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This study evaluated the safety, tolerability, and pharmacokinetics of a posaconazole i.v. (intravenous) solution. This was a sin-
gle-center, 2-part, randomized, rising single- and multiple-dose study in healthy adults. In part 1, subjects received 0 (vehicle),
50, 100, 200, 250, or 300 mg posaconazole in a single dose i.v. by 30-min peripheral infusion (6 cohorts of 12 subjects each [9 ac-
tive and 3 placebo], making a total of 72 subjects). Blood samples were collected until 168 h postdose. In part 2, subjects were to
receive 2 peripheral infusions at a 12-h interval on day 1 followed by once-daily infusion for 9 days. However, part 2 was termi-
nated early because of high rates of infusion site reactions with multiple dosing at the same infusion site. The pharmacokinetics
results for part 1 (n � 45 subjects) showed that the mean posaconazole exposure (area under the concentration-time curve from
time zero to infinity [AUC0 –�]) ranged from 4,890 to 46,400 ng · h/ml (range of coefficient of variation values, 26 to 50). The
dose-proportionality slope estimate (90% confidence interval) for AUC0 –� was 1.30 (1.19 to 1.41), indicating a greater-than-
dose-proportional increase. The data for safety in part 1 show that 29/72 subjects had >1 adverse event. Infusion site reactions
were reported in 2/9 vehicle subjects, 0/18 placebo subjects, and 7/45 i.v. posaconazole subjects. The data for safety in part 2 show
that infusion site reactions were reported in 1/4 (25%) placebo subjects, 3/9 (33%) vehicle control subjects, and 4/5 (80%) i.v.
posaconazole (100 mg) subjects (3 posaconazole recipients subsequently developed thrombophlebitis and were discontinued
from treatment). In conclusion, the posaconazole i.v. solution showed a greater-than-dose-proportional increase in exposure,
primarily at doses below 200 mg. When administered peripherally at the same infusion site, multiple dosing of i.v. posaconazole
led to unacceptably high rates of infusion site reactions. Intravenous posaconazole was otherwise well tolerated. Single doses of
i.v. posaconazole were tolerated when given through a peripheral vein over 30 min.

Posaconazole (Noxafil) formulated as an oral suspension is a
systemic triazole antifungal approved in more than 80 coun-

tries for use as therapy for refractory invasive fungal infection
(IFI), prophylaxis of IFI in patients at high risk, and therapy for
oropharyngeal candidiasis (1–5). The precise approved indica-
tions differ across the various countries in which posaconazole is
available (6, 7). To enhance its gastric absorption, posaconazole
oral suspension must be taken multiple times per day with a meal,
a nutritional supplement, or an acidic carbonated beverage (8, 9).
Although a new tablet formulation of posaconazole with im-
proved absorption characteristics has been developed (10) and
was recently approved in the United States and Europe, a limita-
tion of any oral formulation is that patients at risk for IFI may be
unable to take any formulation through the oral route because of
vomiting, prohibition of enteral medications, or inability to swal-
low as a result of severe chemotherapy-induced mucositis (11, 12).
In these patients, an intravenous (i.v.) formulation may be partic-
ularly useful.

The posaconazole i.v. formulation was developed as an aque-
ous solution containing the solubilizer sulfobutyl ether beta-cy-
clodextrin. The first study to evaluate the pharmacokinetics (PK),
safety, and tolerability of i.v. posaconazole was terminated early
because of a high incidence of postinfusion reactions when the
drug was infused through a peripheral line over 90 min in healthy
volunteers (6). Because local intolerability was likely caused by
irritation associated with the low pH of the 90-min peripheral
infusate, decreasing the infusion time may attenuate some of these
effects.

This study evaluated the PK and safety of posaconazole i.v.
solution administered through the peripheral route in healthy

subjects. The primary objective of the study was to evaluate the
safety and tolerability of posaconazole i.v. solution as a single dose
and as multiple doses when administered by peripheral infusion
to healthy volunteers over 30 min.

