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ABSTRACT

Ecteinascidin (ET) 743 is an anticancer agent derived
from the Caribbean tunicate Ecteinascidia turbinata. Pre-
clinical studies revealed activity of ET-743 against different
tumor types. A Phase | clinical trial was designed with
ET-743 to identify the maximum tolerated dose and dose-
limiting toxicities (DLTs). Furthermore, the pharmacokinet-
ics of ET-743 and relationships with pharmacodynamics
were evaluated. Adult patients with solid, resistant tumors
received ET-743 as a 24-h i.v. infusion every 21 days. Blood
samples were obtained during the first treatment course and
in several consecutive courses. Noncompartmental pharma-
cokinetic analysis was performed. Relationships between
pharmacokinetics and hepatic and hematological toxicities
were explored. Fifty-two patients were treated at nine dose
levels (50—180Qug/m?). The DLTS, neutropenia and throm-
bocytopenia, were experienced at 180f.g/m?. Twenty-five
patients were treated at the recommended Phase Il dose of
1500 pg/m?. At this dose, the mean valuex SD for total
body clearance was 5% 31 liters/h, and the mean {,, was
89 = 41 h. Pharmacokinetics were linear over the dose range
tested. Prior exposure to ET-743 did not alter the pharma-

curve (AUC). Hepatic toxicity, defined as rise in alanine
aminotransferase and aspartate aminotransferase, in-
creased with dose and AUC but was reversible and not dose
limiting. In conclusion, ET-743 administered as a 24-h i.v.
infusion at a dose of 150Qug/m? is clinically feasible; severe
thrombocytopenia and neutropenia are the DLTs.

INTRODUCTION

A large proportion of the anticancer drugs currently used
are derived from natural sources. They include \ieca alka-
loids, campthotecins, anthracyclins, and taxanes. During the
past decade, the importance of marine organisms as a source of
new materials has emerged and increased significantly (1, 2).
Cytarabine was the first marine-derived anticancer drug mar-
keted and is now an essential component in the treatment of
acute myeloid leukemia. Several marine-derived compounds,
e.g.,bryostatin 1, dolastatins, and didemnin B, are now being
clinically investigated as potential anticancer drugs (3-6).
Didemnin B has shown activity against non-Hodgkin’s lym-
phoma in Phase Il clinical studies (7).

ET-74% (Fig. 1) is a representative example of a marine-
derived anticancer product and was isolated from the Caribbean
tunicateEcteinascidia turbinataMore than 10 different ETs have
been isolated; ET-743 was found to be a potent compound and
appeared to be the most abundant in the tunicatén(Litro studies
have identified activity of the drug against solid tumor cell lines
including melanoma, non-small cell lung, ovarian, renal, prostate,
and breast cancer (8, 9). Furthermareyivo experiments includ-
ing several human xenograft models in mice demonstrated potent
activity against non-small cell lung, ovarian, breast, renal, and
melanoma tumors (1, 10, 11). Toxicity studies in rats, mice, dogs,
and monkeys have shown hematological toxicity (anemia, leuko-
penia). Hepatic toxicity was observed as an increase in liver en-
zymes as well as evidence of cholestasis (1, 8).

The preclinicalin vivo experiments with ET-743 revealed
cytotoxic activity of the drug when administered ag/m?
dosages, yielding nanomolar plasma concentrations. As a con-

cokinetics in subsequent courses. The percentage of decrease sequence, a very sensitive bioanalytical method is required to

in WBC count and absolute neutrophil count was correlated
to the area under the plasma concentrationversus time
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enable pharmacokinetic research. In our laboratory, an analyti-
cal system was developed that combines miniaturized LC with
two mass analyzers (LC/MS/MS) with a lower limit of quanti-
tation of 10 pg/ml (12, 13).

