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Clinical report

Topoisomerase Wl inhibitor intoplicine administered
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Intoplicine, an antitumor drug which interacts with both
topoisomerase enzymes | and Il, has demonstrated a broad
spectrum of activity in preclinical studies. This indicates
further clinical evaluation. In the present phase | study, with
the primary objective to determine the maximum tolerated
dose, intoplicine was administered by a 24 h continuous
infusion every 21 days to 32 patients with solid malignant
tumors. The patients received 12-640 mg/m? by a central
venous catheter. Liver toxicity was dose limiting. One patient
died in a hepatic coma after the first course (dose 640 mg/
m?), which was associated with intoplicine treatment. Other
side effects were sporadic and mild. Myelotoxicity was
virtually absent. Twenty-two patients had stable disease for
four to six courses of treatment. The plasma concentration—
time curves were compatible with standard linear pharmaco-
kinetic models, with a protracted terminal haif-life (mean
115 h). Although one sudden death occurred probably due to
intoplicine toxicity, we nevertheless feel that research with
intoplicine should continue, mainly because of its preclinical
activity and its unique mechanism of action. The recom-
mended dose for phase Il studies with intoplicine adminis-
tered as a 24 h infusion Is 384 mg/m?. Liver toxicity, also
seen in studies employing other dosages and infusion
durations, should be investigated extensively in further
clinical studies. [T 1999 Lippincott Williams & Wilkins.]
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Introduction

Intoplicine (RP6G0475F, NSC 645008, 11-(3-dimethyla-
minopropyl - amino)-3 -hydroxy- 8- methyl - 7H-benzo[e]-

Correspondence to R van Gijn, Department of Pharmacy and
Phamacology, The Netherlands Cancer Institute/Slotervaart
Hospital, Louwesweg 6, 1066 EC Amsterdam, The Netheriands.
Tel: (+31) 20 512 4477; Fax: (+31) 20 512 4753;

E-mail: aprvg@slz.nl

C 1999 Lippincott Williams & Wilkins

pyrido[4,3-b]-indole dimethanesulfonate, Figure 1),
belongs to a new class of antitumor drugs which
interact with both nuclear DNA modifying enzymes
topoisomerase I and IL." During the process of winding
and unwinding of DNA, torsional stresses and topolo-
gical problems occur. Topoisomerase enzymes tran-
siently break and rejoin DNA, by which they change
the conformation of a segment of DNA, and resolve
the mechanical obstacles that hamper processes such
as replication and transcription. Intoplicine stabilizes
both the DNA topoisomerase I and II cleavable
complexes, which can result in lethal DNA damage
during DNA replication.” The dual activity on DNA
topoisomerase I and II is virtually unique, since other
topoisomerase-inhibiting drugs selectively inhibit
either topoisomerase I or II enzymes.' Selective
inhibition of the topoisomerase I enzymes can induce
a reactive increase in topoisomerase II enzyme levels
and vice versa.® This mechanism is associated with the
occurrence of drug resistance.”> The dual activity of
intoplicine may overcome this problem. Furthermore,
in both in vitro and in vivo preclinical models the
drug demonstrated a broad spectrum of activity against
a variety of tumors, including breast, non-small cell
lung, colon and ovarian cancer.* This activity was
generally higher than that observed with topoisome-
rase inhibitors selectively inhibiting either topoisome-
rase I or IL.' Toxicity studies revealed that the LD,
(lethal dose for 10% of the animals tested) in mice was
117 mg/m® on a single iv. bolus schedule, with
myelotoxicity and hematotoxicity being the main
toxicities. Other toxicities were seen in the gastro-
intestinal tract, lymphoid tissues and kidneys.*®
Pharmacokinetic studies performed in mice and dogs
revealed a biexponential decay and linear pharmaco-
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kinetics of intoplicine. Investigations with i.v. admin-
istration of radiolabeled intoplicine demonstrated that
the radioactivity was mainly recovered in feces.

