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Abstract E7010 is a novel sulfonamide which was dis-
covered using slow-growing colon 38 carcinoma cells as
a screening model. E7010 exhibits a broad spectrum of
antitumor activity against human tumor xenografts. The
mechanism of action is by arresting the progression of
cells in M phase of the cell cycle by inhibiting tubulin
polymerization. The objective of this phase I study was
to determine the maximum allowable dose (MAD),
toxicity, and pharmacokinetics of single or 5-day re-
peated doses of E7010. In the single-dose study, E7010
was administered orally to 16 patients at doses ranging
from 80 to 480 mg/m2. The dose-limiting toxicity was
peripheral neuropathy at a dose of 480 mg/m2. He-
matological and gastrointestinal toxicities were mild. In
the 5-day repeated-dose study, 41 patients were given
E7010 at doses ranging from 30 to 240 mg/m2 per day.
The dose-limiting toxicities were peripheral neuropathy
and intestinal paralysis. Gastrointestinal toxicity was
dose-dependent but not severe. Hematological toxicity
was not dose-dependent. Pharmacokinetic analysis in
the single-dose study showed a rapid increase in the
plasma levels of the drug after administration, followed
by disappearance with a t1/2 of 4.4±16.6 h. The variation
in area under the plasma concentration-time curve
(AUC) between the patients was small and increased in a

dose-dependent manner. Total drug recovery in urine
72 h after administration was 77.8 � 11.4%, indicating
that E7010 has favorable absorption and elimination
pro®les. The changes in the plasma levels of E7010 on
day 5 in the 5-day repeated-dose study were almost the
same as those on day 1, indicating that the drug did not
accumulate. In the single-dose study, spinal cord me-
tastasis exhibited a 74% reduction in a patient with
uterine sarcoma and a minor response (MR) was ob-
served in a pulmonary adenocarcinoma patient. In the 5-
day repeated-dose study decreases in the tumor markers
carcinoembryonic antigen (CEA) and squamous cell
carcinoma antigen (SCC) were observed in a patient
with stomach cancer and in a patient with recurrent
uterine cervical carcinoma, respectively. The recom-
mended phase II doses are 320 mg/m2 for a single-dose
study and 200 mg/m2 per day for a 5-day repeated-dose
study. Since the activity of E7010 is time-dependent, i.e.
a certain concentration of E7010 is required for more
than 12 h to suppress the growth of P388 leukemia cells,
it is recommended that subsequent phase I/II studies be
conducted using a divided dose schedule in order to
maintain the blood level of E7010.
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Introduction

More than 300 sulfonamide derivatives were synthesized
to discover the agent E7010 which is active against solid
tumors [1, 2]. The compounds were screened using a
slow-growing colon 38 solid tumor model. E7010 has
been found to have good antitumor activity, with a
broad spectrum of activity against rodent solid tumors
and various kinds of human tumor xenografts [3, 4].
E7010 is also active against various types of resistant
cells such as vincristine-resistant, cisplatin-resistant and
5-¯uorouracil-resistant P388 cells in vivo. The mecha-
nism of action of E7010 is by arresting progression of
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the cell cycle in M phase by inhibiting tubulin poly-
merization [5]. The binding site of E7010 to tubulin is
the cholchicine binding site, which is di�erent from that
of vinca alkaloids.

E7010-resistant P388 leukemia cell lines were estab-
lished by increasing the concentration of E7010 in vitro
after N-methyl-N¢-nitro-N-nitrosoguanidine (MNNG)
treatment. The resistant cell lines are not cross-resistant
with other antitumor drugs, including vincristine. In-
terestingly, the cell lines are more sensitive to Taxol than
the parent P388 leukemia cells. E7010 demonstrates a
time-dependent antiproliferative e�ect. P388 leukemia
cells should be exposed to E7010 for at least 12 h or
more to exhibit the antiproliferative e�ect. This time-
dependency seems to be derived from the reversibility of
its binding to tubulin. 14C-E7010 quickly dissociates
from tubulin when excess unlabeled E7010 is added.
This phase I study of E7010 was conducted because of
the compound's good broad-spectrum antitumor activ-
ity and interesting characteristics such as activity against
various types of resistant cells, a binding site di�erent
from that of vinca alkaloids and its reversible binding to
tubulin. The single-dose study was conducted ®rst. The
5-day repeated-dose study was started after the safety
had been con®rmed in the single-dose study.

