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Background: The antibody-drug conjugate (ADCs) trastuzumab emtansine (T-DM1) is approved for 
human epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer (mBC) previously 
treated with trastuzumab and a taxane. The phase III ELAINA trial aimed to determine the clinical utility of 
T-DM1 in Chinese patients.
Methods: ELAINA was a randomized, multicenter, open-label bridging study of Chinese patients with 
HER2-positive locally advanced breast cancer (LABC) or mBC previously treated with trastuzumab and 
a taxane. Using an interactive voice/internet response system, patients were randomized 3:1 to receive 
T-DM1 or lapatinib plus capecitabine. Patents were stratified by number of prior therapies in this disease 
setting and by presence of visceral disease using a permuted block randomization scheme. Patients received 
treatment until disease progression, unmanageable toxicity, or study termination. After that, data on survival 
and subsequent cancer therapies were collected at approximately 3-month intervals. The primary endpoint 
was investigator-assessed progression-free survival (PFS). Secondary endpoints were overall response rate, 
duration of response, overall survival (OS), safety, patient-reported quality of life, and pharmacokinetics (PKs).
Results: ELAINA was fully enrolled with 200 patients randomized to T-DM1 (n=151) or lapatinib plus 
capecitabine (n=49). Median treatment duration was approximately 6 months in each study arm. Median 
follow-up time was approximately 9 months for all analyses except for OS. T-DM1 was associated with a 
15% reduction in risk of disease progression or death compared with lapatinib plus capecitabine [stratified 
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Introduction

Human epidermal growth factor receptor 2 (HER2)-
targeted agents represent the mainstay of therapy for 
HER2-positive breast cancer. For patients with locally 
advanced breast cancer (LABC) or metastatic breast cancer 
(mBC), the standard first-line treatment consists of the 

monoclonal antibodies pertuzumab and trastuzumab plus 
chemotherapy (1-3). However, resistance to trastuzumab 
frequently develops, and this happens through one or 
multiple mechanisms, including alterations in the target 
receptor or the downstream signaling pathway (4-7). 

Antibody-drug conjugates (ADCs) are a therapeutic 
modality consisting of a monoclonal antibody that is highly 
specific for a protein expressed on cancer cells and a cytotoxic 
moiety joined by a specialized linker. ADCs are designed 
to target the cytotoxic agent directly to the cancer cell. In 
this way, highly potent cytotoxic agents can be used without 
concomitant increases in systemic toxicity, thus improving 
the therapeutic index. Trastuzumab emtansine (T-DM1) is 
an ADC that incorporates the HER2-targeted antitumor 
properties of trastuzumab with the cytotoxic activity of the 
microtubule inhibitor DM1, thereby allowing intracellular 
drug delivery specifically to HER2-overexpressing cells (8). 
T-DM1 is approved in many countries for the treatment 
of HER2-positive early and advanced breast cancer, and 
it was recently approved in China for previously treated 
mBC. Other recent treatment approvals outside China for 
previously treated HER2-positive mBC include the tyrosine 
kinase inhibitor (TKI) tucatinib plus trastuzumab and 
capecitabine (9), the TKI neratinib plus capecitabine (10), 
the monoclonal HER2-targeted antibody margetuximab plus 
chemotherapy (11), the HER2-targeted ADC trastuzumab 
deruxtecan (12), and the subcutaneous trastuzumab 
formulation plus pertuzumab (13). 

For several years, the second-line therapy of choice for 
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a 15% reduction in risk of disease progression or death with 
T-DM1 versus lapatinib plus capecitabine in Chinese women 
with previously treated HER2-positive mBC. As seen in other 
studies with T-DM1 in Asian patients, the incidence of grade ≥3 
thrombocytopenia was higher with T-DM1 than lapatinib plus 
capecitabine, but there was no grade ≥3 hemorrhage.
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randomized, phase III study of T-DM1 exclusively in Chinese 
patients. 

• These data show that T-DM1 provides antitumor efficacy with an 
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option for Chinese patients with previously treated HER2-positive 
mBC. 

hazard ratio (HR) =0.85; 95% confidence interval (CI): 0.56–1.29] in the intent-to-treat (ITT) population. 
The objective response rate (ORR) was similar with T-DM1 (50.4%) and lapatinib plus capecitabine (55.8%); 
median duration of response was 8.4 months for both treatments. At a median follow-up time of approximately 
30 months, OS was similar in each treatment arm. Incidence of grade ≥3 adverse events (AEs) was similar 
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T-DM1 (40.4%) than with lapatinib plus capecitabine (4.1%); there was no grade ≥3 hemorrhage with either 
treatment.
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chemotherapy-free option in this setting. 
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Chinese women with HER2-positive mBC was lapatinib 
plus capecitabine (14). In 2018, the pan-ErbB receptor TKI 
pyrotinib was approved in China as a second-line treatment 
for HER2-positive mBC (15), supported by data from two 
phase III studies (16,17). In one of these trials, PHOEBE, 
pyrotinib demonstrated improved efficacy vs. lapatinib (each 
combined with capecitabine), but with increased severe 
toxicity (16). Head-to-head comparisons of pyrotinib with 
other approved treatments for previously treated mBC, 
such as T-DM1, have not been conducted in randomized 
trials. However, a small real-world study suggests that 
pyrotinib may result in better clinical outcomes than T-DM1 
in some groups of patients. In the global phase III EMILIA 
trial, T-DM1 significantly prolonged progression-free 
survival (PFS) and overall survival (OS) with less toxicity 
than lapatinib plus capecitabine (18,19). As an ADC, 
T-DM1 is a novel treatment option that could offer an 
enhanced benefit-risk profile vs. standard TKIs for patients 
with trastuzumab-resistant mBC in China. However, the 
global patient population of EMILIA was predominantly 
(74%) White (18,19), thereby limiting extrapolation of 
the results to other racial and ethnic groups, including 
Chinese patients. Moreover, the increased incidence of 
thrombocytopenia with T-DM1 seen in Asian vs. non-Asian 
patients (20-22) warranted further investigation of safety in 
a Chinese population.