Based on intoplicine’s strong preclinical antitumor
activity, its acceptable toxicity profile and its unique
mechanism of action, we conducted a phase I and
pharmacologic study of iv. intoplicine given to
cancer patients. In vitro, cell cultures continuous
exposure to intoplicine yielded higher responses than
following a short exposure time, indicating schedule-
dependent activity.”® This result is in line with the
presumed mechanism of action of topoisomerase
enzymes. Since prolonged exposure may enhance
activity, intoplicine was administered to patients as a
24 h infusion.

The primary objective of the conducted phase I
study was to determine the maximum tolerated/
acceptable dose (MTD/MAD) of intoplicine given as a
24 h continuous infusion every 3 weeks. The
secondary objectives of this phase 1 study were: (i)
to determine the qualitative and quantitative toxic
effects of intoplicine, and to study the predictability,
duration, intensity, onset and reversibility of the toxic
side effects; (i) to propose a recommended dose
close to the MTD for phase II efficacy evaluation; (iii)
to determine the pharmacokinetics of intoplicine in
man; and (iv) to document any possible antitumor
activity.4

Patients and methods
Patient selection

Eligibility criteria included a histologically confirmed
diagnosis of a solid malignant tumor no longer
amenable to established forms of effective therapy.
All patients had acceptable bone marrow function
[white blood cells (WBC) >4 x 10°/1 and platelets
>100 x 10°/D, serum bilirubin, serum alanine amino
transferase (ALAT), serum aspartate amino transferase
(ASAT) and serum creatinine <1.25 times the upper

CHa H

2CH3SOsH

Figure 1. Chemical structure of intoplicine.
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normal limit, WHO performance status <2, antici-
pated life expectancy of > 12 weeks, and age between
18 and 75 years. Previous anticancer chemotherapy
had to be discontinued for at least 4 weeks before
entry into the study, or for 6 weeks in case of
pretreatment with a nitrosourea derivative or mitomy-
cin C. The study protocol was approved by the
Medical Ethical Committees of the hospitals (i.e. the
Netherlands Cancer Institute/Antoni van Leeuwen-
hoek Hospital and the Free University Hospital in
Amsterdam) and all patients gave written informed
consent.

Drug administration and dose escalation

Intoplicine was supplied by Rhoéne-Poulenc Rorer
(Antony Cedex, France) as a dimethanesulfonate salt
in ampoules containing 100 mg of the base in 5 ml of
Water for Injection, USP. The formulation of the drug
was diluted in 500 ml of 5% dextrose or saline 0.9%
solutions and administered i.v. through a central or
peripheral access over a period of 24 h. In these
infusion fluids the drug is chemically stable for at least
7 days at room temperature.’

Dose escalation was performed according to a
modified Fibonacci scheme (f no significantly
toxicity is observed the dose is increased with
100% steps; if significantly toxicity is observed, the
dose may increased by 40-67% initially followed by
16-33% steps) with at least three patients entered
at each dose level. Intrapatient dose escalation was
not permitted. The starting dose was 12 mg/m?
every 3 weeks, representing 1/10 of the LD,, for
mice. To determine the hematological and non-
hematological toxicities, patients were weekly eval-
uated by clinical history, physical examination,
serum chemistry and hematology screen. Tumor
measurements were performed every other cycle.
All toxicities observed were graded according to
WHO criteria.

