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Introduction
Breast cancer remains a leading cause of morbid-
ity and mortality worldwide. In 2020, an esti-
mated 2.26 million women were diagnosed with 
the disease and 685,000 related deaths occurred 
globally.1 Although more than 80% of breast can-
cer cases are early stage at diagnosis, approxi-
mately 5% present with incurable metastatic 
breast cancer (mBC)2; even after completion of 
curative-intent treatment, 15–24% of patients 
ultimately develop mBC.3 These patients have a 
poor prognosis, with a 5-year survival ranging 
22–29% and median overall survival (mOS) rang-
ing from 8 months to 5 years, depending on 
patient and disease characteristics and therapeu-
tic intervention.4–9

Overexpression and/or gene amplification of 
human epidermal growth factor receptor 2 
(HER2) is observed in approximately 15–20% of 
human breast cancers, which are categorized as 
HER2-positive disease.3,10,11 Although several 
targeted therapies have shown favorable efficacy 
in the HER2-positive setting of mBC, options 
have remained more limited for patients conven-
tionally categorized as HER2-negative. However, 
the treatment paradigm for management of 

HER2-negative mBC is poised to transform in 
light of results from the Phase III trial DESTINY-
Breast04.12 In this study, treatment with the 
HER2-targeted antibody–drug conjugate (ADC) 
trastuzumab deruxtecan (T-DXd) was associated 
with a clinically meaningful survival benefit in an 
mBC population with a biomarker not previously 
thought to be actionable: HER2-low.12 This 
manuscript describes the evolving treatment 
pathway for patients with HER2-low mBC, as 
well as clinical trials and anticipated challenges 
for this population.

Conventional HER2 classification and  
use of targeted therapies

Classification of the HER2 biomarker
Evaluation of the expression of three key bio-
markers – estrogen receptors, progesterone recep-
tors, and HER2 – has been adopted to understand 
prognosis and individualize treatment options for 
patients with breast cancer.13–16 Assessment of 
HER2 status is recommended both at diagnosis 
and upon development of metastatic disease.14,16 
Historically, classification of HER2 expression 
has been binary (Figure 1): HER2-positive 
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disease was defined as the presence of tumors 
with an immunohistochemistry (IHC) score of 
3+ or 2+ with HER2 gene (ERBB2) amplifica-
tion by in situ hybridization (ISH) assay,16 while 
tumors with IHC scores of 0+, 1+, or 2+/ISH-
negative were defined as HER2-negative. Recent 
evidence, however, indicates that patients with 
low HER2 expression (IHC 1+ or 2+/ISH-
negative) represent a new targetable category of 
breast cancer termed ‘HER2-low’ (Figure 1), a 
population with a heterogenous presentation and 
variable prognosis.17–19 Approximately half of all 
breast cancer cases are HER2-low,10,17,18 includ-
ing approximately two-thirds of hormone recep-
tor (HR)-positive patients and about 40% of 
those with HR-negative disease.20 Although infor-
mally defined and more challenging to identify, 
another HER2 classification, ultra-low (e.g., 
IHC > 0 <1+), is also under investigation to 
understand whether patients with undetectable 
HER2 expression respond to HER2-targeted 
therapy.21

Efficacy of HER2-targeted therapies
HER2-targeted therapies used in the treatment of 
HER2-positive mBC include the monoclonal 
antibodies trastuzumab, pertuzumab, and mar-
getuximab; the ADCs, trastuzumab emtansine 
(T-DM1) and T-DXd; and the HER2 tyrosine 
kinase inhibitors, tucatinib, lapatinib, and ner-
atinib.13,14 The introduction of these agents has 
dramatically improved clinical outcomes in 
HER2-positive mBC: in the first-line (1L) setting, 
mOS increased from approximately 20 months 
with standard chemotherapy to 50 months with 
combination chemotherapy with pertuzumab and 

trastuzumab.22,23 However, clinical evaluations of 
trastuzumab, pertuzumab, and T-DM1 in HER2-
low populations did not show meaningful bene-
fits.24–30 As a result, until recently, patients with 
HER2-low disease remained categorized as 
HER2-negative for treatment decision-making18,31 
and conventionally received therapy on the basis 
of HR expression and the presence of other drug-
targeting biomarkers.17

HER2-low: An actionable target

Activity of T-DXd
Although HER2 overexpression (i.e., IHC 3+ or 
IHC 2+/ISH positive) was long considered man-
datory for the efficacy of HER2-targeted therapies, 
new evidence indicates this is no longer the case for 
novel and more potent agents such as T-DXd. 
This ADC therapy consists of a humanized anti-
HER2 monoclonal antibody (trastuzumab) joined 
to a membrane-permeable payload topoisomerase 
I inhibitor (DX-895) via a cleavable linker. Once 
bound to HER2 protein, T-DXd delivers its cyto-
toxic payload (8:1 drug-to-antibody ratio) to both 
the target cell and neighboring cells via a unique 
bystander effect, regardless of level of HER2 
expression (Figure 2).32,33 This effect is thought to 
differentiate T-DXd from other HER2-targeted 
therapies such as T-DM1.32,33

