
ers such as CD44, CD24, and ALDH1. The pri-
mary antibodies used are listed in Supple- 
mentary Table 1. The IHC results of the primary 
lesion showed CD44lowCD24+ALDH1low, while 
metastatic lesions showed CD44highCD24+AL- 
DH1high (Figure 4A-F). Moreover, a comprehen-
sive assessment of the tumor burden in the 
patient was performed and a highly radioactive 
area in the right clavicle by the emission com-
puted tomography (ECT) was observed. Consi- 
dering the patient’s disease progression, che-
motherapeutic regimens were switched to ge- 
mcitabine combined with cisplatin (GP). The pa- 
tient was also given zoledronic acid to inhibit 
bone damage. This treatment regimen signifi-
cantly ameliorated her clinical symptoms. The 
right metastatic axillary lymph node almost dis-
appeared, and the mass on the right subclavian 
area was reduced to 6.0*5.5 cm after 6 treat-
ment cycles (Supplementary Figure 1). During 
chemotherapy, the patient experienced bone 
marrow suppression (CTCAE grade 3) and re- 
covered after application of granulocyte stimu-
lating factors. Considering both efficacy bottle-
neck and side effects associated with chemo-
therapy, regional radiotherapy of the right chest 
wall was conducted. However, the disease sub-
sequently progressed by metastasizing to the 
left lung as evidenced by imaging following 
radiotherapy (Figure 5A). Following patient con-
firmation, biopsy of the left lung lesion was per-
formed and metastatic infiltrating carcinoma 
was revealed (Figure 5B). In line with the results 
of right subclavian lesion, the left lung lesion 
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Figure 1. Histopathologic characterization identified the right breast mass of the patient as a Luminal B and HER2-positive breast cancer. A. HE staining showed 
infiltrating ductal carcinoma, Nottingham grade II out of III (200×). B-E. Immunohistochemical staining showed the tumor was positive for ER (2+), PR (2+), HER2 
(2+), and Ki-67 (20%) (400×). Abbreviations: BC, breast cancer; ER, estrogen receptor; HE, hematoxylin & eosin; HER2, human epidermal growth factor receptor 2; 
PR, progesterone receptor.
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was also identified as triple-negative (Figure 
5C-E). However, an unsatisfactory staining of 
Ki-67 was observed by IHC analysis (Data not 
shown). The patient then underwent a variety of 
treatments including vinorelbine, capecitabine 
and albumin paclitaxel; however, due to into- 
lerable repeated marrow suppression (CTCAE 
grade 1-3) and hand-foot syndrome (CTCAE 
grade 3), the patient eventually abandoned 
treatment and died of advanced tumor progr- 
ession on May 5, 2019. Her overall survival 
(OS) time was 26.4 months from the first 
diagnosis.

Discussion

BC is the most common cancer among wo- 
men in China as in most other countries [2]. 
Compared with developed countries and taking 
into consideration the unevenness in the distri-
bution of medical resources in China, the level 
of diagnosis and treatment of BC in some areas 
is relatively backward; many patients cannot 
obtain the newly designed standard of care in 
early stages of disease development [2]. The- 
refore, the treatment experience of this pati- 
ent is not uncommon. She was diagnosed wi- 
th stage IIIc (cT3N3aM0, AJCC cancer staging 
manual, 7th edition) BC at her first visit. With- 
out baseline examination or biopsy of the me- 

both primary and synchronous metastatic tu- 
mors in BC patients.

Neoadjuvant chemotherapy often leads to ch- 
anges in the status of receptors in BC patients 
[9, 10], but patient data from individuals receiv-
ing less than 4-6 cycles of chemotherapy are 
lacking. The patient in this study received initial 
treatment of CEF regimen for only 1 cycle and 
was insensitive to TCH regimen from the begin-
ning. Therefore, the possibility of changes in 
the status of receptors induced by chemothera-
py, while not able to be completely ruled out, 
remains low. Molecular phenotype discordance 
between the primary and metastatic lesions 
can be found in BC patients with local metasta-
sis [8]; this may be related to the heterogeneity 
of BC. BC is a highly heterogeneous malignant 
tumor [11], and the discovery of BC stem cells 
(BCSCs) provides an important evidence for its 
heterogeneity [12]. As reported, CD44 and AL- 
DH1 are mature markers used for the identifi-
cation of BCSCs [13, 14]. These two markers 
were positively expressed in both primary and 
metastatic lesions in this case, so we consid-
ered the tumor from this patient may have origi-
nated from BCSCs. It has been shown that 
CD24 may promote invasion and metastasis of 
BC, and has been related to poor patient prog-
nosis [15]. The patient in this case showed high 
expression of CD24 in both primary and meta-