The phase III ELAINA bridging trial was undertaken 
to compare T-DM1 with lapatinib plus capecitabine in 
Chinese patients with trastuzumab- and taxane-pretreated 
LABC/mBC. The aim was to determine whether the benefit 
of T-DM1 in Chinese patients is consistent with that 
observed in the global population of EMILIA. This article 
is presented in accordance with the CONSORT reporting 
checklist (available at https://tbcr.amegroups.com/article/
view/10.21037/tbcr-23-2/rc). 

Methods

Study design

ELAINA (NCT03084939) was a two-stage, two-arm, 
randomized, multicenter, open-label bridging study. In 
stage 1, patients were randomized (3:1) to receive T-DM1 
or lapatinib plus capecitabine. An interactive voice/Web 
response system (IxRS) was used to randomize patients. A 
permuted block randomization scheme was used to stratify 
patients according to the following factors: number of 
prior chemotherapeutic regimens for unresectable LABC 

or mBC (0–1 vs. >1) and visceral vs. nonvisceral disease. 
A bridging design was implemented to allow comparison 
of the treatment benefit in patients from China with the 
benefit observed in the EMILIA trial, which included a 
predominantly White patient population. Stage 2 comprised 
a single-arm safety cohort in which patients received T-DM1 
only, to enable the safety profile of T-DM1 to be sufficiently 
characterized in Chinese patients. The stage 1 findings are 
presented here.

Approximately 350 eligible patients were planned to 
be enrolled from 25 sites, to result in 150 and 50 patients 
in the stage 1 T-DM1 and control arms, respectively, and  
150 patients in the stage 2 single-arm T-DM1 safety extension 
(achieving a total of 300 patients treated with T-DM1). 

This study was performed in accordance with the 
Declaration of Helsinki (as revised in 2013) and Good 
Clinical Practice (GCP) guidelines. The study protocol 
was approved by the institutional review board or the 
independent ethics committee at each study site. All 
participants provided written informed consent.

Eligibility criteria

Eligibility criteria included histologically or cytologically 
confirmed, measurable [by modified Response Evaluation 
Criteria in Solid Tumors (RECIST)] or nonmeasurable 
unresectable LABC/mBC; progression during or after 
the most recent treatment for LABC/mBC or within  
6 months after treatment for early-stage disease; centrally 
confirmed HER2-positive status [immunohistochemistry 
3+ and/or gene amplified (HER2 to CEP 17 ratio ≥2) 
by in situ hybridization]; prior treatment with both a 
taxane and trastuzumab for breast cancer; left ventricular 
ejection fraction ≥50% by echocardiogram or multiple-
gated acquisition; Eastern Cooperative Oncology Group 
performance status ≤1; and adequate hematologic and organ 
function. 

Major exclusion criteria included prior treatment with 
lapatinib, capecitabine, or T-DM1; grade ≥3 peripheral 
neuropathy [per National Cancer Institute Common 
Terminology Criteria for Adverse Events version 4.0 (23)]; 
history of treatment with anticancer therapy (not including 
hormonal therapy) or investigational agents within 21 days, 
or radiation therapy within 14 days, prior to randomization 
(stage 1) or enrollment (stage 2); and brain metastases that 
were untreated or required therapy to control symptoms 
within 30 days before randomization (stage 1) or enrollment 
(stage 2).

https://tbcr.amegroups.com/article/view/10.21037/tbcr-23-2/rc
https://tbcr.amegroups.com/article/view/10.21037/tbcr-23-2/rc
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Study assessments

Baseline clinical characteristics were assessed by the 
investigator at screening. Tumor assessments were conducted 
every 6 weeks from cycle 1 day 1 for the first 78 weeks and 
every 12 weeks thereafter, until investigator-assessed disease 
progression or study termination. Patients could continue 
study treatment until disease progression, unmanageable 
toxicity, or study termination. After disease progression, 
the frequency, method, and evaluation criteria of tumor 
assessments were per investigators’ routine clinical practice. 
Patients who demonstrated control of their systemic 
disease while receiving T-DM1 but who developed isolated 
brain metastases that were treatable with radiation, were 
allowed to continue with T-DM1 until systemic disease 
progression. Approximately 30 days after study termination, 
patients returned for a follow-up visit. They continued to 
be followed every 3 months for OS and documentation of 
subsequent anti-cancer treatments. Follow-up continued 
until death, loss to follow-up, withdrawal of consent, or 
study discontinuation by the sponsor.