Materials and methods

Patient selection

Eligible patients were those who had histologically or cytologically
con®rmed malignant solid tumors resistant to standard therapy, or
for whom appropriate treatment did not exist. Patients were from
15 to 75 years of age, had an estimated life expectancy of 3 months
or more and had a performance status of 0±2 (Criteria of the Japan
Society for Cancer Therapy). All patients showed adequate organ
function (WBC count ³4000/ll, hemoglobin ³9.5 g/dl, platelet
count ³100 000/ll, total bilirubin £1.5 mg/dl; SGOT and SGPT
levels less than twice the upper normal limit, BUN and serum
creatinine levels less than the upper normal limit). Eligible patients
had to have recovered from toxicity of prior therapy and to have
not received biological response modi®ers, hormone preparations
or antimetabolites for at least 2 weeks or other chemotherapy for at
least 4 weeks prior to the study. Informed consent was obtained
from the subjects or their guardians prior to enrollment.

Treatment plan

Capsules containing 10, 50, 100 or 200 mg E7010 were supplied by
Eisai Co. Ltd (Tokyo 112-88, Japan) and administered orally after
breakfast. The treatment schedule consisted of single or 5-day re-
peated doses. Since the antiproliferative e�ect of E7010 is time-
dependent, i.e. a certain concentration of E7010 is required for
more than 12 h to suppress the growth of P388 leukemia, the sin-
gle-dose study was conducted ®rst. The 5-day repeated-dose study
was started after the maximum allowable dose (MAD) and dose-
limiting toxicity (DLT) had been determined in the single-dose
study. A starting dose of 80 mg/m2 in the single-dose study was
selected since this dose is approximately equal to 1/10 of the LD10

in mice (825 mg/m2), which is lower than 1/3 of the toxic dose low
(TDL) in beagles (2747 mg/m2). The starting dose in the 5-day
repeated-dose study was set at 30 mg/m2 per day (1/5 of 150 mg/
m2), based on the following results: (a) anorexia and weight loss in

one patient and nausea and anemia in another were the only tox-
icities that were related to E7010 out of seven patients given single
doses up to 160 mg/m2, and (b) the pharmacokinetic data suggest
that E7010 does not accumulate in the plasma, even after 5-day
continuous administration. The dose for the single-dose study was
increased from 80 mg/m2 to 160, 320, and 480 mg/m2. In the 5-day
repeated-dose study, the daily dose was increased from 30 mg/m2

per day to 40, 60, 80, 120, 150, 180, 210 and 240 mg/m2 per day.
Grading of toxicity was based on the Criteria for the Evaluation

of the Clinical E�ects of Solid Cancer Chemotherapy of the Japan
Society for Cancer Therapy [6].

The dose was increased to the next level only after safety had
been con®rmed. When toxicity of grade 2 or greater, or toxicity
associated with a change of more than one grade was observed, the
incidence of toxicities, recovery time, and pharmacokinetics were
carefully considered before adding another subject, increasing the
dosage or continuing the study. The patients were observed before
E7010 administration and weekly for 4 weeks after the start of
administration. Objective and subjective factors, vital signs, he-
matology and blood chemistry were assessed, and urinalysis carried
out. The MAD was de®ned as that dose at which two or more out
of three patients experienced grade 2 or greater nonhematological
toxicity (excluding nausea/vomiting and alopecia), and grade 3 or
greater hematological toxicity.

For those patients with measurable disease, standard response
criteria were utilized. A complete response was de®ned as the
complete disappearance of all clinical evidence of cancer for at least
4 weeks and the absence of new lesions. A partial response was
de®ned as a ³50% reduction in the sum of the products of the
perpendicular diameters of all measurable lesions as compared with
the baseline value for at least 4 weeks. A minor response (MR) was
de®ned as a reduction of more than 25% and less than 50% in the
sum of the area of all measurable lesions as compared with the
baseline value for at least 4 weeks. Progressive disease was de®ned
as a ³25% increase in the sum of the areas of all measurable le-
sions, while stable disease was de®ned as that not meeting the
criteria for a complete, partial response, MR or progressive disease.

