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Posaconazole tablets, a new oral formulation of posaconazole, can be effective when given as antifungal prophylaxis to neutropenic patients at high risk for invasive fungal infection (e.g., those with acute myelogenous leukemia or myelodysplastic syndrome). Such effectiveness might be specifically important to patients with poor oral intake because of nausea, vomiting, or chemotherapy-associated mucositis. This was a prospective, global study in high-risk patients to characterize the pharmacokinetics
and safety profile of posaconazole tablets and to identify the dose of posaconazole tablets that would provide exposure within a
predefined range of exposures (steady-state average concentration [area under the concentration-time curve/24 h] of >500
ng/ml and <2,500 ng/ml in >90% of patients). The study evaluated two sequential dosing cohorts: 200 mg posaconazole once
daily (n ⴝ 20) and 300 mg posaconazole once daily (n ⴝ 34) (both cohorts had a twice-daily loading dose on day 1) taken without
regard to food intake during the neutropenic period for <28 days. The exposure target was reached (day 8) in 15 of 19 (79%)
pharmacokinetic-evaluable patients taking 200 mg posaconazole once daily and in 31 of 32 (97%) patients taking 300 mg posaconazole once daily; 300 mg posaconazole once daily achieved the desired exposure target. Posaconazole tablets were generally
well tolerated in high-risk neutropenic patients. (This study has been registered at ClinicalTrials.gov under registration no.
NCT01777763.)

P

osaconazole tablets, a new oral formulation of posaconazole,
were developed in response to the potential exposure limitations of the current oral suspension in some patients receiving
posaconazole antifungal prophylaxis. The clinical development
program of the posaconazole tablet included pharmacokinetics
(PK) and safety studies in healthy volunteers. This is the first report of use of this new formulation as antifungal prophylaxis in
hematology patients at high risk for invasive fungal infection (IFI)
(i.e., those with neutropenia as a result of induction chemotherapy for acute myelogenous leukemia [AML] or myelodysplastic
syndrome [MDS] with transition to leukemia).
The current commercial formulation, posaconazole oral suspension, has been effective and generally well tolerated as IFI prophylaxis when given to neutropenic patients after chemotherapy
for AML or MDS. Previously, in a large, global, phase 3 controlled
clinical trial of such patients, treatment with 200 mg posaconazole
oral suspension three times daily resulted in fewer proven or probable IFIs (2% versus 8%; P ⬍ 0.001), lower incidences of invasive
aspergillosis (1% versus 7%; P ⬍ 0.001), and prolonged survival
(P ⫽ 0.04) than treatment with itraconazole or fluconazole (1). In
a similar controlled study in immunosuppressed patients with
graft-versus-host disease (GVHD) after hematopoietic stem cell
transplantation, compared with fluconazole, posaconazole oral
suspension effectively prevented invasive mold infections and reduced the related mortality rate (2).
Despite its effectiveness in the registration trials, the posaconazole oral suspension has practical limitations: it must be administered multiple times daily and must be taken with food (high-fat
diet preferred) so that adequate systemic exposure can be achieved
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(3, 4). These limitations are particularly important in hematology
patients eligible for antifungal prophylaxis, in whom chemotherapy-induced adverse effects, including severe nausea or vomiting,
mucositis, and diarrhea, often make it difficult to ensure adequate
food intake to optimize exposure of the posaconazole oral suspension (5–7). Until now, absorption could be enhanced in these
patients if posaconazole doses were divided (200 mg four times
daily) or if the drug was administered with a liquid nutritional
supplement or an acidic drink such as ginger ale (4, 8). Even with
these measures, target exposures in many patients could not be
achieved; 25% of patients with neutropenia achieved steady-state
plasma concentrations of ⬍322 ng/ml when taking the recommended 200-mg dose of the posaconazole oral suspension three
times a day for antifungal prophylaxis (9). Despite these limitations, the effectiveness of the posaconazole oral suspension as antifungal prophylaxis was clearly established in two large registration trials (1, 2) in which the steady-state average concentration
(Cavg) was 582 ng/ml in neutropenic patients with AML or MDS
(10) and 922 ng/ml in patients with GVHD (11). While an exposure-response relationship has been described in salvage treat-
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Posaconazole Tablets in Patients at Risk for IFI

