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Pharmacology of Itraconazole
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Abstract Itraconazoleisatriazole antifungal agent that has a broad spectrum of activity
and is well tolerated. Itraconazole is highly efficacious, particularly because its
main metabolite, hydroxy-itraconazole, also has considerable antifungal activity.

The origina capsule formulation of itraconazole may lead to variability in
absorption and the plasma concentration. For the treatment of superficial fungal
infections, thisis not problematical because itraconazole accumulates at the
infection site, making consistently high plasma concentrations unnecessary — a
characteristic that has been exploited in the devel opment of a pulse regimen.

Because consistent plasma concentrations are critical for the more serious
systemic fungal infections, variabl e absorption of itraconazol e from the capsules
limits their application. Moreover, underlying disease processes and medical
interventions can reduce absorption from the capsules in some patients with
systemic fungal infections. To widen the beneficial application of itraconazoleto
include such patients, an oral solution and an intravenous formulation were de-
veloped. These formulations combine lipophilic itraconazole with hydroxypropyl-
B-cyclodextrin, aring of substituted glucose molecul es, which improves the sol-
ubility of itraconazole. The enhanced absorption and bioavailability of
itraconazole from these new formulations make them ideal for the treatment of
systemic fungal infectionsin awide range of patient populations. The additional
flexibility offered by the different routes of administration also means that
itraconazol e can beused in patientsat highrisk, such aschildren or thoserequiring
intensive care, for whom the capsule formulation may be impractical.

Superficial, subcutaneous and systemic fungal
infections cause serious problems in awide range
of people, placing a huge burden on already over-
stretched healthcare services. Because of the wide
range of people who require treatment for fungal
infections, it is preferable if the antifungal therapy
can betailored to the precise needs of theindividual
patient. Itraconazole is available in three formu-
lations [capsules, oral solution and intravenous
(IV)], which allows aflexible approach to the treat-
ment of fungal infections.

The capsules have been used successfully for
many years, especialy for the treatment of super-
ficial and subcutaneous fungal infections. A recent
study has shown that itraconazol e capsules are also

effective at preventing the development of fungal
infections, especially in patientswith profound and
prolonged neutropenia.ll! In some patients, how-
ever, itraconazole is absorbed inconsistently from
the capsules. After intensive research to improve
the absorption and bioavailability of itraconazole,
two new formulations were developed — an oral
solution and an IV formulation.[?

To overcome the difficulty of solubilising lipo-
philic compounds such as itraconazole, hydroxy-
propyl-B-cyclodextrin (cyclodextrin) is often used.
Cyclodextrinisaring of substituted glucose mole-
cules that form a cylindrical structure which is
hydrophilic on the outside and hydrophaobic on the
inside. This hydrophobic cavity forms an ideal
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Fig. 1. Molecular structure of cyclodextrin.

chamber for lipophilic molecules, such as
itraconazole (fig. 1), thereby improving their solu-
bility.

The pharmacological profile of itraconazole is
reviewed in thispaper, highlighting the similarities
and unique properties of each formulation.

1. Pharmacological Properties of
liraconazole

Regardless of formulation, itraconazole has a
broad spectrum of activity; thishasenabled it to be
used extensively in many different patient groups,
generating valuablein vivo data. Itraconazoleisthe
only antifungal with oral biocavailability that is ef-
fective against Candida spp. and Aspergillus spp.,
which are currently the most frequently encoun-
tered fungal pathogens.[®!

1.1 Mechanism of Action

Itraconazol e inhibits the growth of fungi by in-
terfering with the synthesis of ergosterol, a vital
component of the fungal cell membrane (fig. 2).l4
Under normal circumstances, lanosterol, the precur-
sor of ergosterol, undergoes a 14a-demethylation
catalysed by fungal cytochrome P450 (CYP).
Itraconazole interacts with the substrate-binding
site of fungal CYP and blocks this reaction. As a
result, lanosterol and other 14a-methyl sterols
accumulate in the cell membrane instead of er-
gosterol. This impairment of ergosterol synthesis
leads to abnormalities in the fungal membrane
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permeability, membrane-bound enzyme activity
and the coordination of chitin synthesis.[56]

