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Purpose
This phase 1 dose-escalation portion of the study evaluated the safety, pharmacokinetics
(PK), and antitumor activity of TAK-264 in Asian patients with advanced gastrointestinal (GI)
carcinoma or metastatic or recurrent gastric or gastroesophageal junction adenocarcinoma
expressing guanylyl cyclase C (GCC).

Materials and Methods
Adult patients with advanced GI malignancies expressing GCC (H-score  10) received 
TAK-264 on day 1 of 3-week cycles as 30-minute intravenous infusions for up to 1 year or
until disease progression or unacceptable toxicity. The primary objectives were to evaluate
the safety profile including dose-limiting toxicities (DLTs) during cycle 1, determine the max-
imum tolerated dose (MTD), and characterize the PK profile of TAK-264.

Results
Twelve patients were enrolled and treated with 1.2 mg/kg (n=3), 1.5 mg/kg (n=3), or 
1.8 mg/kg TAK-264 (n=6). Median number of treatment cycles received was two (range, 
1 to 10). None of the patients experienced a DLT and the MTD was not determined. Ten
patients (83%) experienced adverse events (AEs). The most common were neutropenia,
anorexia, and nausea (each reported by four patients). Five patients (42%) experienced
grade  3 AEs consisting of tumor hemorrhage and hypertension, ascites, adrenal insuffi-
ciency, neutropenia and asthenia. Serum exposure to TAK-264 increased proportionally
with the dose and the median half-life was approximately 5.5-6.6 days. No patients experi-
enced an objective response.

Conclusion
TAK-264 demonstrated a manageable safety profile with limited antitumor activity consis-
tent with studies conducted in Western patients with advanced GI malignancies. TAK-264
exposure increased proportionally with the dose.
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Introduction

Antibody-drug conjugates (ADCs) have revolutionized the
field of cancer chemotherapy over the last two decades.
ADCs use selective monoclonal antibodies that preferentially
bind to the target tumor-associated antigens to deliver a
highly potent cytotoxic payload [1]. ADCs, consisting of

monoclonal antibodies conjugated to potent chemotherapeu-
tics via a stable linker, have given rise to a highly efficacious
class of anticancer drugs [2]. Currently, there are two ADCs
approved, one for the treatment of relapsed/refractory
Hodgkin’s lymphoma and systemic anaplastic large cell lym-
phoma (brentuximab vedotin) [3], and the other for 
advanced/metastatic human epidermal growth factor recep-
tor 2–positive breast cancer (trastuzumab emtansine) [4]. In
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addition, there is a rapidly growing clinical pipeline with
over 60 ADCs in development to target a wide range of blood
cancers and solid tumors [5].

Exploring the therapeutic potential of ADCs is of consid-
erable interest in gastric cancer, which is recognized as a sig-
nificant global health concern. On a global scale, each year
there are approximately one million new cases and 750,000
deaths that account for 10% of all cancer-related deaths [6].
The highest incidence is found in Japan where gastric cancer
is the second leading cause of death after lung cancer, with
an estimated 110,000 new cases diagnosed and 54,000 deaths
per year [7]. In China, there were approximately 400,000 new
cases and 300,000 deaths from gastric cancer in 2005; while
in Korea, there were approximately 28,000 new cases of gas-
tric cancer in 2008 [8]. 

Globally, including in Asian countries, the combination of
a fluorouracil (including oral fluoropyrimidines S-1 and
capecitabine) and a platinum-containing compound (cis-
platin or oxaliplatin) is the most widely accepted first-line
chemotherapy for metastatic gastric cancer. However, many
patients relapse and there are no standard treatment regi-
mens in the second-line setting, although several phase 3 tri-
als of second-line irinotecan, taxane, and ramucirumab have
shown slight survival benefits [9]. In spite of current 
advances, clinical outcomes for patients with gastric carci-
noma remain poor. Thus, there is a need to develop new
treatment options.

