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ABSTRACT

After Phase I studies of benzisoquinolinedione (amonafide) in solid
tumors identified myelosuppression as the dose-limiting toxicity, we
conducted a Phase I study in patients with relapsed or refractory acute
leukemia to define the optimal dose. Amonafide was given i.v. over 2-4
h daily for 5 days. The starting dose was 600 mg/m2/day with subsequent
escalation to 750, 900, 1100, 1400, and 1800 mg/m2/day. Thirty-eight

courses were administered to 24 patients, of whom 12 participated in
concomitant pharmacological studies. Nausea and vomiting, transient
orange discoloration of the skin, and tinnitus occurred at all dose levels.
The latter symptom, along with lightheadedness and flushing, was related
to infusion duration; this was increased to 4 h with doses >900 mg/m2.

The dose-limiting toxicities were mucositis and painful skin erythema
which occurred in all 4 patients treated with 1800 mg/m2.

No remissions occurred. Clearing of peripheral blood blasts occurred
in 67% of patients treated with 1100 mg/m2 and in all patients treated
with 21100 mg/m2/day. A decrease in marrow leukemic infiltrate ('/<

blasts x % cellularity) to <10% occurred in 15 and 50% of patients
treated at these levels, respectively. There were 10 deaths (42%), which
were unrelated to dosage. The harmonic mean terminal plasma half-life
was 4.6 h (range, 2.5-35.5 h). Three patients had long drug half-lives of
9.7,16.4, and 35.5 h and each had initial bilirubin levels >1.0 mg/dl. The
average urinary excretion of amonafide over 5 days was 3.5% of the total
dose. This establishes 1100-1400 mg/m2/day for 5 days as the maximally

tolerated dose of amonafide for studies in acute leukemia.

INTRODUCTION

Amonafide, an imide derivative of 3-nitro-l,8 naphthalic
acid, is one of a series synthesized by Brana et al. (1). In
preclinical studies, the drug showed activity against LI210
leukemia, P388 leukemia, and B16 melanoma (2). A Phase I
study in patients with solid tumors conducted by Legha et al.
(3) defined myelosuppression as the dose-limiting toxicity.
Other side effects included nausea and vomiting, skin rashes,
and mild phlebitis. At higher dosages most patients had dizzi
ness, tinnitus, and hot flashes; the frequency of these was
reduced when drug administration was prolonged from 30 to
60 min. The highest tolerated dose was 625 mg/m2 daily for 5

days. Here we report the results of a Phase I study of patients
with relapsed or refractory adult acute leukemia given a starting
dose of 600 mg/m2 over 2 h daily for 5 days.

PATIENTS AND METHODS

A total of 24 patients were treated with amonafide at M.D. Anderson
Cancer Center between June 1987 and December 1988 after informed
consent was obtained according to institutional guidelines. Eligibility
for the study included adequate performance status (Zubrod perform-
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ance status, Â£3), >30% blasts in the bone marrow, a serum bilirubin
level <1.5 mg/dl, a serum creatinine level <1.5 mg/dl, and no chemo
therapy in the preceding 3 weeks. Patient characteristics are summa
rized in Table 1. All patients had previously received cytarabine at
intermediate or high doses. All but 4 had also received an anthracycline.
Most patients had relapsed acute myelogenous leukemia, and 71 % were
undergoing a second or greater salvage attempt. Only 2 patients had a
karyotype associated with a high response rate (4) (t(8,21) in both], and
71% had an initial remission of <6 months.

Amonafide was supplied by the National Cancer Institute (Bethesda,
MD). We dissolved 500 mg of the lyophilized drug in 20 ml of sterile
water and further diluted this in 500 ml of normal saline. The solution
was initially given over 2 h, but the delivery was slowed to 4 h for the
higher doses (>900 mg/m2). Courses were repeated at 21- to 28-day
intervals. The starting dose was 600 mg/m2 and dose escalation was

done on an individual patient basis. A minimum of 3 patents were
treated at each dose level, and they were followed for 3 weeks before
escalating to the next level. Blood counts were performed daily and
assessment of hepatic and renal function (SMA-12) was performed 2-
3 times weekly. Bone marrow analysis was done on day 14 and weekly
thereafter. Response criteria were as previously published (5).

Pharmacological studies were done for 12 patients to determine the
kinetics of distribution and elimination of the drug. Blood samples of
11 ml were collected in tubes containing heparin. Blood was centrifugea
(1500 x g for 10 min) and plasma separated from cells and frozen
immediately for storage until analyzed. Blood was collected before drug
administration for baseline studies, every 15 min for the first hour, and
then at 1.5, 2, 4, 8, 12, 24, 48, 72, 96, and 120 h. Heparin "locks" were

used to facilitate collection of multiple samples. Urine was collected as
voided for 24-h periods during the 5 days of treatment. A baseline
sample was collected before drug treatment.

