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Abstract: The purpose of this review is to examine the literature for reports of
clinically significant interactions noted amongst HIV antiretroviral medications when
coadministered with posaconazole. A literature search was conducted to identify studies
addressing drug interactions between posaconazole and HIV antiretroviral medications.
Two pharmacokinetic studies and three clinical trials involving the administration of
posaconazole to HIV-infected patients were identified. The pharmacokinetic studies
involved concomitant administration of either a protease inhibitor (PI) or non-nucleoside
reverse transcriptase inhibitor (NNRTI). Both studies showed alterations in systemic
concentrations of either posaconazole or the HIV antiretroviral when administered
together. Of the three clinical trials, all patients were on HIV antiretrovirals. However,
their potential interaction with posaconazole was not explored. To date, there is no
published literature regarding the interaction between maraviroc or elvitegravir and
posaconazole. Dose adjustments for each are recommended when coadministered with
strong CYP 3A4 inhibitors or inducers. Currently available literature points to the potential
for clinically significant drug interactions when posaconazole is coadministered with HIV
antiretrovirals, specifically NNRTIs and PIs. More studies are needed involving a wider
range of HIV antiretrovirals to determine the significance of the interaction. Clinicians
should be aware of this potentially significant interaction and avoid concomitant
administration when possible. When available, consideration should be given to therapeutic
drug monitoring of antiretroviral serum concentrations in select patients.
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1. Introduction

Posaconazole is an extended spectrum triazole antifungal agent that is structurally similar to
itraconazole. It has received Food and Drug Administration (FDA) approval for use in the prophylaxis
of invasive fungal infections, specifically Aspergillus and Candida infections, in high risk
immunocompromised patients who are 13 years or older. It is also indicated for the treatment of
oropharyngeal candidiasis, including oropharyngeal candidiasis refractory to itraconazole and/or
fluconazole [1]. In addition, limited information has suggested that posaconazole may be useful in the
treatment of fungal infections of the central nervous system [2]. Posaconazole exerts its activity by
inhibiting fungal ergosterol biosynthesis through binding to the heme factor situated in the target site
of the cytochrome P450 (CYP450) dependent enzyme lanosterol 14a-demethylase [3,4]. Posaconazole
has fungicidal activity against Cryptococcus neoformans, Aspergillus species (i.e., A. fumigatus,
A. flavus and A. terreus), Blastomyces dermatitidis, Trichosporon and specific Candida species
(i.e., C. krusei, C. parapsilosis, C. lusitaniae and C. inconspicua). It has also shown fungistatic activity
against most other Candida species, Scedosporium Coccidiodes, Zygomycetes and specific Fusarium
species (i.e., F. oxysporum and F. monilforme) [5,6]. Guidelines on the management of opportunistic
infections in HIV-infected adults and adolescents currently recommend posaconazole as a first line
option for refractory oral or esophageal candidiasis in patients who have received multiple courses of
azole antifungals. Posaconazole is recommended as an alternative treatment option for patients who
cannot take fluconazole for oral candidiasis as well as an option for patients who have failed first-line
treatment options for histoplasmosis and aspergillosis, though data in this patient population is lacking [7].