Study objectives

The primary objective was to demonstrate consistency of 
the safety and efficacy data with those from the EMILIA 
global study, by evaluating the PFS of T-DM1 compared 
with lapatinib plus capecitabine. PFS was defined as 
the time from randomization to the first occurrence of 
investigator-determined disease progression by RECIST 
v1.1, or death from any cause, whichever occurred first.

Secondary efficacy endpoints included investigator-
assessed objective response rate (ORR) per RECIST 
v1.1, duration of response, and OS. Health-related 
quality of life (HRQoL) and pharmacokinetic (PK) 
parameters and were also evaluated.  HRQoL was 
measured with the Functional Assessment of Cancer 
Therapy-Breast (FACT-B). The FACT-B is a patient-
reported questionnaire that has been validated in 
patients with breast cancer [Brady 1997 (24)]. It contains 
5 subscales: physical, social, emotional, functional 
well-being, and breast-cancer specific items. It was 
administered to patients at baseline (cycle 1, day 1), on 
day 1 of every other treatment cycle, and at the treatment 
discontinuation visit. Samples for PK analysis were 
collected before drug administration and 15 to 30 minutes 
after infusion during cycles 1–4. The primary PK analytes 
were T-DM1, total trastuzumab, and DM1. 

Study treatment

T-DM1 (3.6 mg/kg) was administered intravenously on 
day 1 of a 3-week cycle. The first T-DM1 infusion was 
given over 90 (±10) minutes, with subsequent doses infused 
over 30 (±10) minutes. Infusion interruptions and rate 
adjustments were permitted for patients experiencing 
infusion-associated symptoms. Lapatinib (1,250 mg) was 
taken orally, ≥1 h before or ≥1 h after a meal, once daily 
on days 1−21. The total daily dose of capecitabine was  
2,000 mg/m2 (two oral doses of 1,000 mg/m2 administered 
~12 h apart, with food or ≤30 minutes after food) on days 
1−14 in a repeating 21-day cycle. The cycle was defined by 
the start of capecitabine chemotherapy.

Statistics

The intent-to-treat (ITT) population included all randomized 
patients from stage 1. Efficacy was analyzed in the ITT 
population. The safety population comprised all patients from 
stage 1 who received at least one dose of study drug. Patients 
were included in the PK analysis if they had received at least 
one dose of T-DM1 and had at least one post-dose serum or 
plasma result by the data cut-off time for the primary analysis.

The trial was designed with the prespecified number of 
events to have 80% probability to detect a hazard ratio (HR) 
of ≤0.825, which maintained 50% of the risk reduction 
determined in EMILIA. The sample size estimation was 
based on the assumption of a median PFS of 6.4 months in 
the control arm and an HR of 0.65, as well as a recruitment 
period of approximately 13 months. A two-sided stratified 
log-rank test was performed on the PFS data. However, 
since the objective was to determine consistency between 
its data and those in EMILIA, this bridging study was 
not fully powered to demonstrate statistically significant 
differences between the treatment arms, thus all analyses 
are descriptive.

Baseline comparability between treatment groups was 
evaluated based on medians and frequencies of demographic 
and disease characteristics, medical history, and treatment 
history. For the primary analysis of PFS, data for patients 
without disease progression or death from any cause at 
the time of the data cutoff were censored at the time of 
the last valid tumor assessment or, if no tumor assessment 
was performed after the baseline visit, at the time of 
randomization plus 1 day. Data from patients who were 
lost to follow-up were included in the analysis as censored 
observations on the last tumor assessment date that the 
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patient was known to be progression-free. 
Only patients with measurable disease at baseline 

were included in the ORR analysis. Patients without 
a postbaseline tumor assessment were categorized as 
nonresponders. An ORR estimate and 95% confidence 
interval (CI) were calculated for each treatment arm.

The Kaplan-Meier method was used to estimate 
the median PFS, duration of response, OS, and time to 
deterioration in HRQoL (and the corresponding 95% CIs) 
for each treatment group. Deterioration in HRQoL was 
defined as a clinically meaningful (i.e., ≥5-point change) (25)  
decrease in the FACT-B Trial Outcome Index, which 
comprises physical well-being, functional well-being, and 
breast cancer symptom subscales (24). For PFS and OS, a 
Cox proportional hazards model, stratified by number of 
prior chemotherapeutic regimens for unresectable LABC 
or mBC (0–1 vs. >1) and visceral vs. nonvisceral disease, 
was used to estimate the HRs and 95% CIs between the 
treatment arms. Forest plots (including estimated HRs and 
95% CIs) examined PFS across clinically relevant subgroups. 

Results

Between April 2017 and October 2018, 200 patients with 
HER2-positive LABC/mBC were enrolled at 19 centers 
in China and randomized to T-DM1 (n=151) or lapatinib 

plus capecitabine (n=49) (Figure 1). Baseline patient 
demographics and disease characteristics were generally 
balanced between the two groups (Table 1). The only 
exceptions to this were that more patients in the lapatinib 
plus capecitabine arm vs. the T-DM1 arm had de novo 
mBC (30.6 vs. 13.9%), and more patients in the T-DM1 
arm vs. the lapatinib plus capecitabine arm had undergone 
curative breast cancer surgery (85.4% vs. 69.4%) and/or 
radiotherapy (61.6% vs. 53.1%). 