Figure 2. Imaging and molecular characteristics following the patient’s 
first visit at our institution. A and B. PET-CT scans showed heterogeneous 
fluorodeoxyglucose uptake in both right axillary and right subclavian lymph 
nodes, but not in distant organs, indicating the patient had locally advanced 
BC. C. FISH analysis confirmed HER2 gene amplification within the primary 
lesion. Abbreviations: FISH, Fluorescent in situ hybridization; HER2, human 
epidermal growth factor receptor 2; PET-CT, Positron emission tomography/
computed tomography.

tastatic regional lymph node, 
she underwent nonstandard 
surgery and chemotherapy. Fo- 
llowing surgery and chemothe- 
rapy, the patient was referred 
to our department; however, 
the right subclavian mass was 
still enlarged after neoadju-
vant treatment with TCH regi-
men according to the molecu-
lar phenotype of the primary 
tumor (Luminal B, HER2-posi- 
tive). Then, according to the 
receptor status of the right su- 
bclavian metastasis (Triple-ne- 
gative), treatment was adjust-
ed to the commonly used GP 
regimen for the treatment of 
triple-negative metastatic BC 
and the lesion rapidly shrank. 
Therefore, it is of vital signifi-
cance not only for diagnosis, 
but also for treatment, to con-
duct concurrent biopsies of 
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Figure 3. Histopathologic characterization identified the subclavian lymph node of the BC patient as a triple-negative metastatic lesion. A. HE staining revealed a 
poorly differentiated carcinoma originated from the mammary gland (400×). B-E. Immunohistochemical staining showed the tumor was negative for ER, PR, and 
HER2, but positive for Ki-67 (90%) (400×). Abbreviations: BC, breast cancer; ER, estrogen receptor; HE, hematoxylin & eosin; HER2, human epidermal growth factor 
receptor 2; PR, progesterone receptor.
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static lesions, and experienced 
local metastasis in the first di- 
agnosis which rapidly progre- 
ssed during the treatment 
stage. In view of the production 
of subclones by BCSCs with 
different phenotypes [16], we 
considered that the primary 
tumor may be composed of a 
mixture of subclones with Lu- 
mina B, HER2-overexpressed 
tumor cells and triple-negative 
tumor cells. Subclones with 
Lumina B and HER2-overex- 
pressed tumor cells were su- 
perior in number in the primary 
tumor and were easily detect-
able by a single biopsy; howev-
er, the subclones of the triple-
negative subtype were relati- 
vely small, difficult to detect, 
but more likely to metastasize 
due to high malignancy. The 
patient’s subsequent tumor 
evolution, including lung me- 
tastasis with a pathological tri-
ple-negative feature, supports 
this notion. In reviewing the ex- 
pression pattern of the BCSC 
markers, it was discovered th- 
at both CD44 and ALDH1 sh- 

Figure 4. Immunohistochemical staining of cancer stem cell markers revealed a significant difference between the 
primary lesion and metastatic subclavian lymph node. A and D. CD44 showed low expression in the primary lesion 
but high expression in the metastatic lesion, localized in both the membrane and cytoplasm of tumor cells (200×); 
B and E. CD24 showed high membranous expression in both the primary and metastatic lesions (200×); C and F. 
ALDH1 showed moderate expression in both nucleus and cytoplasm of tumor cells localized in the primary lesion; 
however, it showed high expression mainly localized to the cytoplasm of the metastatic lesion (200×). Abbreviations: 
ALDH1, aldehyde dehydrogenase; CD, cluster of differentiation.