Sample Preparation. Plasma (1 ml) was made basic by addition of 50
n\ of 5 mM NaOH and vortexed briefly, and 5 ml of ethyl acetate was
added. The mixture was shaken on a reciprocating mixer for 30 min
and centrifuged for 5 min at 1500 x g. The organic phase was removed
and evaporated in a water bath (50Â°C)under nitrogen. The residue was

reconstituted with 100 pL MeOH and 20 /iL was analyzed by high
pressure liquid chromatography.

Chromatographie Conditions. The analyses were performed on a
Waters Associates liquid Chromatograph equipped with an M6000A
pump, a U6K inject, a 740 data module, and a Kratos FS970 fluores
cence detector. Separations were achieved on a fiBondapak dÂ»column
(3.9 mm x 15 cm) maintained at 30Â°C.Detector excitation wavelength

was 254 nm and emission was monitored using a 550-nm cutoff filter.
The mobile phase was 5 mM heptanesulfonic acid, pH 3.5:MeOH
(65:35) at a flow rate of 2 nil min. The minimum quantifiable plasma
concentration was 0.5 Mg/ml. Drug and metabolite concentrations were
calculated from standard curves obtained by spiking blank plasma with
known amounts of the compounds (/V-acetyl amonafide was synthesized
as described in Ref. 6). The standard curves were linear from 0.5-4.0
Mg/ml. The retention times for amonafide and yV-acetylamonafide were
6.3 and 9.2 min, respectively, and no interfering peaks were present in
the plasma blanks.

Pharmacokinetic Parameters. Plasma pharmacokinetic parameters
were fitted to a two-compartment constant infusion model (Model 10)
using PCNONLIN (Statistical Consultants, Lexington. KY). Initial
estimates were determined using ESTRIP87. Those pharmacokinetic
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Table 1 Patient characteristics

CharacteristicEnteredAge

(yr)Median:
46Range:

18-67SexFemaleMalePerformance

status0-12-3DiagnosisAcute

myelogenousleukemiaAcute
lymphocyticleukemiaAcute
undifferentiatedleukemiaChronic

myelogenousleukemia-blastcrisisSalvage

(primaryrefractory)First
(1)Second
(4)Third

or greater(2)KaryotypeFavorableDiploidUnfavorableOtherFirst

complete remission duration(mo)01-67-12>12No.

ofPatients(%)247(29)17(71)14

(58)10(42)17(71)3(13)2(8)2(8)7(29)1

1(46)6(25)2(8)9(38)10(42)3(12)7(29)10(42)4(17)3(12)Table

2 Dose escalationschemeDoÂ«Â»

IPVP! Nonf(mg/m2
for 5 days) PatientsInitial600

33750
63900

1181100
631400

641800
4 3No.

ofcoursesSubsequent

Total0533213811664

parameters not calculated by PCNONLIN were calculated by the
following equations.2

Total plasma clearance: cl, = Dose/AUC

Renal clearance: cl, = cl, x fraction of amonafide in urine

Volume of distribution at steady state:

Â«Dose
* B\-2 + ?J

AUC2

A and B are the coefficients and a and .; are the exponents of the
biexponential regression equation; AUC is the area under the concen
tration versus time curve integrated from zero to infinity; all are
determined by the PCNONLIN program. Least squares regression
analysis based on linear and log-linear relationships was used to deter
mine correlations between pharmacokinetic parameters (tv, and AUC)
and percentage of decrease in peripheral WBC and blasts.

RESULTS

Toxicity. Thirty-eight courses of amonafide (600-1800 mg/
m2/day for 5 days) were administered to 24 patients. The dose

escalations are shown in Table 2. Toxicity was not Ã©valuablein
2 patients because both died prior to completing the 5 days of
treatment. They are counted as early deaths in our response
evaluation. Thus, toxicity was evaluated for 36 courses.

'The abbreviations used are: AUC, the area under the concentration versus
time curve; NAA, W-acetyl amonafide; CI,, total plasma clearance; <"/,, renal
clearance; 1',,â€ž,volume of distribution at steady state; f.,. half-time.

With the exception of 2 cases noted in Table 3 (both with
Grade 3 nausea and vomiting), no severe toxicity was seen at
doses of < 1400 mg/m2. Nausea and vomiting and tinnitus were

seen at all dose levels (Table 3). Because tinnitus was thought
to be related to the infusion rate and was seen in 7 of 8 courses
at 750 mg/m2, the infusion duration was increased to 4 h for
dosages >900 mg/m2.

