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Abstract
Background: Trastuzumab emtansine (T-DM1) is an antibody–drug conjugate that retains the antitumor effects of trastuzumab
while also delivering the cytotoxic antimicrotubule agent, DM1, directly to tumor cells that overexpress human epidermal growth
factor receptor 2. The pharmacokinetic (PK) profile of T-DM1 has been well characterized in Western, Asian, and Japanese patients;
this single-center, phase I study (NCT03153163) examined the PK of T-DM1 and safety specifically in Chinese patients.

Methods: Patients with locally advanced or metastatic breast cancer, previously treated with trastuzumab and a taxane, received
open-label T-DM1 at 3.6 mg/kg every 3 weeks. Serum T-DM1 and total trastuzumab, and plasma DM1 were evaluated, and PK
parameters were calculated using standard noncompartmental approaches. Adverse events (AEs) were assessed, and
immunogenicity was evaluated by measuring antidrug antibodies to T-DM1.

Results:Among 11 Chinese patients, mean (±standard deviation) PK parameters (maximum serum concentration, 77.6±17.4mg/
mL; clearance 11.0±2.6 mL/d/kg; terminal half-life 3.8±1.0 days) were similar to those previously reported in Western and
Japanese patients. One patient transiently developed antidrug antibodies, which did not appear to influence safety or PK. T-DM1was
generally well tolerated. Grade 3–4 AEs occurred in 7 patients (63.6%) and serious AEs occurred in 4 patients (36.4%). Platelet count
decrease was themost common all-grade AE (10/11; 90.9%), grade 3–4 AE (5/11; 45.5%), and serious AE (3/11; 27.3%), but did not
appear to be associated with any clinically significant bleeding events.

Conclusions: T-DM1 PK in Chinese patients was consistent with those in global and Asian populations, supporting its use in
patients with advanced human epidermal growth factor receptor 2-positive breast cancer following progression on trastuzumab and
a taxane. The safety profile of T-DM1 was consistent with prior experience.
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Abbreviations: ADA = antidrug antibodies, AE = adverse event, ALT = alanine transaminase, AST = aspartate transaminase,
Cmax =maximum serum concentration, DM1 = derivative of maytansine 1, HER2= human epidermal growth factor receptor 2, LVEF
= left ventricular ejection fraction, MBC = metastatic breast cancer, OS = overall survival, PK = pharmacokinetic, SAE = serious
adverse event, SD = standard deviation, T-DM1 = trastuzumab emtansine.

Keywords: antibody–drug conjugate, ethnic sensitivity, human epidermal growth factor receptor 2, metastatic breast cancer,
pharmacokinetics, trastuzumab emtansine, trastuzumab emtansine
1. Introduction

Human epidermal growth factor receptor 2 (HER2) is overex-
pressed in approximately 20% of primary invasive breast
cancers.[1–4] Untreated, HER2-positive breast cancer represents
an aggressive form of the disease with a shorter time to relapse
after initial treatment and shorter overall survival (OS).[5,6] The
addition of the humanized anti-HER2 antibody trastuzumab to
chemotherapy provided patients with HER2-overexpressing
tumors a markedly better outcome than was possible with
chemotherapy alone.[7] Subsequently, dual targeting of HER2
with trastuzumab plus pertuzumab further improved outcomes in
patients with metastatic breast cancer (MBC)–with a median OS
of 57.1 months and an 8-year OS rate of 37% reported with first-
line trastuzumab plus pertuzumab and a taxane[8]–as well as in
patients with early breast cancer.[9–11]

Nonetheless, virtually all patients with HER2-positive MBC
develop progressive disease,[12] with tumors continuing to
express high levels of HER2.[13] Trastuzumab emtansine (T-
DM1) is an antibody–drug conjugate comprising trastuzumab
conjugated to a cytotoxic antimicrotubule agent derived from
maytansine (DM1) via a thioether linker molecule (4-[N-
maleimidomethyl]cyclohexane-1-carboxylate).[14–16] T-DM1
retains the antitumor effects of trastuzumab and also delivers
DM1 directly to HER2-overexpressing cells,[17] with clinical
studies demonstrating the efficacy and safety of single-agent T-
DM1 in patients with HER2-positive metastatic breast cancer[18–
21] and those with residual invasive disease after neoadjuvant
treatment and surgery.[22] While T-DM1 is approved for use in
many countries for the treatment of HER2-positive advanced
breast cancer previously treated with trastuzumab and a taxane
(separately or in combination), it is not yet approved for use in
China, with the only approved second-line treatment for HER2-
positive MBC being lapatinib plus capecitabine[23] and more
recently pyrotinib plus capecitabine.[24] Therefore, new thera-
peutic options are needed.
The pharmacokinetic (PK) profile of T-DM1 has been well

