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ABSTRACT

Acodazole (NSC 305844) is a synthetic imidazoquinoline which has
antimicrobial as well as antineoplastic properties. A Phase I trial of
acodazole administered as a 1-h i.v. infusion once weekly x 4 was

conducted. Mild to moderate nausea and vomiting and moderate burning
and erythema at the infusion site were the only toxicities seen among 33
patients treated over 51 courses at doses between 20 mg/m2/week and
888 mg/m2. The first patient treated at 1184 mg/m2 developed an irregular

pulse and was found to have a prolonged cardiac output interval (Q-T<)
on electrocardiogram and polymorphic ventricular tachycardia ("torsades
des pointes"). Careful study of five additional patients treated according
to a modified schedule (340 mg/m2 week one, 500 mg/m2 week 2, 666
mg/m2 week 3, and 888 mg/m2 week 4) revealed 20% or greater Q-T,

prolongation after 20 of 27 treatments; O-1, prolongation had resolved
24-36 h after each infusion. O~ I, prolongation occurred at all dose levels;

no ventricular arrhythmias occurred. Acodazole was cleared with a long
f., (20.7 h) primarily by nonrenal mechanisms. No alterations in peak
plasma levels or excretion were seen in the patients in whom (.)-!,

prolongation was detected. No antitumor activity was seen. Further
development of acodazole will require delineation of pharmacological
means of surppressing this (.)-!, prolongation.

INTRODUCTION

Acodazole (/V-methyl-A/-(4-[(7-methyl-l//-iinidazo[4,5-/]
quinoline-9-yl)-amino]phenyljacetamide, monohydride) is a
synthetic imidazoquinoline derivative (Fig. 1) which was ini
tially developed as an antimicrobial. Acodazole was also found
to have anticancer activity. Increased length of survival was
seen in mice with i.p. inoculated B16 melanoma following i.p.
treatment with acodazole (49-98% ILS4). Fifty-eight-81 % ILS

was also seen in animals inoculated with P338 lymphocytic
leukemia. Less than 50% ILS was seen against LI 210 leukemia;
acodazole was inactive against murine mammary (CDSFi) and
colon (colon 38) tumors, the Lewis lung carcinoma as well as
human mammary (MX-1), lung (LX-1), and colon (CX-1)
xenografts. No evidence for schedule-dependent cytotoxicity
was seen in any tumor system. Preliminary evaluation suggests
that acodazole may be a DNA intercalator (1,2).

Initial toxicology study revealed acute effects in both mice
and dogs that were interpreted as due to central nervous system
toxicity: convulsions, coma, loss of coordination, and fixed and
dilated pupils. Inflammation at the site of tail vein injection in
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mice and mild leukocytosis, emesis, and elevation of the liver
function tests were seen in dogs at the highest doses of acoda
zole administered. No evidence for cumulative toxicity was seen
in these preliminary studies.

Based on these data Phase I trials of acodazole were initiated.
We chose to study acodazole administered as a 1-h i.v. infusion,
weekly for 4 weeks.

MATERIALS AND METHODS

Patient Selection

Patients entered on this trial were required to have advanced malig
nancies not amenable to curative therapy or known to be responsive to
other available treatments. Performance status of 0, 1, 2, or 3 according
to Eastern Cooperative Oncology Group criteria (3) and a life expect
ancy of 12 or more weeks were required. Patients had received no
cytotoxic chemotherapy for 3 weeks prior to entry and no radiation
therapy in the preceding 2 weeks. Adequate hematological (WBC
greater than 3,999/mm3, platelet count greater than 99,999/mm3, pol-
ymorphonuclear leukocytes greater than 1,999/mm3), renal (serum

creatinine less than 2 mg/dl and a normal urinalysis), and liver (total
bilirubin less than 2 mg/dl; alkaline phosphatase and serum glutamic
oxaloacetic transatninase less than twice normal) function were re
quired. Informed consent was obtained from all patients according to
institutional, Food and Drug Administration, and Department of
Health, Education, and Welfare guidelines.

