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Introduction

Breast cancer has the highest incidence among female 
malignant tumors worldwide, of which the amplification of 
human epidermal growth factor receptor 2 (HER2+) occurs 
in approximately 20% of patients (1). Before the research 
and development of the anti-HER2 drugs, the expression 
of HER2 + in breast cancer implies a poor prognosis. The 
FDA approval of trastuzumab has placed HER-2-positive 
breast cancer with remarkably more favorable prognoses. 
However, some patients would experience disease 
progression during or after the course of trastuzumab-
based treatment. Evidence from several randomized clinical 

trials strongly suggests that there is a survival benefit 
from continuing HER2 blockade for metastatic disease in 
case of progression during or after anti-HER2 targeted 
therapies (2-5). Ado-trastuzumab emtansine (T-DM1) is an 
antibody-drug conjugate that is composed of the humanized 
monoclonal antibody trastuzumab linked to the cytotoxic 
microtubule inhibitor DM1. It has functions beyond the 
addiction of the two components, the former selectively 
and specifically delivers the latter inside the HER2+ cancer 
cells through receptor-mediated endocytosis. Once released 
inside the tumor cells, DM1 exerts its cytotoxic effect (6). 
Currently, T-DM1 is recommended as the second and latter 
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line of anti-HER2 treatment for the trastuzumab resistance 
HER2 positive metastatic breast cancer.

 Herein we report a patient with HER2-positive 
metastatic breast cancer who achieved complete clinical 
remission (cCR) with T-DM1 after progression during 
several lines of trastuzumab containing regimens therapy. 
We present the following article in accordance with CARE 
reporting checklist (available at http://dx.doi.org/10.21037/
tbcr-20-70).

Case presentation

A 38-years-old woman was diagnosed with T2N0M0, 
stage IIA invasive carcinoma of the left breast in May 2016. 
Immunohistochemistry showed ER (−), PR (−), Her2 (3+), 
Ki67 30% (+). Her mother was diagnosed with breast cancer 
at the age of 50. We developed a neoadjuvant chemotherapy 
regimen that is 4 cycles of epirubicin (epirubicin 90 mg/m2)  
and cyclophosphamide (cyclophosphamide 600 mg/m2)  
followed by 4 cycles of docetaxel and trastuzumab every 
3 weeks. When completed 3 cycles of EC, the patient 
complained of the itch of the left breast. Physical 
examination showed scattered nodules and sparse erythema 
in the lateral and central area of the left breast about  
10×10 cm in size, and the erythema spread to the entire 
left breast after the 4th cycle of EC. Magnetic resonance 
imaging (MRI) confirmed an increased thickness with 
irregular and blurred margins involving the skin and the 
subcutaneous soft tissue of the left breast (Figure 1A). 
Subsequent skin biopsy confirmed the same molecular 

subtype as breast lesions. Nevertheless having completed 
sequential 2 cycles of TH (docetaxel 90 mg/m2, trastuzumab 
8 mg/kg for the first cycle, 6 mg/kg for the second cycle), 
the erythema was enlarged, while a PET-CT reported a 
metastasis in the sternum (Figure 1B). Therefore, dual-
anti-HER2 therapy comprising trastuzumab, pertuzumab 
combined with vinorelbine, and cisplatin were administrated 
in Hongkong. After 3 cycles, the itching eased and the lump 
in the left breast was softer. But 1 month after interrupting 
the treatment for personal reasons, the erythema spread 
to the left armpit apart from the lateral and central areas 
of the breast subsequently. The treatment was replaced 
with gemcitabine and cisplatin. Then the next-generation 
sequencing (NGS) test was performed, that the formalin-
fixed and paraffin-embedded (FFPE) sample was estimated 
with a panel of 138 genes, including point mutations, 
insertions/deletions, gene amplification/loss, gene fusion 
and rearrangement in and around exons, and gene fusion 
and rearrangement on partial introns of 10 genes. The 
result revealed 10 mutations, including 3 copy number 
variants ERBB2, CDK12, and CCNE1 amplification and 
3 point mutations PIK3CA H1047R, TP53 R175H, and 
MAP3K1 S844Qfs*18. The BRCA was wild type though 
she had a positive family history (Table 1). We added 
everolimus and trastuzumab the next 2 cycles, and the 
disease was stable. Then T-DM1 (160 mg) was initiated 
every 3 weeks in March 2017. Following the first cycle, the 
skin lesions significantly reduced: the erythema was less 
extended and the lump touched softer. After 3 cycles of 
treatment, the lump couldn’t be touched. At the end of the 

