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Abstract: Oropharyngeal candidiasis is a common affliction in HIV-positive patients worldwide. Although the incidence has decreased 
with the advent of potent antiviral combinations, it continues to be a cause of significant morbidity. Historically, fluconazole or itra-
conazole was the treatment of choice for oropharyngeal candidiasis, but increasing incidence of resistance and high recurrence rates 
mandate the use of alternative therapies. Posaconazole, a broad-spectrum second-generation triazole antifungal agent, has been studied 
in both first-line and salvage settings for treatment of oropharyngeal candidiasis. Posaconazole is well-tolerated, yields high response 
rates and demonstrates durable response rates with long-term use. This review will provide state-of-the-art knowledge of pharmacology 
and therapeutics of posaconazole focusing on the indication for oropharyngeal candidiasis in HIV-positive patients.
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Introduction
Oropharyngeal candidiasis (OPC) occurs in a 
majority of human immunodeficiency virus (HIV)-
positive patients and is considered an acquired immu-
nodeficiency syndrome (AIDS)-defining illness.1 
 Historically, OPC was one of the first signs of illness, 
but the incidence has declined with advances in highly 
active antiretroviral therapy (HAART) in developed 
countries. It persists in developing countries as an ini-
tial presentation.1–3 Patients with AIDS may be bur-
dened by recurrent OPC, including triazole-resistant 
disease, leading to high morbidity associated with 
each occurrence.4 The effects of OPC include local-
ized pain, xerostomia and mucocutaneous breakdown, 
and these effects can cause dysgeusia and malnutrition 
contributing to muscle wasting in AIDS patients.5,6

By definition, OPC is caused by overgrowth of 
naturally-occurring Candida spp., with C. albicans 
identified in 90% of cases, in the setting of total body 
or mucocutaneous-localized immune compromise. 
Beyond individuals with AIDS, OPC is known to 
occur in patients receiving myelosuppressive chemo-
therapy and/or immunomodulator therapy, solid-organ 
transplant recipients, patients with congenital cell-
mediated immune dysfunction, patients on chronic 
systemic glucocorticoids at doses greater than physi-
ologic, and patients using inhaled glucocorticoids.4,7–9 
In HIV-positive individuals, OPC occurs when the 
CD4 count falls below 200 cells/µL and the overall 
incidence and severity of OPC increases as a function 
of declining CD4 counts.7 This manuscript will focus 
on OPC in HIV-positive patients.

Triazole Resistance In Candida spp.
Resistance in Candida spp. to triazole antifungal 
agents has been steadily increasing in virtually all 
clinical settings, including HIV-positive patients, 
due to selective pressure and widespread use of tri-
azole antifungal agents, both as prophylaxis and 
treatment.4,10 However, triazole-resistant OPC is a 
greater concern in HIV-positive patients due to high 
rates of recurrence and persistently declining immune 
competence over time.9 De novo resistance to flucon-
azole by C. albicans is ,5%, but breakthroughs with 
resistant Candida spp. during treatment have been 
reported.10 Prior fluconazole use is a risk factor in 
the appearance of non-albicans Candida infections, 
including C. krusei and C. glabrata. Despite small 

numbers in this series, a trend towards fluconazole 
resistance was demonstrated in patients with flucon-
azole pre-exposure.11 Furthermore, serial isolates of 
OPC in HIV-positive patients reveals heteroresistant 
Candida may co-exist, each with different triazole 
sensitivity patterns.12 Prior triazole exposure is an 
important determinant for the occurrence of triazole-
resistance, mandating careful selection of initial tri-
azole antifungal.

cross-Resistance
Clinical evidence of triazole antifungal cross-
 resistance between fluconazole, itraconazole and 
ketoconazole was first seen in AIDS patients with 
refractory OPC.10 Several mechanisms are known to 
confer triazole cross-resistance, including multi-drug 
efflux pumps, mutations of target enzyme, overex-
pression of the target enzyme and DNA mutations.10 
Although C. albicans and C. glabrata are known to 
use any or all of these resistance mechanisms towards 
fluconazole, only overexpression of efflux pumps lead 
to posaconazole resistance.10 A series of C. albicans 
isolated from an AIDS patient with refractory OPC 
demonstrated fluconazole and voriconazole resis-
tance, but initial susceptibility to itraconazole and 
posaconazole that waned with continued treatment.13 
An in vitro study of C. albicans isolates demonstrated 
that resistance to fluconazole and/or voriconazole did 
not confer cross-resistance to posaconazole.14 This is 
controversial, as recent data have demonstrated cross-
resistance, especially in non-albicans  Candida.15 
Posaconazole is Food and Drug Administration 
(FDA)-approved and European Medicines Agency 
(EMA)-approved for the treatment of OPC, includ-
ing first-line treatment and treatment of OPC that is 
refractory to itraconazole and/or fluconazole.16

pharmacotherapy of Opc
Due to cost, side effect profile and minimal drug-
drug interactions, fluconazole is currently the rec-
ommended drug of choice for primary treatment of 
OPC.4,17 However, fluconazole as first line is based 
upon clinical trials conducted in an era prior to sec-
ond generation triazole antifungal agents and before 
greater virological control with newer HAART 
agents.17 In these trials, fluconazole was favored 
over ketoconazole, itraconazole, clotrimazole and 
nystatin for treatment of OPC due to clinical and/or 
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 mycological cure, drug tolerability and/or adverse 
effects.17 A recent study comparing fluconazole to 
posaconazole in 366 treatment-naïve subjects showed 
similar clinical cure, but higher mycological cure for 
posaconazole, although mycological eradication was 
not statistically different.18