Drug Administration

Dose. The starting dose for this trial was 20 mg/m2/week x 4 weeks.

This represents 0.1 the mouse equivalent 10% lethal dose; this dose
caused no toxicity when administered to dogs. Dose escalation occurred
after three patients were treated at a given level and two were followed
for 6 weeks after entry without Eastern Cooperative Oncology Group
grade II toxicity or greater. The dose escalations followed a modified
Fibonacci search scheme. During the initial phase of this trial doses
were not escalated in the same patient. After one patient received 1184
mg/m2, further patients were treated according to a modified escalation

scheme in which dose escalations were done in the same patient (see
below).

Frequency and Duration of Therapy

In patients with stable or responding disease and no irreversible
toxicity, treatment cycles were repeated after a 2-week interval without
therapy. Patients continued to receive acodazole until progressive dis
ease or intolerable toxicity occurred.

Drug Formulation

Acodazole hydrochloride was supplied by the National Cancer Insti
tute, Division of Cancer Treatment, Investigational Drug Branch as a
lyophilized powder in 20-ml flint vials containing 500 mg of acodazole
and 300 mg of mannitol. Acodazole was reconstituted with 10 ml of
sterile water for injection (United States Pharmacopeia) yielding a
solution containing 50 mg/ml acodazole. This formulation was further
diluted in 100 ml of 0.9% saline solution and infused over 60 min.
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PHASE I TRIAL OF ACODAZOLE (NSC 305884)

Patient Follow-up and Assessment

During acodazole infusion blood pressure and pulse were monitored
every 15 min. During and for 1 month following treatment, weekly
WBC, differential, platelet counts, serum calcium, phosphorus, creati-
nine. uric acid, alkaline phosphatase, serum glutamic oxaloacetic trans
animasi-. bilirubin, and lactic dehydrogenase were measured. A standard
12-lead ECG was obtained in all patients prior to entry on this trial. In
the latter portion of this trial multiple standard 12 lead ECG recordings
as well as continuous monitoring were done (see below). Calculation of
electrocardiographic intervals was done by computerized techniques as
well as by manual measurements on noncomputerized tracings.

Analytic Techniques

Acodazole Assay. Acodazole concentrations in plasma and urine were
measured by an original assay procedure using HPLC. The instrumen
tation consisted of a Varian Model 5060 liquid Chromatograph with
UV-200 variable wavelength detector set to 260 nm, automated 50-iil
loop valve injector, and Vista 402 data system (Varian Associates, Palo
Alto, CA). The analytical column was a reverse-phase 10-Mm C!8-
Â»iBeindapak. 30cm x 4 mm (Waters Associates, Milford, MA), preceded
by a 0.5-fjm precolumn filter (Upchurch Scientific, Oak Harbor, WA).
Samples were eluted with a mobile phase of acetonitrile/5 IHMperchlo
ric acid (35/65, v/v) at a flow rate of 1.0 nil/min and 25Â°C.

The internal standard was an analogue of acodazole, EU-3190 (sup
plied by Norwich-Eaton, Norwich, NY). For the plasma assay, 2.0 jig
(20 n\ of a 0.1-mg/ml solution) and 1.0 ml of 2 N sodium hydroxide
were added to 1.0 nil plasma samples. The samples were extracted with
20 ml of 5% isobutanol in dichloromethane by vigorous shaking for 30
min. Following centrifugation the dichloromethane layer was evapo
rated to dryness and the residue was reconstituted in 500 ^1 of mobile
phase prior to HPLC analysis. Urine samples were centrifuged and
diluted 1:50 with mobile phase to a total volume of 1.0 ml. Two Mgof
internal standard were added to each sample, and the diluted urines
were assayed by the same HLPC procedure without further preparation.

Representative chromatograms are shown in Fig. 2. The retention
time for acodazole was 5.5 min and for the internal standard, 8.8 min.

