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and 4'-epi-doxorubicin in children with acute
lymphocytic leukemia using a limited sampling
procedure

Staffan Eksborg,1 Carina Palm1 and Olle BjoÈ rk2

1Karolinska Pharmacy and 2Department of Pediatric Oncology, Karolinska Hospital, 171 76 Stockholm,
Sweden.

Antraquinone glycosides are an important class of antineo-
plastic drugs, frequently used for treatment of a variety of
malignancies in children. Doxorubicin (Dox) is the most
frequently used drug within this class of antineoplastics. 4'-
epi-doxorubicin (Epi), a Dox isomer, was developed with the
aim of reducing risks for fatal heart toxicity observed with
Dox. The aim of the present study was to investigate the
pharmacokinetics of Dox and Epi in children with acute
lymphocytic leukemia. In total 31 patients (13 females and 18
males; median age 5.4 years; range 0.73±15.3 years) were
studiedusing a simplifiedsamplingprocedure.The pharmaco-
kinetic differences of the two drugs were established by their
simultaneous administration. The plasma pharmacokinetics
of neither Dox nor Epi correlated with the age of the patients.
There were no gender differences in dose-normalized
maximum concentrations of neither Dox nor of Epi. The
inter-patient variation of the dose-normalized maximum
concentrations of Dox and Epi is larger among females than
among males. The Cmax ratio Dox/Epi was 1.39+0.19
(mean+SD). The pharmacokinetic differences of Dox and
Epi in children, although less pronounced than in adults, are
still of a magnitude that might be of clinical importance. [#
2000 Lippincott Williams & Wilkins.]
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Introduction

Anthraquinone glycosides are frequently used for
treatment of a variety of malignancies, including

leukemia, in children. Doxorubicin (Dox) is the most
frequently used drug within this class of antineoplas-
tics. Unfortunately, fatal heart toxicity due to treat-
ment with Dox has been documented in a large
numbers of reports.1±3 Attempts to reduce risks for
heart toxicity include dose fractionation, prolonged
infusions, the use of cardio-protectant agents and new
drug analogs. Currently, 4'-epi-doxorubicin (Epi) is the
most promising new anthraquinone glycoside in
clinical use. Studies in adults have shown that patients
treated with a cumulative dose of 550 mg/m2 of Dox
and 950 mg/m2 of Epi have a 5% probability of
developing congestive heart failure.4

Anthracycline therapy for acute lymphocytic leu-
kemia (ALL) in childhood is associated with even a
higher risk for myocardial damage than in adults.
Lipshultz et al.3 identified abnormalities of cardiac
function in 17% of childhood patients who had
received a single dose of only 45 mg/m2 of Dox. The
cumulative dose, age at treatment and gender are
important risk factors for children treated with
anthraquinone glycosides.5,6

The aim of the present study was to investigate
factors influencing the pharmacokinetics of Dox and
Epi administered as a 24 h constant rate infusion to
children with ALL, and also to compare the pharma-
cokinetics of the two drugs. The pharmacokinetics of
Dox and Epi were evaluated by our previously
published simplified sampling procedure.7 The influ-
ence of intra-patient variation on Dox and Epi
pharmacokinetics was eliminated by treating the
patient with a mixture of equal amounts of Dox and
Epi during the study period. The drugs were analyzed
by reversed-phase liquid chromatography with fluoro-
metric detection.
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Patients and methods

Study approval

The study was approved by the Local Ethics Commit-
tee (Karolinska Hospital, no. 94-224). Oral informed
consent was obtained from all parents and, when
appropriate, also from the children prior to inclusion
into the study.

Patients

In total, 31 patients (13 females and 18 males) with
ALL were included in the present study. Their median
age was 5.4 years (range 0.73±15.3 years). During the
study period all patients were in complete remission.

Treatment schedule

Twenty-four of the patients were treated according to
the Nordic Society for Pediatric Hematology and
Oncology (NOPHO) 92 SR/IR protocol. The remaining
seven patients were treated according to the NOPHO
92 HR protocol. However, for the purpose of the
present study, the last scheduled course of Dox (i.e.
course 3 for the SR/IR group and course 4 for the HR
group) was substituted by equal amounts of Dox and
Epi, the total dose being equal to the ordinary
scheduled dose of Dox.

