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Abstract

Background—Among breast cancers without human epidermal growth factor receptor 2 (HER2) 

amplification, overexpression, or both, a large proportion express low levels of HER2 that may 

be targetable. Currently available HER2-directed therapies have been ineffective in patients with 

these “HER2-low” cancers.

Methods—We conducted a phase 3 trial involving patients with HER2-low metastatic breast 

cancer who had received one or two previous lines of chemotherapy. (Low expression of HER2 

was defined as a score of 1+ on immunohistochemical [IHC] analysis or as an IHC score of 2+ and 

negative results on in situ hybridization.) Patients were randomly assigned in a 2:1 ratio to receive 
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trastuzumab deruxtecan or the physician’s choice of chemotherapy. The primary end point was 

progression-free survival in the hormone receptor–positive cohort. The key secondary end points 

included progression-free survival in the hormone receptor–positive cohort and among all patients.

Results—Of 557 patients who underwent randomization, 494 (88.7%) had hormone receptor–

positive disease and 63 (11.3%) had hormone receptor–negative disease. In the hormone receptor–

positive cohort, the median progression-free survival was 10.1 months in the trastuzumab 

deruxtecan group and 5.4 months in the physician’s choice group (hazard ratio for disease 

progression or death, 0.51; P<0.001) and overall survival was 23.9 months and 17.5 months, 

respectively (hazard ratio for death, 0.64; P=0.003). Among all patients, the median progression-

free survival was 9.9 months in the trastuzumab deruxtecan group and 5.1 months in the 

physician’s choice group (hazard ratio, 0.50; P<0.001), and overall survival was 23.4 months 

and 16.8 months, respectively (hazard ratio for death, 0.64; P=0.001). Adverse events of grade 3 or 

higher occurred in 52.6% of the patients who received trastuzumab deruxtecan and 67.4% of those 

who received the physician’s choice of chemotherapy. Adjudicated, drug-related interstitial lung 

disease/pneumonitis occurred in 12.1% of the patients who received trastuzumab deruxtecan; 0.8% 

had grade 5 events.

Conclusions—In this trial involving patients with HER2-low metastatic breast cancer, 

trastuzumab deruxtecan resulted in significantly longer progression-free and overall survival than 

the physician’s choice of chemotherapy. (Funded by Daiichi Sankyo and AstraZeneca; DESTINY-

Breast04 ClinicalTrials.gov, NCT03734029).

INTRODUCTION

Approximately 60% of human epidermal growth factor receptor 2 (HER2)–negative 

metastatic breast cancers express low levels of HER2, defined as a score of 1+ on 

immunohistochemical [IHC] analysis or as an IHC score of 2+ and negative results on in situ 

hybridization (ISH).1,2 These “HER2-low” tumors constitute a heterogeneous population 

including both hormone receptor–positive and hormone receptor–negative breast cancers 

that vary in prognosis and sensitivity to systemic treatments.1,2 Currently available HER2-

directed therapies have not improved clinical outcomes for patients with this subtype3,4; 

therefore, HER2-low breast cancer is currently treated as HER2-negative (HER2-low and 

HER2-zero [IHC score of 0]), with patients stratified according to hormone-receptor 

status.2,5,6 Overall, these patients have limited targeted treatment options after progression 

on primary therapy, and most commonly receive single-agent palliative chemotherapy.2,5,6

Specifically, for patients with hormone receptor–positive, HER2-negative metastatic disease, 

combinations of endocrine therapy and cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors 

are effective for a median of approximately 2 years, after which resistance often occurs.7–10 

Real-world data suggest a progression-free survival as low as 4 months with systemic 

therapies given after CDK4/6 inhibitors and chemotherapy in the context of metastatic 

disease.11 For patients with hormone receptor–negative, HER2-negative metastatic disease, 

few targeted agents are available, particularly for patients without pathogenic BRCA 
mutations or tumors without programmed death ligand 1 expression.5,6,12–14
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Trastuzumab deruxtecan (formerly DS-8201), an antibody-drug conjugate consisting of a 

humanized anti-HER2 monoclonal antibody linked to a topoisomerase I inhibitor payload 

through a tetrapeptide-based cleavable linker, has been approved for the treatment of 

patients with metastatic HER2-positive breast cancer.15,16 Unlike many other approved 

HER2-targeted therapies, trastuzumab deruxtecan can also effectively target tumor cells 

that express low levels of HER2 and can deliver its potent cytotoxic payload (drug-to-

antibody ratio, 8:1) through the bystander effect to neighboring tumor cells heterogeneously 

expressing HER2.16,17 Phase 1 and 2 studies have shown promising results in heavily 

pretreated patients with HER2-low metastatic breast cancer. In this patient population, the 

percentage of patients with an overall response has ranged from 37.0% to 37.5%, and the 

median progression-free survival has ranged from 6.3 to 11.1 months.18–20 These findings 

suggest that the efficacy of trastuzumab deruxtecan exceeds that of available treatments 

for patients with triple-negative or endocrine-refractory hormone receptor–positive breast 

cancer.21 We performed a phase 3 clinical trial (DESTINY-Breast04) to evaluate the 

efficacy and safety of trastuzumab deruxtecan as compared with the physician’s choice 

of chemotherapy in patients with HER2-low metastatic breast cancer.