â€¢C*.

Fig. 1. Structure of acodazole.
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Fig. 2. Representative chromalograms. A. plasma blank; B, extract of a plasma

standard containing 2 fig/ml acodazole and 2 Mg/ml internal standard; C, extract
of patient's plasma containing 2.4 (ig/ml acodazole; /â€¢>,extract of plasma of C to

which 2 Â¿ig/mlacodazole has been added. AUFS, absorbance units full scale.

Neither normal nor patient predrug samples showed any interfering
endogenous peaks. Standards prepared by spiking normal plasma or
dilute urine with appropriate amounts of acodazole were assayed con
currently with each set of patient samples. Calibration curves were
prepared by plotting peak height ratios (acodazole/internal standard)
versus acodazole concentration. For plasma the standard curve was
linear from 0.02-20.0 ^g/ml acodazole. The mean coefficient of deter
mination was 0.9993 Â±0.0009 (SD) for seven standard curves over a
15-week period. Day-to-day reproducibility of the assay as measured
by the coefficient of variation in peak height ratios was 4.0% for the
5.0-fig/ml plasma standard and 4.9% for the 0.5-g/ml plasma standard
(n = l for each over 15 weeks). The within-day coefficients of variation
were 2.4 and 1.8%, respectively, for four replicates of the 5.0 and 0.5
/ig/ml standards. Absolute recovery of acodazole for plasma was 74%
and for the internal standard, 71%. To demonstrate specificity of the
method, additional amounts of acodazole were added to previously
assayed patient plasma samples and the assay repeated. For a series of
12 samples covering the concentration range, the plasma levels deter
mined following standard addition averaged 98 Â±4% of the expected
values. Urine standard curves were similar to those for plasma. Absolute
recovery of acodazole and internal standard from urine to which known
amounts of either compound were added averaged 99%.

Pharmacokinetic Methods

Pharmacokinetic analysis was planned only for the higher doses of
drug (340 mg/m2 and above). Acodazole was administered as a 1-h

infusion. Heparinized blood samples were collected from the arm
opposite the infusion site at selected times during and for 72 h following
the end of the infusion. A sample was drawn before treatment to serve
as the assay blank. Blood was centrifuged soon after collection, and the
plasma was stored at -70Â°C until assay. All urine was collected in 2-

to 6-h fractions for the first 24 h and as total 24 h collections on days
2 and 3. Total volume was measured and aliquots frozen at -70Â°C.

The acodazole postinfusion plasma concentration-time data sets for
each patient were fit to a triexponential curve describing a three-
compartment open model with first order elimination from the central
compartment. Initial estimates of the model parameters were obtained
by standard curve stripping methods (4), and the final curve fitting was
done with a nonlinear least squares regression computer program (5).Plasma data were weighted by !â€¢'('â€¢'.Acodazole pharmacokinetic pa

rameters were calculated using standard equations with a correction
factor to allow for the infusion time (4, 6).

The plasma concentration data were also analyzed by noncompart-
mental methods using statistical moment analysis (7, 8). The terminal
half-life was determined by log-linear least squares fit of the terminal
portion of the curve. Areas were determined by the linear trapezoidal
rule with extrapolation to infinity. Total body clearance, mean residence
time, and steady-state volume of distribution were calculated for com
parison with the three-compartment model parameters.

RESULTS

Patient Characteristics. Thirty-nine patients were treated with
acodazole (Table 1). Patients had good performance status
(90% performance status 0 or 1), were heavily pretreated (90%
had received either chemotherapy or chemotherapy plus radia
tion therapy), and most had either colorectal or bronchogenic
cancers (54%). Fifty-one 4-week cycles of acodazole were given
to the first 33 patients entered on study. Five patients received
1-8 weeks of acodazole according to the modified dose and
schedule to evaluate the electrocardiographic effects of the drug
(see below). Of the 39 patients entered, 38 received at least one
full 4-week cycle of acodazole. One patient entered in the second
portion of this study during which electrocardiographic changes
were carefully evaluated received only one dose of acodazole
due to rapid disease progression.

