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This was a phase 1B, dose-ranging, multicenter, pharmacokinetics, and safety study of cyclodextrin-based posaconazole intrave-
nous (i.v.) solution administered through a central line to subjects at high risk for invasive fungal disease (part 1 of a 2-part
study [phase 1B/3]). Initially, the safety and tolerability of single-dose posaconazole i.v. 200 mg (n � 10) were compared with
those of a placebo (n � 11). Subsequently, 2 doses were evaluated, posaconazole i.v. 200 mg once daily (q.d.) (n � 21) and 300 mg
q.d. (n � 24). The subjects received twice-daily (b.i.d.) posaconazole i.v. on day 1, followed by 13 days of posaconazole i.v. q.d.,
then 14 days of posaconazole oral suspension 400 mg b.i.d. The steady-state (day 14) exposure target (average concentration [ar-
eas under concentration-time curve {AUCs}/24 h, average concentrations at steady state {Cavgs}], of >500 to <2,500 ng/ml in
>90% of the subjects) was achieved by 94% of the subjects for 200 mg posaconazole q.d. and by 95% of subjects for 300 mg po-
saconazole q.d. The desired exposure target (mean steady-state Cavg, �1,200 ng/ml) was 1,180 ng/ml in the 200-mg dosing cohort
and was exceeded in the 300-mg dosing cohort (1,430 ng/ml). Posaconazole i.v. was well tolerated. Posaconazole i.v. 300 mg q.d.
was selected for the phase 3 study segment. (This study has been registered at ClinicalTrials.gov under registration no.
NCT01075984.)

Posaconazole oral suspension (Noxafil; Merck & Co., Inc.,
Whitehouse Station, NJ) is a marketed extended-spectrum

triazole with demonstrated efficacy as antifungal prophylaxis and
treatment (1–5). Posaconazole is approved for the prophylaxis of
invasive fungal disease (IFD) in allogeneic hematopoietic stem cell
transplant recipients with graft-versus-host disease or in those
with certain hematologic malignancies and prolonged neutrope-
nia from chemotherapy, for the prophylaxis and treatment of pa-
tients with oropharyngeal candidiasis in the United States and
Europe, and for the treatment of patients with refractory IFD in
Europe (6, 7). The bioavailability of posaconazole oral suspension
is significantly enhanced when given with food (8, 9). Therefore,
to address this issue, a new tablet formulation of posaconazole has
been developed (10). However, a limitation of any oral formula-
tion is that patients at risk for IFD may be unable to take or absorb
oral medication (11, 12).

Therefore, an unmet need exists for an intravenous (i.v.) for-
mulation of posaconazole that allows for administration of po-
saconazole to patients unable to take an oral medication or for
whom absorption is a concern. A posaconazole i.v. formulation
was recently developed as an aqueous solution containing the sol-
ubilizer sulfobutyl ether beta-cyclodextrin. This is the same solu-
bilizer (and in a similar amount) used in i.v. voriconazole, and it is
structurally similar to that used in i.v. itraconazole (13, 14).

Data from previous randomized, active-controlled clinical
studies with posaconazole oral suspension suggest an exposure-
response relationship exists (15). Based on these data, a targeted
exposure range (Cavgs of �500 ng/ml but �2,500 ng/ml) for po-
saconazole was selected in this study. This 2-part study (phase
1B/3) was conducted to evaluate the pharmacokinetics (PK) and
safety of posaconazole i.v. when given as antifungal prophylaxis to
subjects at high risk for IFD. Here we present the results of the
dose-finding part 1 (phase 1B).

(This work was presented previously at the 52nd Interscience

Conference on Antimicrobial Agents and Chemotherapy, San
Francisco, CA, 9 to 12 September 2012.)

MATERIALS AND METHODS
Study design. This open-label, phase 1B/3, adaptive, dose-ranging, mul-
ticenter PK and safety study (ClinicalTrials.gov identifier NCT01075984;
study P05220) was conducted in accordance with the principles of good
clinical practice and the Declaration of Helsinki; written informed con-
sent was obtained from each subject before any study-related procedures
were performed. The study was conducted at 7 sites in Belgium, Germany,
and Switzerland. Ethics committee approval was obtained from each
study site.