Efficacy

The data cut-off date for all analyses, except for OS, was 
October 8, 2018 [median duration of follow-up was 9.7 (range, 
3.4–14.4) months in the lapatinib plus capecitabine arm and 
8.6 (range, 1.0–16.8) months in the T-DM1 arm]. The data 
cut-off date for the OS analysis (i.e., when there were ≥50% 
of expected OS events) was July 12, 2021 [median duration of 
follow-up was 34.0 (range, 3.4–46.7) months in the lapatinib 
plus capecitabine arm and 27.6 (range, 1.0–47.8) months in the 
T-DM1 arm]. 

T-DM1 treatment was associated with a 15% reduction 
in the risk of disease progression or death compared with 
lapatinib plus capecitabine in trastuzumab- and taxane-
pretreated Chinese patients (stratified HR =0.85; 95% 
CI: 0.56–1.29). Median duration of PFS was similar with 

Figure 1 Patient disposition.

Screened (n=319)

Randomized in stage 1 (n=200)

Ineligible (n=119)

Treated with lapatinib + capecitabine (n=49)Treated with trastuzumab emtansine (n=151)

Ongoing treatment 
n=49 (32.5%)

Ongoing survival follow-up 
n=75 (49.7%)

Ongoing survival follow-up 
n=30 (61.2%)

Discontinued study n=27 (17.9%)
Withdrawal by patient n=14 (9.3%)
Death n=16 (10.6%)

Discontinued study n=3 (6.1%)
Withdrawal by patient n=1 (2.0%)
Death n=3 (6.1%)

Discontinued study treatment 
n=102 (67.5%)

Discontinued study treatment 
n=33 (67.3%)

Ongoing treatment 
n=16 (32.7%)
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Table 1 Baseline patient demographics and disease characteristics

Characteristic Lapatinib + capecitabine (n=49) T-DM1 (n=151)

Median age, years [range] 52 [28–66] 51 [28–78]

ECOG performance status, n (%)

0 26 (53.1) 83 (55.0)

1 23 (46.9) 68 (45.0)

Visceral disease, n (%)

Yes 37 (75.5) 117 (77.5)

No 12 (24.5) 34 (22.5)

Measurable disease, n (%) 43 (87.8) 117 (77.5)

Hormone receptor-positive at initial diagnosis, n (%) 25 (51.0) 68 (45.0)

Prior systemic therapy, n (%)

(Neo)adjuvant only 12 (24.5) 35 (23.2)

Metastatic only 15 (30.6) 21 (13.9)

(Neo)adjuvant + metastatic 22 (44.9) 95 (62.9)

Prior (neo)adjuvant treatment, n (%)

Hormonal 14 (28.6) 43 (28.5)

Anthracycline 29 (59.2.2) 121 (80.1)

Taxane 31 (63.3) 116 (76.8)

Other chemotherapy 28 (57.1) 120 (79.5)

Pertuzumab 2 (4.1) 1 (0.7)

Trastuzumab 17 (34.7) 71 (47.0)

Prior treatment for metastatic disease, n (%)

Hormonal 9 (18.4) 33 (21.9)

Anthracycline 4 (8.2) 21 (13.9)

Taxane 32 (65.3) 77 (51.0)

Other chemotherapy 21 (42.9) 58 (38.4)

Pertuzumab 7 (14.3) 18 (11.9)

Trastuzumab 37 (75.5) 109 (72.2

Prior trastuzumab setting, n (%)

(Neo)adjuvant only 12 (24.5) 42 (27.8)

Metastatic only 32 (65.3) 80 (53.0)

(Neo)adjuvant + metastatic 5 (10.2) 29 (19.2)

Median time since last trastuzumab, months (range) 1.61 (0.7–26.6) 2.23 (0.4–48.6)

Median duration of prior trastuzumab, months (range) 7.92 (0.7–18.7) 8.74 (0.7–33.6)

Prior curative breast cancer surgery, n (%) 34 (69.4) 129 (85.4)

Prior radiotherapy, n (%) 26 (53.1) 93 (61.6)

T-DM1, trastuzumab emtansine; ECOG, Eastern Cooperative Oncology Group; (neo)adjuvant, neoadjuvant or adjuvant. 
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T-DM1 and lapatinib plus capecitabine (7.0 vs. 6.8 months, 
respectively). The Kaplan-Meier curves separated at 
approximately 7 months and remained separated from then 
onward (Figure 2A). This benefit was consistently observed 
in most clinically relevant subgroups (Figure 2B).

Approximately 80% of patients in both treatment arms 
(117 and 43 patients in the T-DM1 and lapatinib plus 
capecitabine arms, respectively) had measurable disease at 
baseline and were therefore included in the ORR analysis. 
Similar proportions of patients achieved an objective 
response in the T-DM1 and the lapatinib plus capecitabine 
arms (50.4% and 55.8%, respectively; Table 2). Duration of 
response was the same (8.4 months) in both treatment arms 
(Table 2).