Available as an oral suspension and delayed-release tablet commercially, the gastrointestinal
absorption of posaconazole is significantly enhanced when coadministered with food, particularly
high fat meals [8—14]. Oral absorption of posaconazole is pH dependent, its concentrations increase
when coadministered with an acidic carbonated beverage or nutritional supplement if the patient is
unable to eat a full meal, whereas its concentrations decrease in a basic gastric environment [13]. It is
recommended that a patient consume a full fatty meal when taking the oral suspension. Although the
new delayed-release tablets provide higher serum concentrations in the fasting state than the oral
suspension, it is recommended that tablets be administered with food when possible [1]. Concomitant
administration of posaconazole oral suspension and cimetidine or esomeprazole should be avoided due
to decreased posaconazole plasma concentrations. Concomitant administration of delayed-release
posaconazole tablets with antacids, histamine 2 receptor antagonists, or proton pump inhibitors has
shown no clinically relevant effects on posaconazole absorption [1]. Posaconazole has a relatively long
absorption phase (~5 h), large volume of distribution (>834 L), which is dose dependent, and a high
plasma protein binding (>98.5%) regardless of the degree of renal function and hemodialysis [8,15-17].
The mean systemic exposure value of posaconazole oral suspension for the single dose phase (AUC .,
mcg-h/mL) is 18.4 whereas for the multiple dosing phase (AUC, j,, mcg-h/mL) is 26.7. In a single
dose phase study evaluating the pharmacokinetics of the delayed release tablet versus the oral
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suspension, under fasting conditions, the mean AUC for two posaconazole delayed-release tablet
formulations (AUCy ., mcg-h/mL) was 11.7 and 11.3 vs. 3.42 for the posaconazole suspension. These
values can be affected by gastric motility [13,15,16,18,19]. The major elimination route of
posaconazole is fecal (77%) with a systemic clearance of 421 mL/min and a half-life of 24 h [14].
Posaconazole’s major metabolic pathway to produce multiple inactive glucuronides is via phase II
UDP-glucuronosyltransferase (UGT) 1A4 [15,20]. Similar to other triazole antifungal agents,
posaconazole is classified as a strong CYP450 3A4 (CYP3A4) inhibitor and both a p-glycoprotein
substrate and inhibitor [8,21-25].

Since the major route of drug disposition of posaconazole is via the UGT-1A4 pathway, it is
postulated that coadministration of an enzyme inducer or inhibitor would alter the pharmacokinetic
and/or pharmacodynamic properties of posaconazole [1,15]. The role of UGT in drug metabolism has
been previously described [26]. Little is known regarding the effects of posaconazole on other
UGT substrates.

CYP3A4 inhibition by posaconazole is thought to be most significant when coadministered with
CYP3A4 substrates that undergo extensive first pass metabolism. The interaction is also most likely
more significant when the CYP3A4 substrate has a narrow therapeutic window [25]. The FDA
approved indications for posaconazole involve the treatment of infections often experienced by
seriously ill and/or immunocompromised patients. As such, these patients often are on multiple
medications. One such group of patients potentially affected by this interaction are those infected with
HIV who are on combination antiretroviral therapy (cART). Of particular concern in this patient
population are the potential drug-drug interactions between posaconazole and protease inhibitors (PIs),
as well as posaconazole and non-nucleoside reverse transcriptase inhibitors (NNRTIs). The potential
interaction between these agents is hypothesized to be due to the CYP3A4 interaction between these
particular drug classes. Integrase strand transfer inhibitors (INSTIs) are a relatively new drug class
with three available agents on the market. Elvitegravir is currently the only INSTI metabolized via
CYP3A4 enzymes, and therefore has the potential to interact with posaconazole [27]. However, this
proposed phenomenon has not been studied. The CCRS5 antagonist, maraviroc, is both a CYP3A4 and
p-glycoprotein substrate. Therefore, it may also interact with posaconazole [28,29]. Drug-drug
interactions between nucleoside reverse transcriptase inhibitors (NRTIs) and triazole antifungals
appear to be minimal because of the dissimilar drug disposition pathways of these agents. [25,30-32].
Detailed description of these cARTs, including their mechanism of action, has been summarized
elsewhere [28,33]. The purpose of this review is to examine the literature for reports of clinically
significant interactions noted between the various antiretroviral classes when coadministered
with posaconazole.