METHODS

TRIAL DESIGN

We conducted a randomized, two-group, open-label, phase 3 trial involving patients with 

HER2-low, unresectable or metastatic breast cancer. Trial enrollment was planned for 

480 patients with hormone receptor–positive disease (immunoreactive for estrogen or 

progesterone receptor in ≥1% of tumor-cell nuclei according to local testing) and 60 

patients with hormone receptor–negative disease, approximating the proportions of receptor 

subtype observed in HER2-low breast cancer.1 Patients were randomly assigned in a 

2:1 ratio to receive trastuzumab deruxtecan or the physician’s choice of capecitabine, 

eribulin, gemcitabine, paclitaxel, or nab-paclitaxel. Randomization was stratified according 

to HER2-low status (IHC1+ vs. IHC 2+ and ISH-negative), the number of previous lines 

of chemotherapy for metastatic disease (one vs. two), and hormone-receptor status (positive 

[with vs. without previous CDK4/6 inhibitor therapy] vs. negative).

IHC scores for HER2 expression were determined through central testing of adequate 

archived or recent tumor-biopsy specimens with the use of an investigational IHC assay, 

the VENTANA HER2/neu (4B5) IUO (investigational use only) Assay system, according 

to an algorithm adapted from the 2018 American Society of Clinical Oncology/College 

of American Pathologists testing guidelines (Table S1 in the Supplementary Appendix, 

available with the full text of this article at NEJM.org).22 Specimens that yielded central 

HER2 IHC scores of 2+ were reflexed to ISH testing with the use of the investigational 

INFORM HER2 Dual ISH DNA Probe Cocktail IUO Assay system.

Eligible patients must have received chemotherapy for metastatic disease or have had 

disease recurrence during or within 6 months after completing adjuvant chemotherapy; 

patients with hormone receptor–positive disease must have received at least one line of 

endocrine therapy. Patients with treated, stable brain metastases were eligible; patients were 
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ineligible if they had a history of noninfectious interstitial lung disease requiring treatment 

with glucocorticoids or had suspected interstitial lung disease on imaging at screening.

Trastuzumab deruxtecan was administered intravenously every 3 weeks at a dose of 5.4 mg 

per kilogram of body weight, and the physician’s choice of chemotherapy was administered 

in accordance with local label or the National Comprehensive Cancer Network guidelines.6 

More details are provided in the Supplementary Appendix.

TRIAL OVERSIGHT

Daiichi Sankyo and AstraZeneca funded this trial. The trial was designed by Daiichi Sankyo, 

approved by the institutional review board at each site, and conducted in adherence with the 

International Council for Harmonisation Good Clinical Practice, the Declaration of Helsinki, 

and local regulations on the conduct of clinical research. An independent data monitoring 

committee, composed of qualified physicians and scientists, was formed to monitor patient 

safety in the trial. All patients provided written informed consent before participation in the 

trial. The authors vouch for the completeness and accuracy of the data and for the adherence 

of the trial to the protocol and statistical analysis plan, which are available at NEJM.org. 

All the authors and contributors signed a standard confidentiality disclosure agreement that 

restricts disclosure of data outside of the publication process. Editorial and medical writing 

assistance for the manuscript was financially supported by Daiichi Sankyo.

END POINTS

Progression-free survival and response to treatment were assessed by means of blinded 

independent central review. The primary end point was progression-free survival 

among patients with hormone receptor–positive disease. Key secondary end points 

were progression-free survival among all patients and overall survival in the hormone 

receptor–positive cohort and among all patients. Secondary and other end points included 

investigator-assessed progression-free survival, confirmed objective response, duration of 

response, and efficacy in the hormone receptor–negative cohort.

SAFETY

Adverse events were coded and graded by Medical Dictionary for Regulatory Activities 
(version 24.0) and National Cancer Institute Common Terminology Criteria for Adverse 

Events (version 5.0). Potential cases of interstitial lung disease or pneumonitis were 

evaluated by an independent adjudication committee. Protocol-specified guidelines on 

management of interstitial lung disease and pneumonitis are provided in Table S2.