At the data cut-off date of July 12, 2021, 103 deaths were 
reported [77 (51.0%) and 26 (53.1%) in the T-DM1 and 
lapatinib plus capecitabine arms, respectively]. OS was similar 
between the two groups (HR =1.08; 95% CI: 0.69–1.69).

Health-related quality of life

HRQoL was analyzed in the patients from the ITT 
population who had a baseline and at least one post-baseline 
assessment (T-DM1 n=151; lapatinib + capecitabine 
n=49). A small numerical difference was observed in the 
median time to deterioration in HRQoL (as measured by 
a ≥5-point decrease from baseline score in the FACT-B 
Trial Outcome Index) between treatment arms (HR 
=0.76; 95% CI: 0.49–1.20). The Kaplan-Meier estimated 
median time to deterioration was 4.4 and 4.0 months in the 
T-DM1 and lapatinib plus capecitabine arms, respectively, 
with a separation between the Kaplan-Meier curves at 
approximately 2 months in favor of T-DM1, which was 
maintained from then onwards (Figure 3).

Safety

Treatment exposure was similar between the treatment 
arms (Table 3). Any-grade adverse events (AEs) occurred in 
98.0% and 100% of patients in the T-DM1 and lapatinib 
plus capecitabine arms, respectively. A similar incidence of 
grade ≥3 AEs (54.3% and 57.1%) and serious AEs (SAEs; 
20.5% and 20.4%) occurred with T-DM1 and lapatinib plus 
capecitabine, respectively (Table 4). More patients in the 
T-DM1 arm had AEs requiring study treatment withdrawal 
(11.9% vs. 4.1% with lapatinib plus capecitabine). Fewer 
patients in the T-DM1 arm had AE-related dose reductions 
(11.3% vs. 49.0% with lapatinib plus capecitabine).

Consistent with the known safety profile of T-DM1 (26),  
higher incidences of thrombocytopenia, hemorrhage, 
infusion-related reactions (IRRs), cardiac dysfunction, and 
pneumonitis occurred in the T-DM1 arm vs. the lapatinib 
plus capecitabine arm (Table 5). All-grade thrombocytopenia 
occurred in 76.2% and 20.4% of patients in the T-DM1 
and lapatinib plus capecitabine arms, respectively, and 
grade ≥3 thrombocytopenia occurred in 40.4% and 
4.1% of patients, respectively. The combined preferred 
terms of thrombocytopenia and decreased platelet count 
represented the most common SAE and AE leading to 
dose discontinuation in the T-DM1 arm. In three patients, 
thrombocytopenia did not recover to grade ≤2 after T-DM1 
was discontinued for >90 days. These patients were treated 
with a thrombopoietin receptor agonist after hematology 
consultation, and platelet counts recovered in one patient.

Hemorrhage was more frequent with T-DM1 (32.5%) 
than with lapatinib plus capecitabine (4.1%), but no grade 
≥3 events occurred in either arm. The most common 
hemorrhage AEs in the T-DM1 arm were epistaxis and 
gingival bleeding. Infusion reaction and hypersensitivity 
AEs occurred with T-DM1 only (7.9%), most commonly 
IRRs (6.9%) and pyrexia (2.0%). A single (0.7%) grade 
3 IRR event occurred. Cardiac function AEs occurred 
in the T-DM1 arm only (2.0%) and included grade 3 
cardiac failure (0.7%), grade 1 left ventricular dysfunction 
(0.7%), and grade 2 right ventricular dysfunction (0.7%). 
Left ventricular ejection fraction assessment results were 
consistent between treatment arms. One (0.7%) grade 1 
pneumonitis AE (interstitial lung disease) occurred in the 
T-DM1 arm. There were no pneumonitis AEs of grade ≥2 
severity with either treatment.

PKs

Serum T-DM1 concentrations are summarized in Table S1.  
The mean concentration ± standard deviation (SD) 
at 15 to 30 minutes post-infusion was 76.4±26.9 and  
69.7±27.4 µg/mL for cycles 1 and 4, respectively. Minimum 
T-DM1 accumulation was observed over cycles 1 through 
4 upon repeated T-DM1 treatment and the steady 
state concentration was reached at cycle 1. Serum total 
trastuzumab concentrations are summarized in Table S2. 
The mean concentration ± SD at 15 to 30 minutes post-
infusion was 80.4±23.9 and 77.3±27.9 µg/mL for cycles 1 
and 4, respectively. Minimum exposure accumulation was 
observed over cycles 1 through 4 upon repeated T-DM1 
treatment. Plasma DM1 concentrations are summarized in 

https://cdn.amegroups.cn/static/public/TBCR-23-2-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TBCR-23-2-Supplementary.pdf
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Figure 2 Progression-free survival. (A) Kaplan-Meier plot and (B) forest plot of clinically relevant subgroups; hazard ratios are unstratified. 
−, negative; +, positive; T-DM1, trastuzumab emtansine; PFS, progression-free survival; CI, confidence interval; ECOG PS, Eastern 
Cooperative Oncology Group performance status; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; IHC, 
immunohistochemistry; ISH, in situ hybridization; DDISH, dual-color dual-hapten in situ hybridization; NE, not evaluable.
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Figure 3 Time to deterioration in HRQoL from baseline as defined by a ≥5-point decrease from baseline score in the FACT-B Trial Outcome 
Index. T-DM1, trastuzumab emtansine; HRQoL, health-related quality of life; FACT-B, Functional Assessment of Cancer Therapy-Breast.