Three sequential dosing cohorts were included (cohorts 0, 1, and 2)
(Fig. 1). In all cohorts, posaconazole was infused over 90 min through a
central line. Posaconazole i.v. solution is an aqueous injectable solution
containing 18 mg/ml posaconazole and 400 mg/ml sulfobutyl ether beta-
cyclodextrin, to be diluted with 0.9% sodium chloride or 5% dextrose in
water before i.v. administration. Once the safety and tolerability of a single
posaconazole i.v. dose were determined, the decision was made to proceed
with cohort 1. In cohort 1 (multiple-dose, 200-mg, once-daily cohort), 21
subjects received a loading dose of 200 mg posaconazole i.v. twice daily on
day 1, followed by a maintenance dose of 200 mg posaconazole i.v. once
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daily (days 2 to 14), followed by a posaconazole oral suspension mainte-
nance dose (400 mg) twice daily for 14 days (days 15 to 28). In cohort 2
(multiple-dose, 300-mg, once-daily cohort), 24 subjects received a load-
ing i.v. dose of 300 mg posaconazole i.v. twice daily on day 1, followed by
a maintenance i.v. dose of 300 mg posaconazole i.v. once daily (days 2 to
14), followed by a posaconazole oral suspension maintenance dose (400
mg) twice daily for 14 days (days 15 to 28). In all cohorts, posaconazole i.v.
was administered through a central venous line because administration of
multiple doses of posaconazole i.v. to healthy volunteers through a pe-
ripheral i.v. line was associated with infusion site reactions (single doses
were well tolerated) (16).

Subjects. Adult subjects (�18 years old) were enrolled after the start of
chemotherapy for acute myelogenous leukemia, myelodysplastic syn-
drome, or secondary leukemia. Subjects had (or, in the opinion of the
investigators, were likely to develop within 5 days) neutropenia (absolute
neutrophil counts of �500/mm3 [0.5 � 109/liter]) that was likely to last
�7 days. Subjects were required to have a central venous catheter in place
as part of the standard of care for the underlying disease. Subjects were
male or female, of any race, with weight of �34 kg. Subjects were excluded
if they had known or suspected IFD, a history of type 1 hypersensitivity or
idiosyncratic reactions to azoles, moderate or severe liver dysfunction
(defined as aspartate aminotransferase [AST] or alanine aminotransferase
[ALT] levels of �3� the upper limit of normal [ULN] and a total biliru-
bin level of �2� ULN), a prolonged corrected QT (QTc) interval (�500
ms), or a creatinine clearance rate of �50 ml/min. Subjects were excluded
if they had taken oral posaconazole within 10 days before study enroll-
ment or systemic antifungal therapy within 30 days of study enrollment
for reasons other than antifungal prophylaxis. Concomitant medications
were monitored throughout the study.

PK sampling. Blood samples were collected for PK analysis on days 1
and 14 (steady state) at 0 h (predose), 1 h after the start of infusion,
immediately at the end of infusion, approximately 15 min after the end of
infusion, and approximately 4, 8, 12, and 24 h after the start of infusion
(12-hour sample on day 1 taken before the second dose, 24-hour sample
on day 1 equivalent to the 12-hour sample after the second dose). Blood
samples were also collected during oral suspension dosing (days 15 to 28;
results not presented). Plasma samples (2 duplicate sets) were immedi-
ately frozen to at least �20°C and were maintained frozen until analyzed.
Plasma samples were assayed for posaconazole using a validated liquid
chromatography coupled to tandem mass spectrometry detection
method (17) with a calibration range of 5 to 5,000 ng/ml.

PK evaluations. The primary PK parameter of interest was steady-
state (day 14) average concentration (Cavg; calculated as the area under the

concentration-time curve [AUC]/24 h). Cavg was selected because expo-
sure-response analyses of previous randomized, active-controlled clinical
studies with posaconazole oral suspension suggested an inverse associa-
tion between Cavg and clinical failure rate (15). Other parameters assessed
included the AUC during the dosing interval (dosing interval was 12 h on
day 1 [AUC over 0 to 12 h {AUC0 –12 h}] and 24 h on day 14 [AUC over 0
to 24 h {AUC0 –24 h}]), maximum plasma concentration (Cmax) on days 1
and 14, time to Cmax (Tmax) on days 1 and 14, and minimum plasma
concentration (Cmin). Posaconazole PK parameters were calculated using
the software Phoenix Build 6.3.0, WinNonLin 6.3, and Connect 1.3
(Certara, St. Louis, MO). Cmax and Tmax were generated by WinNonLin
from each subject’s plasma concentration-time data. All AUC parameters
were calculated using the linear trapezoidal method for ascending con-
centrations and the log trapezoidal method for descending concentrations
(linear up/log down).