The administered dose of each anthracycline drug
was 19.4 mg/m2 (median value; range 12.9±21.0 mg/
m2) corresponding to 0.76 mg/kg (median value;
range 0.55±1.0 mg/kg).

The body surface area (BSA) of the patients was
calculated from the Du Bois formula.8 The body mass
index (BMI) was calculated as weight/(height)2 and
the lean body mass (LBM) as given by James.9

Drug solutions were prepared by dilution of
commercial available stock solutions of Dox (Adriamy-
cin1) and Epi (Farmorubicin1) (2 mg/ml; Pharmacia
& Upjohn, Stockholm, Sweden) with 5% glucose
containing 40 mM/l of sodium and 20 mM/l of
potassium. The final volume of the prepared infusion
solution was 1000 ml. For medical reasons the infusion
volume was, however, reduced to 500 ml in three of
the patients and to 250 ml in another two patients.

The concentrations of Dox and Epi in all drug
solutions were quantified by reversed-phase liquid
chromatography (see below). The concentration ratio
Dox/Epi was 1.01 (median value; 95% CI 0.98±1.05).

The drug solutions were administered by an IVAC
Model 561 infusion pump (Medical Instrument Systems
Scandinavia, TaÈby, Sweden). The infusion rate was
constant during the administration of the drug mixture.

Plasma samples

Capillary blood samples were drawn into micro
hematocrit capillary tubes (i.d. 1.2 mm; length
75 mm) treated with ammonium heparin (Kebo
Lab, Stockholm, Sweden). The plasma fractions
were separated by centrifugation for 5 min in an
Adams Autocrit Centrifuge (Clay Adams, Parsippany,
NJ). The plasma fractions were collected in capped
glass vials and stored at 7708C until time of
analysis.

Analytical procedure

Dox and Epi were assayed by an analytical procedure
based on reversed-phase liquid chromatography with
fluorometric detection.10

Briefly, 100 ml of plasma sample was mixed with
the internal standard (daunorubicin) dissolved in
0.1 M phosphoric acid and transferred into a
SepPak C18 extraction column (Waters, Milford,
MA). After rinsing with 5 ml of phosphate buffer
(pH 7.0) the antraquinone glycosides were eluted
with 4 ml of methanol. The elute was evaporated,
redissolved in 0.1 M phosphoric acid and injected
into a Nova-Pak Phenyl Radial-Pak cartridge
(Waters). Acetonitrile, typically 40%, in 0.01 M
phosphoric acid was used as the mobile phase.
Minor adjustments of the acetonitrile concentration
in the mobile phase were sometimes necessary to
maintain optimal chromatographic resolution of the
anthraquinone glycosides. The fluorometric detec-
tor (Model RF-551 spectrofluorometric detector;
Shimadzu, Kyoto, Japan) was operated at 501/
600 nm.

All plasma concentrations reported are mean values
of duplicate analysis.

Pharmacokinetics

A limited sampling model for plasma level monitoring
of Dox and Epi was used.7 Plasma concentrations of
Dox and Epi were measured 23 h after the start of the
24 h infusions.

Statistics

The Mann±Whitney U-test was used for the compar-
ison of values from two independent populations.
Correlations were established by the Spearman rank
correlation test. Dispersion of data from two popula-
tions was compared by the Bartlett's test for equal
variances. p50.05 was considered as statistically
significant.
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Results

Cmax values of neither Dox nor Epi correlated with the
age of the patients, after dose normalization based on
BSA (mg/m2), body weight (BW; mg/kg) or (LBM),
(Figures 1 and 2). Cmax values of Dox, after dose
normalization based on BSA, were higher in younger
children (median age 3.4 years; range 0.73±4.85 years;
n=15) than in older children (median age 8.8 years;
range 5.42±15.26 years; n=16), p=0.03. The difference

of dose-normalized Cmax values of Epi did not differ
between younger and older children.