Two of 4 patients receiving the maximum dose (1800 mg/
m2) experienced severe nausea and vomiting that was only

partially controlled by i.v. antiemetics. All 4 patients receiving
this dose had mucositis; 3 had severe mucositis necessitating
i.v. alimentation (Table 3).

The rash seen at lower doses was distinctly different from the
dose-limiting rash seen at 1800 mg/m2. Most patients had an

orange discoloration of the skin that disappeared several days
after the infusion but was occasionally followed by a mild
erythema and/or hyperpigmentation. All 4 patients treated with
1800 mg/m2 had marked painful erythema, worse in the lower

extremities, and complicated in 1 patient by diffuse desqua
mation. One of these 4 patients was treated with steroids
because of the severity of the pain and had prompt resolution
of symptoms and eruption.

One patient received amonafide, 900 mg/m2, through a pe

ripheral line in the right arm. The i.v. line was dislodged,
resulting in exposure of the skin and subcutaneous tissue to
amonafide. This was followed by erythema, blistering, and
subsequent eschar formation at the site. This was treated symp-
tomatically and it resolved.

One patient inadvertently received 900 mg/m2 over 30 min

and had a grand mal seizure within the next 15 min. Full
neurological recovery occurred quickly. Results of blood tests
(electrolytes, calcium, glucose, magnesium) were normal, and a
computed tomographic scan of the brain obtained the same day
was normal.

Fever was observed in 28 (78%) courses; the origin was
unexplained in 36% of these. Bacterial or fungal infections were
documented in the rest. Eight episodes (22%) of pneumonia
occurred.

Antileukemic Activity. No complete or partial remissions

Table 3 Toxicity of amonafide

Dose level
(mg/m2/day

for 5days)600

750
900

1100
1400
1800No.

of
Ã©valuable
courses3

8
9
6
6
4No.

with toxicity(GradeNausea

and
vomiting1

2(1)
5
3(1)
2(2)
3(2)Tinnitus1

7
3
4
3
13)Diarrhea

Mucositis0

0
1
11

10

0
001(1)4(3)Rash0

14

33

4(3)

600-750 900-1100 1400-1800

Dose of Amonafide (mg/m'/d)

Fig. 1. Antileukemic activity.
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Table 4 Amonafide pharmac okine tics

Patient12345678910C110

C21112AverageSDCoefficient

of variation (%)Dose(mg/m2)6006009009009009001100110011001400170018001800AUCOig/h/ml)7.35.321.130.510.810.219.515.118.328.021.134.440.0(H(h)3.55.616.435.59.72.83.52.56.23.45.23.35.64.6*Clearance

(liter/h/m2)82.2113.242.729.583.388.256.472.860.150.080.652.345.066.124.035.5V^(liters/m2)270627653120285029423916710810.723663.416737635394Renal
clearance

(%)NDÂ°ND5.52.32.30.35.6ND2.82.41.26.46.33.52.263.5Initial

valuesBilirubin0.50.21.21.11.30.50.70.10.30.30.50.30.6Glutamic-oxaloacetic

transferase338747451.09.0431055253329674

Â°ND, not done; Cl, course I; C2, course 2.
4 Harmonic mean.

Table 5 N-Acelylamonafide Pharmacokinetics

AverageSDPatient345610

Cl10
C2Coefficient

of variation (Dose(mg/m2)90090090090014001700To)AUC

(Mg/h/ml)/Â«(h)12.947.431.05.84.711.47.310.85.64.13.56.35.5*Renal
clearance1.35.64.1NDÂ°NDND3.72.978Initialbilirubin

(mg/dl)1.21.11.30.50.30.5

Â°ND, not done; Cl, course 1; C2, course 2.
* Harmonic mean.

Ihr)

Fig. 2. Plasma clearance of amonafide (AMF) and NAA in patient 5 after 900
mg/m2 amonafide.

were observed. Antileukemic activity was more frequent at
higher doses (Fig. 1). All patients receiving doses >1100 mg/
m2 had disappearance of peripheral blood leukemic cells. A

decrease in the marrow leukemic infiltrate (% blasts x %
cellularity) to <10% was seen in 2 of 13 patients receiving doses
of <1100 mg/m2 but was noted in 7 of 14 patients receiving
doses >1100 mg/m2. Ten deaths occurred. Two patients receiv
ing the 900-mg/m2 dose died before finishing 5 days of treat

ment, 1 of progressive leukemia and 1 of a myocardial infarc
tion. The postmortem examination of the latter patient revealed
almost total occlusion of all coronary arteries as a result of
atherosclerotic disease. Four patients died with complications
of bone marrow aplasia (2 receiving 900, 1 receiving 1100, and
1 receiving 1400 mg/m2) and 4 died of progressive disease (1
each receiving 750, 900, 1400, and 1800 mg/m2).