During the initial phase of this trial doses of acodazole were
escalated from 20 mg/m2/week x 4 to 888 mg/m2/week X 4
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PHASE I TRIAL OF ACODAZOLE (NSC 305884)

Table 1 Patient characteristics

Sex

Median age (range)

Performance status-no, of
patients

Prior therapy, no. of patients

Tumor types, no. of patients

14 female
25 male

60(32-77)

0-10
1-25
1-4

None, 3
Chemotherapy, 16
Radiation therapy, I
Radiation -I-chemotherapy, 19

Colorectal. 16
Lung, 5
Other, 18

Table 2 Dose escalations, courses, and venous and Gl toxicities

Dose
(mg/m2)2040651001502253405006668881184No.

of
patients33333343351Courses6568633347<1Nausea/vomiting(Â»gradeII)000001/33/304/47/71Perivenousirritation4/63/52/67/85/63/33/32/31/44/70

without detection of serious toxicity. Grade 2 (moderate) nausea
and vomiting were evident in 15 of 20 courses of acodazole
administered at 225 mg/m2/week x 4 or higher (Table 2).
Nausea and vomiting developed during the latter half of the 1-
h infusion, persisted for 1-2 h, and were easily controlled with
phenothiazine antiemetics. Skin irritation at the site of acoda
zole infusion occurred during most peripheral venous infusions.
This was characterized by erythema and moderately uncom
fortable burning and itching along the course of the vein im
mediately proximal to the infusion site. This irritation was
markedly reduced by a concomitant infusion of 250-500 ml
0.9% saline solution into a sidearm of the acodazole infusion
line. With this procedure all infusions were able to be completed
in 60-75 min without difficulty. Perivenous irritation persisted
for only 1-2 h. No persistent induration, inflammation, venous
thrombosis, or tissue necrosis occurred. There was no difficulty
with repeated infusions in the same extremity.

At doses of acodazole between 20 mg/nr/week x 4 and 888
mg/nr/week x 4, no changes in hematological, renal, or hepatic
function were noted; no other constitutional or physiological
effects were noted. There was no evidence of any cumulative
toxicity.

One-half h following the day 8 infusion of 1184 mg/m2 in

the first patient treated at that level an irregular pulse was
noted. ECG revealed multiple PVCs with "runs" of ventricular

tachycardia during which the ventricular complexes demon
strated a varying morphology. It was also noted that the Q-TÂ¡
was markedly prolonged (Fig. 3) compared to the ECG obtained
prior to entry on study 1 week earlier. Serum potassium,
sodium, calcium, and magnesium were normal. The patient
received lidocaine (50 mg) as a bolus injection without apparent
decrease in the frequency of PVCs and was monitored in the
intensive care unit for 24 h. During that time the Q-TÂ¡gradually
returned toward normal and the PVCs disappeared. No other
changes in the ECG were noted during the stay in the intensive
care unit. The patient was asymptomatic throughout this epi
sode. Review of the hospital course during which the first dose

QT Interval (sec)
Pre-theropy =0.359

90 Minutes =0.480

10 Hours =0.514

24 Hours =0.44

Fig. 3. Rhythm strip (left) and representative ECG recordings (right) in the
Ins! patient treated at 1184 mg/m2. Rhythm strip demonstrates polymorphic
ventricular tachycardia, and recordings disclose Q-TÂ¡prolongation (s).

of acodazole had been administered 1 week earlier revealed that
nursing notes 8 h after the infusion mentioned an irregular
pulse. An ECG recorded 12 h after the infusion demonstrated
a prolonged Q-T;. This patient had undergone a coronary artery
bypass operation 7 years previously; since that surgery' the

patient had been asymptomatic and had no cardiac complaints.
Her only chronic medication was digoxin (0.25 mg/day). She
had received prochlorperazine (10 mg) prior to each acodazole
infusion.

