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Abstract

Background: A few retrospective studies have indicated that neoadjuvant chemotherapy (NAC) in breast cancer
may change biomarker profiles of the primary tumor. Little is known about the status of HER-2 gene of the
synchronous nodal metastases when that of the residual tumor undergoes negative conversion in a neoadjuvant
setting.

Case presentation: We describe a female patient with left breast cancer (T2N2M0) who underwent negative
conversion of HER-2 in the primary tumor instead of the synchronous nodal lesions after NAC. Core needle biopsy
showed invasive ductal carcinoma with HER2 immunohistochemistry (IHC) (2+) and amplified HER-2 gene
determined by fluorescence in situ hybridization (FISH). Then, the patient underwent 4 cycles of anthracycline- and
taxane-based NAC and subsequent left modified radical mastectomy. Postoperative pathology showed invasive
ductal carcinoma involving 4 of 12 surgically excised axillary lymph nodes with HER2 IHC (1+) and FISH negative
(HER2 gene not amplified) in the residual tumor of the breast specimen. Due to the negative genic switch of HER2
after NAC, the patient rejected to accept trastuzumab. Under the patient’s consent, the synchronous nodal lesions
were further investigated and showed HER2 IHC(−) but FISH positive (HER-2 gene amplified). Therefore, the patient
agreed to accept adjuvant trastuzumab treatment every 3 weeks for 1 year.

Conclusions: We propose further assessment of HER2 gene in the synchronous nodal metastases, especially when
negative genic switch of HER-2 occurs in the primary tumor after NAC in order to tailor the systemic regimens for
breast cancer patients.
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Background
Neoadjuvant chemotherapy (NAC) is utilized in the con-
text of locally advanced breast cancer to downstage tu-
mors, improve operability, and increase the chance of
breast-conserving surgery [1]. Patients receiving NAC
shared equivalent disease progression and overall sur-
vival with those only receiving post-operative chemo-
therapy [2]. In early breast cancer, anthracycline and/or
taxane-based regimens in a neoadjuvant setting provides
information about the tumor’s sensitivity to chemother-
apy and clinical outcomes after post-operative systemic
therapy [3–5]. Approximately 15% of patients have
achieved complete remission of the primary tumor and
acquired better clinical outcomes by NAC [6, 7].
Recently, a trend has emerged in distinguishing prog-

nostic factors by studying alterations of biomarkers in re-
sidual tumoral lesions. A few retrospective studies [8–11]
have suggested that NAC in breast cancer may change
biomarker profiles of the primary tumor. But, little is
known about the status of the HER-2 gene of the
synchronous nodal metastases after NAC when that of the
residual tumor undergoes negative conversion [12],
which poses a challenge to the inclusion of trastuzu-
mab in the systemic therapy regimens. This issue has
been significant in recent years due to the common
usage of trastuzumab in HER-2 positive tumor, and
decreased HER2 expression in invasive breast cancer
after NAC has been noted [11, 13]. Given that senti-
nel lymph node biopsy or axillary lymph node dissec-
tion are performed in standard surgical practice and
routine pathological assessment of nodes is carried
out to evaluate the axillary surgical staging, this case
report shows that there may be additional benefit to
perform molecular testing on nodal metastases,
especially when both HER-2 gene and its oncogenic
receptor of the primary tumor underwent negative
conversion after NAC.
Here, this case study reported on the loss of HER-2

gene in the primary focus of breast cancer after NAC
and meanwhile, we found by FISH that HER-2 gene was
still amplified in the synchronous metastatic axillary
lymph nodes. Then, the patient agreed to accept trastu-
zumab every 3 weeks for 1 year.

Case presentation
A 61-year-old female was hospitalized with a 1-month his-
tory of left-sided breast lump. Physical examination re-
vealed a lump, 2 cm away from the nipple, about
4.0 × 3.0 cm in size, irregular on surface, hard in
consistency, almost immobile and no tenderness in the
outer upper quadrant of the left breast accompanied by a
hard, fixed, and painless lymph node, about 2.0 cm × 1.5 cm
in size, in the left axilla. Both breast ultrasonography and
mammography supported the diagnosis of breast cancer.

