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Abstract: Posaconazole is a broad-spectrum triazole antifungal agent with potent activity 

against various pathogenic fungi, including yeast and moulds. Clinical studies have demonstrated 

that this agent is efficacious as prophylaxis against invasive fungal infections in patients at high 

risk, and may also be useful as salvage therapy against invasive aspergillosis and mucormycosis. 

However, the bioavailability of posaconazole following administration by oral suspension, which 

was the only formulation clinically available for many years, is highly variable and negatively 

influenced by several factors. Because of this, many patients had subtherapeutic or undetectable 

posaconazole levels when the oral suspension was used. To overcome this limitation, a delayed-

release tablet was developed and is now available for clinical use. Hot-melt extrusion technology 

is used to combine a pH-sensitive polymer with posaconazole to produce a formulation that 

releases the drug in the elevated pH of the intestine where absorption occurs rather than in the 

low-pH environment of the stomach. This results in enhanced bioavailability and increased 

posaconazole exposure. Studies in healthy volunteers have demonstrated significantly higher 

and more consistent exposures with the tablet formulation compared to the oral suspension. 

In addition, pharmacokinetic parameters following administration of the tablets were not 

significantly affected by medications that raise gastric pH or increase gastric motility, and the 

tablets could also be administered without regard to food. Similar results have also been found 

in patients at high risk for invasive fungal infections who have received posaconazole tablets. 

The tablet formulation also appears to be well tolerated to date, although data regarding clinical 

efficacy are needed.

Keywords: posaconazole, pharmacokinetics, delayed-release tablet, antifungal prophylaxis, 

posaconazole oral suspension

Introduction
Posaconazole (Noxafil; Merck & Co, Inc., Whitehouse Station, NJ, USA) is a broad-

spectrum antifungal agent that is used both as antifungal prophylaxis and treatment 

against invasive fungal infections. This azole antifungal agent, like the other members 

of this class, inhibits the enzyme 14α-demethylase, which is responsible for the conver-

sion of lanosterol to ergosterol, thereby inhibiting the biosynthesis of this cell membrane 

component. Posaconazole was the third extended-spectrum triazole to be approved for 

use against invasive fungal infections, following the availability of itraconazole and 

voriconazole. Similar to voriconazole, posaconazole has potent in vitro activity against 

yeasts, including Candida species, as well as Cryptococcus neoformans and Cryptococcus 

gattii.1,2 Both voriconazole and posaconazole also exhibit antifungal activity against 

Aspergillus species.3,4 However, unlike voriconazole, posaconazole does inhibit the 
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growth of members of the Order Mucorales, the causative 

agents of mucormycosis.

Posaconazole is clinically efficacious as prophylaxis 

against and in the treatment of invasive fungal infections. 

In two large, multicenter randomized trials, posaconazole 

was shown to be effective in preventing invasive fungal 

infections in highly immunocompromised patients, includ-

ing hematologic malignancy patients with profound neu-

tropenia, and allogeneic stem cell transplant recipients.5,6 

In the setting of prolonged neutropenia secondary to 

chemotherapy in acute myelogenous leukemia (AML) 

or myelodysplastic syndrome, survival was significantly 

improved with posaconazole prophylaxis compared to 

fluconazole and itraconazole.6 Similarly, posaconazole 

prophylaxis reduced the number of breakthrough fungal 

infections and deaths due to invasive fungal infections 

compared to fluconazole in patients with severe graft-

versus-host disease (GVHD).5 Posaconazole has also been 

shown to be effective in open label studies as salvage 

therapy against invasive aspergillosis and against invasive 

mucormycosis.7–9 Currently, posaconazole is indicated as 

prophylaxis against invasive fungal infections in high-risk 

patients as treatment against oropharyngeal candidiasis that 

is refractory to other therapies.