Two other patients were recoiving their second 4-week course
of acodazole at 888 mg/m2. ECG monitoring before, during,

and after the next acodazole infusion demonstrated prolonga
tion of the Q-TÂ¡in both patients. Q-TÂ¡was normal before
infusion and increased by 13 and 19% 1-2 h after infusion. Q-
TÂ¡prolongation persisted for 12-18 h in both patients. In one
of these two patients as well as the patient treated at 1184 mg/
m2 U waves were also noted on the ECGs obtained when Q-TÂ¡

prolongation was present. Bradycardia occurred in all three
patients; however, no ventricular arrhythmias were noted in the
two patients treated at 888 mg/m2.

Q-TÂ¡prolongation to this extent is associated with life threat
ening arrhythmias and seemed clearly associated with acodazole
infusion in all three patients. Therefore, the study was modified
to investigate the frequency with which Q-TÂ¡prolongation
occurred and to examine possible dose-response relationships.
Five additional patients were entered according to the following
criteria: (a) no prior history of any cardiovascular disease; (b) a
normal ECG; (c) normal serum calcium, magnesium, and elec
trolytes; and (d) receiving no phenothiazines or any drug for
the treatment of cardiovascular disease. Before, during, and
after acodazole administration no antiemetics were adminis
tered. ECGs were obtained immediately before, during the
infusion, at the end of the infusion, and 4, 8, 12, and 24 h after
the initiation of acodazole. Patients were treated according to
the following dosage schedule: week I, 340 mg/m2; week 2, 500
mg/m2; week 3, 666 mg/m2; week 4, 888 mg/m2. These doses
were chosen for study because it was at 340 mg/m2 that repro

ducible toxicity (nausea and vomiting) was first encountered.
Subsequent treatments were to be administered at 888 mg/m2

if the lower doses had been well tolerated.
Q-TÂ¡before each acodazole administration in these five pa

tients was normal (0.32-0.42 s). The Q-TÂ¡sof the baseline ECG
on the other 33 patients on this trial were also between 0.32
and 0.44 s. In the five patients treated at escalating doses of
acodazole the Q-TÂ¡increased by 20% or more following 20 of
27 infusions of acodazole at doses between 340 and 888 mg/
m2 (Fig. 4). Slowing of the heart rate was also noted following

most of the acodazole infusions. Since slowing of the heart rate
is associated with lengthening of the Q-T interval, the_Q-TÂ¡
corrected for the heart rate was calculated (Q-TC = k^RR; k =
0.397 for men and 0.415 for women; RR = interval between
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Fig. 4. Percentage change in Q-T, in patients prospectively followed after
treatment with acodazole at 340, 500, 666, and 888 mg/m2. Percentage change
represents maximum Q-TÂ¡within the first 2 h after infusion compared to Q-TÂ¡
immediately prior to treatment. Symbols, individual patients treated with acoda
zole.

340 500 666
ACODAZOLE DOSE (mg/m?)

888

Fig. 5. Maximum change in the Q-TÂ¡corrected for the heart rate (Q-TC)
following 340. 500. 666, and 888 mg/m2 acodazole. Symbols, individual patients

treated with acodazole.

consecutive R waves) (9). This allows Q-TÂ¡alterations due to
changes in heart rate to be distinguished from Q-TÂ¡alterations
due to intrinsic changes in the status of electrical conduction
system of the heart. Q-TC increased by 20% or more in 25 of
27 monitored cycles of acodazole administration (Fig. 5). No
changes in the PR interval, P wave, or ventricular complex
duration were noted following any of the monitored acodazole
infusions.

