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ABSTRACT

We conducted a phase I and pharmacokinetic study of i.v. idarubicin,
a new anthracycline analogue, in 42 Ã©valuablechildren 1-19 years old.
Twenty-seven had leukemia and 15 had various solid tumors. The drug
Â»asadministered in escalating doses of 10 to 40 mg/m2/course in 3 equal
fractions over 3 consecutive days at 14- to 21-day intervals. Myelo-
suppression and mucositis were the limiting toxicities for short-term
administration. Nausea, vomiting, and elevation of liver enzymes and
bilirubin were the other toxicities encountered. Peak toxicity occurred 2
weeks after drug administration with median recovery by day 24. All but
4 patients with solid tumors had prior anthracyclines. Mild cardiac
function changes without clinical symptoms were observed in 17 of 35
patients measured by serial cardiac evaluations. In addition, there were
4 patients with congestive heart failure. On postmortem examination, 4
patients had changes consistent with anthracycline cardiomyopathy at a
prior median total anthracycline dose of 175 mg/m2. The maximum
tolerated dose for patients with solid tumors was 15 mg/m2/course in 3
divided doses. Patients with leukemia tolerated 30 mg/m2/course. Six of

15 Ã©valuablepatients with acute lymphoblastic leukemia who received
â€¢30mg/m2 idarubicin achieved a remission (M, marrow status). The

plasma clearance of idarubicin fits a 3-compartment model with a har
monic mean half-life of 2.4 min, 0.6 h, and 11.3 h for a, ÃŸ,and y phases,
respectively. Idarubicinol was the only metabolite detected in the plasma
and it accumulated during the 3 days of therapy. Idarubicin is similar to
daunorubicin in pharmacology and toxicity. While the cardiotoxic dose
still must be delineated, the complete remissions achieved in multiple
relapsed patients with acute lymphoblastic leukemia indicate promising
activity in at least that disease.

INTRODUCTION

The anthracycline antibiotics are effective antineoplastic
agents (1). DNR" is widely used in the treatment of acute

leukemia (2, 3). DX, in addition, has activity against a variety
of solid human neoplasms (4-7). Both of these drugs produce
reversible dose-dependent and single course-limiting marrow
and gastrointestinal toxicity. Their long-term administration is
limited by cumulative cardiotoxicity (8-14). IDR was synthe
sized by Arcamone et al. (15) as part of an extended program
seeking analogues with an enhanced therapeutic index and
reduced cardiotoxicity. It differs from DNR by the absence of
the methoxy group in position 4 of the aglycone (15). In
preclinical studies, IDR was more potent than the parent corn-
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pound in murine leukemia and animal tumor models (15-17).
Unlike DNR or DX, IDR was active when administered p.o. to
mice bearing L1210 leukemia, Gross leukemia, or Sarcoma 180
(18). Chronic toxicity tests in rats, dogs, and rabbits showed
that IDR had an improved cardiotoxic index when given i.v.
(19, 20). Little or no cardiac damage was seen after p.o. admin
istration. Here we present the results of a dose-finding, phase I
and pharmacokinetic study of i.v. IDR in children with ad
vanced cancer.

MATERIALS AND METHODS

After informed consent was obtained, 46 patients with advanced
cancer were entered into this study. All had histolÃ³gica! proof of
malignancy; in each, the disease was refractory to conventional therapy.
Eligibility requirements included: (a) recovery from the toxic effects of
prior therapy; (b) for patients with no marrow involvement, a WBC
:s=3.()OI)/iil.with an absolute neutrophil count ;=I.500/VI and a platelet
count -lOO.OOO/^l:and (c) adequate hepatic function (bilirubin Â«2.0

mg/dl) and renal function (creatinine Â«1.5mg/dl). Evaluation during
study included; (a) daily blood counts until a pattern of biological effect
was apparent and weekly thereafter; (b) hepatic and renal function tests
three times weekly during the initial phases of inpatient treatment and
weekly thereafter; (c) repeat echocardiogram and/or gated cardiac pool
scan after two courses of therapy; and (</l bone marrow aspiration and
biopsy on day 14 and/or before each course of therapy in patients with
marrow involvement.

