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E7070 is a nove! sulfonamide anticancer agent that disrupts the
G1/S phase of the cell cycle. The objectives of this phase I study
of E7070 were to estimate the maximal tolerated dose (MTD), to
determine the recommended dose for phase Il, and to clarify
the pharmacokinetic profile of E7070 and its relation to poly-
morphisms of CYP2C9 (*2, *3) and CYP2C19 (*2, *3) in Japanese
patients. Patients received 1-2-h i.v. infusions of E7070 (400, 600,
700, 800 or 900 mg/m?) on day 1 of a 21-day cycle. Twenty-one
patients received between one and eight cycles of E7070. The
dose-limiting toxicities (DLT) comprised leukopenia, neutropenia,
thrombocytopenia, elevation of aspartate aminotransferase,
colitis, and ileus. The mean area under the plasma concentration-
time curve {AUC) for successive dose levels increased in a non-
dose-proportional manner. Two patients were heterozygous for
the CYP2C9 mutation. For CYP2C19, eight patients were wild
type and the remainder had heterozygous (n = 8) or homozygous
mutations {n = 5). Regarding the CYP2C19 genotype, the AUC of
patients with mutant alleles were higher than those of patients
with wild type at a dose of 600 mg/m? or more. The severity of
toxic effects, such as myelosuppression, seemed to depend on
the AUC. No partial responses were observed. One patient
treated at a dose of 700 mg/m? experienced a maximum tumor
volume reduction of 22.5%. The MTD was estimated to be
900 mg/m2. A dose of 800 mg/m? is recommended for further
phase Il studies. The pharmacokinetic/pharmacodynamic properties
of E7070 seemed to be influenced by CYP2C19 genotype. The
observed safety profile and preliminary evidence of antitumor
activity warrant further investigation of this drug in monotherapy
or in combination chemotherapy. (Cancer Sci 2005; 96: 721-728)

E7()70, N-(3-chloro-7-indolyl)-1,4-benzenedisulfonamide,
has been reported to exhibit a potent antitumor activity
by blocking cell cycle progression. In vitro studies indicate
that the drug disrupts the G /S phuse, thereby inducing cell
cycle arrest and apoptosis.V Although E7070 is not a direct
inhibitor ol cyclin-dependent kinases (CDK), it causes
depletion of cyclin E, with a reduction in CDK2 catalytic
activity.®  The exact mechanism  of cyclin E/CDK2
inactivation is unclear. Transcriptional repression of cyclin H
in a p53-independent manner also occurs in response o
E7070.% The reduction in G, CDK activity induces arrest al
the G/S boundary, accompanied by hypophosphorylation of
retinoblastoma (Rb) protein and decreases in CDK2, cyclin
A, and cyclin B proteins.” E7070 activity is associated with
upregulation of p533 and p21, which may contribute to the

® lapanese Cancer Association doi: 10.1111/,1349-7006.2005.00109.x

reduced Rb phosphorylation, as well as subsequent apoptosis.
In preclinical models, E7070 was cytotoxic to human
HCT116 colon carcinoma and LX-1. E7070 exhibits morc
potent in vivo antitumor effects than 5-fluorouracil, mito-
mycin C, and irinotecan.tV

E7070 has been the subject of four clinical phase T studies.
In the first rial, E7070 was administered once every 21 days
at doses between 50 and 1000 mg/m*® and in the second
trial E7070 was administered five times per day once every 3
weeks at doses between 10 and 200 mg/m? per day. Other sche-
dules used were a weekly infusion given over 4 consecutive
weeks repeated every 6 weeks,” and a continuous intrave-
nous infusion for 5 days every 3 weeks.®™ In the single-dose
every 3 weeks study, neutropenia and thrombocytopenia
were dose-limiting at 700 and 800 mg/m*® In the sccond
study, neutropenia and thrombocytopenia were dosc-limiting
at 160 and 200 mg/m2® In the study that used a weekly dose
schedule, neutropenia and thrombocytopenia were also dose-
limiting toxicities (DLT) and other DLT included stomatitis,
diarrhea, nausca, and fatigue.” Partial responses were
observed in patients with breast and endometrial cancer.®?

