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Summary
TAS0728 is an oral covalent binding inhibitor of human epidermal growth factor receptor 2 (HER2). A first-in-human open-
label, dose-escalation, phase I study (NCT03410927) was initiated to investigate the safety and dose-limiting toxicity (DLT) and
to determine the maximum tolerated dose (MTD) and/or recommended phase II dose of TAS0728 in adults with advanced solid
tumors with HER2 or HER3 overexpression, amplification or mutation. In total, 19 patients received TAS0728 at escalating
doses from 50 to 200 mg BID for 21-day cycles. Following escalation of the dose to 200 mg BID, a total of two DLTs were
observed, both cases of Grade 3 diarrhea (lasting >48 h and not responsive to aggressive antidiarrheal treatment). Following de-
escalation of the dose to 150 mg BID, another DLT of Grade 3 diarrhea was observed in one patient. Additionally, at 150 mg
BID, one patient had a fatal cardiac arrest after receiving 1 cycle (21 days) of TAS0728. The etiology of the cardiac arrest event
was not clear, however causal relationship to TAS0728 could not be excluded due to the temporal association observed. Partial
responses were observed in 2 of 14 patients evaluable for TAS0728 treatment response. The study was stopped due to unac-
ceptable toxicity during the dose-escalation as the overall risk-benefit ratio no longer favored the dose level being tested, therefore
the MTD was not determined. ClinicalTrials.gov registration number: https://clinicaltrials.gov/ct2/show/NCT03410927;
registered on January 25, 2018.
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Background

Introduction

Both amplification and mutation of HER2 and HER3 have
been associated with various tumors and targeting of HER2
has shown efficacy in treating breast and gastric/

gastroesophageal cancers [1]. Although anti-HER2 antibod-
ies, including trastuzumab, pertuzumab, and the antibody–
drug conjugates, trastuzumab emtansine (T-DM1,
Kadcyla®), and trastuzumab deruxtecan (Enhertu®), are ap-
proved for treating HER2-overexpressing breast cancers, ef-
fective therapies are needed for patients who are refractory to
HER2-targeting antibodies [2].
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Various covalent-binding irreversible inhibitors of HER2
exhibit robust and sustained target engagement in preclinical
models [3]. However, these reported HER2-inhibitory cova-
lent binders are not selective for HER2 and instead act as pan-
ErbB tyrosine kinase inhibitors (TKIs) that block the activity
of ErbB family kinases, including epidermal growth factor
receptor (EGFR) [3]. Inhibition of EGFR can result in dose-
limiting rashes and gastrointestinal issues, particularly diar-
rhea to the level of Grade 3 or 4 toxicity (as observed in the
LUX-BREAST-1/−3 studies of afatinib [4, 5] and the
ExteNET trial of neratinib [6] in HER2-positive breast can-
cer). Therefore, novel agents having greater specificity for
HER2 inhibition while excluding EGFR may overcome the
resiliency of the HER2/HER3 pathway in HER2-activated
cancers and improve the clinical response rates versus con-
ventional HER2 TKIs.

TAS0728 is an orally available, HER2-selective covalent
inhibitor with high specificity for HER2 over wild-type EGFR
and has exhibited potent inhibitory activity for both
overexpressed/amplified HER2 and mutated HER2 in cancer
cells [2]. TAS0728 has demonstrated antiproliferative activity
against HER2 overexpressed cancer cells in a dose-dependent
manner in vitro and in vivo [2]. In xenograft models of tumors
with acquired resistance to trastuzumab/pertuzumab or to T-
DM1, HER2 kinase inhibition with TAS0728 produced sig-
nificant anti-tumor effects [7]. A first-in-human phase I dose-
escalation study was initiated to investigate safety and dose-
limiting toxicity (DLT) and to determine the maximum toler-
ated dose (MTD) and/or recommended phase II dose (RP2D)
of TAS0728 in patients with advanced solid tumors with
HER2 or HER3 aberrations.

Methods

Study population

Patients aged ≥18 years old with locally advanced, recurrent
or metastatic, histologically confirmed advanced solid tumors
with HER2 or HER3 overexpression, amplification or muta-
tion who had failed all standard therapies or for whom stan-
dard therapy did not exist were eligible for inclusion. Patients
had an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1; and measurable or evaluable disease
with either HER2-positive status (immunohistochemistry
(IHC)3+ and/or fluorescence in situ hybridization (FISH)+)
or a potentially actionable HER2 or HER3 mutation deter-
mined by local laboratory. Patients could have received ≤2
different forms of specific anti-HER2 therapy for their cancer
previously (≤4 lines of anti-HER2 therapy for breast cancer
cases).

Patients needed to have the following laboratory values:
absolute neutrophil count (ANC) ≥1.5 × 109/L; hemoglobin
≥8.0 g/dL; platelet count ≥75 × 109/L; albumin ≥3 g/dL;

serum potassium, magnesium, phosphorus, sodium, total cal-
cium (corrected for serum albumin) or ionized calcium within
institutional normal limits; aspartate transaminase/serum
glu tamic -oxa loace t i c t r ansaminase and a lan ine
aminotransferase/serum glutamic-pyruvic transaminase ≤3×
upper limit of normal (ULN) or ≤ 5.0xULN if liver metastases
were present; total serum bilirubin ≤1.5× ULN; serum creati-
nine ≤1.4x ULN or 24-h or calculated creatinine clearance
(CrCl) ≥50mL/min (for a calculated CrCl value, the eligibility
was determined using the Cockcroft-Gault formula).

Patients were excluded from the study if they had a history
of brain metastases or another primary malignancy; impaired
cardiac function or clinically significant cardiac disease; re-
cent treatment (within 5 half-lives of the drug or within
4 weeks of the first planned study dose) with chemotherapy,
biologic therapy, targeted therapy, immunotherapy, extended-
field radiotherapy, or investigational agents; or recent major
surgery (within previous 4 weeks).

Study design

This open-label, phase I study (ClinicalTrials.gov:
NCT03410927) was designed to evaluate the safety,
pharmacokinetics (PK), and efficacy of TAS0728 in patients
with advanced solid tumors with HER2 or HER3 aberrations
who had progressed despite standard therapy or for which no
standard therapy existed. The protocol was approved by the
Independent Ethics Committee or Institutional Review Board
at all participating centers and the study was conducted in
accordance with the ethical principles laid out in the
Declaration of Helsinki. All patients provided written
informed consent prior to enrollment.