Drug Preparation, Administration, and Treatment. Idarubicin hydro-
chloride was provided by Earmitalia Carlo Erba, Milan, Italy. The i.v.
preparation was supplied in sterile vials containing 5 mg of IDR. This
was reconstituted in 5 ml of sterile water (U.S.P.) and administered by
slow i.v. infusion over 5 to 15 min. The initial dose was 10 mg/m2/

course, each course consisting of three equal daily doses given on three
consecutive days (21, 22). The treatment course was to be repeated
every 14 to 24 days depending on recovery from prior toxicity. In the
absence of toxicity, doses could be escalated to 12.5, 15, and 20 mg/
m2/course in the same patient. Children with leukemia had further dose
escalations to levels of 30 and 40 mg/m2/course.

Criteria of Toxicity and Response. Toxicity was graded according to
the method of Miller et al. (23) with minor modifications for pediatrie
patients. The toxicity of each single course was evaluated. In patients
with leukemia, a decrease in marrow cellularity or peripheral blood
counts was not considered toxicity.

The antileukemic effect of IDR was evaluated according to the
composition of bone marrow aspirates and cellularity on the marrow
biopsy specimens. The biopsies were graded: (a) aplastic (very hypo-
cellular specimen, <5% immature cells, with only a few histiocytes,
plasma cells, and lymphocytes remaining); (/>) hypoplastic (decreased
marrow cellularity with 3=50% reduction in leukemic infiltrate but
residual disease clearly evident); and (c) no effect (minor or no reduction
in the degree of leukemic infiltration). The therapeutic response was
quantified as MI remission when <5% blasts were present in the aspirate
of a normocellular marrow, and M2 remission when 6-24% blasts
remained. Patients with no response were given alternate therapy. Four
patients, after achieving complete remission, were placed on multiagent
maintenance regimens in an effort to prolong the duration of leukemic
control.

Clinical Pharmacological Studies. The pharmacokinetic behavior of
IDR was examined using a HPLC method adapted from that of Peng
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et al. (24). Seven patients were studied after receiving dosages of 15
mg/m2 (1 patient), 20 mg/m2 (2 patients), 30 mg/m2 (1 patient), and
40 mg/m2 (3 patients). The drug was given as a constant rate infusion

over 15 min using an Autosyringe.
For each patient studied, 2-5-ml samples of venous blood were

drawn into heparinized tubes prior to treatment and at the following
times after the conclusion of the infusion: day 1, 0, 2, 5, 7, 10, 15, 30,
45, 60, 120, 240, and 480 min; days 2 and 3, 24 h (immediately prior
to infusion), 0, 0.5, 1, 2, 4, and 8 h; days 4-7, 72, 96, 120, and 144 h
after the first infusion. Each blood sample was centrifugea immediately
and the plasma was transferred to an appropriately labeled tube and
frozen at -70Â°Cuntil assayed.

Chemicals. Pure samples of IDR, IDR-ol, and DX were supplied by
Farmitalia Carlo Erba. Acetonitrile (HPLC grade), methanol (HPLC
grade), and ammonium formate were Baker-analyzed reagents. Stock
solutions of the drugs and standards were prepared in CH3CN:0.05 M
KH2PO4, pH 3.0 (25:75) with 10 Â¿ig/mldesipramine to prevent adher
ence of drug to glass.

High Performance Liquid Chromatography. Analyses were performed
with a Waters Associates (Milford, MA) liquid Chromatograph. The
technique used a reverse phase Cm-^Bondapak column (30 cm x 3.9
mm; particle size, 10 ^m; Waters Associates). Compounds were de
tected by fluorescence, using excitation and emission wavelengths of
470 and 585 nm, respectively, with 15-nm slit widths. IDR, IDR-ol,
and DX (the internal standard) were separated by gradient elution at
2 ml/min flow using the following mobile phases: Solution
A, CH3CN:NH4COOH 0.1%, pH 4.0 (35:65); Solution B,
CH3CN:NH4COOH 0.1%, pH 4.0 (65:35).

