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Abstract

Antifungal prophylaxis, empirical therapy and treatment of established fungal
infections in the haematology population may be associated with significant
toxicity or drug interactions leading to sub-therapeutic antifungal drug con-
centrations and poorer clinical outcomes. These risks may be minimised by
clinical assessment, laboratory monitoring of biochemical or haematological
indices, avoidance of particular drug combinations and dose modification in
certain circumstances. Specific measures, such as the optimal timing of oral
drug administration in relation to meals, use of pre-hydration and electrolyte
supplementation may also be required. For certain agents, therapeutic drug
monitoring (TDM) is warranted where non-compliance, non-linear pharma-
cokinetics, a narrow therapeutic window, suspected drug interaction or unex-
pected toxicity are encountered. Pharmacokinetics and pharmacodynamics of
clinical relevance to the haematology population are discussed for the azole,
polyene and echinocandin classes of antifungal agents. The evidence support-
ing an association between TDM and enhanced treatment outcomes is pre-
sented for individual antifungal drugs, and recommendations for clinical
practice are provided. Further randomised study of newer antifungal agents,
such as posaconazole, is required to explore the potential for improved clinical
outcomes in association with TDM.

Understanding a drug’s pharmacokinetics and its phar-
macodynamic effects affords the clinician the capacity
to optimize drug exposure while minimizing or avoiding
drug interactions and toxicities. Therapeutic drug moni-
toring (TDM) may also be employed during the treatment
period to ensure that the selected drug dosage falls within
the therapeutic window for an individual patient.
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These clinical caveats are particularly relevant to the
haematology population where the frequent requirement
for polypharmacy and the complexity of comorbidities can
significantly influence the success of antifungal therapy.
This section of the guidelines describes the potential drug—
drug interactions and toxicities related to antifungal use
and how they may be avoided. It also considers the latest
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evidence for TDM. Particular emphasis is placed upon
factors specific to the haematology population.

Antifungal drug interactions

When considering the potential for a drug-drug interac-
tion, it is important to be aware that individual drugs
within each antifungal class may be metabolized by spe-
cific (and different) metabolic pathways. Thus, a ‘class
effect” cannot always be assumed.

Azoles

In general, the azole class of antifungal agents is metabo-
lized by the cytochrome P450 (CYP450) system, although
posaconazole primarily undergoes UDP glucuronidation.'
The potential for drug-drug interactions is higher for
itraconazole and voriconazole, as these are metabolized
to a greater extent by CYP isoenzymes than fluconazole
and posaconazole (Table 1).

Co-administration of an azole agent with drugs that
induce CYP450 metabolism (e.g. isoniazid, carbam-
azepine, phenytoin, phenobarbitone, rifampicin and
rifabutin) can result in undetectable levels of the azole
antifungal agent and reduce antifungal efficacy.>* For
this reason, co-administration of rifampicin is contrain-
dicated with itraconazole, voriconazole and, where pos-
sible, should be avoided with fluconazole.” Induction of
glucuronidation by rifampicin may lead to a reduction of
posaconazole plasma levels; therefore, co-administration
with posaconazole is also contraindicated.®

Most drug interactions observed with azole antifungal
agents arise from the inhibition of CYP3A4, which is
involved in the metabolism of a wide array of therapeutic
drugs, including drugs used to treat cardiovascular
disease, diabetes, psychiatric disorders, cancer and infec-
tious diseases (e.g. blood glucose levels should be moni-
tored closely in patients receiving an azole drug with an
oral hypoglycaemic agent due to the increased risk of
hypoglycaemia).”” The azole antifungal agents may also

increase the plasma concentrations of the following
CYP3A4 substrates: anastrazole, bexarotene, cytarabine,
docetaxel, doxorubicin, etoposide, exemestane, opiate
analgesics, letrozole, paclitaxel, teniposide, tretinoin and
topotecan; however, published data describing the clini-
cal significance of these interactions are lacking.