Drug dose and administration

Based on preclinical toxicological studies and PK analysis, the
starting dose of TAS0728 was 50 mg BID. Dose escalation
followed a 3 + 3 dose-escalation scheme and planned to pro-
ceed using the following dose levels BID: 50 mg, 100 mg,
200 mg, 400 mg, 600 mg and 800 mg. TAS0728 was admin-
istered during a 21-day cycle. If no DLT was observed in a
cohort of 3 patients at a given dose level, the next cohort of 3
new patients was to be enrolled at the next higher dose level.

If a DLT was identified at a particular dose level, de-
escalation was made to an intermediate de-escalation dose
level. If 2 DLTs were observed in a dose escalation level, then
the dose escalation level below that at which DLTs occurred
would be expanded as the potential MTD level until 6 DLT-
evaluable patients had been treated at that dose level. The
MTDwas to be the dose level at which 0 of 6 or 1 of 6 patients
experienced a DLT, with at least 2 patients experiencing
DLTs at the next higher dose level. For the determination of
the MTD, DLTs that occurred during the first cycle (i.e., first
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21 days) of TAS0728 treatment were considered. Patients
who experienced AEs were allowed two dose reductions dur-
ing the study. TAS0728 treatment could be continued until
disease progression, unacceptable toxicity, withdrawal of con-
sent, or at the discretion of the investigator.

Dose limiting toxicities (DLTs)

ADLT was defined as a study treatment-related adverse event
(TRAE), according to the Common Terminology Criteria for
Adverse Events (CTCAE, Version 5.0), with qualifying
criteria for certain DLTs (e.g., Grade ≥ 3 diarrhea, was includ-
ed as a DLT only if lasting >48 h and unresponsive to inten-
sive antidiarrheal medication).

Safety assessments

Based on preclinical toxicity studies, toxicities of note were
hematologic toxicity in the form of lymphopenia, blood chem-
ical toxicities, such as increased serum amylase and lipase,
and gastrointestinal toxicities, such as diarrhea and nausea.
Patients were closely monitored for these potential toxicities
during the current study. Safety assessments included record-
ing of AEs and serious AEs (SAEs) from the time of signing
the study informed consent form to 30 days after the last dose
of study medication. Safety parameters including laboratory
evaluations (hematology, coagulation, chemistry, and urinal-
ysis), vital signmeasurements and bodyweight, electrocardio-
gram (ECG) recordings, ECOG performance status, echocar-
diogram or multi-gated acquisition (MUGA), and physical
examination were assessed at screening, during the study
and at 30 days following the last dose. The use of concomitant
medications was permitted and details for such medications
were recorded.

Pharmacokinetics

Multiple blood samples were collected on day 1 of cycles 1
and 2 (i.e., pre-dose, post-dose at +0.5 h, +1 h, +1.5 h, +2 h,
+3 h, +4 h, +6 h, +8 h, +12 h) for analysis of plasma PK after
administration of single and multiple doses respectively; urine
samples were collected 0–3 h prior to morning dose and 0–
12 h post-morning dose on day 1 of cycle 1.

Antitumor activity

Objective tumor assessments were made according to the re-
vised response evaluation criteria in solid tumors
[RECIST1.1] [8] from evaluation of magnetic resonance im-
aging (MRI)/computed tomography (CT) scans made at
screening (baseline) and after every 2 cycles during the first
6 months of treatment with TAS0728, and after every 3 cycles
of treatment thereafter.

Statistical analysis

Continuous data were summarized with frequency, median,
range, mean, standard deviation and standard error if relevant.
Categorical data were presented as frequencies and percent-
ages. 95% confidence intervals (CI) were calculated following
the exact method. A p value <0.05 was considered statistically
significant. Data were analyzed using the SAS® system soft-
ware version 9.3 for Windows® (Statistical Analysis System,
Cary, NC, USA). The PK data were analyzed using Phoenix
WinNonlin (Version 6.4 or later, Certara L.P; Princeton New
Jersey, United States). All analyses were descriptive and ex-
ploratory; no formal statistical testing was conducted.

Results

Patient characteristics

Between 22March 2018 and 29March 2019, 25 patients were
enrolled from six centers in the USA, France, Spain, the UK,
and South Korea. Of these, four patients failed screening prior
to receiving study drug, two did not receive study drug for
other reasons, and 19 patients were treated with the study drug
(all treated population). Baseline characteristics of the patients
who received TAS0728 treatment per the protocol for 21-
day cycles are summarized in Table 1. Seven patients received
study drug at the highest dose administered in this study
(200 mg BID) before a dose reduction to 150 mg BID was
conducted in 6 patients. For the overall all treated population,
the median treatment duration was 81.0 days (range 1–
489 days) and the median number of cycles was 4.6 (Fig. 1).
The mean relative dose intensity (actual amount of dose
administered/amount of planned dose, %) was 74.9% (range
5%–100%). Across the 19 patients who received ≥1 dose of
TAS0728, the mean age was 57.7 years (range 29–79) and all
had an ECOG performance status of 0 or 1. Breast cancer and
non-small-cell lung cancer (NSCLC) (n = 3 patients each)
were the most common sites of primary tumors among the
patients in the study. The mean time since initial cancer diag-
noses was 31.5 months. All 19 treated patients had received
≥2 prior lines of systemic therapy. HER2 amplification was
detected in 7 (36.8%) of the 19 treated patients, and 6 of the
patients (31.6%) had HER2 overexpression at baseline. Three
(15.7%) and four (21.0%) patients had HER2 or HER3 muta-
tions, respectively (Table 1). One patient in the 150 mg BID
cohort had HER2 amplification and a HER2 mutation
(G776V).

Of the 19 patients treated with TAS0728, 18 (94.7%)
discontinued treatment, most (n = 14, 73.7%) due to disease
progression. Reasons for treatment discontinuation in the oth-
er patients were fatal cardiac arrest (1 patient; 5.3%), AEs (1
patient; 5.3%); and patient decision to withdraw from treat-
ment (n = 2; 10.5%). At the time of data cut-off for the final
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analysis (9 September 2019), one patient was still receiving
TAS0728 (Fig. 1); this patient had received TAS0728 50 mg
BID for 489 days at that date and at the time of writing
(October 2020) was continuing to receive TAS0728
treatment.