While superiority could not be demonstrated in 
clinical trials, posaconazole may have an advantage 
over fluconazole, both in the treatment-naïve and 
refractory OPC setting. When compared to flucon-
azole, Posaconazole has a broader spectrum of activ-
ity, including fluconazole-resistant Candida spp., 
diminished incidence of recurrent OPC and greater 
insensitivity to fungal resistance mechanisms.17,18

posaconazole pharmacology
Posaconazole is a second-generation triazole anti-
fungal with broad spectrum of action, including 
yeasts, moulds and Mucormycoses spp.19 Currently 
available only in an oral formulation, absorption is 
a great barrier to clinical use. Several interventions 
have proven useful to optimize the absorption of 
posaconazole, particularly when used in combination 
in a care  bundle. This bundle approach may include 
practicing co-administration with high-fat meals, 
strict avoidance of proton-pump inhibitors,  rifamycin 
derivatives, and phenytoin, dividing the dosage to 
a maximum of 200 mg per administration, and co- 
administration with acidic beverage and ascorbic acid 
at 500 mg per os.20

Therapeutic drug monitoring (TDM) of posacon-
azole is controversial due to poorly elucidated toxic 
serum levels and lack of correlation with serum lev-
els and outcomes.21 While recent data in malignant 
hematology/oncology patients extol TDM for posa-
conazole when employed for invasive fungal infec-
tion treatment and prophylaxis, treatment of OPC 
may not mandate TDM given that OPC is a super-
ficial fungal infection.21 However, in select patients 
where the clinician has reason to suspect poor absorp-
tion, TDM may serve to verify medication adherence 
or absorption.

clinical Trials
The Infectious Diseases Society of America (IDSA) 
recommends posaconazole only for fluconazole-
 refractory OPC. IDSA guidelines recommend posa-
conazole at a dosage of 400 mg twice daily for 3 days, 

then 400 mg daily for up to 28 days.22 Interestingly, 
the manufacturer’s dosing recommendations for posa-
conazole in fluconazole-refractory OPC are different 
than those recommended by the IDSA guidelines. The 
package insert recommends posaconazole 400 mg 
twice daily for fluconazole-refractory OPC, with the 
duration of therapy based upon the severity of the 
patient’s underlying disease and clinical response.16

Table 1 summarizes the registration trials for 
posaconazole in HIV-positive OPC. The first study 
comparing posaconazole to fluconazole conducted a 
multi-center, randomized, evaluator-blinded study of 
HIV-positive patients with antifungal treatment-naïve 
OPC.18 The primary objective of the trial was to com-
pare the clinical efficacy of posaconazole to the active 
comparator (fluconazole) by evaluating clinical cure 
or clinical improvement rates following 14 days of 
 therapy. Clinical cure was defined as the absence of 
plaques or ulcers and no or minimal symptoms while 
clinical improvement was defined as a decrease in sores 
used to measure lesions and symptoms. Those with cure 
or improvement at day 14 were subsequently evaluated 
on day 42 for durability of clinical cure/improvement or 
clinical relapse as a secondary endpoint. Other second-
ary endpoints included clinical response rates by visit, 
evaluated by quantitative mycologic cultures on days 7 
and 14 of posaconazole dosing. A total of 350 study 
subjects were randomly assigned to receive 200 mg 
of either posaconazole or fluconazole oral suspension 
on day 1, followed by a 100 mg daily dosage of the 
same drug for 13 days. On day 7, clinical success was 
similar between the two groups, with similar success 
rates at 164/169 (97.0%) of posaconazole patients and 
155/160 (96.9%) of fluconazole patients. Clinical suc-
cess was also similar on day 14 between the two groups, 
with success rates at 155/169 (91.7%) of posaconazole 
patients and 148/160 (92.5%) of fluconazole patients. 
Overall, this trial indicates the non-inferiority of posa-
conazole to fluconazole. Mycological success on day 
14 was similar between both groups, with a success 
rate of 68%. However, differences in mycologic suc-
cess were seen at day 42. More patients who received 
posaconazole demonstrated continued mycologic suc-
cess, 41/101 (40.6%) vs. 24/91 (26.4%) (P = 0.038). 
Treatment related adverse events were similar between 
both treatment arms.