The mechanism of antitumor activity of ET-743 has not
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Table 1 Patient characteristics

No. of patients 52
Male/Female 24/28
Median age, yr (range) 58 (19-74)
Primary tumor site
Breast
Rectum
Colon
Gastrointestinal
Ovarian
Kidney
Pelvic
Unknown
Others

ONNWOOA~~NO

[N

tients had acceptable bone marrow function (AN€2.5 X 107

HO liter; platelets,=100 X 10%liter; hemoglobin,=10 g/100 ml);
adequate hepatic function (defined as serum bilirukig5s pwm;
transaminases and alkaline phosphatas® X the upper normal
limit, or <5 X the upper normal limit when attributable to liver
metastases); and adequate renal function (serum creatirige

pM). Other eligibility criteria were a performance statusst on

been completely elucidated yet, although it appears to be relatefie £astern Cooperative Oncology Group scale, age between 18
to its ability to form covalent adducts at the N2 position of 5,475 years, and a life expectancyz8 months. The patients had
guanine in the minor groove of DNA (1, 14, 15). This binding 4 have a normal electrocardiogram and had to have recovered from
|nte_ract|on has been s_tudled in more detail with nuclear MaJany prior surgery. The study protocol was approved by the Medical
netic resonance techniques, and it was reported that the units Ainics Committee of the study center, and all of the patients gave
and B and the carbinolamine moiety in ET-743 are responsiblgyitten informed consent.

for the recognition of and bonding to DNA (14). Recently, it DLTs. All of the toxicities were graded according to the
was described that by binding to the minor groove, ET-743National Cancer Institute Common Toxicity Criteria (22). DLTs
bends DNA toward the major groove (16). DNA-bound ET-743 yere defined as any of the following events attributable to
appeared to modify the interaction between DNA and severakT.743: any grade 4 toxicity (excluding alopecia and neutrope-
transcription factors in which unit C of ET-743 is probably nia); grade 3 toxicity (excluding emesis); grade 3 or 4 rise in
involved (15, 17, 18). Furthermore, ET-743 has been found tOAST, ALT, bilirubin, alkaline phosphatase, bile acigs3 x the
inhibit transcriptional activation of th®IDR1 gene by multiple upper normal limit, which have not recovered to grade 0 by day
inducers (19). Cytotoxic activity of ET-743 may also be causedy1 ang are still present at day 28; and grade 4 neutropnia lasting
by disorganization of the microtubule filaments in the cell (20). longer than 5 days or febrile neutropenia.

In addition, ET-743 has been found to block cell cycle progres- The dose at which at least two of three or three of six

sion in the late S and £M phases (1). A recent study also patients experienced DLTs was defined as the MTD. The next
identified topoisomerase | (but not topoisomerase Il) as a poSywer dose level below the MTD was defined as the RD for
sible target of ET-743 (21). Phase Il studies.

Preclinical studies indicated an increased activity of ET- Treatment Plan and Study Design. ET-743 was sup-
743 after long-term exposure (1, 8, 9). On the basis of thes%”ed by Pharma Mar S.A. (Madrid, Spain) as a white-to-pale-
findings, a Phase | clinical study was designed and conductegg|iow lyophilized powder in glass vials containing 25@ of
with ET-743 administered as a 24-h infusion repeated every £7.743. The contents of a vial were reconstituted with 5 ml of
weeks. The starting dose was based on mouse toxicology dat@ater per injection, and the obtained solution was diluted in an
with a LD, of 200 pg/kg (600pg/n¥). The objectives of this  aqgitional 60 ml of a sterile 0.9% sodium chloride solution.
trial were to determine the MTD and the DLTs and to proposegT.743 was administered i.v. via an electric syringe in 24 h
a safe RD for additional Phase Il investigation. Furthermore, thnroygh a central venous access.

pharmacokinetics of ET-743 and relationships with the pharma- e starting dose in this Phase | study was j5m?