Safety

The study was stopped due to unacceptable toxicity during the
dose-escalation, therefore the MTD was not determined.
Overall, the incidence of AEs reported during the study was
higher at doses of 150 mg and 200 mg BID TAS0728

compared with lower doses (Table 2); however, all 19
(100.0%) patients in the all treated population experienced
an AE during the study at all doses administered, most of
which were considered by the investigator to be treatment-
related (Table 3).

The TRAEs with the highest incidence (≥20% of patients)
were diarrhea (78.9%), nausea (21.1%), vomiting (21.1%),
and fatigue (21.1%). Almost one third (31.6%) of the
TRAEs experienced overall were considered ≥Grade 3 in se-
verity, with diarrhea having the highest incidence (26.3%).
Other ≥Grade 3 TRAEs were acute kidney injury, proteinuria,
and cardiac arrest (1 patient, 5.3% each). When broken down

Table 1 Patient baseline
demographics and disease
characteristics (all treated
population)

Dose level of TAS0728

Characteristic 50 mg
BID

(N =3)

100 mg
BID

(N =3)

150 mg
BID

(N =6)

200 mg
BID

(N =7)

Overall

(N =19)

Age (years)

Mean (SD) 67.3 (13.3) 62.0 (7.0) 52.2 (14.2) 56.6 (13.4) 57.7 (13.1)

Range 52, 76 57, 70 29, 66 38, 79 29, 79

Sex, n (%)

Male 1 (33.3) 2 (66.7) 4 (66.7) 3 (42.9) 10 (52.6)

Female 2 (66.7) 1 (33.3) 2 (33.3) 4 (57.1) 9 (47.4)

ECOG PS, n (%)

0 1 (33.3) 1 (33.3) 1 (16.7) 4 (57.1) 7 (36.8)

1 2 (66.7) 2 (66.7) 5 (83.3) 3 (42.9) 12 (63.2)

Weight (kg)

Mean (SD) 71.6 (3.1) 62.4 (8.5) 75.2 (12.8) 58.9 (8.6) 66.6 (11.6)

Range 68, 74 53,69 61, 92 46, 71 46, 92

Site of primary tumor, n (%)

Biliary tract cancer 0 0 1 (16.7) 2 (28.6) 3 (15.8)

Breast cancer 1 (33.3) 1 (33.3) 0 1 (14.3) 3 (15.8)

Esophagus cancer 0 1 (33.3) 0 1 (14.3) 2 (10.5)

Gastric and GEJ cancer 0 0 2 (33.3) 0 2 (10.5)

Malignant neoplasm of the
vulva

1 (33.3) 0 0 0 1 (5.3)

NSCLC 1 (33.3) 0 1 (16.7) 1 (14.3) 3 (15.8)

Pancreas cancer 0 1 (33.3) 0 0 1 (5.3)

Rectum cancer 0 0 1 (16.7) 1 (14.3) 2 (10.5)

Urothelial cancer 0 0 1 (16.7) 1 (14.3) 2 (10.5)

HER2 overexpression 1 (33.3) 1 (33.3) 3 (50.0) 1 (14.3) 6 (31.6)

HER2 IHC 3+ 1 (33.3) 1 (33.3) 3 (50.0) 1 (14.3) 6 (31.6)

HER2 amplification 1 (33.3) 1 (33.3) 2 (33.3)a 3 (42.9) 7 (36.8)a

HER2 mutation 1 (33.3) 0 1 (16.7)a 1 (14.3) 3 (15.8)a

HER3 mutation 0 1 (33.3) 1 (16.7) 2 (28.6) 4 (21.1)

BID twice daily, ECOG PS Eastern Cooperative Oncology Group performance status, GEJ Gastroesophageal
junction, NSCLC Non-small-cell lung cancer, SD Standard deviation
a One patient in the 150 mg BID cohort had HER2 amplification and a HER2 mutation (G776V)
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by dose level, the highest incidence of AEs experienced at
each dose level cohort was diarrhea. At the 50-mg dose level
cohort, 2 of 3 (66.7%) patients had diarrhea, 1 at a severity
≥Grade 3. Hyperuricemia was also experienced in 2 of 3
(66.7%) patients at this dose. At the 100-mg dose level cohort,
all 3 (100%) patients experienced diarrhea, all at a severity of

Grade 1 or Grade 2. At the 200-mg dose, 6 of 7 (85.7%)
patients experienced diarrhea, 3 at a severity ≥Grade 3.
Other AEs experienced at this dose in ≥2 patients were anemia
(5/7 patients, 71.4%), cough, dermatitis acneiform, fatigue,
and pyrexia (3/7 patients each, 42.9%), and nausea, vomiting,
asthenia, edema peripheral, dry skin, urinary tract infection,

Dose group
       50 mg BID
     100 mg BID
     150 mg BID
     200 mg BID

  Dose-limiting toxicity
      Treatment ongoing†

In
di

vi
du

al
 s

ub
je

ct
s 

on
 tr

ea
tm

en
t

*All TAS0728-treated patients with ≥1 post-baseline assessment as per RECIST criteria; 
†at data cut-off: 9 Sept 2019; HER2+, positive for HER2 expression detected by immunohistochemistry (IHC) and/or HER2 amplification detected by fluorescence in situ
hybridization (FISH); HER2 or HER3 Mut., HER2 or HER3 mutation detected by next generation sequencing 
BC breast cancer; BID twice daily; BTC biliary tract cancer; EC esophageal cancer; GEJC gastroesophageal junction cancer; iCCA intrahepatic cholangiocarcinoma; NSCLC 
non-small-cell lung cancer; PC pancreatic cancer; PD progressive disease; PR partial response; RC rectal cancer; SD stable disease; RECIST Response Evaluation Criteria in 
Solid Tumors; UC urothelial cancer; VC vulvar cancer.