Cisapride, terfenadine, astemizole, pimozide and qui-
nidine should not be co-administered with azole antifun-
gal agents due to the risk of QT interval prolongation
and forsades de pointes.'*'* Other medications that
may prolong the QT interval (e.g. ciprofloxacin,
co-trimoxazole and conventional antipsychotics) should
be used with caution in the setting of azole therapy. Ergot
alkaloids are contraindicated with azoles due to the risk
of ergotism.'*"”

Variability in CYP enzyme activity may be observed
between patients due to genetic polymorphisms. For
example, polymorphisms in the CYP2C19 isoenzyme,
observed in up to 5% of white Caucasian'® and up to
20% of Asian populations,'®'® are associated with slow
voriconazole metabolism'” and may lead to two- to four-
fold higher voriconazole exposure in these individuals. It
has been suggested that CYP2C19 genetic variability
influences the pharmacokinetics of voriconazole.'®* While
there is limited ability to apply pharmacogenomics to
individual patients in a clinical context, clinicians should
be aware that genetic variability might result in clinically
significant alterations in drug metabolism within the
azole class.

Fluconazole is a potent inhibitor of CYP2C9," resulting
in reduced clearance of CYP2C9 substrates, including
warfarin, phenytoin, sulfamethoxazole and losartan.'**
If fluconazole is co-administered with warfarin or pheny-
toin, dose reduction of these drugs may be required,
and close monitoring of international normalized ratio
and phenytoin plasma concentrations, respectively, is
necessary.'”

Drug interactions between the azole class and drugs
commonly used in the haematology population are sum-
marized in Table 2. Relevant drug—food interactions are
outlined in Table 3.

Table 1 Potency of cytochrome interaction profiles of azole antifungal agents®

CYP3A4 CYP2C8/9 CYP2C19

Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate
Fluconazole ++ ++ + +
Itraconazole -+ ++
Voriconazole + + + + ++ =+
Posaconazole ++
+, weak; ++, moderate; +++, potent.
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Worth et al.

Table 3 Azole antifungal agents: drug—food interactions relevant to clinical practice

Drug—food interaction

Recommendation for clinical practice

Absorption and bioavailability

Pharmacokinetics

Fluconazole Absorption not significantly influenced by
concomitant food intake®

Absorption of capsules is enhanced when
taken with or after food,® while absorption
of the oral solution is enhanced when taken
before food.®”

If hypochlorhydric or concurrently taking
H,-receptor antagonists, co-administration of
an acidic solution enhances the bioavailability
of itraconazole®®

Itraconazole

Voriconazole  In healthy subjects, oral absorption is
delayed in the non-fasted state (AUC reduced
by 22%)7?

In healthy subjects, oral absorption is
increased when given with nutritional

supplement’® or high-fat meal”

Posaconazole

Nil reported

Grapefruit juice may impair the
metabolism of itraconazole
capsules or solution via competitive
inhibition of intestinal CYP3A4,%%7°
but the clinical significance of this is
not known”!

Nil reported

Nil reported

Administer with or without food®®

Itraconazole capsules: administer with or
after food

Itraconazole solution: administer before food.
Co-administer an acidic beverage (e.g. cola)
to improve bioavailability in patients who are
hypochlorhydric or who are taking gastric
acid suppressants

Administer one hour before or one hour after
food*

Administer with high-fat meal or nutritional
supplement

AUC, area under the curve.

Amphotericin B

Amphotericin B (AmB-D) and its lipid-based formula-
tions are renally excreted and may be associated with
nephrotoxicity, hypokalaemia and hypomagnesaemia.
The nephrotoxic potential of amphotericin preparations
is enhanced when used alongside other nephrotoxic
medications (e.g. cisplatin, cyclosporin, ganciclovir, ami-
noglycosides and tacrolimus).?®?® Associated hypo-
kalaemia may be exacerbated by the administration of
other potassium-depleting agents (e.g. hydrocortisone,
non-potassium sparing diuretics).?” The cardiotoxicity of
digitalis may also be enhanced by this mechanism.?®
Therefore, renal function and electrolyte levels should
be monitored closely. Consider reducing the dose of
amphotericin B if using a drug combination with additive
nephrotoxicity.

