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Abstract

The human epidermal growth factor receptor 2 (HER2)/erythroblas-
tic oncogene B2 (ERBB2) is a tyrosine kinase receptor protein that 
plays an important role in the pathogenesis and aggressive nature 
of the tumors. It is well studied in various cancers, including breast, 
gastric, esophageal, ovarian, lung, and endometrial cancers. It is a 
well-known negative prognostic indicator in breast cancer associated 
with decreased disease-free survival and overall survival. Breast can-
cer treatment has been revolutionized with the invention of targeted 
monoclonal antibody therapies against the HER2 receptor, particu-
larly trastuzumab and its antibody-drug conjugates (ADCs). HER2-
targeted therapies have proven to improve progression-free survival 
and overall survival when added to chemotherapy in adjuvant, neo-
adjuvant, and metastatic settings in patients who are HER2-positive. 
ADCs approved for breast cancer include trastuzumab emtansine 
(Kadcyla, T-DM1) and trastuzumab deruxtecan (Enhertu, T-DXd). 
With enthusiasm and reported benefit, particularly in metastatic dis-
ease, HER2-targeted therapies are now widely used in breast cancer 
patients classified as HER2-negative based on binary classification 
but categorized as “HER2-low” with some degree of HER2 expres-
sion. HER2-targeted therapies are not approved for patients who have 
HER2 (ERBB2) mutation and have no HER2 expression of any de-
gree (immunohistochemistry (IHC) 0+). We could not find any such 

reported cases, research studies, or clinical trials of HER2-targeted 
therapies being used in patients with HER2 mutation in our extensive 
search of the literature. We present a rare practice-changing case of 
a patient with triple negative metastatic breast cancer (estrogen re-
ceptor (ER), progesterone receptor (PR), and HER2 negative, HER2 
0+ on IHC) and positive HER2 mutation, who achieved a disease-
free survival of more than 2.5 years with trastuzumab deruxtecan 
monotherapy. This case makes a compelling argument for consider-
ing HER2-targeted therapies, mainly ADCs, in HER2-mutant breast 
cancer patients either as a monotherapy or in combination with other 
therapies, particularly in metastatic disease. This case report also indi-
cates that further research and clinical trials looking into the efficacy 
and safety profile of anti-HER2 treatments in HER2-mutant breast 
cancers are warranted.
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Introduction

The human epidermal growth factor receptor 2 (HER2)/eryth-
roblastic oncogene B (ERBB2) is a 185-kDa transmembrane 
receptor glycoprotein with tyrosine kinase activity encoded by 
the HER2 oncogene located on the long arm of chromosome 
17 [1-3]. The overexpression of HER2 will stimulate intrinsic 
kinase activity, which activates cellular signal cascades that 
eventually promote cellular multiplication, survival, and an-
giogenesis, which are important in the tumor pathogenesis [1, 
3, 4]. It is also responsible for the aggressive nature of cancer 
by promoting the tumor invasion and metastasis [1, 4, 5]. The 
scope of management in breast cancer is widened with the in-
vention of novel HER2-targeted therapies. Even though HER2 
is expressed in breast, gastric, esophageal, lung, colon, ovarian, 
endometrial, and head and neck cancers, promising outcomes 
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with HER2-targeted therapies are only seen in HER2-positive 
and HER2-low breast cancers, advanced HER2-positive gas-
troesophageal cancers, and HER2-mutant non-small-cell lung 
cancers (NSCLCs) [2, 6]. Trastuzumab and other HER2-tar-
geted therapies (antibody-drug conjugates (ADCs)) in breast 
cancers with HER2 mutation and null HER2 expression are 
not well studied in the literature so far. By the time of this 
report, we could not find any such reported cases, research 
studies, or clinical trials in the literature. Here we report a 
case of a triple negative (HER2 0+ on immunohistochemistry 
(IHC)) metastatic breast cancer patient with HER2 mutation 
who so far achieved 3 years of invasive disease-free survival 
and relapse-free survival. We also reviewed the timeline of 
HER2-targeted therapies and the landmark studies that led to 
their approval and widespread use in breast cancer through an 
extensive literature review.