Days on treatment

Primary tumor HER2/HER3 result

NSCLC HER2 Mut.: G788_P780dup

UC HER2+

VC HER2+

BTC HER2+

iCCA HER2+

BC HER2+

GEJC HER2+

PC HER3 Mut.: V296M

EC HER2+

BC HER2+

RC HER3 Mut.: Q341H & S345L

GEJC HER2+

BTC HER2+

BC HER2+

EC HER3 Mut.: V104M

RC HER2 Mut.: G776V

UC HER2+

NCSLC HER2 Mut.: c2310_2311ins12

NSCLC HER3 Mut.: G284R

0                 50                100              150             200               250              300              350              400              450              500

Fig. 1 Duration of exposure (all treated population)*

Table 2 Overview of treatment-
emergent adverse events by
TAS0728 dose level (all treated
population)

Dose level of TAS0728

50 mg
BID

(N =3)

n, (%)

100 mg
BID

(N =3)

n, (%)

150 mg
BID

(N =6)

n, (%)

200 mg
BID

(N =7)

n, (%)

Overall

(N =19)

n, (%)

Patients with AEs 3 (100) 3 (100) 6 (100) 7 (100) 19 (100)

Patients with SAEs 1 (33.3) 0 4 (66.7) 3 (42.9) 8 (42.1)

Patients with DLT AEs 0 0 1 (16.7) 2 (28.6) 3 (15.8)

Patients with Grade≥3 AEs 2 (66.7) 0 3 (50.0) 4 (57.1) 9 (47.4)

Patients with treatment-related AEs 3 (100) 3 (100) 5 (83.3) 6 (85.7) 17 (89.5)

Patients with treatment-related and Grade≥3
AEs

0 0 2 (33.3) 4 (57.1) 6 (31.6)

Patients with AEs that led to study treatment
discontinuation

0 1 (33.3) 1 (16.7) 1 (14.3) 3 (15.8)

Patients with AEs that had an outcome of
death

0 0 1 (16.7) 0 1 (5.3)

AE Adverse event, BID Twice daily, DLT Dose-limiting toxicity, SAE Serious adverse event
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decreased appetite, and hypokalemia (2/7 patients each,
28.6%). At the reduced dose of 150 mg BID, 4 of 6 (66.7%)
patients experienced diarrhea, 2 at a severity ≥Grade 3. Other
AEs experienced at this dose in ≥2 patients were vomiting,
pyrexia, and back pain.

Two patients at the 200-mg BID dose level experienced a
DLT of diarrhea ≥Grade 3 that lasted >48 h and was unre-
sponsive to intensive antidiarrheal medication (Table 4).

Subsequently, the dose of TAS0728 was reduced to 150 mg
BID. At this dose, 1 patient experienced a DLT of diarrhea
≥Grade 3 that lasted >48 h and was unresponsive to intensive
antidiarrheal medication.

A total of 4 patients died during the study; 3 of 4
deaths occurred >30 days after the last dose of study
treatment, all due to clinical progression. The other pa-
tient had an SAE with an outcome of death: this patient

Table 3 Treatment-related
adverse events experienced in
≥10% Patients by dose level and
severity (all treated populationa)

Grade 1
n (%)

Grade 2
n (%)

Grade 3
n (%)

Grade 4
n (%)

Grade 5
n (%)

Total n
(%)

≥Grade
3

n (%)

Dose Level 1: 50 mg BID (N =3)

Adverse events
experienced in ≥10%
patients

3 (100) 1 (33.3) 2 (66.7) 1 (33.3) 0 3 (100) 2 (66.7)

Diarrhea 2 (66.7) 1 (33.3) 1 (33.3) 0 0 2 (66.7) 1 (33.3)

Hyperuricemia 2 (66.7) 0 0 0 0 2 (66.7) 0

Dose Level 2: 100 mg BID (N =3)

Adverse events
experienced in ≥10%
patients

3 (100) 2 (66.7) 0 0 0 3 (100) 0

Diarrhea 3 (100) 1 (33.3) 0 0 0 3 (100) 0

Dose Level 3d: 150 mg BID (N =6)

Adverse events
experienced in ≥10%
patients

5 (83.3) 5 (83.3) 3 (50.0) 0 1 (16.7) 6 (100) 3 (50.0)

Diarrhea 2 (33.3) 1 (16.7) 2 (33.3) 0 0 4 (66.7) 2 (33.3)

Vomiting 2 (33.3) 0 0 0 0 2 (33.3) 0

Pyrexia 0 2 (33.3) 0 0 0 2 (33.3) 0

Back pain 1 (16.7) 1 (16.7) 0 0 0 2 (33.3) 0

Dose Level 3: 200 mg BID (N =7)

Adverse events
experienced in ≥10%
patients

6 (85.7) 7 (100) 4 (57.1) 0 0 7 (100) 4 (57.1)

Diarrhea 5 (71.4) 5 (71.4) 3 (42.9) 0 0 6 (85.7) 3 (42.9)

Anemia 2 (28.6) 3 (42.9) 1 (14.3) 0 0 5 (71.4) 1 (14.3)