Upon subanalysis, triazole-susceptible Can-
dida spp. displayed similar treatment outcomes. 
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In 144 posaconazole and 138 fluconazole patients with 
C. albicans, clinical response was similar (98% vs. 
97%). Although the numbers are small, patients infected 
with C. glabrata demonstrated clinical response rates 
of 100% in both groups (5 posaconazole vs. 4 flucon-
azole patients). When the susceptibility of C. albicans 
was dose-dependent (fluconazole MIC 8–32 µg/mL), 
the clinical response rate was 100% with posacon-
azole (4 patients) and 80% with fluconazole (4 out of 
5 patients). When the pathogen was discovered to be 
C. glabrata (fluconazole MIC 8–32 µg/mL), the clin-
ical response was 86% with posaconazole (7 patients) 
and 100% for fluconazole (2 patients). When the sus-
ceptibility of the infecting Candida spp. was resistant, 
MIC . 32 µg/mL, the clinical response rates for pos-
aconazole and fluconazole were both 100% for both 
C. albicans and C. glabrata. The small numbers in 
the susceptible dose-dependent and non-susceptible 
categories render difficult the extrapolation of these 
seemingly perplexing results.18

A subsequent study evaluated the efficacy and 
safety of oral posaconazole in a multicenter, inter-
national, phase 3, open-label study for HIV-infected 
patients with OPC or esophageal candidiasis (EC) 
and who failed oral fluconazole or itraconazole.22 
The primary end point of the trial was rate of cure or 
improvement after 28 days of posaconazole therapy. 
Secondary endpoints included clinical response—
either cure or improvement—on day 14 and clini-
cal response stratified by presence or absence of 
in vitro resistance to fluconazole or itraconazole 
among Candida spp. cultured at study entry. A total 
of 199 patients were enrolled in the trial. Of these, 
149 patients had OPC, 18 had EC and 32 had both 
OPC and EC. In the original protocol (“regimen A”, 
n = 103), patients received posaconazole suspension 
400 mg twice daily for 3 days, followed by posa-
conazole 400 mg once daily for 25 additional days. 
Following 28 days of therapy, patients with clinical 
response and absence of symptoms could continue 
to receive posaconazole 400 mg twice daily, 3 times 
per week for an additional 3 months. This protocol 
was amended for patient simplicity (“regimen B”, 
n = 96), where new patients received oral posacon-
azole 400 mg twice daily for 28 days continuously. 
Patients successfully completing regimen B could 
be enrolled into a long-term maintenance study for 
up to 15 months. Overall, 132 of 176  subjects (75%) 

 experienced cure or improvement after 28 days of 
therapy. Clinical response rates were not different 
between regimen A (75.3%) and regimen B (74.7%). 
Subjects were evaluated mid-way through initial 
therapy (ie, after 14 days), demonstrating that 93 of 
176 (52.8%) patients were clinical responders and 
only 4 of 176 (2.3%) were non-responders. Clinical 
response rates among patients with azole-resistant 
Candida spp. at baseline were 67 of 92 (73%) with 
fluconazole resistance, 49 of 66 (74%) with itracon-
azole resistance, and 42 of 57 (74%) with resistance 
to both agents. Adverse events related to treatment 
were reported in 98 of 199 (49%) of patients. The 
most common adverse reactions reported were diar-
rhea (11%), neutropenia (7%), flatulence (6%), and 
nausea (6%).

A third trial evaluated the safety and efficacy of 
posaconazole in a multicenter, international, non-
comparative, open-label study in HIV-infected patients 
with OPC, EC or both and whose disease was clini-
cally refractory to oral fluconazole or itraconazole.23 
The primary endpoint of the study was the rate of 
cure or improvement at the end of the 3 month treat-
ment period. Secondary endpoints included clinical 
response by baseline susceptibility at the end of the 
3 month treatment period, clinical response rates at 1, 
2, and 3 months, and relapse rates during the 1 month, 
treatment-free, follow-up period. All patients received 
posaconazole 400 mg twice daily for 3 months. After 
3 months, clinical responders were eligible to continue 
therapy with the same dose of posaconazole for up to 
12 months at the discretion of the investigator.  Clinical 
responders who did not continue posaconazole were 
observed for up to 1 month. Patients enrolled into the 
study included two different populations, the first group 
being posaconazole-naïve and the second group con-
sisting of subjects who had received prior therapy with 
posaconazole for 1 month in the acute care study and 
demonstrated partial or complete resolution of OPC, 
EC, or a complete response or improvement with relapse 
upon discontinuation of study drug. Of the 100 patients 
enrolled, 60 of these subjects were originally treated in 
the 1 month acute care study and were enrolled into the 
long-term study. The other 40 patients were posacon-
azole naïve. For the modified intent-to-treat (MITT) 
population, 59 were previously treated with posacon-
azole and 31 were posaconazole-naïve. Overall, after the 
3 month treatment period, 77/90 (85.6%) demonstrated 
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 clinical cure or  improvement. Response rates were sim-
ilar in the posaconazole-naïve patients, 25/31 (80.6%), 
as with patients having prior posaconazole exposure, 
52/59 (88.1%). Response rates according to Candida 
spp. and susceptibility in posaconazole-naïve patients 
with any Candida spp. isolate resistant to fluconazole 
(MIC . 32 µg/mL), itraconazole (MIC . 0.5 µg/mL), 
or both were 17/20 (85%), 15/18 (83%), and 14/17 (82%) 
respectively. Patients previously treated with posacon-
azole had the respective response rates of 21/22 (95%), 
15/18 (83%), and 14/15 (93%). The clinical response 
rates were 83/85 (97.7%) after 1 month of therapy, 
64/70 (91.4%) after 2 months and 42/44 (95.5%) after 
3 months. Patients who missed a monthly visit were 
not included in the response assessment for that month. 
The majority of patients were not assessed for clinical 
relapse at the end of 3 months due to treatment being 
discontinued or because the subject went immediately 
into the long-term suppressive phase. Upon evalua-
tion, 13/28 (46.4%) suffered clinical relapse and 15/28 
(53.6%) continued to maintain clinical response. The 
most common adverse event in the acute was vomiting, 
while elevated hepatic enzymes was most common in 
continued suppressive treatment cohort.