1.2 Distribution

Itraconazole is lipophilic and tightly bound to
blood cells and plasma proteins, primarily albu-
min, leaving only 0.2% of the drug unbound. As
expected, therefore, itraconazol e concentrationsin
maost body fluids, including cerebrospinal fluid and
eyefluid, arelow inrelation to the plasma concen-
tration.l”] Despite high plasma protein binding,
itraconazol e concentrations within tissues are con-
siderable, with alarge apparent volume of distribu-
tion (approximately 11 L/kg). Aswithall lipophilic
antifungal agents, therefore, the protein or tissue-
bound concentration of itraconazole is more clini-
cally relevant than the free drug concentration.®!
Tissuessuch askidney, liver, bone, stomach, spleen
and muscle accumulate large concentrations of
itraconazole.

Itraconazol e a so accumulatesin tissuesthat are
prone to fungal infections, such as the skin, nails,
lungsand female genital tract.[”] The extensive pro-
tein binding of itraconazol e ensuresthat itsconcen-
tration at the site of infection remains higher than
the corresponding plasmaconcentration for several
days. Once equilibrium is established between the
tissue and plasma, itraconazole is eliminated from
the tissue in line with the usual haf-life (ty,).l®
Small doses of itraconazole given over short dura-
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tions are therefore highly effective for the treat-
ment of acute vaginal candidiasis.¥]

The pharmacokinetics of itraconazole in the
skin are unique.[!% The major route of delivery is
via the sebum, leading to itraconazole concentra-
tions 5- to 10-fold higher than in plasma. This
makesitraconazole appropriatefor treating derma-
tological fungal infections, especially those affect-
ing the nails. Soon after the start of therapy,
itraconazole can be detected in the distal part of the
nail through incorporation into both the matrix and
the nail bed.[*Y] Becauseitraconazoleisnot distrib-
uted back to the plasma, but remains in the nail
until it is shed through normal growth, antifungal
therapy does not have to be given continuously.

1.3 Elimination

Itraconazole is metabolised primarily in the
liver by a large number of pathways to produce
more than 30 metabolites. The major metabolite,
hydroxy-itraconazole, reaches higher plasma con-
centrations than the parent compound and has in
vitro antifungal activity similar to that of itra-
conazole.[®12 Because of thelack of renal metabo-
lism, the dose of itraconazole does not need to be
reduced in patients with renal failure and supple-
mentation after dialysisis not necessary.[13]

Elimination of itraconazole is biphasic, with a
terminal ty, of approximately 20 to 24 hours after a
single dose. At steady state, the terminal ty, in-
creasesto 30 hours, indicating that theitraconazole
excretion mechanism is saturated at clinical
doses.[1 Most metabolites are eliminated through
the bile and urine but unmetabolised itraconazole
is not detected in the urine. Only 3 to 18% of the
dose is detected in the fagces.[12

1.4 Drug Interactions

As apotent inhibitor of the fungal CY P3A iso-
enzyme, itraconazole also inhibits this enzyme in
humans, although with amuch lower affinity.[24 It
has the potential, therefore, to modify the pharma-
cokinetics of the many drugs that are metabolised
by this route.[*3] For example, the plasma concen-
tration of cyclosporin, adrug that is often used in
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Fig. 2. Mechanism of action of itraconazole: schematic rep-
resentation of the biosynthesis of ergosterol in fungi, with
an emphasis on the step inhibited by itraconazole. P450 =
cytochrome P450.
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transplant patients, increases after administration
of itraconazole. In some cases, therefore, itracona-
zole may enable particular concomitant medica-
tions to achieve the same therapeutic effects at
lower doses as are attained at higher doses without
itraconazole, with favourable cost implications.[16]
A potentially important interaction between azole
antifungal agents and protease inhibitors used for
the treatment of HIV has recently been de-
scribed,[*”] which may necessitate dose reduction
of both drugs. Despite an increased understanding
of the pharmacokinetic mechanism underlying the
interaction profileof itraconazole, itisstill difficult
to predict conclusively the magnitude of these in-
teractions in individual patients. When concomi-
tant medication includes substances that interact
extensively with itraconazole, therefore, monitor-
ing of blood concentrations may be useful to ensure
optimal efficacy.[8l