characterized in Western, Asian, and Japanese patients with
HER2-positive MBC in 8 phase I–III clinical trials of single-agent
T-DM1.[25,26] Overall, PK data were consistent in Japanese
patients.[26] PK data were also consistent between Asian, white,
and non-Asian, non-white patients, but the specific ethnic
background of the patients comprising the Asian population
was not reported.[26] Thus, it is necessary to evaluate the PK of T-
DM1 in the Chinese population to evaluate the potential impact
of factors that vary among Asian subpopulations, such as diet
and genetic background, on the variability of T-DM1 PK.
The aim of this open-label phase I study was to characterize the

PK of T-DM1 and its relevant analytes and to evaluate the safety
of T-DM1 in Chinese patients with HER2-positive locally
advanced breast cancer or MBC.
2

2. Methods

2.1. Study design

This open-label, single-center, phase I study (NCT03153163)
was conducted in accordance with the principles of the
Declaration of Helsinki and good clinical practice. Prior to
study initiation, approval was obtained from the independent
ethics committee at the Fudan University Shanghai Cancer
Center, Shanghai, People’s Republic of China, where the study
was conducted. All patients provided written informed consent.

2.2. Patients

The study included Chinese patients aged ≥18 years with HER2-
positive locally advanced breast cancer or MBC. HER2 status
was prospectively and centrally assessed on archival paraffin-
embedded tumor tissue, with HER2-positive status defined as
immunohistochemistry 3+ and/or gene amplified (ie, HER2 to
chromosome 17 [CEP 17] ratio ≥2) by in situ hybridization.
Patients were to have received prior breast cancer treatment with
trastuzumab and a taxane either in the adjuvant or advanced
settings, with documented progression during or after the most
recent advanced breast cancer treatment or within 6 months after
completing adjuvant therapy. In addition, patients had baseline
left ventricular ejection fraction (LVEF) ≥50% measured by
either echocardiogram or multiple gated acquisition scan,
adequate organ function, and an Eastern Cooperative Oncology
Group performance status of 0 or 1.
Patients were excluded from the study if they had received prior

treatment with T-DM1, lapatinib, or capecitabine, or if the last
dose of their prior chemotherapy or trastuzumab, hormonal
therapy, or radiation therapy was within 21, 7, or 14 days,
respectively, of the first dose of study treatment. Patients with
brain metastases that were untreated, symptomatic, progressive,
or required therapy (eg, radiation, surgery) �28 days before the
first dose of study treatment were also excluded, as were patients
with grade ≥3 peripheral neuropathy at baseline; cumulative
anthracycline exposures of doxorubicin>500 mg/m2, epirubicin
>720 mg/m2, or mitoxantrone >120 mg/m2; cardiopulmonary
dysfunction, including uncontrolled hypertension; unstable
angina or serious cardiac arrhythmia not controlled by
medication; baseline LVEF<50%, or a history of LVEF <
40% during prior trastuzumab treatment; a history of symptom-
atic CHF; myocardial infarction �6 months prior; current
dyspnea at rest; current severe, uncontrolled systemic disease; or
who were pregnant or lactating.
2.3. Treatment

All patients received single-agent T-DM1 3.6 mg/kg administered
by intravenous infusion every 3 weeks, with study treatment
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continued until death, disease progression, or unmanageable
toxicity.
2.4. End points and assessments

