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Abstract

The expansion of the spectrum of human epidermal growth factor receptor 2 (HER2)-status 

to HER2-low, defined as HER2 expression of 1+ by immunohistochemistry (IHC) or 2+ by 

IHC without gene amplification, has made a major impact in the field of oncology. The 

HER2-low expression has emerged as a targetable biomarker, and anti-HER2 antibody-drug 

conjugate trastuzumab deruxtecan (T-DXd) has shown significant survival benefit in pre-treated 

metastatic HER2-low breast cancer (BC). With this recent data, the treatment algorithm for 

hormone-receptor-positive and triple-negative breast cancer needs to be reconsidered, as about 

half of these BCs are HER2-low. Although we have different therapeutic agents for hormone 

receptor-positive and negative HER2-low BCs, there is no consensus regarding the sequencing of 

these agents. In our article, we enumerate the treatment options for HER2-low BC and propose a 

treatment sequencing algorithm based on the current clinical evidence.

Condensed abstract:

The expansion of the spectrum of human epidermal growth factor receptor 2 (HER2)-status to 

HER2-low has made a major impact in the field of oncology. As there is no consensus regarding 

the sequencing of the HER2- targeting agents in HER2-low breast cancers, we enumerate the 

treatment options for HER2-low BC and propose a treatment sequencing algorithm based on the 

current clinical evidence.
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Introduction

Breast cancer (BC) is the most common malignancy in females globally, with nearly 

300,000 new cases estimated in the United States (US) in 2022. It accounts for the most 

common cause of cancer-related deaths in women globally and the second most common 

cause of cancer-related mortality in the US.1,2 BC comprises several subtypes based on 

the expression of estrogen receptor (ER), progesterone receptor (PR), and transmembrane 

tyrosine kinase receptor protein- human epidermal growth factor receptor 2 (HER2), with 

unique biologies and response to therapies: hormone receptor-positive (HR+; ER-positive 

and/or PR-positive) and HER-2 negative (HER2-), HER2 + (HER2-positive, any ER, and 

PR expression) and triple-negative breast cancer (TNBC; ER-negative, PR-negative, and 

HER2-negative).3

Historically, the HER2 status of BC was defined in a binary fashion, where BC with high 

levels of HER2 expression and/or gene amplification was classified as HER2+, with the 

remaining classified as HER2-negative. However, the HER2-negative category is a spectrum 

that ranges from BC without HER2-expression (HER2 0) to tumors with low levels of 

HER2 expression, recently classified as HER2-low, defined as HER2 expression of 1+ by 

immunohistochemistry (IHC) or 2+ by IHC without gene amplification. Although HER2-

low BC was previously identified, the therapeutic implication of this subtype was unknown. 

Approximately 15–20% of all BC are HER2+ by classical criteria, but about 50% of all BC 

are estimated to be HER2-low, 4,5 significantly expanding the pool of patients where new 

anti-HER2 targeted agents might be utilized.

In a large, phase III, randomized trial, the addition of the HER2-targeted antibody, 

trastuzumab, to adjuvant chemotherapy in HER2-low BC failed to provide any significant 

clinical benefit. 6 This observation slowed further clinical research in HER2-low BC with 

the clinical utility of HER2-targeted agents being restricted mainly to HER2+ BC. However, 

the phase III DESTINY-Breast 04 trial, investigating an antibody-drug conjugate (ADC) 

targeting HER2, trastuzumab-deruxtecan (T-DXd), in pre-treated HER2-low metastatic 

breast cancer, challenged this fact. T-DXd was associated with improved progression-free 

survival (PFS) and overall survival (OS) compared with standard chemotherapy in this trial.7 

This was a paradigm shift in the management of HER2-low BC, and T-DXd expeditiously 

became the new standard of care in this setting, establishing HER2-low BC as a distinct 

targetable entity.

Although a targetable entity, the role of HER2-low in determining BC prognosis remains 

unclear. HER2-low BC is a heterogenous population comprising both HR+ and HR-negative 

subgroups, which differ in their clinical nature, tumor biology, prognosis, and response to 

different treatments. T-DXd has shown efficacy in HR+ and all enrolled patients (including 
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HR-negative) with HER2-low BC in the DESTINY-Breast-04 trial and is approved for use 

in HER2-low BC irrespective of the HR status.7 However, the approval raises a question of 

the optimal sequencing strategy of T-DXd with other standard of care treatments. Our review 

article addresses this important question, both in HR+ and HR-negative BC.

What is HER2-low breast cancer?