Screening

Treatment

Day –7 to 0

Day 1 to 28
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PK and safety
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FIG 1 Study design phase 1B. Cohort 1 was completed before cohort 2 patients were administered the study drug. Twice-daily dosing (12 h apart) was given on
day 1. For pharmacokinetics and safety, samples were taken on day 1 and day 8 (steady state) at 0 h (predose) and at 2, 4, 6, 8, 12, and 24 h after dose. PK,
pharmacokinetics; POS, posaconazole; QD, once daily.

ment for invasive aspergillosis (12), no target plasma level was
found in the prophylaxis setting. Suboptimal plasma drug concentrations remain an important area for improvement to maximize the clinical benefits of antifungal prophylaxis with posaconazole, especially in hematology patients at high risk for IFI.
The PK and safety of the new tablet formulation of posaconazole have been evaluated in single-dose and multiple-dose studies
(200 mg/d to 400 mg/d) in healthy volunteers and has been reported in the literature (13, 14). The posaconazole tablet showed
improved exposure with less variability than the posaconazole
oral suspension in fasting healthy volunteers, and tablet-related
drug exposure did not seem to be markedly affected by food (13).
However, the posaconazole tablet has not been evaluated in the
targeted patient population, including patients at risk for IFI.
Consequently, the objectives of this study were to fully characterize the PK profile of posaconazole tablets, to evaluate the safety of
posaconazole tablets in patients with AML or MDS, and to identify a dose of posaconazole tablets that would attain plasma exposure with a prespecified range. The PK parameter of particular
interest was the steady-state Cavg of posaconazole (defined as the
average area under the concentration-time curve from 0 to 24 h
[AUC0 –24 h] [in h · ng/ml]/time interval of 24 h) (9).
(This work was presented at the 52nd Interscience Conference
on Antimicrobial Agents and Chemotherapy, San Francisco, CA,
9 to 12 September 2012.)
MATERIALS AND METHODS

Study design. This was a global, open-label, uncontrolled, doseescalation, prospective PK and safety study (ClinicalTrials.gov
registration no. NCT01777763). The study was conducted in accordance with the principles of good clinical practice, and written
informed consent was obtained from each patient before any
study-related procedures were performed. The study was conducted at sites in North America and Europe that were experienced in the care and treatment of patients at high risk for IFI and
that were capable of performing the extensive serial PK sampling
necessary.
Patients were assigned to one of two sequential dosing cohorts
(Fig. 1): the first cohort of 20 neutropenic patients received posaconazole tablets at 200 mg once daily (QD); after review of the
findings, the second dosing cohort of 34 patients received posaconazole tablets at 300 mg QD. Both cohorts received posaconazole tablets twice daily (BID) (every 12 h) on day 1; thereafter,
posaconazole tablet dosing was done QD anytime during the day.
The posaconazole tablets were taken without regard to food intake
for a maximum of 28 d; 100-mg posaconazole tablets were swal-
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lowed whole (two tablets for the 200-mg cohort and three tablets
for the 300-mg cohort).
Patients. Patients were enrolled after undergoing chemotherapy for AML or MDS. Patients had (or, in the opinion of the investigators, were likely to develop within 3 to 5 days) prolonged neutropenia (absolute neutrophil count of ⬍500/mm3 [0.5 ⫻ 109/liter]) at
baseline that was likely to last ⱖ7 days. Patients could be of either
sex and of any race, were 18 years of age or older, weighed ⬎34 kg,
and could tolerate the administration of the oral tablet medication. Patients could not have a known or suspected IFI, a history of
type 1 hypersensitivity or idiosyncratic reactions to azoles, moderate or severe liver dysfunction (defined as aspartate aminotransferase or alanine aminotransferase levels greater than three times
the upper limit of normal [ULN], and a total bilirubin level greater
than two times the ULN), or prolonged corrected QT (QTc) interval (⬎500 ms). Patients were not allowed to have taken posaconazole within the 10 days preceding study enrollment or undergone systemic antifungal therapy within 30 days of study
enrollment for reasons other than antifungal prophylaxis. Patients
were not allowed to have taken investigational drugs within 30
days, medications known to interact with azoles and possibly lead
to life-threatening effects within 24 h (except astemizole, which
could not have been taken within 10 days), or ␤-hydroxy-␤-methylglutaryl-coenzyme A reductase inhibitors metabolized by the
cytochrome P450 enzyme 3A4 within 24 h of the start of the study.
Concomitant medications were monitored throughout the study.
PK sampling. Blood samples were collected for PK analysis on
day 1 and day 8 (steady state) at 0 h and at 2, 4, 6, 8, 12, and 24 h
after dosing. On day 1, the 12-h blood sample was drawn before
administration of the next posaconazole dose. Trough samples
(minimum plasma concentration [Cmin]) were taken before dosing on days 1, 2, 3, 8, 14, 21, and 28 or at the end of treatment.
Approximately 4 ml of blood was collected per time point into
tubes containing EDTA, and samples were kept on ice or were
refrigerated until centrifugation (within 2 h of collection) for 10
min at 1500 ⫻ g at ⬃4°C. The plasma samples (two duplicate sets)
were immediately frozen to at least ⫺20°C and were maintained in
the frozen state until analysis. Plasma samples were assayed for
posaconazole at a central laboratory using a validated liquid chromatography coupled to tandem mass spectrometry detection
method (15) with a calibration range of 5 to 5,000 ng/ml.
PK evaluations. The primary PK parameter of interest was
steady-state (day 8) Cavg. Other parameters assessed included the
AUC during the dosing interval (the dosing interval was 12 h on
day 1 [AUC0 –12 h] and 24 h on day 8 [AUC0 –24 h]), the maximum
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plasma concentration (Cmax) on days 1 and 8, and the time to Cmax
(Tmax) on days 1 and 8.
The posaconazole plasma concentrations and PK parameters
were listed and summarized by treatment group using descriptive
statistics and graphics. The desired exposure targets were mean
steady-state Cavg of ⱖ500 ng/ml (or mean steady-state AUC0 –24 h
of ⱖ12,000 h · ng/ml) in at least 90% of patients per PK-evaluable
dosing cohort and a cohort mean steady-state Cavg of 1,200 ng/ml.
Similarly, the desired exposure target was a mean steady-state Cavg
of ⱕ2,500 ng/ml (or mean steady-state AUC0 –24 h of ⱕ59,000 h ·
ng/ml) in at least 90% of patients per PK-evaluable dosing cohort.
Safety. Safety assessments included adverse event (AE) reports
(among these were treatment-related AEs, AEs leading to discontinuation of the study drug, serious AEs [SAEs], treatment-related
SAEs, and reports of death), vital signs, clinical laboratory tests
(including liver function tests), gastrointestinal (GI) tolerance,
and electrocardiography (including incidence of QTc prolongation of ⬎500 ms). Safety was assessed throughout the study until
the follow-up visit (7 to 10 days after the last posaconazole dose
[through days 35 to 38 of the study]); survival only was assessed at
day 65 (⫾5 days). Safety analyses were descriptive and were summarized by dose level; all safety analyses were performed on the
treated population.
RESULTS