The transmembrane cell surface receptor guanylyl cyclase C
(GCC) has been identified as a potential treatment target in
patients with gastrointestinal (GI) cancers [10,11]. In normal
tissues, GCC expression is restricted to the epithelial cells of
the intestine, where it plays a key role in maintaining fluid
ion homeostasis and genomic integrity [12,13]. Early findings
suggest that GCC may play a role in tumorigenesis [12]. GCC
expression has also been observed in tumors throughout the
GI tract and their metastases: GCC is expressed in 60%-70%
of gastric, pancreatic, and esophageal cancers [14-16] and
95% of primary and metastatic colorectal cancers [10,17-20].
In normal intestinal epithelial cells, access to GCC (expressed
primarily to the luminal side) is restricted from the vascular
compartment by the epithelial tight junctions [21]; however,
in malignant cells, this anatomically privileged apical local-
ization of GCC is disrupted, enabling agents targeting GCC
to access tumor cells.

TAK-264 (formerly MLN0264) consists of a human mono-
clonal anti-GCC antibody conjugated to monomethyl auris-
tatin E (MMAE) via a peptide linker [22]. The resulting ADC
is internalized through receptor-mediated endocytosis into
the target tumor cell and transported to the lysosomal com-
partment where enzymatic cleavage of the peptide linker 
releases MMAE, which in turn disrupts microtubule poly-
merization, leading to apoptotic cell death [12,13]. The tar-

geted nature of ADCs allows for increased drug selectivity
coupled with limited systemic exposure [23].

In the first-in-human study in patients (recruited in United
States and Spain) with GI malignancies (NCT01577758),
TAK-264 demonstrated a manageable safety profile at the
maximum tolerated dose (MTD)/recommended phase 2
dose (RP2D) of 1.8 mg/kg every 21 days, and displayed early
signals of clinical benefit in patients with pancreatic,
esophageal, and gastric carcinomas [22]. Of the 39 response-
evaluable patients, two patients with pancreatic carcinoma
experienced a durable stable disease, while one patient with
gastric adenocarcinoma achieved a partial response (PR).

The phase 1 dose-escalation portion of this open-label
multi-center study was designed to evaluate the safety and
tolerability of TAK-264 and to assess whether a MTD/RP2D
of 1.8 mg/kg every 3 weeks or an alternative RP2D would
be appropriate in Asian patients with advanced GI carci-
noma.

Materials and Methods

1. Patients

Patients aged  18 years diagnosed with GI carcinoma 
expressing GCC (H-score  10, as indicated by immunohis-
tochemistry [IHC]) were eligible [24]. Eligible GI malignan-
cies included gastric carcinoma, esophageal carcinoma,
colorectal carcinoma, small intestine carcinoma, pancreatic
carcinoma, and biliary carcinoma. Patients were required to
have an Eastern Cooperative Oncology Group performance
status of 0 or 1, adequate hematologic function as docu-
mented by absolute neutrophil count (ANC)  1.5109/L,
platelet count  100109/L, hemoglobin  9 g/dL, aspartate
aminotransferase and alanine aminotransferase  2.5 upper
limit of normal (ULN), albumin  3 g/dL, serum creatinine
 1.5 ULN, and total bilirubin  1.5 ULN.

Patients with metastatic colorectal carcinoma or gastric car-
cinoma should have received  2 prior anticancer therapies
for advanced-stage disease and have completed chemother-
apy, immunotherapy, or radiation therapy  4 weeks prior
to enrollment. Disease recurrence within 6 months of the last
dose of post-surgical adjuvant chemotherapy accounted for
one line of prior anticancer therapy for advanced disease.