Pharmacokinetic sample collection

Clinical pharmacokinetic studies were performed in at
least three patients per dose level. Blood samples,
taken from an indwelling i.v. cannula, were collected
in heparinized tubes at 17 time points: pre-infusion, at
6, 12 and 24 h during the infusion, and at 5, 10, 20, 60
and 90 min, and 2, 3, 6, 8, 12, 24, 36 and 48 h after the
end of infusion. From patients treated with intoplicine
at dose levels of 192-640 mg/m’® additional blood
samples were drawn on days 7, 14 and 20. From each



blood sample an aliquot (1 ml) of whole blood was
immediately taken from the collection tube and stored
in a polypropylene tube at —30°C until analysis. Next,
the collection tube was centrifuged at 3000 g for
5 min, and plasma was transferred into a polypropy-
lene tube and stored at —30°C until analysis. Urine
was collected over 3 x 24 h from the start of infusion
and samples were stored at — 30°C until analysis. From
a selected group of patients, receiving intoplicine at a
dose level of 640 mg/m?, the separated portions of
feces produced over a maximal period of 120 h were
stored at —30°C until analysis. Intoplicine concentra-
tions in plasma, whole blood and feces were
determined by a validated high-performance liquid
chromatography (HPLC) method with fluorescence
detection as developed in our laboratory.'"'?

Pharmacokinetic parameters were calculated using
standard non-compartmental analysis.'?> The area
under the curve (AUC) was calculated with the linear
trapezoidal rule and extrapolated to infinity. The
elimination half-life was calculated from the slope of
the final loglinear part of the concentration-time
curve. The clearance (CL) was calculated by R;./C.;,
where R, is the rate of infusion and C; the observed
plasma/whole blood concentration at the end of
infusion (ei), and the apparent volume of distribution
V by [(dose x AUMC)/(AUCz)] —(dose x T;,p/(2 x
AUQ)], where T, is the infusion time, and AUMC
the area under the first moment curve and calculated
to infinity.

Results

A total of 32 patients was enroled in this trial. Median
age was 65 (range 35-75) years and median perfor-
mance status was 1 (range 0-2). Additional patient
characteristics are outlined in Table 1. The intoplicine
starting dose was 12 mg/m?, and the dose escalation
was performed in six steps to, respectively 24, 48, 90,
192, 384 and 640 mg/m2 (Table 2). At the dosages of
12, 24, 48 and 96 mg/mz, severe phlebitis occurred at
the vein of infusion. Dilution of the formulation of the
drug in the consecutive courses with 5% dextrose or
0.9% saline solutions from 500 to 1000 ml per infusate
could not prevent this side effect. Although the
phlebitis appeared to be reversible, the use of a
central venous access for drug administration was
required at higher dosages.

A total of 73 courses was given, with a mean of 2.3
(range 1-6) courses per patient. The mean total dose
per patient was 786 (range 20-1408) mg. Ten patients
received only one course, due to rapidly progressive
disease (nine patients), and one patient died of
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Table 1. Patient characteristics

Total number of patients 32
Men/women 17/15
Median age [years (range)] 65 (35-75)
Prior therapy

chemotherapy 28

radiotherapy 15

immunotherapy

hormonal therapy

no prior therapy
Primary tumors

colorectal 1

ovary

lung

stomach

bladder

melanoma

oropharynx

soft tissue sarcoma

unknown primary
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Table 2. Drug administration

Total no. of
courses

Intoplicine dose
level (mg/m?)

12
24
48
96
192
384
640

No. of patients per
dose level

CoOWWLWH
Soocoou~

intoplicine-associated toxicity.

The dose-limiting toxicity of intoplicine was liver
toxicity, which was generally characterized by tran-
sient elevation of hepatic transaminases (Table 3). This
toxicity was clinically asymptomatic, dose dependent
and the onset of this toxicity generally was detected at
day 3, and the values returned to normal by day 9.
Overall, 22% of the courses resulted in a grade I, 32%
was grade II, 10% was grade IlI and 12% had a grade IV
elevation of the hepatic transaminases ASAT and ALAT.
At a dose level of 384 mg/m’ four out of six patients
experienced a grade 2 hepatic toxicity; this toxicity
was reversible and further dose escalation with 67%
was performed. One patient died in a hepatic coma 3
days after the first cycle (640 mg/m?®). This patient had
progressive ovarian carcinoma stage IV with intrathor-
acal metastases, previously treated with multiple
courses of carboplatin and 10 courses of paclitaxel.
Before her first course of intoplicine, a pleural effusion
was drained (1.5 1) and an abdominal parcenthesis had
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Table 3. Toxicity