Fig. 1 The chemical structure of ET-743.

codynamics were evaluated at different dose levels. administered as a 24-h i.v. infusion every 3 weeks. Dosage
escalation in the second and subsequent dose levels was based
PATIENTS AND METHODS on the safety profile observed at the previous level. Three new

Patient Population. Eligibility criteria included a histolog-  patients were entered at each dose level. If one patient exhibited
ically or cytologically confirmed diagnosis of a solid tumor not DLTs, three additional patients had to be treated.
responding to any established form of treatment. Previous chemo-  Pharmacokinetics. Serial blood samples (8 ml each)
therapy and/or radiotherapy was allowed provided that the lastvere collected in heparinized tubes at 15 time points: preinfu-
treatment was at least 4 weeks before study entry or 6 weeks in caséon; at 2, 6, and 23.5 h during the infusion; and at 5, 10, and 15
of nitrosoureas, mitomycin C, and high-dose carboplatin. All pa-min and at 0.5, 1, 2, 4, 6, 9, 12, and 24 h after the end of the
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Table 2 Pharmacokinetic parameters (mearSD) of ET-743 after a 24-h i.v. infusion during course 1

Dose level (ug/rf) n AUG,,; (h-ng/ml) Cinax (ng/ml) ty (h) Cl,, (liters/h) Vss(liters)
50 3 1.2 (+0.67) 0.061 (+0.043) 10 (+9.4) 79 (+£39) 570 (+210)
100 3 2.1(x1.7) 0.078 (+0.051) 20 (+26) 134 (*£81) 790 (=680)
200 3 3.8(*1.5) 0.19 (+0.08) 25 (+19) 100 (+42) 1700 (+1600)
400 3 39 (*45) 0.76 (=0.49) 81 (+110) 38 (*+26) 1100 (*740)
600 3 12 (+4.8) 0.56 (=0.22) 22 (*£12) 96 (+£57) 2100 (+2300)
900 3 36 (*+16) 0.95 (+0.20) 64 (+£58) 53 (+20) 2200 (+1600)
1200 5 32 (*£13) 1.4 (+0.65) 24 (+£6.8) 79 (+£35) 1200 (+580)
1500 25 55 (+25) 1.8(+1.1) 89 (+41) 59 (+31) 3900 (+1900)
1800 4 50 (+£17) 1.9 (+0.58) 94 (+£28) 64 (+23) 5300 (+£3200)

Table 3 Pharmacokinetic parameters (mearSD) of ET-743 after a 24 i.v. infusion during multiple courses

Dose level (wg/m) Course n AUG,; (h-ng/mL) Crnax (ng/ml) ty (h) Cl, (liters/h) Vss(liters)
1200 1 5 32(*13) 1.4 (£0.65) 24 (£6.8) 79 (=35) 1200 (+580)
1200 2 4 37 (+23) 0.98 (+0.51) 26 (+12) 72 (+£31) 1300 (+540)
1500 1 25 55 (+25) 1.8 (+1.1) 89 (=41) 59 (£31) 3900 (£1900)
1500 2 20 52 (+39) 1.5 (+1.1) 74 (+509) 72 (+44) 3900 (+3500)
1500 5 4 32(+9.0) 0.99 (+0.23) 45 (+36) 81 (+20) 2300 (+1400)
1800 1 4 50 (+£17) 1.9(+0.58) 94 (+28) 64 (+23) 5300 (*=3200)
1800 2 4 64 (£23) 1.1 (+0.069) 127 (£47) 48 (+12) 5500 (£1400)

infusion. Plasma was obtained by immediate centrifugation ofcentration-time curve (AUG) was determined using the log-linear
the samples (15 min, 4008 g). The clear supernatant was trapezoidal method with extrapolation to infinity using the terminal
transferred into a polypropylene tube and stored 20°. Atthe  rate constank (C_./k, whereC,_, is the last measured analyte
lower dose levels (50-90Q.g/m?), only the first courses of concentration). The,,, was calculated from the equation 0.693/
treatment were pharmacokinetically monitored; at higher doseotal plasma clearance () was determined by dividing the total
levels, the second and fifth courses were also sampled in thadministered dose @) by the AUC,;. The apparent volume of
majority of the patients. Because ET-743 displays a long termi-distribution at steady state (Vss) was calculatedsss= Cl,; X

nal elimination half-life (i,,), the sampling schedule was ex- MRT;, whereMRT, is the mean residence time, which is deter-
tended at the 1500- and 1800-p@/tevels to obtain the com- mined asMRT,,; = (AUMCInf/AUCInf) — (¥2 X duration of
plete terminal part of the curve; blood samples were theninfusion), whereAUMC, is the area under the first moment curve
collected up to 300 h after the end of administration. with extrapolation to infinity.