There were no gender differences in BSA dose-
normalized maximum concentrations of Dox or Epi.
The inter-patient variations of the dose-normalized
maximum concentrations of both drugs were larger
among females than among males, p=0.03 and
p=0.007 for Dox and Epi, respectively.

The influence of the different dose-normalization
principles on the inter-patient variation of the
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Figure 1. Dose-normalized maximum plasma concentra-
tion of Dox in relation to age. Dose normalization based on
(a) BSA, (b) BW and (c) LBM. Closed symbols: females.
Open symbols: males.
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Figure 2. Dose-normalized maximum plasma concentration
of Epi in relation to age. Dose normalization based on (a)
BSA, (b) BW and (c) LBM. Closed symbols: females. Open
symbols: males.
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maximum plasma concentration is summarized in
Table 1, indicating that dose normalization based on
BSA might give a lower inter-patient variation of a pre-
determined target plasma concentration than dosing
base on BW or LBM.

BSA-normalized Cmax values did not correlate with
BMI for Dox or Epi (data not shown). Dose-normalized
Cmax values of Dox and Epi tended to be higher in
patients with low BMI [Cmax/mg/m2: 1.33 (Dox) and
0.98 (Epi); mean values; BMI: 12.2±16.3 kg/m2, n=15]
than in patients with high BMI [Cmax/mg/m2: 1.21
(Dox) and 0.89 (Epi); mean values; BMI: 16.7±21.5 kg/
m2, n=16] (p= 0.06 and p=0.02 for Dox and Epi,
respectively).

The Cmax ratio Dox/Epi was 1.39+0.19 (mean
value+SD) and was not affected by the age of the
patients (Figure 3).

Discussion

Cancer chemotherapeutic agents have a lower ther-
apeutic index than most other groups of drugs. The
difference between an underdose and an overdose is

small, and the consequences of either are life-
threatening. Variation between individuals in response
to chemotherapy is a great clinical problem and
variation in drug exposure, measured by the area
under the plasma (blood) concentration time curve
(AUC), might be a major contribute to it.11 Therefore,
cancer chemotherapy needs precise and reliable
prescription methods. Generally, dosing of antineo-
plastic drugs is based on BW or BSA. Recently, LBM
was suggested to be further evaluated and tested in
dose-optimizing studies of Epi.12

The pharmacokinetic goal of dosing is to obtain a
pre-determined AUC value even though the targets of
anticancer drugs are localized in the tumor cells, since
pharmacokinetic studies in plasma obviously are more
realistic than in tumor tissue. The relationship
between drug concentrations in plasma and tumors
has not been extensively studied; however, a good
correlation between Dox concentration in plasma and
tumors has been established.13±15 Relationships be-
tween plasma concentration, host toxicity and tumor
response have been reported for a number of
antineoplastic drugs, including Dox,16,17 suggesting
that the dose to be administered could be adjusted to
result in pre-determined plasma concentrations, in
order to achieve a predictable outcome, i.e. to
produce a more consistent therapeutic effect while
at the same time minimizing toxicity.

The pharmacokinetics of Dox and Epi have been
extensively studied in adults.14,18,19 The pharmaco-
kinetics of the anthraquinone glycosides are highly
variable with an almost 10-fold inter-patient variation
of AUC despite standardization of the dose based on
BSA.20 The need for individualization of doses based
on measured plasma concentrations of the anthraqui-
none glycosides has been pointed out as a result of the
many reports of their large inter-patient variation.21,22

However, only scant data concerning the pharmaco-
kinetics of Dox in children have so far been
published,23±27 while pharmacokinetic data of Epi in
children have been lacking until now.