Patients. Fifty-four patients were enrolled in the two cohorts. Patients were treated at nine centers in four countries: United States
(four centers), Canada (two centers), Spain (two centers), and
Germany (one center). Twenty patients were enrolled in the
200-mg cohort; the mean age was 51 years, 60% were male, and
95% were white. Thirty-four patients were enrolled in the 300-mg
cohort; the mean age was 56.5 years, 65% were male, and 97%
were white. Patient demographics are shown in Table 1. In the
200-mg cohort, 13 (65%) patients had newly diagnosed AML, 4
(20%) had a first relapse of AML, and 3 (15%) had newly diagnosed MDS. In the 300-mg cohort, 27 (79%) patients had newly
diagnosed AML, 5 (15%) had a first relapse of AML, and 2 (6%)
had newly diagnosed MDS. All patients received intensive chemotherapy.
PK results. Patients were considered evaluable for the PK analysis if they adhered to the study drug dosing and PK sampling
through the steady-state PK (day 8) visit, had not received posaconazole in the 10 days preceding the study treatment, had a
baseline posaconazole plasma concentration of ⬍25 ng/ml, and
did not receive concomitant nonstudy posaconazole. For the PK
analysis on day 1, all 20 (100%) patients in the 200-mg cohort and
33 (97%) of 34 patients in the 300-mg cohort were considered
evaluable; the day 1 PK data were not available for 1 patient in the
300-mg cohort (incomplete sampling). For the PK analysis at
steady state (day 8), 19 (95%) of 20 patients in the 200-mg cohort
and 32 (94%) of 34 patients in the 300-mg cohort were considered
evaluable; the day 8 PK data were not available for 1 patient in the
200-mg cohort (not available) and for 2 patients in the 300-mg
cohort (incomplete sampling). The day 1 PK parameters are summarized in Table 2, and the mean (standard deviation [SD])
plasma concentration profiles on day 1 are shown in Fig. 2A. The
mean trough concentration before the third dose of posaconazole
tablets on day 2 (the day 2 mean Cmin among patients in the
300-mg cohort was already greater than the lower exposure target
of ⬎500 ng/ml, indicating that, on average, the therapeutic target
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TABLE 1 Patient demographics
Results for patients receiving POSa
tablets at the indicated dosage
Characteristic