STATISTICAL ANALYSIS

The primary efficacy analysis compared progression-free survival in the hormone receptor–

positive cohort between the two trial groups with the use of a stratified log-rank test at a 

two-sided significance level of 0.05. The final efficacy analysis for progression-free survival 

was to be performed after approximately 318 patients had disease progression or died in 

the hormone receptor–positive cohort; this number of events would ensure a power of 90%, 

under the assumption of a hazard ratio of 0.68 and a two-sided alpha level of 0.05. We 

planned for a group sequential test using a stratified log-rank test to compare overall survival 
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between the trial groups, provided that superiority with respect to progression-free survival 

was significant in the hormone receptor-positive cohort and among all patients. The hazard 

ratios and 95% confidence intervals for progression-free and overall survival were estimated 

with the use of a stratified Cox regression analysis. Efficacy analyses were performed in 

the intention-to-treat population. Safety analyses were performed in patients who received at 

least one dose of a trial drug. Details are provided in the Supplementary Appendix.

RESULTS

PATIENTS

From December 27, 2018, through December 31, 2021, a total of 713 patients with HER2-

low metastatic breast cancer were screened for potential trial entry (Fig. S1). Of the 373 

patients who were randomly assigned to the trastuzumab deruxtecan group and the 184 

patients who were assigned to the physician’s choice group, 331 (88.7%) and 163 (88.6%), 

respectively, comprised the hormone receptor–positive cohort. In the physician’s choice 

group, patients received eribulin (51.1%), capecitabine (20.1%), nab-paclitaxel (10.3%), 

gemcitabine (10.3%), or paclitaxel (8.2%). The demographic and clinical characteristics of 

the patients at baseline were similar in the two trial groups (Table 1)1 and were largely 

representative of the overall population of patients with HER2-negative breast cancer (Table 

S3). Patients in both groups had a median of three lines of treatment for metastatic disease. 

The median duration of follow-up for survival was 18.4 months (95% confidence interval 

[CI], 17.7 to 18.9).

EFFICACY

At data cutoff for primary efficacy analysis (January 11, 2022), the median progression-

free survival in the hormone receptor–positive cohort was 10.1 months (95% CI, 9.5 to 

11.5) in the trastuzumab deruxtecan group and 5.4 months (95% CI, 4.4 to 7.1) in the 

physician’s choice group (hazard ratio for disease progression or death, 0.51; 95% CI, 0.40 

to 0.64; P<0.001) (Fig. 1A and Table 2). A consistent benefit was observed for trastuzumab 

deruxtecan across analyzed subgroups (Fig. S2). In the trastuzumab deruxtecan group, the 

median progression-free survival was 10.3 months among patients with a HER2 IHC score 

of 1+ and 10.1 months among those with a HER2 IHC score of 2+ and negative results 

on ISH. Among patients who had received previous treatment with CDK4/6 inhibitors, the 

median progression-free survival was 10.0 months in the trastuzumab deruxtecan group; 

without previous CDK4/6 inhibitor treatment, it was 11.7 months.

Among all patients, the median progression-free survival was 9.9 months (95% CI, 9.0 to 

11.3) in the trastuzumab deruxtecan group and 5.1 months (95% CI, 4.2 to 6.8) in the 

physician’s choice group (hazard ratio for disease progression or death, 0.50; 95% CI, 

0.40 to 0.63; P<0.001) (Fig. 1B and Table 2). The median progression-free survival in the 

hormone receptor–negative cohort was 8.5 months (95% CI, 4.3 to 11.7) in the trastuzumab 

deruxtecan group and 2.9 months (95% CI, 1.4 to 5.1) in the physician’s choice group 

(hazard ratio, 0.46; 95% CI, 0.24 to 0.89) (Fig. S3A).
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The median overall survival in the hormone receptor–positive cohort was 23.9 months (95% 

CI, 20.8 to 24.8) in the trastuzumab deruxtecan group and 17.5 months (95% CI, 15.2 to 

22.4) in the physician’s choice group (hazard ratio for death, 0.64; 95% CI, 0.48 to 0.86; 

P=0.003) (Fig. 1C). Among all patients, the median overall survival was 23.4 months (95% 

CI, 20.0 to 24.8) in the trastuzumab deruxtecan group and 16.8 months (95% CI, 14.5 to 

20.0) in the physician’s choice group (hazard ratio, 0.64; 95% CI, 0.49 to 0.84; P=0.001) 

(Fig. 1D). The P values crossed the interim stopping boundary of 0.0075 in both cohorts. 