2. Capsule Formulation

2.1 Absorption

The absorption of itraconazole from the cap-
sules is perfectly adequate in healthy volunteers
and in patients with superficial fungal infec-
tions.[*¥ Indeed, itraconazole capsules are the
mainstay of treatment for onychomycosisand tinea
infections.[2021] |n some people, however, taking
itraconazole capsules on an empty stomach leads
to reduced absorption and a decline in clinical re-
sponse. Given thelipophilic nature of itraconazole,
itislikely that solubility istherate-limiting step in
itraconazol e absorption. A simple mechanism to
facilitate the solubilisation of itraconazole is to
administer the capsules shortly after ameal, which
leads to optimal systemic availability.1?2 Addition-
ally, coadministration of an acidic beverage (e.g.
acolasoft drink) isan effectiveway toimprovethe
bioavailability of itraconazole.[23:24]

Patientswith systemic fungal infectionsmay be
unable to tolerate solid-dose formulations and,
evenif they can, absorption may bereduced by low
oral food intake, frequent vomiting or difficulty in
swallowing the capsules.[?528] Additionally, in
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bone marrow transplantation (BMT) patients,
graft-versus-host disease, manifesting asarange of
upper gastrointestinal abnormalities,[21 dimin-
ishes the absorption of itraconazole from the solid
formulation.

2.2 Pulse Therapy for Superficial
Fungal Infections

Because itraconazole binds preferentially to
keratinic tissues (e.g. nails, hair and skin) rather
than being distributed back to the plasma, it does
not need to be given continuously for the success-
ful treatment of superficial fungal infections. This
observation has resulted in the development of
itraconazole pulse therapy for onychomycosis, in
which the drug isgiven asacyclical regimen for 1
week out of every 4.128] |n toenail onychomycosis,
for example, clinical cure rates of up to 84% have
been observed after only 3 months of pul se therapy
with itraconazol e capsul es (400 mg/day for 1 week
per month).[291 Such properties mean that itra-
conazole capsules are ideal for the treatment of
dermatological infections where consistent plasma
concentrations are not relevant. Pulse therapy with
itraconazole results in higher maximum itra-
conazole plasma concentrations, but with lower
total drug exposure.[3% Additional benefitsof pulse
therapy include a reduction in drug acquisition
costs, enhanced tolerability and an increase in
patient compliance.[3!

3. Oral Solution

The combination of itraconazole with cyclo-
dextrin in the oral solution formulation has im-
proved several aspects of the pharmacological pro-
file of this antifungal agent.

3.1 Absorption and Bioavailability

Itraconazole oral solution has an improved bio-
availability compared with itraconazole capsules,
which makes the oral solution idea for the treat-
ment of systemic fungal infections. Initial studies
of the oral solution were conducted under fed
conditions, because previous experience with the
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capsules had shown that optimal absorption was
achieved in the presence of food. In acomparative
study of itraconazole capsules 200mg and itra-
conazole oral solution 200mg in healthy volun-
teers, the bioavailability of theoral solutionwasup
to 37% higher than that of the capsule, measured
by the area under the plasma concentration-time
curve (AUC) from 0 to 96 hours after the dose. The
maximum concentrations of itraconazole in
plasma(Cnax), thetimeto reach Crax (tmax) @nd the
terminal ty, were similar for the capsules and the
oral solution.[32

Subsequent reports showed that absorption of
itraconazole oral solutioniseven better whentaken
without food, which is more appropriate for at-risk
patients. After asingle dose of theoral solution, the
Cmax and AUC from 0 to 24 hours after the dose
(AUC,4p) for itraconazole and hydroxy-itracona-
zolewere significantly higher under fasting condi-
tions than under fed conditions, and the tya Was
considerably shorter. Consequently, the bioavaila-
bility of itraconazolewas 30% higher under fasting
than under fed conditions.[33 Under optimal con-
ditions, therefore, the bioavailability of itracona-
zole oral solution is approximately 60% higher
than that of the capsules, indicating near complete
absorption from this formulation.[32-34 The rapid
absorption of itraconazole oral solution can be ex-
plained by the absence of the dissolution process
on delivery to the stomach because of the non-co-
valent nature of the itraconazole-cyclodextrin
complex. After rapid absorption from the stomach,
high plasma concentrations are probably achieved
by transient saturation of the first-pass effect.[33]