Patients were excluded if they had radiotherapy within 
3 weeks prior to enrollment, signs of grade  2 peripheral
neuropathy, concomitant cancer treatment, hormonal ther-
apy, radiotherapy or immunotherapy, concurrent treatment
within 4 weeks of study entry with another investigational
drug, or treatment with any medication with clinical poten-
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tial risk to prolong the QT interval. Further exclusion criteria
also included use of strong cytochrome P450 (CYP) 3A4 
inhibitors within 2 weeks before the first dose of TAK-264 (in
addition strong CYP3A4 inducers were not to be used in
cycle 1 during the dose-limiting toxicity [DLT] evaluation 
period).  Patients with ongoing anticoagulant therapy, his-
tory of myocardial infarction, unstable angina, or throm-
boembolic events within 6 months prior to enrollment,
current uncontrolled cardiovascular conditions, sympto-
matic congestive heart failure were also excluded. Also not
included, were patients with electrocardiogram (ECG) 
abnormalities considered by the investigator to be clinically
significant, repeated baseline prolongation of the rate-cor-
rected QT interval of electrocardiograph, history of another
primary malignancy that had not been in remission for at
least 3 years, with the exception of curatively treated non-
melanoma skin cancer or in situ carcinoma of the cervix uteri.
Written informed consent was obtained from each patient
prior to initiating study participation.

2. Study design 

The study was conducted in compliance with the protocol,
Good Clinical Practices, applicable regulatory requirements,
and International Conference on Harmonisation guidelines.
Institutional review boards and independent ethics commit-
tees at the participating investigational centers reviewed and
approved all appropriate study documentation to safeguard
the rights, safety, and well-being of the patients. 

This open-label, non-randomized, multicenter study was
conducted in Japan, Korea, and Taiwan in order to evaluate
the effects of TAK-264 in Asian patients with GI malignan-
cies. The study was designed to include a phase 1 dose-esca-
lation portion to precede a phase 2 RP2D portion aimed at
investigating efficacy and safety (ClinicalTrials.gov identi-
fier: NCT02391038). The phase 1 portion of the study utilized
a conventional 3+3 dose-escalation scheme. Eligible patients
received TAK-264 doses (planned dose levels, 1.2, 1.5, 1.8,
2.1, 2.4, and 2.7 mg/kg) on day 1 of 3-week cycles as 
30-minute intravenous infusions for up to 1 year or until dis-
ease progression or unacceptable toxicity. At least one Japan-
ese patient was included in evaluated dose groups. Neither
a placebo nor an active control was included, and patient
stratification was not planned.

Within the phase 2 portion of the study, an interim analysis
for futility was planned to determine whether the results
would support continuation of the trial and a completion of
enrollment. The investigator-assessed complete response and
PR rate was used as the endpoint for the interim analysis.
The study was to be stopped on the basis of futility if there
were fewer than two responses out of the 12 patients within
each of the three groups with respective low, intermediate,

and high GCC expression levels.

3. Objectives and assessments

The primary objectives for the phase 1 part of the study
were (1) to evaluate the safety profile including DLTs of
TAK-264, (2) to determine the RP2D, and (3) to characterize
the pharmacokinetic (PK) profile of TAK-264, total antibody
(TAb; conjugated and unconjugated), and MMAE. Second-
ary endpoints included the antitumor activity of TAK-264. 

Archived tumor specimens were used for analysis using a
validated, semi-quantitative GCC IHC assay to confirm the
presence of GCC protein expression. GCC protein expression
was characterized by an H-score, a semi-quantitative scoring
system that uses the sum of the percentage of tumor cells
with a staining intensity of 1+, 2+, and 3+ [24]. Per the eligi-
bility criteria, an H-score of  10 was confirmed prior to 
patient enrollment, implying that at least 10% of cells have
shown GCC-positive staining.

DLTs were defined as any of the following events consid-
ered by the investigator to be at least possibly related to ther-
apy with TAK-264 occurring within cycle 1: grade 4 neutro-
penia (ANC < 500 cells/mm3); grade  3 neutropenia with
fever ( 38.5°C) and/or infection; grade 4 thrombocytopenia
(platelets < 25,000/mm3) or thrombocytopenia that requires
platelet transfusion (with or without hemorrhage); grade  3
thrombocytopenia with clinically meaningful bleeding at any
time; anemia that requires blood transfusion; grade  3 nau-
sea and/or emesis that occurs despite the use of optimal anti-
emetic prophylaxis (includes both a 5-hydroxytryptamine 3
serotonin receptor antagonist and a corticosteroid given in
standard doses and according to standard schedules); grade
 3 diarrhea that occurs despite optimal supportive care
measures; any other grade  3 non-hematologic toxicity (with
the exception of fatigue lasting < 1 week); inability to start
the next cycle of therapy due to treatment delay > 2 weeks
because of inadequate recovery from treatment-related tox-
icity (either hematologic or non-hematologic); or any other
treatment-related grade  2 non-hematologic toxicities that
required TAK-264 dose reduction or discontinuation.