The median overall survival in the hormone receptor–negative cohort was 18.2 months (95% 

CI, 13.6 to not evaluable) in the trastuzumab deruxtecan group and 8.3 months (95% CI, 

5.6 to 20.6) in the physician’s choice group (hazard ratio, 0.48; 95% CI, 0.24 to 0.95) (Fig. 

S3B).

The percentage of patients with a confirmed objective response in the hormone receptor–

positive cohort was 52.6% (95% CI, 47.0 to 58.0) in the trastuzumab deruxtecan group and 

16.3% (95% CI, 11.0 to 22.8) in the physician’s choice group (Fig. S4 and Table 2). A 

total of 12 patients (3.6%) in the trastuzumab deruxtecan group and 1 patient (0.6%) in 

the physician’s choice group had a complete response; 26 patients (7.8%) and 35 patients 

(21.1%) in the respective groups had progressive disease as the best overall response. The 

median duration of response was 10.7 months in the trastuzumab deruxtecan group and 6.8 

months in the physician’s choice group.

The percentage of patients with a confirmed objective response among all patients was 

52.3% (95% CI, 47.1 to 57.4) in the trastuzumab deruxtecan group and 16.3% (95% CI, 

11.3 to 22.5) in the physician’s choice group (Fig. S4 and Table 2). The corresponding 

percentages in the hormone receptor–negative cohort were 50.0% (95% CI, 33.8 to 66.2) and 

16.7% (95% CI, 3.6 to 41.4).

SAFETY

The safety analysis set included 371 patients in the trastuzumab deruxtecan group and 

172 patients in the physician’s choice group. The median duration of treatment duration 

was 8.2 months (range, 0.2 to 33.3) and 3.5 months (range, 0.3 to 17.6) in the respective 

groups. A total of 99.5% of the patients in the trastuzumab deruxtecan group and 98.3% 

of those in the physician’s choice group had at least one adverse event that emerged 

or worsened after initiation of a trial drug until 47 days after the last dose of the trial 

drug (Table S4); exposure-adjusted incidence rates were 1.30 per patient-year and 2.66 per 

patient-year, respectively (Table S5). The incidence of serious adverse events was 27.8% 

in the trastuzumab deruxtecan group and 25.0% in the physician’s choice group, and the 

incidence of adverse events of grade 3 or higher was 52.6% and 67.4%, respectively. The 

incidence of adverse events associated with discontinuation of treatment was 16.2% in the 

trastuzumab deruxtecan group and 8.1% in the physician’s choice group, and the incidence 

of adverse events associated with dose reductions was 22.6% and 38.4%, respectively.

A total of 14 patients (3.8%) in the trastuzumab deruxtecan group and 5 patients (2.9%) 

in the physician’s choice group had adverse events that were associated with death. 

Drug-related deaths in the trastuzumab deruxtecan group were due to pneumonitis (in 

2 patients [0.5%]) and ischemic colitis, disseminated intravascular coagulation, dyspnea, 
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febrile neutropenia, and sepsis (in 1 patient [0.3%] each); there were no drug-related deaths 

in the physician’s choice group.

In the trastuzumab deruxtecan group, the most common drug-related adverse events of any 

grade included nausea (in 73.0% if the patients), fatigue (in 47.7%), and alopecia (in 37.7%), 

all of which were more frequent than in the physician’s choice group (in 23.8%, 42.4%, 

and 32.6%, respectively) (Table 3). In the trastuzumab deruxtecan group, the most common 

adverse events of grade 3 or higher were neutropenia (in 13.7% of the patients), anemia (in 

8.1%), and fatigue (in 7.5%); the corresponding percentages in the physician’s choice group 

were 40.7%, 4.7%, and 4.7%.

Drug-related interstitial lung disease or pneumonitis as adjudicated by an independent 

committee occurred in 45 patients (12.1%) who received trastuzumab deruxtecan, including 

13 (3.5%) with a grade 1 event, 24 (6.5%) with a grade 2 event, 5 (1.3%) with a grade 3 

event, and 3 (0.8%) with a grade 5 event. Of the grade 5 events, 1 event was an investigator-

assessed grade 3 event in a patient who died due to disease progression (>47 days after the 

last dose of trastuzumab deruxtecan) and was adjudicated by the independent committee as 

being a grade 5 event. Interstitial lung disease or pneumonitis occurred in 1 patient (0.6%) 

who received the physician’s choice of chemotherapy; this patient, who received eribulin, 

had a grade 1 event. In the trastuzumab deruxtecan group, the median time to onset in 

patients with interstitial lung disease or pneumonitis was 129.0 days (range, 26 to 710).