200 mg QD
(n ⫽ 20)b

300 mg QD
(n ⫽ 34)b

Age
Mean (SD) (yr)
ⱖ65 yr (no. [%])

51.0 (13.2)
3 (15)

56.5 (13.4)
12 (35)

Sex (no. [%])
Male
Female

12 (60)
8 (40)

22 (65)
12 (35)

19 (95)
1 (5)
0

33 (97)
0
1 (3)

7 (35)
13 (65)

1 (3)
33 (97)

76.0 (12.7)
169.37 (10.77)

85.8 (18.7)
170.44 (9.57)

13 (65)
4 (20)
3 (15)

27 (79)
5 (15)
2 (6)

Race (no. [%])
White
Asian
Native Hawaiian/other
Pacific Islander
Ethnicity (no. [%])
Hispanic/Latino
Not Hispanic/not Latino
Wt (mean [SD]) (kg)
Ht (mean [SD]) (cm)
Primary diagnosis at study
entry (no. [%])
AMLc (new diagnosis)
AML (first relapse)
MDSd
a

POS, posaconazole.
All patients received twice-daily dosing on day 1, followed by once-daily (QD) dosing
on days 2 to 28 (or until the end of treatment).
c
AML, acute myelogenous leukemia.
d
MDS, myelodysplastic syndrome.
b

was achieved after just two doses of 300 mg of posaconazole tablets) (Fig. 2B). Furthermore, 90% of patients in the 300-mg cohort
had a Cmin (24 h after day 1 dose) of ⬎491 ng/ml (n ⫽ 32).
The day 8 (steady-state) posaconazole tablet PK parameters are
summarized in Table 2, and mean (SD) plasma concentration
profiles on day 8 are shown in Fig. 2B. The mean posaconazole
Cavg values at day 8 (steady state) were 951 and 1,460 ng/ml for the
200-mg and 300-mg cohorts, respectively (Table 2); therefore, the
desired exposure target of the mean steady-state Cavg of at least
1,200 ng/ml was achieved in the 300-mg cohort. A trend for increasing mean serum posaconazole levels at day 28 was observed
in the 300-mg cohort; however, the variability around this trend
was high (up to 58%), and the patient numbers were small (n ⫽ 14
to 35 in the 300-mg cohort). Steady state was attained generally
between days 6 and 8 after the start of dosing (with BID dosing on
day 1 only). In the 200-mg cohort, the desired exposure proportion of ⱖ90% patients achieving steady-state exposure of ⱖ500
ng/ml was not met: 4 (21%) of 19 patients had steady-state exposures between ⱖ350 and 500 ng/ml, and 15 (79%) of 19 patients
attained Cavg of between 500 and 2,500 ng/ml at steady state. In
this dosing cohort, no patient exceeded Cavg of 2,500 ng/ml.
The desired steady-state exposure target was attained in the
300-mg cohort: all patients treated with 300 mg QD (after BID
dosing on day 1) had steady-state Cavg exposure of ⱖ500 ng/ml.
Overall, 31 (97%) of 32 patients attained Cavg of ⱖ500 ng/ml and
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TABLE 2 PK parameter values on day 1 after twice-daily (every 12 h) dosing and on day 8 after multiple once-daily dosing of posaconazole oral
tablets to patients at high risk of IFIa
Day and
part

Dose (mg)b

No. of
patients

Cmax (ng/ml)c

Day 1
1A
1B

200 BID
300 BID

20
33

Day 8
1A
1B

200 QD
300 QD

19k
32l

AUCtau (h · ng/ml)f

Cavg
(ng/ml)g

Accumulation
ratioh

500 ⱕ Cavg
ⱕ 2,500
(no. [%])i

163–880
440–1,590

4,640 (34)
6,240 (28)

NAj
NA

NA
NA

NA
NA

190–1,650
343–2,550

22,700 (51)
35,000 (41)

951 (50)
1,460 (38)

2.17 (60)
2.5 (37)

15 (79)
31 (97)

