
Journal of Antimicrobial Chemotherapy (1995) 36, 657-663

Multiple dose pharmacokinetics of an oral solution of itraconazole in patients
receiving chemotherapy for acute myeloid leukaemia
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The multiple dose pharmacokinetics of a solution of itraconazole given orally were
measured in an open study of 20 patients undergoing remission induction
chemotherapy for acute myeloid leukaemia. Patients were given itraconazole 5 mg/kg
od, 2.5 mg/kg bd, 2.5 mg/kg odor 1.25 mg/kgbd. The mean daily dose of itraconazole
was 407 mg for patients receiving 5 mg/kg/day and 148 mg in patients receiving
2.5 mg/kg/day. Mean concentrations of 493 and 495 fig/L were achieved on day 8 in
patients who received 5 mg/kg/d od or 2.5 mg/kg bd itraconazole respectively.
However, mean concentrations were significantly lower for those who received
2.5 mg/kg od itraconazole being 110 /Jg/L on day 8. Mean areas under the
serum-concentration time curves were also markedly higher in patients receiving
5 mg/kg/day than in those receiving 2.5 mg/kg/day itraconazole and were 22,382 and
5615//g.h/L on day 15 respectively. These findings suggest that the serum
concentrations attained with an oral solution of 5 mg/kg itraconazole either once daily
or in two divided doses are suitable for antifungal prophylaxis in patients receiving
chemotherapy for acute myeloid leukaemia.

Introduction

Fungal infection is a major cause of morbidity and mortality in immunocompromised
patients with cancer (Anaissie, 1992). Effective prophylaxis depends on adequate drug
levels which may be impaired following chemotherapy to induce remission of acute
leukaemia since the agents employed affect the rapidly dividing cells of the oral and
intestinal mucosa leading to difficulties in swallowing due to oral mucositis, glossitis and
oesophagitis (Mitchell & Stein, 1984). Severe damage to the mucosa of the alimentary
tract may also impair absorption of drugs given orally (Shaw, Spector & Ladman, 1979)
and markedly reduce their bioavailability (Bradford et al., 1991). Indeed, early studies
with the triazole, itraconazole showed that some patients receiving remission-induction
therapy experienced difficulty in swallowing the capsules (Prentice & Bradford, 1989) and
that the plasma concentrations of the drug could be low (Tricot et al., 1987; Persat et al.,
1992). A solution of lOg/L itraconazole in 40% hydroxypropyl-/?-cyclodextrin was
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therefore developed and was shown to improve bioavailability by as much as 30% when
given to healthy volunteers (Janssen Research Foundation, data on file). As no data were
available for patients undergoing chemotherapy for acute leukaemia, we undertook to
determine the pharmacokinetics of multiple doses of this new formulation of itraconazole
in a series of these patients.

Patients and methods

Patients

The study population consisted of adult patients receiving standard remission induction
therapy with either daunorubicin or idarubicin and cytarabine (cytosine arabinoside) for
acute myeloid leukaemia. Patients were excluded from the study if they were known to
be hypersensitive to triazole antifungals, had severe hepatic impairment, were receiving
rifampicin, or had profuse diarrhoea or ileus on presentation. All patients gave their
informed consent in writing and the protocol was approved by the Ethics Committee of
each participating centre.

Allocation of the dose of itraconazole

Patients were allocated randomly to receive one of the four dosage regimens: 5 mg/kg od,
2.5 mg/kg bd, 2.5 mg/kg od or 1.25 mg/kg bd from the third day of chemotherapy for
14 days.

Measurement of itraconazole concentrations

Blood was drawn on the first day, on day 8 and on the last day of treatment (day 15) via
a Hickman central catheter immediately before the first dose and 1, 2, 3, 4, 5, 6, 8 and
24 h after the dose of itraconazole. Serum concentrations of itraconazole were measured
by means of reverse-phase high-performance liquid chromatography (HPLC) with a
lower limit of detection of 10 //g/L and coefficients of variation of 2.2-7.8% over the
concentration range of 20-1600 ^g/L (Warnock, Turner & Burke, 1988). The standard
curve was linear from 10 to 10,000 ng/L. The maximum serum concentration Cm, and
the minimum concentration Cmta were recorded and the area under the concentration time
curve (AUC) was calculated over 24 h using the trapezoidal rule. AUCs were compared
using an unpaired Mest.