Safety. Safety assessments included adverse event (AE) and serious AE
(SAE) reports (including catheter-related events and infusion site reac-
tions), vital signs, clinical laboratory tests, and electrocardiograms. Safety
was assessed throughout the study (during i.v. and oral suspension dos-
ing) until the follow-up visit (7 days after the last dose of study drug).
Patients were assessed for AEs daily throughout the study. Electrocardi-
ography was performed at baseline, on the morning of i.v. administration,
and on day 4 during oral administration. Hematology and serum chem-
istries were assessed at baseline, before i.v. administration, on days 2, 4,
and 6 during oral administration, at the end of treatment, and 7 days after
the end of treatment. Safety analyses were descriptive, summarized by
dose level, and performed on all treated subjects. An independent data
monitoring committee reviewed the safety data after each cohort was
completed to assess whether the next cohort should proceed according to
predefined safety criteria (including no subjects with QT effect [QTc
�500 ms] or hepatic effect [AST/ALT levels of �3� ULN or bilirubin
level of �2� ULN without underlying hepatic disorder]).

Breakthrough IFD. Proven, probable, and possible cases of IFD were
categorized by the investigators according to the 2008 European Organi-
zation for Research and Treatment of Cancer Mycoses Study Group cri-
teria (18).

Statistical analysis. The determination of sample size was based on
the targeted number of subjects for evaluation of PK and safety and on the
anticipated discontinuation rate. A recently completed trial with a similar
population showed a day-28 subject discontinuation rate of approxi-
mately 35%. Therefore, in order to have approximately 30 PK-evaluable
subjects in part 1 reach steady state, the plan was to enroll approximately
50 subjects in part 1 of this study.

Eligibility and
informed consent

Cohort 0: Single-dose cohort
Day 1

POS IV 200 mg single dose (n = 10)
or placebo IV single dose (n = 11) followed
by POS oral suspension ~ 12 hours later

Cohort 1: 
Multiple-dose cohort 200 mg

Days 1–14*
POS IV 200 mg qd† (n = 21)

Cohort 2: 
Multiple-dose cohort 300 mg

Days 1–14*
POS IV 300 mg qd† (n = 24)

Days 2–7
POS oral suspension 400 mg bid

Follow-up day 14

Days 15–28
POS oral suspension 400 mg bid

Follow-up day 35

Screening
Days – 7 to 0 Treatment

FIG 1 Study design, phase 1B. Each cohort was completed before subjects in the subsequent cohort were dosed. Safety was assessed throughout the study. *, PK
samples for analysis of posaconazole were taken on days 1 and 14 at 0 h (predose), 1 h after start of infusion, immediately at the end of infusion, approximately
15 min after the end of infusion, and approximately 4, 8, 12, and 24 h after start of infusion. In cohorts 1 and 2, intravenous posaconazole (200 or 300 mg) was
given twice daily as a loading dose on day 1. †, twice daily loading dose on day 1. bid, twice daily; IV, intravenous; POS, posaconazole; qd, once daily.
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Posaconazole plasma concentrations and PK parameters were listed
and summarized by treatment group using descriptive statistics and
graphics for the multiple-dose cohorts 1 and 2. The desired exposure
target was a mean steady-state Cavg of approximately 1,200 ng/ml (or
AUC0 –24 h of 28,800 ng · h/ml), with at least 90% of subjects in the
PK-evaluable dosing cohort having Cavg of �500 ng/ml and �2,500 ng/ml
(or AUC0 –24 h of �12,000 ng · h/ml and �60,000 h · ng/ml). For the
multiple-dose cohorts (cohorts 1 and 2), PK criteria had to be fulfilled for
each dose before dosing could proceed in the next cohort. For the study to
proceed to cohort 2, no subject in cohort 1 could have a steady-state
plasma Cavg of �3,750 ng/ml or a steady-state AUC of �90,000 ng · h/ml.
For the study to proceed to cohort 3 with either dose (phase 3 of the study;
not presented here), the desired exposure target had to be met, and no
subject at the selected dose could have a steady-state plasma Cavg of
�3,650 ng/ml or a steady-state AUC of �87,600 ng · h/ml.