(Portions of these data were previously presented at the 53rd
Interscience Conference on Antimicrobial Agents and Chemo-
therapy, Denver, CO, 10 to 13 September 2013.)

MATERIALS AND METHODS
Study design. This was a single-center, 2-part, randomized, placebo-
controlled, third-party blind, rising single- and multiple-dose study. The
study was conducted in accordance with the principles of Good Clinical
Practice, and written informed consent was obtained from each subject
before any study-related procedures. The study was conducted at a single
site in the Netherlands from September 2010 to May 2011.

Cannulation for administering the drug was performed by authorized
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staff in a sufficiently large vein in the forearm (vena cephalica or vena
basilica) or elbow (vena mediana cubiti) using a 20- or 22-gauge cannula
(Biovalve PUR polyurethane cannula; Vygon, Ecouen, France). Cannula-
tion on each vein was performed once for each subject, and a transparent
dressing was used to fixate the cannula to allow monitoring for thrombo-
phlebitis. To stimulate peripheral blood flow, the room temperature was
kept at approximately 22°C during the infusion, which was completed
within exactly 30 min. Within 1 or 2 min after infusion, the infusion site
was flushed with 20 ml of 5% dextrose in water, followed by a few milli-
liters of heparin at 1 U/ml. The catheter used for study drug administra-
tion remained in the vein for 24 h after infusion. The timing of assess-
ments was adjusted relative to the end of each infusion.

In part 1, healthy adult volunteers were randomly assigned to 1 of 6
cohorts, with 12 subjects in each cohort (9 active and 3 placebo [5%
dextrose]). Each subject received a single dose of i.v. posaconazole or
placebo, administered by 30-min peripheral infusion. The cohorts were as
follows: cohort 1, 0 mg posaconazole i.v. solution (cyclodextrin vehicle
control only); cohort 2, 50 mg posaconazole i.v. solution, cohort 3, 100 mg
posaconazole i.v. solution; cohort 4, 200 mg posaconazole i.v. solution;
cohort 5, 250 mg posaconazole i.v. solution; and cohort 6, 300 mg po-
saconazole i.v. solution.

In part 2, subjects were randomly assigned to 1 of 4 cohorts with 12
subjects in each cohort (9 active and 3 placebo [5% dextrose]). Each
subject was to receive 2 peripheral infusions 12 h apart on day 1, followed
by once-daily infusions for 9 days. The intended doses and cohorts were as
follows: cohort 7, 0 mg posaconazole i.v. solution (vehicle control); co-
hort 8, 100 mg posaconazole i.v. solution; cohort 9, 200 mg posaconazole
i.v. solution; and cohort 10, 300 mg posaconazole i.v. solution. However,
because of unacceptably high rates of thrombophlebitis after multiple i.v.
infusions of 100 mg posaconazole (cohort 8), the study was terminated.
Subjects were dosed in only 2 cohorts in part 2 before the study was
terminated. These were cohort 7 (0 mg posaconazole i.v. solution [cyclo-
dextrin vehicle control only]) and cohort 8 (100 mg posaconazole i.v.
solution). The study was terminated before the completion of cohort 8.

Subjects. Subjects were healthy men and women aged 18 to 65 years
with a body mass index range from 19 to 35 kg/m2 inclusive. Subjects were
free of any clinically significant disease and had laboratory test results that
were within normal limits or were acceptable to the investigator. Vital sign
measurements had to be within normal limits. QTc intervals were �430
ms (male subjects) and �450 ms (female subjects). Subjects had to have
veins suitable for cannulation and no previous episodes of thrombophle-
bitis. Female subjects had to be postmenopausal or surgically sterile, or
they had to use contraception for 2 months before and throughout the
study. Male subjects had to agree to use contraception during and for 1
month after the study. The subjects could not have had any fungal infec-
tion (including onychomycosis) within 3 months of the study. Subjects
were excluded if they had any surgical or medical condition that might
significantly alter the absorption, distribution, metabolism, or excretion
of any drug. Subjects were excluded if they had ever taken posaconazole, if
they had taken over-the-counter medicine within 7 days or prescription
medicine within 14 days of the study, or if they smoked more than 10
cigarettes (or equivalent tobacco use) per day, drank more than 21 units of
alcohol per week, or consumed 5 units of caffeine per day. Subjects could
not have a history of current or past drug or alcohol abuse or mental
instability and could not have donated blood within the past 90 days.