Thorough PK sampling to determine the serum concentra-
tions of TAK-264 and TAb (conjugated and unconjugated)
and the plasma concentrations of MMAE were performed in
all patients. Blood specimens were taken pre-dose and post-
dose on day 1, and on days 2, 3, 4, 8, and 15 of each cycle and
at the end of treatment (30±7 days after last dose).

Safety evaluations included adverse event (AE) evaluation
(serious and non-serious), clinical laboratory assessments,
and 12-lead ECGs. AEs were graded using the National Can-
cer Institute Common Terminology Criteria for Adverse
Events ver. 4.03.  Responses were evaluated using the mod-
ified Response Evaluation Criteria in Solid Tumors ver. 1.1. 
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4. Analysis populations and statistical analyses

The safety population included all patients who received
any dose of TAK-264. The response-evaluable population 
included all patients with measurable disease who received
 1 dose of TAK-264 and had  1 post-baseline response 
assessment. The PK-evaluable population was defined as all
patients who received  1 dose of TAK-264 and who had suf-

ficient TAK-264 concentrationtime data to permit reliable
estimation of TAK-264 exposure. The DLT-evaluable popu-
lation was defined as all patients who either experienced
DLT during cycle 1 or received their scheduled cycle 1 dose
and completed all study procedures in cycle 1 without DLT.

Statistical analyses were planned to be primarily descrip-
tive and graphical in nature with no formal statistical 
hypothesis. 

Results

1. Patient disposition and exposure 

Twelve patients with colon, pancreatic, rectal, and gastric
cancers (three patients each) were enrolled in the phase 1 dose-
escalation portion of this study. Patient demographics and
baseline characteristics are summarized in Table 1. The major-
ity of patients (83%) had stage IV disease, and one patient had
advanced pancreatic (T3N0M0) disease. All 12 patients 
received at least one prior anticancer therapy. Two of the 
12 patients received prior radiation therapy. All patients had
discontinued treatment due to disease progression. 

Three patients received TAK-264 1.2 mg/kg, three patients
received TAK-264 1.5 mg/kg, and six patients received 
TAK-264 1.8 mg/kg, on day 1 of 3-week cycles. Overall 
median number of study treatment cycles received was two
(range, 1 to 10). Eight patients completed two cycles 
(1.2 mg/kg, n=3; 1.5 mg/kg, n=2; 1.8 mg/kg, n=3). Three 
patients completed more than two cycles (two patients treated
with TAK-264 1.8 mg/kg completed four and six cycles; one
patient treated with TAK-264 1.5 mg/kg completed 10 cycles).

Table 1. Patient demographics and baseline characteris-
tics  

Values are presented as number (%) unless otherwise indi-
cated. ECOG PS, Eastern Cooperative Oncology Group per-
formance status. 

Characteristic No. (%) (n=12)  
Age, median (range, yr) 63 (45-78)
Sex

Male 7 (58)
Female 5 (42)

Race
Korean 7 (58)
Japanese 4 (33)
Chinese 1 (8)

ECOG PS
0 8 (67)  
1 4 (33)

Cancer type
Colon 3 (25)
Pancreatic 3 (25)
Rectal 3 (25)
Gastric 3 (25)

Adverse event
No. (%) (n=12)