RESULTS
Subjects. Sixty-six subjects were enrolled into the phase 1B por-
tion of the study, 21 subjects (10 subjects receiving posaconazole
i.v. solution and 11 subjects receiving placebo) in the single-dose
cohort (cohort 0), 21 subjects in the 200-mg multiple-dose cohort
(cohort 1), and 24 subjects in the 300-mg multiple-dose cohort
(cohort 2). Table 1 shows subject demographics and baseline
characteristics. In the single-dose cohort (cohort 0), 20 of 21
(95%) subjects completed the study through day 7 (last day of
posaconazole oral suspension), and 1 subject (placebo group) was
discontinued for an AE (nausea) after receiving the first oral dose
of posaconazole suspension. In the 200-mg multiple-dose cohort
(cohort 1), 14 of 21 (67%) subjects completed i.v. treatment (days
1 to 14) and oral treatment (days 15 to 28) and 7 subjects were
discontinued (3 subjects for AEs/treatment failure during i.v. dos-
ing and 1 subject for an SAE during oral suspension dosing, 2
subjects did not want to continue because of reasons unrelated to

the study treatment [1 during i.v. dosing and 1 during oral dos-
ing], and 1 subject was noncompliant with the study protocol
during oral dosing). In the 300-mg multiple-dose cohort (cohort
2), 17 of 24 (71%) subjects completed i.v. treatment (days 1 to 14)
and oral treatment (days 15 to 28); 7 subjects discontinued be-
cause of AEs (5 during i.v. dosing and 2 during oral suspension
dosing).

PK results. PK parameters are log-normally distributed and
are presented as means (with coefficient of variation percentages
[CV%] in parentheses). For the PK analysis on day 1, 20 of 21
subjects in the 200-mg multiple-dose cohort (cohort 1) and 22 of
24 subjects in the 300-mg multiple-dose cohort (cohort 2) were
considered evaluable. For the PK analysis at steady state (day 14),
15 of 21 subjects in the 200-mg cohort (cohort 1) were considered
evaluable. In the 300-mg cohort (cohort 2) steady-state (day 14)
PK analysis, 19 of 24 subjects were considered evaluable.

PK parameters for the multiple-dose cohorts are summarized
in Table 2. On day 1, posaconazole i.v. 200 mg attained a median
Tmax of 1.48 h (range, 1.0 to 4.0 h), a mean (CV%) Cmax of 990 (47)
ng/ml, and a mean (CV%) exposure (AUC0 –12 h) of 5,390 (29) ng ·
h/ml. Posaconazole i.v. 300 mg attained a median Tmax of 1.54 h
(range, 1.0 to 2.0 h), a mean (CV%) Cmax of 1,590 (61) ng/ml and
a mean (CV%) exposure (AUC0 –12 h) of 8,240 (26) ng · h/ml.
Mean (standard deviation) plasma concentration profiles for days
1 and 14 are shown in Fig. 2A for the 200-mg multiple-dose cohort
(cohort 1) and in Fig. 2B for the 300-mg multiple-dose cohort
(cohort 2).

At day 14, for the 200-mg cohort (cohort 1), based on data in
15 PK-evaluable subjects (day 14), median Tmax was 1.0 h (range,
1.0 to 4.0 h), mean (CV%) Cmax was 1,950 (50) ng/ml, mean
(CV%) exposure (AUC0 –24 h) was 28,200 (51) ng · h/ml, and

TABLE 1 Subject demographics

Demographic characteristic

Cohort 0: single dosea

Cohort 1: POS 200 mg i.v.,
multiple doses (n � 21)

Cohort 2: POS 300 mg i.v.,
multiple doses (n � 24)

Placebo i.v.
(n � 11)

POS 200 mg i.v.
(n � 10)

Age (yr)
Mean (SD) 59.5 (12.3) 56.8 (17.4) 49.1 (14.7) 52.4 (13.4)
�65 yr (n [%]) 4 (36) 4 (40) 2 (10) 4 (17)

Sex (n [%])
Male 5 (45) 5 (50) 13 (62) 13 (54)
Female 6 (55) 5 (50) 8 (38) 11 (46)

Race (n [%])
White 11 (100) 10 (100) 21 (100) 24 (100)

Ethnicity (n [%])
Hispanic or Latino 0 0 0 0
Neither Hispanic nor Latino 11 (100) 10 (100) 21 (100) 24 (100)

Wt (mean [SD]) (kg) 73.8 (8.6) 79.3 (18.1) 77.2 (11.4) 76.9 (13.8)
Ht (mean [SD]) (cm) 169.3 (8.3) 171.3 (12.5) 173.6 (9.5) 171.9 (8.1)