Pharmacokinetic analysis

Blood samples for pharmacokinetic studies were collected in hep-
arinized tubes prior to E7010 administration and 0.5, 1, 2, 4, 8, 24,
48 and 72 h after the administration in the single-dose study, and
prior to E7010 administration and 0.5, 1, 2, 4 and 8 h after the ®rst
administration, before the second, third and ®fth administrations,
and 0.5, 1, 2, 4, 8, 24, 48 and 72 h after the ®fth administration in
the 5-day repeated dose study. After blood collection, heparinized
blood was immediately centrifuged at 3000 rpm for 10 min and the
plasma separated and frozen at )20 °C until assayed. Urine sam-
ples were collected prior to E7010 administration and for 0±8, 8±24,
24±48 and 48±72 h after administration in the single-dose study,
and prior to E7010 administration and for 0±24 hours after ad-
ministration from days 1 to 5, and for 24±48 and 48±72 h after the
®fth administration in the 5-day study. Urine volume was measured
accurately at the end of each collection period. Aliquots (10 ml)
were stored at )20 °C until analyzed.

Quanti®cation of E7010 in plasma and urine was conducted
using high-performance liquid chromatography (HPLC). Plasma
(250 ll) was mixed with 100 ll internal standard solution (4-et-
hoxy-N-[2-[(4-hydroxyphenyl)amino]-3-pyridyl]benzene-sulfonamide,
2.5 lg/ml) before adding 1.0 ml 0.1 M Britton Robinson bu�er
(pH 5.0) and 5.0 ml diethyl ether. Samples with higher concentra-
tions were diluted for analysis. The mixtures were shaken for
10 min and then centrifuged at 3000 rpm for 5 min. The organic
layer was removed and 0.4 ml 0.2 N HCl added. This mixture was
shaken for 10 min and then centrifuged at 3000 rpm for 5 min. The
upper organic layer was discarded and the aqueous layer analyzed
by HPLC.

The HPLC system comprised an LC-9A pump (Shimadzu,
Kyoto, Kyoto, Japan), a Lambda-Max 481 UV detector (Waters
Associates, Milford, Mass., USA), a WISP-712B autosampler
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(Waters Associates), and a C-R4AX integrator (Shimadzu). The
analysis was conducted under the following conditions: column,
YMC AM-312 C18 5 lm (6.0 mm internal diameter ´ 150 mm);
mobile phase, 60% CH3CN/0.05 M acetate bu�er (pH 5.5); ¯ow
rate, 1.2 ml/min; detection UV 270 nm; column temperature 35 °C;
injection volume, 50 ll.

Under these conditions, the limit of quanti®cation was 0.05 lg/
ml, and the retention times for E7010 and the internal standard
were approximately 7.1 and 10.3 min, respectively. The standard
curve for E7010 was linear (r � 0.9999) over the range 0.05±5 lg/
ml. Endogenous substances did not interfere with the detection of
E7010 or of the internal standard. E7010 concentrations were de-
termined by comparing the ratio of the height of the E7010 peak
with internal standard peak in the patient sample with a standard
curve prepared simultaneously. Urine concentrations of E7010
were obtained using the same method as for plasma except that
500 ll of urine was used.

Results

Patient characteristics

The patient characteristics are summarized in Table 1. A
total of 16 and 41 patients were enrolled in the single-
dose and 5-day repeated-dose studies, respectively. Six
patients were excluded from the repeated-dose study: in

two patients the investigator decided not to administer
E7010 because of rapid disease progression after en-
rollment, in one patient there was a protocol violation
(6 mg/m2 per day was administered, i.e. 1/10 the pre-
scribed dose of 60 mg/m2 per day), two patients were
excluded because they died as a result of disease pro-
gression within 3 weeks of the completion of treatment,
and one patient vomited 5 min after administration.
Thus, the data for 51 patients (16 and 35 in the single-
dose and 5-day repeated-dose studies, respectively) were
used to evaluate the safety of E7010. In this study, pa-
tients could be enrolled at di�erent doses. Two patients
scheduled for the repeated-dose study were treated twice
(one patient 30 and 40 mg/m2 per day, one patient 80
and 120 mg/m2 per day). Except for these patients, no
other individual received a repeated course of E7010.
More than half the patients in the single-dose study had
lung cancer and all had undergone chemotherapy prior
to the study, and more than half the patients in the re-
peated-dose study also had lung cancer. Gynecological
cancer was the next most frequent type of cancer. Che-
motherapy had been performed in 32 of the 35 patients.