The impressive efficacy of T-DXd among patients 
with heavily pretreated, HER2-positive mBC in 
the single-arm, Phase II DESTINY-Breast01 
trial was subsequently confirmed in the Phase III 
trial DESTINY-Breast02, which showed superi-
ority of T-DXd over conventional HER2-targeted 

Figure 1. Evolving classification of mBC according to HER2 status.
HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization; mBC, metastatic 
breast cancer.
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and chemotherapy-based regimens among 
patients previously treated with T-DM1.35,36 
Another Phase III trial, DESTINY-Breast03, 
showed significantly improved survival outcomes 
with T-DXd versus T-DM1 in a less pretreated 
population, underscoring the clinical benefits of 
technological advances in ADC engineering.37 
Simultaneously, efforts were made to evaluate 
T-DXd in other HER2 populations, such as 
HER2-low mBC.38–40

Efficacy of T-DXd in HER2-low mBC:  
DESTINY-Breast04
Initial evaluations of T-DXd in Phase Ib and II 
studies showed promising outcomes among heav-
ily pretreated patients with HER2-low mBC.38–40 
Across these investigations, overall response rates 
ranged 33–38% and median progression-free sur-
vival (mPFS) ranged 6.3–11.1 months (Table 
1).38–40 These findings supported the design of the 
Phase III DESTINY-Breast04 trial of patients 
with HER2-low mBC.12 This study included a 
total of 557 patients (HR-positive or HR-negative) 
who had received chemotherapy for mBC or had 
disease recurrence during or within 6 months of 
completion of adjuvant chemotherapy; HR-positive 
patients had to have received ⩾1 line of endocrine 
therapy (ET). Patients were randomized 2:1 to 

T-DXd or physician’s choice chemotherapy 
(capecitabine, gemcitabine, eribulin, paclitaxel, or 
nab-paclitaxel).12 The primary endpoint was PFS 
in the HR-positive subgroup; key secondary end-
points included PFS (all patients) and OS 
(HR-positive and all patients). In the overall popu-
lation, patients had received a median of three 
prior lines of therapy in the metastatic setting and 
88.7% had HR-positive disease; 57.6% had IHC 
1+; and 42.4% had IHC 2+/ISH-negative dis-
ease. The median duration of follow-up was 
18.4 months. In the HR-positive subgroup, the 
confirmed objective response rate (cORR) was 
substantially higher with T-DXd than with physi-
cian’s choice chemotherapy (52.6% versus 16.3%, 
respectively). Furthermore, median PFS was 
nearly doubled with T-DXd (10.1 months versus 
5.4 months; hazard ratio: 0.51 [95% CI: 0.40–
0.64]; p < 0.001) and mOS was significantly pro-
longed (23.9 months versus 17.5 months; hazard 
ratio: 0.64 [95% CI: 0.48–0.86]; p = 0.003) (Figure 
3; Table 1). Results for treatment response and 
survival were generally comparable in the full 
patient population and in an exploratory analysis 
of patients with HR-negative disease. In the 
HR-negative cohort (n = 58), cORR was 50% with 
T-DXd versus 16.7% with physician’s choice 
chemotherapy. mPFS was also improved with 
T-DXd (8.5 months versus 2.9 months; hazard 

Figure 2. Mechanism of action of T-DXd.
Source: Figure 1 from Swain et al.34 Creative Commons license and disclaimer available from https://creativecommons.org/
licenses/by-nc-nd/4.0/.
ADC, antibody–drug conjugate; HER2, human epidermal growth factor receptor 2; T-DXd, trastuzumab deruxtecan.
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Table 1. Completed and ongoing clinical trials of T-DXd and other therapies in HER2-low advanced/mBC.

Intervention Study name, design, NCT 
number

Phase Patient population N Trial statusa Key results (or estimated primary 
completion date)

ADC: monotherapy and combination therapy

  T-DXd versus 
physician’s 
choice CTX

DESTINY-Breast0412 
(randomized, multicenter, 
two-group, open-label)

III HER2-low mBC 557 (89% HR+, 
11% HR−)

Active, not 
recruiting

T-DXd versus physician’s choice 
chemotherapy:

NCT03734029 after 1–2 standard 
therapies

HR+ patients,

cORR: 52.6% versus 16.3%

mPFS: 10.1 versus 5.4 mo

mOS: 23.9 versus 17.5 mo

HR− patients,

cORR: 50.0% versus 16.7%

mPFS: 8.5 versus 2.9 mo

mOS: 18.2 versus 8.3 mo

Full population,

ILD: 12.1% versus 0.6%

 T-DXd DEBBRAH41–44 (multicenter, 
open-label, two-stage)

II Pretreated HER2+/HER2-
low unresectable locally 
advanced or mBC with 
untreated BMs or LMC (5 
cohorts)

41 Completed ORR-ICb:

NCT04420598 Cohort 2 (HER2± low): 66.7%

Cohort 4 (HER2-low): 33.3%

PFS (both cohorts): 5.7 mo

 T-DXd DAISY39 (open-label) II HER2+, HER2-low, and 
HER2-null advanced BC

176 (FAS) (72 
HER2-low)

Active, not 
recruiting

HER2-low (HER2-null):