In the trastuzumab deruxtecan group, left ventricular dysfunction was reported in 17 patients 

(4.6%) (decreased ejection fraction of grade 1 in 1 patient, of grade 2 in 14 patients, and of 

grade 3 in 1 patient and cardiac failure of grade 2 in 1 patient and of grade 3 in 1 patient). 

One patient initially had a decreased ejection fraction, then later had cardiac failure. On the 

basis of laboratory values of the left ventricular ejection fraction, grade 2 events (10 to 19% 

decrease from baseline) were observed in 44 of 371 patients (11.9%) in the trastuzumab 

deruxtecan group and in 10 of 172 patients (5.8%) in the physician’s choice group. Grade 3 

events (>20% decrease from baseline) were observed in 5 patients (1.5%) in the trastuzumab 

deruxtecan group and no patients in the physician’s choice group.

DISCUSSION

In this trial, we found that targeting low levels of HER2 with trastuzumab deruxtecan was 

a superior therapeutic approach to untargeted chemotherapy in patients with HER2-low 

metastatic breast cancer. The risk of disease progression or death was approximately 50% 

lower and the risk of death was 36% lower with trastuzumab deruxtecan than with the 

physician’s choice of chemotherapy, regardless of hormone-receptor status.

Historically, a binary categorization of HER2 status (positive vs. negative) defined the 

prognosis and treatment of patients with breast cancer on the basis of the activity of 

trastuzumab. Although HER2-targeted therapies have significantly improved outcomes for 

patients with HER2-positive breast cancer (defined by an IHC score of 3+ or by an IHC 

score of 2+ and positive results on ISH), benefits have not yet translated to patients with 

HER2 expression below this threshold.3,4 Although HER2 overexpression may be necessary 
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for the efficacy of several anti-HER2 therapies, it may not be required for new antibody–

drug conjugates. By virtue of its enzyme-cleavable antibody–drug linker, high drug-to-

antibody ratio, and membrane-permeable payload, trastuzumab deruxtecan has shown 

evidence of antitumor activity in cancers across a full range of HER2-expression.16–20 In 

the DESTINY-Breast04 trial, trastuzumab deruxtecan showed superior activity over standard 

chemotherapy options in patients with HER2-low advanced breast cancer, which highlights 

the clinical relevance of the HER2-low patient population and supports a need to redefine 

subgroups within HER2-negative breast cancers.

Before this trial, few clinical trials were conducted specifically in patients with HER2-

low metastatic breast cancer as defined here. Beyond recent trials of new antibody–drug 

conjugates, retrospective studies have failed to conclusively support defining HER2-low 

breast cancer as a prognostically or biologically distinct entity.2 However, the HER2-low 

population includes both hormone receptor–positive, hormone receptor–negative subgroups 

of patients, and trials in these populations can serve as a comparison for this new subgroup.

Among patients with metastatic hormone receptor–positive, HER2-negative breast cancer, 

real-world data show short progression-free survival after CDK4/6 inhibitor therapy, when 

serial single-agent chemotherapy is the mainstay of treatment for endocrine-refractory 

disease.11 Other studies of chemotherapy have shown modest benefits.13,14 In our trial, 

patients in the hormone receptor–positive cohort who received trastuzumab deruxtecan 

had significantly longer progression-free and overall survival than those who received the 

physician’s choice of chemotherapy. Patients with previous CDK4/6 inhibitor treatment 

had a progression-free survival benefit similar to that in patients without previous CDK4/6 

inhibitor treatment.

For patients with refractory hormone receptor–negative, HER2-negative (triple-negative) 

disease, sacituzumab govitecan was recently approved on the basis of the results of the 

ASCENT trial, which showed progression-free and overall survival benefits for sacituzumab 

govitecan over the physician’s choice of chemotherapy.12 Although the hormone receptor–

negative cohort was small in DESTINY-Breast04 trial, the proportion of patients with 

hormone receptor–negative disease was representative of the prevalence of such disease 

within the HER2-low population. Data are lacking to compare sacituzumab govitecan 

with trastuzumab deruxtecan in patients with breast cancer, but this trial suggests that 

trastuzumab deruxtecan offers another unique targeted therapy option for this otherwise 

poor-prognosis group. Moreover, given a similar mechanism of action, additional trials are 

needed to understand the appropriate use of these agents in this patient population.