HER2 expression is assessed in all breast cancers, regardless of stage, to determine the 

biology, aggressiveness, prognosis, and treatment of the disease. According to the American 

Society of Clinical Oncology (ASCO)/College of American Pathologists (CAP) 2018 

guideline updates, IHC is done first, given its simplicity and faster turnaround time. 8 It 

is reported as a score from 0 to 3+, based upon staining patterns of the HER2 protein 

on the cell membrane. While a score of 3+ is considered HER2 +, scores 0 and 1+ are 

considered HER2-negative. IHC score 2+ is considered equivocal and is reflex tested with 

in situ hybridization (ISH), a more specific test that uses genetic probes to identify the 

copy number of HER2 genes. If the HER2 gene is amplified based on the ISH, then this is 

considered HER2 +. Overall, BC with IHC scores 0, 1+, or 2+ with a negative ISH assay 

are considered HER2-negative. 8,9 HER2-negative BC with an IHC score of 1+ or 2+ and 

negative on ISH are newly categorized as “HER2-low”.10 A subset of IHC score 0 BC with 

incomplete and faint HER2 staining in ≤ 10% of tumor cells are recently recognized as 

“HER2-ultra-low” phenotype. 11 Figure 1 shows the algorithm for diagnosis of HER2-low 

BC.

There is an ongoing debate about whether HER2-low is a distinct clinical entity. 

Biologically, HER2-low BCs have fewer grade 3 tumors, lower proliferation rates, and 

less TP53 mutation.10 It is reported that the gene expression analysis of stage I-III TNBC 

suggests that drivers of resistance to neoadjuvant treatment differ between HER2-zero 

and HER2-low tumors.12 Several studies reported that HER2-low tumors have a lower 

pathological complete response (pCR) and better prognosis.10,13,14 HER2-low disease 

is more frequently seen in HR-positive BC (luminal biology) than TNBC (60 to 66% 

vs. 33 to 37%), and most of the HER2-low tumors are HR-positive (88%).10,15After 

correction for HR expression, there are only marginal differences in clinicopathological 

characteristics and prognosis for HER-2 low compared to HER2-zero BC. HER2-low 

and HER2-zero BC have similar genomic characterization and responses to different 

treatments, including neoadjuvant chemotherapy or CDK 4/6 inhibitors and anti-estrogen 

treatment.10,16–18 Indeed, HER2-low subtype is not characterized by an oncogenic driver 

but instead a biomarker; that is low HER2 expression which is targetable via ADCs.19 

Genomic and transcriptomic analysis of HER2-low BC by Berrino et.al. revealed that 

HER2-low BC possesses distinct features compared to both HER2-zero and HER2-positive 

BC. Interestingly, the differences in the spectrum of mutations were observed in the HER2-

low IHC subgroups as well. The tumor mutational burden was high in HER2-low IHC 1+ 

tumors compared to HER2-low IHC2+ tumors and TP53 mutation was found at higher 

frequency in HER2-low IHC 1+ tumors. It was found that the somatic gene mutation pattern 

of HER2 IHC score 1+ tumors resembled more to the HER2-zero BC and HER2 IHC 

score 2+ with equivocal HER2 gene copy numbers showed the most distinct mutational 

profile with the highest rate of ERBB2 gene mutations.20 Another study that assessed the 
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genomic data of BC patients reported similar findings. They observed that the PIK3-Akt 

signaling mutations were frequently seen in HER2-low tumors compared to HER2-zero and 

HER2-positive tumors.14 Studies have shown that HER2-low is not biologically distinct but 

indeed is a dynamic entity as HER2 expression can change with treatment within the same 

patient, in different metastatic sites within the same patient at the same time, and in different 

areas within the same metastatic lesion.4,16 Therefore, a practical definition of HER2-low 

breast cancer is a HER2 nonamplified tumor that showed HER2-low expression on a tumor 

specimen in the course of the disease.

The DESTINY-Breast 04 has shown that HER2-low expression is targetable; however, 

growing evidence suggests that HER2-low BC is not a distinct biologic entity. Moreover, 

the definition of the HER2-low is dynamic and one that is constantly evolving based on 

the results of ongoing studies. HER2-ultra-low BC patients (HER2 IHC >0<1+ expression) 

are being enrolled along with the HER2-low patients in the phase III DESTINY-Breast 

06 clinical trial (NCT04494425). If DESTINY-Breast 06 results are positive, then we 

may need to further expand our spectrum of eligible patients to include HER2-ultra-low 

expression as a potential targetable entity. The utility of T-DXd in advanced BC with 

various levels of HER2 expression (including HER2-zero) is evaluated in the phase II 

DAISY trial (NCT04132960).21Further findings from these trials will help us to revamp the 

categorization of HER2 expression and will impact the treatment strategies.