NCT04132960 BOR: 33.3% (30.6%)

mPFS: 6.7 mo (4.2 mo)

ILD: n = 4 (full population)

 T-DXd Dose-expansion study38 Ib HER2-low advanced/mBC 
refractory to standard 
therapies

54 (87% HR+, 
13% HR−)

Active, not 
recruiting

cORR: 37.0%

NCT02564900 mPFS: 11.1 mo

mOS: 29.4 mo

ILD: 14.8%

  T-DXd +  
nivolumab

Two-part, open-label 
study40

Ib HER2-expressing mBC 
after standard therapy

Part 2: 45  
(16 HER2-low; 
13 HR+)

Active, not 
recruiting

HER2-low:

NCT03523572 ORR: 37.5%

mPFS: 6.3 mo

ILD: 10.4% (full population)

(Continued)
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Intervention Study name, design, NCT 
number

Phase Patient population N Trial statusa Key results (or estimated primary 
completion date)

  T-DXd +  
durvalumab  
(+ others)

BEGONIA45 (Two-part, 
multicenter, multi-arm, 
open-label)

Ib/2 Untreated, unresectable, 
locally advanced/
metastatic HER2-low 
TNBC (IHC 0 excluded) 
breast cancer

Arm 6 
(Durvalumab +  
T-DXd): 11

Active, not 
recruiting

cORR: 100% (4/4; only four pts 
have completed two on-treatment 
assessments; remaining seven pts 
still on treatment)

NCT03742102 ILD: NR

  T-DXd versus 
physician’s 
choice CTX

DESTINY-Breast0621 
(randomized, multicenter, 
open-label)

III HR+, HER2-low (IHC 
2+/ISH-, IHC 1+, and 
IHC > 0 <1+) mBC 
progressed on ⩾2 lines 
of ET

850 (est.) Recruiting July 2023

NCT04494425

  T-DXd 
combinationsc

DESTINY-Breast0846–48 
(multicenter, open-label, 
modular, two-part)

Ib HR+ and HR−, HER2-low 
advanced or mBC (Part 2: 
5 cohorts)

182 (est.) Active, not 
recruiting

Preliminary results, modules 4 
and 5,

NCT04556773 Recommended doses for 
expansion:

T-DXd (5.4 mg/kg) Q3W +

anastrozole (1 mg QD) or

fulvestrant (500 mg Q4Wd)

No DLTs reported, both 
combinations generally well 
tolerated

  T-DXd +  
pembrolizumab

Two-part, open-label 
study49

I HER2-low, advanced/
mBC with failure on prior 
standard therapy

105 Recruiting 2023

NCT04042701

 T-DM1 Single-arm study25 II HER2+ mBC with 
progression after prior 
HER2 treatment and 
previous CTX

112e Completed Analysis of confirmed

NCT00509769 HER2+ versus HER2-normal,

ORR: 33.8% versus 4.8%

mPFS: 8.2 mo versus 2.6 mo

ILD: NR

 T-DM1 Single-arm study30 II HER2+ mBC previously 
treated with trastuzumab, 
lapatinib, an anthracycline, 
a taxane, and capecitabine

110f Unknown Analysis of confirmed

NCT: N/A HER2+ versus HER2-normal,

ORR: 41.3% versus 20.0%

mPFS: 7.3 mo versus 2.8 mo

ILD: 1 related death (full 
population)

(Continued)

Table 1. (Continued)
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Intervention Study name, design, NCT 
number

Phase Patient population N Trial statusa Key results (or estimated primary 
completion date)

  Sacituzumab 
govitecan versus 
physician’s 
choice CTX

ASCENT50,51 III TNBC (local advanced or 
mBC) RR to ⩾2 previous 
CTX regimens

468 (post hoc 
analysis: HER2-
low: 123, IHC 
0: 293)

Completed SG versus physician’s choice (post 
hoc analyses):

NCT02574455 HER2-low patients,

ORR: 32% versus 8%

mPFS: 6.2 versus 2.9 mo

mOS: 14.0 versus 8.7 mo

IHC 0 patients,

ORR: 31% versus 3%

mPFS: 4.3 versus 1.6 mo

mOS: 11.3 versus 5.9 mo

ILD: n = 1 (SG group; full population)

  Sacituzumab 
govitecan versus 
physician’s 
choice CTX

TROPiCS-0252,53 III HR+, HER2-advanced BC, 
heavily pretreated, ET-
resistant

543 (post hoc 
analysis: HER2-
low: 283, IHC 
0: 217)

Active, not 
recruiting

SG versus physician’s choice:

NCT03901339 HER2-low patients,

ORR: 26% versus 12%

mPFS: 6.4 versus 4.2 mo

IHC 0 patients,

ORR: 16% versus 15%

mPFS: 5.0 versus 3.4 mo

ILD: 0% versus 1% (full population)

 MRG002 Multicenter, open-label 
study54

II HER2-low locally advanced 
or mBC

66 (est.) Recruiting February 2023

NCT04742153

  Disitamab 
vedotin 
(RC48) versus 
physician’s 
choice

Randomized, parallel-
control, multicenter study55

III HER2-low mBC, previous 
use of anthracyclines, 
and 1–2 systemic CTX 
regimens

