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Abstract
Background: The introductions of anti- human epidermal growth factor
receptor-2 (HER2) agents have significantly improved the treatment outcome
of patients with HER2-positive breast cancer. BAT8001 is a novel antibody-
drug conjugate targeting human epidermal growth factor receptor-2 (HER2)-
expressing cells composed of a trastuzumab biosimilar linked to the drug-linker
Batansine. This dose-escalation, phase I study was designed to assess the safety,
tolerability, pharmacokinetics, and preliminary anti-tumor activity of BAT8001
in patients with HER2-positive locally advanced or metastatic breast cancer.
Methods: This trial was conducted in subjects with histologically confirmed
HER2-positive breast cancer (having evaluable lesions and an Eastern Coop-
erative Oncology Group performance status of 0 or 1) using a 3+ 3 design
of escalating BAT8001 doses. Patients received BAT8001 intravenously in a
21-day cycle, with dose escalation in 5 cohorts: 1.2, 2.4, 3.6, 4.8, and 6.0 mg/kg.

Abbreviations: HER2, human epidermal growth factor receptor-2; ADC, antibody-drug conjugate; IHC, immunohistochemistry; ISH, in situ
hybridization; RECIST, response evaluation criteria in solid tumors; PS, performance status; ECOG, Eastern Cooperative Oncology Group; LVEF, left
ventricular ejection fraction; CTCAE, Common Terminology Criteria for Adverse Events; DLT, dose-limiting toxicity; MTD, maximum-tolerated dose;
AE, adverse event; ECG, electrocardiogram; NCI, National Cancer Institute; TBIL, total bilirubin; PK, pharmacokinetic; PR, partial response; CR,
complete response; Cmax, maximum serum concentration; Cmax, ss, maximum serum concentration at steady-state; Cmin, ss, trough plasma
concentration at steady-state; Tmax, the time to maximum serum concentration; t1/2, terminal elimination half-life; AUC0-t, area under the
concentration-time curve to the last sampling time; AUC0-∞, area under the concentration-time curve to infinity; CL, clearance; Vz, terminal phase
distributed volume; Vss, steady-state volume of distribution; DOR, duration of response; PFS, progression-free survival; RP2D, recommended phase 2
dosing; CI, confidence interval; ER+, estrogen-receptor-positive; AST, aspartate aminotransferase
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The primary objective was to evaluate the safety and tolerability of BAT8001.
Preliminary activity of BAT8001 was also assessed as a secondary objective.
Results: Between March 2017 to May 2018, 29 HER2-positive breast cancer
patients were enrolled. The observed dose-limiting toxicities were grade 4 throm-
bocytopenia and grade 3 elevated transaminase. The maximum tolerated dose
was determined to be 3.6mg/kg.Grade 3 or greater adverse events (AEs) occurred
in 14 (48.3%) of 29 patients, including thrombocytopenia in 12 (41.4%) patients,
aspartate aminotransferase increased in 4 (13.8%) patients, γ-glutamyl transferase
increased in 2 (6.9%) patients, alanine aminotransferase increased in 2 (6.9%)
patients, diarrhea in 2 (6.9%) patients. Objective response was observed in 12
(41.4%; 95% confidence interval [CI] = 23.5%-61.1%) and disease control (includ-
ing patients achieving objective response and stable disease) was observed in 24
(82.8%; 95% CI = 64.2%-94.2%) patients.
Conclusions: BAT8001 demonstrated favorable safety profiles, with promising
anti-tumor activity in patientswithHER2-positive locally advanced ormetastatic
breast cancer. BAT8001 has the potential to provide a new therapeutic option in
patients with metastatic HER2-positive breast cancer.

