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Plasma pharmacokinetics of idarubicin and its
13-dihydro metabolite—a comparison of bolus
versus 2 h infusion during a 3 day course
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The plasma pharmacokinetics of a second generation
anthracycline derlvative, Idarubicin (Ida), have been studied
in 17 patients with acute myelocytic leukemia (AML) and
high risk features. The drug (10 mg/m?) was given in a
randomized cross-over design as 3 min and 2 h infusions
for three consecutive days. Cytosine arabinoside (Ara-C,
1 g/m?) was given on days 1-4. The plasma concentration
time course of Ida was most properly described by the
three-compartment pharmacokinetic model, independent of
administration time. The maximum plasma concentration
{Cmax) of Ida was reduced by a factor of 3 by increasing the
Infusion time from 3min to 2h. The pharmacokinetic
pattern of the active metabolite idarubicinol (IdaOH) was
only to a minor extent affected by the longer infusion time.
The time course of IdaOH following each dose of Ida was
accurately described by the one-compartment model with a
first-order formation phase. The area under the plasma
concentration versus time curves (AUC) of Ida and |daOH
were not affected by the administration time. Following Ida
in combination with Ara-C, the median duration of leuko-
penia (<1.0x 10°/l) was 14 days (range 5-56) and of
thrombocytopenia (<50 x 10°/1) was 22 days (range 7-
120). The large majority of patients developed infectious
complications. Two patients with MDS-AML showed a good
response. The results of the present study give no
evidence of reduced hematologic toxicity by increasing the
administration time of Ida from 3 min to 2h. However,
minimizing Gnax, by administration of Ida as prolonged
infusion during a 3 day course, might be clinically impor-
tant in order to reduce cardiotoxicity and hopefully to
increase antl-tumor efficacy through an increased accumu-
lation of Ida and IdaOH in leukemic celis.
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Introduction

Anthracycline glycosides have been successfully
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used for the treatment of a variety of neoplastic
diseases, including acute leukemia. Idarubicin (4-
demethoxy-daunorubicin, Ida) is a second generation
drug within this class. The pharmacodynamic and
pharmacokinetic properties and the therapeutic
potential of Ida have been reviewed.' It was stated
that Ida is 10-fold more cytotoxic than daunorubicin.
This observation is thought to be due to the greater
accumulation of Ida in leukemic cells as compared
to daunorubicin. Moreover, Ida has a higher binding
capacity to DNA as compared to daunorubicin,
which may result in Ida having a stronger activity in
inducing DNA strand breaks than daunorubicin.?
Animal toxicity tests demonstrated decreased cardio-
toxicity of Ida as compared to daunorubicin and
doxorubicin.' A cumulative dose of Ida beyond
which the incidence of cardiotoxicity rapidly in-
creases has, however, as yet not been determined in
man.

In general, the anthracyclines are administered as
i.v. bolus injections. However, administration as
prolonged infusion is sometimes considered to be
advantageous as compared to bolus administrations.
Hence, the risk for fatal cardiomyopathy is reduced
by administration of doxorubicin as prolonged in-
fusion.>™® Even some other side effects, including
nausea, vomiting and hematological toxicity, and
possibly also alopecia, are reduced.®™® These effects
have been associated with the reduction of the
plasma peak concentration caused by the increase of
the infusion time.

The cytostatic efficacy of the anthracyclines in
vitro and In vivo has been correlated with the drug
exposurc,9 expressed as the area under the (plasma)
concentration versus time curve (AUC). The ob-
served increase of anthracycline accumulation in
human leukemic cells with increasing infusion
time'® might improve the therapeutic efficacy.

The anthracycline antibiotics are extensively meta-
bolized to their corresponding 13-dihydro-deriva-
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tives. The amount of formed 13-dihydro metabolite
is increased with increasing lipophilic character of
the anthracycline drugs. The anti-leukemic effect of
Ida treatment is most likely to a great extent caused
by the formed metabolite, idarubicinol (IdaOH),
since this metabolite, strongly cytotoxic against
HL6O cells, persists in blood for prolonged periods
after administration of Ida.""'

In this study we compared the pharmacokinetic
pattern of Ida and IdaOH during a 3 day course with
the drug given as a short time (3min) and a
prolonged (2 h) infusion, with the aim of finding
a pharmacokinetic rationale for the clinical use
of extended infusion times. Plasma concentrations
of Ida and IdaOH were quantified with reversed-
phase liquid chromatography using fluorometric
detection.