366 (est.) Recruiting December 2022

NCT04400695

  Disitamab 
vedotin (RC48)

Open-label study56 II HER2+ and HER2-low 
mBC with abnormal PAM 
pathway activation

64 (est.) Recruiting December 2023

NCT05331326

  Disitamab 
vedotin (RC48) +  
penpulimab

Open-label study57 II Neoadjuvant treatment of 
HER2-low early or locally 
advanced breast cancer

20 (est.) Not yet recruiting August 2024

NCT05726175

Table 1. (Continued)

(Continued)
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Intervention Study name, design, NCT 
number

Phase Patient population N Trial statusa Key results (or estimated primary 
completion date)

Monoclonal antibodies

  Trastuzumab +  
CTX versus CTX

NSABP B-4724 randomized) III High-risk primary invasive 
BC, HER2 IHC 1+ or 2+/
FISH < 2.0

3270 Active, not 
recruiting

5-year event rates, trastuzumab/
CTX versus CTX:

NCT01275677 IDFS: 89.8% versus 89.2%

DRFI: 92.7% versus 93.6%

OS: 94.8% versus 96.3%

ILD: NR

 Margetuximab Single-arm, open-label 
study58,59

II R/R advanced BC with IHC 
1+ or 2+ without gene 
amplification

25 Completed Results not yet reported

NCT01828021

Bispecific and trispecific antibodies

  Zenocutuzumab 
combinations

Open-label study60 II HR+, HER2-low mBC 
refractory to ET/CDK4/6i

42 (evaluable 
for efficacy)

Active, not 
recruiting

DCR: 45%

NCT03321981 ILD: NR

Various

  Drug selection 
based on 
genome 
signature/ drug 
sensitivity of 
PDO modelg

Open-label, parallel 
assignment study61

III Refractory HER2+ 
(including low) mBC 
resistant to trastuzumab

120 (est.) Recruiting February 2024

NCT05429684

Other than studies of T-DXd, only Phase II and III trials are presented; numerous additional phase I and I/II trials are ongoing.
aStatus accurate as of 20 April 2023.
bCohort 2 includes HER2+/HER2-low mBC patients with asymptomatic, untreated BMs (current data reflect all HER2-low patients). Cohort 4 includes HER2-low mBC patients with progressive BMs 
after local treatment and had a higher proportion of HR-negative patients than Cohort 2. PFS data remain immature.
cT-DXd used in combination with durvalumab + paclitaxel, capivasertib, anastrozole, fulvestrant, or capecitabine.
dFulvestrant loading dose: 500 mg on C1D15.
e95 efficacy-evaluable patients had HER2 status reassessed: 74 were confirmed HER2+ and 21 were classified as HER2-normal.
f95 patients had HER2 status reassessed: 80 were confirmed HER2+ and 15 were classified as HER2-normal.
gHER2-low patients will receive trastuzumab + pertuzumab + paclitaxel.
ADC, antibody–drug conjugate; BC, breast cancer; BM, brain metastases; BOR, best overall response; CDK4/6, cyclin-dependent kinase 4/6; CI, confidence interval; cORR, confirmed objective (or 
overall) response rate; CTX, chemotherapy; DCR, disease control rate; DLT, dose-limiting toxicities; DRFI, distant recurrence-free interval; est., estimated; FAS, full analysis set; FISH, fluorescence 
in situ hybridization; GEJ, gastroesophageal; HER2, human epidermal growth factor 2; HR, hormone receptor; IDFS, invasive disease-free survival; IHC, immunohistochemistry; ILD, interstitial 
lung disease (or pneumonitis); LMC, leptomeningeal carcinomatosis; mBC, metastatic breast cancer; mo, months; mOS, median overall survival; mPFS, median progression-free survival; N/A, not 
available; NR, not reported; NSCLC, non-small cell lung cancer; ORR(-IC), overall response rate (intracranial); PDO, patient-derived organoids; pts, patients; Q3/4W, every 3/4 weeks; QD, every day; 
R/R, relapsed or refractory; SG, sacituzumab govitecan; T-DM1, trastuzumab emtansine; TNBC, triple-negative breast cancer; PAM, PI3K/Akt/mTOR.

Table 1. (Continued)

ratio: 0.46 [95% CI: 0.24–0.89]), as was mOS 
(18.2 months versus 8.3 months; hazard ratio: 0.48 
[95% CI: 0.24–0.95]). Among all patients, the 
most common drug-related adverse events (AEs; 
any grade) associated with T-DXd included nau-
sea (73.0%), fatigue (47.7%), and alopecia 
(37.7%). The overall rate of grade 3+ AEs was 
lower with T-DXd than with physician’s choice 
therapy (52.6% versus 67.4%). Drug-related 

interstitial lung disease (ILD) or pneumonitis was 
observed in 45 (12.1%) T-DXd-treated patients 
compared with 1 (0.6%) patient who received phy-
sician’s choice chemotherapy. Although the major-
ity of these events were mild or moderate (12 
[3.5%] grade 1; 24 [6.5%] grade 2) in the T-DXd 
group, grade 5 toxicity was observed in three 
patients (0.8%). Collectively, the results of 
DESTINY-Breast04 and the earlier Phase Ib and 
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II trials emphasized that, in contrast to previous 
thinking, low expression of HER2 is in fact an 
actionable target in mBC.