safety
In general, clinical trials demonstrated that posacon-
azole is well tolerated. In a pooled safety analysis of 
18 controlled trials including 448 healthy patients 
who received at least one dose of posaconazole, inci-
dence of adverse effects were similar to placebo (57% 
vs. 63%).24 The most common adverse events among 
those receiving posaconazole were headache (17%), 
dry mouth (9%) and dizziness (6%). Five patients 
(,1%) discontinued posaconazole due to adverse 
effects. Liver enzyme increases of .1–2.5 times the 
upper limit of normal occurred in 5%–11% of subjects 
receiving posaconazole. Elevations in liver function 
tests did not appear to be dependent on posaconazole 
exposure. Changes were transient and returned to 
baseline once dosing stopped. The analysis did not 
find any associated cardiovascular adverse events and 
ECG analysis suggested minimal potential to prolong 
QTc interval with a mean and median interval change 
from baseline of -5 msec.

Furthermore, patients on long term posaconazole 
appear to be at no greater risk for adverse effects than 
those that receive short term therapy. In a study of 

428 patients with refractory invasive fungal infec-
tions or febrile neutropenia, 109 patients received 
posaconazole for $6 months. Patients receiving 
posaconazole for $6 months had a comparable 
safety profile to those who received posaconazole 
for ,6 months.25 Overall reports of adverse events 
occurred in 35% receiving ,6 months therapy versus 
47% receiving .6 months. This study included over-
all treatment-related side effects of increased serum 
glutamic pyruvic tranaminase levels (3%), QTc inter-
val prolongation (1%) and convulsions (,0.5%). 
There were no unique adverse effects observed with 
long term posaconazole exposure.

HIV-positive subjects with Opc
A randomized study comparing posaconazole 
(N = 178) and fluconazole (N = 172) in treatment-
naïve OPC noted similar incidence of adverse events 
related to treatment. There were 25% of posaconazole-
treated patients and 24% in the fluconazole-treated 
cohort reporting adverse events, with gastrointestinal 
adverse events encountered most commonly.18 Another 
239 HIV-positive patients with triazole-refractory OPC 
received posaconazole in 2 non-comparative trials for 
refractory OPC.22,23 Of the subjects included, the most 
common adverse reactions were fever, diarrhea, nausea, 
headache, and vomiting, all of which occurred in 6% 
or less of patients. In patients who received 3 months 
of posaconazole therapy, 30% of participants reported 
adverse effects related to treatment.23 The most frequent 
effect reported was vomiting (4%), while elevated 
hepatic enzymes occurred in 6% of those who received 
continued 12-month suppressive therapy (Table 1). 
One patient suffered from cardiac failure with a pos-
sible relationship to posaconazole in the 3-month treat-
ment group and another patient developed jaundice 
in the 12-month group. There were no observations 
of neurologic or visual complications associated with 
posaconazole. When compared to fluconazole, posa-
conazole demonstrates comparable tolerability in the 
HIV- positive population for OPC, an important con-
sideration in patients often taking multiple hepatically-
metabolized medications concomitantly.18,22,23

Hepatic Toxicity
Mild and transient increases in hepatic enzymes have 
been observed with posaconazole  administration. 
These occurrences are infrequent, occur more 
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 commonly in those .65 year of age and return to 
baseline upon cessation of posaconazole irrespec-
tive of treatment duration.24 Cases of severe hepatic 
reactions including cholestasis or hepatic failure have 
been reported in patients with other serious under-
lying disease states while concomitantly receiving 
posaconazole. These severe hepatic reactions were 
seen in subjects receiving higher posaconazole doses 
for indications other than OPC.26 Appropriate patient 
management should include periodic laboratory eval-
uation of hepatic function and monitoring for clinical 
signs and symptoms of liver dysfunction.