The utility of therapeutic drug monitoring is well 

established for several antimicrobial agents, and has 

been used for various antifungals, including the triazoles 

such as itraconazole, posaconazole, and voriconazole, 

and 5-flucytosine. There are various reasons to perform 

therapeutic drug monitoring: to ensure that concentrations 

within biological fluids are above thresholds associated with 

response to therapy, as a means to assess the likelihood of 

toxicities with some drugs as concentrations above certain 

levels are associated with adverse effects, and to monitor 

patient adherence to therapeutic regimens.10 In recent years, 

significant attention has been focused on voriconazole 

serum concentrations, as several studies have reported asso-

ciations between the trough concentrations that are achieved 

and both improved efficacy and toxicity.11–15 Studies have 

also reported positive associations between posaconazole 

bloodstream concentrations and clinical outcomes. In an 

open label study in which posaconazole was efficacious as 

salvage therapy against invasive aspergillosis, a relationship 

between posaconazole plasma concentrations and thera-

peutic efficacy was reported.7 The highest response rates 

(∼75%) were observed among patients in the top quartile 

of posaconazole concentrations ($1,250 ng/mL). Some 

studies have also reported that prophylactic efficacy may 

be enhanced in patients with plasma concentrations greater 

than 500 ng/mL, while others have claimed that levels 

greater than 700 ng/mL are needed for this purpose.16–18 

Others have suggested that concentrations in the tissue 

and epithelial lining fluids are more important than plasma 

concentrations for prophylactic effectiveness.19 Due to its 

lipophilic nature, posaconazole concentrates within the 

lipophilic regions of mammalian cell membranes, and this 

may prevent invasion of these cells by fungi and thereby 

prevent infection. However, many clinicians still perform 

therapeutic drug monitoring of posaconazole both when 

used as treatment and as prophylaxis.

Pharmacokinetics of  
posaconazole oral suspension
One of the main reasons for therapeutic drug monitoring 

of posaconazole has been the variable bioavailability fol-

lowing administration of the oral suspension, leading to 

inconsistent pharmacokinetics of this agent. When first 

approved for use in humans, the oral suspension was the 

only formulation that was available and continued to be 

so for many years. With this formulation, several studies 

reported that bloodstream concentrations were gener-

ally low, usually less than 700 ng/mL, or undetectable in 

many patients.7,16–18,20,21 In addition, significant interpatient 

variability with regard to posaconazole levels has been 

reported in clinical studies that evaluated the efficacy of 

oral suspension.5–7,22,23

Several factors are known to negatively affect the bio-

availability of this formulation, which include the use of 

agents that raise gastric pH, such as proton pump inhibitors 

(PPI), histamine2-receptor antagonists (H2RA), and antacids; 

nausea and vomiting; and agents that promote gastrointesti-

nal motility.7,24 Although the long half-life of posaconazole 

(∼22–35 hours) initially suggested that a loading dose 

followed by once-daily dosing may be feasible, saturable 

absorption was found to occur with the oral suspension for-

mulation only at higher doses.22,25,26 In addition, a significant 

effect of food on the bioavailability of the oral suspension 

was observed. In healthy volunteers, a significant increase 

(300%) in the overall exposure to posaconazole, as measured 

by the area under the concentration curve (AUC) over a 

72-hour period, was observed when the oral suspension was 

administered with a high-fat meal as opposed to the fasted 

state.25 Similarly, a 168% increase in AUC was reported when 

the suspension was administered with a nonfat meal. Thus, 

it was required that the oral suspension of posaconazole be 

taken multiple times per day, preferably with a high-fat meal, 
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Table 1 Pharmacokinetic parameters of posaconazole following 
a single 100 mg dose of the oral suspension and two delayed-
release tablets and one capsule under fed and fasted conditions 
to healthy volunteers

Parameter AUC  
(ng ⋅ h/mL)

Cmax  
(ng/mL)

Half-life 
(hours)

Condition Fasted Fed Fasted Fed Fasted Fed

Oral suspension 2,970 8,470 84 243 29.2 25.1
Tablet A 11,400 11,700 385 327 26.1 23.7
Tablet B 11,000 12,100 358 348 25 25.3
Capsule 10,700 12,000 335 330 25.1 23.1

Abbreviations: AUC, area under the concentration curve; Cmax, peak concentration.
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in order to obtain consistent bloodstream concentrations 

needed for prophylaxis or therapy.