Impact of DESTINY-Breast04 on treatment 
of HER2-low mBC
The results of DESTINY-Breast04 mark a new 
era in the management of mBC, with the reinter-
pretation of low HER2 status as a targetable dis-
ease entity. The trial’s results indicate that T-DXd 
is an important treatment option that should be 

incorporated into standard of care therapy for 
patients with HER2-low mBC.

Current treatment paradigm
The current treatment paradigm for HER2-
negative (IHC 0, 1+, or 2+/ISH-negative) mBC 
varies on the basis of HR status (Figure 4). 
Among patients with HR-positive disease, ther-
apy typically includes the following sequence of 
agents13,15,16: 1L, ET + cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i) (or chemotherapy among 

Figure 3. DESTINY-Breast04: Kaplan–Meier analysis of survival outcomes associated with T-DXd versus physician’s choice 
chemotherapy among patients with HR-positive (a, b) and HR-negative (c, d) HER2-low mBC.
Source: Figures compiled from Modi et al.62 Permission for use granted by the authors.
CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; mBC, metastatic breast cancer; mo, months; NE, 
not estimable; OS, overall survival; PFS, progression-free survival; T-DXd, trastuzumab deruxtecan; TPC, physician’s choice chemotherapy.
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patients with imminent organ failure); second-
line (2L), ET rechallenge (monotherapy), 
ET + CDK4/6i (if not received 1L), ET + everoli-
mus, or chemotherapy; third-line (3L) to  

fifth-line (5L) chemotherapy. Select patient pop-
ulations may be eligible for additional treatment 
options, such as 2L alpelisib + fulvestrant if 
tumors harbor a PIK3CA mutation,63 2L 

Figure 4. Current and evolving treatment paradigms for HER2-negative mBC, including HER2-low disease. (a) Chemotherapy to be 
used among patients with imminent organ failure. (b) Rechallenge with ET monotherapy. (c) Option if not received in 1L. (d) Option 
for PD-L1-positive patients. (e) PARPi preferred over chemotherapy for appropriate patients. (f) SG preferred over chemotherapy. (g) 
Optimal sequencing of T-DXd and SG in HER2-low disease has yet to be determined.
Standard chemotherapies (2L and beyond) may include taxanes, platinum agents, capecitabine, gemcitabine, anthracyclines, eribulin, and 
vinorelbine. Patients receiving 1L or 2L CDK4/6i therapy may not be eligible for funding of subsequent therapy with everolimus + exemestane, 
alpelisib + fulvestrant, single-agent fulvestrant or elacestrant, or PARPi in some countries (e.g., Canada).
1L/2L/3L/4L/5L, first/second/third/four/fifth line of therapy; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; ET, endocrine therapy; HER2, human 
epidermal growth factor receptor 2; HR, hormone receptor; IO, immunotherapy; mBC, metastatic breast cancer; PARPi, poly(adenosine diphosphate-
ribose) polymerase inhibitor; PD-L1, programmed death-ligand 1; SG, sacituzumab govitecan; T-DXd, trastuzumab deruxtecan.
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elacestrant for ESR1 mutations,64 or an oral 
poly(adenosine diphosphate-ribose) polymerase 
inhibitor (PARPi) in the 1L to 3L if a germline 
BRCA mutation (gBRCAm) exists.65 Phase II 
data are also available for use of PARPi in somatic 
BRCA mutations.66 Patients with HR-negative 
disease have even fewer treatment options: 1L, 
immunotherapy + chemotherapy (if programmed 
death-ligand 1 [PD-L1] positive) or chemother-
apy; 2L, sacituzumab govitecan (SG) or chemo-
therapy; 3L, chemotherapy. In each line, 
treatment selection is dependent on individual 
patient characteristics, previously received thera-
pies, and reimbursement/access restrictions. 
Importantly, the number of effective treatment 
options becomes increasingly limited in later lines 
of therapy, and response rates and survival impact 
diminish with each subsequent line.67,68 Patients 
who progress to late-line, single-agent chemo-
therapy have an mPFS of only 2–5 months.69–71 
As such, these individuals have a substantial need 
for new, targeted therapeutics that can safely 
improve clinical outcomes.

Evolving treatment paradigm
In DESTINY-Breast04, most patients were clas-
sified as having hormone-refractory mBC, as the 
majority had HR-positive disease and had 
received ⩾3 prior lines of systemic therapy 
(including hormone therapy) in the metastatic 
setting.12 Approximately 60% of patients had 
received one prior line of chemotherapy and 40% 
had received two. Therefore, initial use of T-DXd 
in the HER2-low population will likely focus on 
the fourth or later line of mBC therapy (Figure 
4). However, as observed in the HER2-positive 
treatment setting, it is anticipated that treatment 
with T-DXd will also be beneficial in earlier lines. 
The Phase III trial DESTINY-Breast06 is cur-
rently evaluating T-DXd versus investigator’s 
choice chemotherapy in HR-positive HER2-low 
and ultra-low mBC after progression on 
CDK4/6 + ET within 6 months or two prior lines 
of ET ± targeted therapy in the metastatic setting 
(Table 1).21