2. Methods Section

A computerized literature search was conducted using MEDLINE, EMBASE, Cochrane and
International Pharmaceutical Abstract databases to identify studies assessing the potential interaction
of posaconazole with HIV antiretrovirals. The following terms were used in various combinations to
identify articles published from 1980 to December2013: Posaconazole, SCH 56592, Noxafil, HIV
infection, AIDS related opportunistic infection, drug interaction, antiretroviral, protease inhibitors,
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non-nucleoside reverse transcriptase inhibitors, nucleoside reverse transcriptase inhibitors, integrase
strand inhibitors, CCRS5 antagonists, and fusion inhibitors. Additional relevant articles were identified
by reviewing the bibliographies of key articles, reviews, studies, treatment guidelines, and data from
Merck and Co., Inc. Two pharmacokinetic studies and three clinical studies involving the use of
posaconazole and antiretrovirals were identified in our search. The three clinical studies were reviewed
for adverse effects or toxicities that could be due to potential drug interactions between posaconazole
and antiretrovirals.

3. Results and Discussion
3.1. Pharmacokinetic Studies on Posaconazole Drug Interactions
3.1.1. Posaconazole Plus Atazanavir +/— Ritonavir or Efavirenz

Krishna et al. evaluated the pharmacokinetic interaction of posaconazole with atazanavir, with and
without ritonavir, as well as the pharmacokinetic interaction of posaconazole with efavirenz in a
phase I, open-label, randomized, 2-part, crossover study [34]. Part 1 consisted of 12 healthy Caucasian
volunteers, with an average age of 45 years old. Group 1 received atazanavir 300 mg daily plus
ritonavir 100 mg daily for 7 days followed by atazanavir/ritonavir plus posaconazole 400 mg twice
daily for 7 days. Patients then underwent a 28-day washout period after which they were given
atazanavir alone for 7 days followed by atazanavir plus posaconazole for 7 days. Group 2 received the
same medications in the reverse order. The duration of part 1 of the study was 59 days.

Part 2 of the study was conducted in 17 healthy Caucasian volunteers, with an average age of
43 years old. Participants in group 1 were given efavirenz 400 mg daily for 10 days followed by
efavirenz 400 mg daily plus posaconazole 400 mg twice daily for 10 days. Patients then underwent a
28 day washout period, followed by administration of posaconazole 400 mg twice daily alone for
10 days. Group 2 received the same medications in the reverse order. The duration of part 2 of the
study was 60 days. For both parts 1 and 2, posaconazole was given after consumption of a standardized
high fat meal. Measurement of compliance with treatment regimens was not noted.

The primary comparisons were to determine differences in time to reach maximum concentration
(Cmax) and area under the concentration time curve (AUC), which were analyzed using one-way
analysis of variance model. The safety evaluation included collection of adverse events, hematologic
monitoring, vital sign measurement, and electrocardiogram (ECG) monitoring. The study was powered
at 80% to detect a difference of 22% in AUC with 12 subjects per comparison.

Results of part 1 noted coadministration of oral posaconazole 400 mg twice daily and oral
atazanavir 300 mg daily for 7 days resulted in increased mean Cpax and mean AUC of atazanavir by
2.6- and 3.7-fold, respectively versus atazanavir alone. Also noted when atazanavir alone was
coadministered with posaconazole, there was delayed systemic absorption (from 1.5 to 2 h), increased
half-life (from 5.85 to 11.1 h) and decreased clearance (from 49.7 L/h to 9.61 L/h) of atazanavir
suggesting a possible enzyme inhibition of CYP3A4 from posaconazole in metabolizing atazanavir at
multiple organ sites. When atazanavir plus ritonavir were administered with posaconazole similar
results were observed (1.5- and 2.5-fold increases in atazanavir AUC, respectively). Co-administration
of atazanavir/ritonavir plus posaconazole led to a 1.5- and 1.8-fold increase of mean Cy.x and mean
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AUC of ritonavir, respectively, as compared to the combination of atazanavir/ritonavir alone.
The authors attributed this observation potentially to enzyme inhibition of UGT1A1 by atazanavir and
additional CYP3A4 inhibition by posaconazole. However, atazanavir and ritonavir did not have an
effect on posaconazole’s pharmacokinetic parameters implicating these PIs did not share the same
metabolic pathway with posaconazole. Approximately 92% of study subjects reported ocular icterus
(92%) which may relate to benign hyperbilirubinemia, a known side effect of atazanavir. Clinically
significant increases in total bilirubin were noted in a total of 11 subjects in this study (range
48-156 umol/L). Baseline bilirubin concentrations were unreported. These incidences may be due in
part to the 1.5-2.5 fold increase in atazanavir AUC noted. Other commonly reported adverse effects
included pollakiuria (50%) and abdominal pain (25%). This finding collaborates with the study by
Smith ef al. [35] demonstrating hyperbilirubinemia was a biomarker for high atazanavir concentrations.