KEYWORDS
BAT8001, antibody-drug conjugate, HER2-postive, breast cancer, dose escalation, maximum
tolerated dose

1 INTRODUCTION

The overall percentage of patients with human epidermal
growth factor receptor-2 (HER2)-positive breast can-
cer is approximately 15%–20% [1, 2]. The activation of
HER2 promotes cell proliferation, adhesion, invasion,
and differentiation, as well as the inhibition of apop-
tosis through downstream signaling pathways, such as
PI3K/AKT/mTORandRAS/RAF/MAPK [3]. Patientswith
tumors that have increased HER2 expression (HER2 gene
amplification determined by in situ hybridization [ISH]
or HER2 protein overexpression assessed by immunohis-
tochemistry [IHC]) usually exhibit an aggressive clinical
course and poor survival outcomes [4, 5].
The introductions of anti-HER2 agents, including

trastuzumab [6] and other HER2-targeted drugs (e.g.
lapatinib [7], neratinib [8], tucatinib [9], pertuzumab
[4], ado-trastuzumab emtansine [T-DM1] [10], and
trastuzumab deruxtecan [11]) have significantly improved
the treatment outcomes of patients with HER2-positive
breast cancer. However, continuous administration of
these agents is often hampered by toxicities affecting the
cardiac [12], gastrointestinal [7, 8] or hematological [13]
system. In addition, treatment outcomes are also limited
by the development of acquired resistance after initial
responses to HER-2 targeted therapies [14, 15]. Thus,

continuous development of novel anti-HER2 agent is
essential to provide better options for patients who are
intolerant or resistant to standard treatment.
The key components of an antibody-drug conjugate

(ADC) are cytotoxic agent, linker and monoclonal anti-
body targeting a tumor-enriched or tumor-specific antigen
[16, 17]. T-DM1, anADCof theHER2 antibody trastuzumab
linked to DM1 (a microtubule inhibitor), has been shown
to significantly prolong the survival and improve the qual-
ity of life of patients with HER2-positive metastatic breast
cancer [13, 18]. Based on these results, T-DM1 is recom-
mended as the second-line treatment for HER2-positive
metastatic breast cancer patients who have failed at least
one trastuzumab-based regimen. In addition, T-DM1 is
also approved for the adjuvant treatment in patients with
HER2-positive early breast cancer who have residual inva-
sive disease after neoadjuvant taxane and trastuzumab-
based treatment in 2019 [19]. Several novel ADCs are
currently in clinical development. Harboring different
linkers and payloads, some of the ADCs have shown
promising results in previous clinical trials [11, 20]. Addi-
tionally, trastuzumab deruxtecan is approved for the treat-
ment of previously treated HER2-positive advanced breast
cancer based on the efficacy shown in a phase II study.
BAT8001 is a novel ADC that targets HER2-expressing

cells and is composed of a trastuzumab biosimilar product



HONG et al. 173

(BAT0606) that covalently binds to a drug-linker, batan-
sine (a derivative of maytansine linked to an uncleav-
able linker by a stable amide bond). BAT8001 contains 6-
maleimidocaproic acid (an uncleavable linker), to avoid
the release of toxic payload in the blood circulation. Also,
the linker and payload of BAT8001 are connected by a
stable amide bond to assure its stability. After binding to
HER2, the BAT8001-HER2 complex is endocytosed and
degraded in lysosomes, resulting in the release of an
active metabolite [21, 22]. Preclinical studies suggest that
BAT8001 can effectively inhibit the proliferation of HER2-
overexpressing cells (SK-BR-3 and BT474) both in vivo
and in vitro (data not reported). Additionally, no observ-
able adverse effect level (NOAEL) of BAT8001 in cynomol-
gus monkey multiple-dose toxicity study was 15 mg/kg,
while that of T-DM1 using the same dosing frequency was
10 mg/kg (data not reported). These data indicate that
BAT8001 could be used in human trials.
In this first-in-human, phase I, dose-escalation study,we

aimed to assess the safety, tolerability, pharmacokinetics,
and preliminary anti-tumor activity of BAT8001 in patients
with HER2-positive locally advanced or metastatic breast
cancer.