Table I. Patient attrition during the trial

Dosage regimen
5.0 mg/kg od 2.5 mg/kg bd 2.5 mg/kg od 1.25 mg/kg bd total

Number of patients
enrolled

Day 1
Day 8
Day 15

6
6
5
5

5
4
4
3

5
4
4
3

4
2
2
2

20
16*
15
13

"One patient provided data on days 8 and 15 only.
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Table II. Patient characteristics

Dosage regimen
5.0 mg/kg od 2.5 mg/kg bd 2.5 mg/kg od 1.25 mg/kg bd

Mean age (years)
(S.D.)
Mean weight (kg)
(S.D.)
Men/women

42.8
(17.9)
64.87
(9.6)
4/2

61.0
(17.8)
75.4

(23.3)
5/0

43.2
(16.9)
70.46

(15.9)
2/3

57.3
(10.8)
76.25

(10.8)
3/1

Results

Patients
Twenty patients entered the trial (Table I). Three patients contributed only safety data
and were not included in the pharmacokinetic analyses as no blood samples could be
taken in one case and the incorrect dose of itraconazole had been given to two patients.
Another patient only provided data on days 8 and 15. Two additional patients were
withdrawn after one day because of severe vomiting, another was withdrawn on
day 15 because of gastrointestinal bleeding and one patient died. Thus, 13 patients
completed the trial.

Patient characteristics are shown in Table II. Patients were, on average, 50 years old
(range 18-77), had an average weight of 71.2 kg (range 45-115) and 14 (70%) were men.

Serum concentrations

Mean maximum and minimum itraconazole serum concentrations are shown in Table III
and average values are plotted in Figure 1.

The mean 24 h serum concentration on day 8 was 493 /ig/L after 5 mg/kg od
itraconazole, 495 /ig/L after 2.5 mg/kg bd and 110 /ig/L after 2.5 mg/kg od; these groups
included data from four or five patients. The two patients given 1.25 mg/kg bd had serum
concentrations measured on day 8 of 503.2 /ig/L and 381.7 /ig/L, respectively.

Table III. Mean maximum (C^,) and minimum ( C M ) itraconazole concentrations (/ig/L) on days
1, 8 and 15 and AUC (/ig/L/h) on day 15 in patients receiving 5 or 2.5 mg/kg itraconazole per day

in single (od) or divided (bd) doses

Dose

Day 1

n (/ig/L)
CM

Day 8 Day 15
AUC

(/ig/L/h)

5 mg/kg od
(S.D.)
2.5 mg/kg bd
(S.D.)
2.5 mg/kg od
(S.D.)
1.25 mg/kg bd
(S.D.)

331 13 663 288 1486 306 22,710
(±98) (±28) (±382) (±235) (±234) (±255) (±4609)

149 0 593 409 1160 715 22,055
(±40) (±319) (±252) (±594) (±385) (±9775)

103 14 315 108 350 59 3529
(±73) (±27) (±333) (±148) (±310) (±49) (±3086)

215 49 629 227 611 296 7704
(±62) (±28) (±297) (±102) (±233) (±159) (±8150)
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Figure 1. Mean serum itraconazole concentrations (/Jg/L) on days 1 ( • ) , 8 ( + ) and 15 ( • ) in patients
receiving itraconazole at the following dosages: (a) 5.0 mg/kg od, (b) 2.5 mg/kg bd; (c) 2.5 mg/kg od; (d)
1.25mg/kg bd.

The mean 0-24 h AUC on day 15 for patients receiving 5 mg/kg/day was significantly
higher {P = 0.001) than that for those receiving 2.5 mg/kg/day itraconazole. However,
the AUCs for the od and bd dosage regimens at each dose level were not significantly
different (Table III).

In patients receiving 5 mg/kg itraconazole/day, serum concentrations declined slowly
over the 5-day wash-out period which followed the last dose on day 15 (Figure 2). By day
15, a saturated kinetic profile appeared to be established.

The average daily doses were 318 mg, 495 mg, 176 mg and 102 mg itraconazole after
5 mg/kg od, 2.5 mg/kg bd, 2.5 mg/kg od and 1.25 mg/kg bd, respectively.

