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Introduction
Breast cancer (BC) is a heterogenous disorder and most com-
monly diagnosed cancer in women.1 The overexpression or 
amplification of human epidermal growth factor receptor 2 
(HER2) is observed in 15% to 20% of BCs.2 Human epider-
mal growth factor receptor 2 protein expression is assessed by 
immunohistochemistry (IHC; measures receptors) and/or in 
situ hybridization (ISH; counts the number of copies of HER2 
gene). An IHC score of 3+ or gene amplification on at least 1 
tumor sample is considered HER2 positive, while IHC score 
of 1+ or 2+ with negative ISH assay is defined as HER2-low 
expression.3 However, the prevailing HER2 testing guidelines 
consider these patients as HER2 negative.4,5 Over the past 2 
decades, due to the increased availability of targeted therapies, 
a significant improvement in clinical outcomes has been 

achieved in patients with HER2-positive BC.6,7 The currently 
available HER2-targeted therapies have not proven effective in 
treatment of HER2-low expression BC and are not recom-
mended.8 Also, the heterogeneity of BC may increase tumor’s 
ability to adapt to constantly changing constraints challenging 
treatment diagnosis and therapies. In 2018, heterogeneity and 
an emerging drug resistance and metastasis formed as a conse-
quence of heterogeneity has led to mortality of 620 000 
women.9

DS-8201a is a novel HER2-targeted monoclonal antibody 
and drug conjugate (ADC).10 Modi et al4 reported promising 
results with DS-8201a in treating HER2-low expression BC 
and controlling the disease progression. The effectiveness of 
DS-8201a in tumors with heterogeneity was reported by 
Ogitani et al11 in a preclinical setting. Here, we present a case 
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of a 23-year-old woman diagnosed with HER2-low and heter-
ogenous expression metastatic breast cancer (mBC), who 
despite being previously heavily treated had brain and liver 
metastasis and she achieved improved symptoms and reduced 
metastasis with DS-8201a.

Case Presentation
In January 2014, a 23-year-old woman was presented with a 
lump in the right breast measuring 10 cm. From core biopsy, 
the patient was found to have infiltrating ductal carcinoma 
grade 3, estrogen receptor (ER) positive, progesterone receptor 
(PR) negative, HER2 IHC score 2+, and fluorescence ISH 
negative. Gene test results showed BRCA1, BRCA2, and 
TP53 as negative that indicated no germline mutations. Bone 
scan and spine magnetic resonance imaging (MRI) showed 
metastasis at thoracic vertebra 10. The patient was initiated on 
chemotherapy with 4 cycles of epirubicin and cyclophospha-
mide followed by taxol and endocrine therapy with goserelin 
followed by right mastectomy of tumor (ypT2NM1) and axil-
lary lymph node dissection. Post-surgery, 17 months of pro-
gression-free survival (PFS) was achieved with radiotherapy 
and endocrine therapy. Then, the disease progressed with bone 
metastases, for which, a series of therapies including CDK 4/6 
inhibitor, endocrine therapy, target therapy, chemotherapy, and 
radiotherapy was given but the disease kept progressing. In 
November 2019, the metastasis was observed to progress to 
liver, lymph node, and small nasopharynx other than bones. 
Figure 1 represents the treatment regimens followed through-
out the study.

In January 2020, the patient was presented with symptoms 
of left ear nearly deaf and then sickness and dizziness in the 
following days. Increased tumor markers, CA153: 666.7 
units/mL and CEA: 496.6 units/mL, and multiple brain 
metastases in MRI scan were observed which was followed by 
chemotherapy and tomotherapy was employed. Liver biopsy 
of metastatic carcinoma showed triple negative (HER2−, 
ER−, PR−), programmed death ligand-1 (PDL1) negative, 
while FoundationOne CDx in February 2020 showed ampli-
fication in fibroblast growth factor gene. In March 2020, MRI 
showed multiple metastatic nodules in liver, cervical, thora-
columbar, sacral, bilateral iliac bones, brain, and spinal cord; 
hence, radiation therapy was applied to the lower back 30 Gy 
in 10 fractions, after initiating oral vinorelbine therapy