Table 2 Additional efficacy endpoints

Endpoint Lapatinib + capecitabine (n=43) T-DM1 (n=117)

ORR, n (%) 24 (55.8) 59 (50.4)

95% CI 39.9–70.9 41.0–59.8

Complete response, n (%) 1 (2.3) 3 (2.6)

95% CI 0.06–12.3 0.5–7.3

Partial response, n (%) 23 (53.5) 56 (47.9)

95% CI 37.7–68.8 38.5–57.3

Stable disease, n (%) 10 (23.3) 35 (29.9)

95% CI 11.8–38.6 21.8–39.1

Median DOR, months 8.4 8.4

95% CI 5.5–8.4 5.5–NE

Median OS, months 40.0 33.2

95% CI 23.6–NE 27.6–43.9

Hazard ratio (95% CI) 1.08 (0.69–1.69)

T-DM1, trastuzumab emtansine; ORR, objective response rate; CI, confidence interval; DOR, duration of response; OS, overall survival; 
NE, not evaluable.

Table S3. The mean concentration ± SD at 15 to 30 minutes  

post-infusion was 14.0±7.1 and 13.9±6.3 µg/mL for cycles 1 

and 4, respectively, suggesting that DM1 did not accumulate 

over cycles 1 through 4 upon repeated T-DM1 treatment.

Discussion

Until recently, the Chinese Society of Clinical Oncology 
(CSCO) recommended lapatinib plus capecitabine for 
the management of patients with trastuzumab-resistant 
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Table 3 Treatment exposure

Exposure
Lapatinib + capecitabine (n=49) T-DM1 (n=151)

Lapatinib Capecitabine All-grade

Cycles received, n (%)

≤6 15 (30.6) 15 (30.6) 63 (41.7)

7–12 21 (42.9) 21 (42.9) 53 (35.1)

13–18 12 (24.5) 12 (24.5) 29 (19.2)

19–24 1 (2.0) 1 (2.0) 5 (3.3)

>24 0 0 1 (0.7)

Median treatment duration, months [range] 6.1 [1–14] 6.4 [1–14] 5.5 [0–17]

T-DM1, trastuzumab emtansine.

Table 4 Adverse event in two groups 

Adverse event Lapatinib + capecitabine (n=49), n (%) T-DM1 (n=151), n (%)

Any-grade AE 49 (100.0) 148 (98.0)

Grade ≥3 AE 28 (57.1) 82 (54.3)

Serious AE 10 (20.4) 31 (20.5)

AE necessitating treatment withdrawal 2 (4.1) 18 (11.9)

AE necessitating treatment interruption 3 (26.5) 35 (23.2)

AE necessitating treatment dose reduction 24 (49.0) 17 (11.3)

T-DM1 trastuzumab emtansine; AE, adverse event.

Table 5 Safety profile 

Selected AEs†
Lapatinib + capecitabine (n=49), n (%) T-DM1 (n=151), n (%)

All-grade Grade ≥3 All-grade Grade ≥3

Any selected AE 44 (89.8) 4 (8.2) 139 (92.1) 65 (43.0)

Hepatoxicity 41 (83.7) 1 (2.0) 119 (78.8) 13 (8.6)

Thrombocytopenia 10 (20.4) 2 (4.1) 115 (76.2) 61 (40.4)

Infusion-related reaction/hypersensitivity 0 0 12 (7.9) 1 (0.7)

Pneumonitis 0 0 1 (0.7) 0

Cardiac dysfunction 0 0 3 (2.0) 1 (0.7)

Peripheral neuropathy 3 (6.1) 1 (2.0) 12 (7.9) 0

Hemorrhage 2 (4.1) 0 49 (32.5) 0
†, AEs selected based on the known safety profile of T-DM1 and defined by related preferred terms for each AE category. AE, adverse 
event; T-DM1 trastuzumab emtansine.
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HER2-positive mBC. In 2020, updated CSCO guidelines 
recommended pyrotinib plus capecitabine as the standard 
of care for these patients (27). This decision was based 
on results of the PHOEBE and PHENIX trials, which 
demonstrated significantly increased PFS with pyrotinib 
plus capecitabine vs. lapatinib plus capecitabine and 
placebo plus capecitabine regimens (16,17). T-DM1 has 
demonstrated significant OS and PFS benefits vs. lapatinib 
plus capecitabine in taxane- and trastuzumab-pretreated 
patients with LABC/mBC (18,19); despite this, TKI-based 
regimens with pyrotinib or lapatinib remained the gold 
standard in this population in China (14,27). 