Case Report

Our patient is a 71-year-old postmenopausal, multiparous fe-
male with a medical history of type 2 diabetes mellitus, dia-
betic neuropathy, hyperlipidemia, osteoarthritis, and osteopo-
rosis who had a diagnostic mammogram in March 2018 for left 
breast nipple inversion for 4 months, which showed a 1.9 × 3 
× 2 cm irregular mass in the left breast. Targeted ultrasound 
showed an 8.3 × 3.5 × 5.5 cm irregular echogenic mass with 
irregular margins at the 1 o'clock position, with 7 cm depth 
from the nipple in the left breast. She was diagnosed with 
grade 2 pleomorphic lobular carcinoma of the left breast by 
core needle biopsy in January 2018. Further analysis showed 
estrogen receptor (ER) 100%, progesterone receptor (PR) neg-
ative, HER2 1+ on IHC, and Ki-67 protein 81%. She received 
neoadjuvant chemotherapy with four cycles of docetaxel (147 
mg/cycle) and cyclophosphamide (1,175 mg/cycle) within the 
next 3 months. The patient then had a wide local excision of 
two left breast masses and axillary lymph node biopsy with 
results still positive for pleomorphic lobular carcinoma with 
positive 6 of 11 lymph nodes, graded as stage III (T3N2a) in 
May 2018. This was followed by a simple mastectomy with 
biopsy showing benign breast tissue in June 2018 and 30 ses-
sions of definitive adjuvant radiotherapy (XRT) between Au-
gust and September 2018, where she received a total of 50 Gy 
in 25 fractions to left chest wall and draining lymphatics fol-
lowed by a 10 Gy boost in 5 fractions to the mastectomy scar 
for a total dose of 60 Gy.

After this, the patient received 2 months of letrozole 2.5 
mg per os (PO) daily between September and November 2018 
(discontinued secondary to myalgias, pre-syncope, dizziness, 
and right-hand swelling; improved after drug cessation), 10 
months of anastrozole 1 mg PO daily between December 2018 
and October 2019 (discontinued due to worsening musculo-
skeletal symptoms), and approximately 16 months of exemes-
tane 25 mg PO daily between November 2019 and February 
2021. In January 2021, the patient had a magnetic resonance 
imaging (MRI) scan of the brain due to unsteady gait and fre-
quent falls, which showed a large 4.8 × 4.2 × 4 cm cerebellar 
mass with surrounding edema and underwent craniectomy and 

excisional biopsy (Fig. 1). Histopathology showed metastatic 
breast carcinoma, grading her tumor as stage IV. Pathology of 
the brain metastatic lesion was reported as triple negative (ER 
negative, PR negative, HER2 0+ on IHC). Next-generation se-
quencing came positive for BRCA2 and HER2 L755S muta-
tions, probably from genomic loss of heterozygosity (LOH). 
Following this, the patient received five sessions of stereotac-
tic radiation therapy (SRT) for a total of 25 Gy to brain meta-
static lesions in February 2021.

After this, the patient received 1 year of treatment with 
olaparib 300 mg twice daily (an inhibitor of poly ADP ribose 
polymerase (PARP) involved in DNA repair), mainly to target 
BRCA2 mutation [7]. A follow-up MRI scan in February 2022 
showed progression of residual metastatic disease measuring 
34 × 24 mm in the midline superior cerebellar regions (Fig. 2). 
Olaparib was discontinued in March 2022 due to the progres-
sion of brain metastasis. Radiation oncology was consulted, 
and the patient was not deemed a candidate for repeat SRT as 
the growth recurred in the exact same site, and whole-brain 
radiation therapy (WBRT) was deemed unnecessary as the ex-
pected adverse effects outweighed the benefits. The patient was 
hence started on a combination therapy with tucatinib (300 mg 
oral twice daily), capecitabine (1,000 mg/m2 oral twice daily 
with 2 weeks on and 1 week off), and trastuzumab infusion 
(608 mg every 3 weeks), which was discontinued after one 
cycle due to the decline in the performance status.