Delayed-release tablet formulation 
and studies in healthy subjects
Owing to the problems associated with the oral suspen-

sion, significant work was done to develop a new formula-

tion that has improved bioavailability and more consistent 

pharmacokinetics. To this end, a new posaconazole tablet 

for oral administration was developed. This formulation, 

now available as 100 mg tablets and approved for dosing 

as a 300 mg twice-daily load on the first day and 300 mg 

once-daily dose thereafter, consists of the active pharmaceu-

tical ingredient, posaconazole, mixed with the pH-sensitive 

polymer hypromellose acetate succinate (HPMCAS) via hot-

melt extrusion technology.27,28 Hot-melt extrusion is a novel 

pharmaceutical formulation strategy used to produce drug 

formulations with enhanced bioavailability and solubility for 

poorly soluble drugs. Molecularly dispersed drug–polymer 

combinations, termed solid dispersions or solid solutions, 

that maintain the amorphous state of the drug by preventing 

crystallization are produced.29 This improves the solubility, 

which positively impacts the bioavailability of the drug. The 

pH-sensitive polymer HPMCAS limits the release of posa-

conazole from the tablet in the presence of a highly acidic 

pH, as encountered in the stomach, and releases the drug in 

the elevated pH environment of the intestine.27 In addition, 

it is thought that this polymer helps in preventing the recrys-

tallization of posaconazole in the intestinal fluid. Together, 

these properties significantly enhance the oral bioavailability 

of the drug and result in improved exposures.

In a Phase I, single-center, open-label, two-part explor-

atory study, the pharmacokinetics of posaconazole fol-

lowing single-dose administration of two different tablet 

formulations and one capsule formulation were compared 

to that of the oral suspension in healthy volunteers.30 The 

tablets and capsule formulations each contained 100 mg of 

posaconazole in a solid dispersion formed by dissolving 

posaconazole in a pH-sensitive polymer matrix, HPMCAS 

and ascorbic acid, using hot-melt extrusion technology. 

In the first part, subjects received a single dose of the 

posaconazole formulations after a 10-hour fast, while in 

the second part the formulations were administered dur-

ing a standardized high-fat breakfast. Under both fed and 

fasted conditions, both posaconazole tablets and capsule 

formulations resulted in significantly higher exposures than 

the oral suspension (Table 1). The higher exposures could 

be attributed to enhanced absorption of the drug, as the 

half-life was similar between the different formulations. The 

peak drug concentrations were also higher with the tablets 

and capsule formulations than with the oral suspension in 

the fasted condition, but were similar among all formula-

tions when administered with food. Overall, the tablets and 

capsules also demonstrated less pharmacokinetic variability 

with smaller coefficients of variability for the peak and total 

exposures (∼25% for each) compared to the oral suspension 

(45%–60%). Consistent with previous results, posaconazole 

levels following administration of the oral suspension were 

significantly higher when administered with a high-fat meal 

compared to the fasted condition.24

Based on these results, one of the posaconazole delayed-

release tablet formulations was chosen, and a second Phase I 

study was conducted to evaluate the pharmacokinetics of this 

formulation with increasing single and multiple doses.30 In 

this study, the first dose of posaconazole was administered 

after an overnight fast, while the remaining doses were 

administered without regard to food. Dose-proportional 

increases in exposure were observed following single-dose 

administration of 200 and 400 mg of posaconazole. Similarly, 

following multiple-dose administration of the tablet formu-

lation for 8 days, dose-related increases in exposure were 

observed, as exposure increased in 1:1.9 and 1:1.8 ratios for 

days 1 and 14, respectively, when the dose was increased in 

a 1:2 ratio. The accumulation ratio (area under the concen-

tration curve [AUC] on day 14 following multiple doses to 

AUC following single dose on day 1) was ∼3 for the 200 and 

400 mg once-daily doses and 4.75 for the 200 mg twice-daily 

group. Steady state was achieved after ∼7 days of multiple 

dosing, with average concentrations of 1,310 ng/mL in the 

200 mg once-daily group and between 2,360 and 2,550 ng/mL 

in the 200 mg twice-daily and 400 mg once-daily groups. 

Overall, the posaconazole tablets were well tolerated with 

48% of the subjects reporting at least one treatment-emergent 

adverse effect, including 17% in the placebo group. The most 
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commonly reported adverse effects were increases in liver 

function tests (24%), diarrhea (12%), and headache (2%). 

Although the increases in liver function tests were mild and 

without clinical sequelae, three subjects discontinued the 

therapy.