Dose (mg/m?) 12 24 48 96 192 384 640
Total no. of 7 5 8 6 9 8 30
courses
WHO grade O T T | 1 Y | " | 11V 1 AV T [ 11 A VA A | N {1 1 A
Phlebitis 1 4 1 2 5 2 3
Vomiting 3 1 2 2 3 8
Nausea 2 1 2 1 2 4 1 12 1
ALAT 2 1 1 3 2 57 15
ASAT 1 1 2 2 4 2 7 5 4
SGGT 2 2 1 3 1 1 31 9 4 46
Anemia 2 11 1 1 4 1 1 2 17 1
Fatigue 3 1 2 1 2
Headache 1 2 3
been performed (5.5 1). One day after the infusion, she 1600 |
developed fever, hypotension and oliguria, which only ‘
briefly responded to parenteral fluid administration < |
and antibiotic treatment. Massive liver damage was > | - ;
seen, with ALAT and ASAT values of over 100 times g 100 | - ks ;
the upper normal limit. At autopsy cytotoxic liver k! - - ;
injury was found, that was ascribed to intoplicine E " s LA B » {
treatment. The pharmacokinetic parameters, however, g ‘ |
were comparable to those obtained from the other § wol,* " N |
patients. g, \ Nl ‘
Hematological toxicity was virtually absent. Mild g i . |
anemia (grade II) occurred in only one patient at the = | v N . ) }
highest dose level. Serious infections, neutropenic 7! : J
fever or sepsis did not occur. Cumulative toxicity was 0 20 40 60 80
not observed. Nausea and vomiting of mild to moderate Time (h)

severity was experienced by the majority of patients,
but could easily be controlled by standard antiemetic
medication. All patients developed alopecia (grade Il or
IID. Fatigue was a common side effect of the treatment,
but was usually mild (Table 3).

In this phase I trial, no clinical partial or complete
responses were seen, although 22 patients remained
stable, during four to six cycles of therapy.

Pharmacokinetics

Complete plasma concentration-time curves were
obtained from 23 patients during their first course.
Typical examples of the plasma and whole blood
concentration-time curves at drug dosage of 12 and
640 mg/m?, respectively, are shown in Figures 2 and
3. The pharmacokinetic parameters of intoplicine are
listed in Table 4. During the 24 h infusion period,
the concentrations of intoplicine in both plasma and
whole blood increased, and steady-state levels were
not reached during the infusion period. Already in
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Figure 2. Typical plasma (A) and whole blood (M)
concentration versus time plot of intoplicine at a dosage of
12 mg/mZ.

the first sample (at 2 h) the concentration of
intoplicine in whole blood exceeded the concentra-
tion in plasma. The highest levels of intoplicine
were 5408 and 1347 ng/ml (dose 640 mg/m®) in
whole blood and plasma, respectively. After cessa-
tion of the 24 h infusion the intoplicine concentra-
tions rapidly declined in parallel in plasma and
whole blood (Figures 2 and 3) with a short
distribution phase, followed by a protracted terminal
halflife period with a mean halflive of about 115 h
for both plasma and whole blood (the ratio of the
terminal halflife in whole blood/plasma is 1.11+0.7,
F-est: p<0.0001). However, all the pharmacokinetic
curves indicated a re-distribution phase after the end
of the infusion. This phase was observed 4-5 h after
the end of the infusion. The AUCs of intoplicine in
whole blood were consistently higher than those in



plasma, yielding a whole blood/plasma ratio of 3.84
(range 20.0-1.61, r=0.70; p<0.0001). These AUC

10000
E
jo2]
£ |
1
& 1000 « %
E - - ‘-I -
"0:-; a A A t [ ] -
g A
Q
° 4
@ 100 . .
S 1 . R
a
L
£
10 -
0 20 40 60 80
Time (h)