posaconazole Resistance
Primary and secondary posaconazole resistance is 
rare. Posaconazole structurally has an extended side 
chain similar to itraconazole while a more compact 
structure is found in fluconazole and voriconazole. 
This extended side chain allows for additional points 
of contact with the azole target,  14-alpha-demethylase 
(CYP51), thereby blocking ergosterol synthesis. In 
fact, the side chain for posaconazole is characterized 
by extensive hydrophobic contacts strengthening 
the binding affinity.27 This in turn creates a situation 
in which single mutations to C. albicans near the 
CYP51 binding site that profoundly impact resistance 
to fluconazole will have only a minor impact on posa-
conazole susceptibility. In a study of the molecular 
mechanisms responsible for reduced susceptibility to 
azoles in C. albicans, it was demonstrated that mul-
tiple ERG11 (encodes for the CYP51 binding site) 
mutations are required to significantly reduce posa-
conazole susceptibility.7

Furthermore, the most common mechanism con-
tributing to triazole resistance in C. albicans is a reduc-
tion in intracellular drug exposure due to increased 
expression of efflux pumps.13 While posaconazole is 
a substrate of efflux pumps en coded by CDR1 and 
CDR2 in C. albicans, it is not a substrate of the major 
efflux pumps encoded by MDR1 and FLU1 that efflux 
fluconazole.27 Therefore, posaconazole resistance is 
less likely to develop as a result of efflux pump re lated 
resistance when compared to fluconazole.

Drug-Drug Interactions
CYp450 interactions
Inherently, due to the inhibition of fungal cytochrome 
P450 by which the triazole antifungals exert their 

activity, the entire drug class is prone to drug-drug 
interactions. A study evaluating potential drug inter-
actions of posaconazole via the CYP450 enzymatic 
pathway observed no impact on CYP1A2, CYP2C8/9, 
CYP2D6 and CYP2E1.28 The study did however 
observe a decrease in hepatic CYP3A4 activity asso-
ciated with posaconazole. In contrast, ketoconazole 
inhibits CYP1A2, 2C9, 2C19 and 3A4; itraconazole 
inhibits CYP1A2, 2C9 and 3A4; fluconazole  inhibits 
CYP1A2, 2C9, 2C19 and 3A4; and voriconazole 
is a known inhibitor of 2C9, 2C19 and 3A4. Thus, 
overall there is less concern for CYP450 related drug 
interactions with posaconazole versus other triazole 
antifungals.

Due to the CYP3A4 inhibition exerted by posa-
conazole, caution must be observed when admin-
istered in the HIV-positive population. Most 
protease inhibitors and non-nucleoside reverse tran-
scriptase inhibitors are CYP3A4 substrates. A recent 
study investigated the interaction between posacon-
azole and the antiretrovirals atazanavir, ritonavir and 
efavirenz.29 Co-administration of posaconazole and 
atazanavir, a substrate and inhibitor of 3A4, resulted in 
a 2.6-fold and 3.7-fold increase in maximum serum 
concentration (Cmax) and area-under-the-curve (AUC) 
for atazanavir, respectively. Administration of posa-
conazole, atazanavir and ritonavir resulted in a Cmax 
increase of 1.5-fold and AUC increase of 2.5-fold 
when compared to atazanavir and ritonavir combi-
nation alone. Posaconazole concentrations did not 
significantly change when co-administered with 
either combination. When posaconazole was co- 
administered with efavirenz, the efavirenz exposure 
did not significantly change.

Other medications with CYP3A4 interactions 
that are contraindicated for use with posaconazole 
include sirolimus (9-fold increase in sirolimus blood 
concentrations), pimozide and quinidine (potential 
QTc prolongation), 3-hydroxy-3-methylglutaryl-CoA 
reductase inhibitors (10-fold increase in simvastatin 
blood concentrations), and ergot alkaloids (potential 
ergotism).16

Concomitant administration of posaconazole with 
narrow therapeutic index medications, such as vinca 
alkaloids, calcineurin inhibitors and sirolimus, should 
be avoided or carefully monitored due to potential for 
increased toxicity by these agents in the presence of 
posaconazole.16 The clinician should bear in mind 
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that the degree and duration of drug-drug interaction 
with all triazole antifungals differ and a significant 
drug-drug interaction should be assumed unless other 
data are available. It is also important to note that 
greater clinical experience exists with fluconazole 
and itraconazole drug-drug interactions than posa-
conazole drug-drug interactions. Wherever possible, 
use of therapeutic drug monitoring should be strongly 
considered when using interacting medications and/
or avoiding concomitant administration.

Unlike other triazoles, posaconazole is not a 
significant substrate for CYP450 metabolism. Co-
administration of inhibitors or inducers of CYP450 
enzymes have not shown a significant effect on the 
pharmacokinetic profile of posaconazole.