Anti-HER2 agents clinically investigated in HER2-low breast cancer

As HER2-low BC still expresses a substantial quantity of targetable HER2 expression, 

anti-HER2 agents have been studied in this group. Based on the mice xenograft models, 

trastuzumab was hypothesized to work in BC with minimal HER2 expression through 

the HER2 growth signaling pathway and its antibody-dependent cellular cytotoxicity.22 

Similarly, pertuzumab, another HER2-directed antibody, was also found to inhibit tumor 

growth in xenograft models regardless of the level of HER2 expression. But despite the 

promising preclinical evidence, clinical trials did not show a benefit in HER2-low BC6,23,24. 

Table 1 (completed trials) lists the different monoclonal antibodies, such as trastuzumab, 

pertuzumab, and margetuximab that were tested in HER2-low BC.

T-DXd (also known as DS-8201) is a novel ADC comprised of humanized HER2 antibody 

and DXd, an ultra-toxic topoisomerase I inhibitor payload which is an analog of the active 

metabolite of irinotecan (SN-38), linked together by self-immolating tetra peptide based 

cleavable linker.25 The linker makes it more stable in the plasma with low payload clearance 

and is preferentially cleaved near the tumor cells, thus showing a better systemic toxicity 

profile. In addition, the higher drug-antibody ratio (DAR) (of 8:1) elicits a greater antitumor 

effect. 26,27 DXd has better membrane penetrability, and it exerts a bystander-killing effect 

in the surrounding HER2-negative cells, thereby showing efficacy in the HER2-low or 

heterogeneous tumor microenvironment (TME). 28 T-DXd also shows clinical efficacy in 

tumors with acquired resistance to trastuzumab or T-DM1.27

T-DXd showed clinical activity in HER2-positive patient-derived xenograft models and 

several BC models with low levels of HER2 expression.29 In a phase Ib trial, T-DXd 

showed promising antitumor activity in HER2-low BC.30 This was further explored in 
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the groundbreaking phase III randomized, multicenter clinical trial DESTINY-Breast 04 

which demonstrated promising clinical effects of T-DXd compared to the physician’s 

choice of chemotherapy (PCC) in previously treated metastatic HER2-low BC. Out of 

the 557 patients, 89% (n= 494) had HR+ disease, and 11% (n= 63) had HR-negative 

disease. Patients with metastatic HER-2 low cancers who have received at least one line 

of chemotherapy were enrolled. Those with HR+ disease should have also received at least 

one line of hormonal therapy. The (neo)adjuvant chemotherapy was counted as one line of 

therapy if the recurrence occurred within six months of (neo)adjuvant chemotherapy. In the 

overall cohort, the median PFS was significantly prolonged in the T-DXd arm (PFS: 9.9 

months (m) vs. 5.1m, hazard ratio (HR)= 0.5, p<0.001) with an acceptable safety profile. 

The PFS in the HR-positive and HR-negative subgroups, which received T-DXd was higher 

(10.1m vs. 5.4m, HR= 0.51, p<0.001) and (8.5m vs. 2.9m, HR= 0.46) compared to PCC. 

The median overall survival (OS) in the T-DXd arm was higher in the overall (23.4m vs. 

16.8m, HR= 0.64, p= 0.001), HR-positive (23.9m vs. 17.5m, HR= 0.64, p= 0.003) and 

HR-negative subgroups (18.2m vs. 8.3m, HR= 0.48). Even though the HR-negative HER2-

low patients are underrepresented in this trial, the PFS and OS benefits were significant 

in this group. The most common adverse events (AE) observed in the T-DXd arm were 

nausea and fatigue. Interstitial lung disease (ILD), a serious AE associated with T-DXd, 

was observed in 12% of the patients in this study. Grade 3 or higher AEs were more in 

the chemotherapy arm (67.4% vs. 62.6%). Given this encouraging results, the Food and 

Drug Administration (FDA) approved T-DXd for patients with unresectable or metastatic 

HER2-low BC in August 2022.

Since T-DXd is approved after one line of chemotherapy, here we discuss the outcomes 

with other contemporary treatments, both in the HR+ and HR-negative BC- sacituzumab 

govitecan (SG), alpelisib, everolimus, and PARP inhibitors to guide optimal sequencing 

strategy.