Then, she was diagnosed with breast cancer (T2N2M0) by
core needle biopsy; no distant metastases were found dur-
ing therapy and follow-up. Core needle biopsy of the mass
revealed moderately differentiated invasive ductal adeno-
carcinoma of non-specific type. Immunohistochemistry
(IHC) showed estrogen receptor (ER) 80% (+), progester-
one receptor (PR) 40% (+), human epidermal growth
factor receptor 2 (HER-2) (2+) (Fig. 1a), Ki67 20% (+), and
P53 (−). HER-2 gene was amplified (HER-2 gene/CEP17
ratio: 2.34) as determined by fluorescence in situ
hybridization (FISH) (Fig. 1b). Then, the patient under-
went 4 cycles of NAC (cycled every 21 days) with TEC reg-
imens (epirubicin 75 mg/m2 IV day1, cyclophosphamide
500 mg/m2 IV day1, docetaxel 75 mg/m2 IV day2)
followed by left modified radical mastectomy. Excised bi-
opsy revealed moderately differentiated invasive ductal
adenocarcinoma of non-specific type, grade 2, score of 6
points (NOTTINGHAM COMBINED HISTOLOGICAL
GRADE) with left axillary lymph nodes metastases (4/12).
IHC performed on the surgically excised primary tumor
showed ER 60% (+), PR 5% (+), HER-2 (−) (Fig. 1c), ki67
5% (+), and P53 (−). HER-2 gene was shown to be non-
amplified (HER-2 gene/CEP17 ratio: 1.88) as detected by
FISH (Fig. 1d). Due to the negative conversion of HER-2
status of the primary tumor after NAC, the patient
rejected to accept targeted therapy with trastuzumab.
Under the patient’s consent, we further submitted the
metastatic axillary lymph nodes for IHC, showing ER 90%
(+), PR 60% (+), HER-2 (−) (Fig. 1e), ki67 20% (+), and
P53 10% (+). FISH was finally performed on the synchron-
ous metastatic axillary lymph nodes to detect the actual
status of HER-2 gene, revealing that the HER-2 gene was
still amplified (HER-2 gene/CEP17 ratio: 2.21) (Fig. 1f).
The patient received trastuzumab treatment (8 mg/kg IV
day1 followed by 6 mg/kg) every 3 weeks to complete a
1-year targeted therapy. She received local/regional irradi-
ation and adjuvant hormonal therapy following adjuvant
chemotherapy. There exists no evidence of recurrence in
her follow-up clinical evaluation thus far, 1 year after diag-
nosis. All the pathology, IHC and FISH, were determined
by the Clinical Diagnostic Pathology Center and Center
for Molecular Medicine Testing of Chongqing Medical
University of China.

Discussion
In this patient, HER2 status of the primary tumor con-
verted from positivity to negativity after NAC, which is
in accordance with the results of one preclinical study
[13] showing that paclitaxel downregulated HER2
expression in MDA-MB 453 cells and one retrospective
study by Niikura et al. [14], which showed that 21.4% of
HER-2 positive primary tumor had lost HER-2 expres-
sion in a neoadjuvant setting, and strongly supported
the necessity to retest HER-2 status of residual tumor
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after neoadjuvant therapy in order to accurately deter-
mine appropriate utilization of anti-HER-2 therapy. The
primary tumor of the patient after NAC was proved to
be HER-2 negative by IHC and FISH. And then, the pa-
tient rejected to accept trastuzumab. Similarly, in the
study of Niikura et al. [14], 28% of patients whose cancer
lost HER-2 expression in a neoadjuvant setting did not
receive trastuzumab treatment. Indeed, HER-2 status has
been widely and successfully established in certified
diagnostic pathology laboratories; potential diagnostic
pitfalls of this “simple” marker can often occur in a neo-
adjuvant setting due to the modulatory effect of NAC on
HER-2 expression of the primary tumor [8–12] and

intratumoral heterogeneity [10, 15]. We appreciate the
productive work of Niikura et al. [14] in throwing light
upon the phenomenon of negative conversion of HER2
status in residual tumors after NAC and its potential in-
fluence on the inclusion of trastuzumab in systemic
therapy regimens. In the absence of synchronous nodal
metastases, their study bears much significance because
negative genic switch of HER2 in residual tumors after
NAC poses a challenge to the utilization of targeted
therapy with a proportion of patients whose cancer lost
HER2 expression after NAC in their study not receiving
trastuzumab. But in the presence of synchronous nodal
metastases, the situation becomes more complicated