Primary diagnosis (n [%])
AMLb 10 (90.9) 10 (100) 20 (95.2) 22 (91.7)
MDSc 1 (9.1) 0 1 (4.8) 2 (8.3)

a i.v., intravenous; POS, posaconazole.
b AML, acute myelogenous leukemia.
c MDS, myelodysplastic syndrome.
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mean (CV%) Cmin was 958 (63) ng/ml. Mean accumulation ratio
(CV%) based on AUC0 –24 was 3.6 (44). Fourteen of 15 (94%)
subjects attained a steady-state (day 14) Cavg of �500 and �2,500
ng/ml, and 1 (6%) subject attained a steady-state Cavg of �2,500
ng/ml but �3,650 ng/ml. Applying the same criteria to Cmin re-
vealed that 3 of 15 (20%) subjects attained a steady-state (day 14)
Cmin of �500 ng/ml, 11 of 15 (73%) subjects attained a steady-

state (day 14) Cmin of �500 and �2,500 ng/ml, and 1 (6%) subject
attained a steady-state Cmin of �2,500 ng/ml but �3,650 ng/ml.
The mean (CV%) steady-state Cavg was 1,180 (51) ng/ml (pre-
specified Cavg target, 1,200 ng/ml). No subject in cohort 1 had a
steady-state Cavg plasma concentration of �3,750 ng/ml or a
steady-state AUC of �90,000 ng · h/ml; therefore, dosing was
allowed to proceed for cohort 2.

TABLE 2 PK parameter values after twice-daily dosing of POS i.v. (day 1) and multiple doses of POS i.v. (day 14) administered to subjects at high
risk for IFDa

POS day of
administration, cohort,
and dosageb

No. of
subjects

Cmax (mean
[CV%c])
(ng/ml)

Tmax (median
[range]) (h)

AUCd (mean
[CV%])
(ng · h/ml)

Cavg
e (mean

[CV%])
(ng/ml)

Cmin (mean
[CV%])
(ng/ml)

Accumulation
ratio (mean
[CV%])f

Cavg of �500
and �2,500
ng/ml (%)

Day 1
Cohort 1: 200 mg b.i.d. 20 990 (47) 1.48 (1.0–4.0) 5,390 (29) NA NA NA NA
Cohort 2: 300 mg b.i.d. 22 1,590 (61) 1.54 (1.0–2.0) 8,240 (26) NA NA NA NA

Day 14
Cohort 1: 200 mg q.d. 15 1,950 (50) 1.00 (1.0–4.0) 28,200 (51) 1,180 (51) 958 (63) 3.6 (44) 94
Cohort 2: 300 mg q.d. 19 2,610 (39) 1.50 (0.98–4.0) 34,300 (42) 1,430 (42) 1,068 (50) 2.8 (31) 95

a i.v., intravenous; IFD, invasive fungal disease; POS, posaconazole; PK, pharmacokinetics; NA, not applicable.
b b.i.d., twice daily; q.d., once daily.
c CV, coefficient of variation; Cmax, maximum observed concentration; Tmax, time to Cmax; AUC, area under concentration-time curve; Cavg, average concentration at steady state;
Cmin, minimum plasma concentration.
d AUC from 0 to 12 h (AUC0 –12 h) presented for day 1; AUC0 –24 h presented for day 14.
e Cavg � AUC0 –24 h/dose interval, based on Cmax.
f Accumulation ratio based on AUC0 –24 h.
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FIG 2 Mean (standard deviation) plasma concentration profiles (days 1 and 14). (A) Cohort 1: intravenous posaconazole 200 mg daily (after 200 mg twice daily
on day 1) administered to subjects at high risk for IFD. (B) Cohort 2: intravenous posaconazole 300 mg daily (after 300 mg twice daily on day 1) administered
to subjects at high risk for IFD. IV, intravenous.
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For the 300-mg cohort (cohort 2), based on data in 19 PK-
evaluable subjects (day 14), median Tmax was 1.5 h (range, 0.98 to
4.0 h), mean (CV%) Cmax was 2,610 (39) ng/ml, mean (CV%)
exposure (AUC0 –24 h) was 33,800 (42) ng · h/ml, and mean (CV%)
Cmin was 1,046 (50) ng/ml. The mean accumulation ratio
(CV%) based on AUC0 –24 was 2.8 (31). Eighteen of 19 (95%)
subjects attained steady-state (day 14) Cavgs of �500 and �2,500
ng/ml, and 1 of 19 (5%) subjects attained a steady-state Cavg of
�2,500 ng/ml but �3,650 ng/ml. The mean (CV%) steady-state
Cavg was 1,430 (42) ng/ml, which was higher than the prespecified
Cavg target of 1,200 ng/ml. Applying the same criteria to Cmins
revealed that 4 of 19 (21%) subjects attained steady-state (day 14)
Cmins of �500 ng/ml, 15 of 19 (79%) subjects attained steady-state
(day 14) Cmins of �500 and �2,500 ng/ml, and 0 (0%) subjects
attained steady-state Cavgs of �2,500 ng/ml but �3,650 ng/ml. No
subject in cohort 2 had a steady-state Cavg plasma concentration of
�3,650 ng/ml or a steady-state AUC of �87,600 ng · h/ml; there-
fore, the phase 3 portion of the study was allowed to proceed.
Exposure increases between the 200- and 300-mg dose levels were
slightly less than dose proportional but, based on the totality of
clinical experience, the PK of posaconazole i.v. have been observed
to be generally dose proportional in the clinically relevant dose
range of 200 to 300 mg. In posaconazole i.v. (200-mg and 300-mg)
cohorts, �90% of subjects achieved Cavgs of �500 ng/ml and
�2,500 ng/ml.