As both hormone and HER2 receptor results of liver biopsy 
were different from the primary sample results of 2014, the 
tissue collected from liver in February 2020 was retested in 
March 2020. The results showed ER negative, PR positive 
by10%, and HER2 IHC score of 1+ indicating the heteroge-
neity in the same sample. The CA153, CEA, and CA199 levels 
were 1735, 728.86, and 1308.3 units/mL, respectively, by 
March 2020. In April 2020, treatment with anlotinib hydro-
chloride capsules was initiated. On May 4, 2020, an increase in 
the tumor marker levels and abnormal liver function was 
observed with total and direct bilirubin levels of 14.6 and 5.6 F
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µmol/L, respectively. Under multidisciplinary team (MDT) 
discussion and then a talk with the patient, DS-8201a was 
started with 1 cycle treatment by May 6, 2020. Specific symp-
toms such as pain disappeared; hence, pain killers were stopped 
and the patient was able to get up from bed and walk, 1 week 
after the first cycle of DS-8201a. Hence, continued with sec-
ond, third, fourth, fifth, and sixth cycle of DS-8201a until May 
27, June 24, July 13, August 3, and August 24, 2020, respec-
tively. Compared with the MRI image of May 6, 2020, at the 
first cycle (Figure 2A), the MRI after the sixth cycle showed 
reduced size in lesions of intracranial (the largest one is located 
in the right occipital lobe, 8-6 mm), meninges, cervical thora-
columbar vertebral body spinal membrane, spinal cord, and 
liver multiple metastases (the largest one is located at S3, 
12-9 mm) and the intrahepatic metastases were reduced and 
shrunk compared with MRI on June 17, 2020 (Figure 2B and 
C). The levels of tumor markers reduced with DS-8201a, 
CA153 from 1735 to 340 units/mL, CEA from 962.58 to 
139.8 units/mL, and CA199 from 1740 to 257.1 units/mL 
(Figure 3). The liver function also improved with total bilirubin 
of 5.6 µmol/L and direct bilirubin of 2.7 µmol/L. Patient 
reported mild adverse events (grade 1 vomiting and fatigue) 
with DS-8201a treatment.

After the seventh cycle of DS-8201a, the patient was  
presented with dizziness. Magnetic resonance imaging of 
September 28, 2020, revealed worsened leptomeningeal metas-
tasis with continued shrinkage of cerebral parenchymal metas-
tases. Under MDT discussion, radiotherapy was not suitable 
because whole-brain radiotherapy was conducted before. 
Hence, DS-8201a was continued as suggested, along with 
endocrine and symptomatic treatment. However, the patient’s 
situation worsened and treatment with DS-8201a was stopped 
after the 10th cycle on November 19, 2020. Subsequently, most 
of the treatment focused on supportive and symptomatic man-
agement. Multiple novel brain and leptomeningeal metastases 
were found by MRI on December 11, and the patient died in 
April 2021. The treatment duration of DS-8201a was 
6.4 months, and overall survival since DS-8201a started was 
about 11 months.

Discussion
Human epidermal growth factor receptor 2 gene amplifica-
tion/protein expression is considered an independent prog-
nostic factor and a predictor of overall survival and time to 
disease relapse.12 Around 40% to 50% of patients with BC 
have tumors with HER2-low expression. Furthermore, several 

Figure 2.  MRI images of brain and liver. (A) MRI on May 6, 2020 (before DS8201 treatment). (B) MRI on June 17, 2020 (after 2 cycles). (C) MRI on August 

3, 2020 (after 4 cycles). MRI indicates magnetic resonance imaging.
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studies substantiated that HER2 genetic heterogeneity occurs 
in BC at variable frequencies (1%-34%) and is associated with 
worse patient outcomes in terms of short overall survival and 
disease-free survival.11 Therefore, the clinical impact of HER2 
heterogeneity is currently under discussion. Moreover, medical 
oncologists applied a binary treatment decision-making when 
considering HER2, where HER2-positive patients defined by 
HER2 amplification or overexpression should be offered anti-
HER2 agents.4,11 However, effectiveness of many drugs, such 
as monoclonal antibodies (trastuzumab,8 pertuzumab,13 and 
margetuximab)14 and trastuzumab emtansine (T-DM1) 
explored in HER2-low expression BC, is not satisfactory. 
Furthermore, a randomized clinical trial reported no role of 
trastuzumab in treating this population.8 This study reported 
a unique case of a 23-year-old mBC patient with high HER2 
heterogeneity and low expression, and continued disease pro-
gression despite treatment with endocrine and chemotherapy 
regimens but exhibited an impressive efficacy with DS-8201a.