Toxicity

The toxicities observed in the single-dose study are
presented in Tables 2 to 4. Numbness of the extremities
was observed at doses of 320 mg/m2 (grades 1 and 2 in
one patient each) and 480 mg/m2 (grades 1, 2 and 3 in
two, one and one patients, respectively). At 480 mg/m2,
grade 3 numbness was observed 1 day after E7010 ad-
ministration, but rapidly improved to grade 2, but about
2 months were needed for it to improve from grade 2 to
1. The same patient developed grade 2 absent knee jerk
re¯ex 2 days after E7010 administration which disap-
peared 3 days after onset. Neurologic toxicity was the
DLT in the single-dose study (Table 2).

Hematological toxicity was mild and leukocytopenia
and thrombocytopenia were rarely seen. Although re-
duced hemoglobin was observed in all groups, the inci-
dence and severity did not appear to be dose-dependent
(Table 3). Nausea and vomiting were dose-dependent.
Anorexia, gastric discomfort and diarrhea were ob-
served mainly at doses of 320 and 480 mg/m2 per day.
These gastrointestinal symptoms were mild and im-
proved within 3 days of onset (Table 4).

The toxicities observed in the 5-day repeated-dose
study are presented in Tables 5 to 7. Peripheral ne-
uropathy, the DLT in the single-dose study, was ob-
served in two of three patients at 30 mg/m2 per day and
two of four patients at 40 mg/m2 per day, so caution was
taken when increasing the dose. However, no numbness
was observed at doses of 60 to 120 mg/m2 per day. At
higher doses, numbness was grade 1 in one of three
patients at 150 mg/m2 per day, grades 1 and 2 in one
patient each of four patients at 180 mg/m2 per day,
grade 3 in one of four patients at 210 mg/m2 per day,
and grades 1 and 2 in two and one of six patients

Table 1 Patient characteristics

Single
administration

5-day
repeated dose
administration

Entered 16 41
Evaluable 16 35
M/F 10/6 18/17

Age (years)
Median 65 57
Range 41±71 42±74

Performance statusa

0 0 8
1 4 22
2 12 5

Prior therapy
Chemotherapy 16 32
Radiotherapy 8 15
Surgery 8 16
Immunotherapy 0 5

Diagnosis
Lung cancer 11 17
Stomach cancer 0 2
Cancer of large
intestine

0 2

Breast cancer 1 2
Carcinosarcoma
of uterus

1 0

Uterine cervical cancer 1 6
Ovarian cancer 1 4
Invasive thymoma 1 0
Oropharyngeal cancer 0 1
Malignant pleural
mesothelioma

0 1

aAccording to the Criteria for the Evaluation of the Clinical E�ects
of Solid Cancer Chemotherapy de®ned by the Japan Society for
Cancer Therapy
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at 240 mg/m2 per day. These ®ndings indicate that
numbness was dose-dependent. Grade 3 numbness im-
proved to grade 1 within about 2 weeks of onset in the
patient at 210 mg/m2 per day, but improved from grade
2 to 1 within 4 days of onset in the patient at 240 mg/m2

per day. In the patients at 180 mg/m2 per day, grade 2
numbness developed 28 days after completing E7010
administration but it was not bilateral numbness as had
been observed previously, so the relationship between
E7010 and this symptom remains unclear (Table 5).

Grade 1 intestinal paralysis was observed in one of the
four patients at 180 mg/m2 per day, Grade 4 in one of
four patients at 210 mg/m2 per day, and grades 1 and 4 in
one each of six patients at 240 mg/m2 per day. Grade 4
ileus observed in patients at 210 and 240 mg/m2 per day
developed on the ®nal day of treatment and 2 days after
completing treatment, respectively. However, it improved
with intervention (limiting food and drink intake and
Prostarmon-F therapy) within about 2 weeks of onset.