UGT 1A4 interactions
In contrast to other triazole antifungals, posaconazole 
is hepatically metabolized into inactive glucuronides 
by phase II UDP-glucuronosyltransferase (UGT). 
Inducers of UGT will result in a reduction in posacon-
azole exposure with the potential for posaconazole 
clinical failure. Efavirenz, a UGT inducer, was found 
to decrease the Cmax and AUC of posaconazole by 45% 
and 50%, respectively.29 Co-administration of fosam-
prenavir, a less potent UGT inducer, resulted in 23% 
reduction in posaconazole  exposure.30  Furthermore, 
administration of posaconazole with UGT inducers 
phenytoin and rifabutin have also yielded reduced 
posaconazole exposure.31,32

Co-administration of posaconazole with UGT 
inducers like efavirenz, fosamprenavir, phenytoin 
and rifabutin should be avoided in order to reduce the 
risk of posaconazole failure. Other inducers of UGT 
continue to be identified such as lorazepam which 
significantly reduced posaconazole exposure.33 UGT 
interactions, many of which are not well-characterized, 
underscore the need for TDM to ensure appropriate 
drug exposure. Additionally, when posaconazole is 
used in combination with HAART regimens, frequent 
monitoring for adverse effects and toxicity related to 
elevated antiviral concentrations is recommended due 
to the CYP3A4 and/or UGT interaction.

patient preference
As noted previously, rates of adverse effects are 
similar between posaconazole and fluconazole (25% 
vs. 24%) with similar rates of discontinuation.18 

 Additionally, the current recommended dosing length 
and schedule of posaconazole for OPC is comparable 
to that of fluconazole. The primary issues to consider 
include administration of posaconazole with relation 
to meals (preferably, high-fat containing), avoidance 
of certain acid suppressing agents, cost of medication 
and availability.

In order maximize posaconazole absorption, a 
posaconazole bundle should be co-implemented upon 
starting posaconazole (Table 2). This bundle consists 
of taking each posaconazole dose with a meal con-
taining .20 g dietary fat, avoid use of proton pump 
inhibitors or cimetidine, limit each dose to 200–
400 mg and co-administer each dose with ascorbic 
acid 500 mg to transiently enhance gastric acidity.20 
Cost and insurance status may have the biggest impact 
on the patient use of posaconazole. Posaconazole 
remains under patent protection currently in the US 
while fluconazole and itraconazole both have generic 
formulations available. In addition, some insurance 
providers are likely to require a prior authorization 
before copayment is provided. These issues create 
an environment in which many pharmacies may not 
even carry the medication dependent upon the patient 
population that the pharmacy services.

place in Therapy
A recent review found there to be no difference in 
clinical cure rates between posaconazole and compar-
ator in HIV-positive OPC patients.17 However, only 
the study of treatment-naïve patients was included in 
this analysis.17,18 Posaconazole has gained regulatory 

Table 2. posaconazole bundle.20

1.  Ascorbic acid 500 mg per os with each dose of 
posaconazole

2.  4–6 ounces (120–180 mL) carbonated soda beverage 
(ie, cola or ginger ale) or acidic fruit juice (ie, cranberry 
or orange juice) with each dose of posaconazole

3.  Dividing daily posaconazole into 200–400 mg per dose
4.  Heavy snack or meal with each dose, fat 

content . 20 grams (may include commercially 
available nutritional supplements)

5.  proton pump inhibitors and cimetidine strictly 
forbidden

  a.  Use of histamine2-antagonist allowed, if needed
  b.  Use of aluminum/magnesium-containing antacid 

allowed, if needed
6.  Co-administration of rifamycin derivatives, phenytoin 

and lorazepam strictly forbidden
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agency approval in both the United States and Europe 
for treatment of first line and treatment-refractory OPC. 
The early generation triazole antifungals, fluconazole 
and itraconazole which have been used as compara-
tors in many clinical trials have significant drawbacks. 
Fluconazole has poor activity against certain Candida 
spp. while itraconazole has a number of drug-drug 
interactions and variable bioavailability that changes 
based upon dosage form. Posaconazole has a narrow 
toxicity profile compared to older triazoles and, when 
used for extended period of time, potentially superior 
clinical outcomes. However, posaconazole exhibits 
variable bioavailability, is subject to many drug-drug 
and drug-nutrient interactions, and may carry a higher 
copay. Clinicians should be mindful that use of posa-
conazole as prophylactic treatment carries the potential 
for development of posaconazole resistant Candida 
spp., the treatment of which is poorly elucidated.

Posaconazole is an option for treatment of OPC in 
patients who experience fungal breakthrough while 
taking fluconazole or as first-line in patients who clin-
ically fail prophylactic fluconazole therapy.

Author contributions
JEW, EW, and MRG were responsible for data collec-
tion/synthesis/analysis and assistance with manuscript 
preparation. MRG was responsible for the design and 
preparation of the manuscript. All authors read and 
approved the final manuscript.

Funding
Author(s) disclose no funding sources.

competing Interests
MRG has received payment from Merck for speak-
ing on Aprepitant. Other authors disclose no potential 
competing interests.