2 PATIENTS ANDMETHODS

2.1 Patients

This open-label, single-center, dose-escalation, phase I
study prospectively enrolled patients with advanced or
metastatic breast cancer histopathologically or cytologi-
cally diagnosed and tested HER2-positive (IHC 3+ and/or
ISH +) who sought treatment between March 2017 to
May 2018 at the Sun Yat-sen University Cancer Center
(Guangzhou, Guangdong, China). The inclusion criteria
were as follows: (1) aged 18–70 years old; (2) had at least one
measurable tumor according to the response evaluation
criteria in solid tumors version 1.1 (RECIST 1.1) [23]; (3) had
a performance status (PS) of 0 or 1 on the Eastern Cooper-
ative Oncology Group (ECOG) scale; (4) life expectancy of
at least three months; (5) adequate hematological, heart,
lung, hepatic and renal function; (6) left ventricular ejec-
tion fraction (LVEF) ≥ 50%; (7) cumulative anthracycline
dose ≤360 mg/m2 doxorubicin or equivalent. Key exclu-
sion criteria included a medical history of serious lung
diseases, cardiac insufficiency (grade≥3 symptomatic con-
gestive heart failure according to Common Terminology
Criteria for Adverse Events [CTCAE] v4.03), myocar-
dial infarction, unstable angina, severe arrhythmia, symp-
tomatic central nervous system, or brain metastases.
This study was registered at ClinicalTrials.gov

(NCT04189211) and was performed in accordance with

the principles of the Declaration of Helsinki and the
Chinese Good Clinical Practice and local legislation. It
was approved by the Ethics Committee of Sun Yat-sen
University Cancer Center (Approval No.: A2016-052). All
patients provided written informed consent to the study.

2.2 Study design and procedures

A “3+3” protocol was used for dose escalation to identify
the maximum tolerated dose. BAT8001 was administered
by intravenous infusion on day 1, once every 21 days, and
treatment cycles were repeated until disease progression
or unacceptable toxicity. The initial cohort at dose level of
1.2mg/kg enrolled 3 patients, with 100%dose escalations to
the second cohort, 50% dose escalations to the third cohort,
and 33% dose escalations to subsequent dose levels. Doses
were escalated up to 6.0 mg/kg. At least 3 patients were
evaluated at each dose level. For any cohort, if one patient
experienced dose-limiting toxicity (DLT) during the DLT
assessment window (21-day period following first dose of
BAT8001), that cohort patient number was expanded to up
to 6 patients. If 2 or more patients experienced DLT, fur-
ther enrollment at that dose level and dose escalation were
ceased and the previous dose level was considered as the
maximum-tolerated dose (MTD).

2.3 Study assessments

Safety evaluations were conducted at each study visit.
Safety assessments included documentation of adverse
events (AEs), physical examination, vital signs, labo-
ratory test assessments, radiographs, electrocardiogram
(ECG) and left ventricular function by echocardiogram,
and ECOG PS. Toxicities were graded according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI CTCAE) v4.03.
DLT was defined as any of the following treatment-

related AE occurring during cycle 1 of each dose level:
grade-3 or worse non-hematologic and non-hepatic major
organ toxicity (excluding grade 3 diarrhea, nausea, or vom-
iting in the absence of premedication that responded to
therapy); grade ≥4 thrombocytopenia or anemia, or grade
≥4 neutropenia lasting 4 days or associated with fever;
LVEF ≤45% and decreased ≥10% from baseline; grade ≥3
cardiac toxicity, new segmental wall-motion abnormali-
ties or cardiac troponin I elevation to 0.2 ng/mL; grade ≥3
elevations in total bilirubin, hepatic transaminases levels;
serum aminotransferase>3ULN and total bilirubin (TBIL)
>2ULN; patients with baseline grade 2 hepatic transami-
nase level ≥10×ULN. All safety analyses were descriptive
only.
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Serum was collected for pharmacokinetic (PK) analy-
sis on day 1–5, 7, 9, 11, 14 and 18 after the first adminis-
tration of the study drug (cycle 1); day 1 for cycles 2 and
3; and day 1–5, 7, 9, 11, 14, 18 and 21 for cycle 4. Phar-
macokinetics of BAT8001, total anti-HER2 antibody, and
maytansine derivative (payload) were evaluated using
standard nonŋcompartmental methods using WinNonlin
version 6.2 (Certara USA Inc; Princeton, NJ, USA).
Tumor response assessments were repeated every two

cycles and evaluated as per the Response Evaluation Cri-
teria in Solid Tumors (RECIST v1.1) [23]. Partial response
(PR) or complete response (CR) was confirmed on the
response 4 weeks after the criteria for response were first
met. All patients who received at least one complete cycle
(3weeks) of BAT8001 and had a follow-up assessmentwere
evaluable for tumor response.