Adverse experiences

There were two reports each of anaemia, gastrointestinal bleeding and diarrhoea, three
patients developed fever and one experienced vomiting. These events were considered to
be related to the underlying disease, to the remission induction chemotherapy, or to
infective complications such as bacteraemia and not to the study drug. In addition, one
patient died from multiple organ failure due to leukaemic infiltration after ten days
of treatment.

Discussion

This study represents the first attempt to characterize the multiple dose pharmacokinetics
of an oral solution of itraconazole in leukaemic patients undergoing remission induction
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Figure 2. Mean serum itraconazole concentrations (/ig/L) following the final dose on day 15 in patients
receiving 5.0 mg/kg od ( + ) and 2.5 mg/kg bd ( • ) itraconazole.

chemotherapy who are known to be subject to gastrointestinal toxicity (Shaw et al., 1979).
Itraconazole is a lipophilic, weakly basic compound and therefore absorption is likely to
be affected adversely by impairment in gastrointestinal function caused by mucosal
damage or hypochlorhydria. The poor bioavailability of itraconazole in neutropenic
patients was demonstrated by an earlier study (Persat et al., 1992) which showed that such
patients required doses of up to 600 mg/day of the drug in pellet capsule form to achieve
serum concentrations exceeding 250 /ig/L whereas similar levels have been achieved in
healthy volunteers receiving just 100 mg/day itraconazole (Van Peer et al., 1989).

This study was designed to reflect normal clinical practice as far as possible. Patients
were not excluded from the study if they were receiving H2-antagonists which may reduce
absorption of the capsule formulation of itraconazole (Lim et al., 1993). Six patients
received either ranitidine or cimetidine but there were no apparent differences between
their itraconazole levels and those of other patients given the same dose. In addition,
patients' mealtimes were not altered to fit the study so levels do not represent serum
concentrations in the fasted state.

Further studies are required to determine the optimum serum concentrations for
antifungal prophylaxis but initial data suggest that concentrations of at least 250 j/g/L
are needed to prevent systemic fungal infections (Tricot et al., 1987; Boogaerts et al.,
1989). Although neither of these studies is definitive, this concentration provides an
appropriate benchmark for which to aim even though tissue or serum itraconazole levels
are difficult to relate to the in-vitro activity against pathogenic fungi. Patients given a total
daily dose of 5 mg/kg had mean minimum concentrations above 250 /ig/L from day 8,
whereas those receiving 2.5 mg/kg/day had mean minimum concentrations below 50 //g/L
on days 8 and 15. Using the findings of Boogaerts et al. (1989) and Tricot et al. (1987)
as a guide, a dose of 5 mg/kg of itraconazole oral solution should provide adequate serum
itraconazole levels for antifungal prophylaxis.

A 5 mg/kg/day regimen permits prophylactic drug levels to be established before the
onset of neutropenia in leukaemia patients and, by day 15, a saturated kinetic profile was
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established. Serum drug levels declined only slowly over the 5-day wash-out period which
may be clinically relevant to patients who develop such severe mucositis that they are
unable to take any further oral medication.

There were no apparent pharmacokinetic differences between od and bd dosing in terms
of minimum and maximum concentrations and AUC. However, since the final blood
sample was taken at 8 h, so as not to disturb patients during the night, the AUCs for the
bd regimens are underestimates since they do not include the peak from the second daily
dose. Assuming the serum concentration at 12 h (Ci2h) falls between the values for COh)
and C24h and that Cl2h = (COh + C24h)/2 the AUCo-2<h can be estimated by doubling the
AUCo-,2h giving an AUQ^ 2 4 h of 22,823 ± 11,541/ig/L/h after 2.5 mg/kg bd and
10,454 + 4668 /ig/L/h after 1.25 mg/kg bd. As might be expected these estimates suggest
that the AUCs for the bd dosage regimens were higher than those for the od regimens
although there is still little difference between 5 mg/kg od and 2.5 mg/kg bd as the AUCs
were 22,710 /ig/L/h and 22,823 /ig/L/h respectively. Nevertheless, patients preferred the
twice daily regimens.

In conclusion, giving 5 mg/kg/day of itraconazole in the oral solution results in higher
serum concentrations than the 2.5 mg/kg/day dosage and the levels achieved appear
adequate for antifungal prophylaxis although this needs to be confirmed.
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