Echinocandins

The echinocandin class of drugs is not significantly
metabolized by the CYP450 system. Anidulafungin is not
metabolized by these enzymes,? caspofungin is a poor
substrate for CYP450 enzymes,*® and hydrolysis by CYP3A
plays only a minor role in the metabolism of micafungin.*
These agents can therefore be co-administered with
most drugs without the need for dose modification or
monitoring.>!

Concomitant administration of CYP450 inducers (e.g.
rifampicin) with some echinocandins (e.g. caspofungin)
may reduce serum antifungal drug concentration.** It
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has been suggested that the daily dose of caspofungin
should be increased to 70 mg during co-administration
with enzyme inducers (e.g. phenytoin, rifampicin,
dexamethasone).?*

Combination therapy with caspofungin and cyclo-
sporin may lead to transient elevations in transaminases.
Caspofungin may also reduce plasma concentrations of

tacrolimus.>*

Minimizing antifungal toxicity

The development of new antifungal agents has been
driven, in part, by the toxicities observed with conven-
tional amphotericin B (AmB-D). Both the relative toxic-
ity of a drug and its efficacy will influence a clinician’s
choice of antifungal therapy. Table 4 summarizes known
antifungal drug toxicities and adverse effects relevant to
the haematology population, along with recommenda-
tions for risk reduction.

Nephrotoxicity

Nephrotoxicity is observed in approximately one third of
adults who are treated with AmB-D. The cause of AmB-
D-induced nephrotoxicity is multifactorial but includes
drug-induced intrarenal arteriolar constriction, resulting
in decreased renal blood flow and a reduced glomerular
filtration rate, and the drug’s direct toxic effect on epi-
thelial cell membranes (e.g. acute tubular necrosis and
distal tubulopathy).?¢7>7¢
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Table 4 Toxicity and adverse effects of currently available systemic antifungal agents

Antifungal
agent

Commonly reported

side effects

Evidence and suggestions for risk reduction

* AmB-D
e L-AMB

* ABLC

* ABCD

Fluconazole

Itraconazole

Nephrotoxicity

IRAEs

Electrolyte
abnormalities

Hepatotoxicity

Other

Gastrointestinal
toxicity

Hepatotoxicity

Dermatological
toxicity

Other

Gastrointestinal
toxicity

Hepatotoxicity

Dermatological
toxicity
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Reported rates of renal toxicity: AmB-D 32-33%; L-AMB 15%; ABLC 16%; ABCD 21%""7°

Nephrotoxicity may be minimized by pre-hydrating with sodium chloride 0.9% (500 mL over 1 h in adult
recipients) and avoiding hyponatraemia and hypovolaemia®-%

Similar rates of nephrotoxicity are observed for AmB-D via continuous infusion and L-AMB although no
adequately powered direct comparison has been performed'''%2

Renal toxicity is substantially more likely in patients receiving more than two nephrotoxins concomitantly or
undergoing HSCT; consider a lipid-based product in these circumstances™?!

IRAEs occur frequently with AmB-D: fever 34-51%; chills or rigors 28-74%; nausea 18-19%.7%°""%¢ More
severe IRAEs occur less frequently: bronchospasm 7%; hypotension 1-11%77828591

Premedication is frequently used to help reduce the incidence of IRAEs, although data supporting this
practice are limited””:*®

AmB-D via continuous infusion causes significantly less IRAEs compared to standard therapy''

L-AMB is responsible for less IRAEs compared with other lipid preparations: fever 11%; chills or rigors 37%;
nausea 12%79,91,99,104

Rates of IRAEs with ABLC are similar to AmB-D whereas ABCD is associated with higher rates of
IRAES79,99,105,114,115

Tolerance to IRAEs generally develops within the first seven days of initiating therapy®”%

Electrolyte disturbances (particularly hypokalaemia and hypomagnesaemia) commonly occur with

AmB-D due to renal losses (serum potassium = 2.5 mmol/L: 12-31%); monitor electrolyte levels closely and
replace if necessary®"'*