Other therapeutic agents in HER2-low breast cancer

Sacituzumab govitecan—Sacituzumab govitecan (SG) is an ADC comprising of 

humanized IgG1 targeting the trophoblast cell surface antigen (Trop2), which is 

overexpressed in most human solid epithelial cancers, conjugated with the active metabolite 

of irinotecan (SN-38) by a hydrolysable C2LA covalent linker.31,32 The conjugate has 

intermediate serum stability and is cleaved in low pH within the TME and the lysosomes, 

possessing a DAR of 7.6:1.31 It was initially approved for use in advanced TNBC and now 

approved for treatment of pre-treated endocrine-resistant HR-+ HER2-negative metastatic 

BC. Its role in HR + HER2-low or negative disease is being evaluated.33

Efficacy in TNBC/ HR-negative HER-2 low BC

In a phase I/II IMMU-132-01 basket study, SG was found to have a durable objective 

response rate (ORR) of 33% and median PFS and OS of 5.5m and 13m, respectively 

in patients with heavily pre-treated metastatic TNBC. 34 Later, in the randomized, phase 

III ASCENT trial, SG was found to have a significant PFS and OS benefit compared to 

single-agent PCC among patients with metastatic TNBC.35 Based on this data, SG received 
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accelerated initial approval by the FDA in April 2020, followed by regular approval in April 

2021.

In the ASCENT trial, patients who received two or more standard chemotherapy regimens 

were enrolled (including taxanes). The median PFS and OS in patients without brain 

metastasis were higher in the SG arm compared to the chemotherapy arm (PFS: 5.6m vs. 

1.7m, HR= 0.41, p <0.001, OS: 12.1m vs. 6.7m, HR= 0.48, p<0.001). The ORR was 35% 

with SG and 5% with chemotherapy.35 In the post hoc subgroup analysis of the ASCENT 

trial, HER2-low had good outcomes. The mPFS of HER2 IHC 0 and HER2-low cancers 

were prolonged compared to the PCC (4.3m vs. 1.6m, HR= 0.38, p<0.001; 6.2m vs. 2.9m, 

HR= 0.44, p= 0.002 respectively). The mOS was also longer in the HER2 IHC 0 and HER2-

low arm with SG compared to the PCC (11.3m vs. 5.9m, HR= 0.51, p<0.001; 14m vs. 8.7m, 

HR= 0.43, p<0.001 respectively). The ORR of the HER2 IHC 0 and HER2-low groups 

with SG compared to the PCC was 31% vs. 3% and 32% vs. 8%, respectively.36 This post 

hoc analysis demonstrates the uniform clinical benefit of SG compared to chemotherapy 

regardless of the HER2-low vs. HER2 IHC 0.

Although SG was initially approved for the management of metastatic TNBC, it is important 

to note that a significant proportion of TNBC cancers are HR-negative HER2-low (26.3%). 

Hence, this raises the question of the comparative efficacy of SG vs. T-DXd in this 

subgroup. The ASCENT trial, overall, enrolled a more heavily pre-treated population 

compared to DESTINY-Breast 04 (the population that received chemotherapy (the control 

arm) had ORR of 5% in ASCENT vs. around 16.7% in DESTINY-Breast04), the shorter 

PFS for SG in ASCENT compared to T-DXd in DESTINY Breast 04 could be somewhat 

justified. The lack of head-to-head comparisons of T-DXd and SG limits the appropriate 

comparisons.

Efficacy in HR-positive HER-2 negative/low BC

The benefit of SG in metastatic or locally advanced inoperable HR + HER2-negative BC 

is evaluated in phase III, randomized, TROPiCS-02 trial. The eligibility criteria included 

receipt of prior hormonal therapy, CDK4/6 inhibitors, and at least two lines of chemotherapy 

(including taxane). Those with one prior therapy for metastatic disease were allowed if the 

disease progressed ≤ 12 months after (neo)adjuvant therapy.37 The PFS was found to be 

higher in the SG arm compared to PCC (5.5m vs. 4m, HR= 0.66, p= 0.0003). 38 Similar 

to the ASCENT trial, neutropenia (51%) and diarrhea (10%) are the main observed AEs in 

the SG arm. The median OS was found to be significantly higher in the SG arm compared 

to PCC (14.4m vs 11.2m, HR= 0.79, p=0.020). The ORR is reported to be 21% vs. 14% 

favoring SG. 39 Given the results of the TROPiCS-02 trial, FDA has approved SG in HR + 