After administration of itraconazole oral solu-
tion, absorption of cyclodextrin is negligible. En-
zymes in the gut microflora, such as cyclodextrin
transglycolase, convert the cyclodextrin ring into
its constituent glucose molecules, which are then
absorbed and metabolised by the liver.[3® The
osmotic activity of cyclodextrin in the gut, how-
ever, may cause patientsto experiencediarrhoeaor
other gastrointestinal symptoms. 3%
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3.2 Distribution

An additional difference between itraconazole
oral solution and capsules is that saliva contains
negligible amounts of itraconazole after adminis-
tration of the capsules, but high concentrations
have been detected in salivafor about 8 hours after
a single dose of itraconazole oral solution. These
data suggest local persistence and the potential for
atopical effect of the oral solution on the buccal
mucosa. Itraconazole oral solution is therefore
appropriate for treating fungal infections of the
mouth, including candidiasis,38! and has shown
high efficacy even in fluconazole-refractory dis-
ease.[37]

3.3 Pharmacokinetics of ltfraconazole Oral
Solution in Different Patient Groups

Studies to calculate the bioavailability of the
itraconazole oral solution formulation were per-
formed in a variety of immunocompromised
patient populations at particular risk of developing
fungal infections. To be effective when treating or
preventing fungal infections, plasma concentra-
tions of itraconazole must achieve a minimal
concentration (Cpin) at which antifungal activity is
maintained. The Cp,in therefore becomesmoreclin-
icaly relevant than the Ca. For itraconazole, a
Chin Of at least 250 to 500 pug/L is considered to be
desirable, rising to 1 mg/L if the hydroxy-
itraconazole plus itraconazole concentration is
measured.[12:38] One accepted in vitro measure of
antifungal activity is estimated as the minimum
concentration that isrequired toinhibit agiven per-
centage of thefungi (MIC) and depends on the par-
ticular fungal organism. AlthoughtheinvitroMIC
of an antifungal agent has been criticised asan un-
reliable reflection of efficacy in vivo, the relation-
ship between MIC and treatment success has been
used to develop guidelines for interpretive break-
points, which alow the MIC to be used in aclini-
cally relevant manner (tablel).I3% Theseguidelines
use three categories to describe the response of in
vitro Candida isolates to two antifungal azoles.
Two of the categories, susceptibleand resistant, are
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Table I. Interpretive minimum inhibitory concentration (MIC) break-
points for itraconazole in the treatment of candidal infections®

Range of MICs (ug/L) per category

susceptible susceptible resistant
(dose-dependent)
Itraconazole <125 250-500 21000

a Adapted from Rex et al.3%

consistent with the terms used in the traditional
breakpoint method. However, the third category,
susceptible (dose-dependent), is used in place of
the more traditional ‘moderate’ or ‘intermediate’
susceptibility, because of the potential for raising
the dose of the azole to achieve effective plasma
concentrations at the site of the infection.[3% The
interpretive breakpoints shown in table | were
derived from data on the treatment of mucosal
candidiasis and, as such, may differ for other fun-
gal infections.

When the technique of in vitro susceptibility
testing is used, which provides MIC results,
itraconazole performs well against awide range of
clinical and environmental fungal isolates (table
[1). In some cases, however, an organism may ap-
pear to be resistant to itraconazole in vitro even
though itraconazole is clinically effective in vivo.
For example, for Sporothrix schenckii the M1Cgg of
itraconazoleis4000 pg/L, but clinical reportsshow
that itraconazole is an effective treatment for sporo-
trichosis. Furthermore, practice guidelines issued
by the Infectious Diseases Society of America
recommend itraconazole as the treatment of
choice for fixed cutaneous, lymphocutaneous or
osteoarticular sporotrichosis.[43!

Many different patient groups require treatment
with antifungal agents, so general conclusions
about the pharmacokinetics of itraconazol e formu-
lations are difficult to make.