At that time, based on the encouraging results from the 
DESTINY-Lung01 trial, promising early reports from the 

Figure 1. Brain MRI with and without contrast showing a 4.8 × 4.2 × 4 
cm well-circumscribed enhancing mass (arrow) in the superior aspect 
of the left and right cerebellar hemispheres. MRI: magnetic resonance 
imaging.
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DESTINY-Breast04 trial on HER2-low breast cancer, and 
the early data from the DESTINY-PanTumor01 study, we hy-
pothesized that trastuzumab deruxtecan could be effective for 
our patient with HER2 mutation and HER2 0 on IHC. After 
discussing with peers who had expertise in the HER2 breast 
cancer field, the patient was started on a reduced-dose mono-
therapy with trastuzumab deruxtecan 374.8 mg every 3 weeks 
in April 2022. Around the same time, the patient had a lung 
biopsy for a concerning lesion in the right upper lobe in May 
2022, and the pathology showed benign lung with patchy acute 
inflammatory changes. Follow-up MRI scans of the brain in 
July 2022 and March 2023 showed improvement in the cer-
ebellar metastatic findings (Fig. 3a, b). The dose of trastu-
zumab deruxtecan was decreased by one level due to fatigue 
after a year of treatment in April 2023. A pulmonologist was 
consulted for mild dyspnea and sleep hypoxia, and the patient 
had a high-resolution computed tomography (HRCT) scan of 
the chest in March 2024, which reported negative interstitial 
lung disease (ILD).

Serial brain MRIs reported stable findings, including the 
most recent one in December 2024 (Fig. 4a, b). Follow-up 
positron emission tomography (PET)-CT scans, including 
the most recent in January 2025, also showed no evidence of 
tumor recurrence or metastatic disease and stable right lung 
upper lobe inflammatory findings. Periodical multigated ac-
quisition (MUGA) scan showed good heart function with an 
ejection fraction of 65-69%. The patient so far has achieved 
3 years of invasive disease-free survival and relapse-free sur-
vival, and has been tolerating trastuzumab deruxtecan very 
well with good physical performance and without significant 

Figure 2. Brain MRI with and without contrast showing midline occipital 
craniectomy changes and interval progression in size and conspicuity 
of residual metastatic disease, measuring 3.4 × 2.4 cm (arrow). MRI: 

Figure 3. Brain MRI with and without contrast showing stable midline occipital postsurgical changes with interval resolution of re-
current parenchymal metastatic disease (arrows) from July 2022 (a) and March 2023 (b). MRI: magnetic resonance imaging.
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adverse events that would warrant the discontinuation of 
therapy.

Discussion

The HER2/ERBB2 is a 185-kDa transmembrane receptor pro-
tein with tyrosine kinase activity encoded by the HER2 on-
cogene located on the long arm of chromosome 17 [1-3, 8]. 
The overexpression of HER2 will stimulate intrinsic kinase ac-
tivity, which activates cellular signal cascades that eventually 
promote cellular multiplication, survival, and angiogenesis, 
which are important in the tumor pathogenesis [1-4]. It is also 
responsible for the excessive tumor growth and aggressive na-
ture of cancer by promoting the tumor invasion and metastasis 
[1-3, 8, 9]. HER2 is a well-known negative prognostic indica-
tor in breast cancer since its discovery in the 1980s, and its 
overexpression is known to cause shorter disease-free intervals 
and decreased overall survival [1, 3, 8, 9].

HER2 is expressed in 20-30% of breast cancers, making it 
a common target in breast cancer management [2, 8, 9]. These 
facts were well demonstrated in a study by Slamon and col-
leagues in 1987, which paved the way for research on HER2-
targeted therapies. HER2 expression is routinely assessed 
using a combination of IHC (evaluates HER2 protein levels) 
and fluorescent in situ hybridization (FISH, evaluates HER2 
gene status) [1, 2, 10]. HER2-positive or overexpression is de-
scribed as an IHC score of 3+ or an IHC score of 2+ and gene 
amplification by FISH [2, 4, 10]. HER2-negative is described 

as IHC score of 0/1+ with or without gene amplification and 
IHC 2+ without gene amplification [2, 4, 10].