Since the effect of food on the bioavailability of the oral 

suspension is known, a randomized, two-period crossover 

study was conducted to evaluate the effect of a high-fat meal 

on the pharmacokinetics of posaconazole tablets in healthy 

volunteers following a single 300 mg oral dose.31 Subjects 

either received a single dose after fasting for 10 hours or 

one administered 30 minutes after a high-fat meal. After 

a minimum washout of 7 days, subjects repeated the study 

but under the other condition. When tablets were adminis-

tered after a high-fat meal, the exposure (AUC) and peak 

concentrations of posaconazole increased by 51% and 16%, 

respectively, compared to when administered in the fasted 

state. Similarly, the posaconazole level at the 24 hour time 

point, representing a clinical trough, was also increased when 

administered with a high-fat meal (686 ng/mL vs 425 ng/mL). 

These results reflect a modest effect of a high-fat meal on the 

pharmacokinetics of posaconazole, which is in contrast to the 

significant effect of a high-fat meal on the pharmacokinetics 

of the oral suspension.24 For the suspension formulation of 

posaconazole, the AUC was increased fourfold when the oral 

suspension was administered with a high-fat meal compared 

to fasted conditions, and was ∼2.6 times greater when given 

with a nonfat meal or nutritional supplement.

In addition to evaluating the effects of food on the phar-

macokinetics of the tablet formulation of posaconazole, 

another study determined the effects of medications that 

affect gastric pH and motility. Kraft et al conducted a ran-

domized, five-way crossover, single-dose study in which all 

patients received one of the following: 1) a single dose of 

posaconazole 400 mg (four 100 mg tablets) alone; 2) posa-

conazole 400 mg plus a single dose of antacid (2 g aluminum 

hydroxide/2 g magnesium hydroxide) administered together; 

3) posaconazole 400 mg administered 1 hour after a single 

150 mg dose of ranitidine; 4) posaconazole 400 mg admin-

istered at the same time as the fifth and last dose of daily 

esomeprazole 40 mg; and 5) posaconazole 400 mg admin-

istered at the same time as the last dose of metoclopramide 

(15 mg four times daily for 2 days).27 The pharmacokinetics 

of posaconazole, as measured by overall exposures (AUC 

values), peak concentrations, and half-lives, was similar 

when administered alone compared to when administered 

with these agents that affect gastric pH and motility. Peak 

concentrations ranged between 935 and 1,112 ng/mL, and 

AUC values ranged from 38,513 to 42,468 h ⋅ ng/mL under 

each of the conditions. The geometric mean ratios for AUC 

and C
max

 ranged from 0.86 to 1.06, indicating that there 

was no significant effect of gastric pH or motility on the 

pharmacokinetics of the posaconazole tablets. These results 

are in contrast to a previous study that found that coadmin-

istration of esomeprazole and metoclopramide significantly 

decreased the overall posaconazole exposure following the 

administration of oral suspension to healthy volunteers.24 

Overall, the results in healthy volunteers were quite encour-

aging, as higher and more consistent posaconazole levels 

were achieved. In addition, this formulation did not appear 

to be significantly affected by the factors known to markedly 

reduce the bioavailability of the oral solution, which include 

administration in a fasted state and concomitant use of medi-

cations that raise the gastric pH or gastric motility.

Pharmacokinetics and safety in 
Phase Ib and III studies in patients
The first study to evaluate the pharmacokinetics of the new 

posaconazole tablets in patients was reported by Duarte 

et al.32 In this prospective Phase Ib global, open-label, 

dose-escalation study, patients undergoing chemotherapy 

for AML or myelodysplastic syndrome with prolonged 

neutropenia were assigned to one of two sequential dosing 

cohorts. The first dosing cohort included 20 patients who 

received posaconazole tablets at a dose of 200 mg once 

daily. After review of the findings of the first cohort, the 

posaconoazole dose of the second cohort, which consisted 

of 34 patients, was increased to 300 mg once daily. In each 

cohort, the dose was administered twice on the first day of 

therapy, and posaconazole tablets were administered without 

regard to food intake during the course of the study. After 

2 days of dosing, the mean posaconazole trough concen-

tration in the 300 mg dosing cohort was already greater 

than the target level set for the study, ie, 500 ng/mL. This 

minimum target level was chosen as a posaconazole MIC 

of 500 ng/mL inhibits 90% of Aspergillus species isolated 

from clinical infections.4 By day 8, the mean posaconazole 

C
avg

 values were 951 ng/mL and 1,460 ng/mL in the 200 

and 300 mg dosing cohorts, respectively, with steady state 

being achieved between days 6 and 8. Overall, 97% of the 

patients in the 300 mg cohort achieved average concentra-

tion values within the desired lower and upper exposure 

limits of 500–2,500 ng/mL. In the 200 mg cohort, 79% of 

patients achieved average concentration values within this 

range. Only one patient in the study exceeded the desired 

upper exposure limit (2,680 ng/mL).
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The safety profile of posaconazole tablets was also 