Safety. In the single-dose cohort (cohort 0), all subjects (100%
[10/10] posaconazole i.v.; 100% [11/11] placebo i.v.) experienced
at least 1 treatment-emergent AE. One AE (severe nausea in the
placebo group) led to study drug discontinuation. Six (60%) po-
saconazole i.v. subjects and 3 (27%) placebo i.v. subjects reported
AEs considered at least possibly related to study treatment, as de-
termined by the investigator. The most commonly reported treat-
ment-related AEs in the posaconazole i.v. group in cohort 0 were
constipation, hypokalemia (1 subject with 3.5 meq/liter and 1 sub-
ject with 3.4 meq/liter), and nausea (each reported in 2 subjects
[20%]). All other treatment-related AEs were reported by 1 sub-
ject each (10%). One SAE (grade 4 hyperbilirubinemia in the pla-
cebo group) was considered possibly related to treatment. No
catheter-related or local infusion site events were considered re-
lated to posaconazole i.v. treatment. Two deaths were reported in
cohort 0 (1 in the posaconazole i.v. group and 1 in the placebo
group, both caused by sepsis); neither was considered by the in-
vestigator to be treatment related.

AEs from the multiple-dose cohorts are summarized in Table
3; the safety data incorporate 14 days of posaconazole i.v. dosing
(200 or 300 mg) plus 14 days of twice-daily posaconazole oral
suspension (400 mg twice daily). AEs leading to discontinuation
were reported in 4 of 21 (19%) subjects in the 200-mg once-daily
cohort (cohort 1) (3 during i.v. dosing and 1 during oral dosing)
and in 7 of 24 (29%) subjects in the 300-mg once-daily cohort
(cohort 2) (5 during i.v. dosing and 2 during oral dosing). AEs that
led to discontinuation during i.v. dosing in cohort 1 were candi-
demia (also considered treatment failure), fatigue and nausea, and
inflammation at the infusion site (unrelated to study drug), lead-
ing to central line removal. AEs that led to discontinuation during
i.v. dosing in cohort 2 were bacterial sepsis (with hepatic and renal
dysfunction), elevated liver function test (LFT) results, possible
pulmonary fungal infection, inflammation around the central
catheter, and pulmonary hemorrhage. Treatment-related AEs
were reported in 3 (14%) subjects in cohort 1 and in 8 (33%)

subjects in cohort 2. Rash and nausea were the only treatment-
related AEs reported by more than 1 subject; treatment-related
rash was reported by 3 subjects overall (1 subject in cohort 1 and 2
subjects in cohort 2); treatment-related nausea was reported by 1
subject in each cohort. One death was reported in cohort 1 (caused
by bilateral pulmonary artery embolism and intrapulmonary
hemorrhage in a patient with disseminated aspergillosis), and 3
deaths were reported in cohort 2 (1 caused by acute renal failure
and 2 by sepsis); none was considered treatment related. No cath-
eter-related events were considered related to treatment in either
cohort. No AEs related to renal function were reported for sub-
jects in cohort 0 or cohort 1. One subject in cohort 2 had renal
failure considered unrelated to study treatment (acute renal fail-
ure attributed by the investigator to Escherichia coli sepsis). The
most commonly reported AEs (�20% of subjects in any cohort)
are presented in Table 4.

No safety concerns were noted in any of the other parameters,
including LFTs and electrocardiogram measurements, and no
subjects met prespecified criteria for QT effect. One subject in
cohort 1 (with a history of hyperbilirubinemia) had an ALT
and/or AST level of �3� ULN (alkaline phosphatase [ALK-P]
was �2� ULN, and total bilirubin was �2� ULN). Liver func-
tion improved while the subject continued to receive posacona-
zole; therefore, the LFT abnormalities were not considered treat-
ment related. Three subjects in cohort 2 had an ALT and/or AST
level of �3� ULN (ALK-P was �2� ULN, and total bilirubin was
�2� ULN); however, each of these occurred in the setting of
sepsis, and the LFT abnormalities were considered attributable to
underlying disease.