There was no apparent relationship between the dose of
acodazole administered and the occurrence or degree of Q-TÂ¡
or Q-TC prolongation between the doses of 340 and 888 mg/
m2. Q-TÂ¡and Q-TC were maximally prolonged 2-4 h following
the initiation of the acodazole infusion; Q-T prolongation per
sisted for 12-18 h. Twenty-four h following the initiation of
acodazole the Q-TÂ¡and Q-TC were very close to baseline in all
patients. No symptoms other than mild to moderate nausea
and vomiting occurred. No changes in the blood pressure or
ventricular arrhythmias were noted during these infusions. Con
tinuous ECG monitoring was carried out in four patients. No
ventricular arrhythmias were noted. Serum magnesium, cal
cium, and potassium were measured at the end of the acodazole
infusion; no changes from the pretreatment levels of these
medications were noted in any patient. Plasma samples for
peak acodazole concentration were obtained at the end of the
infusions. Plasma acodazole content in these patients was not
different from that observed in the other patients studied in
detail on this trial (see below).

Pharmacokinetic Studies. The assay system described above
allowed measurement of acodazole in the plasma for at least 3
days following acodazole administration. A typical concentra
tion-time curve for plasma is shown in Fig. 6. The mean peak
plasma level achieved at the highest dose studied, 888 mg/m2,

was 11.0 Mg/m'- In all patients acodazole levels in plasma
declined by approximately a factor of 100 over the 3 days
studied. Pharmacokinetic parameters for acodazole based on
the three-compartment model are presented in Table 3. Mean
peak plasma levels and area under the concentration-time curve
increased linearly with dose. No other dose-dependent changes
in pharmacokinetic parameters were noted. The terminal half-
life was between 16.4 and 33.0 h in these patients (harmonic
mean = 20.7 h). Total body clearance was 256 Â±73.5 ml/min/
m2. Central compartment volume of distribution was 21.9 Â±
9.6 liters/m2. Steady state and terminal phase volumes of dis

tribution were large, averaging 319 Â±42.5 and 454 Â±76.7
liters/m2, respectively, suggesting extensive tissue binding.

Acodazole is cleared primarily by nonrenal mechanisms. An
average of 25.8% of the administered dose of acodazole was
recovered intact in the urine in the first 72 h following the
infusion. Pharmacokinetic parameters were also obtained by
noncompartmental methods. The values for harmonic mean
terminal half-life (20.1 h), residence time (20.5 h), total body
clearance (256 ml/min/m2), and steady state volume of distri
bution (315 liters/m2) are in close agreement with those derived
from the three-compartment model. The pharmacokinetic pa
rameters are quite similar to those reported by Staubus et al.
(10).

Relationship between Acodazole Blood Levels and ECG
Changes. Among the 38 patients studied there was relatively
little interpatient variation in clearances and peak plasma con
centrations (at the same dose levels) of acodazole. Although
detailed analysis of pharmacokinetics was not done in the
patient who received 1184 mg/m2, the plasma concentrations

noted were quite consistent with what would be predicted based
on the linear relationship between dose and plasma concentra
tion noted in the patients studied in detail. The observed/
predicted plasma acodazole concentrations at 30 min, 12.5 h,
and 25.3 h after drug administration were 11.3/12.5, 1.14/1.33,
and 0.75/0.79 Mg/ml, respectively. Similarly, the peak plasma
concentrations of acodazole measured during the 27 courses of
therapy during which detailed ECG assessment was carried out
were consistent with concentrations seen in other patients stud
ied at these doses (340-888 mg/m2). Therefore, there is no

1000 1500 2000 2500 3000 3500 4000 4500

TimePostinfusion(Minutes)
Fig. 6. Postinfusion acodazole plasma concentrations in a single patient. A.

observed data points. The curve is generated by the model parameters of the
computer fit of the data to the three-compartment model, meg, itg.
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Table 3 Acodazole pharmacokinetic parameters derived from a three-compartment model

Dose
Patient(mg/m2)G.

K.G.
R.B.
0.P.
T.D.M.Z.B.K.

G.G.

A.S.V.

W.D.C.