Blood collection for assessment of posaconazole PK parameters.
Blood samples for PK evaluation of posaconazole in plasma were collected
for each cohort at the following times: 0 h (predose) and 0.5, 1, 1.5, 2, 3, 4,
6, 12, 24, 48, 72, 120, and 168 h after the initiation of infusion on day 1 (PK
samples were not collected from cohort 1 or cohort 7 [vehicle control
subjects]).

PK parameters were calculated using WinNonlin Enterprise (Moun-
tain View, CA) version 5.2.1. Individual posaconazole plasma concentra-
tion data per dose group and actual sampling times were used to deter-
mine values for the following parameters after single-dose administration:

maximum observed plasma drug concentration (Cmax), time to Cmax

(tmax), area under the concentration-time curve from time zero to the
time of the last measurable sample (AUC0 –last), AUC from time zero to
infinity (AUC0 –�), terminal-phase (elimination) rate constant (�z), ter-
minal-phase half-life (t1/2), total body clearance (CL), and volume of dis-
tribution during the terminal phase (Vz).

Approximately 4 ml of blood was collected per time point into tubes
containing EDTA; samples were kept on ice or were refrigerated until
centrifugation (within 2 h of collection) for 10 min at 1,500 � g at approx-
imately 4°C. Plasma samples (duplicate sets) were immediately frozen to
at least �20°C and were maintained in the frozen state until analyzed.
Plasma samples were assayed for posaconazole using a validated detection
method in which liquid chromatography is coupled to tandem mass spec-
trometry (range of detection, 5 to 5,000 ng/ml) (13).

Safety. Safety monitoring included adverse event (AE) reporting, clin-
ical laboratory tests, vital sign measurements, 12-lead electrocardiograms,
ejection fraction measurements from echocardiography, and physical ex-
aminations. Infusion site reactions were closely monitored, and a semi-
quantitative scoring scale was used to grade the severity of the infusion site
reactions. A definition of phlebitis was established on a point system using
the following local complications: tenderness �4 cm from insertion site, 1
point; warmth, 1 point; erythema 3 to 6 cm from site, 1 point; erythema
more than 6 cm from site, 2 points; and induration or swelling, 2 points.
Phlebitis was defined as 3 or more points on a modified version of the
scoring scale (14).

RESULTS
Disposition and demographics. Seventy-two subjects were en-
rolled in 1 of 6 single-dose cohorts in part 1 (n � 12 per cohort); all
72 subjects completed the study.

Eighteen subjects were enrolled in 1 of 2 multiple-dose cohorts
(cohorts 7 and 8) in part 2. Twelve subjects were enrolled in cohort
7 (vehicle group [cyclodextrin only]), including 9 subjects receiv-
ing vehicle control and 3 subjects receiving placebo; 10 subjects
completed the study. Six subjects were enrolled in cohort 8, in-
cluding 5 subjects receiving 100 mg posaconazole i.v. and 1 subject
receiving placebo; none completed the study. All 8 subjects who
did not complete part 2 (2 placebo subjects in cohort 7 and 6
subjects in cohort 8) were discontinued prematurely either be-
cause of an AE (4 subjects) or because of early study termination
(4 subjects).