Breakthrough IFD. One case of probable/proven break-
through IFD was reported in each of the multiple-dose cohorts
(5% and 4% in cohorts 1 and 2, respectively); candidemia was
reported 3 days after the start of i.v. treatment in cohort 1 (this

TABLE 3 AEs after multiple doses of POS i.v. 200/300 mg followed by
multiple doses of twice-daily POS oral suspension 400 mg (cohorts 1
and 2)a

AE type

No. (%) of subjects with indicated AEb

Cohort 1: POS i.v.
200 mg q.d.c

(n � 21)

Cohort 2: POS i.v.
300 mg q.d.
(n � 24)

Any treatment-emergent AE 20 (95) 24 (100)
Treatment-related AE 3 (14) 8 (33)
SAEd 4 (19) 9 (38)
Treatment-related SAE 0 1 (4)

AE leading to study drug
discontinuation

4 (19) 7 (29)

Discontinuation during POS i.v. 3 5
Discontinuation during POS

oral suspension
1 2

SAE leading to study drug
discontinuation

1 (5) 2 (8)

Death 1 (5) 3 (13)
a AE, adverse event; POS, posaconazole; i.v., intravenous.
b All subjects received POS i.v. 200 or 300 mg on days 1 to 14 followed by 14 days of
twice-daily POS oral suspension 400 mg.
c q.d., once daily
d SAE, serious adverse event.
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patient was also found to have disseminated aspergillosis at au-
topsy), and pulmonary mycosis was reported on day 21 in cohort
2. Cavg was not calculated for the subject with candidemia in co-
hort 1 because the subject received only 5 days of i.v. therapy; the
Cavg value during the i.v. treatment phase was 1,370 ng/ml for the
subject with pulmonary mycosis in cohort 2. Four possible cases of
IFD were reported. All proven, possible, and probable cases of IFD
are listed in Table S1 in the supplemental material.

DISCUSSION

An i.v. formulation of posaconazole has been developed to ensure
adequate exposure among patients at high risk for IFD who are
unable to tolerate oral medication or for whom absorption of an
oral medication is a concern. The aim of this study was to evaluate
the PK, safety, and tolerability of posaconazole i.v. solution in
subjects at risk for IFD and to identify a dose of posaconazole i.v.
solution that attained a prespecified exposure target for further
study in a larger and more diverse population in phase 3 (part 2) of
the study. This is the first report on the use of posaconazole i.v.
solution in patients at risk for IFD.

The correlation between plasma concentrations and efficacy or
toxicity of any antifungal agent stems from experimental models
of fungal infection and from pharmacodynamic and PK assess-
ments of preclinical and clinical data (19). Although an absolute
threshold plasma level for the prevention of breakthrough IFD has
yet to be clearly defined for posaconazole (20, 21), posaconazole
plasma levels are important for maintaining efficacy in prophy-
laxis and treatment. A positive association between posaconazole
exposure and response was previously reported in a nonrandom-
ized trial of posaconazole salvage treatment for invasive aspergil-
losis (4) and in a recent retrospective analysis conducted to inves-
tigate relationships between posaconazole concentration and
clinical outcomes (22). Evidence suggests a positive exposure-re-

sponse relationship with posaconazole. Further investigation will
provide additional support in defining the target concentrations
to achieve optimal efficacy with prophylaxis and treatment of pa-
tients with IFD (15, 23).

In this study, the lower end of the target exposure range (Cavg

�500 ng/ml) was based on the exposure-response analysis (4) and
was chosen because posaconazole 500 ng/ml is the MIC90 of most
clinically important Aspergillus species (24). A steady-state target
posaconazole plasma level of 500 ng/ml has previously been used
in a trial of patients with compromised gastrointestinal function
who were at high risk for IFD (19). The target in this study (Cavg

�500 ng/ml in �90% of subjects) was higher than previously seen
with the oral suspension (25). The upper end of the target expo-
sure range (Cavg �2,500 ng/ml) was selected to be within the range
at which posaconazole exposure response and safety have been
characterized for most subjects in earlier clinical studies for the
prophylaxis and treatment of refractory IFD.