Results of part 2 noted coadministration of oral posaconazole and efavirenz resulted in a 45% and
50% decrease in mean Cp,x and mean AUC of posaconazole, respectively. This suggests an induction
of UGT by efavirenz on posaconazole metabolism, as noted by the authors. Conversely, posaconazole
had minimal effects on the systemic absorption of efavirenz. Delayed absorption of efavirenz from 2 to
4 h was noted when administered with posaconazole. The most common adverse events were dizziness
(47%), fatigue (41%), and headache (41%).

Based on the results of this two part study, the authors concluded that the potential for increased
plasma concentrations of both PIs and NNRTIs could occur when administered with posaconazole.
They recommended frequent monitoring for toxicities and adverse events related to these antiviral
classes when coadministered with posaconazole. The authors also recommended coadministration of
efavirenz and posaconazole be avoided when possible due to the decreased posaconazole exposure
noted in this study. This study was of small sample size and short duration with limited confidence
intervals and no p values provided to indicate clinical significance. Posaconazole package insert lists
atazanavir, ritonavir, and efavirenz as interacting agents based on this study [1].

3.1.2. Posaconazole Plus Fosamprenavir +/— Ritonavir

Bruggemann et al. [36] conducted an open-label, three period, cross-over, multiple dose,
pharmacokinetic study in healthy volunteers comparing the effects of fosamprenavir alone or
fosamprenavir boosted ritonavir on the pharmacokinetics of posaconazole and vice versa. Twenty-four
healthy adults, mean age of 36, were administered posaconazole at a dose of 200 mg on day 1,
200 mg twice daily on day 2, followed by 400 mg twice daily from day 3 forward in combination with
fosamprenavir 700 mg twice daily or fosamprenavir/ritonavir 700 mg/100 mg twice daily. Medication
was given for 10 days followed by a 17-day washout period after which groups switched treatment
regimens. The study was powered at 80% to detect a 20% difference in posaconazole AUC.
The authors noted a statistically significant decrease in exposure to posaconazole when administered
with fosamprenavir. The geometric mean ratio (GMR) for posaconazole plus fosamprenavir versus
posaconazole alone was 0.77 (90% CI, 0.68-0.87) for the AUCy_;, and 0.79 (90% CI, 0.71-0.89) for
the Cmax. There was no statistically significant difference in the GMR free fraction of posaconazole in
the posaconazole only group (0.988%) versus the combination group (1.10%; p = 0.177). For
fosamprenavir plus posaconazole versus fosamprenavir/ritonavir plus posaconazole, the GMR was
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0.35 (90% CI, 0.32-0.39) for the AUCy.1» and 0.64 (90% CI; 0.55-0.76) for the Cpax. Although no
serious adverse events were noted, a total of 141 adverse events were reported. The specifics of the
adverse events were not mentioned. The authors concluded that the study showed a “significant,
bidirectional pharmacokinetic interaction of posaconazole and fosamprenavir,” theorizing the
reduction in exposure of posaconazole by fosamprenavir to be due to induction of UGT1A4 or
p-glycoprotein, decreased posaconazole absorption, or protein displacement of posaconazole. The
small sample size and short duration of this study make it difficult to ascertain the long term effects of
coadministration. It should also be noted that the study was conducted in healthy volunteers, making it
difficult to extrapolate to the HIV-infected population. Based on the results of this study, it appears
boosted fosamprenavir may allow for concomitant administration with posaconazole, however
therapeutic drug monitoring of posaconazole should be considered. At this time a target serum
concentration of posaconazole has not been established due to a significant interpatient variability in
its pharmacokinetics [37-39]. Therefore, concomitant therapy should be avoided if possible.