The linear gradient was from 100% A to 100% B over 10 min. The
retention times of DX, IDR-ol, and IDR were 3.66, 5.03, and 6.18 min,
respectively. The lower limit of quantitation was 1 ng/ml for IDR and
IDR-ol using 1 of plasma.

Sample Analysis. DX, 50 ng, was added to each patient sample or
plasma standard as an internal standard. The volume of plasma used
was in general 1 ml; however, in the immediate postinfusion samples
with high concentrations of IDR, 1:10 or 1:20 dilutions of plasma were
made. The extraction procedure for plasma was described previously
(37). Recovery for the standards was >90%.

Quantitation of plasma concentrations of IDR and IDR-ol was
performed by linear least-squares regression of the drug:internal stan
dard area ratios in plasma concentrations of 1-200 ng/ml. From this
standard regression, the respective concentrations of IDR and IDR-ol
in patient samples were calculated based on the area ratio in the sample.
Coefficients of variation for quadruplicate plasma standards in concen
trations of 1-200 ng/ml were 2-18% for same-day extractions.

Pharmacokinetic Analysis. The measured IDR concentration versus
time data for each patient were fitted using weighted nonlinear least-
squares models in NONLIN84 (Statistical Consultants, Lexington, KY)
to a multiexponential equation of the form

Cf(t) = ÃŒA, exp<-X,0
i=l

where <,,(;) is the concentration in plasma at time /, A,is the first order
elimination rate constant of i'th term, and .-1,is the coefficient of the /1h

term with appropriate correction for the 15-min infusion time (25).
From these estimates of the slopes, we derived the half-lives of the a,
ÃŸ,and 7 phases (26). The data from days 2 and 3 were corrected for
the residual amount of drug from the dose of the previous day by the
method of reverse superposition (27). The AUC for IDR was derived
from weighted nonlinear fitting of the data using NONLIN84 and the

AUC for IDR-ol was estimated using the trapezoidal approximation
from zero time to the time of the last measurement. The AUC from
the last measured time point to infinite time was calculated as

AUC,* CX/*)A.

where Cp(t*) is the plasma concentration of IDR-ol at the last measured
time and X, is the terminal phase rate constant of the 13-hydroxy
metabolite estimated on NONLIN84 from the day 3 concentration-

time data.
Potential correlation between AUC and dose, as well as clearance

and dose, were investigated using Spearman's rank correlation (28).

RESULTS

Patient Characteristics. Forty-six patients were enrolled in
the study. Twenty-eight patients had marrow involvement: 16
by ALL; 4 by non-Hodgkin's lymphoma; and 8 by ANLL.

Eighteen had various types of solid tumors (osteogenic sarcoma,
4; embryonal rhabdomyosarcoma, 3; neuroblastoma, 3; Ewing's

sarcoma, 2; and miscellaneous, 6); in 3 of these, there were
extrinsic cells in the bone marrow. These 3 patients were
excluded from the evaluation of hematological effects.

Of the 46 patients entered into this study, 42 were Ã©valuable
for toxicity and response. One patient with non-Hodgkin's

lymphoma refused further therapy after receiving one dose, one
patient each with osteogenic sarcoma and neuroblastoma died
of progressive disease within 1 week, and one patient with
embryonal rhabdomyosarcoma was lost to follow-up.

The age range was 1-19 years; median age for patients with
leukemia was 6 years and for patients with solid tumors it was
12 years. The number of prior relapses in patients with leukemia
was 1-3 (median, 2). The prior anthracycline dose (DX equiv
alent = total dose of DX mg/m2 plus two-thirds total dose of
DNR mg/m2) for patients with leukemia and lymphoma was
20-256 mg/m2 (median, 147 mg/m2); for patients with solid
tumors, it was 0-465 mg/m2 (median, 158 mg/m2); the latter

group included the 3 patients who received more than 300 mg/
m2 total cumulative doses (375, 420, and 465 mg/m2) of an

thracycline and in whom the echocardiograms were normal.
Toxicity. The hematological effects of IDR were Ã©valuablein

18 courses in children with solid tumors without bone marrow
involvement (Table 1). No significant myelosuppression was
seen at the 10- and 12.5-mg/m2/course levels. A dosage of 15
mg/m2 resulted in median WBC and platelet nadirs of 1,300/
/il and 26,000/fil, with recovery by day 24. At the 20-mg/m2/

course dose level, the median WBC and platelet count nadirs
were 400//zl and 14,000/^1, respectively. The nadirs occurred
10-16 days (median, 14 days) following initiation of treatment,
and the median time of recovery was 2 weeks from the nadir.