DS-8201a was approved by the US Food and Drug 
Administration in December 2019 for treatment of patients 
with unresectable or metastatic HER2-positive BC pre-
treated with 2 or more anti-HER2-based regimens in the 
metastatic setting.14 This accelerated approval was based on 
the results of a phase 2 study DESTINY-Breast01, in which 
majority of the patients included in the trial had been heavily 
treated, where the median prior treatment line for metastatic 
disease was 7 (range, 2-27). However, DS-8201a showed 
remarkable efficacy with primary end point objective 
response rate (ORR) of 60.9% and median response duration 

of 14.8 months (95% confidence interval: 13.8, 16.9).10 
Furthermore, in a phase I trial, DS-8201a was studied in 54 
patients with advanced/unresectable or metastatic HER2-
low expression BC. The results indicated promising antitu-
mor activity with an ORR of 37%, median duration of 
response of 10.4 months, a disease control rate of 87%, a 
median PFS of 11.1 months and a median overall survival of 
29.4 months, and manageable safety profile in HER2-low 
expression patients including hormone receptor (HR) nega-
tive (–) and HER2 IHC score 1+ BC.4 In this case, DS-8201a 
showed a faster onset of action with improved symptoms 
within a week of treatment and the patient was able to walk 
with mild adverse events reported. Reduced lesion size and 
tumor markers was also observed with DS-8201a, reaffirm-
ing the results of phase I clinical study. In this case, DS-8201a 
was given to the patient after too many lines of therapy. 
Contextually, a post hoc analysis of the DESTINY-Breast01 
trial demonstrated better efficacy of DS-8201a when admin-
istered during earlier lines of therapy.15 Thus, earlier use of 
DS-8201a may potentially result in even better outcomes.

Unlike monoclonal antibodies that act by direct inhibition 
of HER2 signaling, ADCs use the HER2 protein primarily as 
a means for delivery of the payload to the target cells. Compared 
with the previous HER2 ADC trastuzumab emtansine 
(T-DM1), DS-8201a has several characteristics that contrib-
ute to its remarkable efficacy, including the highly potent novel 
topoisomerase I inhibitor payload DXd, much higher drug-to-
antibody ratio (DAR) compared with T-DM1 (8 vs 3.5), good 
homogeneity, and tumor selective cleavable peptide linker.16 

Figure 3.  Variation in tumor markers and bilirubin. (A) CA199. (B) CA153. (C) CEA. (D) Bilirubin.
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Unlike T-DM1, DS-8201a is internalized in HER2 expression 
cells upon reaching the tumor tissue, where the linker is cleaved 
off by the lysosomal cathepsin enzymes which are generally 
overexpressed in tumor cells. Consequently, the membrane-
soluble payload DXd is released and penetrated by the neigh-
boring cells, regardless of their HER2 status. This effect is 
considered as bystander effect, which combined with high 
DAR and high potency payload makes DS-8201a unique from 
other ADCs such as T-DM1 and may be responsible for anti-
tumor activity of DS-8201a in HER2-low and HER2 heter-
ogenous expression BC.8,11,17,18

Furthermore, HER2 protein overexpression could be pro-
moted by several factors such as endocrine therapy-induced 
modifications, chemotherapy, and radiotherapy.3 Hence, the 
patient was retested for HER2 expression in this report. 
Differential expression of HER2 was detected during the 
treatment of the present patient, and the results indicated that 
the tumor has temporal and spatial heterogeneity. In this case, 
DS-8201a was found effective even with a negative HER2 
gene test but with low positive IHC protein expression, which 
was in accordance with the previous study by Modi et al. The 
study reported similar effects of DS-8201a in patients with 
HER2 IHC score 1+ BC and HER2 IHC score 2+ BC.4 To 
the best of our knowledge, this is the first report of a Chinese 
patient to report effectiveness of DS-8201a in mBC with 
HER2 low expression and heterogeneity. Therefore, the cate-
gory of HER2-low BC may constitute a subset of carcinomas 
with different degrees of HER2 expression and may call into 
question the need of a paradigm shift in the definition of 
HER2 status in BC, which in the next future could be based on 
a 3-tier system featuring HER2-positive, HER2-negative, and 
HER2-low BC, and taking heterogeneity into consideration, 
repetitive laboratory tests do assure the accurate diagnosis and 
selection of therapies.

In addition, in this case, the patient’s intracranial lesions 
were effectively controlled with DS-8201a for several 
months, and this curative effect of brain metastases can be 
considered for HER2+ phase II study. Presently, 2 phase III 
trials DESTINY-Breast04 and U303DESTINY-Breast06 
on DS-8201a involving patients with HER2-low BC are 
ongoing.19 A phase Ib trial of DS-8201a in combination 
with immunotherapy for patients with HER2-low BC has 
also been initiated.

Conclusions
To conclude, this case study showed the temporal and spatial 
heterogeneity of BC and impressive efficacy with DS-8201a in 
heavily treated patients, even with heterogeneity and HER2 
low expression.
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