All grades Grade 1 Grade 2 Grade 3 / 4
Anorexia 4 (33.3) 1 (8.3) 3 (25.0) 0 (
Neutropenia 4 (33.3) 0 ( 3 (25.0) 1 (8.3)
Nausea 4 (33.3) 3 (25.0) 1 (8.3) 0 (
Vomiting 3 (25.0) 1 (8.3) 2 (16.7) 0 (
Abdominal pain 2 (16.7) 0 ( 2 (16.7) 0 (
Ascites 2 (16.7) 0 ( 1 (8.3) 1 (8.3)
Constipation 2 (16.7) 0 ( 2 (16.7) 0 (
Diarrhea 2 (16.7) 1 (8.3) 1 (8.3) 0 (
Fever 2 (16.7) 2 (16.7) 0 ( 0 (
Asthenia 2 (16.7) 1 (8.3) 0 ( 1 (8.3)
Myalgia 2 (16.7) 2 (16.7) 0 ( 0 (

Table 2. Most common (reported by  10% of patients) treatment-emergent adverse events by grade and severity
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The majority of patients (75%) received a cumulative total dose
of TAK-264 of between 1.8 mg/kg and 3.6 mg/kg. 

2. Safety

None of the 12 patients experienced a DLT and the MTD
was therefore not established. A grade 3 neutropenia event
was observed in the 1.8 mg/kg dose cohort.

The safety profile of TAK-264 is summarized in Table 2. Ten
patients (83%) experienced a treatment-emergent AE (TEAE)
and five patients (42%) experienced grade  3 TEAEs, which
consisted of tumor hemorrhage and hypertension, ascites, 
adrenal insufficiency, neutropenia, and asthenia. Five patients
(42%) experienced AEs that were assessed as related to study
drug by the investigator and were primarily grade 1 and grade
2. Two patients experienced treatment-related grade 3 AEs;
two instances of grade 3 neutropenia. Four patients experi-
enced a serious AE that was considered unrelated to TAK-264.
These were tumor hemorrhage and ascites; asthenia; abdom-
inal distension; and adrenal insufficiency. These AEs were
considered by the investigators disease related or resulted
from disease progression. 

Three patients required a dose reduction due to an AE (one
with grade 2 neutropenia, two with grade 3 neutropenia) and
one patient required a dose delay due to an AE (grade 2 neu-
tropenia), all of which were considered related to TAK-264.
One patient discontinued due to both disease progression and
an AE (grade 3 tumor hemorrhage) which was considered by
the investigator to be unrelated to TAK-264. No patients died
while on study. 

3. Pharmacokinetics

All 12 patients were included in the PK analysis (Table 3).
Exposure to TAK-264, as measured by maximum observed
concentration and area under the concentration–time curve,
increased approximately proportionally with the dose. The

median half-life (approximately 5.5-6.6 days) was similar for
all dose cohorts (Table 3). The mean serum concentrations of
TAK-264 and TAb and mean plasma concentration of MMAE
were also generally dose dependent (data not shown).

4. Antitumor activity

All 12 patients were response evaluable. There were no 
objective responses; three patients had stable disease. One 
patient, a 48-year-old female diagnosed with T3N0M1 meta-
static rectal cancer stage IV KRAS-mutant, who was treated
with TAK-264 1.5 mg/kg had stable disease  6 months 
(duration, 225 days). Two additional patients, specifically a 
63-year-old male affected by stage IV metastatic rectal cancer
and a 56-year-old female with stage IV metastatic rectal cancer
KRAS-mutant both treated with TAK-264 1.8 mg/kg experi-
enced a stable disease lasting respectively 81 and 46 days. 

As the preliminary PK profile and overall response findings
demonstrated similarities between the Western [22] and Asian
patient populations, the study was terminated during the
phase 1 portion and phase 2 was not initiated.