For the bioanalysis of ET-743, a method was used that cou-  Statistical Analyses. Pharmacokinetic linearity between
ples miniaturized LC to an electrospray sample inlet (ESI) and twadose andAUC,,¢ of the first course was evaluated using linear
guadrupole mass analyzers (LC/ESI/MS/MS; Ref. 13). Solid-phaseegression analysis. Differences in pharmacokinetic parameters
extraction on cyano columns was used as a sample pretreatmdmetween the first, second, and fifth treatment cycles were eval-
procedure. Dry residues were redissolved in reconstitution solventated using the pairetitest. Baseline demographic and bio-
containing the internal standard ET-729, and an aliquot was inchemical patient characteristics were examined as possible de-
jected into the LC system. A methanol-water (75:25, v/v) mixtureterminants of the pharmacokinetic parameters. Relationships
containing 5 mm ammonium acetate and 4%o. (v/v) formic acid was were investigated between pharmacokinetic parameters and age,
pumped through a C18 column with a flow rate of 200min. The ~ weight, body surface area, serum creatinine, creatinine clear-
column outlet was directly connected to the sample inlet withoutance, and total protein, using Pearson’s correlation coefficient
splitting. lons were created at atmospheric pressure and were tranand linear regression. The effect of the presence of liver metas-
ferred to a quadrupole mass spectrometer. The method was vatiases at the start of treatment and the effect of gender on
dated over a range of 10—2500 pg/ml using p00f plasma. The  pharmacokinetic parameters were evaluated using the indepen-
assay was linear over this range and provided within-day andient samples test.

between-day precision 0£9.3% for all of the quality control Statistical analyses were performed with SPSS (Statistical
samples. The average accuracy at four different concentrationBroduct and Service Solutions, version 6.1 for Windows, 1994).
ranged from 97 to 103%. All of the tests for significance were two-tailed, and the level of

The pharmacokinetic parameters were calculated by applyingignificance (P) was set at 0.05.
a noncompartmental analysis using the pharmacokinetic WinNon- ~ Pharmacodynamics. The relationships between the dose
lin program (Standard Edition Version 3.0, 1999). The maximumor pharmacokinetic parameter (AlJr C,...,) and pharmacody-
drug concentration ((.,) was derived directly from the experi- namics were explored using data of the first courses at all of the
mental data. The terminal rate constdtwas estimated by log- dose levels. For the evaluation of hepatic toxicities, the National
linear regression analysis of the terminal phase of the plasm&ancer Institute Common Toxicity Criteria grading system for
concentrationversustime curve. The area under the plasma con-AST, ALT, and alkaline phosphatase was used. Hematological
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toxicities were evaluated using the percentage of decrease in WB@; this equationE,,,, denotes the maximum effect, aRds the
ANC, platelets, and hemoglobin. The percentage of decrease washarmacokinetic parameter of intereBt, represents the value
calculated using the following equation: of P that results in 50% of thE,,,,, andy is the Hill coefficient,

which describes the sigmoidity of the curve.
Percentage of decrease

Pretreatment value value of the nadir
= X 100% (A) RESULTS
Pretreatment value

Patients and Treatment. A total of 52 patients was en-
The relationship between hematological toxicities androlled in this study. Patient characteristics are listed in Table 1. The
pharmacokinetics were fit to a sigmoidal maximum effect following dose levels were evaluated: 50, 100, 200, 400, 600, 900,
model (E, .. Ref. 23) using SPSS. The sigmoidal,,, 1200, 1500, and 180@g/m?, administered as a 24-h i.v. infusion

model is given by every 21 days. At the doses 50 to 906/ three patients were
treated at each level during multiple courses; pharmacokinetic
Enmax* (P profiles were obtained during the first course. Five patients were
Percentage of decrease ————— = (B)

(Pso)Y + (P)Y given 1200p.g/n?, of which nine courses were pharmacokineti-
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Fig. 4 AUG,; versusdose level during the
first course.
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Fig. 5 Mean values for th&UGC,,; = SD
observed in patients experiencing grade 2
or lower ALT/AST elevation ((J) or grade