2.4 Endpoints

The primary outcomes of this study were to evaluate the
safety and the tolerability of intravenous (IV) BAT8001 and
to determine the MTD or recommended dose for subse-
quent clinical trials.
Secondary outcomes included pharmacokinetics and

therapeutic efficacy evaluations. The PK parameters
included the maximum serum concentration (Cmax) or
Cmax at steady-state (Cmax, ss), the trough plasma concen-
tration at steady state (Cmin, ss), the time to Cmax (Tmax),
the terminal elimination half-life (t1/2), the area under
the concentration-time curve to the last sampling time
(AUC0-t), the area under the concentration-time curve
to infinity (AUC0-∞), clearance (CL), terminal phase dis-
tributed volume (Vz), steady-state volume of distribution
(Vss). Anti-tumor efficacy assessment included the propor-
tion of patients achieving an objective response (including
CR and PR), duration of response (DOR, measured from
the date of first objective response [either complete or par-
tial response] to the first date that progressive disease was
documented as per the RECIST v1.1; Any participants who
did not progress by the cutoff date were censored at their
final tumor assessment date) and progression-free survival
(PFS, defined as the time from the date of first dose of study
drug to the date of the first objective documentation of
disease progression by radiography or death by any cause,
whichever occurred sooner).

2.5 Statistical analysis

Total sample size for the dose escalation analysis was not
predetermined, and was dependent on practical consider-
ations. For the safety analysis, the evaluable population
included patients who received at least one dose of study

drug. The pharmacokinetic evaluable population included
all patients who received at least one dose of study drug
and had at least one postŋtreatment serum concentration
of BAT8001. The efficacy evaluable population included all
patients who received at least one dose of study drug and
forwhomboth baseline and postŋtreatment data for tumor
measurement per RECIST were available.
Demographic, safety, and pharmacokinetic data were

summarized with descriptive statistics. Point estimates
and 95% exact binomial confidence interval (CI) were
determined. Kaplan Meier method was used to estimate
the median for timeŋtoŋevent endpoints including dura-
tion of response and PFS, with corresponding 95% CIs
calculated. For objective responses, the number, propor-
tion, and corresponding two-sided Clopper-Pearson exact
95% CIs were summarized. SAS version 9.3 and higher
(SAS Institute, Cary, NC, USA) was used for all statistical
analyses.

3 RESULTS

3.1 Patients and treatment

A total of 29 female patients with metastatic breast cancer
(median age, 49.0 years; range, 27–65 years) were enrolled.
The patients’ demographics and baseline characteristics
are summarized in Table 1. All patients had an ECOG PS
of 0 (10/29, 34.5%) or 1 (19/29, 65.5%). Most of the patients
were heavily pretreated: 19 (65.5%) received 3 or more pre-
vious chemotherapy regimens in the metastatic setting.
Twenty-two (75.9%) received prior anti-HER2 treatment.
Fifteen (51.7%) patients with estrogen-receptor-positive
(ER+) breast cancer received prior endocrine therapy
before receiving BAT8001 treatment.

3.2 Safety

In the dose-escalation study, 29 patients were evaluable for
MTD determination of BAT8001. BAT8001 dose was esca-
lated from 1.2 mg/kg to 6.0 mg/kg (1.2 mg/kg [n = 3],
2.4 mg/kg [n = 3]; 3.6 mg/kg [n = 10]; 4.8 mg/kg,
[n = 7]; 6.0 mg/kg [n = 6]). The DLTs observed in
cycle 1 were grade-4 thrombocytopenia and grade-3 ele-
vated transaminase. Grade-4 thrombocytopenia occurred
in 1 patient who was prescribed with 6.0 mg/kg, 2 patients
who was prescribed with 4.8 mg/kg, and 1 patient who
was prescribed with 3.6 mg/kg of BAT8001. Grade-3 ele-
vated alanine aminotransferase and aspartate aminotrans-
ferase occurred in 1 patient who was prescribed with
6.0 mg/kg. As 2 of 7 patients in the 4.8 mg/kg dose
group experienced a DLT, 3.6 mg/kg was determined to
be the MTD of BAT8001.All patients had at least one
drug-related AE reported in this study. The incidence
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TABLE 1 Demographics and baseline characteristics of 29 patients with metastatic breast cancer