Fig. 1 a HER-2 IHC (2+) of the core needle biopsied tissues of the primary tumor (IHC, *200). b Amplification of HER-2 gene (HER-2 gene/CEP17
ratio: 2.34) detected by FISH in core needle biopsied tissues of the primary tumor (green spots represent signals of centromeric chromosome 17
while red ones stand for that of HER-2 gene). c HER-2 IHC (−) of the surgically excised primary tumor after neoadjuvant chemotherapy (IHC, *200).
d HER-2 gene of the surgically excised primary tumor after neoadjuvant chemotherapy was not amplified (HER-2 gene/CEP17 ratio: 1.88, the
average number of HER-2 gene per cell: 4.73) as determined by FISH. e HER-2 IHC (−) of the synchronous metastatic axillary lymph nodes after
neoadjuvant chemotherapy (IHC, *200). f HER-2 gene of the synchronous metastatic axillary lymph nodes was amplified (HER-2 gene/CEP17 ratio:
2.21) as determined by FISH. Intratumoral heterogeneity was indeed evaluated by observing the distribution of HER-2 gene within tumoral
histological sections by fluorescent microscopy. The two signals were scattered in distribution without focal concentrations and clusters, showing
no obvious spatial heterogeneity of HER-2 gene. One hundred cells of the tumoral histological sections were analyzed for HER-2 gene positivity.
The total number of HER-2 gene signal and the average number of HER-2 gene that each cell harbored were counted and so were for CEP-17.
HER-2 gene/CEP-17 ratio was calculated. According to the updated 2013 CAP/ASCO guideline on HER-2 testing [27], HER2/CEP17 ratio cutoff for
amplification of HER-2 gene was lowered to ≥ 2.0 and an average HER-2 gene copy number criterion for amplification of HER-2 gene (≥ 6.0/cell)
was introduced. FISH testing protocol were obtained from Beijing GP Medical Technologies, Ltd./China Medical Technologies Inc. Beijing, China
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because metastatic tumor cells that originate from the
HER-2 positive primary tumor prior to NAC may still
harbor amplified HER2 gene. Various studies [16–18]
have revealed certain discrepancies of HER2 expression
between primary tumors and synchronous nodal
metastases in the absence of chemotherapy, ranging
from 0 to 9%. Little is known about the status of HER-2
gene of synchronous nodal metastases in a neoadjuvant
setting, as confirmation of this oncogene in nodal lesions
is crucial under the condition in which HER-2 gene sta-
tus of the primary tumor converted from amplification
to non-amplification after NAC [12]. So, we shifted our
attention to the pathologically confirmed metastatic le-
sions within axillary lymph nodes (4/12). In order to
optimize the patient’s clinical outcomes, the synchron-
ous nodal metastases were submitted for IHC, only to
find the nodal lesions shared the same negative HER-2
status with the primary tumor, which indicated that
HER-2 protein expression of nodal lesions was also sup-
pressed by NAC, as Oldham et al. [13] demonstrated
that paclitaxel downregulated HER2 expression in
MDA-MB 453 cells. Finally, FISH was performed and
confirmed amplification of HER-2 gene of the synchron-
ous nodal metastases. Then, the patient agreed to
receive trastuzumab. This discrepancy between HER-2
gene and its oncogenic receptor as revealed by IHC and
FISH, respectively, was in accordance with one study
[19] indicating that the HER-2 expression at the tran-
scriptomic level is not always parallel to that at the
proteomic level based on ERBB2 mRNA analysis after
neoadjuvant systemic therapy, thus emphasizing that
conclusions drawn from proteomic level should be
further investigated in genomic and transcriptomic level.
We speculated that suppression of HER2 protein expres-
sion of the nodal lesions in a neoadjuvant setting in this
patient was possibly contemporary and the oncogenic
receptor would soon be regained following a cessation of
chemotherapy, due to the persistent amplification of
HER-2 gene in nodal lesions.
Aitken et al. [20] confirmed by breast tissue micro-

array (TMA) and matched node TMA that biomarkers’
status of metastatic nodal lesions could be a more accur-
ate measurement for guiding adjuvant therapy. It is
postulated that biomarker profiles expressed by locore-
gional nodal lesions are more indicative of the biological
behaviors of distant micro-metastases and circulating
tumor cells (CTCs) that are more invasive and closely
correlated with the potential clinical outcomes [21, 22]
and vice versa. Onsten et al. [23] elaborated two cases in
which gene expression profiles of CTCs bore better re-
semblance to that of the nodal metastases than the pri-
mary tumor when molecular discordance between CTCs
and the primary tumor were investigated by reverse tran-
scription quantitative PCR. Aktas et al. [24] demonstrated

that detection and evaluation of HER-2 status in CTCs by
liquid biopsy was able to make relatively accurate predic-
tion about HER-2 gene and its oncogenic receptor status
on metastases in a prospective open non-randomized
study. Investigation of the biology of CTCs is significant,
as a classical genetic model of human cancer progression
is provided by the analysis of CTCs development [25].
White et al. [26] demonstrated that disseminated tumor
cells isolated at the time of diagnosis shared the same sub-
clonal cell DNA copy number aberration with relatively
large proportions of breast cancer cells in the lymph node
metastases.
While the necessity to retest the HER2 status of re-

sidual tumors after NAC to tailor the utilization of anti-
HER2 therapy is being emphasized [14], the possibility
always lost sight that synchronous nodal metastases, dis-
tant micrometastases, and even CTCs, if any, which ori-
ginate from the HER2 positive primary tumor, may still
harbor tumor cells that are HER2-gene amplified.

Conclusions
This case report highlights, in a neoadjuvant setting, the
significance of further assessment of HER-2 gene in the
synchronous nodal metastases, especially when negative
genic switch of HER-2 occurs in the primary tumor in
order to formulate a more tailored adjuvant therapy, thus
improving the patient’s outcome. Even if HER-2 gene
status of synchronous nodal metastases undergoes nega-
tive conversion, whether to adopt the protocol of
trastuzumab-containing adjuvant therapy still remains un-
certain, because we are still not sure whether it can com-
pletely represent the characteristics of the distant
metastatic cancer cells or CTCs. Prospective studies of
HER-2 gene analyses among various matched lesions (i.e.,
primary tumors, synchronous nodal metastases, distant
micro-metastases, and CTCs) in a neoadjuvant setting are
needed for further study. Furthermore, a randomized con-
trolled trial on whether to adopt the protocol of
trastuzumab-containing adjuvant therapy among patients
whose cancer lose HER2 expression not only in the pri-
mary tumor but also in the synchronous metastatic nodal
lesions after NAC should be carried out.
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