In post hoc analyses, the TROP2-targeted ADC 
SG also recently showed efficacy in HER2-low 
mBC within clinical trials of conventionally 
defined HER2-negative disease (0+, 1+, or 2+/
ISH-negative). The Phase III TROPiCS-02 trial 
(NCT03901339) included heavily pretreated 
patients with HR-positive, ET-resistant, locally 
recurrent inoperable or mBC (N = 543) who had 

previously received a CDK4/6i and 2–4 lines of 
chemotherapy; SG was compared to physician’s 
choice chemotherapy.52,72 Most study patients 
had visceral metastases (95%) and prior treatment 
with a CDK4/6i (99%); the median number of 
prior lines of chemotherapy was three. The trial’s 
primary endpoint was PFS, and secondary end-
points included OS and ORR. In the full study 
population at a median follow-up of 10.2 months, 
mPFS was 5.5 months with SG and 4.0 months 
with physician’s choice chemotherapy (hazard 
ratio: 0.66 [95% CI: 0.53–0.83]; p = 0.0003).52 At 
12.5 months of follow-up, mOS was 14.4 and 
11.2 months, respectively, in these groups (hazard 
ratio: 0.79 [95% CI: 0.65–0.96]; p = 0.02).71 
Objective response rates were 21% and 14% with 
SG and physician’s choice, respectively. In a post 
hoc analysis of outcomes among patients with 
HER2-low disease (n = 283) and those with IHC 0 
(n = 217),53 the clinical benefit of SG was consist-
ent with that in the intention-to-treat (ITT) popu-
lation (Table 1). The ORR was 26% with SG 
versus 12% with chemotherapy among HER2-low 
patients (IHC 0 cohort: 16% versus 15%), and 
mPFS was 6.4 months versus 4.2 months, respec-
tively (hazard ratio: 0.58 [95% CI: 0.42–0.79]; 
p < 0.001) (IHC 0 cohort: 5.0 months versus 
3.4 months; hazard ratio: 0.72 [95% CI: 0.51–
1.00]; p = 0.05). In the overall study population, 
the most common drug-related AEs associated 
with SG included neutropenia (70%), diarrhea 
(57%), nausea (55%), alopecia (46%), and fatigue 
(37%). No cases of ILD were observed in the SG 
group (1% with chemotherapy).

Notably, SG is already approved for use among 
patients with metastatic triple-negative breast can-
cer (TNBC) who relapse after or are refractory to 
⩾2 prior chemotherapy regimens, including ther-
apy in the adjuvant setting. Approval was based on 
the landmark Phase III ASCENT trial 
(NCT02574455), which compared SG (n = 235) 
to physician’s choice chemotherapy (eribulin, 
vinorelbine, capecitabine, or gemcitabine; n =  
233).50 At a median follow-up of 17.7 months, 
mPFS was 4.8 months with SG versus 1.7 months 
with chemotherapy (hazard ratio: 0.43 [95% CI: 
0.35–0.54]) in the full study population (with or 
without brain metastases), and mOS was 
11.8 months versus 6.9 months, respectively (haz-
ard ratio: 0.51 [95% CI: 0.41–0.62]) (both sec-
ondary endpoints). Objective response rates were 
31% with SG and 4% with chemotherapy. In a 
post hoc analysis of this trial, similar clinical effi-
cacy of SG was observed in HER2-low and IHC 0 

https://journals.sagepub.com/home/tam


C Yang, C Brezden-Masley et al.

journals.sagepub.com/home/tam 11

subgroups compared with the ITT population 
(HER2-low, SG versus chemotherapy: PFS, haz-
ard ratio: 0.44 [95% CI: 0.27–0.72]; p = 0.002; 
OS, hazard ratio: 0.43 [95% CI: 0.28–0.67]; 
p < 0.001]; ORRs: 32% versus 8%) (Table 1).51 
The safety profile of SG was similar to that 
reported in TROPiCS-02. Considering these 
findings from the post hoc analyses of ASCENT 
and TROPiCS-02, SG is another important 
option for patients with HER2-low disease (Figure 
4). As discussed below, optimal sequencing of 
T-DXd and SG remains to be determined.