Tmax (h)d

Cmin (range)
(ng/ml)e

640 (33)
836 (28)

3.1 (1.9–4.1)
4.0 (1.78–8.08)

1,270 (49)
1,960 (33)

4.9 (2.0–9.2)
2.21 (1.3–8.08)

a

PK, pharmacokinetic; IFI, invasive fungal infection.
BID, twice daily; QD, once daily.
c
Cmax, maximum observed concentration.
d
Tmax, time of maximum observed concentration. Data are medians (ranges).
e
Cmin, minimum plasma concentration. Range of Cmin values for day 1 measured at 24 h after day 1 dosing (immediately prior to the third dose); range of Cmin values for day 8
measured at 24 h after day 8 dosing (on day 9).
f
AUCtau, area under the concentration-time curve during the dosing interval. The dosing intervals were 12 h and 24 h for day 1 and day 8, respectively.
g
Cavg, average concentration at steady state. Cavg ⫽ AUCtau/dosing interval.
h
The accumulation ratio was calculated as the ratio of Cmax between day 8 and day 1 because the dose was given BID on day 1 and AUC0 –24 h was not calculated.
i
Geometric means of steady-state Cavg observed in healthy subjects were 1,250 and 2,020 ng/ml for 200 mg (QD) and 400 mg (QD), respectively. Based on a linear assumption, the
interpolated Cavg in healthy subjects for 300-mg dose was 1,635 ng/ml.
j
NA, not assessed.
k
PK data were not available on day 8 for subject 12.
l
PK data for subjects 53 (days 1 and 8) and 38 (day 8) were excluded because of an incomplete PK profile.
b

remained within the desired upper exposure limit of 2,500 ng/ml.
Only one patient exceeded the desired exposure target of 2,500
ng/ml; this patient’s steady-state Cavg was 2,680 ng/ml. The Tmax
on average was 4 h after daily dosing; this value was similar to that
previously reported for the posaconazole oral suspension. For
each respective dosing cohort, the mean steady-state Cmax values
were 1,270 ng/ml and 1,960 ng/ml for the posaconazole 200-mg
and 300-mg cohorts, respectively.
Figure 3 displays the individual AUC0 –24 h values at steady state
for the posaconazole tablet 200-mg and 300-mg cohorts. These
results are consistent with the steady-state Cavg results. In the
200-mg cohort, 15 (79%) of 19 patients attained the desired mean
steady-state AUC0 –24 h of ⱖ12,000 h · ng/ml and remained within
the desired upper exposure limit of 59,000 h · ng/ml; 4 patients had
a mean steady-state AUC0 –24 h of ⬍12,000 h · ng/ml. In the
300-mg cohort, 31 (97%) of 32 patients attained AUC0 –24 h of
ⱖ12,000 h · ng/ml and ⱕ59,000 h · ng/ml; the AUC0 –24 h in 1
patient was 62,300 h · ng/ml.
Safety results. As expected for this type of seriously ill patient
population (patients with neutropenia after chemotherapy for
new-onset AML, AML in first relapse, or MDS with transition to
leukemia), all patients (100%) had at least one treatment-emergent AE (TEAE). TEAEs, treatment-related AEs, SAEs, treatmentrelated SAEs, AEs leading to early study discontinuation, and GI
AEs leading to early study discontinuation are summarized in Table 3. GI TEAEs were the most common treatment-related TEAEs
reported (25% of patients in the 200-mg cohort and 32% of patients in the 300-mg cohort). However, most patients with GI AEs
did not prematurely discontinue the study drug; 1 (5%) patient in
the 200-mg cohort and 4 (12%) patients in the 300-mg cohort
discontinued the study drug early because of GI AEs. Overall, the
early discontinuation of the study therapy because of AEs was
reported in 3 (15%) of 20 patients in the 200-mg cohort and in 7
(21%) of 34 patients in the 300-mg cohort. The most commonly
reported treatment-related TEAEs were diarrhea and rash (each in
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3 [15%] patients) in the 200-mg cohort and diarrhea and vomiting (each in 4 [12%] patients) in the 300-mg cohort. One SAE
(renal failure in 1 patient in the 200-mg cohort) was considered
possibly related to treatment during the study. No safety concerns
with respect to elevated liver function tests and no QTc prolongation longer than the preassigned maximum acceptable level
(⬎500 ms) were reported.
Invasive fungal infection. Invasive fungal infections were reported in two patients, both in the 200-mg cohort. These two
patients were enrolled consecutively at the same study center, and
both were distinguishable by their lower posaconazole concentration levels. One patient was diagnosed with a proven Aspergillus
infection involving the lungs and blood on day 22. The patient
discontinued the study treatment on day 23. Before discontinuation, on day 8, this patient had a trough posaconazole concentration of 668 ng/ml at steady state. On the day of the study drug
discontinuation (day 23), the patient had a posaconazole concentration of 261 ng/ml. A second patient in the 200-mg cohort received a diagnosis of invasive fusariosis involving a lung, the sinus,
and blood on day 16 of study therapy. The patient was discontinued from the study on day 29. Throughout the course of the study
therapy, this patient had a concentration of posaconazole in the
blood that was below the target exposure level of 500 ng/ml. On
day 8, Cmin was 335 ng/ml, and on day 23, the posaconazole concentration was 162 ng/ml. No further posaconazole concentration
levels were available for this patient. No patients in the 300-mg
cohort had proven or probable IFI during the study (treatment
period or follow-up period).
Survival. Eighteen (90%) of 20 patients treated in the 200-mg
cohort and 32 (94%) of 34 patients treated in the 300-mg cohort
were alive at the time of the final survival visit (day 65). In the
200-mg cohort, the two deaths were caused by pneumonia. In the
300-mg cohort, the deaths were caused by septic shock and cardiac
arrest (one each). None of the deaths was considered treatment
related.
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Mean posaconazole Plasma Concentration (ng/ml)