During a phase I trial, three patients receiving prophylactic
daily oral maintenance therapy with acenocoumarol developed
a hemorrhagic tendency and/or a prolonged prothrombin time
following treatment with 700 and 800 mg/m?* of E7070.% The
major metabolic enzyme for acenocoumarol is cytochrome
P450 (CYP)2C9.® In vitro studics have shown that E7070
has the potential to inhibit CYP2CY and CYP2C19.49 The
pharmacokinetic drug—drug interaction study indicated that
primary interaction of the two drugs could occur via inhibi-
tion by E7070 of acenocoumarol metabolism.

Based on these results from the previous phase T and phar-
macokinetic trials, the present phase I study was designed to
evaluate ascending doses of E7070 administered as a single
dose by 1-2-h i.v. infusion cvery 21 days. The objectives of
the study were to determine the maximum tolerated dose
(MTD) and the dose to be recommended for use in future
phase 1T studies, as well as 1o assess the salety, pharmacoki-
netic profile and preliminary antitumor activity of the drug.
We also evaluated the influence of genetic polymorphisms
of CYP2CY9 and CYP2CI9 on the pharmacokinetics of
E7070.
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Materials and Methods

Patient selection

Japanese patients  with  histologically or cytologicully
confirmed malignant solid tumors refractory (o conventional
chemotherapy, or tumors for which no effective therapy was
available, were candidates for this study. Eligibility criteria
included the following: age between 20 and 75 years; World
Health Organization (WHO) performance status 0-1, life
expectancy = 3 months, absolute leukocyte count = 4000/uL
and < 12 000/uL, absolute neutrophil count = 2000/uL, hemo-
globin level =9 g/dL, platelet count =100 000/uL., serum
creatinine level <1.5 mg/dL or creatinine clearance 2 50 ml/
min, and arterial partial pressure of oxygen of 65 toir or
more. Additional entry criteria were serum bilirubin £ 1.5 mg/dL,
and serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) < 100 TU/L. Before study cntry, a 6-
week interval was required for patients previously treated
with mitomycin C or nitrosoureas, a 4-week interval was
required for other chemotherapy, endocrinotherapy, surgery,
radiation therapy, immunotherapy treatments or other invest-
igational agents, and a 2-week interval after blood trans-
fusion or administration of granulocyte-colony stimulating
factor (G-CSF). Patients were ineligible for the study if they
had symptomatic central nervous system metastases, active
infection, or other non-malignant disease, which was con-
sidered to be incompatible with the protocol. Patients who
were receiving corticosteroids or cowmarin anticoagulants
less than 2 wecks prior to administration of E7070 werc
excluded from the study. The protocol was approved by the
institutional review boards of the National Cancer Center,
and all patients gave written informed consent prior to study
entry.

Dosage and dose escalation
E7070 was provided as a lyophilized powder in 500-mg vials
by Eisai Co. (Tokyo, Japan). The starting dose of E7070 was
set at 400 mg/m* because only mild to moderate grade 1 1o
grade 2 toxicity was observed at doses of 600 mg/m? or lower
in the previous phase T study.® Subsequent doses were to be
escalated to 600, 700, 800 and 900 mg/m?. E7070 was dis-
solved in 20 mL of distilled water, then added to 500 mL of
normal saline for injection, and this solution was admin-
istered by intravenous infusion over | h at doses of 400 and
600 mg/m* Injection site reaction was observed in one of
three patients at 400 mg/m? and (hree of three palients at
600 mg/m?. Therefore, E7070 was given in 1000 mL of
normal saline over 2 h ar 700, 800, and 900 mg/m?. Patients
were hospitalized for the first course of E7070 and remained
hospitalized for close observation for 21 days thereafier.
Subsequent couwrses could be administered on an outpatient
basis with weekly patient cvaluations by the investigator,
Patients were enrolled in cohorts of three patients per dose
level and observed for 21 days; the observation period was
extended to 42 days if a longer recovery period was needed.
If one of the three patients experienced DLT, then three addi-
tional patients were treated at the same dose. If two or more
of three or six patients experienced DLT, that dose level was
regarded as the MTD. If none ol the first three patients demon-
strated DLT, then the next three patients were treated at the
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next (higher) dose level. Individual patients who did not
demonstrate DLT and showed no evidence of discase pro-
gression could receive E7070 at the originally assigned dose.