Figure 3. Typical plasma (A) and whole blood (W)
concentration versus time plot of intoplicine at a dosage of
640 mg/m?2,

Table 4. Pharmacokinetic parameters of intoplicine
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values were linearly related (Ftest for lack of fit;
%=0.05) to the administered dose (=0.92 for plasma
and r=0.89 for whole blood) (Figure 4). Also, a
linear relationship (Ftest for lack of fit; «=0.05)
between C.; and dose level was seen over the range
of 12-640 mg/m’ (»=0.78 for plasma and =0.86 for
whole blood). The mean apparent distribution
volumes (V) were 10.7 (range 0.86-41.2)x10°1
and 4.56 (range 0.36-12.8)x10°1, and the mean
total body clearance (CL) was 67.6 (range 17.7-
150.4) I/h and 27.9 (range 4.82-65.3) l/h, as
calculated from plasma and whole blood levels,
respectively. The cumulative urine excretion for
intoplicine averaged only 5.3% (range 2.7-11.6%) of
the total administered dose. However, the major part
of the administered dose (up to 65%) was excreted
unchanged in feces within 5 days after the infusion,
with most of the intoplicine excreted during the
24 h period following discontinuation of the infu-
sion. No evidence for the presence of any circulating
metabolites of intoplicine was found.

Total no. of Dose Cei (ng/ml) AUC (ug/ml-h)  CL (Vh) tie em (h) v
patients
4 12 13.2 0.32 66.6 80.0 6769
(2:2) (0.09) (12.5) (75.2) (6083)
2 24 26.8 0.44 81.7 67.9 6240
(14.2) (0.14) (44.5) (54.9) (2119)
2 48 751 1.42 46.8 67.1 4288
(21.0) (0.11) 9.1) (35.9) (1541)
2 96 94.1 2.04 79.7 197.3 20932
(33.2) (0.03) (12.4) (195.3) (18917)
3 192 4248 5.52 37.0 103.8 8566
(408.1) (3.36) (34.7) (31.6) (6683)
4 384 499.2 9.74 60.7 67.4 5696
(212.7) (2.72) (15.2) (22.8) (1896)
6 640 844.0 12.05 76.4 1715 18103
(436.9) (2.52) (48.3) (81.1) (13078)
Whole blood
4 12 422 212 246 103.5 3718
(19.6) (0.79) (13.9) 3.7) (2222)
2 24 156.0 5.53 12.3 48.1 887
(31.8) (1.13) 2.7) (16.3) (478)
2 48 183.5 8.16 18.6 156.2 4244
(5.4) (0.42) (1.1) (100.5) (2933)
2 96 269.7 874 27.3 203.1 7743
(71.8) (0.59) (1.8) (193.6) (7090)
3 192 745.7 19.10 257 89.9 3635
(481.1) (5.11) (14.4) (37.5) (3350)
4 384 2001.7 39.41 323 58.1 2266
(2312.0) (26.5) (25.6) (27.7) (1378)
6 640 1357.8 35.7 36.2 143.2 7262
(234.3) (7.18) (8.3) (77.2) (3903)

Standard deviation between parentheses.
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Figure 4. Relation between the intoplicine plasma AUC (ug/
mlh) and the dose (mg/m?. The solid line is the
corresponding regression line (r=0.92). The error bars
represent the SEM.

Discussion

The MTD in this phase I study of intoplicine was
384 mg/m?. The highest given dose was 640 mg/m?,
at which all patients experienced hepatic toxicity,
being grade IV in six out of nine patients. Unlike
what is seen with most other cytotoxic agents or
topoisomerase inhibitors, myelotoxicity was virtually
absent. Although the liver enzyme elevation ap-
peared to be dose related, one patient died
unexpectedly probably as a result of intoplicine
treatment. In this patient, the values of the
pharmacokinetic parameters measured were compar-
able to those obtained from the other patients. Thus,
a pharmacokinetic cause (e.g. a high exposure or
AUQ) is not likely.