A
3,000
Day 1 (BID)

Day 8 (QD)

2,500
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200 mg
300 mg
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500

0
0

4

8
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24

0

4

8
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16
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Mean posaconazole plasma concentration (ng/ml)

B
3,000
200 mg
300 mg

2,500

2,000

1,500

1,000

500

1 2 3

8 9

14

21

28

Day

FIG 2 (A) Mean (SD) plasma concentration profiles (days 1 and 8) of posaconazole after multiple-dose oral administration of tablets to patients at high risk for
IFI. (B) Mean (SD) trough plasma concentration profiles of posaconazole after multiple-dose oral administration of tablets to patients at high risk for IFI. BID,
twice daily; IFI, invasive fungal infection; QD, once daily.

DISCUSSION

In 2006, posaconazole, a broad-spectrum azole, was approved as
an oral suspension formulation for the prophylaxis of IFI in patients at high risk for IFI, including leukemia patients with neutropenia after intensive myelosuppressive chemotherapy and patients with GVHD after hematopoietic stem cell transplantation.
The efficacy and tolerability of posaconazole oral suspension were
compared in two randomized clinical trials, and the control
groups were treated with either fluconazole or itraconazole (1, 2).
In head-to-head comparisons, posaconazole oral suspension formulation, when given to patients at high risk for IFI, showed a
higher IFI protection rate than was seen in the fluconazole/itraconazole group (1, 2). Trial participants took the drug three times
a day with food to achieve adequate absorption of posaconazole.
Additional reports of therapeutic drug monitoring of posaconazole antifungal prophylaxis in patients with AML or MDS or in
hematopoietic stem cell transplant recipients with GVHD have
been published (16–18).
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This is the first report of the use of the new formulation posaconazole tablet taken by patients at high risk for IFI. The aim of
this study was to evaluate the PK, safety, and tolerability of posaconazole tablets in patients at risk for IFI and to identify a dose
of posaconazole tablets that would help patients achieve prespecified exposure. The exposure target was selected based on the previous observation of a positive exposure-response relationship in
the treatment of IFIs (12). A key fungal pathogen in antifungal
prophylaxis studies is Aspergillus species. Based upon in vitro data,
the posaconazole MIC for 90% of the isolates (MIC90) for Aspergillus species isolated from clinical infections was 0.5 g/ml (500
ng/ml). Therefore, the dose selected for this study was required to
achieve a minimum exposure target (Cavg) at a steady state of
ⱖ500 ng/ml in the vast majority of subjects. The maximum desired exposure target was related to safety observations from prior
clinical and preclinical studies with posaconazole. The clinical development program for the posaconazole tablet sought to maintain exposures within the upper limit of exposures achieved with
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70,000

Posaconazole AUC0-24hr (h•ng/ml)

60,000

200 mg (Day 8)
300 mg (Day 8)