evaluated in this study. All patients experienced at least 

one treatment-emergent adverse effect, with adverse effects 

judged to be treatment-related in 50% and 41% of patients 

in the 200 and 300 mg cohorts, respectively. Gastrointestinal 

adverse effects were the most commonly reported adverse 

effects that were treatment-related (25% in the 200 mg cohort 

and 32% in the 300 mg cohort). However, the percentage of 

patients who discontinued therapy due to treatment-emergent 

adverse effects was only 15% in the 200 mg cohort and 21% 

in the 300 mg cohort. Other commonly reported treatment-

related adverse effects included diarrhea, rash, abdominal 

pain, and vomiting. There were no reports of safety concerns 

due to elevated liver function tests or QTc prolongation 

(.500 ms) in this study. Based on the concentration and 

exposure data as well as the overall safety, the 300 mg dose 

was chosen for the Phase III study.

In the open-label, multicenter Phase III study, the phar-

macokinetics of the delayed-release posaconazole tablets was 

evaluated in 107 neutropenic AML/mylodysplasia patients 

and 79 patients who were receiving immunosuppressive 

therapy for the prevention of GVHD following hematopoietic 

stem cell transplantation.33 To date, this study has only been 

reported in the abstract form. The tablets were administered 

for 28 days without regard to food, and the target average 

concentration limits were $500 to ,3,750 ng/mL. This 

target was achieved in 96% of patients, with only one patient 

not achieving the lower limit of 500 ng/mL and four patients 

exceeding 3,750 ng/mL. The average concentration values 

of posaconazole also correlated strongly with trough levels 

(r=0.92), and only nausea and diarrhea were reported as com-

mon adverse effects (11% and 8%, respectively). Thus, the 

pharmacokinetic and safety results from the clinical studies 

conducted in patients prior to the approval of this formula-

tion were also encouraging, with higher and more consistent 

posaconazole levels achieved similar to those observed in 

healthy volunteers.

Post-approval real-world 
experiences
Following the availability of the delayed-release oral tablet in 

December 2013, several single-center reports have been pub-

lished documenting the experience with this formulation. One 

of the first reports was a crossover study of patients who were 

switched from oral suspension to oral tablet formulation.34 In 

this study, conducted at the University of Texas MD Anderson 

Cancer Center, 12 leukemia patients, five of whom had under-

gone hematopoietic stem cell transplantation, including three 

who suffered from GVHD, were included. In all, 21 suspen-

sion and 30 tablet formulations were included, and the target 

posaconazole concentration for prophylaxis (.700 ng/mL) 

was achieved in 97% of serum concentrations following tablet 

administration compared to 57% with the oral suspension. 

Similarly, the target level (.1,000 ng/mL) required for the 

drug to be used as treatment was achieved in 83% with the 

tablet and 24% with the oral suspension. Comparative mea-

surements were available in nine patients, and the median 

posaconazole serum concentration was significantly higher 

after the switch to the tablet (1,910 ng/mL) compared to that 

achieved during the period when oral suspension was given 

(748 ng/mL). Factors known to cause reductions in posacon-

azole serum levels with the oral suspension, such as GVHD, 

diarrhea, and acid suppression, were not associated with 

reductions in the median posaconazole concentration after 

switch to the tablets. Also, the tablet formulation was well 

tolerated in this study. Mild, asymptomatic increases in liver 

function tests were observed following the switch to posa-

conazole tablets in five of the nine patients who had normal 

baseline values, and this primarily manifested as elevations in 

total bilirubin. However, the liver enzymes returned to normal 

within 3 weeks despite continued administration.