After the MTD had been determined, a dose below the
MTD was evaluated in a total of six patients for identification
of the proposcd recommended dose for phase 1T study. The
recommended dose was the highest dose at which less than
33.3% of treated patients experienced DLT.

Definition of dose-limiting toxicity

The DLT was defined as the occurrence of any of the
following events during cycle 1 that were attributable 1o
E7070: National Cancer Institute Common Toxicity Criteria
(NCI CTC) (version 2.0) grade 3 or 4 non-hematological
toxicily (except nausea, vomiting effectively managed with
symplomatic trealment, or alopecia), grade 4 leukopenia,
grade 4 ncutropenia accompanied by fever of 2 38.5°C, or
that persisted 25 days, and platelet count < 25 000/uL.
Prophylactic use of colony-stimulating factors was not
permitted during the first cycle; however, patients who had
neutropenia that had met the criteria for DLT were permitted
to receive concomitant treatment with G-CSF.

Evaluation of patients

Safety was evaluated on the basis of physical findings, vital
signs, adverse events, und laboratory parumeters obtained at
baseline and periodically throughout the study. During the
first cycle, hematology studies were performed at least twice
a week, while vital signs, physical examinations (including
eviluation of performance status) and serum biochemistry
were measured on days I, 8 and 15. Toxicity evaluations of
subjective and objective findings were performed according
to the NCI CTC (version 2.0) on days 1, 8 and 15. For the
second and subsequent cycles, vital signs, laboratory tests
and toxicily evaluations based on subjective and objective
findings were performed on days 1, 8, and 15 of each cycle.
Blood glucose was monitored before the dose of E7070 and
after the end of infusion. Blood coagulation studies were
carried out before each dose for all cycles and also at day 8
ol the first cycle. Efficacy was assessed by the physician on
the basis of antitumor effect according to the Response
Evaluation Criteria in Solid Tumors (RECIST).UD If an
antitumor effect was observed, the disease site was re-
evaluated at least 4 weeks later to confirm the response.

Pharmacokinetics

Pharmacokinetic studies were performed during the first
cycle of trearment. On day 1, blood samples (4 mL each) were
drawn from an indwelling intravenous cannula in the arm
contralateral (o that bearing the infusion line. Samples were
collected in heparinized tubes, preinfusion, at 30 min after
the start of the infusion, at the end of the 1- or 2-h infusion,
and at 10, 30, and 60 min and 2, 4, 6, 10, 24, 48, 72, 96, 168,
and 240 h after the infusion. The samples were centrifuged at
1500xg for 10 min at 5°C, and the resulting plasma samples
were stored at ~20°C until analysis. Urine samples were
collected before the start of E7070 infusion and over three
24-v intervals for 72 h after the start of the infusion. The
concentrations  of E7070 in plasma and in urine were
analyzed at Eisai Co. by means of validated high-performance

© Japanese Cancer Association doi: 10.1111/.1349-7006.2005.00109.x



liquid chromatography methods with UV detection (HPLC-
UV). The lower limit of quantification was 20 ng/mL. N-(3-
Chloro-7-indolyl)-4-(N-methylsulfamoylbenzenesulfonamide
(BER-67771)42 was used as an internal standard.

Plusma, the internal standard and 0.1 mol/L. phosphate
buffer (pH 6.8) were vortexed. After adding cthyl acetate, the
mixture was shaken and centrifuged. The organic layer was
collected and wansferred into a glass tube, then evaporated
under nitrogen flow in a drying block. The residue was dis-
solved in CH,CN-6.7 mmol/L phosphate bufler (pH 6.6), and
the solution was injected into an HPLC apparatus.

Chromatographic separation was achieved by using a
column swilching method with Asahipak C8P-50 (Showa
Denko, Tokyo, Japan) as a separation column and YMC-pack
ODS-AM-312 (YMC) as an analytical column. Mobile phases
were CH,CN: 6.7 mmol/L phosphate bulfer (pH 6.6; 360:640
{viv]) for separation and CH,CN: 6.7 mmol/L. phosphate
buffer (pH 7.4; 360:640 [v:v]) for analysis. E7070 was
monitored by UV detection at 280 nm.