The observed re-distribution period in the pharma-
cokinetic curves may be due to enterohepatic cycling.
It cannot be explained by hepatic dysfunction of the
liver, as it was observed already at the starting dose of
12 mg/m”. No indication of any hepatic toxicity was
found at this dose level. Another remarkable toxicity
was the reversible phlebitis, occurring at the infusion
vein, which necessitated the use of a central venous
access catheter. In another intoplicine phase I study,
that employed a daily x 5 schedule, the main toxicities
at a dosage of 270 mg/m? x5 were leucopenia and
reversible liver enzyme elevation.’> When intoplicine
was administered over 1 h every 3 weeks, hepatic
toxicity without bone marrow suppression was found
to be dose limiting. In that study, the MTD was
360 mg/m’. Two patients died unexpectedly at 12 and
48 mg/m?, and drug toxicity could not be excluded as
the cause. At the highest dose level, three out of four
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patients experienced grade IV liver toxicity, which
was fatal in one patient.14

Intoplicine pharmacokinetics indicated a linear
behavior, which is in accordance with another phase
I study, in which a 1 h infusion was applied. The
achieved plasma concentrations of intoplicine, already
at the second dose level of 24 mg/mz, were above
35 pg/1 (0.1 uM) at which concentration both topoi-
somerase I- and Il-induced DNA breaks decrease.'”
However, concentrations of intoplicine in the range
2.5-10 mg/1 for 1 h, at which specific activity in non-
small cell lung cancer, breast and ovarian cancer was
found, were not achieved.” This could explain in part
the absence of antitumor activity seen in this study.

The AUCs of intoplicine in plasma were about 25%
of those in whole blood, indicating a storage
phenomenon probably in erythrocytes. Furthermore,
the elimination curves in whole blood and plasma
declined in a parallel manner with identical slopes.
Since intoplicine eventually has to be eliminated from
the central (plasma) compartment, this indicates that
the actual elimination half-life of intoplicine in plasma
is shorter than that from erythrocytes. This erythrocyte
storage effect can also explain the long elimination
halflife of intoplicine from the body, as well as the
relatively high volumes of distribution calculated from
plasma levels. Fecal excretion of intoplicine was high,
indicating that hepato-biliary excretion was the most
important route for elimination. No indication for
metabolite formation was found. According to the
hypothesis that mouse pharmacokinetics predict for
human toxicity, an AUC of 4.4 ug/ml-h would be
expected to represent the MTD of intoplicine in man
(calculated from the AUC in mice given at 0.6 LD, and
assuming pharmacokinetic linearity).“'m'17 Compari-
son of the pharmacokinetic data in mice and man
showed a 2.2-fold higher AUC at the MTD in humans
than at the LD, in mice and an elimination halflife of
intoplicine in man which was much longer than the
elimination halflife in mice. Because there was no liver
toxicity observed in mice, this relatively long elimina-
tion halflife of intoplicine in man in combination with
higher AUCs could be related to the observed liver
toxicity.

In conclusion, although one sudden death occurred,
probably due to intoplicine toxicity, we feel that
clinical evaluation of intoplicine should continue
because of its strong and broad preclinical activity,
and its unique mechanism of action. The recom-
mended dose for phase II studies with intoplicine
administered as a 24 h infusion is 384 mg/m®. How-
ever, liver toxicity, which is also seen in studies
employing other dosages and infusion durations,
should be studied extensively and in-depth in further



clinical studies with intoplicine. Hopefully more
insight can be obtained into the cause of the liver
enzyme elevation and means to circumvent this
toxicity.

Intoplicine is now undergoing clinical phase I
evaluation in the US, with the drug administered as a
5 day continuous infusion.