3.2. Clinical Trials with Posaconazole in HIV-Infected Patients

Three studies have evaluated posaconazole for the treatment of oropharyngeal/esophageal
candidiasis specifically in HIV infected patients [40—42]. Two of the studies examined specifically
treatment of azole-refractory oropharyngeal/esophageal candidiasis in this patient population [41,42].
All three studies excluded patients initiating a PI within the last 30 days. In a multicenter, international,
phase 3, open-label study, Skiest et al. [42] noted approximately 72% of participants were receiving
antiretroviral therapy. Thirty-eight percent of those were taking NNRTTIs, 63% were taking NRTIs, and
53% were taking PlIs. Patients were given posaconazole suspension for a total of 28 days. Rate of
reported adverse events was the primary safety outcome. The most common adverse events were
diarrhea and neutropenia, however QT prolongation was noted as a reason for discontinuation for at
least one patient in the study. Unfortunately, the authors did not examine the potential link between
occurrence of adverse events and the potential that these were precipitated due to a drug interaction,
particularly with antiretrovirals. The authors did note the diarrhea and neutropenia in particular could
be attributed to the underlying HIV disease, opportunistic infections, or receipt of concomitant
medications. Though the percentage of patients on antiretrovirals was noted, which antiretroviral
medications they were specifically taking is not given. This makes it difficult to ascertain if any of the
adverse events could have been related to a drug interaction with posaconazole.

Vasquez et al. evaluated the efficacy of posaconazole versus fluconazole in the treatment of
oropharyngeal candidiasis in 350 HIV infected patients in a multicenter, randomized, evaluator-blinded
clinical study [40]. Patients received posaconazole or fluconazole oral suspension for a total of 14
days. Of the 350 patients enrolled, 132 (66%), were receiving no antiretroviral therapy 29 (8%), were
receiving a NNRTI 117 (32%) were receiving NRTI, and 85 (24%) were receiving a PI. Serious
adverse events in the posaconazole group were fever, asthenia, abdominal pain, respiratory
insufficiency, and lymphadenopathy. The authors did not consider any serious adverse event in the
posaconazole group to be related to the study drug and did not examine the potential relationship
between occurrences of adverse events related to potential drug interactions, particularly antiretrovirals.



Pharmacy 2014, 2 104

Vasquez et al. examined the safety and efficacy of posaconazole in the long-term treatment of azole
refractory oropharyngeal/esophageal candidiasis in 100 HIV infected patients in a multicenter,
international, noncomparative, open-label study [41]. Patients received posaconazole oral suspension
for 3 months with the option to continue therapy for up to 12 months if they were considered a clinical
responder. Seventy percent of patients were receiving antiretroviral therapy at baseline. Of those, 38%
were receiving NNRTIs, 64% were receiving NRTIs, and 48% were receiving Pls. Serious adverse
events within the first three months of treatment occurred in four patients and included neutropenia,
urticaria, and cardiac failure/sudden death. After 3 months of treatment, serious adverse events
occurred in three patients and included elevated hepatic enzymes, jaundice, and neutropenia. The
authors suggested that the frequently reported adverse events may be due to HIV infection,
HIV-associated opportunistic infections, or concomitant medications. The potential association
between adverse events and drug interactions, particularly with antiretrovirals was not explored
further. It is plausible that some of the adverse events noted in these patients, particularly the
laboratory abnormalities (i.e., hepatic enzyme elevations) could have occurred due to increased
antiretroviral serum concentrations associated with concomitant posaconazole administration.