Ongoing studies in HER2-low
Numerous other studies are assessing targeted 
therapies in HER2-low advanced and mBC popu-
lations, either as single-agent or combination 
treatments (e.g., with other ADCs, immunother-
apy, chemotherapy, and/or endocrine therapy). 
Table 1 summarizes completed and ongoing trials 
of T-DXd and other relevant Phase II and III 
studies in HER2-low. For example, DESTINY-
Breast08 is an open-label, Phase Ib study of the 
safety, tolerability, and recommended expansion 
dose for T-DXd used in combination with either 
capecitabine, durvalumab and paclitaxel, capiva-
sertib, anastrozole, or fulvestrant.46,47 The trial 
includes five HER2-low patient cohorts, which 
vary on the basis of HR expression and previously 
received therapy. Preliminary findings indicate 
that T-DXd can be used safely in combination 
with anastrozole or fulvestrant; additional results 
are expected in late 2023.46 Another open-label 
study, the Phase II, five-cohort DEBBRAH trial, 
is evaluating T-DXd among patients with HER2-
positive or HER2-low advanced breast cancer 
with central nervous system involvement.41–44 
Data are available for two cohorts that included 
HER2-low patients: in Cohort 2 (HER2-positive/
low mBC with asymptomatic, untreated brain 
metastases), intracranial overall response rate was 
67%; in Cohort 4 (HER2-low mBC with pro-
gressing brain metastases after treatment), this 
outcome was 33% (Table 1).42 PFS was 
5.7 months in these groups combined, although 
the data are still maturing. The Phase II, open-
label DAISY study is also evaluating T-DXd in 
HER2-positive, HER2-low, and null populations; 
in the latter two groups, best overall response rates 
ranged 31–33% and mPFS was 4.2–6.7 months.39 
Evaluation of T-DXd is also underway in Phase I 
trials of combination immunotherapy with 
nivolumab40 and durvalumab45 (results available; 
Table 1) and pembrolizumab (primary results 

expected in 2023).49 Additional trials of interest in 
HER2-low include those evaluating MRG002,54 
disitamab vedotin (RC48-ADC),55–57 margetuxi-
mab,58,59 zenocutuzumab combinations,60 and 
precise targeted therapy (based on genome 
sequencing and patient-derived organoid mode-
ling) for refractory HER2-expressing disease.61 
Read-outs are expected over the next 1–2 years.

Although not captured in Table 1, it should be 
noted that several other studies are investigating 
additional HER2-targeted therapies in Phase I trials 
and in the early-stage setting (e.g., adjuvant, neoad-
juvant) of HER2-low breast cancer.73–77 Moreover, 
real-world data analyses are aiming to increase 
understanding of HER2-low epidemiology, treat-
ment patterns, and clinical outcomes in daily  
clinical practice (e.g., RetroBC-HER2L,20,78,79 
RosHER,80 and PALBO01/202181).

Evidence gaps and challenges

Testing for HER2-low disease
Despite the favorable findings of the DESTINY-
Breast04 trial, several questions and challenges 
remain related to the management of HER2-low 
mBC. Perhaps most importantly, the accuracy of 
conventional IHC testing for HER2 has been 
questioned given its potentially critical impact on 
identifying suitable patients.82,83 In DESTINY-
Breast04, the VENTANA HER2/neu (4B5) assay 
system was used to identify patients with HER2-
low disease in accordance with current guideline 
recommendations.12,16 The study’s results indi-
cate that this test can accurately identify patients 
who may benefit from T-DXd therapy; regard-
less, no validated assay is currently available for 
evaluation of 1+ and 2+/ISH-negative disease. 
Additionally, IHC scores are influenced by a mul-
titude of pre- and post-analytical factors, such as 
variations in tumor expression of HER2 over 
time, tumor heterogeneity, test sensitivity, and 
laboratory and reader site/experience, among oth-
ers.38,82 Concerns have arisen regarding differen-
tiation of lower ranges of HER2 expression (0 
and 1+) and reports of poor score concordance 
rates21,82,83 – standardization is needed. 
Regardless, standard IHC alone may be subopti-
mal to define the lower boundary of HER2 
expression necessary to predict the clinical activ-
ity of some therapies.38 While novel quantifica-
tion methods84 are evaluated (e.g., using DNA/
mRNA, protein-based assays, artificial intelli-
gence17,85–87) and the minimum HER2 expression 
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threshold required for T-DXd is determined in 
clinical trials,21,39 pathologists must be aware that 
IHC 1+ and 2+/ISH-negative results (and pos-
sibly IHC > 0 <1+) are now actionable in mBC, 
irrespective of HR status.

Treatment-related toxicities: Focus on ILD
ILD is a heterogenous group of more than 200 lung 
disorders that manifest as inflammation and/or 
fibrosis of the lungs. Although the spectrum of clin-
ical symptoms and radiographic patterns vary, 
these disorders are increasingly being recognized as 
adverse drug events associated with certain anti-
cancer therapies. Defining drug-related ILD is 
challenging, as it is a diagnosis of exclusion and 
requires careful consideration of patient history, 
radiographic imaging, pulmonary function tests, 
and lab findings to exclude other etiologies such as 
infection. In the T-DXd arm of DESTINY-
Breast04, 12.1% of patients experienced ILD or 
pneumonitis, an incidence rate generally consistent 
with those reported in previous analyses.35,88–90 
Although these events were typically of low or mod-
erate grade, three patients (0.8%) had a fatal grade 
5 event. Furthermore, the time to onset of ILD was 
variable, with a median of 129 days (range, 26–
710 days).12 These findings are not unique – occur-
rence of ILD has also been reported with use of 
other anti-cancer therapies.34,91