The primary objective of the study was to characterize the PK of
T-DM1 (including T-DM1, total trastuzumab, and DM1) in
Chinese patients with HER2-positive advanced breast cancer
who had received prior trastuzumab and taxane. Safety and
tolerability were secondary end points, and the characterization
of antidrug antibodies (ADAs) to T-DM1 in Chinese patients
with HER2-positive advanced breast cancer was an exploratory
end point.
Given the structural complexity of T-DM1, comprising both

monoclonal antibody and small-molecule components, the PK of
T-DM1 was characterized by primary PK analyte serum T-DM1
and other PK analytes, including serum total trastuzumab and
plasma DM1. T-DM1 conjugate and total trastuzumab concen-
trations in serum were quantified using validated enzyme-linked
immunosorbent assays.[27] The T-DM1 conjugate assay mea-
sured all conjugated trastuzumab containing 1 or more
covalently bound DM1molecules, while excluding unconjugated
trastuzumab. The total trastuzumab assay quantified all forms of
conjugated and fully unconjugated trastuzumab. Plasma samples
were assayed for DM1 concentrations using a validated liquid
chromatography tandem mass spectrometry method. PK matri-
ces of serum and plasma were used for detection of large- and
small-molecule components of T-DM1, respectively, based on
assay performance (eg., accuracy and precision in each matrix).
T-DM1 and total trastuzumab serum concentrations and DM1
plasma concentrations were assessed in all patients during cycles
1, 2, 3, and 4 and at treatment discontinuation. This sampling
schedule allowed description of the full concentration–time
curves for T-DM1, total trastuzumab, and DM1. During cycle 1,
sampling was conducted on days 1 (pre- and 30 minute post-
infusion), 2, 3, 4, 8, 11, 15, and 18; during cycles 2 and 3,
sampling was conducted pre-and 30 minutes post-infusion on
day 1; and during cycle 4, sampling was conducted pre-infusion
only.
ADAs to T-DM1 were evaluated using a validated enzyme-

linked immunosorbent assay. The numbers and proportions of
ADA-positive and ADA-negative patients were evaluated at
baseline (pre-infusion on day 1 of cycle 1), during treatment (pre-
infusion on day 1 of cycles 3 and 4), and at treatment
discontinuation. In addition, adverse events (AEs), laboratory
parameters, and LVEFmeasurements were evaluated throughout
treatment and during post-treatment follow-up, for at least 28
days after the final dose of study treatment. AEs were mapped to
the Medical Dictionary for Regulatory Activities thesaurus terms
and graded according to the National Cancer Institute Common
Toxicity Criteria for AE v4.03. Prespecified selected AEs, known
to be related to T-DM1, were also assessed; these were based on
prior experience with trastuzumab, maytansine, and/or T-DM1.
2.5. Statistical analyses

The study was expected to enroll at least 8 PK-evaluable patients.
This number of patients was selected based on the experience of
similar studies, which supported that 8 patients would allow
adequate PK characterization. Patient baseline demographics and
clinical characteristics were summarized for all enrolled patients,
using descriptive statistics (eg, mean, median, standard deviation
3

[SD], and range) for continuous variables (eg, age, body weight),
and frequency counts for categorical variables (eg, sex, age
category, and Eastern Cooperative Oncology Group perfor-
mance status). The PK parameters of T-DM1 and relevant
analytes (ie, total trastuzumab, DM1) were determined with the
use of non-compartmental analysis using PhoenixWinNonlin 8.1
software, andmean (± SD) PK parameters reported. Incidences of
AEs and serious AE (SAEs) and those leading to treatment
discontinuation or modification were calculated.
Safety and PK analyses were performed in the safety-evaluable

and PK-evaluable populations, respectively. The safety-evaluable
populationwas defined as all patients who received at least 1 dose
of T-DM1 and the PK-evaluable patients were defined as those
who completed protocol-specified treatment and blood sampling
for adequate PK parameter estimation.
3. Results