Electrolyte disturbances are observed less frequently with L-AMB and ABLC compared to AmB-D; monitor
electrolyte levels closely and replace if necessary?!104105

Consider using amiloride (10 mg daily) to decrease urinary potassium loss, increase serum potassium and
reduce potassium replacement requirements''

Hepatotoxicity (defined as tripling of the baseline bilirubin or transaminases) occurs in 16% of patients
receiving AmB-D; this is not significantly different to rates observed with the lipid preparations’

Rash is reported in 1-5% of patients receiving amphotericin products®#481%7
A reversible normochromic, normocytic anaemia (mediated by a suppression of erythropoietin production)
may occur with prolonged use''”''®

Gastrointestinal symptoms (nausea, vomiting and diarrhoea) occur in a minority of patients;
0—9%82,110-112,119,120

The rate of hepatotoxicity varies greatly depending on the patient population and definition used. Most
trials report rates between 1-18%; this is not significantly different to AmB-D and L-AMB’?&286.110.119-122
Discontinuation due to hepatotoxicity is rare (0-5%)7%8286110.119-121

Rash is reported in 4-6% of patients®!""

Nephrotoxicity occurs in 1-3% of patients receiving fluconazole (significantly less than AmB-D)#26.1"2
IRAEs are rarely reported with fluconazole: fever and/or chills 0-1% (significantly less than AmB-D)®*'?

Gastrointestinal symptoms are reported in 13-24% of subjects receiving itraconazole’?# 111112123124
Compared with fluconazole and posaconazole, itraconazole causes significantly more gastrointestinal
toxicitym‘),ﬂmﬂ

The incidence of diarrhoea increases with higher doses of the oral solution due to the cyclodextrin vehicle;
oral loading doses can be difficult to tolerate. In practice, it is probably more feasible to load with 400 mg
capsules bd (swapping to the oral solution 200 mg bd for ongoing therapy), or starting the itraconazole
solution (200 mg bd) 1-2 weeks before the prophylactic effect is required'®

Rates of hepatotoxicity vary depending on the patient population and definition used (7-32%); this is not
significantly different to fluconazole and posaconazole®108.10%.111.112.123

Rash is reported in 4-7% of patients''"'?
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Table 4 continued

Antifungal
agent

Commonly reported

side effects

Evidence and suggestions for risk reduction

Voriconazole

Posaconazole

Caspofungin

5-FC

Other

Ocular toxicity

Hepatotoxicity

Dermatologic
toxicity

Other

Gastrointestinal
toxicity

Hepatotoxicity

Other

Gastrointestinal
toxicity

Hepatotoxicity

Other

Gastrointestinal
toxicity

Hepatotoxicity

Bone marrow
suppression

Nephrotoxicity occurs in 5-7% of patients receiving itraconazole®?%

IV itraconazole is available under the special access scheme in Australia and New Zealand. It is solubilized
by hydroxypropyl-B-cyclodextrin (HPBCD), which is exclusively renally excreted; avoid using IV itraconazole
in patients with a creatinine clearance less than 30 mL/min*

Dose-related visual disturbances, including blurred vision, photophobia, and altered visual and colour
perception, occur in 22-45% of patients.®%%12¢ The visual disturbances are transient and resolve without
intervention, usually within the hour. There is evidence that the effect is attenuated with repeated dosing.
It is generally not necessary to stop therapy

Significant transaminitis (alanine and aspartate aminotransferases (ALT/AST) >5 times baseline) is observed
in 4-9% of patients.®3%12¢ Hyperbilirubinaemia (>3 times baseline level) occurs in up to 18% of recipients.®

The rate of hepatotoxicity was not significantly different to AmB-D, L-AMB and fluconazole in comparative

trials®87.82

Rash, pruritus or photosensitivity occurs in 7-9% of patients.®>'?%'” Monitor any rash closely and cease
voriconazole therapy if the rash progresses. Patients should be advised to take adequate precautions to
avoid exposure to sunlight during voriconazole therapy