HER2-negative BC on February 3, 2023.40

In a post-hoc analysis of TROPiCS-02, the efficacy of SG based on the HER2 IHC 

status was reported. The mPFS of patients with HER2 IHC 0 and HER2-low BC with 

SG compared with the PCC was 5.0m vs. 3.4m (HR= 0.72, p=0.05) and 6.4m vs. 4.2m 

(HR= 0.58, p<0.001) respectively. The ORR was similar in the HER2 0 (16% vs. 15%) and 

higher with SG in the HER2-low (26% vs. 12%) group arms compared to PCC. The safety 

profile was also similar between the HER2 IHC 0 and HER2-low groups. Therefore, SG 
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can be considered as an effective treatment option in the HR + HER2-negative BC patients 

regardless of the level of HER2 expression.33

Both the ASCENT and TROPiCS-02 trials were designed for patients classified as HER2-

negative, therefore, the primary results are regardless of HER2-low vs HER2–0 expression. 

However, the post-hoc analyses suggest very similar benefit, so distinction by HER2-zero or 

HER2-low does not appear to be important for the activity of this agent.

Poly (ADP-ribose) polymerase inhibitors (PARPi)

Germline mutations in BRCA1/2 genes result in hereditary breast and ovarian cancer 

syndrome. PARPi have been used to treat BC in patients with germline BRCA1/2 

mutations.41 In the phase III OlympiAD trial, the efficacy of olaparib, an oral PARPi 

has been compared with single-agent standard chemotherapy of physician’s choice in the 

metastatic HER2-negative BRCA mutated BC patients. The trial included 49.7% (n=150) 

TNBC and 50.3% (n=152) HR + patients. The mPFS was longer in the olaparib arm 

compared to the chemotherapy arm (7m vs. 4.2m, HR= 0.58, p<0.001). The ORR was 

also higher in the olaparib arm (59.9% vs. 28.8%). Olaparib was found to have better 

mPFS in the HR + (HR=0.82, 95% CI= 0.55–1.26) and HR-negative (HR= 0.43, 95% 

CI= 0.29–0.63) groups compared to standard therapy.42 Although olaparib failed to show a 

statistically significant OS improvement compared to chemotherapy (overall cohort: mOS 

19.3m w 17.1m, HR= 0.90, p= 0.51, TNBC: HR= 0.93, 95% CI= 0.62–1.43, HR +: HR= 

0.86, 95% CI= 0.55–1.36), a potentially meaningful benefit was observed in patients who 

had not received chemotherapy for metastatic disease (22.6% vs. 14.7%, HR= 0.51, 95% 

CI= 0.29–0.9, p= 0.02).43

Talazoparib is another oral PARPi approved for advanced HER2-negative BRCA mutated 

BC patients. In the randomized, phase III EMBRACA trial, talazoparib was compared 

against standard single-agent chemotherapy of physician’s choice. The mPFS (8.6m vs. 

5.6m, HR= 0.54, p<0.001) and ORR (62.2% vs. 27.2%) were significantly higher in the 

talazoparib group. The trial included 44% (n=190) TNBC and 56% (n= 241) HR + patients. 

The mPFS was better in both TNBC (HR= 0.6, 95% CI= 0.41–0.87) and HR + (HR= 0.47 

95% CI= 0.32–0.7) subgroups.44 Like olaparib, talazoparib failed to show significant OS 

benefit (mOS= 19.3m vs. 19.5m, HR=0.84, p=0.17).45

Although NCCN recommends using both olaparib and talazoparib in BRCA-mutated, 

HER2-negative BC, we do not have separate data for assessing the benefit in HER2-low 

vs. HER2 IHC 0 with these two PARPi.40

Other agents in HR-positive HER2-negative/low BC

In HR + HER2-negative BC patients with PIK3CA gene mutation, alpelisib (BYL719) has 

been shown to have clinical benefits and is widely used after progression on the CDK4/6 

inhibitors. In the SOLAR-1 trial, the efficacy of the combination of alpelisib and fulvestrant 

in patients with HR + HER2-negative advanced BC who had received endocrine therapy 

previously was evaluated. The combination of alpelisib with fulvestrant had significantly 

improved PFS in the PIK3CA mutated cancer cohort compared to the placebo-fulvestrant 
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cohort (PFS: 11m vs. 5.7m, HR= 0.65, p<0.001). The ORR was 26.6% vs. 12.8% in the 

alpelisib/fulvestrant group compared to the placebo/fulvestrant group. But it did not show 

any OS benefit (39.3m vs. 31.4m, HR= 0.86, p=0.15).46 The ongoing phase II, multicenter, 