Figure 5. Imaging and histopathologic characterization revealed a left lung 
metastasis with a triple-negative pathological feature. A. CT scan showed a 
lesion in the left lower lung, as indicated by the arrowhead; B. HE staining 
indicated the lesion as metastatic infiltrating carcinoma (400×); C-E. Im-
munohistochemical staining showed the metastatic lesion was negative for 
ER, PR, and HER2 (400×). Abbreviations: BC, breast cancer; CT, computed 
tomography; ER, estrogen receptor; HE, hematoxylin & eosin; HER2, human 
epidermal growth factor receptor 2; PR, progesterone receptor.
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owed high expression in the metastatic subc- 
lavian lesion than primary lesion. Consistent 
with the patient’s results, both biomarkers 
have been shown to enhance invasiveness and 
promote metastasis of BC cells [17-19]. Thus, 
the tumor’s biological characteristics and the 
molecular phenotype discordance suggested 
that the early metastasis likely originated from 
the small proportion of triple-negative subcl- 
ones in the primary lesion, and that metastas- 
is may be associated with the increased expr- 
ession of CD44 and ALDH1. Interestingly, we 
found that there were differences in the subcel-
lular localization of ALDH1 in the primary and 
metastatic lesions. ALDH1 was expressed in 
both nucleus and cytoplasm of primary tumor 
cells, but predominantly expressed in the cyto-
plasm of metastatic tumor cells. The mecha-
nism and significance behind this phenomenon 
remain to be elucidated. 

During the care of this BC patient, we consecu-
tively evaluated the primary and metastatic 
lesions and then switched her to an effective 
treatment regimen, which prolonged her life. 
We believe that had biopsies of both the pri-
mary and synchronous metastatic lesions been 
performed concurrently at the beginning of the 
diagnosis the treatment strategies would have 
been drastically changed. The patient would 
have had less exposure to ineffective treat-
ments, experienced a better clinical outcome 
and ultimately, her tumor progression to lung 
metastasis may have been delayed or avoided 
altogether. Coincidentally, a Korean BC patient 
was also reported to have benefited from the 
use of concurrent biopsies [20]. Therefore, this 
case report emphasizes that concurrent biop-
sies of the primary and metastatic lesions in BC 
patients with synchronous metastasis are vital 
for the overall treatment at the first diagnosis. 
For patients with discordance in the tumor bio-
markers, we recommend making treatment 
decisions based on the receptor status of the 
more aggressive metastatic lesion. We have 
shown that determining anti-cancer treatment 
on the basis of receptor status change can 
affect the disease outcome.

In summary, regarding the concept of individu-
alized therapy based on molecular phenotypes 
for BC patients, a single biopsy of the primary 
lesion may not fully reflect the whole tumor biol-
ogy and cannot meet the patient’s needs for 

diagnosis and treatment. The approach of ob- 
taining concurrent biopsies of both primary and 
synchronous metastatic lesions remains bene-
ficial for revealing the molecular pathological 
features of BC, which is crucial to decision mak-
ing and predicting prognosis based on the mo- 
lecular heterogeneity in BC. When significant 
discordance exists in the tumor biomarkers 
between primary and synchronous metastatic 
lesions, we suggest that treatment be preferen-
tially focused on the basis of receptor status  
of the aggressive metastatic lesion. This may 
affect the clinical decisions and provide a bet-
ter outcome for the patient. 
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Supplementary Table 1. Primary antibodies used in immunohistochemistry analysis and results of 
the primary and metastatic tumors

Antibody
Tumor Stain

Source/Isotype Company Dilution
Primary Metastasis

ER Strong positive Negative Mouse monoclonal antibody Fuzhou Maxim Biotech Ready-to-use
PR Strong positive Negative Mouse monoclonal antibody Fuzhou Maxim Biotech Ready-to-use
HER2 Strong positive Partial weak positive Rabbit monoclonal IgG Abcam 1:3000
Ki-67 20% positive 90% positive Rabbit monoclonal IgG Abcam 1:100
CD44 Partial weak positive Strong positive Rabbit polyclonal IgG Proteintech Group 1:500
CD24 Strong positive Strong positive Mouse monoclonal IgG1 Abcam 1:100
ALDH1 Moderate positive Strong positive Rabbit polyclonal IgG Proteintech Group 1:400

Supplementary Figure 1. The size of metastatic subclavian lymph node was shown before (A), 2 cycles (B), 4 cycles 
(C) and 6 cycles (D) after initiation of GP regimen, demonstrating gradual shrinkage of the targeted tumor lesion.