4. Discussion

HIV-infected patients often experience many comorbidities as well as opportunistic infections over
the course of their lives. With antiretrovirals now recommended for all HIV-infected patients
regardless of CD4 count to reduce the risk of disease progression, we can expect to see a greater
number of patients on cART. Clinically significant drug-drug interactions between azole antifungals
and HIV antiretrovirals have been reported. Guidelines recommend limiting the total daily antifungal
dose, monitoring drug concentrations to guide dosage adjustments, monitoring for drug toxicities, and
avoidance of the combination when possible depending on the azole antifungal and antiretroviral being
coadministered [28]. However, in clinical practice it is often challenging to handle such clinically
significant drug-drug interactions when there is little available evidence regarding management.
Posaconazole is a newer azole antifungal that except for CYP3A4, has minimal inhibitory activity
against CYP450 isoforms CYP1A2, 2C8/9, 2D6, and 2E1, suggesting a smaller drug interaction
spectrum than itraconazole, ketoconazole and voriconazole [21]. Its metabolism and elimination are
also thought to be mediated primarily via UGT-1A4 and p-glycoprotein [8,21-25]. Regardless of the
route of administration, the systemic absorption of posaconazole has been enhanced since the
development of a delayed release tablet formulation [1,18].

This article reviews the available literature regarding the potential drug interaction between
posaconazole and HIV antiretroviral agents. Posaconazole appears to have the potential to produce
clinically significant interactions when used with NNRTIs (i.e., efavirenz), Pls (i.e., atazanavir/ritonavir
and fosamprenavir/ritonavir), CCRS5 antagonists, and specifically the INSTI, elvitegravir. To date,
there are only two available pharmacokinetic studies examining this potential interaction. At this time,
it is presumed that the interactions noted within the studies may be a class effect, more studies should
be done with other antiretroviral agents. It is postulated that the interaction noted in this study between
efavirenz and posaconazole may be more related to induction of UGT, posaconazole’s inhibition of
CYP3A4 would most likely alter concentrations of the other NNRTIs [1]. Additionally, those NNRTIs
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which also induce CYP3A4, including nevirapine, rilpivirine, efavirenz, and etravirine, may decrease
posaconazole concentrations leading to insufficiently treated fungal infections. In vitro, rilpivirine is
not a p-glycoprotein substrate, but has been noted to be a weak inducer of CYP3A4, potentially
making it less prone to cause drug-drug interactions than other NNRTIs [43]. Since all PIs are both
CYP3A4 inhibitors and substrates, we can expect to see similar effects as those noted in the
pharmacokinetic studies with atazanavir and fosamprenavir. Ritonavir boosted atazanavir and ritonavir
boosted darunavir are both currently recommended as first line agents for the initial treatment of
HIV [28]. Since both agents are CYP3A4 inhibitors and substrates, increased concentrations of
darunavir could be expected when given with posaconazole similar to those noted in the study by
Krishna ef al. with atazanavir [34]. Calcagno et al. describe the use of posaconazole for treatment of
central nervous system infection with Mucorales and Toxoplama gondii in a young West African
HIV infected patient concomitantly given cART with ritonavir boosted darunavir + lamivudine and
abacavir. Posaconazole drug concentrations in CSF were subtherapeutic throughout treatment [44].
Currently, guidelines recommend avoiding concomitant administration of atazanavir +/— ritonavir or
fosamprenavir and posaconazole. At this time, there is limited data regarding ritonavir-boosted
fosamprenavir [28]. The package insert for darunavir makes no recommendation specifically for
posaconazole, however does note the potential for increased darunavir concentrations in the presence
of other azole antifungals [45].