The molecular mechanism underlying ADC-
induced ILD and pneumonitis remains under 
investigation. Lung epithelial cells express HER2 
protein,92 but whether such expression plays a 
role in on-target AEs is unclear. Off-target mech-
anisms have been suggested on the basis of ani-
mal studies, in which T-DXd was localized in 
alveolar macrophages rather than pulmonary epi-
thelial cells. The release of payload and subse-
quent bystander effect resulting in cytotoxic lung 
injury is currently hypothesized to cause T-DXd-
related ILD.34 Until more information is availa-
ble, clinicians must be aware of treatment and 
patient characteristics that may increase the risk 
of ILD and pneumonitis, such as drug dose, base-
line oxygen saturation, moderate/severe renal 
impairment, certain lung comorbidities, and time 
since diagnosis.86,90 Proactive monitoring can 
successfully identify the symptoms of these AEs 
and should include regular imaging; active man-
agement should involve early administration of 
glucocorticoids (even among asymptomatic 
patients) and treatment interruption.34,88 As 
noted by other groups, the optimal approach to 

ADC rechallenge after interruption is still 
unknown: rechallenge is presently only recom-
mended for patients with grade 1 ILD/pneumoni-
tis that resolves, as evidence is limited to those 
with grade 2+ events.93 Additional clinical data 
are needed to further improve patient safety dur-
ing treatment with T-DXd.

Efficacy of T-DXd in HR-negative disease
Another question is whether HER2-low targeta-
bility and outcomes are dependent on HR expres-
sion. In DESTINY-Breast04, similar cORRs 
were reported among HR-positive and 
HR-negative patients who received T-DXd 
(52.6% versus 50.0%, respectively); however, a 
greater difference was observed between groups 
for OS (hazard ratios: 0.64 [95% CI: 0.48–0.86] 
versus 0.48 [95% CI: 0.24–0.95]; Table 1, Figure 
3).12 Although the number of HR-negative 
patients in DESTINY-Breast04 was relatively 
small in terms of fully understanding this differ-
ence (63 randomized patients; 11.3%), the pro-
portion aligns with the general prevalence of these 
patients in the overall HER2-low population. 
Further evaluation may be warranted; nonethe-
less, T-DXd still appears to be an important 
treatment option for these individuals.

Optimal sequencing of ADCs
As highlighted above, given overlapping treat-
ment populations, determination of optimal 
sequencing of T-DXd and SG represents another 
important evidence gap in mBC. Among the 
HER2-low patients in the respective clinical trials 
of these agents, hazard ratios for PFS were 0.51 
and 0.46 with T-DXd in HR-positive and 
HR-negative disease,12 respectively, and 0.5853 
and 0.4451 with SG. However, naïve cross-trial 
comparison of results is inappropriate, given dif-
ferences in study design and baseline patient 
characteristics. For example, SG-treated patients 
were more heavily pretreated with chemotherapy 
(TROPiCS-02: 57% with ⩾3 lines; ASCENT: 
71% with two or three lines) than those treated 
with T-DXd in DESTINY-Breast04 (~60% 
received one prior line). Only a head-to-head, 
randomized-controlled clinical trial could eluci-
date the true comparative efficacy of these agents. 
Other issues include development of drug resist-
ance while receiving ADC therapy, and whether 
post-progression sequencing of ADCs will pro-
vide clinical benefit.94 Failure or reduction of the 
effectiveness of both T-DXd and SG has been 
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reported, although the underlying mechanism(s) 
remains under investigation.43,95 Numerous theo-
ries have been proposed regarding the cause of 
such resistance, such as reduction of antigen lev-
els/presentation, defective drug internalization 
and trafficking, aberrant lysosomal function, 
increased expression of drug efflux pumps, and 
various alterations in the cell cycle and signaling 
pathways.43,95 As these changes are hypothesized 
to be unique to the specific construct of a particu-
lar ADC’s antibody, linker, and payload, they 
may not confer broad resistance to ADCs.95 
Indeed, data indicate that patients with disease 
that becomes refractory to trastuzumab + taxane 
therapy still respond to T-DM1, suggesting no 
relationship between the activity of T-DM1 and 
previously received anti-HER2 therapy.96 
Additional investigation is needed, potentially 
derived from real-world data analysis, to under-
stand feasible and effective treatment sequence 
options, as well as ways to improve the constructs 
of new ADCs. In the absence of head-to-head 
comparisons, the authors favor use of T-DXd 
over SG for HR+/HER2-low patients who would 
meet the eligibility criteria for these therapies in 
the DESTINY-Breast04 and TROPiCS-02 trials. 
T-DXd is preferred in this setting given its higher 
level of evidence in the HER2-low population 
(Phase III versus post hoc analyses for SG), as 
well as the lower number of prior lines of chemo-
therapy received by patients in DESTINY-
Breast04. As always, treatment selection must 
consider patient risk and preferences and drug 
side effect profiles, and may also incorporate pre-
scribers’ perceptions and experience with efficacy 
in the HER2-low population.

Conclusions
The results of DESTINY-Breast04 underscore 
that in contrast to previous thinking, HER2-low 
is an actionable target for patients with mBC. 
The trial’s findings for T-DXd are practice-
changing, shifting both the classification of mBC 
and treatment algorithms for HER2-expressing 
disease worldwide. Additional research is needed 
to further refine HER2-low testing and classifica-
tion, understand the mechanisms underlying 
drug-induced ILD and drug resistance, and iden-
tify the most effective treatment-sequencing path-
ways. Ongoing investigations of promising novel 
agents will further expand effective treatment 
options for this newly identified subset of patients 
with mBC.
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