The safety profile of trastuzumab deruxtecan in this trial was similar to the established 

safety profile in patients with HER2-positive metastatic breast cancer.23,24 The incidence of 

adverse events was similar in the two trial groups. The most common adverse event of grade 

3 or higher was neutropenia in both trial groups, but incidences of febrile neutropenia were 

low. Most cases of adjudicated drug-related interstitial lung disease or pneumonitis in this 

trial were mild or moderate, and the overall incidence was generally consistent with that in 

previous studies.23–25
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Interstitial lung disease or pneumonitis remains an important risk associated with 

trastuzumab deruxtecan. This trial followed current guidelines for surveillance and 

management, including proactive monitoring of symptoms and imaging to identify potential 

cases of interstitial lung disease or pneumonitis, active management with prompt dose 

interruption, and early institution of glucocorticoid treatment as recommended to manage 

the risk and minimize serious outcomes. Awareness efforts and research on risk factors for 

interstitial lung disease or pneumonitis are ongoing.

A key consideration in DESTINY-Breast04 trial was the use of conventional HER2 IHC 

testing (and HER2 ISH testing when applicable) to identify cancers with HER2-low status. 

Although the accuracy of HER2-low scoring has been questioned,26 it is notable that 

the progression-free survival benefit was observed in patients with IHC 1+ and IHC 2+, 

ISH-negative disease. In this trial, the VENTANA HER2/neu (4B5) IUO Assay system 

(with ISH testing when applicable) was used to identify patients with HER2-low status, 

which suggests that a conventional IHC test can accurately identify patients who may 

benefit from trastuzumab deruxtecan. The data from this trial will also be used to update 

labeling of the assay to include a predictive claim for patients with HER2-low breast cancer. 

However, given reported limitations, alternative quantitative methods to better select patients 

for this new therapy may be warranted, especially as the minimum HER2-expression 

threshold required for trastuzumab deruxtecan activity is also currently being determined 

in ongoing studies (ClinicalTrials.gov numbers, NCT04494425 and NCT04132960). These 

results could have implications for future selection of patients for trastuzumab deruxtecan 

treatment.

This trial showed significantly longer progression-free survival and overall survival with 

trastuzumab deruxtecan than with the physician’s choice of chemotherapy among patients 

with HER2-low metastatic breast cancer, regardless of hormone-receptor status. These 

results have the potential to improve the treatment outcome for more than half of patients 

historically categorized as having HER2-negative breast cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kaplan–Meier Analysis of Progression-free Survival and Overall Survival in the 
Hormone Receptor–Positive Cohort and among All Patients.
Progression-free survival was assessed by means of blinded independent central review. The 

tick marks indicate censored data.
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Table 1.

Demographic and Clinical Characteristics of the Hormone Receptor–Positive Cohort and All Patients at 

baseline.*

Hormone Receptor–Positive Cohort All Patients

Characteristic
T-DXd (N = 331) Physician’s Choice (N = 

163) T-DXd (N = 373) Physician’s Choice (N 
= 184)

Median age, (range) — yr 56.8 (31.5-80.2) 55.7 (28.4-80.0) 57.5 (31.5-80.2) 55.9 (28.4-80.5)

Female sex — no. (%) 329 (99.4) 163 (100) 371 (99.5) 184 (100)

Region — no. (%)

   Europe or Israel 149 (45.0) 73 (44.8) 166 (44.5) 85 (46.2)

   Asia 128 (38.7) 60 (36.8) 147 (39.4) 66 (35.9)

   North America 54 (16.3) 30 (18.4) 60 (16.1) 33 (17.9)

Race — no. (%)†

   White 156 (47.1) 78 (47.9) 176 (47.2) 91 (49.5)

   Black 7 (2.1) 2 (1.2) 7 (1.9) 3 (1.6)

   Asian 131 (39.6) 66 (40.5) 151 (40.5) 72 (39.1)

   Other 37 (11.2) 16 (9.8) 39 (10.5) 17 (9.2)

   Missing data 0 1 (0.6) 0 1 (0.5)

Ethnic group — no. (%)†

   Hispanic or Latino 14 (4.2) 5 (3.1) 14 (3.8) 7 (3.8)

   Non-Hispanic or Non-Latino 267 (80.7) 137 (84.0) 308 (82.6) 153 (83.2)

   Unknown 9 (2.7) 4 (2.5) 9 (2.4) 7 (3.8)

   Not applicable 41 (12.4) 17 (10.4) 42 (11.3) 17 (9.2)

HER2-low status — no. (%)‡

   IHC 1+ 193 (58.3) 95 (58.3) 215 (57.6) 106 (57.6)

   IHC 2+ and ISH-negative 138 (41.7) 68 (41.7) 158 (42.4) 78 (42.4)

ECOG performance status score — no. 
(%)§

   0 187 (56.5) 95 (58.3) 200 (53.6) 105 (57.1)