The nonhematological effects of IDR in children with solid
tumors were mild; in a total of 23 courses, 1 had nausea and
vomiting at 12.5 mg/m2, and 1 had mucositis at 15 mg/m2/
course dose levels; reversible elevation of bilirubin and trans-
aminase occurred in 9 courses (in 4 of these, the liver abnor
malities were related to disease progression).

The nonhematological effects in children with leukemia are

Table 1 Hematological effects ofidarubicin in children with solid tumors

Dosage
(mg/m2/course)IO12.5

15
20No.

Ã©valuablePatients

Courses2

2
3 5
4 5
6 6WBCx

1Median3.9

2.3
1.30.4O'/nlRange3.8-4.0

1.6-3.6
0.1-3.6
0.0-0.8Nadir

(medianday)10

11
1316Platelets

x10V*<IMedian

Range193

186-200
119 65-158
26 19-169
14 3-69Nadir

(medianday)1315

14
15
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Table 4 Bone marrow effects ofidarubicin in children with leukemia

No.Ã©valuableDosage

(mg/mz/course)102030

40Patients"1

317

5Courses3

326

10Bone

marrow cellulari!}' afterIDRNo

effect1

26

2Hypoplasia

Aplasia1

8 3

1 2No.

of responses(mo)M,ALL1(1.5)Â»

4
(!,' 1.5, 2, 2*)

2
(0.75,* 2.75)M2ALL

ANLL3

2 (0.5, 2.75)
(0.25,0.75, 1)

" Patients were counted once and recorded at dose level of best response.
* Followed by other maintenance chemotherapy and in remission for 45+, 53+, and 3.5 months.
' Followed by other maintenance chemotherapy and bone marrow transplant; in remission for 24 months.

Table 5 Pharmacokinetics of IDR after intravenous infusion daily for 3 days in children
Dosage(mg/m2)Total15202030404040HarmonicDaily

for 3days5.06.76.710.013.313.313.3nu-un'Ty,a(min)15.62.92.21.S2.54.61.42.4IDR,

day1Ty,ÃŸ

(h)3.21.43.10.31.21.30.40.6rÂ»?(h)23.26.623.68.012.311.3Total"
AUC0-Â»ocIDR

(ng/min/ml)27,34345,88950,57955,18674,246133,558112,993Total*
AUCâ€ž-. ooIDR-ol

(ng/min/ml)80,26991,45396,86554,225143,219197,360207,747C/n,

IDR(ml/min/

m')549436395544539299354

* Sum of area of days 1, 2, and 3 derived from weighted nonlinear least-squares models in NONLIN84 library.
* Derived from trapezoid approximation using data from day 1 to the last measured time point and extrapolated to infiniti' time using the terminal slopes on

day 3.c Harmonic mean for 7"Â«owas computed for all patients; those for T*ÃŸand TVy were computed for the 5 patients who exhibited 3 compartment kinetics.

progressive malignant disease and CHF developed in terminal
stages 3 months after the course of IDR. Patient 4 had normal
base line studies with good response to stress. Her cardiac
functions deteriorated 2 months after the second course while
in marrow remission. Postmortem changes were consistent with
anthracycline-induced changes in patients 1, 3, and 4 and in
one additional patient who had received 114 mg/m2 DX in
addition to 24 mg/m2 IDR and did not have cardiac symptoms.

The extent of subclinical abnormalities, the incidence of CHF,
or the postmortem findings cannot be related clearly to previous
anthracycline dose or the IDR dose administered. Five children
with leukemia had also had prior doses of amsacrine (750-1600
mg/m2).