In part 1, 54% of the subjects were female, 94% were white, and
none were Hispanic or Latino; the age range was 18 to 56 years. In
part 2, 28% of the subjects were female, 94% were white, and �1%
were Hispanic or Latino; the age range was 19 to 64 years.

PK evaluations. PK analyses were conducted only in part 1
because of the early termination of part 2.

All 45 subjects in part 1 who received posaconazole were in-
cluded in the PK analyses. After single-dose administration of 50
to 300 mg i.v. posaconazole, the mean exposure (AUC0 –�) ranged
from 4,890 to 46,400 ng · h/ml (percent coefficient of variation
[%CV] range, 26 to 50), and the Cmax plasma concentration
ranged from 313 to 2,840 ng/ml (%CV range, 26 to 30) (Table 1).

Figure 1 shows the log-linear arithmetic mean posaconazole
plasma concentration-time profiles after single-dose administra-
tion of 50- to 300-mg posaconazole i.v. solutions. The dose pro-
portionality slope estimates (90% confidence interval) for Cmax,
AUC0 –last, and AUC0 –� were 1.16 (1.02 to 1.30), 1.33 (1.22 to
1.44), and 1.30 (1.19 to 1.41), respectively, indicating a more-
than-dose-proportional increase (Table 2). Visual inspection
shows that this more-than-dose-proportional increase occurs pri-
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marily at doses below 200 mg rather than at doses from 200 to 300
mg (Fig. 2).

Safety. (i) Part 1: single-dose administration. In part 1 (n �
72 subjects), peripheral posaconazole i.v. administration in single
doses up to 300 mg infused over 30 min was generally safe and well
tolerated by healthy adults. All AEs were mild to moderate, and
there was no apparent increase in treatment-related AEs with the
250-mg or 300-mg doses compared with the rates of AEs with the
lower doses. Overall, 29 of 72 subjects (40%) had �1 AE (placebo,
6/18 [33%]; vehicle, 5/9 [56%]; 50 mg posaconazole, 4/9 [44%];
100 mg posaconazole, 3/9 [33%]; 200 mg posaconazole, 4/9
[44%]; 250 mg posaconazole, 3/9 [33%]; and 300 mg posacona-
zole, 4/9 [44%]). Seven (7/18 [39%]) subjects receiving a single
dose of 250 mg or 300 mg posaconazole i.v. reported a treatment-
emergent AE. Infusion site reactions after the 50-mg (n � 1),
200-mg (n � 1), 250-mg (n � 2), and 300-mg (n � 3) doses were
reported in 2 of 9 subjects receiving vehicle (cyclodextrin) only
(22%), 0 of 18 subjects receiving placebo, and 7 of 45 subjects
receiving posaconazole (16%). Two of these subjects had throm-
bophlebitis (1 each in the groups receiving 200 mg and 300 mg
posoconazole) that was considered probably related to the study
drug. All infusion site reactions were mild or moderate in severity
and resolved within 1 week of treatment. Frequently reported
symptoms in patients with infusion site reactions included ten-
derness, erythema, pain, induration/swelling, and warmth. A
summary of thrombophlebitis and infusion site reactions during

part 1 (single dose) is shown in Table 3. Apart from infusion site
reactions, including thrombophlebitis, the most frequent AEs
were nasopharyngitis (n � 5 [7%]), headache (n � 4 [6%]), nau-
sea (n � 3 [4%]), and catheter site pain (n � 3 [4%]). Most AEs
were of mild severity. There were no serious AEs or AEs that re-
sulted in treatment discontinuation in part 1.