Material and methods
Patient population

Seventeen patients with acute myelocytic leukemia
(AML) with previously untreated (elderly patients
and AML evolving from a myelodysplastic syndrome,
MDS), relapsing or refractory disease above the age
of 45 years were included. A performance status
below ECOG 3 and patient consent were required.
Patients with significant cardiovascular, hepatic and
renal impairment were not included.

There were eight women and nine men with a
median age of 70 years (range: 49-83 years). The
distribution according to the FAB classification was
M1 =4, M2=9, M5 =3 and M6 = 1. Six patients
were previously untreated and four patients had
received two or more anti-leukemic chemotherapy
regimens.

All patients were randomized in a cross-over
design to start their Ida treatment with either a
3 min or a 2 h infusion. Twelve of the patients were
given both 3 min and 2 h infusions, with at least a 3
week interval between the study periods. Due to
disease progression/death, four of the patients were
only given the 2 h infusion, while one patient was
treated only with the 3 min infusion.

Treatment schedule

Ida (10 mg/mz) was given as a short time (3 min) or
prolonged (2h) infusion on days 1, 2 and 3.
Cytosine arabinoside (Ara-C), 1 g/m2 (1 h), was given
i.v. on days 1-4.

Idarubicin pbarmacokinetics
Plasma samples

Blood samples (5 ml) were collected in glass test
tubes (Vacutainer®) containing 250 IU of heparin
(freeze-dried). The samples were immediately centri-
fuged to separate the plasma fractions, which were
stored at —70°C until analysis.

After the 3 min infusion of Ida blood samples
were drawn at 5, 15, 30, 45 min, and 1, 2, 3, 6, 12
and 24 h after dose 1 and 3.

During the 2 h infusion blood of Ida samples were
drawn at 15, 30, 45, 60, 75, 90 and 110 min after
start of the infusion on day 1 and 3. After the end of
the 2 h infusion blood samples were drawn at 5, 15,
30 and 45 min, and 1, 2, 3, 4, 6 and 24 h on day 1
and 5, and 15 min and 24 h on day 3.

Analytical procedure

Ida and IdaOH were assayed by an analytical
procedure based on reversed-phase liquid chromato-
graphy with fluorometric detection.'?

Briefly, 1 ml of plasma sample was mixed with the
internal standard (4'-epi-adriamycin) dissolved in
phosphate buffer (pH 7.4) and transferred into a
SepPak C;g extraction column. After rinsing with
5ml of phosphate buffer, Ida and IdaOH were
eluated with 4 ml of methanol. The eluate was
evaporated and redissolved in phosphate buffer (pH
7) and injected into a Nova-Pak Phenyl Cartridge.
Acetonitrile, 35% in phosphoric acid, 0.01 M was
used as mobile phase. The fluorometric detector was
operating at 486/600 nm.

The yield was higher than 90% and the precision
better than 13% (relative standard deviation) at
concentrations exceeding 0.6 ng/ml. The precision
was better than 6% when the sample concentrations
exceeded 20 ng/ml.

Pharmacokinetic evaluation

Pharmacokinetic modelling of median plasma con-
centration data were performed by the PC-NONLIN
program (version 2.0)."> The number of exponential
terms describing the plasma concentration time
course of Ida was evaluated by the F ratio test."
The time course of IdaOH following each dose of
Ida was fitted to a one-compartment model with a
first-order formation phase. The Mltdose program
(version 2.1)15 was used for simulations of plasma
concentration-time curves for Ida and IdaOH.

We used non-compartmental principles for phar-
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macokinetic evaluation of Ida and IdaOH in the
individual patient. Cp,x values of Ida after the short
time infusion were obtained by extrapolation of
concentration data to the end of the infusion period.
AUC values were calculated from determined plasma
concentrations using the trapezoidal rule.

Statistics

Median values and their 95% confidence intervals
(95% CI) were calculated according to principles
given by Tukey.l(’
Comparison of paired data was performed by the
Pitman randomization test based on Wilcoxon
s 17
matched-pairs signed-ranks test.

Results

The patient’s actual doses of Ida were within the
range 14.9-19.0 mg (median value 17.9 mg), cor-
responding to 9.2-10.5 mg/m?, ie. close to the
scheduled dose. All the 12 patients treated with
3 min and as well as with 2 h infusions obtained the
same dose on both occasions.