BYLieve study evaluated the efficacy of alpelisib and fulvestrant in PIK3CA-mutated 

HR + HER2-negative advanced BC after CDK4/6 inhibitors and has shown activity with 

manageable toxicity. The mPFS was 7.3m (95% CI= 5.6–8.3) and the mOS was 17.3m 

(95% CI= 17.2–20.7).47 Although alpelisib has shown efficacy in these patients, real-world 

evidence suggests poor tolerance given increased side effects including hyperglycemia, 

rash, diabetic ketoacidosis, especially in heavily pre-treated patients, highlighting the need 

for improved therapies.48 49,50 However, due to a significant improvement of PFS with 

the addition of alpelisib to fulvestrant, this combination is still the preferred second-line 

treatment for HR + HER2-low breast cancer after progression on a CDK4/6 inhibitor plus an 

aromatase inhibitor.

Everolimus is approved in the second line and later settings in HR + HER2-negative BC 

patients. In the phase III, randomized, BOLERO-2 clinical trial, in patients with HR + 

HER2-negative BC who had recurrence or progression with previous nonsteroidal aromatase 

inhibitors, everolimus combined with an aromatase inhibitor exemestane improved PFS 

(10.9m in everolimus-exemestane vs. 4.1m in placebo-exemestane group, HR= 0.36, 

P<0.001) but did not show OS benefit (31m vs 26.6m, HR= 0.89, p= 0.14)51. The most 

common AEs were stomatitis (8%) and anemia (6%).52 Similarly to alpelisib, tolerance to 

everolimus is poor in the real world.53,54 With the more recent approval of more targeted 

therapies like alpelisib, everolimus-based therapy is generally used third-line or second-

line in PI3K- wildtype cancers. There is no prospective data to help us choose between 

everolimus-based therapy vs. T-DXd for metastatic ER + HER2-low breast cancer. Often it 

is influenced by patients’ and clinicians’ preferences based on the route of administration, 

expected efficacy, and toxicities. The magnitude of benefit seems greater with T-DXd in 

the DESTINY-Breast 04 as compared to the everolimus in the BOLERO 2, however this 

observation is based on cross-trials comparison. Of note, all the patients on the SOLAR-1 

trial and BOLERO-2 trials were chemotherapy naïve, while T-DXd was given to a group 

of patients who had received prior chemotherapy. Additionally, there was a differential 

loss to follow-up (informative censoring) on SOLAR-1 and BOLERO-2, which could lead 

to an overestimation of clinical response with these drugs.55 Therefore, in patients with 

chemotherapy-resistant HR + HER2-low metastatic BC, T-DXd could be considered over 

everolimus-based therapy.

Based on the results of the EMERALD trial, elacestrant (oral selective estrogen receptor 

degrader) was recently approved as second line and later for ER+ HER2-low metastatic BC 

with ESR1 mutation on January 27, 2023. The trial enrolled ER+ HER2-negative metastatic 

BC patients who had one-two lines of ET including CDK4/6 inhibitors and up to one line 

of chemotherapy. The PFS was significantly increased for patients with ESR1 mutation 

[3.8 months (95% CI: 2.2, 7.3) vs. 1.9 months (95% CI: 1.9, 2.1); HR= 0.55, 95% CI= 

0.39–0.77, p= 0.0005].56 Efficacy data of elacestrant in HER2-low vs. HER2 0 has not been 

reported.

Roy et al. Page 8

Cancer. Author manuscript; available in PMC 2024 September 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Table 2 shows the comparative efficacy of T-DXd, SG, PARPi, alpelisib, and everolimus in 

HER2-negative breast cancer.

HER2-low BC with brain metastasis

The number of BC patients with brain metastasis enrolled in the above trials was minimal. 

In DESTINY-Breast 04, separate subset analysis was not performed as the percentage of 

patients with brain metastasis in the T-DXd and chemotherapy arms were only 6.4% and 

8.3%.7 As T-DXd has shown significant intracranial activity against stable and active HER2 