3.1. Patients

A total of 18 patients were screened, of whom 11 were eligible
and were enrolled in the study between June 20 and December
26, 2017 (Fig. 1). Enrollment of patients into the study continued
until it was confirmed there were 8 PK-evaluable patients; thus, a
total of 11 patients were enrolled. The most common reason for
screening failure was the presence of brain metastases (n=3).
Nine patients completed the study, including follow-up and at
that time the study was terminated by the sponsor because the
study end points had been reached. At that time 2 additional
patients were receiving benefit from T-DM1 on-study. These
patients were withdrawn and enrolled in the T-DM1 extension
study (TDM4529g/BO25430) so that they could continue to
receive T-DM1. Reasons for treatment discontinuation among
the 9 patients who completed the study were AEs in 1 patient and
disease progression in 8 patients (see Fig. 1). All 11 patients
had discontinued study treatment by the clinical cutoff date
of September 27, 2018, with a median treatment duration of
4.9 months (or 8 cycles). Patient demographics and clinical
characteristics are shown in Table 1. All patients were female and
Chinese. The median age was 50 years (range: 29 to 65). All
patients except 1 were aged <65 years. Per the inclusion criteria,
all patients had a diagnosis of late, locally advanced breast cancer
orMBC. All patients had prior cancer therapy; only 1 patient had
prior treatment in the metastatic-only setting, and 6 patients had
prior treatment in the neoadjuvant/adjuvant-only setting. Four
patients had treatment in both the neoadjuvant/adjuvant and
metastatic settings. All patients had received prior trastuzumab
therapy; the median duration of prior treatment was 9.9 months
(range: 3.7 to 32.2).

3.2. PKs

All 11 enrolled patients completed at least 1 cycle of T-DM1
treatment and provided planned blood samples for PK analysis.
Following the first dose of T-DM1, maximum serum concentra-
tion (Cmax) of serum T-DM1 was reached at 30 minutes post end
of infusion, with a mean±SD of 77.6±17.4 mg/mL (Table 2).
Systemic clearance of T-DM1 was more rapid than clearance of
total trastuzumab: at a T-DM1 dose of 3.6mg/kg, clearance of
serum T-DM1 was 11.0±2.6 mL/day/kg and clearance of total
trastuzumab was 5.9±2.4 mL/day/kg (Table 2). Mean concen-
tration–time curves of T-DM1 in serum, total trastuzumab in
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Screened (n = 18) Ineligible (n = 7)
• Presence of brain metastases (n = 3)
• HER2-positive status not confirmed (n = 1)
• Patient withdrew consent (n = 1)
• AST >2.5 times ULN (n = 1)
• Active hepatitis B (n = 1)

Included (n = 11)

Received treatment (n = 11)

Discontinued treatment (n = 11)

Completed study 
(n = 9)

Disease progression (n = 8)
Adverse event (n = 1)

Discontinued 
study (n = 2)

Terminated from
study by sponsor (n = 2)

Figure 1. Patient disposition. AST=aspartate transaminase, HER2=human epidermal growth factor receptor 2, ULN=upper limit of normal.
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serum, and DM1 in plasma after the first dose of T-DM1 are
shown in Figure 2. The terminal half-life of serum T-DM1 was
3.8±1.0 days, and the terminal half-life of serum total
trastuzumab was 7.8±3.6 days (Table 2). Following the first
dose of T-DM1, the peak plasma concentration of DM1 was
16.5±3.4 ng/mL.

3.3. Immunogenicity

All eleven patients were evaluable for immunogenicity. One
patient tested positive for treatment-induced ADAs to T-DM1.
Table 1

Patient demographics and clinical characteristics.

T-DM1 (N=11)

Age, yr
Median (range) 50 (29–65)
<65 years, n (%) 10 (90.9)
≥65 years, n (%) 1 (9.1)

Female, n (%) 11 (100)
Hormone receptor status, n (%)
ER- and/or PR-positive 3 (27.3)
ER- and PR-negative/unknown 8 (72.7)

Prior therapy, n (%)
Neoadjuvant/adjuvant only 6 (54.5)
Metastatic only 1 (9.1)
Neoadjuvant/adjuvant and metastatic 4 (36.4)

Median time since last trastuzumab treatment (range), mo 3.3 (0.7–13.1)
Median duration of last trastuzumab treatment (range), mo 9.9 (3.7–32.2)

ER= estrogen receptor, PR=progesterone receptor, T-DM1= trastuzumab emtansine.

4

With a time to onset of 9 weeks, the ADA response was transient.
There was no impact on safety or PK: the patient did not
experience any immune-related AEs or hypersensitivity reactions,
and their PK parameters were within the PK parameter ranges for
the overall study.
3.4. Safety

The safety-evaluable population comprised 11 patients, and the
median number of treatment cycles received was 8 (range 2–21).
There were no deaths in the study, and no AEs led to study
withdrawal; 1 AE (grade 3 dysphagia, serious) led to withdrawal
of study drug in 1 patient (Table 3).
Table 2

Cycle 1 pharmacokinetic parameters of T-DM1 and its analytes in
Chinese patients (n=11) with locally advanced inoperable or
metastatic HER2-positive breast cancer treated with trastuzumab
emtansine 3.6 mg/kg.