Breast cancer treatment has been revolutionized by the in-
vention of targeted monoclonal antibody therapies against the 
HER2 receptor protein, particularly trastuzumab and its ADCs 
and pertuzumab, which positively modify the disease progres-
sion [1, 4, 5]. Trastuzumab targets the extracellular ligand-
binding domain, and pertuzumab binds to the extracellular 
dimerization domain (subdomain II) of HER2 receptor; both 
in turn alter its normal tyrosine kinase pathway, which plays a 
main role in the pathogenesis of the disease [4, 10, 11]. ADCs 
approved for breast cancer include trastuzumab emtansine and 
trastuzumab deruxtecan. In HER2-positive breast cancer cas-
es, HER2-targeted therapies decrease disease progression and 
promote disease-free survival and overall survival when added 
to chemotherapy in adjuvant, neoadjuvant, and metastatic set-
tings. Below, in a chronological order, we briefly reviewed the 
timeline of HER2-targeted therapies and the landmark studies 
that led to their approval and widespread use.

Slamon et al in their study in 1987 demonstrated that 
HER2 was expressed in around 30% of breast cancer cases, 
and its expression is associated with tumor growth and poor 
prognosis [8]. In the coming years, Hudziak et al developed 
an HER2-targeted monoclonal antibody (anti-p185HER2) and 
showed that HER2-blocking antibodies may not only potenti-
ate the effects of other breast cancer therapies but also are ef-
fective on their own [11]. The anti-p185HER2 antibody, which 
would later develop into trastuzumab, was humanized and used 
in phase I clinical trials in 1992 [12]. Trastuzumab was first ap-

Figure 4. Brain MRI with and without contrast showing remote midline occipital postoperative changes with hemosiderin deposi-
tion and no evidence of parenchymal metastatic disease (arrows) from March 2024 (a) and December 2024 (b). MRI: magnetic 
resonance imaging.
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proved by the FDA in 1998 to treat HER2+ metastatic breast 
cancer based on a groundbreaking phase III trial by Slamon et 
al. This study demonstrated that trastuzumab combined with 
chemotherapy significantly improved outcomes compared to 
chemotherapy alone, with results showing longer median time 
to progression, improved overall survival, and a comparative 
20% lower risk of death [13]. Use of trastuzumab in HER2-
overexpressing metastatic breast cancer was further supported 
by a multinational study reported by Shak in 1999 [14]. Ba-
selga et al in the same year reported that the combination of 
paclitaxel and recombinant humanized anti-HER2 antibody 
(rhuMAb HER2) showed the largest rates of cancer growth 
inhibition and complete tumor regression when compared with 
the lone use of either one of them [15].

Seidman et al in their study reviewing cardiac dysfunction 
(CD) in trastuzumab trials reported in 2002 that trastuzumab is 
associated with increased risk of CD, particularly when used 
along with anthracyclines but its use in metastatic breast can-
cer is justified given the improvement in overall survival (more 
benefits compared to risks) and that CD could be managed 
clinically [16]. The HERA trial, published in 2005, reported 
that using trastuzumab for 1 year after standard chemotherapy 
significantly lowered the risk of recurrence and showed prom-
ising improvement in disease-free survival [17]. With the help 
of results from multiple studies, the FDA approved trastuzum-
ab to treat early HER2-positive, node-positive breast cancer as 
adjuvant therapy after surgical excision with chemotherapy in 
2006 [18].