3 or higher ALT/AST elevation (H)Left,
ALT; right, AST.
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Hepatic toxicity

Otoxicity =< grade 2 Mtoxicity >= grade 3

cally monitored (five first and four second courses). Four patientsAnother 21 patients were then recruited to be treated at the RD
received 150Qug/n?; blood samples were obtained in 10 coursesto better define the safety profile before commencing a Phase |l
(four first and second courses, two fifth courses). Four patientprogram. Blood samples were obtained in 40 courses (21 first,
were treated with 180Qug/n?; in all four patients, the first and 16 second, and 3 fifth courses).
second courses were pharmacokinetically monitored. In one pa- Pharmacokinetics. Pharmacokinetic ~ parameters  of
tient, samples were collected during the sixth course; these dataT-743 at all of the dose levels and during multiple courses were
were not taken into account for additional analyses. One patientalculated; mean values 8D) are presented in Tables 2 and 3.
started at a dose of 18QQy/n?, and two courses were sampled; Plasma concentrations of all of the patients treated at L00F
during the fifth course, which was also monitored, the patientare shown in Fig. 2. Typical plasma concentrati@rsustime
received 1500ug/m?. The results of the fifth cycle were not profiles at different dose levels of ET-743 are shown in Fig. 3.
included in additional evaluations. The AUC, increased linearly with increasing dose (

At a dose of 180Qug/m? DLTs were experienced; hence 0.65;P < 0.001; Fig. 4). Dose-normalizedUC,,; was inde-
this dose was identified as the MTD. DLTs were severe throm-pendent of dose (r<0.001; P = 0.477), indicating linear
bocytopenia and neutropenia. Hepatic toxicity, defined as inpharmacokinetics of ET-743 over the dose range and schedule
crease in AST and ALT, occurred, although it was not dosestudied. Interpatient variability, however, was considerable (the
limiting, and seemed to be transient and not cumulative. The Rxoefficient of variation forAUC,,; at 1500ug/n? was 45%),
was chosen at one dose level below the MTD at 1p@0h7. resulting in overlap inAUC,,; between different dose levels.
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Intrapatient variability inAUC,; between the first and the Pharmacokinetic parameter8UYC,;, C,0 Of all of the
second course was relatively small (coefficient of variation atpatients during the first course of treatment and the correspon-
1500 pg/m? was 28%,n = 20). ding dosages [both dose (ugfmand total dose (j.g)] were

The influence of prior exposure to ET-743 on the pharmaco-plotted against the percentage of decrease in ANC, WBCs,
kinetics of subsequent cycles could be evaluated at the three highgsfatelets, and hemoglobin. The data revealed no significant
dose levels (Table 3). Complete pharmacokinetic profiles wereorrelations between dosage or pharmacokinetic parameters and
obtained in patients receiving 15Q@/n¥ during the first course  the percentage of decrease in hemoglobin. The percentage of
(n = 25), the second course {n20), and the fifth coursen(= 4).  decrease in platelets was significantly correlated\tdC, (r,
Pharmacokinetic parameters did not differ significantly betweerng 41;p = 0.002); however, the correlations with dosage and
the first and the second courses, indicating that previous treatmei__ were not statistically significant. The percentage of de-
with ET-743 had no effect on its pharmacokinetics in the subsecrease in WBC count was significantly correlated to dose, total
quent course. However, a statistically significant increase in totaljosage AUC, ., andC,,,., (r = 0.56,P < 0.001;r = 0.54,P <
body clearance (G}) was observed between the first and fifth 0.001;r = 0.63,P < 0.001; andr = 0.45,P = 0.01, respec-
courses (P= 0.04) and the second and the fifth cour$es-(0.01).  tively). Correlations between the percentage of decrease in ANC