The effects of amonafide on platelet counts or duration of
neutropenia were difficult to assess in that most patients were
pancytopenic before therapy [median platelet and absolute gran-
ulocyte counts were 24 and 0.6 x \03/n\, respectively). Since no

remissions were seen, some degree of pancytopenia was ongo
ing. Of 17 eligible patients, 14 received a second course of
treatment, which was always given within 28 days of the first
course.

Pharmacokinetics. Pharmacokinetic analyses were performed
on blood and urine samples from 12 patients receiving 13
courses of 600-1800 mg/m2 of amonafide over 2-4 h for 5 days

(Table 4). Drug concentrations were determined using high
pressure liquid chromatography. Pharmacokinetic parameters
(Table 4) were calculated from the coefficients and exponents
of the nonlinear regression equations derived from the data.
Plasma amonafide concentrations declined rapidly in a biphasic
manner: the harmonic mean terminal half-life was 4.6 h. The
half-lives were not dose dependent; however, abnormally long
half-lives were observed for 3 patients with initial serum bili

rubin levels of 1.0 mg/dl. The other 9 patients had bilirubin
levels <1.0 mg/dl. The AUCs were dose dependent except for
2 of the patients with liver abnormalities (patients 3 and 4,
Table 4) who had unusually high values. The volumes of distri
bution at steady state were extremely variable, precluding any
correlation with dose.

Mean total body clearance was 66.1 Â±24 (SD) Iiters/m2/h

with renal excretion accounting for only 3% of the drug. Nu
merous peaks in the high pressure liquid chromatogram might
be attributable to metabolites, but only one occurred in suffi
cient amount for quantitation. This peak coeluted with an
authentic sample of NAA. NAA pharmacokinetics were deter
mined in 5 patients (Table 5). NAA plasma concentrations
reached or exceeded those of amonafide within 1-5 h after
amonafide administration (Fig. 2). There was a good deal of
variability of the pharmacokinetic parameters of NAA with the
patients with the higher bilirubin concentrations having the
greatest AUCs and half-lives. (Table 5). Similar to amonafide,
urinary excretion of NAA was low, suggesting metabolism as
its major elimination pathway.

No correlations were observed between the plasma pharma
cokinetics of amonafide or NAA and biological response, either
toxic or therapeutic. Correlation coefficients were in the range
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of 0.2-0.4 when tv, and AUC were examined in relation to the
percentage of decrease in WBC and blasts.

DISCUSSION

Pharmacokinetic studies showing an harmonic mean half-life
of amonafide of 4.6 h is consistent with a half-life of 3.5 h
noted in the previous study at our institution of patients with
solid tumors (6). This is in agreement with results found by
Saez et al. (7) but differs from those reported by Malspeis et al.
(8) who described a terminal half-life of 11 h and triphasic
elimination.

We observed large interpatient variations in the pharmaco-
kinetic parameters; this has also noted by Ratain et al. (9) in
their study. This large variability and limited number of patients
may account for the lack of correlation between the parameters
and biological activity. The large Kdssand Cl, reflect extensive
rapid elimination of amonafide from plasma. Since only about
3% of the drug is excreted unchanged in urine, the drug must
undergo rapid tissue uptake or rapid metabolism. /V-acetyl
amonafide was the only metabolite of many appearing in the
plasma in sufficient amount to be quantitated by our high
pressure liquid chromatography method. At lower doses (600
mg/m2) plasma concentrations were too low for accurate quan-

titation, while at higher doses variability was great.
Since jY-acetyl transferase occurs mainly (but not exclusively)

in the liver, liver dysfunction affects amonafide pharmacoki-
netics. The pharmacokinetics of NAA also appeared to be
altered in those patients with bilirubin concentrations >1.0 mg/
dl. NAA plasma concentrations reached or exceeded those of
amonafide at later times. This may be significant for antitumor
activity since NAA is only slightly less cytotoxic than amonafide
to murine leukemia (6). NAA production in 7 patients receiving
amonafide correlated with W-acetylator phenotype (10), and
recently, Ratain et al. (11) found that the 24-h NAA concentra
tion correlated with the median nadir WBC.

This study establishes 1100-1400 mg/nr/day for 5 days as
the maximally tolerated dose of amonafide for further studies
in acute leukemia. Lower doses produced less antileukemic
effect. Higher doses produced unacceptable frequencies of se

vere mucositis and rash. Although we saw no remissions, we
expected a low response rate, based on our patients' pretreat

ment characteristics. Both in vitro studies, showing that LI210
leukemia cell killing is dependent on amonafide concentration
and duration of exposure (12), and pharmacokinetic studies,
showing a short half-life, suggest that administration by contin
uous infusion may be a more optimal method of drug delivery.
Treatment of more patients will be required to determine the
value of amonafide in acute leukemia.
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