Disclosures and ethics
As a requirement of publication author(s) have pro-
vided to the publisher signed confirmation of com-
pliance with legal and ethical obligations including 
but not limited to the following: authorship and 
contributorship, conflicts of interest, privacy and 
confidentiality and (where applicable) protection of 
human and animal research subjects. The authors 
have read and confirmed their agreement with the 
ICMJE authorship and conflict of interest criteria. 

The authors have also confirmed that this article is 
unique and not under consideration or published in 
any other publication, and that they have permission 
from rights holders to reproduce any copyrighted 
material. Any disclosures are made in this section. 
The external blind peer reviewers report no conflicts 
of interest. Provenance: the authors were invited to 
submit this paper.

References
 1. Buchacz K, Baker RK, Palella FJ Jr, et al. AIDS-defining opportunistic 

illnesses in US patients, 1994–2007: a cohort study. AIDS. 2010;24(10): 
1549–59.

 2. Han J, Lun WH, Meng ZH, et al. Mucocutaneous manifestations of HIV-
infected patients in the era of HAART in Guangxi Zhuang Autonomous 
Region, China. J Eur Acad Dermatol Venereol. Jan 3, 2012. doi: 10.1111/
j.1468-3083.2011.04429.x. [Epub ahead of print.]

 3. Grabar S, Lanoy E, Allavena C, et al. Causes of the first AIDS-defining 
illness and subsequent survival before and after the advent of combined 
antiretroviral therapy. HIV Med. Apr 2008;9(4):246–56.

 4. Pappas PG, Kauffman CA, Andes D, et al. Clinical practice guidelines for 
the management of candidiasis: 2009 update by the Infectious Diseases 
Society of America. Clin Infect Dis. Mar 1, 2009;48(5):503–35.

 5. Paillaud E, Merlier I, Dupeyron C, Scherman, E, Poupon J, Mories PN. Oral 
candidiasis and nutritional deficiencies in elderly hospitalised patients. Br J 
Nutr. Nov 2004;92(5):861–7.

 6. Oude Lashof AML, De Bock R, Herbrecht, et al. An open multicenter 
 comparatives study of the efficacy, safety and tolerance of fluconazole 
and itraconazole in the treatment of cancer patients with oropharyngeal 
 candidiasis. Eur J Cancer. Jun 2004;40(9):1314–9.

 7. Vazquez JA, Sobel JD. Candidiasis. In Dismukes WE, Pappas PG,  
Sobel JD, editors. Clinical Mycology. 1st ed. New York, NY: Oxford 
 University Press. 2003:143–87.

 8. Koo S, Marty FM, Baden LR. Infectious complications associated with 
immunomodulating biologic agents. Infect Dis Clin N Am. Jun 2010;24(2): 
285–306.

 9. Perfect JR. The impact of the host on fungal infections. Am J Med.  
Jan 2012;125(1 Suppl):S39–51.

 10. Pfaller MA, Diekema DJ. Azole antifungal drug cross-resistance: 
 mechanisms, epidemiology, and clinical significance. J Invasive Fungal 
Infect. 2007;1(3):74–92.

 11. Mann PA, McNicholas PM, Chau AS, et al. Impact of antifungal  prophylaxis 
on colonization and azole susceptibility of Candida species. Antimicrob 
Agents Chemother. 2009;53:5026–34.

 12. Lopez-Ribot JL, McAtee RK, Perea S, Kirkpatrick WR, Rinaldi MG, 
 Patterson TF. Multiple resistant phenotypes of Candida albicans  coexist 
 during episodes of oropharyngeal candidiasis in human  immunodeficiency 
virus-infected patients. Antimicrob Agents Chemother. 1999;43(7): 
1621–30.

 13. Li X, Brown N, Chau AS, et al. Changes in susceptibility to posaconazole 
in clinical isolates of Candida albicans. J Antimicrob Chemother. Jan 
2004;53(1):74–80.

 14. Pfaller MA, Messer SA, Boyken L, Tendolkar S, Hollis RJ, Diekema DJ. 
Selection of a surrogate agent (fluconazole or voriconazole) for initial sus-
ceptibility testing of posaconazole against Candida spp.: results from a global 
antifungal surveillance program. J Clin Microbiol. 2008;46(2):551–9.

 15. Schmalreck AF, Willinger B, Haase G, Blum G, Lass-Florl C, Fegeler W, 
et al. Species and susceptibility distribution of 1062 clinical yeast isolates 
to azoles, echinocandins, flucytosine and amphotericin B from a multi-
 centre study. Mycoses. May 2012;55(3):e124–37. doi: 10.1111/j.1439-0507. 
2011.02165.x. Epub Jan 11, 2012.