-------- Mean

50,000

40,000
-------30,000

20,000

--------

10,000

0
200

300
Dose (mg)

FIG 3 Individual day 8 AUC0 –24 h values after multiple doses of posaconazole
tablets to patients at high risk for IFI. Dotted lines represent the mean AUC0 –24 h
steady-state exposure. AUC0 –24 h, area under the concentration-time curve from 0
to 24 h; IFI, invasive fungal infection.

previous formulations. Within the range of exposures studied
with posaconazole oral suspension, no dose-limiting safety events
have been identified in either patients or healthy volunteers enrolled in posaconazole oral suspension clinical trials.
This study was a detailed evaluation of the PK of posaconazole
tablets at steady state and through a maximum duration of 28 days
of dosing. The exposure profile of posaconazole tablets taken by
patients with AML or MDS seems to be slightly lower than that of
published exposures in healthy volunteers (Table 4). For example,
the steady-state Cavg (% coefficient of variation [CV]) for posaconazole tablets at 200 mg QD taken in a fasting state is 1,310
ng/ml (CV, 32%) in healthy subjects, compared with a steadystate Cavg of 981 ng/ml (CV, 48%) when 200 mg of posaconazole
tablets is taken without regard to food intake in patients (14). In
comparison, in healthy volunteers, the posaconazole oral suspension at 400 mg BID taken with a high-fat meal provided a steadystate Cavg exposure of 2,460 ng/ml, and, in patients, a similar dose
of posaconazole oral suspension of 400 mg BID taken with food
resulted in a steady-state Cavg of 723 ng/ml (CV, 86%) (19). Patient exposures to posaconazole oral suspension, in contrast to
posaconazole tablets, are much reduced compared with those of
healthy volunteers. Furthermore, the variability in patient exposure is greater with the posaconazole oral suspension than with the
posaconazole tablet (19, 20).
Compared with the oral suspension, the tablet formulation
might have enhanced benefits. The posaconazole oral suspension
is effective and generally well tolerated as antifungal prophylaxis
in patients at high risk for IFIs; however, the need for multiple
daily dosing and the requirement of taking it with food to enhance
absorption are limitations (10, 21). The results of this study suggest that food may not affect the administration of the posaconazole tablet formulation, which may be particularly important for
patients undergoing chemotherapy for AML or MDS. This is also
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consistent with a previous study indicating that administration of
posaconazole tablets with a high-fat meal caused a 16% increase in
Cmax and a 51% increase in AUC compared with administration in
the fasted state (21). The effect of food was therefore much reduced compared with that for the oral suspension, administration
of which with a nutritional supplement caused a 3-fold increase in
exposure (21). In the present study, the posaconazole tablet was
taken without regard for food intake and thus was administered
under various food conditions.
A relationship between the plasma concentrations of an antifungal agent and effectiveness can often be determined based on a
combination of fungal infection experimental models and assessments of pharmacodynamics and PK in animals and in clinical
settings. Although a threshold plasma level for the prevention of
breakthrough IFI has not been defined for posaconazole (11, 22),
posaconazole plasma levels might be important to maintain the
effectiveness of treatment and prophylaxis (9, 12). A steady-state
target posaconazole plasma level of 500 ng/ml was used in a trial of
patients with compromised GI function who were at high risk for
IFI (21). Overall, in the current study of posaconazole tablets, 31
(97%) of 32 patients receiving posaconazole tablets at 300 mg QD
(after BID dosing on day 1) attained the prespecified Cavg target of
ⱖ500 ng/ml and remained below the desired upper exposure limit
of 2,500 ng/ml. The mean posaconazole concentrations in patients at risk for IFI exceeded the target of 500 ng/ml after only 2
doses of 300 mg of the posaconazole tablets (i.e., within 24 h).
The targeted patient population enrolled in the current study
was representative of the type of patient at risk for serious IFIs
(who were therefore candidates to receive antifungal prophylaxis)
and was demographically similar to the population previously reTABLE 3 Summary of AEs and most commonly reported (ⱖ2 patients
in either cohort) treatment-related TEAEsa
No. (%) of patients
receiving POSb tablets
AE
Any TEAE
Treatment-related AE
SAEd
Treatment-related SAE
Treatment-related GIe AE
AE leading to study discontinuation
GI AE leading to study discontinuation
Most commonly reported treatment-related AE
Diarrhea
Rash
Vomiting
Abdominal pain
Decreased appetite
Hypokalemia
Nausea
Dyspepsia
Headache
Hypophosphatemia