Cough 3 (42.9) 0 0 0 0 3 (42.9) 0

Dermatitis acneiform 2 (28.6) 1 (14.3) 0 0 0 3 (42.9) 0

Fatigue 1 (14.3) 3 (42.9) 0 0 0 3 (42.9) 0

Pyrexia 2 (28.6) 1 (14.3) 0 0 0 3 (42.9) 0

Nausea 1 (14.3) 2 (28.6) 0 0 0 2 (28.6) 0

Vomiting 1 (14.3) 1 (14.3) 0 0 0 2 (28.6) 0

Asthenia 2 (28.6) 1 (14.3) 0 0 0 2 (28.6) 0

Oedema peripheral 2 (28.6) 0 0 0 0 2 (28.6) 0

Dry skin 2 (28.6) 0 0 0 0 2 (28.6) 0

Urinary tract infection 0 2 (28.6) 0 0 0 2 (28.6) 0

Decreased appetite 1 (14.3) 1 (14.3) 0 0 0 2 (28.6) 0

Hypokalemia 2 (28.6) 0 0 0 0 2 (28.6) 0

TRAE Treatment-related adverse event
a Table includes TRAEs occurring in ≥10% of TAS0728 treated patients at any grade between first dose and
30 days after last dose of study drug
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had a cardiac arrest after completing 1 cycle (21 days) of
TAS0728 at a dose of 150 mg BID. This patient was a 42-
year-old male patient with colorectal cancer and metasta-
ses to the liver and lungs, with no known history of heart
disease. No abnormal results had been observed in his
screening or in-study ECG assessments. The cardiac arrest
occurred during the patient’s second cycle of TAS0728.
After onset of dizziness and loss of consciousness, the
patient underwent defibrillation by emergency services
before being taken to hospital. Thereafter, the patient
was unresponsive, intubated, and started on amiodarone
drip for arrhythmia. Diagnostic workup was negative for
coronary ischemia (troponin I was not elevated). Blood
cultures were negative, and no acute cardiopulmonary ab-
normality was seen on chest x-ray. CT of the head
showed loss of normal gray-white matter differentiation
with decreased sulcation over the cerebral hemispheres
bilaterally suggesting global anoxic brain ischemia. The
patient died the following morning. The investigator and
sponsor considered the event of cardiac arrest possibly
related to TAS0728.

In the overall population, 8 (42.1%) of 19 patients experi-
enced ≥1 SAE. Of these, five (26.3%) patients experienced an
SAE that was Grade 3 or higher in severity. Serious AEs were
experienced at dose level cohorts of 50 mg BID, 200 mg BID,
and 150 mg BID, and included pyrexia (4 patients, 21.1%),
diarrhea (2 patients, 10.5%), and dysphagia, cellulitis, clos-
tridium colitis, cardiac arrest, back pain, and acute kidney
injury (1 patient each, 5.3%). The SAE with the overall
highest incidence was pyrexia, which occurred in 4 patients
(2 each at doses of 200 mg and 150 mg BID). Three (15.8%)
of the 19 patients in the all treated population experienced an
SAE considered related to study drug, including SAEs of di-
arrhea (200- and 150-mg BID) and cardiac arrest (150 mg
BID).

In total, 4 patients experienced an AE that led to study drug
discontinuation. At the dose level of TAS0728 100 mg BID
one patient experienced blood albumin decreased (Grade 2),
one patient experienced myalgia (Grade 1) and abdominal
pain (Grade 1). At the dose level of TAS0728 150 mg BID,

one patient experienced cardiac arrest, (Grade 5/fatal). At the
dose level of TAS0728 200 mg BID, one patient experienced
acute kidney injury (Grade 3) and weight decreased (Grade 2).

No clinicallymeaningful changes from baseline were noted
during the study for clinical laboratory results or for standard
12-lead ECG parameters. All patients had an ECOG perfor-
mance status score of 0 or 1 at baseline. In all patients having
an ECOG score of 0 at baseline, this score worsened to 1
during the study. Most of the patients with an ECOG score
of 1 at baseline did not have a change in status during the
study; however, 2 patients (1 in each of the 200-mg and
150-mgBID cohorts) worsened to an ECOG status of 2 during
the study.

Pharmacokinetics

PK parameters of TAS0728 on cycle 1, day 1 and cycle 2, day
1 are summarized in Table 5, respectively. Absorbed
TAS0728 reached Cmax at approximately 0.5 to 4 h after oral
administration, and then declined with t1/2 of approximately
2.0 h on cycle 1, day 1. Covariability values of Cmax and
AUCs on cycle 1, day 1 were from 16.2% to 97.8%. Due to
the dose interruption/reduction or discontinuation, the number
of patients who represented accurately the steady-state PK on
cycle 2, day 1 was limited. Tmax and t1/2 values observed at the
start of cycle 2 were similar to those on Cycle 1, Day 1. No
significant accumulation of TAS0728 exposure was observed
following the BID multiple-dose administration.

Clinical activity

Out of a total of 19 treated patients, a total of two objec-
tive responses were observed: a partial response (PR) in a
p a t i e n t w i t h N S C LC a n d HER 2 m u t a t i o n
(G788_P780dup) treated at 50 mg BID and a PR in a
patient with biliary tract cancer (BTC) with HER2 ampli-
fication confirmed by FISH treated at 200 mg BID. In all,
disease control (best overall tumor response of PR or sta-
ble disease [SD]) was observed in 10 patients (Fig. 2).
Note that 1 patient in the 50-mg BID group had only

Table 4 Dose limiting toxicities
on TAS0728 treatment (DLT-
evaluable population)

50 mg
BID

(N =3)

n, (%)

100 mg
BID

(N =3)

n, (%)

150 mg
BID

(N =3)

n, (%)

200 mg
BID

(N =6)

n, (%)

Total

(N =15)

n, (%)

Any DLTs 0 0 1 (33.3) 2 (33.3) 3 (20.0)

Grade≥3 diarrhea only if lasting >48 h and
unresponsive to intensive antidiarrheal
medication

0 0 1 (33.3) 2 (33.3) 3 (20.0)

BID Twice daily, DLT Dose-limiting toxicity
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non-target lesions (therefore there was no change in target
lesion from baseline), this patient was included in the 14
patients with tumor response data (as a best response of
SD), but not included in Fig. 2.

Discussion

This phase I study was intended to assess the safety and tol-
erability of TAS0728 in patients with advanced solid tumors

Table 5 Pharmacokinetic
parameters of TAS0728 on cycle
1, day 1

Visit Cycle 1, day 1

Planned
dose
(mg)

Statistic Cmax

(ng/-
mL)

Tmax

(h-
r)a

AUClast

(hr*ng/mL)

AUC0–12

(hr*ng/mL)

t1/2

(hr)

AUCinf

(hr*ng/mL)

50 n 3 3 3 3 3 3

Mean 1162 0.50 2415 2437 1.96 2470

SD 347 0.50 423 394 0.27 415

CV% 29.8 1.58 17.5 16.2 13.7 16.8

100 n 3 3 3 3 3 3

Mean 2039 0.53 5626 5669 1.90 5765

SD 1995 0.58 5226 5277 0.16 5352

CV% 97.8 3.05 92.9 93.1 8.6 92.8

200 n 7 7 7 6 6 6

Mean 5091 0.45 15,108 14,653 2.05 15,046

SD 2168 1.00 6740 7198 0.33 7596

CV% 42.6 3.92 44.6 49.1 16.4 50.5

150 n 6 6 6 5 5 5

Mean 5402 0.50 19,523 12,946 1.91 13,158

SD 2412 0.59 16,832 5281 0.21 5447

CV% 44.6 1.05 86.2 40.8 11.0 41.4

Visit Cycle 2, day 1

Planned
dose
(mg)