The current study, ELAINA, was designed to bridge 
the efficacy and safety data from the global EMILIA study 
evaluating T-DM1 vs. lapatinib plus capecitabine (the 
standard of care at study initiation) to a Chinese population. 
The bridging design used in ELAINA is well established 
for evaluating whether treatment effects in Chinese 
patients are comparable to those in global pivotal studies, 
and is widely used in China for registration purposes. The 
reduced time to data availability (vs. fully powered studies) 
may allow earlier approval and patient access to a therapy 
that has demonstrated significant and meaningful benefit in 
a global population. However, this design is limited in that 
the reduced patient numbers result in reduced statistical 
power to thoroughly define statistical differences between 
treatment arms. In addition, this study was only performed 
in mainland China, and was not a multi-regional clinical 
study (MRCT).

The primary objective of ELAINA was met, i.e., it 
demonstrated consistency with the EMILIA results. T-DM1 
prolonged PFS compared with lapatinib plus capecitabine 
in trastuzumab- and taxane-pretreated Chinese patients 
with HER2-positive LABC/mBC. Benefit was observed, 
regardless of the line of therapy, in patients with a disease-
free interval of <6 months after completing trastuzumab-
based therapy in the adjuvant or neoadjuvant setting; 
benefit was unaffected by the presence of visceral disease. 
The magnitude of PFS benefit with T-DM1 vs. lapatinib 
plus capecitabine (stratified HR =0.85; 95% CI: 0.56–1.29) 
was generally consistent with that observed in the EMILIA 
ITT (HR =0.65; 95% CI: 0.549–0.771) (18,19) and Asian 
(HR =0.72; 95% CI: 0.48–1.02) (21) populations. The risk 
of death was similar between the treatment arms (HR =1.08; 
95% CI: 0.69–1.69). Importantly, while median OS was 
comparable for the T-DM1 arms in ELAINA (33.2 months)  
and EMILIA (30.9 months) (18), median OS with 
lapatinib plus capecitabine in ELAINA (40.0 months) 

was substantially higher than that expected based on the 
lapatinib results in EMILIA (25.1 months). Median time to 
deterioration in HRQoL from baseline was slightly longer 
in the T-DM1 arm.

PK data of the primary analytes in ELAINA were 
consistent with previous findings in T-DM1-treated patients 
with mBC (28). These analyses have shown that T-DM1 has 
similar PK across ethnicities (White, Asian, other) and that 
the recommended dosing regimen is suitable for different 
ethnic groups (29). 

T-DM1 was generally well tolerated with an acceptable 
safety profile. Incidences of grade ≥3 AEs and SAEs were 
similar between the treatment arms. More patients receiving 
T-DM1 vs. those on lapatinib plus capecitabine had AEs 
necessitating study treatment withdrawal (11.9% vs. 4.1%), 
while more patients in the lapatinib plus capecitabine arm 
had AEs requiring dose reductions (49.0% vs. 11.3%). 
Consistent with the known safety profile of T-DM1 (26), 
hemorrhage, IRRs, cardiac dysfunction, and pneumonitis 
AEs were numerically increased with T-DM1 compared 
with lapatinib plus capecitabine. However, most events were 
grade 1 or 2 in severity, except for one case of grade 3 IRR 
and one of grade 3 cardiac failure. 

All-grade and grade ≥3 thrombocytopenia increased with 
T-DM1 compared with lapatinib plus capecitabine. The 
incidence of thrombocytopenia AEs in Chinese patients in 
ELAINA (the current study), is higher than that reported 
in studies with global populations, including EMILIA 
(18,19). This is consistent with prior studies demonstrating 
an increased risk of thrombocytopenia in Asian patients 
vs. non-Asian patients (20-22,30). In a pooled analysis 
of six studies of T-DM1 in patients with HER2-positive 
mBC, Asian patients demonstrated a higher incidence of 
grade ≥3 decreased platelet count than non-Asian patients 
(44.4% vs. 10.6%) (20). A similar difference was observed 
in Asian patients (43.8%) vs. the global population of 
EMILIA (13.9%) (21). The results from ELAINA are also 
consistent with the international, single-arm, phase IIIb 
KAMILLA trial of T-DM1 in HER2-positive mBC, in 
which grade ≥3 thrombocytopenia occurred in 44.7% and 
3.7% of Asian and non-Asian patients, respectively (22). In 
these studies (20-22), thrombocytopenia in Asian patients 
was not associated with an increased incidence of clinically 
significant hemorrhage and could generally be managed 
with the T-DM1 dose adjustments recommended for the 
global population (29). 

In China,  recombinant human thrombopoietin 
(rhTPO) is a standard treatment for chemotherapy-
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induced thrombocytopenia, but it is not available elsewhere 
(31,32). rhTPO use is associated with the generation of 
antibodies against endogenous thrombopoietin, which 
results in refractory thrombocytopenia (33). Taxanes also 
induce thrombocytopenia, and prior taxane treatment was 
required for study entry in ELAINA. Chinese patients 
may have received prior rhTPO to manage taxane-induced 
thrombocytopenia (34). Caution should be exercised when 
using rhTPO to manage thrombocytopenia in patients 
treated with T-DM1, and these patients should be carefully 
monitored.