T-DM1 TTmab DM1

Cmax, ng/mL 77,600 (± 17,400) 94,500 (± 26,000) 16.5 (± 3.4)
AUClast, ng·d/mL 340,000 (± 76,200) 601,000 (± 217,000) 37.8 (± 9.0)
AUCinf, ng·d/mL 348,000 (± 80,900) 723,000 (± 306,000) 44.9 (± 13.5)
t1/2, d 3.8 (± 1.0) 7.8 (± 3.6) 4.3 (± 3.2)
Vdss, mL/kg 55.1 (± 10.8) 55.7 (± 13.2) –

Clearance, mL/d/kg 11.0 (± 2.6) 5.9 (± 2.4) –

Values are mean (± SD).
AUC= area under the curve, Cmax=maximum (peak) concentration of drug in blood plasma, DM1=
emtansine, HER2=human epidermal growth factor receptor 2, SD= standard deviation, t1/2=half-
life, T-DM1= trastuzumab emtansine, TTmab= total trastuzumab, Vdss= volume of distribution at
steady state.
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Figure 2. Mean concentration–time curves of serum trastuzumab emtansine
(T-DM1), serum total trastuzumab, and plasma emtansine (DM1) in patients
(n=11) with locally advanced inoperable or metastatic human epidermal
growth factor receptor 2-positive breast cancer after the first dose of T-DM1 at
3.6mg/kg every 3 weeks. Error bars are standard deviation.
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While all patients experienced ≥1 treatment-related AE
(Table 3), there were no new safety signals identified. The most
commonly reported all-grade AEs were platelet count decrease
(10/11; 90.9% of patients), alanine transaminase (ALT) increase
(6/11; 54.5%), and aspartate transaminase (AST) increase,
nausea, influenza-like illness, pyrexia, and decreased appetite (all
5/11; 45.5%). Among the 5 patients who experienced bleeding
events, all were grade 1 to 2 in severity and resolved.
Seven patients (63.6%) experienced grade 3/4 AEs; no grade 5

AEs were reported. The most commonly reported grade ≥3 AEs
were platelet count decrease (5/11; 45.5%) and hepatic function
abnormal (2/11; 18.2%); all other grade ≥3 AEs were reported in
single patients only. Four patients (36.4%) experienced a total of
16 SAEs (Table 3). The majority of SAEs (13/16) were laboratory
Table 3

Safety summary and selected adverse events (ie, related to the
known safety profile of T-DM1) in Chinese patients with locally
advanced inoperable or metastatic HER2-positive breast cancer.

Safety summary, n (%) T-DM1 (N=11)

Any AEs 11 (100)
Grade 3–5 AEs 7 (63.6)

∗

SAEs 4 (36.4)
AEs leading to drug discontinuation 1 (9.1)

Selected AEs†, n (%) All grades Grade 3–4

Any 11 (100) 6 (54.5)
Hepatotoxicity 8 (72.7) 2 (18.2)
Cardiac dysfunction 0 0
Pneumonitis 0 0
Thrombocytopenia 10 (90.9) 5 (45.5)
Peripheral neuropathy 4 (36.4) 0
Hemorrhage 5 (45.5) 0
IRR/hypersensitivity
Type 1 2 (18.2) 0
Symptoms 2 (18.2) 0

AE= adverse event, HER2=human epidermal growth factor receptor 2, IRR= immune-related
reaction, SAE= serious adverse event, T-DM1= trastuzumab emtansine.
∗
The only grade 3–5 event occurring in more than 2 patients was platelet count decreased, with 2

grade 3 events and 3 grade 4 events.
† Based on the known safety profile of T-DM1, these AEs reflect a composite of related terms relevant
to each event.