+ breast cancer brain metastasis, it is important to determine its activity in HER2-low BC 

with brain metastasis in a prospective clinical trial.57,58 The results of the phase II clinical 

trial DEBBRAH, which studied the efficacy of T-DXd in locally advanced/unresected/

metastatic HER2-positive/HER2-low BC with untreated or treated brain metastatic or 

leptomeningeal carcinomatosis, are currently pending (NCT04420598). The central nervous 

system (CNS) activity of other therapies against HER2-low breast cancer is limited. A 

total of 11.5% (n=61) TNBC patients with brain metastasis were enrolled in the ASCENT 

trial.35 In the brain metastasis cohort, median PFS was 2.8 months with SG compared to 1.6 

months with chemotherapy. However, the OS was 6.8 months with SG as compared to 7.5 

months with chemotherapy.59 HER2 expression data of the brain metastasis cohort have not 

been presented. In TROPiCS-02, patients with active CNS metastasis (unless stable for at 

least 4 weeks) were excluded.37 Details of CNS metastasis in the enrolled patients are not 

reported in OlympiAD trial.42 In the EMBRACA trial, 15% of patients in the Talazoparib 

arm and 13.9% in the standard chemotherapy arm had CNS metastasis. However, to be 

eligible, those patients had to receive definite local CNS therapy prior to study enrollment. 

The mPFS and mOS in this group was also better in the Talazoparib arm compared to 

standard chemotherapy (mPFS: HR= 0.32, 95% CI= 0.15–0.68, mOS: HR=0.67, 95% CI= 

0.37–1.2), however the details of response rates in CNS metastasis is not reported.44,45 In 

SOLAR-1 and BOLERO-2, patients with CNS metastasis were excluded.46,52 In BYLieve 

trial, only 2% of the enrolled patients had CNS metastasis and subset analysis based on CNS 

metastasis is not available.47 Therefore, based on the very limited data, currently we do not 

have any consensus regarding the sequencing of treatments in HER2-low BC patients with 

brain metastasis.

Proposed Sequencing of T-DXd and Rationale.

Apart from T-DXd, none of the other agents discussed have been investigated in patients 

with HER2-low cancers. Therefore, data from clinical trials and real-world evidence are 

critically needed to make recommendations on the optimal sequencing of these agents for 

maximum clinical benefit while maintaining the quality of life. In the absence of such data, 

we have utilized current evidence from the literature to propose a sequencing strategy for 

HR + and HR-negative HER2-low metastatic breast cancers (Figure 2a and 2b). In the 

DESTINY-Breast 04 trial, patients are enrolled in the T-DXd arm after receipt of one to two 

lines of chemotherapy, and in the TROPiCS-02 trial, patients received two to four lines of 

chemotherapy before enrollment in the SG arm, Therefore, we propose the utilization of T-

DXd before SG in the HR-positive HER2-low BC. In HR-negative HER2-low BC, although 

the results from DESTINY-Breast 04 were supportive of using T-DXd, it included only 63 

patients HR-negative HER2-low patients. The ASCENT trial was a large phase III trial (n= 
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486) that enrolled metastatic TNBC patients in the SG arm after chemotherapy. Given these 

findings, we propose the use of either SG or T-DXd after the first-line chemotherapy in 

HR-negative HER2-low BC. Even though T-DXd and SG are ADCs conjugated with the 

same topoisomerase I inhibitor, the targets of both drugs are different (T-DXd - HER2 and 

SG - Trop2). The efficacy and side effects of utilization of these ADCs in a sequence are not 

clearly understood. Another possible way of identifying patients who would likely benefit 

from these drugs is through biomarker evaluation. Therefore, we could hypothesize in a 

data-free zone that it might be beneficial to give T-DXd to a patient with BC with higher 

HER2 expression than Trop2 to maximize efficacy and minimize toxicity, however, this 

needs further validation in future trials. More studies are needed to analyze the real-world 

efficacy and AEs of sequential therapy with ADCs.

Ongoing Studies and Clinical Trials in HER2-low BC

Several ongoing trials are investigating multiple new drugs, such as, datopotamab 

deruxtecan (Dato-DXd, also known as DS-1062a), trastuzumab-duocarmazine (SYD985), 

disitamab vedotin (RC48) and novel combinations of T-DXd with immunotherapy 

and anti-estrogen therapy in HER2-low BC and combining HER2-targeted agent with 

immunotherapy (IO). Table 1 (Ongoing clinical trials) shows details of ongoing clinical 

trials. The preliminary analysis of phase Ib/2 BEGONIA trial (NCT03742102), which 

evaluates the combination of durvalumab (IO) and Dato-DXd as a first-line treatment option 

in advanced/metastatic TNBC shows the response in 74% of patients and responses were 

regardless of the PDL-1 expression. The most common AE observed was mild stomatitis 

(69%).60,61 The preliminary analysis of the DAISY trial shows that T-DXd has meaningful 

clinical activity in HER2-positive, HER2-low, and HER2-zero BC patients (mPFS= 11.1 

(95% CI = 8.4- NR), 6.7 (4.6 – 8.5), 4.2 (2.1–6.9) months respectively.21

Other ADCs which are evaluated in HER2-low BC are SYD985 and RC48. 62,63 SYD985 

is a novel ADC, which is composed of trastuzumab linked to DNA-alkylating duocarmycin. 