The T-DM1 benefit-risk profile in ELAINA is consistent 
with previous clinical trials (18,19,35,36) and real-world 
data in patients with pretreated LABC/mBC, including 
Chinese patients (37-41). A recent network meta-analysis 
suggested that pyrotinib plus capecitabine may be the most 
efficacious treatment among the nine regimens (including 
T-DM1) evaluated for patients with previously treated 
HER2-positive mBC (42). It also found that pyrotinib plus 
capecitabine may be associated with more grade ≥3 AEs  
while T-DM1 most likely had the lowest incidence of 
grade ≥3 AEs. This is in keeping with the expectation that 
T-DM1 exercises most of its activity by selectively releasing 
a cytotoxic payload, DM1, to cancer cells while limiting 
exposure to normal tissues. The meta-analysis had several 
limitations, including the lack of randomized clinical studies 
comparing pyrotinib plus capecitabine vs. T-DM1 (42). The 
single intravenous administration of T-DM1 once every  
3 weeks, vs. a daily (pyrotinib) and twice-daily (capecitabine) 
administration schedule, may be preferred by some patients 
(16-18). Furthermore, the rate of grade ≥3 diarrhea with 
pyrotinib (31%) is substantially higher than with most oral 
TKIs, and this may limit treatment adherence (43,44). 

Recent data from the phase III DESTINY-Breast03 
study further support the use of HER2-directed ADCs 
in advanced breast cancer (45). Trastuzumab deruxtecan 
resulted in a substantially and statistically significantly 
improved PFS compared with T-DM1 as second-
line treatment for HER2-positive mBC [median not 
reached (95% CI: 18.5 to not evaluable) vs. 6.8 (95% CI:  
5.6–8.2) months; HR =0.28; 95% CI: 0.22–0.37]. OS was 
also significantly improved with trastuzumab deruxtecan 
(HR =0.55; 95% CI: 0.36–0.86). In addition, trastuzumab 
deruxtecan was associated with a higher incidence of AE-
related dose reduction (21.4% vs. 12.6%), AE-related 
study treatment discontinuation (13.6% vs. 7.3%), and 
grade ≥3 neutropenia (19.1% vs. 3.1%), while T-DM1 was 
associated with more grade ≥3 thrombocytopenia (24.9% 

vs. 7.0% with trastuzumab deruxtecan). Trastuzumab 
deruxtecan may offer an additional non-TKI treatment 
option in the second-line setting, but it is not currently 
approved in China. 

Since resistance eventually develops with all therapies 
increasing the number of treatment options for HER2-
positive, previously treated mBC may result in prolonged 
OS and improved HRQoL. Resistance mechanisms for 
T-DM1 include, but are not limited to, loss of HER2 
expression and intracellular alterations that block the release 
of DM1 and/or reduce DM1 cytotoxicity. Understanding 
the optimal sequence of therapies is an important next 
step in continuing to improve efficacy. Treatment options 
in development across the HER2-positive breast cancer 
spectrum include single-agent ADCs with novel linker 
and payload technology, and combining ADCs with other 
agents such as checkpoint inhibitors (e.g., atezolizumab) or 
TKIs (e.g., tucatinib) (1,46-51). Evaluation of the long-term 
efficacy and safety of T-DM1 and other therapies in this 
setting is also of interest.

Conclusions

The ELAINA study met its primary objective. The data 
confirm that the benefit-risk profile of T-DM1 is acceptable 
in Chinese patients with HER2-positive LABC/mBC who 
have received prior trastuzumab and taxane therapy. T-DM1 
provides an efficacious and tolerable chemotherapy-free 
second-line treatment option for mBC.
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Table S1 Serum T-DM1 

Cycle Time n Mean ± SD, µg/mL

1 Pre-dose 15-30 min post-infusion 142/131 NR/76.4±26.9

2 Pre-dose 15-30 min post-infusion 122/122 1.14±1.07/81.8±25.9

3 Pre-dose 15-30 min post-infusion 111/120 2.77±9.13/70.9±20.7

4 Pre-dose 15-30 min post-infusion 114/120 2.53±7.79/69.7±27.4

Patients were included in the PK analysis if they had received at least one dose of T-DM1 and had at least one post-dose serum or plasma 
result by the data cut-off time for the primary analysis. NR, not reportable; SD, standard deviation.

Table S2 Serum total trastuzumab

Cycle Time n Mean ± SD, µg/mL

1 Pre-dose 15-30 min post-infusion 140/128 NR/80.4±23.9

2 Pre-dose 15-30 min post-infusion 119/119 7.76±9.76/84.1±18.7

3 Pre-dose 15-30 min post-infusion 111/118 9.41±12.0/78.3±21.0

4 Pre-dose 15-30 min post-infusion 111/120 10.4±11.8/77.3±27.9

Patients were included in the PK analysis if they had received at least one dose of T-DM1 and had at least one post-dose serum or plasma 
result by the data cut-off time for the primary analysis. NR, not reportable; SD, standard deviation.

Table S3 Plasma DM1

Cycle Time n Mean ± SD, ng/mL

1 Pre-dose 15-30 min post-infusion 151/149 NR/14.0±7.06

2 15-30 min post-infusion 146 13.6±7.22

3 15-30 min post-infusion 135 13.1±6.99

4 15-30 min post-infusion 131 13.9±6.29

Patients were included in the PK analysis if they had received at least one dose of T-DM1 and had at least one post-dose serum or plasma 
result by the data cut-off time for the primary analysis. NR, not reportable, SD, standard deviation.
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