In a larger retrospective, single-center study conducted 

at the Mayo Clinic, which included a more diverse group of 

patients, Durani et al compared posaconazole concentrations 

achieved in those who were administered the oral suspen-

sion to patients who received the delayed-release tablet.35 

All patients who were initiated on posaconazole and had 

their serum levels measured between January 2012 and July 

2014 were included. This included post-allogeneic stem cell 

transplant recipients, those with hematologic malignancies, 

and solid organ transplant patients. The primary and second-

ary outcomes were the proportions of initial posaconazole 

levels greater than 700 and 1,250 ng/mL, respectively. 

Ninety-three patients were included in the study, including 

63 who had an initial posaconazole level measured between 

5 and 14 days after the initiation of therapy. Among the 

63 patients with levels determined during this timeframe 

(20 who received the tablet and 43 the oral suspension), 

a significantly higher proportion of patients who received 

the tablet formulation achieved levels greater than 700 ng/

mL versus those who received the oral suspension (90% 

vs 58%, respectively; P=0.011). Likewise, a significantly 

higher proportion of patients in the tablet cohort achieved 

levels greater than 1,250 ng/mL (75% vs 33%; P=0.002), and 

median posaconazole concentrations were also significantly 

higher in the tablet cohort compared to those who received 
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the oral suspension (1,655 ng/mL vs 798 ng/mL; P=0.004). 

Posaconazole levels in patients who received the tablet 

formulation were not affected by acid suppression, as all 

patients in this cohort received acid-suppressing medications 

and 90% achieved the primary therapeutic level of 700 ng/

mL. Interestingly, median posaconazole levels were higher in 

patients whose levels were measured between 8 and 14 days 

after therapy was initiated compared to those in whom levels 

were measured between 5 and 7 days, suggesting that steady 

state was not yet achieved in the earlier time period.

Miceli et al conducted a retrospective chart review of 

AML and hematopoietic stell cell transplant recipients who 

received posaconazole tablets as antifungal prophylaxis at 

the University of Michigan Health System between February 

and May 2014.36 In total, 28 patients, 22 who had received 

chemotherapy for AML and six stem cell transplant recipi-

ents, were included. The mean serum trough level on day 5 

of therapy was 1,190 ng/mL (range 360–2,500 ng/mL). The 

mean posaconazole plasma concentration in the 23 patients 

who were receiving either a PPI or H2A receptor antagonist 

(1,110 ng/mL) was not significantly different from those 

who did not receive one of these medications (1,620 ng/mL). 

However, the mean posaconazole concentration was signifi-

cantly lower in the five patients who had diarrhea (650 ng/mL) 

compared to those who did not (1,310 ng/mL; P=0.0002), 

and only two of the five patients with diarrhea achieved the 

target concentration of 700 ng/mL. The effects of patient 

weight and body mass index (BMI) were also evaluated in 

this study. Mean posaconazole trough concentrations were 

significantly lower in patients who weighted at least 90 kg 

(740 ng/mL) or had a BMI of 30 or higher (890 ng/mL). 

The potential relationship between elevated weight and BMI 

and lower posaconazole concentrations is not unexpected as 

pathophysiologic changes that are seen in these patients, such 

as protein binding, cardiac output, and hepatic metabolism, 

are known to alter the pharmacokinetics of other drugs.37 In 

addition, as posaconazole is highly lipophilic, distribution 

to the adipose tissue of obese patients may change the dis-

tribution resulting in lower serum concentration. Although 

the effects of fasting were also evaluated in this study, no 

conclusions could be made as two of the three patients who 

were fasting also had diarrhea.