Characteristic
Total
(n = 29)

Cohort 1
1.2 mg/kg
(n = 3)

Cohort 2
2.4 mg/kg
(n = 3)

Cohort 3
3.6 mg/kg
(n = 10)

Cohort 4
4.8 mg/kg
(n = 7)

Cohort 5
6.0 mg/kg
(n = 6)

Age (median [range], years) 49 (27-65) 60 (47-65) 42 (41-65) 47 (27-61) 49 (31-64) 49 (41-57)
ECOG PS (cases [%])

0 10 (34.5) 2 (66.7) 0 (0) 5 (50.0) 1 (14.3) 2 (33.3)
1 19 (65.5) 1 (33.3) 3 (100) 5 (50.0) 6 (85.7) 4 (66.7)
≥2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

HER2 expression * (detected by IHC;
cases [%])

2+ 5 (17.2) 1 (33.3) 0 (0) 1 (10.0) 3 (42.9) 0 (0)
3+ 24 (82.8) 2 (66.7) 3 (100) 9 (90.0) 4 (57.1) 6 (100)

Metastasis (cases [%])
Lung metastasis

Present 21 (72.4) 2 (66.7) 3 (100) 9 (90.0) 2 (28.6) 5 (83.3)
Absent 8 (27.5) 1 (33.3) 0 (0) 1 (10.0) 5 (71.4) 1 (16.7)

Liver metastasis
Present 12 (41.3) 1 (33.3) 1 (33.3) 6 (60.0) 3 (42.9) 1 (16.7)
Absent 17 (58.6) 2 (66.7) 2 (66.7) 4 (40.0) 4 (57.1) 5 (83.3)

Bone metastasis
Present 15 (51.7) 2 (66.7) 1 (33.3) 4 (40.0) 3 (42.9) 5 (83.3)
Absent 14 (48.2) 1 (33.3) 2 (66.7) 6 (60.0) 4 (57.1) 1 (16.7)

Brain metastasis
Present 5 (17.2) 0 (0) 0 (0) 3 (30.0) 0 (0) 2 (33.3)
Absent 24 (82.7) 3 (100) 3 (100) 7 (70.0) 7 (100) 4 (66.7)

Number of previous chemotherapy
regimens (cases [%])

1 6 (20.7) 0 (0) 2 (66.7) 2 (20.0) 0 (0) 2 (33.3)
2 4 (13.8) 1 (33.3) 0 (0) 0 (0) 1 (14.3) 2 (33.3)
≥3 19 (65.5) 2 (66.7) 1 (33.3) 8 (80.0) 6 (85.7) 2 (33.3)

Prior hormonal therapy (cases [%])
Yes 15 (51.7) 2 (66.7) 2 (66.7) 5 (50.0) 6 (85.7) 0 (0)
No 14 (48.3) 1 (33.3) 1 (33.3) 5 (50.0) 1 (14.3) 6 (100)

Previous anti-HER2 therapy
(cases [%])

Trastuzumab
Yes 12 (41.4) 2 (66.7) 0 (0) 3 (30.0) 3 (42.9) 5 (83.3)
No 17 (58.6) 1 (33.3) 3 (100) 7 (70.0) 4 (57.1) 1 (16.7%)

Pertuzumab
Yes 2 (6.9) 0 (0) 0 (0) 1 (10.0) 1 (14.3) 0 (0)
No 27 (93.1) 3 (100) 3 (100) 9 (90.0) 6 (85.7) 6 (100)