Statistic Cmax

(ng/-
mL)

Tmax

(h-
r)a

AUClast

(hr*ng/mL)

AUC0–12

(hr*ng/mL)

t1/2
(hr)

R
(C-
max)

R(AUC0–12)

50 n 0 0 0 0 0 0 0

Mean NA NA NA NA NA NA NA

SD NA NA NA NA NA NA NA

CV% NA NA NA NA NA NA NA

100 n 3 3 3 2 2 3 2

Mean 1389 0.92 4276 5475 2.17 0.56 0.87

SD 1765 3.03 3860 NA NA 0.29 NA

CV% 127.1 6.20 90.3 NA NA 52.2 NA

200 n 2 2 2 2 2 2 2

Mean 2565 0.52 11,248 11,459 3.13 0.96 1.18

SD NA 1.88 NA NA NA NA NA

CV% NA 3.25 NA NA NA NA NA

150 n 2 2 2 2 2 2 2

Mean 3460 1.02 14,782 14,782 3.11 0.91 1.61

SD NA 1.30 NA NA NA NA NA

CV% NA 1.58 NA NA NA NA NA

AUC0–12 Area under the plasma concentration-time curve from the time 0 to the time 12 h, AUCinf area under the
plasma concentration-time curve from 0 time to infinity, AUClast area under the plasma concentration-time curve
from the time 0 to the time of the last plasma concentration, Cmax maximum observed plasma concentration, CV
Coefficient of variation, N Number of observation, NA Not applicable, R(AUC0–12) Observed accumulation ratio
of AUC0–12, R(Cmax) Observed accumulation ratio of Cmax, SD Standard deviation, T1/2 Terminal elimination
half-life, Tmax Time to reach maximum observed plasma concentration
a For Tmax, the values shown represent minimum, median, and maximum
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harboringHER2 orHER3 aberrations. Following escalation of
the dose to 200 mg BID, two DLTs were observed, both cases
of Grade 3 diarrhea lasting >48 h and not responsive to inten-
sive antidiarrheal treatment. Following de-escalation of the
dose to 150 mg BID, another DLT of Grade 3 diarrhea lasting
>48 h and not responsive to intensive antidiarrheal treatment
was observed in one patient.

In nonclinical studies, the inhibitory effect of TAS0728
was much greater against HER2 and HER3 than against
EGFR, and administration of TAS0728 did not induce diar-
rhea during the treatment at efficacious doses in mouse
models [2]; accordingly, it was hypothesized that treatment
with TAS0728 might result in a lower incidence of AEs char-
acteristically associated with EGFR inhibition, including gas-
trointestinal and cutaneous toxicity. However, in this study the
majority of patients experienced one or more of these toxic-
ities. At the 150 mg and 200 mg BID doses, these toxicities
were significant. Moreover, a fatal instance of cardiac arrest
occurred in a patient with no prior history of heart disease and
in whom other reasons related to cardiac arrest were not iden-
tified. Cardiac arrest as a secondary event is not typical of the
recognized cardiotoxicity observed during treatment with
HER2-targeted therapies, which manifests as decreased left
ventricular ejection fraction and/or symptomatic heart failure
dysfunction [9]. The etiology of the cardiac arrest event within
the current study was unclear, however causal relationship to
TAS0728 could not be excluded due to the temporal associa-
tion observed.

Although evaluation of efficacy was not a primary objec-
tive of the dose escalation portion of this study, some evidence

of clinical benefit was obtained; this included two PRs among
14 patients evaluable for best overall response. However, con-
sidering the toxicity profile observed in the study, and taking
into account the fatal AE of cardiac arrest considered possibly
related to TAS0728, the sponsor determined that the overall
risk-benefit ratio no longer favored the dose level tested in this
study.

Of the two patients with PRs to TAS0728, one patient had
BTC with HER2 amplification (FISH-confirmed). This pa-
tient completed 136 days on TAS0728 treatment at 200 mg
BID before disease progression and had not required dose
adjustment. In contrast, in two patients with breast cancer
and esophageal cancer, who had FISH-confirmed HER2 am-
plification, disease progression occurred within around
80 days of starting TAS0728 treatment at 50 mg BID and
100 mg BID, respectively. Neither of these patients had re-
quired dose adjustment. Overall, these data suggest that the
PR in the patient with BTCmay have been influenced by other
factors additional to HER2 amplification, which may also
have enabled this patient to tolerate treatment with TAS0728
for longer than the time observed in the patients with HER2
amplification whose disease progressed more rapidly despite
treatment with TAS0728 at the same or higher BID dose level.

The other patient who achieved a PR on TAS0728 had
NSCLC. This patient’s tumor carried a mutation in exon 20
of the HER2 gene, which is a recognized mutation hotspot in
the intracellular tyrosine kinase domain. Patients with tumors
harboring this specific in-frame insertion, G778_P780dup,
have been shown to respond to treatment with the irreversible
pan-HER tyrosine kinase inhibitor neratinib [10]. This

BTC
GEJC

RC EC UC UC iCCA PC BC BC GEJC BTC
NSCLC

-100.0

-80.0

-60.0

-40.0

-20.0

0.0

20.0

40.0

60.0

*All TAS0728-treated patients with ≥1 post-baseline assessment as per RECIST criteria
HER2+, positive for HER2 expression detected by immunohistochemistry (IHC) and/or HER2 amplification detected by fluorescence in situ
hybridization (ISH); HER2 or HER3 Mut., HER2 or HER3 mutation detected by next generation sequencing 
BC breast cancer; BID twice daily; BTC biliary tract cancer; EC esophageal cancer; GEJC gastroesophageal junction cancer; iCCA intrahepatic 
cholangiocarcinoma; NSCLC non-small-cell lung cancer; PC pancreatic cancer; PD progressive disease; PR partial response; RC rectal cancer; SD
stable disease; RECIST Response Evaluation Criteria in Solid Tumors; UC urothelial cancer.
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Fig. 2 Waterfall plot of best change from baseline in the size of target lesions for patients with tumor response data*
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mutation results in insertion of a duplicated sequence of three
amino acids, glycine-serine-proline, into the HER2 protein.
TAS0728 covalently binds to HER2 near the site of this mu-
tation hotspot at C805 and selectively inhibits its kinase activ-
ity [2]. At the time of termination of the present study, the
patient with NSCLC who responded to TAS0728 treatment
had received 50 mg BID for 489+ days and had not required
dose adjustment while on the study drug. This suggests that in
a patient whose tumor was responding to treatment, long-term
tolerability at this dose level was acceptable.