Despite its lower DAR (2.8:1), it is significantly more potent than T-DM1 in HER2-low 

patient-derived xenograft BC models. 64 In a phase I dose escalation and dose-expansion 

study, SYD985 showed clinical activity in heavily pre-treated patients with HER2- 

expressing metastatic BC, including HER2-positive T-DM1 resistant and HER2-low BC 

with acceptable AEs. 65 The preliminary data of the ongoing phase Ib trial utilizing RC48 

in advanced HER2-positive and HER2-low BC shows that RC48 can achieve good efficacy 

in both HER2-positive and low patients (NCT03052634). These ongoing studies, along with 

real-world evidence, can inform how T-DXd can be used optimally in HER2-low BC and 

can investigate whether HER2-low status can be used as a biomarker for de-escalation of 

systemic therapies in aggressive subtypes such as TNBC.66

Future Directions and Conclusion

With the advent of promising clinical data with novel ADCs in HER2-low space, HER2-low 

BC has emerged as a potentially targetable entity. Data from ongoing trials with novel 

anti-HER2 agents will help further delineate the efficacy of these agents in HER2-low space. 

In the future, it is essential to investigate the relative efficacy of other approved treatments 
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compared to T-DXd to determine the optimal sequencing strategies to get the maximum 

clinical benefit in HER2-low BC.
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Figure 1: 
Algorithm for diagnosis of HER2-low BC according to the ASCO/CAP guidelines. HER2= 

Human epidermal growth factor receptor 2, IHC= Immuno histochemistry, ISH= In situ 

hybridization, CN= Copy number, avg= Average
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Figure 2: 
The proposed sequencing algorithm in (a) HR-negative HER2-low BC and (b) HR+ HER2-

low BC

a: Sequencing Algorithm in HR-negative HER2-low BC. *Based on the keynote-355 

clinical trial, in HR-negative HER2-low BC, chemotherapy + pembrolizumab can be 

considered as first-line treatment if CPS ≥ 10. Paclitaxel, nab-paclitaxel (if disease free 

survival>=12 months), and gemcitabine-carboplatin (disease free survival <=12 months) 

are the chemotherapy options that can be used based on the trial. **DESTINYBreast04 

trial enrolled patients in the T-DXd arm after one line of chemotherapy (63 patients with 

HR-negative HER2-low breast cancer) and ***the ASCENT trial is a large phase III trial 

which enrolled patients to SG after chemotherapy. Therefore, we propose the use of either 

of T-DXd or SG as next-line treatment option. ****Given the significant OS benefit of 

PARP inhibitors if used in the first line setting based on the OlympiAD trial, we propose to 

use PARP inhibitors as first-line in HR-negative HER2-low patients with germline BRCA 

mutation. HER2= Human epidermal growth factor receptor 2, TNBC= Triple-negative 

breast cancer, CPS= Combined positive scoring, T-DXd= Trastuzumab deruxtecan, SG= 

Sacituzumab govitecan, OS= Overall survival.
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b: Sequencing Algorithm in HR+ HER2-low BC. In HR-positive HER2-low BC the first-

line treatment is CDK4/6 inhibitors + endocrine therapy followed by other lines of endocrine 

therapy. *Elacestrant is preferred when ESR1 mutation is identified through guardant 360/

liquid biopsy (preferred based on FDA approval) or next generation sequencing and if 

the progression-free survival on CDK4/6 inhibitors is more than 12 months. When the 

disease is endocrine-resistant, the next line of treatment is chemotherapy (**Physician’s 

choice of chemotherapy based on patient’s clinical condition and preference). ***As the 

DESTINY-Breast04 trial enrolled patients in the T-DXd arm after one line of chemotherapy, 

we propose using T-DXd as the next line of treatment. ****As the TROPiCS-02 trial 

enrolled patients in the SG arm after two lines of chemotherapy, we propose to consider 

SG after T-DXd. HR+HER2= Hormone receptor-positive human epidermal growth factor 

receptor 2, CDK4/6 i= Cyclin-dependent kinase 4 and 6 inhibitors, ET= Endocrine therapy, 

T-DXd= Transtuzumab Deruxtecan, SG= Sacituzumab govitecan.
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