In the present study we used the maximum plasma
concentrations of Dox and Epi as a substitute for

Table 1. Dosing of Dox and Epi to children with ALL

Dox Epi

Cmax/mg/m2 Cmax/mg/kg Cmax/mg/LBM Cmax/mg/m2 Cmax/mg/kg Cmax/mg/LBM

Mean 1.28 32.5 38.3 0.94 24.0 28.3
Min 0.69 17.8 20.3 0.47 11.6 13.2
Max 3.04 76.0 97.4 2.29 57.2 73.3
SD 0.46 12.1 15.9 0.39 10.6 13.9
VC% 35.9 37.2 41.5 41.0 44.2 49.2
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Figure 3. Relative maximum plasma concentration of Dox
and Epi and age. Closed symbols: females. Open symbols:
males.
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measuring the total AUC.7 This simplified technique
for pharmacokinetic monitoring has previously been
applied in a study of the pharmacokinetics of Epi in
patients with breast cancer.28 Calculations showed
that plasma concentrations of Dox and Epi 23 h after
the start of a 24 h infusion are less than 0.5% lower
than Cmax, reached at the end of the infusion. Capillary
blood sampling was used in the present study for
ethical and practical reasons.29

Comparative studies of Dox and Epi in adults have
shown that the pharmacokinetics of the two drugs are
very similar.30±34 In the present study, the influence of
intra-patient variation in Dox and Epi pharmaco-
kinetics was eliminated by treating the patients with
a mixture of equal amounts of Dox and Epi at one
study occasion only. This technique has previously
been used for comparative pharmacokinetic studies of
the two drugs after i.v. and intrahepatic administration
to adult patients, and enables evaluation of even minor
differences in their pharmacokinetics.31,32

Previous studies of dose normalization and age
dependency of Dox clearance in children are conflict-
ing. McLeod et al.27 observed a lower clearance,
normalized for BSA, in children younger than 2 years
as compared to children aged 2±20 years, while
weight-normalized clearance did not differ in the two
age groups.27 In contrast, Crom et al.26 found that
plasma clearance of Dox, normalized to BSA, was not
related to age, but clearance normalized to weight was
lower in patients above the median age of 10.5 years.

The results in the present study did not show a
correlation between age and plasma pharmacokinetics
of Dox and Epi after dose normalization based on BSA
(mg/m2), BW (mg/kg) or LBM (Figures 1 and 2).
Influence of age on the pharmacokinetics of Dox
cannot, however, be excluded, since Cmax/mg/m2 was
higher in the younger than in the older groups of
children, which is in accordance with the results
presented by McLeod et al.27 Our data do not support
an assumption of an age-dependent pharmacokinetics
of Epi.

The results in Table 1 indicate that dose normal-
ization based on BSA might give a lower, although not
significant, inter-patient variation of a pre-determined
target plasma concentration than dosing based on BW
or LBM. It must be emphasized that even a dose
normalization based on BSA still results in an 4- to 5-
fold inter-patient variation of the maximum plasma
concentration. The results in Table 1 also indicate that
the inter-patient variation of dose-normalized Cmax

might be lower for Dox than for Epi, but this
difference is not statistically significant.

A comparison of Cmax values in the present study
and in our previous study of adult breast cancer

patients28 shows that dosing based on BSA results in
similar plasma concentrations of Epi in children and
adults, under the assumption that identical infusion
rates are used. In contrast, dosing based on BW results
in lower plasma concentrations of Epi in children than
in adults. The inter-patient variation of the dose-
normalized Cmax values of Epi were higher in children
with ALL than in breast cancer patients (p=0.002),
underlining the difficulties of a proper dosing of
anthraquinone glycosides to children.

The body composition is considered as an important
variable in the pharmacokinetics of antineoplastic
drugs,35 even though relative little attention has been
paid to this fact when optimizing drug treatment.
However, in a study of the fat body mass and the
pharmacokinetics of oral 6-mercaptopurine in children
with ALL, it was found that the AUC values increased
with decreasing weight/height percentile, an index of
the fat body mass.36

The BMI values of the patients in the present study
were within the range 12.2±21.5 kg/m2, correspond-
ing to 73±149% of BMI values observed in healthy,
aged-matched children. A correlation between the
values of Cmax for Dox and Epi, normalized for the
dose in mg/m2, and BMI could not be established.
However, dose-normalized Cmax values of Dox and Epi
tended to be higher in patients with low BMI than in
patients with high BMI. This is in accordance with the
observations that clearance of xenobiotics in malnour-
ished children in general is lower than in well-
nourished children.37