Nephrotoxicity occurs in 1-7% of patients receiving voriconazole (significantly less than AmB-D)53#75°
IRAEs occur less frequently compared with amphotericin B preparations: fever and/or chills 3—14%%%

IV voriconazole is solubilized by sulfobutylether-B-cyclodextrin (SBECD). SBECD is exclusively excreted by
the kidney and accumulates in patients with renal impairment; use oral voriconazole instead of the IV
formulation in patients with a creatinine clearance less than 50 mL/min“'2

Gastrointestinal symptoms are the most frequent cause of toxicity in patients receiving posaconazole:
nausea 4-12%; vomiting 4-7%; abdominal pain 2-5% and diarrhoea 3-11%.""%'>'3 These rates are not
significantly different to those observed with fluconazole'®

Hepatotoxicity is infrequently reported with posaconazole (1-3%); this is not significantly different to rates
reported with fluconazole or itraconazole!®'10:127.131.132

Rash and headache are reported in 2-4% and 1-5% of subjects, respectively'®12%-132
Neutropenia is reported in 7% of patients; this is not significantly different to rates reported with
fluconazole or itraconazole'®

Gastrointestinal toxicity is infrequently seen with caspofungin: nausea 2-6%; vomiting 2-3.5%; diarrhoea
1—4%84,107,108,133

Hepatotoxicity (elevated transaminases) occur in 1-15% of patients®881%7

Early data showed an increase in the plasma concentrations of caspofungin and increased transaminases
when caspofungin was concomitantly administered with cyclosporin; the Product Information states that
the combination may be used when the potential benefits outweigh the potential risk**

However, a number of observational studies in children and adult subjects have demonstrated the safety of
this combination®?13413

Nephrotoxicity occurs in 0-8% of patients (significantly less than AmB-D)848&1%7
IRAEs occur less frequently than they do with the amphotericin B preparations: chills 01438488107
Rash is infrequently observed with caspofungin: 1-6%%'%

Gastrointestinal toxicity occurs in approximately 6% of patients treated with 5-FC'3¢

The incidence of hepatotoxicity can vary markedly (from 0-40%) depending on the definition used."**"'3
Hepatotoxicity appears to be dose-dependent, occurring more frequently when peak 5-FC concentrations
are above 100 mg/mL

Leukopaenia, thrombocytopaenia or pancytopaenia are all reported with 5-FC therapy. The incidence is
dose-dependent (observed when levels are >100 mg/L) and influenced by comorbidities, pre-existing bone
marrow suppression and disease'*®

Toxicity data are taken from trials using doses expected to have a therapeutic effect on invasive fungal infections (i.e. fluconazole 400-800 mg or
6-12 mgl/kg per day, itraconazole 200-400 mg or 5-10 mg/kg per day, voriconazole 200 mg or 4 mg/kg twice daily and posaconazole 600-800 mg per
day). 5-FC, 5-flucytosine; ABCD, amphotericin B colloidal dispersion; ABLC, amphotericin B lipid complex; AmB-D, amphotericin B deoxycholate (conven-
tional amphotericin); IRAEs, infusion-related adverse events; L-AMB, liposomal amphotericin B.
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The lipid formulations of amphotericin are less neph-
rotoxic than AmB-D. Three meta-analyses reported that
these agents reduced the incidence of nephrotoxicity by
49-75% compared with AmB-D, although they are not
significantly different from each other in terms of their
potential to cause nephrotoxicity.”””’ The time to onset
of nephrotoxicity is also significantly longer for these
agents.®*#! The azoles and echinocandins are both less
nephrotoxic than AmB-D and L-AMB.**° No trials have
compared ABLC or amphotericin B colloidal dispersion
(ABCD) with the azoles and echinocandins.

The incidence of amphotericin-induced nephrotoxicity
varies between populations. In one study, haematopoietic
stem cell recipients (HSCT) were five times more likely to
require haemodialysis when administered conventional
amphotericin B for aspergillosis than solid organ and
non-transplant related chemotherapy recipients.’ In this
cohort, dialysis was a significant risk factor for death.