At both dose levels, 1200 and 18Q@/n¥, pharmacoki-  and dose, total dosagalC,,, andC,,., were also significant
netic studies were performed in four patients during the first anokr =0.63,P < 0.001;r = 0.62,P < 0.001;r = 0.63,P < 0.001;
the second courses. No statistically significant differences in anandr = 0.45,P = 0.01, respectively). The relation between the
pharmacokinetic parameter could be observed between the firglercentage of decrease in ANC, which was dose limiting, and
and second courses at both levels, which is consistent with thghe AUC, ; could be described using the sigmoids|,., model
results at 150Qug/n?. (Fig. 6). The estimate of the maximum decrease in ABG.()

Patient characteristics were investigated as determinants gf this study was 73.1%. Th&UC,, that resulted in 50% of the

interpatient pharmacokinetic variability. No significant relations maximum effect was 24.9 (h-ng/ml), andwas 2.63.
could be identified between tested pharmacokinetic parameters

(AUC ¢, Clioy, VSS, 11,5, Ciha) @nd age, weight, body surface
area, gender, serum creatinine, creatinine clearance, and totelISCUSSION
protein levels. The presence of liver metastases did not seem to  In this Phase | study, the pharmacokinetic profile of ET-
alter total body clearance of ET-743; the data revealed no/43 was evaluated in a total of 86 courses at different dose
significant difference irCl,,, between patients with (& 20) or levels and multiple cycles; this is the first report on ET-743
without liver metastases (8 32; P = 0.657). pharmacokinetics. The RD for Phase Il studies was identified at
Pharmacokinetic-Pharmacodynamic Relationships. 1500 wg/m?. At this dose, a total of 25 patients have been
Transaminase levels increased with dos&lC,; and C,,  treated to obtain more population safety and kinetic data before
during the first course; although less obvious, an increase ifarge-scale Phase Il evaluation in different tumor types. The
alkaline phosphatase was also noted. Patients experiencingracommended Phase Il dose appeared to be safe, and indications
grade 3 or 4 increase in AST and ALT during the first coursefor antitumor activity have been noted (24). DLTs were severe
showed significantly higher values for th&®UC,; than did  neutropenia and thrombocytopenia. Although not dose limiting,
patients with grade 2 or lower increase in AST and AIFT< hepatic toxicity was observed as well and appeared to be tran-
0.001 for AST andP = 0.002 for ALT; Fig. 5). For alkaline sient and not cumulative. This toxicological profile is consistent
phosphatase this relationship was not significant. with the findings in preclinical experiments (1, 8).
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At the dose range tested, the pharmacokinetics of ET-743  The present study revealed significant correlations between
were found to be linear. Considerable interpatient variability inthe percentage of decrease in ANC and WBC and dose and
the pharmacokinetics of ET-743 was observed at all of the dospharmacokinetic parameteA&)C,; andC,,,.,. Furthermore, the
levels evaluated. The possible influence of patient characterispercentage of decrease in platelets was significantly correlated
tics on this variability was explored. No obvious correlations to AUC,,. In general, the highest values for correlation coeffi-
could, however, be identified between pharmacokinetic parameients were seen with the percentage of decrease in ANC. The
eters and patient demographics or renal and liver function atelation between the dose-limiting ANC aiJC,,; could be
study entry. Of note, no relationship existed between BSA andadequately described using a sigmoiég|,, model, although
pharmacokinetic parameters. The presence of liver metastases@insiderable variability was observed. Therefore, other models
study entry did not alter th€l,,, of ET-743. (e.g.,linear or logarithmic) could have been applied as well, but

Deviating mean pharmacokinetic parameters with large interthe sigmoidalE,,,,, model was most obvious on biological
patient variability were observed at a dose of 4@Mn7; the mean  grounds because it may be assumed that the percentage of
value forAUC, was 39 ag/ml, although the median value was decrease ranges from 0 to 100%. The data in this study approx-
14 hng/ml In this treatment group, one patient displayed atgpg imately cover this range (Fig. 6). Three patients experienced a
of the drug ¢, ,, = 203 h), resulting in an extremely high value for probably insignificant increase in ANC after administration of
the AUC, ¢ (91.6 hng/ml). The reason for the high AUEvalueis  ET-743. All three patients had relatively low baseline levels at
unclear. Interestingly, this did not result in severe toxicity for this study entry, and they were treated at the lower dose levels (100
patient. At a dose of 150@g/n?, one patient experienced grade 3 and 400ug/m?). Correlations between percentage of decrease in
asthenia and grade 4 neutropenia and thrombocytopenia with epi&NC and dose (either ipg or pg/nf) were significant as well.
thaxis during the second course of treatment. This serious adverséowever, at the RD of 150Qg/n??, large variability (10—100%)
event was most likely caused by the deviating high value for thein the percentage of decrease in ANC was observed. The range
AUC, ¢ (205 hng/ml) that the patient displayed during this course. of variability in the percentage of decrease was reduced (60—
The value for theAUC, ¢ during the first course (60 ig/ml) was  80%) when it was related to the value ®UC, at this dose (55
within the normal range. h-ng/ml on average), and, therefolC,; was considered a