There are no available studies to date regarding the interaction of posaconazole with the INSTIs or
maraviroc. Drug interaction is unlikely to occur with posaconazole and the INSTIs raltegravir or
dolutegravir since posaconazole is metabolized by UGT-1A4 whereas the disposition of the two
INSTIs is via UGT-1A1 [46—49]. Elvitegravir is metabolized via CYP3A4 enzymes, and therefore has
the potential to interact with posaconazole [27]. It is specifically formulated as part of the fixed dose
combination Stribild®, which also includes cobicistat, a new CYP3A4 inhibitor which serves as a level
booster. The package insert recommends the benefit to risk of administration of Stribild® with
CYP3A4 inhibitors or inducers be weighed prior to concomitant use [27]. However, this potential
interaction of elvitegravir with posaconazole has not been studied at this time.

Despite the lack of available evidence, it is known that the CCRS antagonist, maraviroc, is a
CYP3A4 and p-glycoprotein substrate, so the potential for a clinically significant interaction cannot be
ruled out [28,29]. The package insert for maraviroc recommends a dose adjustment of 150 mg twice
daily for maraviroc when administered with a CYP3A4 inhibitor and 600 mg twice daily when
administered with a CYP3A4 inducer [29]. Based on their pharmacokinetic profiles, most likely there
is no significant interaction between posaconazole and either the nucleoside reverse transcriptase
inhibitors or the fusion inhibitors. Although the precise interacting mechanism(s) associated with these
interactions cannot be fully explained through available pharmacokinetic studies, it has been postulated
that CYP3A4, UGT and p-glycoprotein may be involved in the alteration of concentrations of
posaconazole and NNRTIs and PIs [50]. Of the three available clinical studies examining the use of
posaconazole in HIV infected patients who are on cART, no clinically significant drug interactions
were noted [40—42]. However, some toxicities could be attributed to drug interactions between
antiretrovirals and posaconazole. Neither antiretroviral or posaconazole serum concentrations were
obtained in any of the clinical studies.
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Present opportunistic infection guidelines recommend avoidance of concomitant administration of
posaconazole and unboosted fosamprenavir atazanavir +/— ritonavir, and efavirenz. The guidelines
also list potential interactions of posaconazole specifically with etravirine, rilpivirine, and elvitegravir,
however no dose adjustment is recommended, only that the patient be monitored for signs and
symptoms of toxicity [7]. Based on available literature, if concomitant use of posaconazole and one of
the interacting agents is medically necessary, frequent monitoring of trough concentrations, adverse
drug reactions and dose adjustments may be warranted. At this time therapeutic serum concentrations
of posaconazole have not been established due to a significant interpatient variability in its
pharmacokinetics [37-39].

Although routine therapeutic drug monitoring of posaconazole has not been widely incorporated
into common clinical practice due to lack of outcome studies based on posaconazole concentrations,
availability of assays and turnaround time, it is suggested that testing should be performed to ensure
adequate drug absorption and prevent drug toxicity from undesirable drug concentrations [51].
Currently, the Department of Health and Human Services antiretroviral guidelines do not recommend
therapeutic drug monitoring of antiretroviral agents [28]. Foca et al. [52] recommended therapeutic
drug monitoring for unboosted atazanavir in patients with moderate hepatic impairment. For more
complex patients receiving concomitant posaconazole and antiretroviral therapy, if available,
therapeutic drug monitoring of the antiretrovirals may be useful. Please refer to Table 1 for a summary
of recommendations regarding management of this interaction.