In the present study, all patients were heavily pretreated
and had a variety of tumor types. The small number of patients
treated and the presence of already advanced disease at the
time of enrolment limit the interpretation of efficacy, however
the observation of two PRs and disease control in 10 patients
should encourage further investigation of novel HER2-
targeted approaches for solid tumors with HER2 aberrations.
Several approved oral small molecule HER2-inhibitory com-
pounds such as lapatinib, afatinib, neratinib, and tucatinib are
associated with severe diarrhea, requiring proactive manage-
ment, including patient education combined with antidiarrheal
medication and dose reductions/interruptions, particularly
during the initial weeks of treatment [11, 12]. Thus, the occur-
rence of diarrhea as a DLT in the current study was consistent
with the AE profile observed for otherHER2 inhibitors known
to also have EGFR inhibitory effects. With appropriate man-
agement, this TRAE has been manageable for other members
of the oral HER2 inhibitor class.

Acknowledgments The authors would like to thank the patients, their
families, and the investigators and staff at all clinical sites for their in-
volvement in this study. Medical writing and editorial assistance in the
preparation of this manuscript, which was in accordance with Good
Publications Practice (GPP3) guidelines, was provided by Patrick
Foley, PhD, of NexGen Healthcare (London, UK) and funded by Taiho
Oncology, Inc. (Princeton, New Jersey, USA).

Availability of data and materials The datasets used and/or analyzed
during the current study are available from the corresponding author on
reasonable request.

Author’s contributions The authors were fully responsible for all content
and editorial decisions, were involved at all stages of manuscript devel-
opment, and approved the final version for submission.

Funding This trial was sponsored by Taiho Oncology, Inc. The sponsor
was involved in the study design, data collection, data analysis, reporting
of the results, and preparation of the manuscript.

Declarations

Conflicts of interest/competing interests SAP-P reports clinical trial
research support from AbbVie, ABM Therapeutics, Acepodia,
Alkermes, Aminex Therapeutics, Amphivena Therapeutics, BioMarin
Pharmaceutical, Boehringer Ingelheim, Bristol Myers Squibb, Cerulean
Pharma, Chugai Pharmaceutical, Curis, Daiichi Sankyo, Eli Lilly, ENB

Therapeutics, Five Prime Therapeutics, Gene Quantum, Genmab A/S,
GlaxoSmithKline, Helix BioPharma, Incyte, Jacobio Pharmaceuticals,
MedImmune, Medivation, Merck Sharp and Dohme, Novartis
Pharmaceuticals, Pieris Pharmaceuticals, Pfizer, Principia Biopharma,
Puma Biotechnology, Rapt Therapeutics, Seattle Genetics, Silverback
Therapeutics, Taiho Oncology, Tesaro, and TransThera Biosciences,
and grant support from the National Cancer Institute/National Institute
of Health (NCI/NIH): P30CA016672 - Core Grant (CCSG Shared
Resources) outside the submitted work. AA is an employee of
AstraZeneca. D-YO reports grants from Array, AstraZeneca, BeiGene,
Eli Lilly, MSD, Novartis, and Servier outside the submitted work.MDG
reports grants and personal fees fromAstraZeneca, Bristol Myers Squibb,
Dendreon, Genentech/Roche, Merck Sharp and Dohme, and Novartis;
and personal fees from Alleron Therapeutics, Astellas Pharma, Basilea,
BioMotiv, Dracen Pharmaceuticals, Dragonfly Therapeutics, EMD
Serono, GlaxoSmithKline, Incyte, Janssen Oncology, Inovio
Pharmaceuticals, NuMab Therapeutics, Pfizer, Seattle Genetics, and
Urogen Pharma outside the submitted work. SKP reports personal fees
from Astellas, Genentech, Aveo, Bristol Myers Squibb, Eisai, Exelixis,
Ipsen, Novartis, Pfizer, and Roche outside the submitted work. AH re-
ports grants and personal fees from AstraZeneca, Amgen and Incyte; and
personal fees from Eisai, Servier, QED Therapeutics, Eli Lilly, Spectrum
Therapeutics, and Roche outside the submitted work. KH, YH, IY and
KAB are employees of Taiho.KAB is a former employee of Eli Lilly and
is a stockholder of Eli Lilly. No conflicts of interest were reported by
HTA.

Code availability Not applicable.

Ethics approval The study protocol was approved by the Institutional
Review Boards at all participating centers. The study was conducted in
accordance with the principles laid down by the 18th World Medical
Assembly (Helsinki, 1964) and all applicable amendments laid down
by the World Medical Assemblies, and the ICH guidelines for Good
Clinical Practice.

Consent to participate All patients provided written informed consent
prior to enrollment.

Consent for publication The authors were fully responsible for all con-
tent and editorial decisions, were involved at all stages of manuscript
development, and approved the final version for submission.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Iqbal N, Iqbal N (2014) Human epidermal growth factor receptor 2
(HER2) in cancers: overexpression and therapeutic implications.
Mol Biol Int 2014:1–9. https://doi.org/10.1155/2014/852748

1333Invest New Drugs  (2021) 39:1324–1334

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2014/852748


2. Irie H, Ito K, Fujioka Y, Oguchi K, Fujioka A, Hashimoto A,
Ohsawa H, Tanaka K, Funabashi K, Araki H, Kawai Y,
Shimamura T, Wadhwa R, Ohkubo S, Matsuo K (2019)
TAS0728, a covalent-binding, HER2-selective kinase inhibitor
shows potent antitumor activity in preclinical models. Mol Cancer
Ther 18:733–742. https://doi.org/10.1158/1535-7163.MCT-18-
1085