At the lower dose levels (50-1Q0g/m?), plasma concen-  better predictor for neutropenia than dose.
trations in the terminal part of the curve were less than the limit To reduce the interpatient variability MUC,;, a benefit
of quantitation (10 pg/ml) and, thus, could not be quantified, may be obtained from individual adaptation of the administered
although a very sensitive analytical method was developed (13)dose (25). Because no relationships were found between phar-
As aresult, the, , of ET-743 at these doses was underestimatednacokinetic parameters and patient demographics, dose individ-
and markedly shorter than in the other treatment groups. ualization cannot be used in the first course. For consecutive

Initially, the first course of treatment of each patient was cycles, however, the dose may be adapted on the basis of the
pharmacokinetically monitored. However, as the study progresseghharmacokinetics in the previous cycle, because intrapatient
it appeared that the AST/ALT elevations, which were grade 3 in thevariability was relatively small.
majority of the patients during the first two courses of treatment, Data on the metabolism of ET-743 are scarce, and, thus far,
diminished in the later courses. To investigate whether this rathethe metabolic fate has not yet been elucidataditro incuba-
unexpected phenomenon could be explained by changes in th@®n experiments with ET-743 and rat and human hepatic mi-
pharmacokinetics of ET-743, consecutive courses were sampled asosomes have shown a time-dependent decrease of the drug
well at the three highest dose levels (1200, 1500, and {L80®7). concentration (26), although metabolic products could not be
At all three dose levels, pharmacokinetic parameters did not diffeidentified. These experiments have also generated indications
significantly between the first and second course, which impliedthat demethylation may occur, because formaldehyde is formed
that repeated administration does not markedly alter the kinetics aluring the incubation experiments. Howevidrdesmethyl ET-
the drug. However, at a dose of 1506/n?, a significant increase 743 (ET-729) could not be detected. This is supported by the
in Cl,, was observed between the first and fifth courses andinding of Rosinget al., (13) that there was no ET-729 in the
between the second and fifth courses. This is most likely caused bglasma of treated patients, which therefore allows this com-
the fact that, during the fifth courses, fewer blood samples wergound to be used as internal standard for the assay. ET-743
taken from the terminal part of the curve than in previous coursesmetabolic clearance after incubation with male rat liver micro-
Consequently, by using noncompartmental pharmacokinetic anasomes appeared to be substantially higher than with female
ysis, values ofCl,,, are overestimated. Therefore, it cannot be microsomal preparations (26), which is probably caused by the
concluded that the decrease in the severity of ALT/AST elevatiormale predominance of the responsible enzyme (CYP3A2) in this
in the later courses of treatment is related to a change in thepecies. These differences in metabolism may contribute to the
pharmacokinetic profile of ET-743. higher sensitivity of female rats for ET-743, as was seeimin