R.Mean

or mean Â±SD888888888888666666666500500

500340Peak

CpÂ° AUCt*a(jjg/tnl)

(mg x h/liter)(min)13.609.5410.3011.006.857.848.246.655.88

11.004.8159.652.873.566.225.549.151.935.224.447.923.64.245.646.355.588.2211.9012.206.087.374.358.996.55CtvÃŸ

(h)1.331.762.932.622.373.292.172.782.23

2.002.202.21C'Â»r(h)18.416.426.518.716.924.621.719.116.433.023.020.7CMRT(h)18.917.929.219.215.626.323.619.215.632.022.220.2fOTB(ml/min/m2)240280202224434226214237342173240256

Â±73.5Vc

(liter/m2)10.421.420.218.629.432.840.316.223.2

6.622.121.

9 Â±9.6Vdâ€ž

(liter/m2)282301354258406356303274320

333320319

Â±42.5Vd,

(liter/m2)396397464363635481401392486

501475454

Â±76.7Urinary

recovery
(% dose/72h)32.428.617.230.823.610.632.017.2Â»31.4

27.0*38.0*25.8

Â±8.1'

" Cp, plasma concentration; AUC, area under the concentration-time curve: fwn, distribution phase half-life; tv,ÃŸ,.: phase half-life; /..-,, terminal phase half-life;

MRT, mean residence time; ( 1,â€ž.total body clearance; Vc, central compartment volume of distribution; \ <!â€ž.steady state volume of distribution; Vil., terminal phase
volume of distribution.

* Twenty-four h collection only.
' Harmonic mean.
d Mean of 72-h values (n = 8).

indication that the Q-TÂ¡prolongation documented in the eight
patients carefully studied was related to unusually high plasma
concentrations or prolonged retention of acodazole.

Antitumor Responses. Thirty-four patients treated with acod
azole were Ã©valuablefor the antitumor effects of this drug.
These patients had either Ã©valuableor measurable disease de
fined according to standard criteria which served as indicators
of antitumor response (3). These patients had the following
histological types of cancer: 14 colorectal; 5 nonsmall cell lung
cancer; 2 breast cancer; 3 melanoma; 10 had various other
tumors. No patient had a partial or complete response to
acodazole therapy.

DISCUSSION

The most striking findings in this trial were the electrocar-
diographic manifestations associated with acodazole adminis
tration. The occurrence of a prolonged Q-TÂ¡and polymorphic
ventricular arrhythmias is a well-recognized effect of other
drugs. The most well-described association is with quinidine.
Other antiarrhythmics such as procainamide and diisopyramide
are also known to produce these changes (11-13). Phenothia-
zines and tricyclic antidepressants at the usually administered
dose as well as deliberate overdoses of the drug amantidine
have also been noted to produce Q-TÂ¡prolongation (13, 14).
Hypomagnesemia and hypokalemia may cause similar changes
but were not present in our patients (11, 13). Q-TÂ¡prolongation
has been reported in patients with central nervous system
disease (subarachnoid hemorrhage) and severe cardiac disease,
either ischemie or inflammatory. The reversible nature of the
findings in our patients as well as the well-documented absence
of other factors known to cause these findings clearly indicates
that acodazole was the cause of the Q-TÂ¡prolongation and
ventricular arrhythmia seen. The morphology of the ventricular
complexes occurring during the episode of ventricular tachy
cardia in the patient treated at 1184 mg/m2 is suggestive of

that seen in an electrocardiographic syndrome closely linked to
the clinical situations listed above. This syndrome is called
"torsades des pointes" and was first described by Dessertenne