Previous Radiotherapy (cases [%])
Yes 14 (48.3) 2 (66.7) 2 (66.7) 3 (30.0) 4 (57.1) 3 (50.0)
No 15 (51.7) 1 (33.3) 1 (33.3) 7 (70.0) 3 (42.9) 3 (50.0)

*All tissue samples tested for IHC 2+ have been verified by ISH to be HER2-positive.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status; HER2, human epidermal growth factor receptor-2; IHC, immunohistochem-
ical; ISH, in situ hybridization.
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F IGURE 1 Pharmacokinetic profile of BAT8001. A. Serum concentration versus time curve of BAT8001 over cycles 1 at doses of 1.2, 2.4,
3.6, 4.8, or 6.0 mg/kg. B. Serum concentration versus time curve of BAT8001 and total anti-HER2 antibody over cycles 1 at the dose of 3.6 mg/kg.
The data are presented as mean ± SD

of AEs is summarized in Table 2. The most frequent
drug-related AEs during treatment were increased aspar-
tate aminotransferase (AST; 25/29, 86.2%), thrombocytope-
nia (24/29, 82.8%), increased alanine aminotransferase
(16/29, 55.2%), increased γ-glutamyl transferase (14/29,
48.3%), anemia (13/29, 44.8%), increased alkaline phos-
phatase (11/29, 37.9%), elevated low-density lipoprotein
(11/29, 37.9%), hyperuricemia (10/29, 34.5%), and fever
(10/29, 34.5%). Grade 3 or greater AE occurred in 14
(48.3%) patients, including thrombocytopenia in 12 (41.4%)
patients, increased AST in 4 (13.8%) patients, increased γ-
glutamyl transferase in 2 (6.9%) patients, increased ala-
nine aminotransferase in 2 (6.9%) patients, diarrhea in 2
(6.9%) patients. Transient thrombocytopenia was the only
grade 4 BAT8001-related AE (6/29, 20.7%). One patient in
the 6.0 mg/kg dose group experienced a severe AE (spinal
compression fracture and spinal cord compression) which
required treatment interruptions, but were considered not
related to the BAT8001 treatment. No patient discontinued
the study treatment because of drug-related AEs. No death
was reported in this study. Overall, an increased occur-
rence of grade 3 and grade 4 AEs was observed in higher
dose cohorts than in lower doses.

3.3 Pharmacokinetics

Plasma and serum samples for pharmacokinetic analyses
were available for all 29 patients who received BAT8001
doses ranging from 1.2 to 6.0 mg/kg. The serum concen-
trations of BAT8001 over cycle 1 for the 1.2-, 2.4-, 3.6-, 4.8-,
and 6.0-mg/kg treatment groups are shown in Figure 1A.
A multi-exponential decline in serum concentrations of
BAT8001 was observed, and systemic exposure increased

with respect to dose across the 1.2- to 6.0-mg/kg dose range
after the cycle 1. The calculated pharmacokinetic parame-
ters for each cohort over cycle 1 are summarized in Table 3.
There was no significant accumulation of BAT8001 after
IVinjection once every 21 days. Very low concentrations
(<1 ng/mL) of free maytansine derivative were detected at
all dose levels, and systemic clearance of total anti-HER2
antibody was slower than clearance of BAT8001 (Figure 1B
and Supplementary Table S1 and S2). Of these 29 patients,
only one had an anti-drug antibody response, with no
observed impact on pharmacokinetics of BAT8001.

3.4 Efficacy

All 29 enrolled patients in the 1.2- to 6.0-mg/kg cohorts
were considered evaluable for efficacy. Patients were eval-
uated for tumor response every two cycles according
to the RECIST 1.1 criteria. A summary of best overall
response is shown in Figure 2. Of the 29 evaluable patients,
12 (41.4%; 95% CI = 23.5%–61.1%) achieved an objective
response, 10 of which were confirmed. A total of 24 (82.8%;
95% CI = 64.2%–94.2%) patients achieved disease control.
In 7 patients previously treated with trastuzumab and lap-
atinib, 2 (28.6%; 95% CI = 3.7%–71.0%) patients achieved
an objective response and 4 (57.1%; 95% CI = 18.1%–
90.1%) patients achieved disease control. For 13 patients
previously treated with trastuzumab alone, the objective
response was observed in 6 (46.2%; 95% CI = 19.2%–74.9%)
patients, including 1 unconfirmed overall response, and
disease control was observed in 11 (84.6%; 95% CI= 54.6%–
98.1%) patients. For the 3.6 mg/kg dose (MTD) cohort
(n = 10), objective response was observed in 4 (40.0%;
95% CI = 12.2%-73.8%) patients, including 1 unconfirmed
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TABLE 3 Pharmacokinetic parameters of BAT8001 in cycle 1