Median values of measured plasma concentrations
of Ida and IdaOH after 3 min and 2 h drug infusions
are given in Figures 1 and 2, respectively. Results
from pharmacokinetic modeling, included in the
figures, showed a close correlation between esti-
mated and determined plasma concentrations.

The plasma concentration—time course of Ida was
most properly described by the three-compartment
pharmacokinetic model, independent of administra-
tion time.

After short time infusion of Ida its high initial
plasma concentration decreased, the half-life time of
the distribution phase being 6.8 min. One hour after
administration the plasma concentration was only
10% of its maximum value. The terminal half-life
time of Ida was 17.3 h.

During the 2 h infusion of Ida its plasma concen-
tration increased rapidly. After cessation of the
infusion there was initially a drastic decrease of the
plasma concentration as previously observed after
the short time infusion. The terminal halflife time
was 17.4 h.

The results in Figure 1 show that the maximum
plasma concentration of Ida was reduced by a factor
of 3 by increasing the infusion time from 3 min to
2 h. The AUC of Ida was not affected by the infusion
time. Figure 1 also demonstrates that Ida is accumu-
lated in plasma by the repeated administration of the
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Figure 1. Plasma pharmacokinetics of Ida during a 3
day course. Median values of measured plasma concen-
trations of Ida administered as a 3 min infusion (A) and
as a 2 h infusion (B). The results from pharmacokinetic
modeling are given by the solid lines.

drug on days 1, 2 and 3, albeit only to a minor
extent.

The pharmacokinetic pattern of IdaOH (Figure 2)
was almost unaffected by increasing the infusion
time of Ida from 3 min to 2 h. The time course of
IdaOH following each dose of Ida was accurately
described by the onc-C()mPartment model with a
first-order formation phase. ® The rapid increase of
the IdaOH plasma concentration for a period of 2 h
was followed by an elimination phase with a half-life
time of 95 h or greater.

The results in Figures 1 and 2 demonstrate that
IdaOH is accumulated in plasma to a greater extent
than Ida by repeated administration of the drug.

The plasma concentration of IdaOH exceeded the
concentration of Ida 2.5 h after the end of drug
administration on day 1 and somewhat earlier on
day 3. The AUC values of IdaOH were about 1.4
times higher than the AUC values of Ida. The
difference was more pronounced (p = 0.02) on day
3 after administration of Ida as a 3 min infusion.
Administration of Ida as short time infusions resulted
in peak concentrations approximately 15 times high-
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Figure 2. Plasma pharmacokinetics of IdaOH during a 3

day course of lda. Median values of measured plasma
concentrations of 1daOH after administration of Ida as a
3 min infusion (A) and as a 2 h infusion (B). The results
from pharmacokinetic modeling are given by the solid
lines.

er than for IdaOH. The differences in Cpn.x of Ida
and IdaOH after administration of Ida as a 2h
infusion were almost negligible.

The AUC and Cp.x values of Ida and IdaOH
showed a large inter-patient variability as illustrated
in Table 1.

Idarubicin pharmacokinetics

Following Ida in combination with Ara-C, the
median duration of leukopenia (< 1.0 X 10°/1) was
14 days (range 5-56) and of thrombocytopenia
(<50 X 10°/1) was 22 days (range 7—120). The large
majority of patients developed infectious complica-
tions. Two patients with MDS-AML showed a good
response.

One patient with MDS-AML showed a bone
marrow morphology consistent with MDS 3 follow-
ing the first and second courses of Ida and Ara-C.
Another patient with MDS-AML (FAB MG6) disease
had a bone marrow picture following regeneration
after the first course showing MDS 2. The remaining
patients except one, who received two courses as
consolidation treatment, had no or only a transient
reduction of the number of leukemic cells in the
bone marrow.

One male patient developed atrial flutter following
the first course of Ida and Ara-C. He had previously
been treated with both daunorubicin and mitoxan-
trone.

There was no significant difference in the hemato-
logical toxicity profile between ‘long’ or ‘short’ time
Ida administration.