Grade 1 decreased or absent knee jerk re¯ex was
observed in one of four patients at 120 mg/m2 per day,
and grade 2 was observed in two of six patients at
240 mg/m2 per day. One patient given 240 mg/m2 per
day who had ileus 2 days after completing treatment
developed grade 2 absent knee jerk re¯ex on the 5th day
of administration, which had recovered by day 28 after
onset. Another patient at 240 mg/m2 per day who had
grade 1 paresthesia on the 4th day of administration
developed grade 2 absent knee jerk re¯ex on the 2nd day
of administration. The symptom persisted for 39 days,
but the patient experienced no inconveniences in daily
life.

Leukopenia was observed in two of four patients at
doses of 120, 180, and 210 mg/m2 per day. However, it
was not dose-dependent because only grade 0 le-
ukopenia was observed in one of six patients at
240 mg/m2 per day. Reduced hemoglobin was seen at
doses of 30 to 240 mg/m2 per day, but it too was not

Table 2 Neurologic toxicities in single-doze study

Dose Patients Paresthesia Hypoactive or absent knee jerk re¯ex
(mg/m2) (n) Grade Grade 2

or higher
Grade Grade 2

or higher
1 2 3 1 2

80 4 0 0 0 0/4 0 0 0/4
160 3 0 0 0 0/3 0 0 0/3
320 4 1 1 0 1/4 1 0 0/4
480 5 2 1 1 2/5 1 1 1/5

Table 3 Hematological toxicities in single-dose study. The num-
bers indicate the numbers of patients with abnormal values; the
numbers in parentheses indicate the grade of toxicity according to
the Criteria for the Evaluation of the Clinical E�ects of Solid
Cancer Chemotherapy de®ned by the Japan Society for Cancer
Therapy

Dose Patients WBC Platelets Hemoglobin
(mg/m2) (n)

80 4 1 (1) 1 (0) 2 (0, 1)
160 3 0 0 2 (2, 2)
320 4 0 0 1 (2)
480 5 0 0 1 (1)

Table 4 Gastrointestinal toxicities in single-dose study. The num-
bers indicate numbers of patients; numbers in parentheses indicate
the grade of toxicity according to the Criteria for the Evaluation of
the Clinical E�ects of Solid Cancer Chemotherapy de®ned by the
Japan Society for Cancer Therapy

Dose
(mg/m2)

Patients
(n)

Nausea/
vomiting

Anorexia Epigastric
discomfort

Diarrhea

80 4 0 1 (2) 0 0
160 3 1 (1) 0 0 0
320 4 3 (1, 1, 2) 1 (1) 2 (1, 2) 0
480 5 2 (2, 3) 2 (2, 3) 1 (3) 3 (1, 1, 1)

Table 5 Neurologic toxicities in 5-day repeated-dose study

Dose
(mg/m2)

Patients
(n)

Paresthesia Hypoactive or absent
knee jerk re¯ex

Intestinal paralysis

Grade Grade 2
or higher

Grade Grade 2
or higher

Grade Grade 2
or higher

1 2 3 1 2 1 2 3 4

30 3 2 0 0 0/3 0 0 0/3 0 0 0 0 0/3
40 4 2 0 0 0/4 0 0 0/4 0 0 0 0 0/4
60 3 0 0 0 0/3 0 0 0/3 0 0 0 0 0/3
80 4 0 0 0 0/4 0 0 0/4 0 0 0 0 0/4
120 4 0 0 0 0/4 1 0 0/4 0 0 0 0 0/4
150 3 1 0 0 0/3 0 0 0/3 0 0 0 0 0/3
180 4 1 1 0 1/4 0 0 0/4 1 0 0 0 0/4
210 4 0 0 1 1/4 0 0 0/4 0 0 0 1 1/4
240 6 2 1 0 1/6 0 2 2/6 1 0 0 1 1/6
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dose-dependent. As described above, the hematological
toxicities were mild (Table 6).

Gastrointestinal toxicities were dose-dependent,
Grade 2 nausea and vomiting were recorded in one of
three patients at 60 mg/m2 per day, grade 1 in two of the
three patients at 150 mg/m2 per day, grade 1 in one of
the four patients at 180 mg/m2 per day, grades 2 and 3 in
two and one of four patients at 210 mg/m2 per day, and
grades 1, 2 and 3 in two, two and one of six patients at
240 mg/m2 per day. The patient at 210 mg/m2 per day
who developed grade 3 nausea and vomiting and the
patient at 240 mg/m2 per day who developed grade 2
nausea and vomiting both exhibited grade 2±3 anorexia.
Epigastric discomfort and diarrhea were the other gas-
trointestinal toxicities observed. The gastrointestinal
toxicities observed were not severe and were reversible
(Table 7).