Hepatic toxicity of ET-743 increased with dose and AYJC  vivo toxicity studies. It is unlikely that this difference in rate of
both in frequency and severity, although it was not dose limitingmetabolism between male and female rats could also be ob-
because it had recovered to grade 0 before the next dose. Patiesrved in humans because human cytochrome P450 enzymes do
who experienced increase in AST and ALT of grade 3 or highemot exhibit such gender differences (26). In fact, in the present
showed significantly higher values for AlJ¢than those with AST  clinical study, this is confirmed because no significant differ-
and ALT elevations of grade 2 or lower. The mechanism of theence was found forCl,,, or t;,, between male and female
reversible hepatotoxicity is under current investigation. In preclin-patients (P= 0.14 and 0.23, respectively).
ical studies, this phenomenon was also observed (1). The starting dose in this Phase | study wagug@v, which
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was approximately one-tenth of the L{Xor MTD) found in mice  10. Valoti, G., Nicoletti, M. 1., Pellegrino, A., Jimeno, J., Hendriks, H.,
(200.g/kg or 600u.g/n?, respectively). Dose escalation was basedD'Incalci, M., Faircloth, G., and Giavazzi, R. Ecteinascidin-743, a new
on the modified Fibonacci procedure. A pharmacologically guidedma”ne natural product with potent antitumour activity on human ovar-

. . . ian carcinoma xenografts. Clin. Cancer Rds.1977-1983, 1998.
escalation, as proposed by Colletsal. (27) was not applicable for Hendriks, H. R., Fiebig, H. H., Giavazzi, R., Langdon, S. P.,

this study because several requirements for the safe use of &fineno, J. M., and Faircloth, G. T. High antitumour activity of ET743
accelerated escalation were not met. The administration of the druggainst human tumour xenografts from melanoma, non-small-cell lung
in patients (24-h infusion) was prolonged compared with that in the2nd ovarian cancer. Ann. OncolQ: 1233-1240, 1999.

preclinical studies (bolus injection). Furthermore, the mode oft2- Rosing, H., Hillebrand, M. J. X., Jimeno, J. M., Gémez, A., Flori-

. . no, P., Faircloth, G., Cameron, L., Henrar, R. E. C., Vermorken, J. B.,
action of ET-743 has not been completely elucidated, and mor ult, A., and Beijnen, J. H. Analysis of Ecteinascidin 743, a new potent

work is needed to clarify the metabolism. marine derived anticancer drug, in human plasma by high-performance
In preclinical studies, ET-743 showed potent cytotoxic liquid chromatography in combination with solid-phase extraction.

activity at nanomolar concentrations (8—10). The plasma conJ- Chromatogr. B710: 183-189, 1998.

centrations reached in patients at the RD were of the same ordép: Rosing, H., Hillebrand, M. J. X,, Jimeno, J. M., Gémez, A., Flori-

. . . . _ano, P., Faircloth, G., Henrar, R. E. C., Vermorken, J. B., Cvitkovic, E.,
of magnitude. Although differences in the schedule of admln'Bult, A., and Beijnen, J. H. Quantitative determination of Ecteinascidin

istration and the possible differences in sensitivity to the drug743 in human plasma by miniaturized high-performance liquid chroma-
may hinder extrapolation to patients, these are promising result®graphy coupled with electrospray ionization tandem mass spectrom-
for the Phase Il efﬁcacy studies. etry. J. Mass Spectrom33: 1134-1140, 1998.

The presented Phase | trial indicates that ET-743 adminis14- Pommier, Y., Kohlhagen, G., Bailly, C., Waring, M., Mazumder,

A - . ... A, and Kohn, K. W. DNA sequence- and structure-selective alkylation
tered as a 24-h i.v. infusion every 3 weeks is well tolerated; theof guanine N2 in the DNA minor groove by Ecteinascidin 743, a potent

DLTs were neutropenia and thrombocytopenia. At the dosengitumor compound from the Caribbean tunicEeeinascidia turbi-
range tested, we observed linear pharmacokinetics and considata. Biochemistry,35: 13303-13309, 1996.

erable interpatient variability. The RD was identified at 1500 15. Moore, B. M., Seaman, F. C., and Hurley, L. H. NMR-based model
pg/n?, and Phase Il studies have already commenced at thi§f an Ecteinascidin 743-DNA adduct. J. Am. Chem. Sad9: 5475~
dose and schedule in different tumor types, including advance§476’ 1997.

ft ti | | 6. Zewail-Foote, M., Hurley, L. H. Ecteinascidin 743: a minor groove
soft tissue sarcomas, melanoma, and breast and rena Cancery|kylator that bends DNA toward the major groove. J. Med. Chdg.,

2493-2497, 1999.
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