200 mg QD
(n ⫽ 20)c

300 mg QD
(n ⫽ 34)c

20 (100)
10 (50)
6 (30)
1 (5)
5 (25)
3 (15)
1 (5)

34 (100)
14 (41)
8 (24)
0
11 (32)
7 (21)
4 (12)

3 (15)
3 (15)
1 (5)
2 (10)
2 (10)
2 (10)
1 (5)
1 (5)
0
1 (5)

4 (12)
1 (3)
4 (12)
3 (9)
0
3 (9)
3 (9)
2 (6)
2 (6)
2 (6)

a

AE, adverse event; TEAE, treatment-emergent AE.
POS, posaconazole.
c
All patients received twice-daily dosing on day 1, followed by once-daily (QD) dosing
on days 2 to 28 (or until the end of treatment).
d
SAE, serious AE.
e
GI, gastrointestinal.
b
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TABLE 4 Exposure of posaconazole oral suspension at 400 mg BID (with food) and posaconazole tablets at 400 mg QD (without food) in healthy
volunteers versus study patientsa
POSb formulation

POS dose (mg)

Study population

No. of
patients

Cmax (ng/ml)c

AUC0–24 h, (h · ng/ml)d

Cavg (ng/ml)e

Oral suspension
Oral tablet

400 BID
200 QD
400 QD
200 QD
300 QD

Healthy subjects (reference)f
Healthy subjects (14)
Healthy subjects (14)
Patients (this study)
Patients (this study)

174
8
8
18
33

2,850 (36)
1,800 (31)
2,940 (46)
1,310 (47)
1,930 (32)

59,000 (37)
31,400 (32)
56,600 (54)
23,500 (49)
34,300 (36)

2,460 (37)
1,310 (32)
2,360 (54)g
981 (48)
1,440 (36)

a

BID, twice daily; QD, once daily.
POS, posaconazole.
Cmax, maximum observed concentration.
d
AUC0 –24 h, area under the concentration-time curve from 0 to 24 h.
e
Cavg, average concentration at steady state.
f
Pooled data on file.
g
Based on linear assumption, the interpolated Cavg in healthy subjects with tablets for a 300-mg dose is 1,835 ng/ml.
b
c

ported for the posaconazole oral suspension. In the 300-mg cohort for posaconazole tablets, all patients reported at least 1 TEAE,
and 41% of patients reported a treatment-related TEAE. SAEs
were reported in 24% of patients; however, none was considered
related to the study drug. The most commonly reported treatment-related TEAEs (reported in ⱖ9% of patients) in the 300-mg
cohort were diarrhea (12%), vomiting (12%), abdominal pain
(9%), nausea (9%), and hypokalemia (9%). The AE profile in the
present study was generally consistent with that of other studies of
the tablet formulation, which reported diarrhea, pyrexia, and nausea as the most common AEs (occurring in ⬎25% of patients) and
nausea as the most common AE leading to treatment discontinuation (21). This was also similar to the AE profile of the oral suspension when given as prophylaxis for Aspergillus and Candida
infection in which fever, diarrhea, and nausea were reported in
⬎30% of patients, and common AEs leading to treatment discontinuation were nausea, vomiting, and raised hepatic enzymes (1, 2,
21). Overall, the types of adverse reactions reported for posaconazole tablets were considered generally similar to those reported in
trials of the posaconazole oral suspension (21).
There were no new safety concerns in the patients in this study.
Posaconazole tablets were generally well tolerated, and the safety
profile was similar to that previously noted for the posaconazole
oral suspension in patients at high risk for IFI (1, 2). Although the
experience in the current study is limited, no patient in the
300-mg cohort had a proven or probable IFI during the treatment
or follow-up period. In two patients in the 200-mg cohort, IFIs
were diagnosed during treatment; both patients had posaconazole
concentrations of ⬍500 ng/ml at the time of diagnosis.
Limitations of the current study were that the number of patients was small and the focus was on patients at high risk for IFI
(i.e., patients with severe neutropenia after chemotherapy for
new-onset AML or MDS with transition to leukemia). Posaconazole tablets continue to be evaluated to obtain further clinical
experience and studied in more diverse patient populations who
might benefit from the drug.
This new tablet formulation of posaconazole has the potential
to predictably and substantially extend the antifungal benefit of
this broad-spectrum azole because of its improved absorption
characteristics; 300 mg is the dose of choice for further evaluation.
The findings of this first-in-patient study will be further evaluated
in a larger, more diverse patient population at risk for IFI.
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