3.3.1 Patients with HIV Infection

The enhanced absorption achieved with the
solubilised formulations of itraconazoleis particu-
larly useful in AIDS patients.[44 In patients with
advanced HIV infection, itraconazol e plasma con-
centrations were significantly higher with the ora
solution than with the capsul es after treatment with
itraconazole 200mg twice daily for 7 days (1326

0 Adis International Limited. All rights reserved.

Hg/L versus 741 pg/L; p < 0.05).14%1 In both groups,
however, the plasma concentrations of itracona-
zole were lower than those reached in healthy vol-
unteers with capsules (1960 pg/L)!®! or with the
oral solution (2053 pg/L).[3% These results agree
with those of earlier studies, which showed a 50%
reduction in the absorption of itraconazole cap-
sules in people with AIDS compared with healthy
people.l*1 Hypochlorhydria, a frequent complica-
tion of HIV infection, may be a factor in reducing
the absorption of itraconazole capsules.[4849 |m-
portantly, however, itraconazole absorption after
administration of itraconazole oral solution to pa-
tients with advanced HIV leads to effective Chin
levels after 4 days and steady state after 9 to 15
days. The bioavailability of itraconazole oral solu-
tionisnot affected by thelevel of gastric acidity,!5%
making this formulation particularly suitable for
patients who may have hypochlorhydria or achlor-
hydria. Although people with HIV are not a homo-
geneous group, the pharmacokinetics of itraconazole

Table Il. In vitro spectrum of activity of itraconazole?

Species MICgo (Hg/L)
Moulds

Absidia corymbifera 500
Aspergillus flavus 250
Aspergillus fumigatus 500
Cladophialophora bantiana 120
Exophiala dermatitidis 500
Fonsecaea pedrosoi 250
Fusarium solani >16000
Phialophora parasitica 2000
Rhizopus arrhizus 2000
Scedosporium apiospermum 4000
Sporothrix schenckii 4000
Yeasts

Candida albicans 310
Candida parapsilosis 150
Candida tropicalis 1250
Candida glabrata 310
Candida krusei 150°
Cryptococcus neoformans 150°

a Adapted from Johnson et al.,[*% Carrillo-Mufioz et al.,/*!l and
Verweij et al.*2

b  MICso.

MIC = minimum concentration required to inhibit a given percentage

of the fungi.
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oral solution are not modified by the stage of HIV
infection.[3¢!

The tolerability profile of itraconazole oral
solution in people with HIV is good regardless of
the stage of HIV infection. The somewhat unpleas-
ant taste of itraconazole oral solution may lead
to problems of noncompliance but, generally,
patients report only mild and transient adverse
gastrointestinal experiences, including nausea,
diarrhoea, vomiting and abdominal pain.[3637 |t is
likely that these adverse events are related to the
osmotic effect of cyclodextrin.[39 In a trial of
itraconazole ora solution for the treatment of oro-
pharyngeal candidiasis in HIV-positive patients,
only 7.7% (6 of 78) patients discontinued therapy
because of adverse events, which included just two
patients (2.6%) with gastrointestinal effects
thought to be related to the active treatment.[37]

3.3.2 Bone Marrow Transplant Recipients

In patients receiving allogeneic bone marrow
transplants, antifungal agents are generally given
for a period before transplantation and continued
until the patient is no longer neutropenic. Because
of the additional risk of graft-versus-host disease,
these patients can benefit from prolonged antifun-
gal therapy. Studies in which itraconazole oral
solution 400mg was given once daily for 7 days
before the transplant have shown that an adequate
Chin Of at least 250 pg/L was reached 1 day before
transplantation (i.e. after 6 days of itraconazole
therapy) in 54% of the study population and by 1
day after transplantation (i.e. after 8 days of
itraconazol e therapy) in 72% of patients.>! Alter-
natively, antifungal therapy can be started after
transplantation. The decision about when to start
antifungal prophylaxis depends on the type of
transplant, the nature of the underlying disorder
and aclinical assessment of risk for eachindividual
patient.

After autologous BMT, a Cpn of at least 250
Mg/L was achieved with itraconazol e oral solution
(5mg/kg/day) between day 1 and day 8 of itracona-
zole prophylaxis.[52 Recipients of autologousbone
marrow transplants have particular difficulty in ab-
sorbing drugs because of chemotherapy-induced
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epithelial damage. Despite this, itraconazole oral
solution achieves the target plasma concentrations
in this patient group because of its cyclodextrin
formulation.