A B

Figure 1 The tumor progressed to skin and sternal metastases during applying the protocol formulated originally. MIP showed a giant 
mass is significantly enhanced, involving the entire left mammary gland after 3 cycles of epirubicin in combination with cyclophosphamide. 
(A) PET-CT showed sternal metastasis and its SUVmax was 2.1 after 2 cycles of taxane and trastuzumab. (B). MIP, Maximum Intensity 
Projection; PET-CT, positron emission tomography-computed tomography.
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6th cycle, there was no evident sign on the left breast while 
the PET-CT SUVmax value of breast lesions decreased to a 
normal range and the SUVmax value of sternum metastasis 
was lower than before. The regimen lasted for 19 months 
and modified to once every 4 weeks subsequently because 
the whole evaluation reached clinical complete remission 
(cCR) and lasted for 1 year. After another 10 months, we 
recommended using T-DM1 every 3 months or interrupting 
the treatment, the patient chose the latter (Figure 2). During 
the medication, the patient regularly underwent the PET-
CT every 3 to 4 months. After stopping the treatment, 
she postponed the whole evaluation to April 2020 due to 
the epidemic of COVID-19 and remains free from disease 
with the latest PET-CT result and physical examination (in 
April 2020, Figure 3). All procedures performed in studies 
involving human participants were in accordance with 
the ethical standards of the institutional and/or national 
research committee(s) and with the Helsinki Declaration (as 

revised in 2013). The patient has given the consent for the 
case report to be published.

Discussion

Amplif ication of  human epidermal growth factor 
receptor 2 (HER2) or HER2 receptor overexpression 
occurs in approximately 20% of breast cancer, resulting 
in worse overall survival without anti-HER2 therapy. 
According to the recommendation of several international 
guidelines, anti-HER2 drugs should be contained not 
only in neoadjuvant or adjuvant therapy but also in 
salvage treatment (7,8). However, some patients would 
experience disease progression during or after the course of 
trastuzumab-based treatment.

The primary trastuzumab resistance is defined as 
a disease progression within 3 months of first-line 
trastuzumab treatment in advanced breast cancer and 
relapse during adjuvant trastuzumab-contained therapy or 
within 12 months after treatment ends (9). In this case, the 
tumor progressed during the first 2-cycles of trastuzumab-
based therapy, conformed to primary trastuzumab 
resistance. The HERMINE trial reported that continued 
using trastuzumab compared to those without trastuzumab 
treatment could significantly prolong PFS and OS of 
patients with trastuzumab resistance (10). In the EMILIA 
trial, T-DM1 demonstrated a better PFS (9.6 vs. 6.4 months 
respectively; P<0.001) and OS (30.9 vs. 25.1 months, 
respectively; P<0.001) versus lapatinib plus capecitabine 
after the failure of first-line of anti-HER2 therapy (4,11). 
Pertuzumab is known as “HER dimerization inhibitors”, 
it can bind site within domain II does not overlap with 
the epitope on HER2 that is recognized by trastuzumab, 
and seems to play a key role in overcoming resistance 
to trastuzumab in the metastatic setting (12). ABC-3 
Consensus indicated that trastuzumab plus pertuzumab can 
be recommended in patients with trastuzumab-resistant 

Table 1 Results of all mutations detected by the NGS test

Genetic mutation
Abundance of mutation/copy 

number

PIK3CA 
H1047R

15.70%

ERBB2 (HER2) 
Gene amplification

46

TP53 
R175H

33.30%

MAP3K1 
S844Qfs*18

9.60%

CDK12 
Gene amplification

62

CCNE1 
Gene amplification

15

NGS, next-generation sequencing.

Figure 2 Timeline of the patient’s treatments. EC, epirubicin and cyclophosphamide; T, docetaxel; H, trastuzumab; NP, vinorelbine, and 
platinum; PH, trastuzumab, and pertuzumab; GP, gemcitabine, and platinum; T-DM1, trastuzumab emtansine; q3w, once every 3 weeks; 
q4w, once every 4 weeks. 
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metastatic breast cancer who have not previously received 
combined HER2-targeting monoclonal antibodies (13). 
However, the patient went to Hong Kong and received 
trastuzumab and pertuzumab combined with chemotherapy 
and the tumor wasn’t controlled after 3 cycles of therapy.

A myriad of molecular mechanisms has been postulated 
to be associated with resistance to trastuzumab, such as 
disturbance of HER family receptors, (e.g., overexpression 
of MUC4/MUC1, increased phosphorylation of HER3), 
parallel receptor pathway activation to bypass HER2 (e.g., 
upregulation of IGF-1 receptor) and activation on of 
downstream signaling events distal to HER2 receptor (eg, 
PIK3CA mutation, mTOR activation) (14). 