Cohort λZ (1/h) t1/2 (h) Tmax (h)
Cmax
(ng/mL)

AUC0-t
(h×ng/mL)

AUC0-∞
(h×ng/mL)

Vz
(mL/kg)

Vss
(mL/kg)

CL
(mL/h/kg)

Cohort 1 (1.2
mg/kg; n = 3)

0.0206 ±
0.0038

34.40 ±
5.86

0.00 ±
0.00

27228.77 ±
5960.36

1150280.04
±

426707.90

1155573.32
±

426217.67

55.06 ±
14.46

55.47 ±
12.13

1.17 ± 0.53

Cohort 2 (2.4
mg/kg; n = 3)

0.0104 ±
0.0004

66.74 ±
2.77

0.00 ±
0.00 38469.27±11371.55

2376641.68
±

824625.87

2410407.26
±

803079.58

106.20 ±
46.76

89.10 ±
53.68

1.10 ±
0.45

Cohort 3 (3.6
mg/kg; n =
10)

0.0161 ±
0.0105

59.38 ±
30.46

0.40 ±
1.26

80735.83 ±
24625.42

3802921.30
±

1692136.42

3826911.91
±

1715857.82

84.92 ±
30.81

56.20 ±
12.68

1.28 ± 1.01

Cohort 4 (4.8
mg/kg; n = 7)

0.0091 ±
0.0009

76.61 ±
6.52

0.57 ± 1.51 92880.49 ±
16660.59

5052300.32
±

860926.67

5076495.13
±

862955.42

109.70 ±
13.88

58.10 ±
12.15

0.97 ±
0.18

Cohort 5 (6.0
mg/kg; n = 6)

0.0108 ±
0.0040

70.59 ±
20.49

0.00 ±
0.00

140088.07
±

15216.88

6284782.56
±

1018649.74

6320177.65
±

1034866.74

99.40 ±
31.47

53.69 ±
4.47

0.98 ±
0.18

The summary data are presented as mean ± SD.
Abbreviations: λZ, apparent terminal elimination rate constant; t1/2, terminal elimination half-life; Cmax, maximum serum concentration; Tmax, time of observed
maximum serum concentration; AUC0-t, area under the plasma concentration-time curve from zero to the last measurable plasma concentration point; AUC0-∞,
area under the concentration versus time curve from time zero extrapolated to infinity; Vz, volume of distribution at end phase; Vss, steady-state volume of
distribution; CL, total body clearance.

F IGURE 2 Best percent change to date from baseline in sum of diameters in target lesions. Best percent change to date from baseline in
(A) individual patients, and by (B) dose cohort. The horizonal dotted lines represent RECIST boundaries for partial response and progressive
disease. The error bars in B represent the maximum and minimum.

overall response, and disease control was observed in 8
(80%; 95% CI = 44.4%–97.5%) patients. Notably, 1 patient
achieved CR at the 3.6 mg/kg dose (MTD) cohort, and for
whom the duration of response was 9 months.
At the study cutoff date, 10 (34.5%) patients had received

more than 6 months of treatment and 2 (6.9%) patients
were still on treatment (Figure 3). Patients with a partial
response were mostly on 3.6mg/kg or higher dose cohorts,
except for 1 patient who received 1.2mg/kg of BAT8001 and
remained on treatment after 18.6 months since initial dos-
ing (Figure 2 and 3). Of the 12 patients who achieved an
objective response, their median duration of response was

4.30months (95% CI= 0–14.24months). Of the 29 efficacy-
evaluable patients, 26 (89.7%) had a PFS event and their
median PFS was 4.30 months (95% CI = 2.51–6.09 months;
Figure 4).