E7010 administration was discontinued in one patient
(at 240 mg/m2 per day) owing to eruptions and edema
which appeared after the ®rst dose on day 1.

Pharmacokinetics

In the single-dose study, the plasma levels of E7010
reached a peak (Cmax) approximately 3 h after E7010
administration, following which they rapidly decreased
(Fig. 1, left side). The t1/2 varied from about 4.4 to
16.6 h (Table 8). The AUC did not ¯uctuate widely
between patients, and increased in a dose-dependent
manner (Fig. 2). Total drug recovery in urine 72 h after
administration was 77.8 � 11.4% (unchanged form
0.7%, E7010 sulfate 54.0%, E7010 glucuronide 23.1%),
indicating that E7010 has favorable absorption and
elimination pro®les (Fig. 3). The average protein bind-
ing rate was 98.6%.

Changes in plasma levels of E7010 in the 5-day re-
peated-dose study are shown in Fig. 1 (right side). The
AUC of E7010 on day 5 was almost the same as on day 1,
indicating that the drug did not accumulate. The sulfate
and glucuronide forms of E7010 were mainly found as
metabolites. Since the AUC of these metabolites showed
no di�erence between day 1 and day 5, these metabolites
did not accumulate. The 24-h AUC values on day 5 did
not ¯uctuate widely between individuals, and the rela-
tionship between the AUC and dose was linear over the
range 30 to 480 mg/m2 (Fig. 2, Table 9).

Response

In the single-dose study, spinal cord metastasis exhibited
a 74% reduction in a patient with uterine sarcoma given

Table 6 Hematological toxicities in 5-day repeated-dose study. The
numbers indicate the numbers of patients with abnormal values;
numbers in parentheses indicate the grade of toxicity according to
the Criteria for the Evaluation of the Clinical E�ects of Solid
Cancer Chemotherapy de®ned by the Japan Society for Cancer
Therapy

Dose Patients WBC Hemoglobin
(mg/m2/day) (n)

30 3 0 1 (1)
40 4 0 0
60 3 0 1 (1)
80 4 0 1 (3)
120 4 2 (1, 2) 1 (2)
150 3 0 1 (1)
180 4 2 (2, 3) 0
210 4 2 (2, 2) 0
240 6 1 (0) 1 (3)

Table 7 Gastrointestinal toxi-
cities in 5-day repeated-dose
study. Numbers in parentheses
indicate the grade of toxicity
according to the Criteria for the
Evaluation of the Clinical Ef-
fects of Solid Cancer Che-
motherapy de®ned by the Japan
Society for Cancer Therapy

Dose
(mg/m2/day)

Patients
(n)

Nausea/
vomiting

Anorexia Epigastric
discomfort

Diarrhea

30 3 0 0 0 1 (2)
40 4 0 0 0 0
60 3 1 (2) 1 (1) 0 0
80 4 0 0 0 0
120 4 0 1 (1) 0 0
150 3 2 (1, 1) 1 (1) 1 (1) 1 (2)
180 4 1 (1) 0 0 0
210 4 2 (2, 3) 1 (3) 2 (1, 3) 0
240 6 5 (1, 1, 2, 2, 3) 4 (1, 2, 2, 3) 2 (1, 2) 1 (2)

Table 8 Pharmacokinetic parameters for E7010 from the single-dose study (values are means � SD)

Dose
(mg/m2)

n Cmax

(lg/ml)
Tmax
(h)

AUC (0±24 h)
(lg á h/ml)

t1/2
(h)

CL/f
(l/h/kg)

80 4 5.16 � 1.02 3.50 � 1.00 39.38 � 7.60 11.98 � 11.94 0.057 � 0.013
160 3 9.73 � 2.90 3.33 � 1.15 76.10 � 10.31 4.36 � 1.24 0.067 � 0.011
307 1 34.06 2.0 148.22 12.65 0.051
320 3 32.31 � 1.30 1.67 � 0.58 162.09 � 36.53 12.39 � 7.12 0.053 � 0.010
480 5 23.48 � 9.58 3.20 � 1.10 188.88 � 71.75 16.61 � 6.07 0.087 � 0.063
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160 mg/m2. MR was observed in a patient with pul-
monary adenocarcinoma given 480 mg/m2.