Pharmacokinetic parameters of E7070 after a single dose
administration during the first cycle were determined by non-
compartmental analysis using WinNONLIN (Pharsight Cor-
poration, CA, USA). The apparent elimination rate constant
at the terminal phase (A,) was estimated by linear regression
analysis from the terminal log-lincar declining phase to the
last quantifiable concentration. The elimination half-life (t,,,)
was calculated as 1y, = In(2)/A,. The area under the plasma
concentration—time curve from zero to the last quaniifiable
sampling time, AUC,, ,;, was obtained by the log trapezoidal
rule. The AUC from zero to infinity was calculated as AUC,_
+ C/A,, where C, was the last quantifiable concentration.
The clearance was calculated as dose/AUC. The mean resi-
dence time (MRT) was estimated from AUMC/AUC, where
AUMC is the first moment curve. The volume of distribution
was calculated as MRT x clearance.

Genotyping procedures for CYP2C9 and CYP2C19

Genotyping was conducted using the Invader assay (BML,
Tokyo, Japan). Genomic DNA was isolated [rom whole
blood with the QTAamp DNA Blood Kit (Qiagen, CA, USA).
The primary probes (wild type and mutant probes) were used
1o detect C430T (*2) and A1075C (*3) mutations of
CYP2C9, and G681A (¥2) and G636A (*3) of CYP2CI9,
respectively. The invader assay {luorescent resonance energy
transfer  (FRET)-detection  96-well  plates  (Third  Wave
Technologies, WI, USA) contained Cleavase enzyme, FRET
probes, MOPS buffer and polyethylene glycol. Eight
microliters of mixtures consisting of an appropriate primary
probe, Invader oligonucleotide and MgCl, was added to the
wells, followed by addition of 7 [L of the heat-denatured
genomic DNA, and this was overlaid with 15 pL. of mineral
oil. For only CYP2C9%2 (C430T) detection, a dilution of the
CYP2CY-specific polymerase chain reaction (PCR) product
was used instead of genomic DNA, because the CYP2C9#2
(C430T) detection point  has the same sequence on
CYP2C19. The plates were incubated at 63°C for 4 h for
genomic DNA or [ h for the PCR product. The fluorescence
intensities were measured on a Cytofluor 4000 fuorescence
plate reader (Applied Biosystems, CA, USA) with excitation
at 485/20 nm (wavelength/bandwidih) and emission at 530/

Yamada et al.

Table 1. Patients' characteristics

No. entered 21
Age (years)

Median 57

Range 35-70
Male:female (no. patients) 15:6
WHO performance status (no. patients)

0 7

1 14
Tumor type (no. of patients)

Colorectal 1

SCLC

Gastric

NSCLC

Liposarcoma

Mesothelioma
Prior treatment

Chemotherapy

No. prior regimens (no. patients)

—= = e e N

N o= O

>3
Surgery (no. patients)
Radiation therapy (no. patients)

TR
N wnuv = O

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer;
WHO, World Health Organization.

25 nm for FAM dye detection, and excitation at 560/20 nm
and emission at 620/40 nm for RED dye detection.

Subjects having either the *2 or *3 allele (*1/%2 or *1/*3)
were defined as hetero extensive metabolizers (hetero EM),
those with two mutated alleles (*2/%2, *#2/*3 or *3/*3) as
poor metabolizers (PM), and those with no mutated alleles
(*1/%1) as homo EM.

Results

Patients’ characteristics

Twenty-one patients (15 male and six female) were enrolled
into the study (Table 1). All patients had a good performance
status and had received previous chemotherapy regimens.
The colon/rectum was the most commonly noted primary
diseasc site. All patients were evaluable for toxicity during
the first cycle, and for efficacy. Twenty-one patients received
42 cycles of treatment. The median number of cycles
administered per patient was one (range, 1-8).

Dose escalation and identification of DLT, MTD, and the
recommended phase Hl dose

The DLT in this study were leukopenia, neutropenia, throm-
bocytopenia, elevation of AST, cotitis, and ileus. None of the
patients treated at any dose of less than 800 mg/m* experi-
enced DLT. Al a dose of 900 mg/m?, two of three patients
experienced dosc-limiting leukopenia, neutropenia, and
thrombocytopenia, identifying this dose level as the MTD. At
the same dose, grade 3 colitis and grade 3 AST elevation
were observed in one patient. Therefore, three additional
paticnts were enrolled at 800 mg/m®. One of the additional
three patients cvaluated for safety at 800 mg/m? experienced
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