(15) in 1966.
While there is a well-recognized association between Q-TÂ¡

prolongation and life-threatening arrhythmias, the electrophys-

iological basis for this association is not clear. The Q-TÂ¡repre
sents the phase of ventricular repolarization; during this period
the ventricle is "vulnerable" to the establishment of abnormal

rhythms (ventricular tachycardia or ventricular fibrillation) by
an ectopie impulse. However, there is not a clear relation
between the extent of Q-TÂ¡prolongation and the risk of dan
gerous arrhythmias. Neither is there an evident relationship
between the dose or plasma level of the drugs commonly
associated with this phenomenon and the extent of Q-TÂ¡pro
longation or the risk of ventricular tachycardia or fibrillation.
It is believed that Q-TÂ¡prolongation underlies the well-recog
nized examples of syncope and sudden death occurring with
the administration of quinidine (11, 13). The treatment of
ventricular arrhythmias occurring in this setting is best accom
plished by withdrawing the offending drug and administering
agents which increase the heart rate since this phenomenon is
often associated with a relative bradycardia. Overdrive pacing
has also been used. Administration of magnesium has been
reported to be successful, even in patients who are not hypom-
agnesemic(16-17).

It is of interest that the preclinical toxicology testing of
acodazole may have noted effects which could be related to the
cardiac effects which we observed in our clinical trial. The
toxicities in mice and dogs at the highest dose were convulsions,
coma, labored breathing, and fixed and dilated pupils. These
findings were thought to be related to central nervous system
effects of acodazole but could have been due to the induction
of cardiac arrhythmias with secondary central nervous system
effects. It should also be pointed out that hypotension was
noted in dogs at high doses of acodazole. This was not due to
ventricular arrhythmias in this phase of the toxicological eval
uation as ECGs of the dogs were monitored continuously.
However, "ST segment" prolongation was noted when 100 mg/

kg of acodazole was administered. No ST segment changes
were noted following 10 mg/kg and intermediate doses were
not studied. The importance of the prolongation of the ST
segment was not appreciated as we began our clinical trial. ST
segment prolongation would result in Q-TÂ¡prolongation. It is
likely that the electrocardiographic findings in our patients
were also seen in the dogs to which acodazole was administered.

Two other groups have studied acodazole in phase one clin
ical trials. Grever et al. at Ohio State have administered acod-

3899

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/14/3895/2428090/cr0470143895.pdf by guest on 19 M

ay 2023



PHASE I TRIAL OF ACODAZOLE (NSC 305884)

azole as a continuous infusion, as a bolus, and as a daily infusion
for 5 days (18). The primary toxicity noted by these investiga
tors was inflammation and swelling in the area of the infusion.
Renal failure occurred at their highest dose on the daily x five
schedule. No arrhythmias were noted; however, these investi
gators had finished their trial when our trial first began to note
the ECG effects. It is likely that arrhythmias and Q-TÂ¡prolon
gation would not have been seen unless ECG monitoring had
been done. Pazdur et al. (19) have studied acodazole on a 1-h
infusion schedule once every 3 weeks. At their highest dose
(>1370 mg/m2) they have seen Q-TÂ¡prolongation and unifocal

PVCs (bigeminal rhythm) in one patient. It is also of note that
these workers reported acute decreases in the serum potassium
in this patient. Such changes would enhance Q-TÂ¡prolongation.
Changes in serum potassium were not evident in the five pa
tients we assessed following the administration of acodazole.

While there were no other toxicities of consequence seen in
our trial, the serious nature of the ECG changes is of concern.
Since we documented Q-TÂ¡prolongation at the five highest
doses studied it does not appear that reducing the dose will be
effective in averting this toxicity unless one reduces the doses
further. Based on our data and that of Pazdur et al. (19) it
would appear that a dose in excess of 1000 mg/m2 is ill-advised.
Whether doses between 340 and 888 mg/m2 can be adminis
tered safely is unclear. Q-TÂ¡prolongation occurs at these doses.
In view of the uncertain relationship between dose and extent
of Q-T; prolongation and ventricular arrhythmias, we are not
comfortable in recommending that any dose of acodazole which
causes Q-TÂ¡prolongation be utilized in broad phase two trials
in cancer patients. Further development of this drug should
await a better definition of the mechanisms of the arrhythmias
seen in our trial and delineation of ways to avoid these effects.
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