In 2008, the ADC, trastuzumab emtansine, was developed 
and studied by Lewis Phillips et al. Results showed that tras-
tuzumab emtansine was effective in trastuzumab-sensitive and 
trastuzumab-insensitive HER2-overexpressing breast cancer 
cases with a comparatively good pharmacokinetic and safety 
profile [19]. In a phase III clinical trial by the EMILIA study 
group in 2013, researchers reported that the use of trastuzumab 
emtansine in patients with metastatic breast cancer who were 
earlier treated with any HER2-targeted therapy showed an 
amazing 45% lower risk of disease progression or death com-
pared with patients treated with lapatinib plus chemotherapy. 
The data from this study led to the FDA approval of trastu-
zumab emtansine for these types of patients in 2013 [20].

Key success of trastuzumab encouraged the researchers to 
develop another HER2-targeted therapy, pertuzumab, with a 
different mechanism of action as mentioned above. In a phase 
III study by the CLEOPATRA study group, researchers in 2012 
reported that patients with HER2-positive metastatic breast 
cancer treated with pertuzumab, trastuzumab, and docetaxel 
showed a median progression-free survival (PFS) of 18.5 
months compared to 12.4 months in similar patients treated 
with trastuzumab and docetaxel alone [21]. The TRYPHAE-
NA study evaluated the safety and efficacy of pertuzumab and 
trastuzumab combined with chemotherapy as a neoadjuvant 
treatment for HER2-positive breast cancer, with the primary 
focus being cardiac safety. Results showed a low incidence of 
symptomatic left ventricular dysfunction (LVSD) and manage-
able decreases in ejection fraction [22]. Pathological complete 
response (pCR) rates were high, supporting the regimen’s ef-
fectiveness in this setting without major new safety concerns 
during the follow-ups [22, 23]. These results played a pivotal 

role in the FDA approval of the combination therapy of tras-
tuzumab, pertuzumab, and docetaxel in 2012 for metastatic 
breast cancer patients with HER2 overexpression.

The KRISTINE study reported that the trastuzumab 
emtansine plus pertuzumab regimen was less effective than 
the standard trastuzumab, pertuzumab, and chemotherapy reg-
imen for HER2-positive early breast cancer. The study found 
that patients receiving trastuzumab emtansine and pertuzumab 
had a higher risk of disease recurrence or progression than 
those receiving the standard treatment. However, trastuzumab 
emtansine plus pertuzumab was associated with fewer side ef-
fects than chemotherapy. While this combination was promis-
ing in terms of toxicity, the lower efficacy made the standard 
chemotherapy-based treatment the preferred option in early 
HER2-positive breast cancer settings [24, 25].

The adjuvant paclitaxel and trastuzumab (APT) trial dem-
onstrated that the combination of paclitaxel and trastuzumab is 
an effective and safe adjuvant treatment for patients with stage 
I, node-negative, and HER2-positive breast cancer [26]. The 
regimen resulted in an impressive 5-year disease-free survival 
rate of 97%, a 10-year invasive disease-free survival rate of 
91.3%, and a 10-year breast cancer-specific survival rate of 
98.8% with a low risk of severe cardiac or other significant 
toxicities. The results supported using a less intensive adjuvant 
therapy for patients with smaller, node-negative tumors, em-
phasizing the potential to tailor treatments to reduce overtreat-
ment. The trial also highlighted the potential of genomic tools, 
such as HER2DX, to refine prognostic assessments and guide 
more personalized treatment strategies, especially for select-
ing patients who need intensive versus less aggressive therapy 
[26, 27].

The KATHERINE trial evaluated the efficacy of trastu-
zumab emtansine compared to trastuzumab as adjuvant ther-
apy in patients with HER2-positive early breast cancer who 
had residual invasive disease following neoadjuvant therapy. 
In 2018, the trial established trastuzumab emtansine as the 
preferred treatment over trastuzumab for patients with residual 
HER2-positive invasive disease after neoadjuvant therapy, of-
fering superior efficacy in preventing recurrence and improv-
ing survival outcomes with an acceptable safety profile [28]. 
Trastuzumab emtansine significantly reduced the risk of in-
vasive disease recurrence compared to trastuzumab. Breast 
cancer-specific deaths were also lower in the trastuzumab 
emtansine arm (9.5%) versus the trastuzumab arm (15%), 
but trastuzumab emtansine was associated with more adverse 
events, such as thrombocytopenia and peripheral neuropathy, 
though most were manageable and reversible [28].