References

1. Riou JF, Fossé P, Nguyen CH, et al. Intoplicine and its
derivatives, a new class of antitumour agents inhibiting
both topoisomerase I and II activities. Cancer Res 1993;
53: 5987-93.

2. Morjani H, Riou JF, Nabiev I, Lavelle F, Manfait M.
Molecular and cellular interactions between intoplicine,
DNA, and topoisomerase II studied by surface-enhanced
Raman scattering spectroscopy. Cancer Res 1993; §3:
4784-90.

3. Bonner JA, Kozelsky TF. The significance of the sequence
of administration of topotecan and etoposide. Cancer
Chemotber Pbarmacol 1996; 39: 109-12 .

4. RP60475 Intopoline. Investigator’s brochure, Rhone-
Poulenc Rorer Company, Antony Cedex, France 1991.

5. Bissery MC, André S, Renard A, Montay G, Bayssas M,
Lavelle F. Efficacy, pharmacokinetics and distribution of
RP 60475. Ann Oncol 1992; Suppl 1: 94.

6. Bissery MC, Nguyen CH, Bisagni E, Vrignaud P, Lavelle F.
Antitumour activity of intoplicine, a new benzo-pyrido-
indole: evaluation against solid tumours and leukaemia in
mice. Invest New Drugs 1993; 11: 263-77.

7. Eckhardt JR, Burris Il HR, Kuhn JG, et al. Activity of
intoplicine, a new DNA topoisomerase I and 1I inhibitor,
against human tumour colony-forming units in vitro. J
Natl Cancer Inst 1994; 86: 30-3.

10.

11.

12.

13.

14.

15.

16.

17.

Phase I study of intoplicine as a 24 b infusion

. Kane BJ, Eckhardt JR, Burris HA, et al. Phase I clinical and

pharmacokinetic trial of intoplicine. Proc Am Soc Clin
Oncol 1993; 12: A424.

. van Gijn R, De GraaffTeulen MJA, van Tellingen O,

Beijnen JH. Chemical stability of the new antitumour
agent intoplicine in infusion fluids. J Pbarm Biomed Anal
1993; 11: 1353-6.

van Gijn R, Kuijs S, Rosing H, et al. Determination of
intoplicine, a new antitumour drug, in human faeces by
normal-phase high-performance liquid chromatography
with fluorescence detection. J Pharm Biomed Anal
1993; 11: 1345-8.

van Gijn R, Rosing H, ten Bokkel Huinink WW, et al.
Determination of intoplicine, a new antitumour drug, in
human whole blood and plasma by normal-phase high-
performance liquid chromatography with fluorescence
detection. J Chromatogr 1993; 614: 299-306.

Gibaldi M, Perrier D, eds. Pharmacokinetics, 2nd edn.
New York: Marcel Dekker 1982.

Strauss G, Pagani O, Sessa C, lund B, Cavalli F, Hansen H.
A phase I study of intoplicine administered on a daily x 5
schedule. Proc Am Ass Cancer Res 1993; 34: 1378
(abstr).

Abigerges D, Armand JP, Chabot CG, et al. Phase I and
pharmacology study of intoplicine, a novel topoisomerase
I and II inhibitor, in cancer patients. Anti-Cancer Drugs
1996; 7: 166-74.

Poddevin B, Riou JF, lavelle F Pommier F. Dual
topoisomerase I and II inhibition by intoplicine, a new
antitumour agent in early clinical trials. Mol Pbharmacol
1993; 4: 767-74.

Collins JM, Zaharko DS, Dedrick RL, Chabner BA.
Potential roles for preclinical pharmacology in phase I
clinical trials. Cancer Treat Rep 1986; 70: 73-80.

Collins JM, Grieshaber CK, Chabner BA, Pharmacologi-
cally guided phase I clinical trials based upon preclinical
drug development. J Natl Cancer Inst 1990; 82: 1321-7.

(Received 28 July 1998; revised form accepted 1
September 1998)

Anti-Cancer Drugs - Vol 10. 1999 23