Higher amphotericin B doses, pre-existing renal
impairment, hyponatraemia, hypovolaemia and the con-
comitant use of other nephrotoxic medications, have all
been shown to increase the risk of amphotericin-induced
nephrotoxicity.?*7¢?°% The risk of amphotericin-induced
nephrotoxicity has been shown to double when two or
more nephrotoxic agents (e.g. cyclosporin, aminoglyco-
sides or foscarnet) are used concurrently.”’ Sodium
loading prior to amphotericin use, avoiding hypovol-
aemia and restricting the concomitant use of other neph-
rotoxins, can decrease the risk of amphotericin-induced

nephrotoxicity.”*

Infusion-related adverse events

Infusion-related adverse events (IRAEs) — most fre-
quently chills, rigors, fever, nausea and vomiting — often
complicate the administration of AmB-D; at least one
IRAE was observed within the first 7 days of AmB-D
therapy in 71% of adult recipients.””?® Infusion-related
toxicity is associated with the release of tumour necrosis
factor (TNF) and interleukins 1 (IL-1) and 6 (IL-6) from
monocytes and macrophages.” IRAEs are much more
likely to occur in younger age groups.'®

Antihistamines, corticosteroids and paracetamol (in
varying combinations) are frequently used as ‘pre-
medication’ to help prevent IRAEs. There are limited data,
however, demonstrating the benefit of pre-medication on
reducing the incidence of IRAEs.””*®

Comparative trials indicate that L-AMB is the
amphotericin-based product least likely to cause IRAEs
while similar rates of IRAEs are described for AmB-D,
ABLC and ABCD.” Fluconazole, itraconazole, voricona-
zole and caspofungin are less likely to cause IRAEs than

© 2008 The Authors
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AmB-D. 84888 yoriconazole and caspofungin are also
less likely to cause IRAEs than L-AMB.33#*

Continuous amphotericin B infusions result in less
nephrotoxicity and IRAEs compared with intermittent
amphotericin B infusions.!"1°? Rates of nephrotoxicity
and IRAEs observed with continuous amphotericin B
infusions approximate those observed for L-AMB, yet no
comparative trial has been performed. Experimental in
vitro and in vivo studies have demonstrated that ampho-
tericin’s fungicidal effects and antifungal efficacy are
concentration-dependent; this suggests that a large daily
dose of amphotericin may be more effective clinically and
that achieving optimal peak drug concentrations may be
important.'” Although results of two trials are encour-
aging, with improved survival demonstrated in the con-
tinuous infusion arm, no adequately powered trial has
compared the relative efficacy of continuous amphoteri-
cin B infusion with intermittent amphotericin B infusions
or the lipid preparations.!!102

Hepatotoxicity

Several trials have assessed the relative hepatotoxicity
of different antifungal agents. From these trials we
know that there is no significant difference in the hepa-
totoxicity of AmB-D compared with the various lipid
formulations,®1°*1%> fluconazole and voriconazole com-
pared with AmB-D or L-AMB,?883868%106 caspofungin
compared with AmB-D and fluconazole,'°71% or
between different azoles.’”-107113

Other adverse events

Rash is seen more frequently in adults administered
fluconazole or voriconazole than amphotericin.?*%’ Gas-
trointestinal symptoms are observed more frequently
with itraconazole than the other azoles,'*''""!'2 while
visual disturbance or eye symptoms are reported more
frequently in adults who receive voriconazole.®**

Antifungal drug monitoring
in haematology

TDM can indicate the adequacy of drug exposure. For
example, the measurement of a single trough concentra-
tion of an azole antifungal can verify subtherapeutic
serum levels resulting from drug interactions involving
CYP450 3A4.