Discussion

Pharmacokinetic modeling confirmed previous find-
ings that a three-compartment model is suitable for
describing the plasma concentration—-time course of
Ida after the short time infusions."'? This pharmaco-
kinetic model is also suitable for describing the
plasma concentration—time course of Ida after pro-
longed infusions. Our findings that the AUC values
of neither Ida nor IdaOH were affected by the

Table 1. Pharmacokinetics of ida and IdaOH

Drug Day AUC® Cnax®
3 min 2h 3 min 2h
Ida 1 103.0 103.7 88.4 22.9
845-1221 81.2-123.0 63.0-288.4 18.8-29.8
IdaOH 1 138.5 135.9 6.90 6.95
110.8-174.4 94.8-201.7 5.40-9.60 4.55-9.35
Ida 3 162.0 201.1 309.3 28.3
135.4-211.7 174.8-300.8 59.3-624.0 22.8-84.1
IdaOH 3 330.4 323.9 16.8 15.0
270.1-384.9 247.1-416.1 14.0-19.0 11.5-22.5

All data are expressed as median values and 95% ClI.
8AUC is expressed in ng-h/ml.
® Gmax IS @xpressed in ng/ml.
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administration time support the assumption of linear
pharmacokinetics.

The pharmacokinetics of the active metabolite
IdaOH was most accurately described by the one-
compartment model with a first-order formation
phase. This is in contrast with previous ﬁndings,18
where a zero-order formation phase was utilized in
the pharmacokinetic modeling.

The plasma concentration of IdaOH was main-
tained at almost a constant concentration over a
prolonged period of time on repeated administration
of Ida for three consecutive days. However, the AUC
ratio IdaOH/Ida was considerably lower after i.v.
administration than observed after oral administra-
tion, 1.4 and 5, respectively.l‘12 Still, it is most likely
that IdaOH makes an important contribution to the
therapeutic effect of i.v. administration of Ida to
patients with AML.

The results in Table 1 are in agreement with
carlier findings of a wide pharmacokinetic variability
of anthraquinone glycosides. Hence, the dose nor-
malized AUC and Cp,x of adriamycin show a more
than 10-fold inter-individual variation.”'? The clinical
relevance of the difference in pharmacokinetics is
still an unresolved issue and a matter of controversial
debate. In breast cancer patients we observed that
side effects like alopecia, nausea and vomiting in-
creased with increasing maximum plasma concentra-
tion of epirubicin, 60 mg/m? administered as a 2h
constant rate infusion,12 while there was no obvious
correlation with clinical response.

The use of prolonged anthracycline infusions is
associated with an increased accumulation of anthra-
cyclines in leukemic cclls,m‘w'zo even though these
findings have been questioned by Muller et al !
Their conclusions are, however, based on pharmaco-
kinetic data using different drug combinations for
infusion and bolus therapy.

Thus, in addition to a potential increase of the
anti-leukemic effect, the use of prolonged infusions
may reduce side effects. Peak left ventricular tissue
concentration of the doxorubicin seems to be
correlated with peak plasma concentration.?? It has
been suggested that cardiotoxicity following anthra-
cycline therapy might be related to the peak plasma
and/or cardiac concentrations of intact drugs and/or
their 1S-dihydrometabolite.22

We have previously studied the pharmacokinetic
effects by varying the infusion time of doxorubicin,
an anthraquinone glycoside considerably less lipo-
philic than Ida.”® The maximum plasma concentra-
tion of doxorubicin was decreased by a factor of
about 10 using 2 h infusions as compared to bolus
injections. The results of the present study show
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that the reduction in C,,x by prolongation of the
infusion time is much less pronounced for Ida. It is,
however, possible to administer Ida as a 3 day course
to further decrease Cp.x, as Ida and IdaOH are
accumulated only to a minor extent in plasma by
repeated daily administration.

Clinical evaluation has proved that infusion ther-
apy with anthracyclines is effective in the treatment
of AML as well as solid tumors.*?* The decrease in
side effects associated with anthracycline infusion
therapy as compared to bolus administration might
permit an increase of the dose intensity. An increase
of the anthracycline dose intensity has resulted in an
increasing response rate in advanced breast
cancer,zs'% large-cell lymphoma,27 sarcoma”® and
children with acute lymphoblastic leukemia.”® The
results in the present study give no evidence of
reduced hematological toxicity by increasing the
administration time of Ida from 3 min to 2 h. How-
ever, it is difficult to evaluate toxicity between short-
and long-term infusions, since the patients also
received Ara-C each day. Still, minimizing Cp,x, by
administration of Ida as prolonged infusion during a
3 day course, might be clinically important in order
to reduce cardiotoxicity and hopefully to increase
anti-tumor efficacy due to an increased accumulation
of Ida and IdaOH in leukemic cells.
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