Antineoplastic Activity. Patients with leukemia were evalu
ated for IDR-induced changes in marrow cellulari!} and blasts
(Table 4). In ALL, 1 of 2 patients achieved an aplastic marrow
followed by an Mt marrow after 20 mg/m2/course and was

placed on multiagent maintenance therapy. Nine of 11 patients
who received courses of 30 mg/m2 achieved hypoplastic (6

patients) or aplastic (3 patients) marrows; 4 of these recovered
with M, marrows, and 3 were M2. Of the MI responses, 2
patients relapsed on IDR 1.5 and 2 months later, 1 child
underwent bone marrow transplantation, and the fourth was
given multiagent maintenance therapy. Three of 4 patients
treated at the 40-mg/m2/course dose level achieved hypoplastic

(1 patient) and aplastic (2 patients) marrows; 2 of these achieved
MI remissions. One, maintained on IDR, relapsed after 2.75
months; the other was placed on multiagent therapy. The 4
children with ALL who achieved complete remission on IDR
and were followed by multiagent maintenance remained in
remission for 53+, 45+, 24, and 3.5 months, respectively.

Eight patients with ANLL were Ã©valuableafter 14 courses of
IDR at 20- to 40-mg/m2/course dose levels. Two of 6 patients
at the 30-mg/m2 level achieved hypoplastic and brief M2 mar
rows and one patient each at the 20-mg/m2 and 40-mg/m2/

course levels had no effect.

Of those who responded, the majority went into remissions
after the first course. There was no significant difference in the
prior anthracycline doses between responders (median dose,
134 mg/m2) and nonresponders (median dose, 160 mg/m2).

Of the 15 children with various solid tumors Ã©valuablefor
drug activity, only 1 child with neuroblastoma had a transient
decrease in the size of a metastatic lymph node. No single
disease category had sufficient patient numbers to evaluate drug
effect.

Pharmacological Results. Pharmacokinetic data were ob
tained in 7 patients. In all 7, the disappearance curve of IDR
was multiphasic without evidence of drug accumulation on
repeated dose administration. In 5 of the 7 patients, the data
fit a 3-compartment model on day 1, when detailed pharma-
cokinetic studies were done. The harmonic mean half-lives on
day 1 were 2.4 min, 0.6 h, and 11.3 h for the Â«,ÃŸ,and y phases,
respectively. The derived pharmacokinetic parameters are pre
sented in Table 5; Fig. 1 illustrates the plasma concentration
over time of IDR and the only detectable metabolite, IDR-ol,
in a patient who received 40 mg/m2/course. IDR was exten
sively converted to IDR-ol, which had a prolonged terminal
half-life with a median of 43.7 h (range, 27.8-131 h). The
median terminal half-life for the parent drug was 8.5 h (range,
3.6-36.4 h). The prolonged half-life of IDR-ol is consistent
with its accumulation in plasma on repeated daily administra
tion (Fig. 1).

DISCUSSION

IDR is a new anthracycline developed with the hope of a
lower cardiotoxic index with maintenance or enhancement of
antitumor activity. The drug is being examined in children and
adults by the i.v. and p.o. routes. This phase I study of i.v. IDR
evaluated the toxicity and pharmacokinetic behavior of the drug
in a 3-consecutive-day schedule. The toxicity of IDR was similar
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10 20 30 40 50 60 70 80 90 100
Time(hr)

Fig. I. Plasma concentration-time graphs of IDR (â€¢)and IDR-ol (â€¢)following
an i.v. dose of 1.1.3 mg/m2 daily for 3 days.

to that observed with DNR and DX; myelosuppression and
mucositis were the dose-limiting toxicities for short-term drug
administration. Nausea, vomiting, and liver function abnor
malities were also toxicities encountered. As with the other
anthracyclines, the peak of toxicity occurred 2 weeks after drug
administration with recovery by day 24. The maximum toler
ated dose for patients with solid tumor is 15 mg/m2/course

given over 3 days. This dose is similar to that tolerated by adult
patients (33-35). Patients with leukemia can tolerate 30 mg/
nr/course over 3 days. We recommend these levels for phase
II trials. The 30-mg/nr/course induced marrow hypoplasia in
a majority of patients with ALL, but only 1 of 6 with ANLL
achieved reduced marrow cellularity. It is possible that ANLL
may require a higher dose for efficacy. However, we do not
have sufficient data on the safety of this dose level.