With these promising results, researchers started looking 
at HER2-targeted therapies in patients with low HER2 expres-
sion, and with this enthusiasm, a different category of “HER2-
low” breast cancers has been proposed and studied in the lit-
erature, described as cancers with HER2 1+/2+ on IHC and 
no gene amplification with FISH [1, 4, 5]. The development 
of novel HER2-targeted therapies, ADCs, particularly trastu-
zumab deruxtecan, has further increased the interest in this cat-
egory of “HER2-low” breast cancers, which almost constitute 
50% of all the breast cancers [29].

DESTINY-Breast01 trial showed that trastuzumab derux-
tecan had durable antitumor activity with improved PFS in pa-
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tients previously treated with HER2-targeted therapies, includ-
ing trastuzumab emtansine. The data from this study led to the 
accelerated approval of trastuzumab deruxtecan for resistant 
advanced breast cancers that were previously treated with at 
least two HER2-targeted therapies in 2019 [30]. Full approval 
by the FDA came through in 2022 via the DESTINY-Breast03 
trial in metastatic breast cancer, where authors reported that 
the disease progression and risk of death were lower in patients 
who received trastuzumab deruxtecan than those who received 
trastuzumab emtansine [31]. DESTINY-Breast04 trial, in ad-
vanced HER2-low breast cancers, demonstrated benefit with 
results showing median PFS of 9.9 months (95% CI) in the 
trastuzumab deruxtecan group compared to 5.1 months in the 
physician’s choice chemotherapy group [32]. Results from the 
DESTINY-Breast04 trial led to the FDA approval of trastu-
zumab deruxtecan for patients with HER2-low breast cancers 
in August 2022. Zimmerman et al in their recent study report-
ed in 2024 concluded that ADCs in HER2-low breast cancers 
have notable improvement in patient outcomes [33]. With all 
these studies and advancements, HER2-targeted therapies are 
now widely used in HER2-low breast cancer patients.

Metastatic central nervous system (CNS) disease in breast 
cancer is a separate entity itself, given the complexity of treat-
ment decisions with surgery, radiation, and systemic treatment. 
Management of brain metastases in breast cancer is guided by 
factors such as tumor subtype (HER2-positive, triple-negative, 
or hormone receptor-positive), number and location of lesions, 
performance status, and systemic disease control. Multidisci-
plinary evaluation is essential to tailor therapy based on indi-
vidual clinical and molecular factors. For patients with limited 
brain metastases (typically ≤ 4 lesions), SRT is preferred due 
to its precision and preservation of cognitive function. WBRT 
may be used in cases of multiple metastases or leptomeningeal 
disease, but it is associated with significant cognitive decline. 
Surgical resection is considered for symptomatic or large soli-
tary lesions [34]. Systemic therapy is increasingly important, 
especially in HER2-positive disease, where agents like HER2-

targeted therapies (ADCs) [35-38], PARP inhibitors (olaparib) 
[7], and tyrosine kinase inhibitors (like tucatinib [39], pyrotin-
ib [40]) have demonstrated intracranial activity and improved 
survival (Table 1). For triple-negative and HR-positive sub-
types, systemic options are more limited, but ongoing trials are 
expanding treatment choices.

The DEBBRAH trial, reported through 2023 - early 
2025, demonstrated that trastuzumab deruxtecan (T-DXd) 
has meaningful intracranial activity in patients with HER2-
positive and HER2-low metastatic breast cancer across co-
horts with active brain metastases, stable CNS disease, or 
leptomeningeal disease. T-DXd showed intracranial objec-
tive response rates (ORRs) ranging from 42% to 58% and 
disease-control rates (DCRs) exceeding 80% in most groups. 
Notably, responses were seen even in HER2-low tumors, a 
population with previously limited options. Additionally, 
patients with leptomeningeal metastases, a subgroup with 
particularly poor prognosis, experienced clinical benefit and 
prolonged stability. These findings confirm the broad CNS 
efficacy of T-DXd and support its use in both HER2-positive 
and HER2-low patients with CNS involvement, but further 
larger studies are needed to validate these results [35-37]. 
The TUXEDO-1 trial, a recent phase II study evaluating 
trastuzumab deruxtecan (T-DXd) in patients with HER2-
positive breast cancer and active brain metastases, demon-
strated a high intracranial response rate of 73.3% and PFS of 
21 months, supporting the use of ADCs as systemic therapy 
for active brain metastases [38] (Table 1).