The importance of body composition on anthracy-
cline pharmacokinetics in adults is conflicting. Hence,
an increase of Dox AUC and prolonged elimination rate
in obese patients has been reported.38 Dox clearance
decreased and the elimination rate increased with
increasing percentage ideal body weight. In contrast,
the pharmacokinetics of Epi, administered as a 2 h
infusion to breast cancer patients, did not show a
correlation between the maximum plasma concentra-
tion of Epi and degree of obesity.28 It should be
emphasized that these patients had considerably higher
BMI values than the patients in the present study.

An addition to higher risks for abnormalities of
cardiac function,5,6 nausea associated with anthracy-
line-containing regimes is more severe in girls than in
boys.39 Moreover, superior treatment results in
females with high-risk ALL in childhood have also
been found using anthracycline-containing regimes.40

The observed gender differences in side effects and
therapeutic efficacy might be explained by a lower
clearance of the anthracyclines in females, previously
observed for Dox in adults with normal liver
biochemistry.41,42 In the present study it was not

Dox and Epi in children with ALL
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possible to demonstrate statistical differences of the
dose-normalized maximum concentrations of Dox or
of Epi between males and females. The inter-patient
variations of the dose-normalized maximum concen-
trations of both drugs were, however, larger among
females than among males, with the highest dose-
normalized Cmax values observed in three of the girls.
Thus, it cannot be ruled out that the observed gender
differences in side effects and therapeutic efficacy of
the anthracyclines in children might be of a pharmaco-
kinetic origin.

The pharmacokinetic differences of Dox and Epi are
significantly less pronounced than in adults (Cmax ratio
Dox/Epi in children versus AUC ratio Dox/Epi in
adults, p=0.02.31,32 Hence, the reduction of systemic
side effects obtained by substituting Dox with Epi
might be less pronounced in children than in adults,
since the reduced toxicity of Epi in comparison with
Dox has been suggested to be the consequence of
differences in pharmacokinetic behavior characterized
by constantly lower plasma concentrations of Epi.30

However, the pharmacokinetic differences of the two
drugs in children are still of such a magnitude that
substituting Dox with Epi most likely will be of clinical
importance.

The relative efficacy of Dox and Epi has been
extensively debated. Dox and Epi are equivalent in

vitro against many cancer cells lines. Epi is even more
effective against gastric cancer cells than Dox.43 A
large number of studies concerning the relative
efficacy of Dox and Epi for the treatment of patients
with neoplastic diseases have also been presented. In a
recent review it was stated that Dox and Epi are
equipotent in the treatment of breast cancer when
used as single drug as well as in combination with
other antineoplastic drugs.4 Epi has a more favorable
therapeutic index than Dox in second-line advanced
breast cancer.44 The use of equimolar doses of Dox
and Epi in advanced soft tissue sarcoma produced
response rates which did not differ significantly.45 In
the treatment of non-Hodgin's lymphoma Epi was as
effective as Dox in terms of patients' response to
therapy.46 Epi has proved to have higher efficacy than
Dox given intravesically after complete resection of
stage Ta/T1 bladder carcinoma by prolonging time to
first recurrence and decreasing the recurrence rate.47

The relative efficacy of Dox and Epi in the treatment of
leukemia has so far not been evaluated, but the uptake
of Epi in leukemic cells is higher than of Dox in
patients with acute leukemia, as a result of its higher
lipophilic character.48 However, the clinical implica-
tion of this finding is still unclear.

Doses of Epi used clinically are in general 30±
50% higher than the doses of Dox, due to the fact

that the hematopoietic toxicity of Epi is consider-
ably lower than Dox.46,49 This might be clinical
advantageous since a steep dose±response curve has
been observed for Epi, at least for breast cancer
patients.4 The dose-response relationship is less
obvious for Dox.50

Conclusions

The plasma pharmacokinetics of neither Dox nor Epi
correlated with the age of the patients.