   1 144 (43.5) 68 (41.7) 173 (46.4) 79 (42.9)

Hormone receptor–positive — no. (%)¶ 328 (99.1) 162 (99.4) 333 (89.3) 166 (90.2)

Metastases — no. (%)

   Brain 18 (5.4) 7 (4.3) 24 (6.4) 8 (4.3)

   Liver 247 (74.6) 116 (71.2) 266 (71.3) 123 (66.8)

   Lung 98 (29.6) 58 (35.6) 120 (32.2) 63 (34.2)

Previous cancer therapy — no. (%)

   Targeted therapy 259 (78.2) 132 (81.0) 279 (74.8) 140 (76.1)

   CDK4/6 inhibitor 233 (70.4) 115 (70.6) 239 (64.1) 119 (64.7)

   Immunotherapy 10 (3.0) 8 (4.9) 20 (5.4) 12 (6.5)

   Other 128 (38.7) 70 (42.9) 140 (37.5) 76 (41.3)
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Hormone Receptor–Positive Cohort All Patients

Characteristic
T-DXd (N = 331) Physician’s Choice (N = 

163) T-DXd (N = 373) Physician’s Choice (N 
= 184)

   Endocrine therapy 330 (99.7) 160 (98.2) 347 (93.0) 165 (89.7)

   Chemotherapy 331 (100) 162 (99.4) 373 (100) 183 (99.5)

Lines of therapy for metastatic disease

   Median no. of lines (range) 3 (1-9) 3 (1-8) 3 (1-9) 3 (1-8)

   No. of lines —no. of patients (%)

   1 23 (6.9) 14 (8.6) 39 (10.5) 19 (10.3)

   2 85 (25.7) 41 (25.2) 100 (26.8) 53 (28.8)

   ≥3 223 (67.4) 108 (66.3) 234 (62.7) 112 (60.9)

*
Percentages may not total 100 because of rounding. CDK4/6 denotes cyclin-dependent kinases 4 and 6.

†
Race and ethnic group were reported by the patients. For available options, see the methods section in the Supplementary Appendix.

‡
Low expression of human epidermal growth factor receptor (HER2) was defined as a score of 1+ on immunohistochemical (IHC) analysis or as an 

IHC score of 2+ and negative results on in situ hybridization (ISH).

§
Performance-status scores on the Eastern Cooperative Oncology Group (ECOG) scale range from 0 (no disability) to 5 (death).

¶
For the intention-to-treat analyses in the hormone receptor–positive cohort, hormone-receptor status is based on data collected with the use of the 

interactive Web-response and voice-response system at the time of randomization, which includes patients who were mis-stratified.

N Engl J Med. Author manuscript; available in PMC 2023 October 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Modi et al. Page 17

Table 2:

Overall Efficacy in All Cohorts.*

Progression-free and overall survival

Hormone Receptor–Positive 
Cohort

All Patients Hormone Receptor–Negative 
Cohort

T-DXd (N = 
331)

Physician’s 
Choice (N = 

163)

T-DXd (N = 
373)

Physician’s 
Choice (N = 

184)

T-DXd (N = 40) Physician’s 
Choice (N = 18)

mPFS (95%CI), 
months 10.1 (9.5-11.5) 5.4 (4.4-7.1) 9.9 (9.0-11.3) 5.1 (4.2-6.8) 8.5 (4.3-11.7) 2.9 (1.4-5.1)

Hazard ratio 
(95%CI) 0.51 (0.40-0.64) 0.50 (0.40-0.63) 0.46 (0.24-0.89)

P value <0.001 <0.001 —

mOS (95%CI), 
months 23.9 (20.8-24.8) 17.5 (15.2-22.4) 23.4 (20.0-24.8) 16.8 (14.5-20.0) 18.2 (13.6-NE) 8.3 (5.6-20.6)

Hazard ratio 
(95%CI) 0.64 (0.48-0.86) 0.64 (0.49-0.84) 0.48 (0.24-0.95)

P value 0.003 0.001 —

Response to treatment

Hormone Receptor–Positive 
Cohort

All Patients Hormone Receptor–Negative 
Cohort

T-DXd (N = 
333)

Physician’s 
Choice (N = 

166)

T-DXd (N = 
373)

Physician’s 
Choice (N = 

184)

T-DXd (N = 40) Physician’s 
Choice (N = 18)

Confirmed ORR, 
n (%) [95%CI]

175 (52.6) 
[47.0-58.0]

27 (16.3) 
[11.0-22.8]

195 (52.3) 
[47.1-57.4]

30 (16.3) 
[11.3-22.5]