As is shown in this case, the NGS test detected 
amplification of HER2, namely anti-HER2 target drugs 
were still essential and might be effective after the failure 
of several lines of anti-tumor therapy. However, CCNE1 
amplification is a mechanism of trastuzumab resistance in 
HER2 positive breast cancer, but the exact mechanism is 
unknown (15,16). We also captured CDK12 amplification 
that is located at chr17q12 and exhibits high concurrent 
amplification along with HER2, which accounts for 
~90% of HER2+ breast cancer (17-19). CDK12 reduces 
susceptibility to trastuzumab and its catalytic activity 
is mechanistically required for the expression of genes 

involved in the activation of ErbB-PI3K-AKT cascades (20).  
MAP3K1 S844Qfs*18 is a kind of rarely documented 
somatic mutation whose clinical significance is unknown.

Another mutation is PIK3CA p.H1047R. Hyperactivation 
of the PI3 kinase/Akt/mTOR pathway by aberrant activation of 
the PIK3CA has been implicated in trastuzumab resistance (21).  
The patient might benefit from the addition of inhibitors 
of this pathway according to preclinical models (22). The 
BOLERO-3 phase III trial showed that patients with 
trastuzumab resistance advanced breast cancer could benefit 
from addition of everolimus, one kind of mTOR inhibitor (23).  
In this case, the tumor reached SD after receiving 
trastuzumab with the addition of everolimus plus GP.

T-DM1 is a conjugate combining microtubule inhibitor 
maytansine (DM1) with trastuzumab. DM1 can destroy 
the tumor cell microtubules, resulting in cell death, not 
dependent on the activation status of the PI3K signaling 
pathway. It not only has the targeting and ADCC effects 
of trastuzumab but also promotes the cytotoxic drugs 
exerting their killing effect on tumor cells. The hypothesis 
was investigated in the randomized phase III EMILIA 
trial. In this trial, PIK3CA mutation is in connection with 
shortening PFS and OS in the lapatinib plus capecitabine 
subgroup, however, the phenomenon has not occurred in 
patients treated with T-DM1 (4,11). According to these 

Figure 3 PET-CT result shows maintained clinical complete remission in April 2020. PET-CT, positron emission tomography-computed 
tomography.
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results, the ASCO guideline summarizes T-DM1 seems to 
be effective in both PIK3CA-mutated and PIK3CA wild-
type, different from other anti-HER2 therapies. 

Besides, another multicenter phase III trial THERESA 
substantiated that a better median PFS (6.2 vs. 3.3 months, 
respectively; P<0.001) and OS (22.7 vs. 15.8 months, 
respectively; P=0.0007) were significantly improved by 
T-DM1 in patients who had undergone progression after at 
least 2 lines of HER2-targeted regimens for advanced breast 
cancer than physician’s choice (5,24).

The lesions responded to the third line of anti-HER2 
treatment with T-DM1 every 3 weeks and reached cCR. 
Afterward, the frequency was modified to once every 4 weeks  
and lasted for 10 months. Twenty-two months after 
achieving cCR, the maintenance treatment was discontinued. 
Our decision coincides with the ABC-5 Consensus that 
recommends the optimal duration of maintenance anti-
HER2 therapy is unknown in patients achieving complete 
remission. So stopping anti-HER2 therapy after several 
years of sustained complete remission may be considered in 
some patients (25). The patient kept cCR condition until 
April 2020. The cCR of trastuzumab-resistant advanced 
breast cancer may be associated with the continuous and 
precise anti-HER2 therapy based on genetic sequencing. 

This is a real-world case, showing an excellent efficiency 
of T-DM1. When several anti-HER2 regimens were 
inefficient, we formulated the regimen based on the results 
of gene mutations detected by the NGS test, especially 
PIK3CA mutations. T-DM1 is one of the standard second-
line therapies for advanced trastuzumab-resistant breast 
cancer. Although the patient applied T-DM1 and achieved 
cCR, there are still limitations that we should conduct the 
NGS test after the failure of neoadjuvant chemotherapy as 
soon as possible.

Conclusions

We report a case of an HER-2 positive metastatic breast 
cancer patient who progressed during several lines of 
chemotherapy and anti-HER2-targeted therapy. The NGS 
test result revealed mutations and therefore treatment was 
replaced by T-DM1. The disease achieved cCR and lasted 
for 30 months even after adjusting the frequency and then 
discontinuing the medication. This case presents that the 
long-term disease-free survival was improved by keeping 
anti-HER2 therapy. What’s more, precise treatment based 
on NGS results can achieve ideal clinical outcomes whose 
curative effect was disappointing before.
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