Typically, four criteria must be fulfilled to justify the
measurement of serum or plasma drug concentrations to
guide drug dosing or confirm clinical suspicions of a
drug—drug interaction: (i) the assay must have appropri-
ate sensitivity, specificity and ‘turn-around’ time; (ii) the
clinical efficacy or toxicity of the drug must be delayed or
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Table 5 Recommendations for antifungal drug monitoring

Antifungal agent Drug monitoring

Indication for drug monitoring

Timing of sample Target range (ng/mL)

recommended*
Amphotericin B and No - - -
lipid-based preparations
Caspofungin No - - -
5-FC Routine To monitor for toxicity 2 h post dose <100'%2
Fluconazole No Consider if renal insufficiency, After 5-10 days of therapy'* Unknown
suspected non-compliance or
malabsorption
Itraconazole Targeted To ensure adequate Trough after steady state >0.5140141
absorption, therapeutic reached (4-5 days)
concentration
Voriconazole Targeted To detect therapeutic and Trough after steady state 16127139
toxic concentrations reached (1-2 days)t
Posaconazole Nozt Consider if suspected Trough after steady state Unknown

malabsorption

reached (5-6 days)'*

tTime to steady state (estimated by 5 x t1,) may vary according to dose for voriconazole, which has non-linear pharmacokinetics. Alternatively, serum
concentration may be measured after administration of loading dose (at 48 h), providing an estimate of therapeutic serum concentration. $Monitoring

of posaconazole levels not widely available in Australia. 5-FC, 5-flucytosine.

difficult to measure directly; (iii) the drug must exhibit
significant inter-patient variability in pharmacokinetics
such that drug concentrations cannot be assumed from
empirical dosing strategies and (iv) there must be estab-
lished correlations between drug concentrations and
clinical efficacy/toxicity.*

Although antifungal therapy does not typically fulfil all
four criteria, serum drug level monitoring may be helpful
for certain antifungal agents where non-compliance, non-
linear pharmacokinetics, a narrow therapeutic window,
drug interactions or unexpected toxicity are encountered.

Randomized data supporting routine or targeted anti-
fungal drug monitoring are not available to compare
clinical outcomes in the presence and absence of moni-
toring strategies. TDM is most frequently indicated for
5-FC, itraconazole and occasionally voriconazole. For
5-FC'*® and voriconazole,'?”"** available evidence is
without a reference standard as comparator (level IV
evidence), and for itraconazole, results of comparative
studies'®!*! are used to support monitoring (level III-3
evidence). Monitoring of amphotericin B and its lipid-
based formulations, fluconazole and caspofungin is not
routinely recommended. Currently, there is insufficient
evidence to support routine or targeted monitoring of
posaconazole concentrations. These recommendations
are summarized in Table 5.

5-FC

Peak serum concentrations of 50-80 pg/mL are observed
within 1-2h when a daily dose of 150 mg/kg is
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administered in divided doses.'** Elevated concentrations
have been associated with drug toxicity (e.g. blood dys-
crasias, hepatic injury, gastrointestinal disturbances)."”® A
target peak concentration of 50-100 pg/mL is associated
with a low incidence of toxicity. In one report, 61%
(23/38) of patients with 5-FC-induced haematological
toxicity or hepatotoxicity had serum concentrations
=100 pg/mL for more than 2 weeks of therapy, com-
pared with 31% (15/48) of patients with lower serum
concentrations.?® Serum 5-FC levels should be routinely
monitored along with serum creatinine, hepatic enzymes
and neutrophil and platelet counts.

Itraconazole

Itraconazole achieves its maximum plasma concentration
at 5.5 h following administration of the oral capsule
(5.7 h for the oral solution). Absorption of the oral solu-
tion is enhanced by the fasting state.®”'*¢ Itraconazole
often has reduced or variable bioavailability in the pres-
ence of mucositis or GVHD, although there is significant
interpatient variability in absorption. Quantitative assay
can help confirm satisfactory absorption in this clinical
setting.

Monitoring of plasma itraconazole levels is associated
with an improved clinical outcome. In a study of 72
haematology patients receiving prophylactic itracona-
zole, the occurrence of invasive fungal infection (IFI) was
significantly greater in the group for whom therapeutic
plasma levels were not monitored.'*

© 2008 The Authors
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A target trough level for clinical efficacy has been pro-
posed from observational data. In a study of itraconazole
prophylaxis (capsules or solution) in patients with hae-
matological malignancy, 12/20 patients died due to IFI
and 8/20 patients were diagnosed with a non-fatal IFL
The fatal IFI group had significantly lower median intra-
conazole concentrations compared with the non-fatal IFI
group (0.120 ug/mL vs. 0.690 pug/mL, respectively).'*!
Only three patients with fatal IFI had itraconazole trough
concentrations above 0.500 pug/mL. This trough level has
subsequently been adopted by others as a target for
optimal efficacy.'"’