HER2-targeted therapies are not approved for breast 
cancer patients who have HER2 (ERBB2) mutation and have 
no degree of HER2 expression (IHC 0+). The literature review 
showed only a few studies or trials where HER2-targeted thera-
pies were tried in other (non-breast) cancers with HER2 muta-
tions. Trastuzumab deruxtecan is approved by the FDA and the 
European Medicines Agency for HER2-mutant NSCLC because 
of promising results from the DESTINY-Lung01 trial [6]. In the 
DESTINY-Lung01 trial, reported in September 2021, investiga-

Table 1.  Summary of Important Systemic Therapies Used in CNS Metastatic Breast Cancer

Drug class Agent Indication/subtype CNS activity
ADCs Trastuzumab deruxtecan (T-DXd) HER2-positive and HER2-low High intracranial response rate 

in active brain metastases
Trastuzumab emtansine (T-DM1) HER2-positive Modest CNS activity, less 

effective than T-DXd
TKIs Tucatinib (with trastuzumab 

+ capecitabine)
HER2-positive, active/stable CNS metastases Strong CNS activity; improves 

overall and progression-free survivals
Lapatinib (with capecitabine) HER2-positive (limited use currently) Modest CNS activity
Neratinib (with capecitabine) HER2-positive, progressive CNS metastases Variable intracranial response rates
Pyrotinib HER2-positive Promising CNS activity 

in early-phase trials
PARP 
inhibitors

Olaparib BRCA-mutated HER2-negative (especially 
triple-negative breast cancer)

Some CNS penetration, 
modest benefit

Talazoparib BRCA-mutated HER2-negative Limited CNS-specific data

ADCs: antibody-drug conjugates; CNS: central nervous system; HER2: human epidermal growth factor receptor 2; PARP: poly ADP ribose polymer-
ase; TKIs: tyrosine kinase inhibitors.
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tors proved that trastuzumab deruxtecan had shown sustainable 
anticancer activity in patients with previously treated HER-2 
mutant NSCLC [6]. In the DESTINY-PanTumor01 study, re-
ported in May 2024, trastuzumab deruxtecan showed decent an-
titumor activity with a sustainable response in previously treated 
patients across various solid tumors harboring HER2 mutation, 
and further investigation is needed before using trastuzumab 
deruxtecan in the pan-tumor setting [41].

In a phase II trial studying the efficacy of the drug pozi-
otinib, a pan-HER inhibitor that irreversibly blocks the sign-
aling pathways of epidermal growth factor receptor (EGFR), 
HER2, and HER4, in patients with HER2 exon-20 mutant 
NSCLC, Elamin et al in 2021 reported that poziotinib showed 
promising antitumor activity [42]. Similar results were noted 
by Wang et al in their pooled analysis of randomized clini-
cal trials in 2022 [43]. Patients are actively being recruited for 
a phase II clinical trial in China to evaluate the efficacy and 
safety of disitamab vedotin (ADC) plus cadonilimab (immune 
checkpoint inhibitor) in second-line treatment of patients with 
HER2-mutant advanced or metastatic bile duct adenocarcino-
ma, last updated in April 2024 [44].