Limitations of the studies within this review include relatively small sample sizes, a wide variability
of results, exclusion of other potentially interacting medications besides antiretroviral agents and lack
of reported drug interaction information between posaconazole and other preferred antiretroviral
regimens. It may be difficult to extrapolate these drug interaction data to HIV patients since they
may inherently have multiple factors that can alter the pharmacokinetic parameters of a drug [2,53].
The evidence of posaconazole’s drug interactions in pediatric populations is even more scarce.
However, its efficacy and safety profile appears to be similar to the adult population [1]. Present data
suggest increased serum concentrations of antiretrovirals, particularly NNRTIs and PIs, as well as
decreases in posaconazole AUC with efavirenz. These interactions may increase the risk of adverse
effects, toxicities and even the potential for therapeutic failure when coadministered.
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Table 1. Summary of the effects of drug interactions between Posaconazole and HIV Antiretrovirals.

HIV ARV Effect on ARV Levels Effect on Potential Mechanism of Management
Posaconzole Levels Clinical Effects  Interaction
Protease Inhibitors
Atazanavir Dose adjustment not established;
300 mg daily [1,34] Atazanavir AUC: Increased Inhibition of Monitor closely for adverse
+ increased 268%; - atazanavir CYP450 3A4 effects; recommend therapeutic
Posaconazole Cmax: increased 155% effects by posaconazole drug monitoring of atazanavir
400 mg BID in select patients
Atazanavir
300 mg daily Dose adjustment not established;
plus ritonavir Atazanavir AUC: Increased Inhibition of Monitor closely for adverse
100 mg daily [1,34] increased 146%; - atazanavir CYP450 3A4 effects; recommend therapeutic
+ Cmax: increased 53% effects by posaconazole drug monitoring of atazanavir
Posaconazole in select patients
400 mg BID
Fosamprenavir Amprenavir AUC: decreased
Decreased

1400 mg BID [36]
_l’_

65%; Cmax: decreased 36%
(when compared to

Posaconazole AUC:
decreased 23%;

posaconazole and

Do not coadminister

f .
Posaconazole 700 mg/100 mg Cmax decreased 20% e(;‘fsia;r:frenawr
400 mg BID fosamprenavir/ritonavir) Y
Rit . Inhibition of
itonavir
CYP450 3A4
100 mg daily [1,34] Ritonavir AUC: Possibly
. . by posaconazole; )
+ increased 80%; - increased Dose adjustment not necessary

Posaconazole
400 mg BID

Cmax: increased 49%

ritonavir effects

potential inhibition
of UGT 1A1
by atazanavir
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Effect on Posaconzole

Potential Clinical

Mechanism of

HIV ARV Effect on ARV Levels . Management
Levels Effects Interaction
NNRTIs
Efavirenz 400 mg
daily [1,34] .. Posaconazole AUC: Decreased . )
No significant Induction of UGT Dose adjustment
+ decreased 50%; posaconazole . .
change by efavirenz not established
Posaconazole Cmax: decreased 45% effects
400 mg BID
Etravirine [54
. [54] Possibly increased
etravirine levels
Posaconazole 400 mg BID

Integrase Inhibitor

Elvitegravir/
cobicistat [7,27]
+

Posaconazole 400 mg BID

Potentially
increased effects

Potentially
increased effects

Monitor posaconazole
concentrations with
coadministration

Adapted from: HIV InSite Database, 2013; Key to Abbreviations: ARV = antiretroviral, AUC = area under the concentration time curve, BID = twice daily,

Chnax = maximum plasma concentration, NA = not available, QD = daily.
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5. Conclusions

Currently available literature points to the potential for clinically significant drug interactions when
posaconazole is coadministered with HIV antiretrovirals, specifically NNRTIs and PlIs. This review
found two pharmacokinetic studies and three clinical trials involving HIV infected patients on
antiretrovirals, so the frequency of reported clinically significant drug interactions appears to be small
at this time. However, more studies are needed involving a wider range of NNRTIs and PIs to
determine the true significance of the interaction. Clinicians should be aware of this potentially
significant interaction and avoid coadministration when possible as well as monitor for adverse effects
and changes in clinical response to either posaconazole or antiretroviral regimens. When available,
consideration should be given to therapeutic drug monitoring of antiretroviral serum concentrations in
select patients.
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