5

abnormalities (ie, platelet count decrease, ALT increase, and AST
increase).
Selected AEs are shown in Table 3. Thrombocytopenia,

reported in 10 patients (90.9%), was the most common selected
AE. All except 2 events of thrombocytopenia resolved, with 5
patients (45.5%) experiencing grade ≥3 events (grade 3 in 2
patients; grade 4 in 3 patients). Hepatotoxicity was reported in 8
patients (72.7%), most of which (29/34 events; 85.3%) resolved.
The majority of the hepatotoxicity events were ALT increase,
AST increase, and blood bilirubin increase. Two patients
(18.2%) experienced grade 3 events (both hepatic function
abnormal presenting with an increase in ALT and AST), 1 of
which was reported as serious. Also, 5 patients (45.5%) reported
hemorrhagic AEs, all of which were grade 1 to 2 in severity and
all resolved. Two patients (18.2%) reported grade 1 infusion-
related reaction/hypersensitivity (both pyrexia), all of which
resolved, and four patients (36.4%) reported grade 1 to 2
peripheral sensory neuropathy (non-serious) of which 2 events
resolved and 2 events did not resolve by the clinical cutoff date.
There were no events of cardiotoxicity or pulmonary toxicity.
4. Discussion

In this study, T-DM1 PKs in Chinese patients were consistent
with those in Western[25] and Japanese patients,[29] supporting
that the T-DM1 PKs are comparable across ethnic groups.[26] In
Chinese patients with HER2-positive advanced breast cancer, T-
DM1 had a mean (±SD) Cmax of 77.6±17.4 mg/mL, mean
clearance of 11.0±2.6 mL/d/kg, and mean terminal half-life of
3.8±1.0 days, supporting its use as a second-line therapy in
Chinese patients with HER2-positive locally advanced breast
cancer or MBC following progression on trastuzumab in
combination with cytotoxic agents. One patient transiently
developed ADAs, which did not appear to impact safety or PK,
and T-DM1 was generally well tolerated. All patients reported at
least 1 AE, but this was in line with expectations.
The safety and tolerability of T-DM1was also evaluated in this

study. The most common all-grade AEs were platelet count
decrease (10 patients, 90.9%), followed by ALT increase (6
patients, 54.5%) and AST increase, nausea, influenza-like illness,
pyrexia, and decreased appetite (all 5 patients each, 45.5%). The
overall rate of grade 3–4 AEs (63.6%) was greater than that
reported in the phase 3 studies of T-DM1 in patients with MBC
(32% to 48%).[18–21] However, as in the phase 3 studies, this was
largely due to decreases in platelet counts. Platelet count decrease
was the most common SAE (3 patients) and grade 3 or 4 AE (5
patients) in our study. The incidence of grade ≥3 thrombocyto-
penia (45.5%) was similar to that (44.4%) observed in Asian
patients in a pooled safety analysis of T-DM1 studies inMBC.[28]

The increased risk of grade ≥3 thrombocytopenia did not appear
to result in serious clinical consequences. No events of grade ≥3
hemorrhage were reported in our study; all were grade 1 to 2 in
severity and resolved. This is consistent with the known low
incidence of grade ≥3 hemorrhagic events in previous studies of
T-DM1.[28]

Overall, the PK parameters of T-DM1 in Chinese patients were
similar to those previously reported in global and Asian patients,
on the basis of PK data of the primary PK analyte T-DM1 and
total trastuzumab.[25,26,29] However, the reported mean plasma
DM1Cmax in the current study appeared to be higher than values
reported by Girish and colleagues (16.5 ng/mL vs 4.6–5.4 ng/
mL).[25] A potential reason for this variability could be minor
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differences between studies in sample handling, given the known
limited stability of the analyte. However, it is important to note
that this difference did not seem to have an effect on safety, since
the safety profile in the current study was consistent with that of
previous studies. In addition, all reportable plasma DM1
concentrations in the current study were below 59.7ng/mL,
the highest concentration observed across all clinical studies (data
on file).
While the prospective study design is a strength of the current

study, interpretation of the study results needs to be made with
caution due to the small size of the study (N=11).
5. Conclusions

These results support the use of T-DM1 in Chinese patients with
HER2-positive locally advanced breast cancer or MBC previous-
ly treated with trastuzumab and a taxane. The PK of T-DM1 in
Chinese patients was similar to historical data in other patients
with advanced breast cancer. The safety profile of T-DM1 was
consistent with prior experience and no new safety signals were
detected.
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