4 DISCUSSION

This is the first human study reported for BAT8001, a
novel ADC targeting HER2. A total of 29 patients with
HER2-positive advanced or metastatic breast cancer were
enrolled into the dose-escalation study. BAT8001 doses of
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F IGURE 3 Treatment duration of BAT8001 by patient. Arrows
indicate the patients still on treatment as of study cutoff date

F IGURE 4 PFS analysis of 26 patients who had a PFS event
under the treatment of BAT8001

1.2, 2.4, 3.6, 4.8, and 6.0 mg/kg were evaluated. BAT8001
was administered by intravenous infusion every 21 days.
The MTD of BAT8001 was determined to be 3.6 mg/kg.
The analysis of pharmacokinetic of BAT8001 showed a
nonlinear pharmacokinetic profile across the assessed
range of doses. Increased Cmax and area under the serum
concentration-time curve were observed at higher doses.
Systemically free maytansine derivative levels were sub-
stantially low at all doses and time points assessed.
Harboring a microtubule inhibitor payload, the toxicity

profile of BAT8001 has some similarities to those of T-DM1
[24]. The most common side-effect of BAT8001 is throm-
bocytopenia. This side-effect is also typical for T-DM1,
but less commonly seen in HER2 targeting ADCs with
other types of cytotoxic agents [11, 20]. Grade 3/4 BAT8001-

related thrombocytopenia events were effectively con-
trolled by use of appropriate medication, such as recom-
binant human-thrombopoietin, and dose reduction (1
patient in 3.6 mg/kg cohort, 2 patients in 4.8 mg/kg cohort,
and 1 patient in 6.0 mg/kg cohort), which did not result
in serious bleeding events. Increased hepatic transaminase
was reported as a dose-limiting toxicity at the 6.0 mg/kg
cohort. This type of AE is often transient and reversible,
which has also been reported as a common AE of T-DM1
[24]. Pneumonitis was noted as one of the safety concerns
of other HER2-targeting ADCs [25]. However, no such
events were recorded in this study. This finding warrants
further attention in future studies recruiting a larger cohort
of patients.
BAT8001 demonstrated promising efficacy in patients

with advanced or metastatic HER2-positive breast can-
cer. In this heavily pretreated cohort with 76% of patients
who relapsed after HER2 inhibitor therapy and 66% of
patients who received 3 or more chemotherapeutic regi-
mens for advanced disease, 41.4% and 82.8% of the patients
achieved objective response and disease control, respec-
tively.Notably, one patient achievedCRat theMTDcohort.
These results were in line with the reported efficacy data
of T-DM1 [26]. Considering the limited and heteroge-
nous population in our study cohort, although the efficacy
results shown here are impressive, they still need to be val-
idated in future randomized-controlled trials.
The present study has some limitations. First, although

we enrolled patientswith heavily pretreatedmetastatic dis-
ease, few of these patients had received treatmentwith per-
tuzumab and none had received T-DM1 prior to the enroll-
ment. This is because these two drugs were not approved
for metastatic breast cancer during the study period. Sec-
ond, this study only enrolled patients with HER2-positive
(defined as IHC 3+ and/or ISH+) tumors. Recently, other
HER2 targeting ADCs have shown activity in patients with
lower expression of HER2 [27]. But the current study has
not provided such data.
In conclusion, results from this phase I, dose escala-

tion study have shown that BAT8001 was well tolerated
at a dose of 3.6 mg/kg. BAT8001 demonstrated therapeu-
tic potential in heavily pretreated patients with HER2-
positive metastatic breast cancer. Further investigation to
confirm these findings is ongoing in a phase III trial to
evaluate the efficacy and safety of BAT8001 compared with
the combination of lapatinib and capecitabin in patients
with locally or metastatic HER2 positive breast cancer
that progressed during or after at least one trastuzumab-
based regimen (NCT04185649). Additional studies to
evaluate the efficacy of BAT8001 in T-DM1 pretreated
patients or those with HER2-low solid tumors are under
preparation.
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