The potential cardiotoxicity of IDR is very difficult to eval
uate in a phase I study, where by necessity the patients are in
relapse, have advancing disease with multiple organ involve
ment, and have received extensive prior therapy including an-

thracycline and amsacrine. Frequently, systemic infection and
hemorrhage requiring administration of antibiotics, transfu
sions, and parenteral nutrition complicate the picture. Further
more, there are few references for normal values of radionuclide
cineangiography available in children, and only one in children
with cancer. Understandably, exercise capacity varies in these
sick children. These factors make the interpretation of test
results more difficult. Serial cardiac follow-up in our patients
demonstrated changes of cardiac function in 21 of 35 patients
(60%). In 17 of these patients, changes were subclinical. Four
patients did develop CHF, the first 2 patients within 1 month
and the other 2 at 3 and 5 months after the start of study. These
patients had many of the complicating factors mentioned. In 2
of them there were preexisting cardiac abnormalities on base
line studies. However, 4 patients (3 with CHF, 1 without) did
have postmortem changes of vacuolization by light microscopic
findings associated with anthracycline-induced cardiomyopa-

thy. Their total cumulative anthracycline exposure, including

previous therapy plus the IDR dose, was below 280 mg/m2.

While there is individual variation in cardiotoxicity, with oc
casional clinically significant early toxicity at doses much less
than usual for chronic cardiomyopathy (36), and while children
may be more susceptible than adults (13), it is difficult to state
based on our data whether or not i.v. IDR is more cardiotoxic
than DNR.

The pharmacokinetic behavior of IDR and IDR-ol in this
pediatrie population is similar to that observed in adults, both
in the overall pattern and in the rate of drug clearance (33, 37).
In patients with acute leukemia, there was considerable inter-
patient variability in the clearance rate (this study, 299-549
ml/min/m2; adult leukemics, 23.2-2033 ml/min/m2) with no

consistent differences between the pediatrie and the adult pop
ulation.7

We were unable to find a physiological parameter that pre
dicted a high or low rate of clearance; this is consistent with
the fact that all patients enrolled in the study had normal
bilirubins and only minimal abnormalities of other liver func
tions. There was a significant correlation between dose and
total AUC of IDR (r = 0.96; P = 0.009, one-sided). Within a
dosage level, patient numbers are too small to attempt a mean
ingful correlation between AUC and the duration of myelo
suppression. The issue is further clouded by the need for addi
tional drug administration in most patients because of residual
leukemic cells on bone marrow evaluation.

The accumulation of the 13-hydroxy metabolite, which has
been described in adults, was observed also in children. This
metabolite has antileukemic activity both /;/ vitro and in vivo
(38) and may contribute to the response rate noted in children.

Although a phase I study is not designed to evaluate antitu-
mor activity, the beneficial effects on acute leukemia were
unmistakable. IDR was effective in producing bone marrow
remissions in children with refractory or relapsed acute leuke
mia. Patients with ALL have shown a higher incidence of
remissions than ANLL, although the number of ANLL patients
studied was small. The duration of remission in general was
short. However, the 4 patients who were maintained on multi-
agent therapy after achieving M, marrow remission continued
in remission for 3.5, 24, 45+, and 53+ months. In a group of
patients who had multiple prior relapses (median, 2 relapses),
these results are encouraging. Similarly, IDR has shown signif
icant activity against refractory acute leukemia in adult studies
(37, 39-42). Adult i.v. doses varied from 18 to 45 mg/m2 given
over 2-5 days.

IDR is a new anthracycline analogue with pharmacology and
toxicity similar to those of the parent compound DNR. While
the cardiotoxic dose still must be delineated, the 40% remission
induction rate achieved with it as a single drug in children with
ALL after multiple relapse and with prior anthracycline therapy
indicates promising activity for IDR against ALL.
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