 16. Posaconazole (Noxafil®) [Package insert]. Merck and Co., Inc. Whitehouse 
Station, NJ; 2010.

http://www.la-press.com


woolery et al

272 Clinical Medicine Insights: Therapeutics 2012:4

 17. Pienaar ED, Young T, Holmes H. Interventions for the prevention and man-
agement o oropharyngeal candidiasis associated with HIV infection in adults 
and children. Cochrane Database Syst Rev. Jul 19, 2006;3:CD003940.

 18. Vazquez JA, Skiest DJ, Nieto L, et al. A multicenter randomized trial 
evaluating posaconazole versus fluconazole for the treatment of oropha-
ryngeal candidiasis in subjects with HIV/AIDS. Clin Infect Dis. Apr 15, 
2006;42(8):1179–86. Epub Mar 14, 2006.

 19. Lipp HP. Clinical pharmacodynamics and pharmacokinetics of the antifungal 
extended-spectrum triazole posaconazole: an overview. Br J Clin  Pharmacol. 
Oct 2010;70(4):471–80. doi: 10.1111/j.1365-2125.2010.03680.x.

 20. Green MR, Woolery JE. Optimising absorption of posaconazole. Mycoses. 
Nov 2011;54(6):e775–9. doi: 10.1111/j.1439-0507.2011.02020.x. Epub 
May 25, 2011.

 21. Green MR, Woolery JE. Posaconazole serum level on day 2 predicts steady 
state posaconazole serum level. Ther Drug Monit. Feb 2012;34(1):118–9.

 22. Skiest DJ, Vazquez JA, Anstead GM, et al. Posaconazole for the treatment 
of azole-refractory oropharyngeal and esophageal candidiasis in subjects 
with HIV infection. Clin Infect Dis. Feb 15, 2007;44(4):607–14. Epub 
Jan 17, 2007.

 23. Vazquez JA, Skiest DJ, Tissot-Dupont H, Lennox JL, Boparai N, Isaacs R. 
Safety and efficacy of posaconazole in the long-term treatment of azole-
refractory oropharyngeal and esophageal candidiasis in patients with HIV 
infection. HIV Clin Trials. Mar–Apr 2007;8(2):86–97.

 24. Moton A, Krishna G, Wang Z. Tolerability and safety profile of  posaconazole: 
evaluation of 18 controlled studies in healthy volunteers. J Clin Pharm Ther. 
Jun 2009;34(3):301–11.

 25. Raad II, Graybill JR, Bustamante AB, et al. Safety of long-term oral posa-
conazole use in the treatment of refractory invasive fungal infections. Clin 
Infect Dis. Jun 15, 2006;42(12):1726–34. Epub May 8, 2006.

 26. Shields RK, Clancy CJ, Vadnerkar A, Kwak EJ, Silveira FP, Massih RCA, 
et al. Posaconazole serum concentrations among cardiothoracic transplant 
recipients: factors impacting trough levels and correlation with  clinical 
response to therapy. Antimicrob Agents Chemother. Mar 2011;55(3): 1308–
11. Epub Dec 28, 2010.

 27. Xiao L, Madison V, Chau AS, Loebenberg D, Palermo RE, McNicholas PM. 
Three-dimensional models of wild-type and mutated forms of cytochrome 
P450 14a-sterol demethylases from Aspergillus fumigatus and Candida 
albicans provide insights into posaconazole binding. Anti microb Agents 
Chemother. Feb 2004;48(2):568–74.

 28. Wexler D, Courtney R, Richards W, Banfield C, Lim J, Laughlin M. Effect 
of posaconazole on cytochrome P450 enzymes: a randomized, open-label, 
two-way crossover study. Eur J Pharm Sci. Apr 2004;21(5):645–53.

 29. Krishna G, Moton A, Ma L, Martinho M, Seiberling M, McLeod J. Effects 
of oral posaconazole on the pharmacokinetics of atazanavir alone and with 
ritonavir or with efavirenz in health adult volunteers. J Acquir Immune Defic 
Syndr. Aug 1, 2009;51(4):437–44.

 30. Bruggemann RJM, van Luin M, Colbers EPH, et al. Effect of  posaconazole 
on the pharmacokinetics of fosamprenavir and vice versa in healthy 
 volunteers. J Antimicrob Chemother. Oct 2010;65(10):2188–94. Epub 
Jul 28, 2010.

 31. Krishna G, Parsons A, Kantesaria B, et al. Evaluation of the pharmacoki-
netics of posaconazole and rifabutin following co-administration to healthy 
men. Curr Med Res Opin. Mar 2007;23(3):545–52.

 32. Krishna G, Sansone-Parsons A, Kantesaria B. Drug interaction assessment 
following concomitant administration of posaconazole and phenytoin in 
healthy men. Curr Med Res Opin. Jun 2007;23(6):1415–22. Epub May 11, 
2007.

 33. Heinz WJ, Grau A, Ulrich A, et al. Impact of benzodiazepines on posacon-
azole serum concentrations. A population-based pharmacokinetic study on 
drug interaction. Curr Med Res Opin. Apr 2012;28(4):551–7. Epub Feb 28, 
2012.

http://www.la-press.com