In the 5-day repeated-dose study, a decrease in the
tumor marker CEA from 515.5 to 245.4 ng/ml was ob-
served in a patient with stomach cancer given 120 mg/m2

per day, and inhibition of tumor growth and a decrease
in the tumor marker SCC from 9.1 to 6.2 ng/ml were
observed in a patient with progressive, recurrent uterine
cervical carcinoma given 240 mg/m2 per day.

Discussion

The objective of this study was to determine the MAD,
toxicity and pharmacokinetics of single and 5-day re-
peated doses of E7010. Hematological and gastrointes-
tinal toxicities were mild in the single-dose study. Grade
2 or greater neurologic toxicity was seen in one of four
patients at 360 mg/m2 per day and in two of ®ve patients
at 480 mg/m2 per day. Although these results do not

Table 9 Pharmacokinetic parameters for E7010 from the 5-day repeated-dose study (values are means � SD)

Dose
(mg/m2)

n Cmax

(lg/ml)
Tmax
(h)

AUC (0±24 h)
(lg á h/ml)

t1/2
(h)

CL/f
(l/h/kg)

30 3 2.65 � 1.93 3.67 � 3.79 15.76 � 3.93 3.93 � 1.29 0.041 � 0.016
40 3 3.95 � 1.65 2.00 � 1.73 15.49 � 4.57 5.12 � 2.81 0.057 � 0.024
60 3 5.60 � 2.23 2.17 � 1.76 32.47 � 4.27 4.31 � 0.45 0.034 � 0.011
80 4 6.73 � 1.75 2.75 � 1.50 39.45 � 10.20 4.04 � 1.60 0.044 � 0.019
120 4 10.27 � 4.40 2.50 � 1.00 65.98 � 19.72 4.67 � 0.69 0.046 � 0.016
150 3 13.45 � 5.01 3.50 � 3.97 91.06 � 33.40 5.11 � 0.18 0.037 � 0.014
180 5 11.75 � 2.21 3.20 � 1.10 73.56 � 24.39 3.95 � 0.92 0.056 � 0.028
210 5 17.43 � 4.09 2.80 � 1.10 109.28 � 39.40 4.62 � 0.43 0.041 � 0.012
240 6 21.07 � 5.17 2.08 � 1.11 120.10 � 24.64 4.62 � 0.84 0.040 � 0.014

Fig. 1 Plasma concentration-time curves for E7010 and its metabolites after single (a) and 5-day (b) repeated administrations

Fig. 2 Relationship between dose and AUC
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meet the de®nition of MAD (the dose at which two or
three patients out of three experience grade 2 or greater
toxicity), numbness may become progressively worse
after repeating a course and it was determined that
neurotoxicity was the DLT and the MAD was 480 mg/
m2. The AUC increased in a dose-dependent manner
and absorption was at least 80%, indicating a favorable
pharmacokinetic pro®le. Furthermore, a 74% reduction
in spinal cord metastasis was seen in a patient with
uterine sarcoma given 160 mg/m2 and an MR was ob-
served in a patient with pulmonary adenocarcinoma
given 480 mg/m2. Based on these results, the recom-
mended dose for a single-dose administration phase II
study is 320 mg/m2.

In the 5-day repeated-dose study, ileus was observed
in one of four patients at 210 mg/m2 per day and in one
of six patients at 240 mg/m2 per day. The patient at
210 mg/m2 per day who had ileus developed grade 3
numbness and grade 3 gastrointestinal toxicities (nau-
sea/vomiting, epigastric discomfort, anorexia). The pa-
tient at 240 mg/m2 per day who had ileus developed
grade 2 absent knee jerk re¯ex and grades 2±3 gastro-
intestinal toxicities. Hematological toxicity and gastro-
intestinal toxicity were mild. Although these results did
not indicate the MAD, ileus is a grade 4 toxicity, and the
numbness may become progressively worse after re-
peating the course, so it was determined that ileus and
neurotoxicity were DLTs and the MAD was 240 mg/m2

per day. Pharmacokinetic analysis indicated that the
drug did not accumulate during the 5 days, and that the
relationship between the AUC and dose was linear over
the range 30 to 480 mg/m2 per day. Antitumor activity
was indicated by decreases in the tumor markers CEA
and SCC in a patient with stomach cancer and one with
uterine cervical carcinoma, respectively. Based on these
results, the recommended dose for a 5-day repeated-dose
administration phase II study is 200 mg/m2 per day.