Some recipients of autologous bone marrow
transplants receiving itraconazole oral solution
report adverse effects, including nausea, vomiting
and diarrhoea. In this patient population, however,
itisdifficult to distinguish between adverse effects
caused by itraconazole and those caused by con-
comitant medication.[52]

3.3.3 Chemotherapy Recipients

Patients receiving chemotherapy are also in
need of a formulation of itraconazole with high
bioavail ability because of the adverse effects of the
chemotherapy regimen, such as damage to the
rapidly dividing cells of the oral and intestinal
mucosa.[28] The bioavailability of itraconazoleoral
solution is not affected in patients receiving stand-
ard remission-induction therapy for acute mye-
loid leukaemia; the Cpin was greater than 250
png/L by day 8 with itraconazole oral solution 5
mg/kg/day.[53] | traconazole plasma concentrations
sufficient to prevent systemic fungal infectionscan
also be achieved in neutropenic patients with
haematol ogical malignancies.[54

Adverse events, including anaemia, gastro-
intestinal bleeding, diarrhoea, fever and vomiting
have been experienced by patients receiving chemo-
therapy and itraconazole oral solution, but they are
thought to be related to the underlying disease, the
chemotherapy or bacteraemiarather than the study
drug.[53

3.3.4 Paediatric Patients

Fungal infections are a magjor problem in chil-
dren, particularly those undergoing surgery!®3 or
receiving chemotherapy for leukaemia and other
haematol ogical malignancies.[¢ Theintroduction
of the azole antifungal agents for the treatment,
prevention and empirical therapy of fungal infec-
tions has dramatically increased survival rates in
children at high risk.[57]

Itraconazol e oral solution is more suited to pae-
diatric use than capsules because children may
have difficulty in swallowing, even without the
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additional complication of mucositis. Furthermore,
adjusting the dosages of capsules for children can
prove troublesome.[®8 The pharmacokinetics of
antifungal agents cannot be assumed to be similar
in adults and children, as shown by the shorter ty,
of fluconazole in children than in adults.[®9 In
immunocompromised children, itraconazole oral
solution 5 mg/kg/day produces a Cax Of 631 pg/L
and an AUCyyy, of 8770 pg/L/hour after 14 days,
which are lower values than those in healthy or
immunocompromised adults.[58! Other pharmaco-
kinetic parameters, including ty, are similar in chil-
dren and adults receiving itraconazole oral solu-
tion. Young children, aged from 6 months to 5
years, may have lower plasma concentrations of
itraconazole after administration of the oral solu-
tion (mean Cnax ranging from 534 pg/L to 571
pg/L), although these are still within the therapeu-
tic range. Bearing in mind these pharmacokinetic
differences, an increase in the dose of itraconazole
according to bodyweight may be justified for
children under the age of 12 years.[58

The tolerability of itraconazole oral solution in
children is generaly good, with transient gastro-
intestinal symptoms observed most frequently. In
atrial of itraconazole oral solution in infants and
children at risk of developing systemic fungal in-
fections, no consistent, clinically relevant changes
in laboratory data were seen, apart from a border-
line increase in ALT in one patient with acute
lymphoblastic |eukaemia.[58]

4. IV Formulation

The 1V formulation of itraconazole is also
formed from a complex of itraconazole and cyclo-
dextrin.

4.1 Bioavailability

For the IV formulation, an alternative dosage
schedule has been designed that allows steady-
state plasma concentrations to be achieved more
rapidly than with the ora solution. A 1-hour 1V
infusion of itraconazole 200mg twice daily for 2
days is sufficient to achieve an itraconazole con-
centration that exceeds a plasma concentration
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(Cmin) of 250 to 500 pg/L in healthy volunteers.
Once-daily administration at the same dose from
day 3 onwards maintains the plasma concentration
at the same steady-state level .[59 In patients with
invasive pulmonary aspergillosis, 91% of the pop-
ulation achieved these plasma concentrations after
2 days of itraconazole 1V administration (200mg
twice daily).[61

4.2 Elimination

After IV administration of itraconazole, cyclo-
dextrin is rapidly eliminated by glomerular filtra-
tion, with little accumulation in the body.[23]
Patients with impaired renal function or those re-
ceiving dialysis, therefore, may not beideal candi-
dates for high doses of IV itraconazole, although
clinical evidence to support thisislacking.