The most recent experience was reported from the West 

Virginia University Hospitals by Cumpston et al, who con-

ducted a retrospective analysis of posaconazole concentra-

tions in patients who received the suspension or the tablet 

formulation as prophylaxis.38 Patients included those with 

AML or high-risk myelodysplastic syndrome undergoing 

systemic therapy and expected to have an absolute neutro-

phil count of ,500/uL for 7–10 days. One hundred eighteen 

patients received the suspension (600–800 mg/day in divided 

doses) between February 2008 and December 2013, and 

32 patients received posaconazole tablets (300 mg twice on 

the first day and 300 mg/day thereafter) between January and 

December of 2014. Posaconazole levels were obtained at a 

median of 8 days and 7 days after the start of prophylaxis in 

the suspension and tablet groups, respectively. Overall, the 

median steady-state concentration in patients who received 

tablets (1,740 ng/mL, range 662–3,350 ng/mL) was signifi-

cantly higher than in the group that received the suspension 

(390 ng/mL, range 51–1,870 ng/mL; P,0.0001), and a 

significantly higher percentage of patients in the tablet group 

achieved the target steady-state concentration of 700 ng/mL 

(97% vs 17%; P,0.0001). Acid suppression did not appear 

to affect posaconazole concentrations in those who received 

the tablet, as significantly higher levels were observed in 

patients receiving this formulation with either a PPI or H2A 

receptor antagonist compared to the oral suspension. Overall, 

toxicities did not appear to be different between the groups, 

with clinically significant hepatotoxicity occurring in one 

patient in each group, and grade 2 or higher prolongations 

in the QTc interval were observed in 9% and 17% in the 

suspension and tablet groups, respectively.

Clinical efficacy and role of 
therapeutic drug monitoring
The results from the Phase Ib and III clinical trials as well as 

the various single-center reports demonstrate that, indeed, the 

pharmacokinetics of posaconazole are significantly improved 

with the delayed-release tablet formulation. Higher exposures 

with less variability were consistently demonstrated in these 

studies. In addition, the bioavailability of posaconazole with 

this formulation does not appear to be significantly affected 

by food or the concomitant use of medications that raise 

gastric pH or speed gastric motility. Although the improved 

pharmacokinetics of posaconazole tablets is expected to 

improve clinical outcomes in patients, there are few clini-

cal data at this time to support this. The studies that have 

been conducted to date with the tablet have focused on the 

pharmacokinetics and safety of this formulation. While 

few breakthrough invasive fungal infections were observed 

in these reports, the studies were not designed to evaluate 

efficacy, either as prophylaxis or as treatment for invasive 

fungal infections.

One of the main advantages of the new tablet formulation 

may be the reduced need for therapeutic drug monitoring of 
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posaconazole. As previously described, numerous factors 

influenced the bioavailability of the oral suspension with many 

patients having low or undetectable levels.17,18,20,21 For this rea-

son, posaconazole concentrations were frequently monitored in 

many patients. While this was justified with the oral suspension 

due to the significant variability that was observed along with 

the association between efficacy and certain threshold levels, 

it is unknown if frequent therapeutic drug monitoring will be 

needed with the tablet formulation. The results from the Phase 

Ib and III studies and the reports from different institutions 

suggest that routine measurement of posaconazole levels 

may not be needed due to the improved pharmacokinetics 

of the delayed-release tablets. However, there still may be a 

need in certain circumstances, such as in patients with severe 

diarrhea,36 or as a means to determine reasons for clinical fail-

ures. Therapeutic drug monitoring may also be still needed in 

patients with invasive fungal infections where higher levels are 

warranted. The need for higher posaconazole concentrations 

in this setting has previously been demonstrated in patients 

with invasive aspergillosis and is currently recommended in 

the antifungal therapeutic drug monitoring guidelines from 

the British Society for Medical Mycology.7,39

When low plasma concentrations are observed, clini-

cians may either switch to the new intravenous formulation 

of posaconazole or consider increasing the dose of the oral 

tablet. However, the safety of higher doses of posaconazole 

is still unknown. In one recent case report, nausea, decreased 

enteral intake, fatigue, musculoskeletal pain, and progres-

sive anemia were observed in a patient with a posaconazole 

level of 9,500 ng/mL secondary to inadvertently being 

prescribed a dose of 400 mg twice daily for 2 months.40 In 

another report, seven of 17 patients with posaconazole levels 

greater than 2,000 ng/mL following administration of the 

delayed-release tablets experienced increases in liver func-

tion tests greater than two times the upper limit of normal 

or their baseline levels.41

Conclusion
The new delayed-release tablet of posaconazole represents a 

significant formulation improvement over the oral suspension 

of this azole antifungal agent. Higher and more consistent 

posaconazole exposures have been reported both in healthy 

volunteers and in patients at high risk for invasive fungal 

infections. In addition, many of the factors that negatively 

affected the bioavailability of the oral suspension, such as 

medications that raised the gastric pH or increased gastric 

motility and the need for frequent administration with food, 

do not appear to significantly influence the bioavailability and 

exposure following administration of the tablet formulation. 

Data to date also suggest that the tablet is well tolerated with 

few clinically significant adverse effects. Further studies 

are needed in order to determine the efficacy of the tablet 

formulation as prevention against and treatment for invasive 

fungal infections.
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