The peripheral neuropathy caused by E7010 seems to
be similar to that caused by vincristine and Taxol be-
cause paresthesia was the major symptom and the
numbness of the extremities was symmetrical [7, 8].

However, it is interesting to note that the location of the
onset of the numbness was di�erent from that found with
vincristine and Taxol: the symptom was observed ®rst in
the toes and then the ®ngers. It has been reported that
numbness develops simultaneously in the toes and ®n-
gers with Taxol [9] and that the paresthesia appears ini-
tially in the ®ngers and then the feet with vincristine [10].

In the 5-day repeated-dose study, four patients
showed grade 1 paresthesia at low doses, two each at 30
and 40 mg/m2 per day. Of these four, one who had been
previously treated extensively with chemotherapy, in-
cluding cisplatin, developed grade 1 numbness in the
upper limb at doses of 30 and 40 mg/m2 per day. An-
other patient who developed grade 1 paresthesia in the
oral cavity at 30 mg/m2 per day had received chemo-
therapy, including Taxotere. Another patient who de-
veloped grade 1 paresthesia in the hands at 40 mg/m2 per
day had been previously given cisplatin and vindesine.
Thus, it seems that patients who had received chemo-
therapy tended to develop paresthesia. Similar results
have been reported for Taxol [11]. Neurotoxicity usually
develops in patients treated with Taxol at a dose of
250 mg/m2 [12, 13]. However, neuropathy is observed at
a lower dose (135 mg/m2) when Taxol is administered to
patients who have previously been treated with cisplatin.

In the present study peripheral neuropathy was the
DLT. While paresthesia (grade 2 or more) was observed
at doses of 320±480 mg/m2 in the single-dose study, it
was not observed up to a total dose of 750 mg/m2

(150 mg/m2 per day ´ 5) in the 5-day repeated-dose
study. This indicates that the appearance of peripheral
neuropathy depends on the amount of the single dose
and not on the total dose. Hence, it seems that the se-
verity of peripheral neuropathy may be milder if each
daily dose of E7010 is divided into two or three smaller
doses.

The cytostatic e�ect of E7010 depends upon the
actual amount of time it is in contact with the cancer
cells, so it is desirable that the blood concentration be
maintained at high levels. The plasma levels decreased
relatively rapidly in the present study compared with
preclinical ®ndings. Therefore, it may be necessary to
administer E7010 twice or three times daily in order to
maintain a su�cient plasma level (Fig. 1). As mentioned
above, peripheral neuropathy may not develop if E7010
is administered twice or three times -daily. Thus, it is
important to carry out 5-day repeated-dose phase I/II
studies using a twice-daily or three times -daily regimen
in order to investigate the safety of this method of ad-
ministration and dosage, and to evaluate the antitumor
e�ect of E7010.

Since E7010 exhibited antitumor activity at a dose of
160 mg/m2 (single administration), we believe that its
activity would be observed more frequently for higher or
5-day-repeated doses. However, while antitumor activity
was observed in one patient given a single dose of
480 mg/m2 and in two patients given 5-day repeated
doses of 120 mg/m2 per day or 240 mg/m2 per day, the
activity was not as strong as expected. In the present

Fig. 3 Mean (n � 3) cumulative urinary excretion of E7010 and
its metabolites after a single 480 mg/m2 dose
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phase I study, E7010 was administered only in one
course. The antitumor activity of tubulin-interacting
agents such as Taxol [14, 15], Taxotere [16, 17] and
Navelbine [18, 19] appears after repeating the course.
Therefore, the antitumor activity of E7010 may be
observed in more patients if the courses were repeated,
for example as two 5-day repeated administrations with
3-weeks between.
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