4.3 Pharmacokinetics of lfraconazole IV in
Different Patient Groups

In patients at high risk, such as those requiring
intensive care, oral administration may be prob-
lematical. The IV preparation of itraconazoleisthe
optimal treatment in such patients. The different
formulations of itraconazole can be used sequen-
tially for the treatment of fungal infections. Gener-
aly, thisinvolvesthe use of an initial course of IV
itraconazole to attain high plasma concentrations
rapidly, followed by a maintenance course of
itraconazole oral solution or capsules. During 1V
treatment, steady-state concentrations of itra-
conazole are reached within 48 hoursin patientsin
intensive care units (ICUs)[62 and patients with
haematol ogical malignancy!®3 and within 60 hours
in patients with advanced HIV infection.[25]

4.3.1 Patients with HIV Infection

A pharmacokinetic study of IV itraconazole
(200mg infusion twice daily for 2 days then
200mg once daily for 5 days) followed by capsules
(200mg twice daily or 200mg once daily, for 28
days) in patients with advanced HIV infection
showed that thisregimen iswell tolerated and can
provide effective treatment for a wide range of
systemic fungal infections.!?5 Few adverse events
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are associated specifically with the IV formulation
and most are related to the administration of the
drug, such asinjection-site reactions and vein dis-
orders, which occur with many 1V treatments. In
clinical trials, about 5% of patients reported mild
nausea, diarrhoea, abdominal pain, headache and
rash during the IV phase of treatment.[23]

4.3.2 Patients in Intensive Care

Inan ICU trial, patients received 4 infusions of
IV itraconazole 200mg over the first 2 days, fol-
lowed by IV itraconazole 200 mg/day for 5 days
and then itraconazol e oral solution 200mg once or
twice daily for 2 weeks. Target plasma concentra-
tionsin excess of 250 ug/L were reached after the
first 2 days of IV treatment and were maintained
throughout the IV treatment period. Twice-daily
administration of the oral solution (400 mg/day)
for 2 weeks preserved, or in some casesincreased,
the itraconazole plasma concentrations, whereas
once-daily follow-up (200 mg/day) led to subopti-
mal plasma concentrations of itraconazole.[62
Gastrointestinal adverse events were reported by
some patients, but other adverse events were con-
sidered to be symptoms of the underlying disease
in this critically ill patient population, rather than
related to the administration of itraconazole.[62

4.3.3 Patients with Haematological Malignancy

A study of 7 days of 1V itraconazole followed
by 2 weeks of itraconazole oral solution in patients
with haematological malignancy showed that this
regimen was effective and well tolerated. Patients
received four 1-hour infusions of 200mg itra-
conazoleduring thefirst 2 daysand then a 1-hour
infusion of itraconazole 200mg once daily for the
next 5 days. DuringthelV treatment phase, steady-
state plasma concentrations of itraconazole and
hydroxy-itraconazole were reached within 48 and
96 hours, respectively. Patients then received
itraconazole oral solution for 2 weeks, either
200mg twice daily or 200mg once daily. As with
the ICU trial, only twice-daily administration of
the oral solution (400 mg/day) maintained or in-
creased the itraconazole plasma concentrations
obtained at the end of the IV treatment phase.[3!
Adverse eventswerereported by most patientsbut,
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apart from gastrointestinal disorders, all were con-
sidered to be unrelated to the study drug.[63!

5. Conclusion

Itraconazole, in all its formulations, is a well
tolerated antifungal agent with a proven track re-
cord in treating many types of fungal infections
successfully. Itraconazole capsules, which have
been available for many years, provide excellent
results in patients with superficial and subcutane-
ous fungal infections, but may have variable bio-
availability in immunocompromised patients with
mucosal damage. The two new formulations of
itraconazole — oral solution and IV — are well tol-
erated and the addition of cyclodextrin does not
significantly negatively affect the adverse event
profile. The enhanced bioavailability of the ora
solution and IV forms ensures that they reliably
achievetarget plasmaconcentrations, especially in
patients at high risk. The enhanced flexibility pro-
vided by multiple formulations of this effective
antifungal agent allows adaptation of the itra-
conazole treatment regimen according to an indi-
vidual patient’s needs.
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