Dose normalization based on BSA gives lower, but
statistically non-significant, inter-patient variation of a
pre-determined target plasma concentration than
dosing based on BW or LBM.

There were no gender differences in dose-normal-
ized maximum concentrations neither of Dox nor Epi.

The inter-patient variation of the dose-normalized
maximum concentrations of Dox and Epi are larger
among females than among males.

The pharmacokinetic differences of Dox and Epi in
children are less pronounced than in adults, but are still
of a magnitude that might be of clinical importance.

Acknowledgments

All the nurses at the Department of Pediatric Oncology
at Karolinska Hospital are gratefully acknowledged for
their kind interest in the present study and for help
with sampling the patients. Thanks are also due to our
patients and their parents.

References

1. Von Hoff DD, Rozencweig M, Layard M, Slavik M, Muggia
FM. Daunomycin-induced cardiotoxicity in children and
adults. A review of 110 cases. Am J Med 1977; 62: 200±8.

2. Praga C, Beretta G, Vigo PL, et al. Adriamycin cardiotoxi-
city: a survey of 1273 patients. Cancer Treat Rep 1979;
63: 827±34.

3. Lipshultz SE, Colan SD, Gelber RD, et al. Late cardiac
effects of doxorubicin therapy for acute lymphoblastic
leukemia in childhood. N Engl J Med 1991; 324: 808±
15.

4. Launchbury AP, Habboubi N. Epirubicin and doxorubicin:
a comparison of their characteristics, therapeutic activity
and toxicity. Cancer Treat Rev 1993; 19: 197±228.

5. Silber JH, Jakacki RI, Larsen RL, Goldwein JW, Barber G.
Increased risk of cardiac dysfunction after anthracyclines
in girls. Med Pediatr Oncol 1993; 21: 477±9.

6. Lipshultz SE, Lipsitz SR, Mone SM, et al. Female sex and
drug dose as risk factors for late cardiotoxic effects of
doxorubicin therapy for childhood cancer. N Engl J Med
1995; 332: 1738±43.

S Eksborg et al.

134 Anti-Cancer Drugs . Vol 11 . 2000



7. Eksborg S. Anthracycline pharmacokinetics. Limited
sampling model for plasma level monitoring with special
reference to epirubicin (Farmorubicin). Acta Oncol 1990;
29: 339±42.

8. DuBois D, DuBois EF. A formula to estimate the
approximate surface area if height and weight are known.
Arch Intern Med 1916; 17: 863±71.

9. James WPT. Research on obesity. London: HMSO 1976.
10. Eksborg S, Ehrsson H, Andersson I. Reversed-phase liquid

chromatographic determination of plasma levels of adria-
mycin and adriamycinol. JChromatogr 1979; 164: 479±86.

11. Saijo N. Chemotherapy: the more the better? Overview.
Cancer Chemother Pharmacol 1997; 40 (suppl): S100±6.

12. Cosolo WC, Morgan DJ, Seeman E, Zimet AS, McKendrick
JJ, Zalcberg JR. Lean body mass, body surface area and
epirubicin kinetics. Anti-Cancer Drugs 1994; 5: 293±7.

13. GunveÂn P, Theve NO, Peterson C. Serum and tissue
concentrations of doxorubicin after IV administration of
doxorubicin or doxorubicin±DNA complex to patients
with gastrointestinal cancer. Cancer Chemother Phar-
macol 1986; 17: 153±6.

14. Speth PA, van Hoesel QG, Haanen C. Clinical pharmaco-
kinetics of doxorubicin. Clin Pharmacokinet 1988; 15:
15±31.

15. Stallard S, Morrison JG, George WD, Kaye SB. Distribution
of doxorubicin to normal breast and tumour tissue in
patients undergoing mastectomy. Cancer Chemother
Pharmacol 1990; 25: 286±90.

16. Preisler HD, Gessner T, Azarnia N, et al. Relationship
between plasma adriamycin levels and the outcome of re-
mission induction therapy for acute nonlymphocytic leu-
kemia. Cancer Chemother Pharmacol 1984; 12: 125±30.