Discussion

TAK-264 administered as an intravenous infusion on 
day 1 of a 3-week cycle to Asian patients demonstrated a
manageable safety profile in patients with recurrent or
metastatic GI cancers. Common TEAEs reported in this study
included anorexia, neutropenia, nausea, and vomiting,
which were mostly grade 1 and 2 toxicities. Such a safety pro-
file is consistent with that observed for TAK-264 in the West-
ern population studies and for the ADCs brentuximab
vedotin, polatuzumab vedotin, and pinatuzumab vedotin.
These treatments were similarly associated with GI AEs

Table 3. Summary of PK parameters following cycle 1 administration of TAK-264 (PK-evaluable population)
TAK-264 TAK-264 TAK-264

1.2 mg / kg (n=3) 1.5 mg / kg (n=3) 1.8 mg / kg (n=6)
Cmax, mean (CV, µg/mL) 25.62 (3.5) 33.84 (18.3) 35.77 (20.2)
Ctrough, mean (CV, µg/mL) 0.20 (5.63)a) 0.31 (15.71)b) 0.26 (30.45)
AUCinf, mean (CV, dayµg/mL) 42.97 (10.8)a) 63.58 (10.1)b) 60.09 (12.1)
Tmax, median (range, day) 0.03 (0.02-0.03) 0.03 (0.03-0.03) 0.03 (0.03-0.03)
T1/2, median (range, day) 5.49 (5.44-5.53)a) 6.60 (4.82-8.59)b) 5.46 (4.70-6.54)

Values are presented as geometric mean (% coefficient of variation [CV]) or median (range). PK, pharmacokinetic; Cmax, max-
imum observed concentration; Ctrough, plasma trough concentration measured at the end of a dosing interval; AUCinf, area
under the concentration–time curve from time 0 to infinity; Tmax, time to first occurrence of Cmax; T1/2, half-life. a)n=2, b)n=4.
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(nausea and diarrhea), as well as fatigue, neutropenia, diar-
rhea, pyrexia, and peripheral neuropathy, in patients with
hematologic malignancies [25-27]. During this study, one 
patient (8%) experienced grade 1 peripheral neuropathy,
which is consistent with the prior clinical experiences of
GCC-positive patients with GI malignancies [22] who partic-
ipated in earlier phase 1 and phase 2 studies of TAK-264 [28].

The limited activity observed in this Asian population was
consistent with that observed in other studies of TAK-264 in
comparable Western patient populations who participated
in phase 1 [22] and phase 2 [28] studies, where objective 
response rates (all PRs) of 3% and 6%, respectively, have
been shown. In all three studies, increases in exposure to
TAK-264 and free MMAE were approximately proportional
to dose observed. Detectable serum concentrations of ADCs
were evident prior to the commencement of cycle 2 (shown
in Table 3 as plasma trough concentration measured at the
end of a dosing interval), which suggests that the limited 
antitumor activity observed in those patients was not a con-
sequence of a lack of circulating levels of the ADC (TAK-264)
in the blood. The systemic exposure to TAK-264 observed in
this study is similar to those reported for the Western popu-
lation [22]. Due to compelling similarities between the West-
ern and Asian patient populations, further clinical investi-
gation in Asian patients was not considered critical to esti-
mating the therapeutic potential of this experimental agent.
The study was terminated and the phase 2 portion was not
initiated.

In most of the ADCs in development to date, the cytotoxic
payload and lysine or cysteine residues on the targeting 
antibody are non-selectively conjugated (via a stable or cleav-
able linker) [29,30]. This may result in a variable drug-anti-
body ratio and a heterogeneous ADC product, potentially
impacting on clinical efficacy and safety [29,30]. It is expected
that site-specific conjugation can maintain antitumor efficacy
while reducing systemic toxicity, improving the therapeutic

index of an ADC [31]. Alternative payloads also have the 
potential to improve the clinical efficacy of the next genera-
tion of ADCs [29]. Given the high frequency of its expression
in GI cancers, GCC remains a promising target for future
ADC development.

In conclusion, the clinical experience with TAK-264 in
Asian patients is comparable to that observed in Western 
patients, with a manageable safety profile and limited anti-
tumor activity. Given the modest clinical benefit observed in
this and other trials of TAK-264 in patients with advanced
GI malignancies, further evaluation of single-agent TAK-264
is not warranted in this setting. Further development of
ADCs targeting GCC may lead to more effective therapeutic
modalities.  
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