3. Collins DM, Conlon NT, Kannan S, Verma CS, Eli LD, Lalani AS,
Crown J (2019) Preclinical characteristics of the irreversible pan-
HER kinase inhibitor Neratinib compared with Lapatinib: implica-
tions for the treatment of HER2-positive and HER2-mutated breast
Cancer. Cancers 11:737. https://doi.org/10.3390/cancers11060737

4. Cortés J, Dieras V, Ro J, Barriere J, Bachelot T, Hurvitz S, le Rhun
E, Espié M, Kim SB, Schneeweiss A, Sohn JH, Nabholtz JM,
Kellokumpu-Lehtinen PL, Taguchi J, Piacentini F, Ciruelos E,
Bono P, Ould-Kaci M, Roux F, Joensuu H (2015) Afatinib alone
or afatinib plus vinorelbine versus investigator’s choice of treatment
for HER2-positive breast cancer with progressive brain metastases
after trastuzumab, lapatinib, or both (LUX-breast 3): a randomised,
open-label, multicentre, phase 2 trial. Lancet Oncol 16:1700–1710.
https://doi.org/10.1016/S1470-2045(15)00373-3

5. Harbeck N, Huang CS, Hurvitz S, Yeh DC, Shao Z, Im SA, Jung
KH, Shen K, Ro J, Jassem J, Zhang Q, Im YH, Wojtukiewicz M,
Sun Q, Chen SC, Goeldner RG, Uttenreuther-Fischer M, Xu B,
Piccart-Gebhart M, LUX-Breast 1 study group (2016) Afatinib plus
vinorelbine versus trastuzumab plus vinorelbine in patients with
HER2-overexpressing metastatic breast cancer who had progressed
on one previous trastuzumab treatment (LUX-breast 1): an open-
label, randomised, phase 3 trial. Lancet Oncol 17:357–366. https://
doi.org/10.1016/S1470-2045(15)00540-9

6. Martin M, Holmes FA, Ejlertsen B, Delaloge S, Moy B, Iwata H,
von Minckwitz G, Chia SKL, Mansi J, Barrios CH, Gnant M,
Tomašević Z, Denduluri N, Šeparović R, Gokmen E, Bashford A,
Ruiz Borrego M, Kim SB, Jakobsen EH, Ciceniene A, Inoue K,
Overkamp F, Heijns JB, Armstrong AC, Link JS, JoyAA, Bryce R,
Wong A, Moran S, Yao B, Xu F, Auerbach A, Buyse M, Chan A
(2017) Neratinib after trastuzumab-based adjuvant therapy in
HER2-positive breast cancer (ExteNET): 5-year analysis of a
randomised, double-blind, placebo-controlled, phase 3 trial.

Lancet Oncol 18:1688–1700. https://doi.org/10.1016/S1470-
2045(17)30717-9

7. Irie H, Kawabata R, Fujioka Y, Nakagawa F, Itadani H, Nagase H,
Ito K, Uchida J, Ohkubo S, MatsuoK (2020) Acquired resistance to
trastuzumab/pertuzumab or to T-DM1 in vivo can be overcome by
HER2 kinase inhibition with TAS0728. Cancer Sci 111:2123–
2131. https://doi.org/10.1111/cas.14407

8. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, MooneyM, Rubinstein L,
Shankar L, Dodd L, Kaplan R, Lacombe D, Verweij J (2009) New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer 45:228–247. https://doi.org/
10.1016/j.ejca.2008.10.026

9. Copeland-Halperin RS, Liu JE, Yu AF (2019) Cardiotoxicity of
HER2-targeted therapies. Curr Opin Cardiol 34:451–458. https://
doi.org/10.1097/HCO.0000000000000637

10. Hyman DM, Piha-Paul SA, Won H, Rodon J, Saura C, Shapiro GI,
Juric D, Quinn DI, Moreno V, Doger B, Mayer IA, Boni V, Calvo
E, Loi S, Lockhart AC, Erinjeri JP, Scaltriti M, Ulaner GA, Patel J,
Tang J, Beer H, Selcuklu SD, Hanrahan AJ, Bouvier N, Melcer M,
Murali R, Schram AM, Smyth LM, Jhaveri K, Li BT, Drilon A,
Harding JJ, Iyer G, Taylor BS, Berger MF, Cutler Jr RE, Xu F,
Butturini A, Eli LD, Mann G, Farrell C, Lalani AS, Bryce RP,
Arteaga CL, Meric-Bernstam F, Baselga J, Solit DB (2018) HER
kinase inhibition in patients with HER2-and HER3-mutant cancers.
Nature 554:189–194. https://doi.org/10.1038/nature25475

11. Rugo HS, Di Palma JA, Tripathy D, Bryce R, Moran S, Olek E,
Bosserman L (2019) The characterization, management, and future
considerations for ErbB-family TKI-associated diarrhea. Breast
Cancer Res Treat 175:5–15. https://doi.org/10.1007/s10549-018-
05102-x

12. Seattle Genetics (2020) TUKYSA (tucatinib) tablets, for oral use
Highlights of prescribing information Revised April 2020.
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/213411s000lbl.pdf (Accessed 08 February 2021)

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1334 Invest New Drugs  (2021) 39:1324–1334

https://doi.org/10.1158/1535-7163.MCT-18-1085
https://doi.org/10.1158/1535-7163.MCT-18-1085
https://doi.org/10.3390/cancers11060737
https://doi.org/10.1016/S1470-2045(15)00373-3
https://doi.org/10.1016/S1470-2045(15)00540-9
https://doi.org/10.1016/S1470-2045(15)00540-9
https://doi.org/10.1111/cas.14407
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1097/HCO.0000000000000637
https://doi.org/10.1097/HCO.0000000000000637
https://doi.org/10.1038/nature25475
https://doi.org/10.1007/s10549-018-05102-x
https://doi.org/10.1007/s10549-018-05102-x
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213411s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213411s000lbl.pdf

	A...
	Abstract
	Background
	Introduction
	Methods
	Study population
	Study design
	Drug dose and administration
	Dose limiting toxicities (DLTs)
	Safety assessments
	Pharmacokinetics
	Antitumor activity
	Statistical analysis

	Results
	Patient characteristics
	Safety
	Pharmacokinetics
	Clinical activity

	Discussion


	This link is 10.1016/S1470-17)30717-,",
	References