17. Hu OY, Chang SP, Jame JM, Chen KY. Pharmacokinetic
and pharmacodynamic studies with 4'-epi-doxorubicin in
nasopharyngeal carcinoma patients. Cancer Chemother
Pharmacol 1989; 24: 332±7.

18. Plosker GL, Faulds D. Epirubicin. A review of its pharma-
codynamic and pharmacokinetic properties, and thera-
peutic use in cancer chemotherapy. Drugs 1993; 45:
788±856.

19. Robert J. Clinical pharmacokinetics of epirubicin. Clin
Pharmacokinet 1994; 26: 428±38.

20. Eksborg S, Strandler HS, Edsmyr F, NaÈslund I, Tahvanai-
nen P. Pharmacokinetic study of i.v. infusions of
adriamycin. Eur J Clin Pharmacol 1985; 28: 205±12.

21. de Valeriola D. Dose optimization of anthracyclines.
Anticancer Res 1994; 14: 2307±13.

22. Desoize B, Robert J. Individual dose adaptation of
anticancer drugs. Eur J Cancer 1994; 30A: 844±51.

23. Kummen M, Lie KK, Lie SO. A pharmacokinetic
evaluation of free and DNA-complexed adriamycin: a
preliminary study in children with malignant disease. Acta
Pharmacol Toxicol 1978; 42: 212±8.

24. Evans WE, Crom WR, Yee GC, et al. Adriamycin
pharmacokinetics in children. Proc Am Ass Cancer Res/
Am Soc Clin Oncol 1980; 21: 176 (abstr 705).

25. Holcenberg JS, Kun LE, Ring BJ, Evans WE. Effect of
hepatic irradiation on the toxicity and pharmacokinetics
of adriamycin in children. Int J Radiat Oncol Biol Phys
1981; 7: 953±6.

26. Crom WR, Reily CA, Green AA, Hayes FA, Pratt CB, Evans
WE. Doxorubicin disposition in children and adolescents
with cancer. Drug Intel Clin Pharm 1983; 17: 448
(abstr).

27. McLeod HL, Relling MV, Crom WR, et al. Disposition of
antineoplastic agents in the very young child. Br J Cancer
1992; 66 (suppl XVIII): S23±9.

28. Eksborg S, Hardell L, Bengtsson NO, SjoÈdin M, Elfsson B.
Epirubicin as a single agent therapy for the treatment of
breast cancerÐa pharmacokinetic and clinical study. Med
Oncol Tumor Pharmacother 1992; 9: 75±80.

29. Loebstein R, Koren G. The ethics of multiple blood samp-
ling in children for research. Ther Drug Monit 1997; 19:
251.

30. Martini A, Moro E, Pacciarini MA, Tamassia V, Natale N,
Piazza E. Cross-over study of pharmacokinetics and haemat-
ological toxicity of 4'-epi-doxorubicin and doxorubicin in
cancer patients. Int J Clin Pharmacol Res 1984; 4: 231±8.

31. Eksborg S, Andersson M, DomelloÈf L, LoÈnroth U. A
pharmacokinetic study of adriamycin and 4'-epi-adriamy-
cin after simultaneous intra-arterial liver administration.
Med Oncol Tumor Pharmacother 1986; 3: 105±10.

32. Eksborg S, Stendahl U, LoÈnroth U. Comparative pharma-
cokinetic study of adriamycin and 4'-epi-adriamycin after
their simultaneous intravenous administration. Eur J Clin
Pharmacol 1986; 30: 629±31.

33. Camaggi CM, Comparsi R, Strocchi E, Testoni F, Angelelli B,
Pannuti F. Epirubicin and doxorubicin comparative
metabolism and pharmacokinetics. A cross-over study.
Cancer Chemother Pharmacol 1988; 21: 221±8.

34. Mross K, Maessen P, van der Vijgh WJ, Gall H, Boven E,
Pinedo HM. Pharmacokinetics and metabolism of epidoxo-
rubicin and doxorubicin in humans. J Clin Oncol 1988; 6:
517±26.