Voriconazole

Voriconazole reaches its maximum plasma concentration
in plasma 1.41-1.8 h following oral administration.'*®
Its bioavailability, estimated to be approximately 85%
in healthy volunteers following oral administration, ' is
reduced with a high-fat meal.”> Oral voriconazole should
be administered, therefore, 1 h before or 1h after
a meal.*?

The metabolism of voriconazole varies widely between
individuals,'?” with less intrapatient variability.'** Vori-
conazole exhibits non-linear pharmacokinetics in adults;
saturation of metabolizing hepatic enzymes leads to dis-
proportionate increases in voriconazole exposure with
increasing doses. Furthermore, polymorphisms in the
cytochrome P450 isoenzyme, CYP2C19 (observed in up
to 5% of white Caucasian'® and up to 20% of Asian
populations'®!®, are associated with slow voriconazole
metabolism and may lead to two- to fourfold higher
voriconazole exposure in these individuals.

Clinicians should consider measuring voriconazole
levels if oral absorption is uncertain or potential drug
interactions are likely to have an impact upon drug
metabolism. In patients with haematologic malignancy,
the correlation between voriconazole concentration and
daily dose is poor, in keeping with intrapatient variabil-
ity.’*° In pooled data from ten published clinical trials,
the median average plasma concentration was reported
as 2.51 ug/mL.”* In a study assessing voriconazole as
directed therapy for IFI (n = 28), voriconazole levels were
measured in 17 patients with disease progression.”*® All
17 patients had serum voriconazole concentrations below
the pooled median value but it is not clear if this reflects
cause or effect of failing therapy.

In an open, non-comparative study of voriconazole’s
safety and efficacy for the management of IA in an
immunocompromised patient population, an arbitrary
sub-therapeutic plasma concentration of 1.000 pg/mL
was applied.'?” Plasma concentrations were consistently
<0.250 ug/mL in 5/122 patients; 3 of these patients
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failed to respond to therapy, suggesting a possible
threshold for clinical efficacy. Plasma concentrations
were >6.000 ug/mL in 6/22 patients; abnormal liver
function or liver failure was also observed in this group,
suggesting a possible threshold for monitoring of toxic-
ity. A significant correlation between serum voricona-
zole levels and aspartate aminotransferase (AST) and
alkaline phosphatase was later demonstrated by another
group.'¥’

Single-centre experience applying a target trough
level of >1 pg/mL in 37 proven or probable IFIs has
been reported retrospectively.’®® Of nine patients with
trough concentrations <1 pug/mL, six had treatment
failure (the dose was increased with subsequent partial or
complete response). Of the remaining 28 patients with
trough concentrations >1 pg/mL, two had treatment
failure and responded to salvage therapy. Given these
observations, the proposed target range for voriconazole
is 1-6 pg/mL.1271%

Posaconazole

There are no data correlating serum levels of posacona-
zole and treatment outcomes. Thus, there is currently
no accepted target drug concentration for posaconazole
prophylaxis or treatment. Studies linking drug levels
with efficacy are limited, although in one salvage study
higher posaconazole levels were associated with more
responders.!'?°

Conclusion

Antifungal therapy is becoming increasingly complex.
Clinicians should consider patient comorbidities and
concurrent medications when choosing an antifungal
regimen for prophylaxis, empirical therapy or treatment.
Despite careful consideration, toxicity may still occur.
Toxicity may, in part, be avoidable with pre-treatment,
careful observation and TDM. Furthermore, there is
increasing evidence that adequate serum levels of some
antifungal agents are associated with improved clinical
outcomes for patients with IFL.
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