In our extensive search of the literature, we could not find 
any reported cases, research studies, or clinical trials where 
HER2-targeted therapies are used in patients with HER2 muta-
tion and negative HER2 expression. We hereby present a rare 
case report of a patient with triple-negative metastatic breast 
cancer and positive HER2 mutation, who so far has achieved 
disease-free survival of 3 years with trastuzumab deruxtecan 
monotherapy. Our patient was categorized as triple negative 
(ER, PR, and HER2-negative) with HER2 0+ on IHC and 
HER2 mutation-positive from the biopsy and next-generation 
sequencing results of the metastatic brain lesion. This patient 
was started on trastuzumab deruxtecan monotherapy in April 
2022 after failed and intolerant treatments for her stage IV dis-
ease with recurrent metastatic brain lesions as detailed above 
in the history, and so far, has been disease-free for 3 years. 
Serial brain MRI scans reported improved brain findings, and 
follow-up PET-CT scans showed no evidence of tumor recur-
rence or metastatic disease, and stable chronic inflammatory 
findings of the right lung. Periodical MUGA scan showed 
good heart function with ejection fraction of 65-69%. Patient 
is also tolerating trastuzumab deruxtecan well with good phys-
ical performance and without significant adverse events that 
warrant discontinuation of therapy.

This case could be used as an example to argue or consider 
the use of HER2-targeted therapies, mainly ADCs, in HER2-
mutant breast cancer patients (particularly with metastatic dis-
ease) who have no HER2 expression and have responded poorly 
or have been intolerant to conventional therapies. We acknowl-
edge the limitation of applying the results from this single case 
to a broader clinical practice, but we want to make a valiant point 
that this is an interesting arena to explore and stress the need for 
further clinical research and larger trials before a recommenda-
tion or change of guidelines could be made. Bispecific antibod-
ies combining both trastuzumab and pertuzumab or targeting 
both HER2 and HER3 receptors or an antibody with two drug 
conjugates are some of the future perspectives in HER-targeted 
therapies for breast cancer, particularly for HER2-mutant breast 
cancer patients with null HER2 expression.

Conclusion

Targeted monoclonal antibody therapies against HER2, tras-
tuzumab and its ADCs, have revolutionized breast cancer 
treatment. HER2-targeted therapies have proven to decrease 
disease progression and promote disease-free survival and 
overall survival when added to chemotherapy in adjuvant, 
neoadjuvant, and metastatic settings in patients who are 
HER2-positive. ADCs, particularly trastuzumab deruxtecan, 
are now widely used even in breast cancer patients classi-
fied as “HER2-low”. However, HER2-targeted therapies 
are not approved for patients with an HER2 mutation and 
no degree of HER2 expression (IHC 0+). Our case report on 
this patient, with triple-negative metastatic breast cancer and 
positive HER2 mutation, who achieved invasive disease-free 
survival and relapse-free survival of 3 years with trastuzum-
ab deruxtecan monotherapy, makes a compelling argument 
for considering HER2-targeted therapies, mainly ADCs, in 
HER2-mutant breast cancer patients either as a monotherapy 
or combination with other therapies, particularly in patients 
who have responded poorly or have been intolerant to the 
conventional therapies. This practice-changing observation 
opens an interesting area of study on HER2-targeted therapies 
in HER2-mutant breast cancers without HER2 expression. 
Further research and clinical trials looking into the efficacy 
and safety profile of anti-HER2 treatments in HER2-mutant 
and triple-negative breast cancers are warranted before any 
treatment guidelines can be proposed. Bispecific antibodies 
also form the future perspectives in HER-targeted therapies 
for resistant metastatic breast cancer.

Learning points

Learning points from our report are to understand the role 
of HER2 in the pathogenesis of breast cancer and its im-
plications in management, and historical review of HER2-
targeted therapies, trastuzumab and its ADCs (trastuzumab 
emtansine and trastuzumab deruxtecan), in the treatment 
of breast cancer, and the landmark studies that led to their 
approval. In the process, we reviewed the path that led to 
the use of trastuzumab deruxtecan in HER2-low metastatic 
breast cancer, particularly CNS disease, and implicated its 
use in triple-negative metastatic breast cancer with HER2 
mutation, an interesting area for future research and clinical 
trials (Fig. 5).
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