In this study, posaconazole i.v. solution 300 mg once daily
(twice daily on day 1 to enable more rapid achievement of steady
state [i.e., generally between 6 and 8 days of dosing {data on file}])
attained the prespecified PK exposure target in �90% of subjects
at high risk for IFD; 18 of 19 (95%) subjects attained steady-state
Cavg �500 and �2,500 ng/ml. Posaconazole i.v. 300 mg achieved
exposures in the upper quartiles previously studied, with a mean
Cavg of 1,430 ng/ml and an AUC0 –24 h of 34,300 ng · h/ml. Expo-
sures achieved in the present study are within the upper quartiles
of exposures achieved in previous studies assessing posaconazole
prophylactic efficacy (1, 2). These exposures also reduce the risk
for failure of antifungal prophylaxis. The posaconazole i.v.
200-mg dose resulted in exposures slightly below the prespecified
PK exposure targets, whereas the 300-mg dose met the Cavg and
the AUC0 –24 h targets and resulted in higher steady-state Cmins
than the 200-mg dose. Therefore, the posaconazole i.v. 300-mg
dose was selected as the dose to use in proceeding to cohort 3
(phase 3).

No unexpected safety concerns compared with the previous
oral use of i.v. administration were identified during our study.
Posaconazole i.v. was safe when administered through a central
line and showed a safety profile similar to that previously reported
for posaconazole oral suspension administered to subjects at high
risk for IFD (1, 2). No catheter-related AEs were considered re-
lated to treatment; central-line administration appears to mitigate
peripheral i.v. intolerability such as thrombophlebitis and infu-
sion site reactions (16). Overall, 2 of 45 (4%) subjects reported
probable or proven breakthrough IFD, and 4 (9%) patients had
possible IFD.

Posaconazole is metabolized primarily by UDP glucuronida-
tion, is a substrate of p-glycoprotein efflux, and is a strong inhib-
itor of CYP3A4 (6). Plasma concentrations of drugs predomi-
nantly metabolized by CYP3A4 (such as sirolimus, tacrolimus,
cyclosporine, simvastatin, ergot alkaloids, and benzodiazepines)
may be increased by posaconazole (6).

Posaconazole i.v. solution achieves target exposure rapidly
with once-daily dosing (after a twice-daily dose on day 1). This
new formulation allows the administration of posaconazole to
patients unable to take an oral medication and to patients who are
at high risk for IFD but for whom oral absorption is a concern.

Summary and conclusions. Posaconazole i.v. solution was
well tolerated in subjects at high risk for IFD. Further, PK analysis
demonstrated that posaconazole 300 mg i.v. achieved exposures in

TABLE 4 Most commonly reported (�20% subjects in either cohort)
AEs after multiple doses of POS i.v. followed by multiple doses of twice-
daily POS oral suspensiona

AE

No. (%) of subjects with indicated adverse event

Cohort 1: POS i.v. 200
mg q.d.b (n � 21)

Cohort 2: POS i.v. 300
mg q.d. (n � 24)

i.v. phasec Overalld i.v. phasec Overalld

Nausea 6 (29) 9 (43) 4 (17) 7 (29)
Diarrhea 5 (24) 6 (29) 9 (38) 10 (42)
Mucosal inflammation 2 (10) 2 (10) 8 (33) 8 (33)
Pyrexia 5 (24) 6 (29) 6 (25) 8 (33)
Rash 2 (10) 2 (10) 6 (25) 8 (33)
Febrile neutropenia 5 (24) 6 (29) 7 (29) 7 (29)
Cough 5 (24) 6 (29) 1 (4) 1 (4)
Headache 2 (10) 2 (10) 6 (25) 6 (25)
Vomiting 1 (5) 2 (10) 3 (13) 5 (21)
Abdominal pain 3 (14) 3 (14) 3 (13) 5 (21)
Hemorrhoids 0 1 (5) 5 (21) 5 (21)
Hypokalemia 3 (14) 3 (14) 4 (17) 5 (21)
a AE, adverse event; POS, posaconazole; i.v., intravenous.
b q.d., once daily.
c Adverse reactions reported in patients with an onset during the posaconazole i.v.
dosing phase of the study.
d Adverse reactions reported with an onset at any time during the study in patients who
were treated with posaconazole i.v. and oral posaconazole for up to 28 days of
posaconazole therapy.
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the range of the upper quartiles known to be associated with a
positive response relationship. Based on the combined PK and
safety findings, posaconazole i.v. 300 mg once daily was selected as
the dose to use in the phase 3 study for further investigation in a
larger, more diverse patient population.
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