35. Reilly JJ, Workman P. Is body composition an important
variable in the pharmacokinetics of anticancer drugs? A
review and suggestions for further research. Cancer
Chemother Pharmacol 1994; 34: 3±13.

36. Zuccaro P, Guandalini S, Pacifici R, et al. Fat body mass
and pharmacokinetics of oral 6-mercaptopurine in
children with acute lymphoblastic leukemia. Ther Drug
Monit 1991; 13: 37±41.

37. Krishnaswamy K. Drug metabolism and pharmacokinetics
in malnourished children. Clin Pharmacokinet 1989; 17
(suppl 1): 68±88.

38. Rodvold KA, Rushing DA, Tewksbury DA. Doxorubicin
clearance in the obese. J Clin Oncol 1988; 6: 1321±7.

39. LeBaron S, Zeltzer LK, LeBaron C, Scott SE, Zeltzer PM.
Chemotherapy side effects in pediatric oncology patients:
drugs, age, and sex as risk factors. Med Pediatr Oncol
1988; 16: 263±8.

40. Lanning M, Garwicz S, Hertz H, et al. Superior treatment
results in females with high-risk acute lymphoblastic
leukemia in childhood. Acta Paediatr 1992; 81: 66±8.

41. Dobbs NA, Twelves CJ, Gillies H, James CA, Harper PG,
Rubens RD. Gender affects doxorubicin pharmacoki-
netics in patients with normal liver biochemistry. Cancer
Chemother Pharmacol 1995; 36: 473±6.

42. Paz-Ares L, Dobbs N, Twelves C. Doxorubicin-induced
cardiotoxicity [letter; comment]. N Engl J Med 1995; 333:
1360.

43. Kohnoe S, Yoshida M, Takahashi I, Emi Y, Maehara Y,
Sugimachi K. Epirubicin is equivalent to adriamycin in
vitro against many cancer cells but more effective against
gastric cancer cells. Anticancer Res 1992; 12: 389±92.

Dox and Epi in children with ALL

Anti-Cancer Drugs . Vol 11 . 2000 135



44. Bontenbal M, Andersson M, Wildiers J, et al. Doxorubicin
vs epirubicin, report of a second-line randomized phase
II/III study in advanced breast cancer. Br J Cancer 1998;
77: 2257±63.

45. Mouridsen HT, Bastholt L, Somers R, et al. Adriamycin
versus epirubicin in advanced soft tissue sarcomas. A
randomized phase II/phase III study of the EORTC Soft
Tissue and Bone Sarcoma Group. Eur J Cancer Clin
Oncol 1987; 23: 1477±83.

46. Nair R, Ramakrishnan G, Nair NN, et al. A randomized
comparison of the efficacy and toxicity of epirubicin and
doxorubicin in the treatment of patients with non-
Hodgkin's lymphoma. Cancer 1998; 82: 2282±8.

47. Ali-el-Dein B, el-Baz M, Aly AN, Shamaa S, Ashamallah A.
Intravesical epirubicin versus doxorubicin for superficial
bladder tumors (stages pTa and pT1): a randomized
prospective study. J Urol 1997; 158: 68±73.

48. Tidefelt U, Sundman-Engberg B, Paul C. Comparison of
the intracellular pharmacokinetics of doxorubicin and 4'-
epi-doxorubicin in patients with acute leukemia. Cancer
Chemother Pharmacol 1989; 24: 225±9.

49. OKunewick JP, Kociban DL, Buffo MJ. Comparative
hematopoietic toxicity of doxorubicin and 4'-epirubicin.
Proc Soc Exp Biol Med 1990; 195: 95±9.

50. Meyer RM, Quirt IC, Skillings JR, et al. Escalated as
compared with standard doses of doxorubicin in BACOP
therapy for patients with non-Hodgkin's lymphoma. N
Engl J Med 1993; 329: 1770±6.

(Received 18 November 1999; accepted 16 December
1999)

S Eksborg et al.

136 Anti-Cancer Drugs . Vol 11 . 2000