20 (50.0) 
[33.8-66.2]

3 (16.7) 
[3.6-41.4]

Best overall 
response — no. 
(%)

  Complete 
response 12 (3.6) 1 (0.6) 13 (3.5) 2 (1.1) 1 (2.5) 1 (5.6)

  Partial response 164 (49.2) 26 (15.7) 183 (49.1) 28 (15.2) 19 (47.5) 2 (11.1)

  Stable disease 117 (35.1) 83 (50.0) 129 (34.6) 91 (49.5) 12 (30.0) 8 (44.4)

  Progressive 
disease 26 (7.8) 35 (21.1) 31 (8.3) 41 (22.3) 5 (12.5) 6 (33.3)

  Not evaluable 14 (4.2) 21 (12.7) 17 (4.6) 22 (12.0) 3 (7.5) 1 (5.6)

Disease control — 

no. (%)†
293 (88.0) 110 (66.3) 325 (87.1) 121 (65.8) 32 (80.0) 11 (61.1)

Clinical benefit — 

no. (%)‡
237 (71.2) 57 (34.3) 262 (70.2) 62 (33.7) 25 (62.5) 5 (27.8)

Median DOR — 
months 10.7 6.8 10.7 6.8 8.6 4.9

Median time to 
response — 
months

2.76 2.73 2.73 2.22 1.51 1.41

*
For the primary end point (progression-free survival in the hormone receptor–positive cohort) and key secondary end points (progression-free 

survival among all patients and overall survival in the hormone receptor–positive cohort and among all patients), the hormone receptor status is 
based on data collected with the use of the interactive Web-response and voice-response system at the time of randomization, which includes 
patients who were mis-stratified. For the other end points, hormone-receptor status is based on data from the electronic data capture corrected for 
mis-stratification. NE denotes not evaluable.
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†
Disease control was a composite of complete response, partial response, and stable disease.

‡
Clinical benefit was a composite of complete response, partial response, and more than 6 months stable disease, based on blinded independent 

central review.

CR, complete response; DOR, duration of response; mOS, median overall survival; mPFS, median progression-free survival; PD, progressive 
disease; PR, partial response; SD, stable disease.
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Table 3.

Most Common Drug-Related Adverse Events (in ≥20% of Patients) in the Safety Analysis Set.*

Event

Trastuzumab Deruxtecan (N = 371) Physician’s Choice of Chemotherapy (N = 172)

All Grades Grade ≥3 All Grades Grade ≥3

 number of patients (%) 

Blood and lymphatic system disorders

   Neutropenia† 123 (33.2) 51 (13.7) 88 (51.2) 70 (40.7)

   Anemia‡ 123 (33.2) 30 (8.1) 39 (22.7) 8 (4.7)

   Thrombocyopenia§ 88 (23.7) 19 (5.1) 16 (9.3) 1 (0.6)

   Leukopenia¶ 86 (23.2) 24 (6.5) 54 (31.4) 33 (19.2)

Gastrointestinal disorders

   Nausea 271 (73.0) 17 (4.6) 41 (23.8) 0

   Vomiting 126 (34.0) 5 (1.3) 17 (9.9) 0

   Diarrhea 83 (22.4) 4 (1.1) 31 (18.0) 3 (1.7)

   Constipation 79 (21.3) 0 22 (12.8) 0

Investigations: increased amino 
transaminases‖

87 (23.5) 12 (3.2) 39 (22.7) 14 (8.1)

General disorders: fatigue** 177 (47.7) 28 (7.5) 73 (42.4) 8 (4.7)

Metabolism and nutrition disorders: 
decreased appetite

106 (28.6) 9 (2.4) 28 (16.3) 2 (1.2)

Skin and subcutaneous tissue disorders: 
alopecia

140 (37.7) 0 56 (32.6) 0

*
Shown are adverse events that emerged or worsened after initiation of a trail drug until 47 days after the last dose of the trial drug and that were 

adjudicated as being related to a trial drug by an independent committee.

†
This category includes the preferred terms neutrophil count decreased and neutropenia.

‡
This category includes the preferred terms hemoglobin decreased, red-cell count decreased, anemia, and hematocrit decreased.

§
This category includes the preferred terms platelet count decreased and thrombocytopenia.

¶
This category includes the preferred terms white-cell count decreased and leukopenia.

‖
This category includes the preferred terms aminotransaminases increased, aspartate aminotransferase increased, alanine aminotransferase 

increased, γ-glutamyltransferase increased, liver function test abnormal, and hepatic function abnormal.

**
This category includes the preferred terms fatigue, asthenia, and malaise.
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