(ii) Part 2: multiple-dose administration. In part 2 (n � 18
subjects), peripheral posaconazole i.v. infusion in multiple doses
was not well tolerated; thrombophlebitis was reported in 5 of 18
subjects (28%), as follows: 1 of 4 subjects (25%) who received
placebo, 1 of 9 subjects (33%) who received vehicle only, and 3 of
5 subjects (60%) who received 100 mg of the posaconazole i.v.
solution. In 4 of the 5 subjects, thrombophlebitis was preceded by
infusion site reactions that started on day 1 or 2. Four of the 5
subjects had thrombophlebitis of moderate intensity (vehicle, n �
1, and 100 mg i.v. posaconazole, n � 3), and 1 had thrombophle-
bitis of mild intensity (placebo, n � 1). All instances were consid-
ered drug related, and all subjects were discontinued from treat-
ment (thrombophlebitis, n � 4, and administrative reasons, n �
1). One subject was treated with acetaminophen (vehicle-only
group) and one with flucloxacillin (due to fever associated with
thrombophlebitis; 100 mg i.v. posaconazole group); all subjects
recovered between 5 and 17 days after the start of treatment.

Overall, 7 subjects (39%) reported infusion site reactions; 3/9
subjects (33%) received vehicle only, and 4/5 subjects (80%) re-
ceived 100 mg posaconazole i.v. These infusion site reactions

TABLE 1 Posaconazole pharmacokinetic parameters after single-dose i.v. administration in healthy volunteers

Cohort
Posaconazole
dose (mg)

No. of
subjects

Arithmetic mean (%CV) or value as indicated fora:

�z (h) t1/2 (h)

tmax (h)
[median
(range)]

Cmax

(ng/ml)
AUC0–last

(ng · h/ml)
AUC0–�

(ng · h/ml) AUC%
Vz

(liters) CL (liters/h)

2 50 9 0.0410 (34) 18.7 (34) 0.6 (0.5–0.7) 313 (30) 4,620 (31) 4,890 (30) 5.95 (62) 294 (39) 10.9 (25)
3 100 9 0.0360 (14) 19.6 (16) 0.5 (0.5–0.5) 1,330 (27) 10,800 (27) 11,200 (26) 4.47 (47) 262 (22) 9.40 (23)
4 200 9 0.0307 (23) 23.6 (23) 0.5 (0.5–24)b 2,250 (29) 34,600 (52) 35,400 (50) 2.75 (97) 226 (38) 6.54 (32)
5 250 9 0.0279 (21) 26.0 (23) 0.5 (0.5–0.5) 2,260 (26) 40,600 (39) 41,500 (41) 1.84 (85) 245 (33) 6.68 (29)
6 300 9 0.0292 (20) 24.6 (20) 0.5 (0.5–1.0) 2,840 (30) 45,500 (26) 46,400 (26) 1.74 (46) 236 (17) 6.90 (27)
a AUC0 –�, area under the concentration-time curve from time zero to infinity; AUC0 –last, AUC from time zero to the time of the last measurable sample; AUC%, percentage of
AUC0 –� that is extrapolated; CL, total body clearance; Cmax, maximum observed plasma drug concentration; %CV, percent coefficient of variation; i.v., intravenous; tmax, time to
Cmax; t1/2, terminal-phase half-life; �z, terminal-phase (elimination) rate constant; Vz, volume of distribution during the terminal phase.
b One subject had a high concentration at the 24-h sample; therefore, tmax is 24 h for that subject.
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started between days 1 and 4 and were commonly associated with
tenderness, pain, and erythema. As described above, 4 of the 7
subjects subsequently developed thrombophlebitis (total throm-
bophlebitis score, �2), on days 2, 3, 4, and 9 (Table 4). The high
incidence of thrombophlebitis and infusion site reactions led to
the decision to discontinue part 2 (the multiple-dose portion) of
the study before the full enrollment of cohort 8.

In addition to infusion site reactions, the most frequently re-
ported AE was headache (5 subjects [28%]). Apart from infusion
site reactions, no significant AEs in either part of the study and no
decreases in ejection fraction or liver function test abnormalities
that were of clinical concern were reported. No clinically signifi-
cant changes in laboratory values, vital signs, or 12-lead electro-
cardiography findings occurred.

DISCUSSION

A new i.v. formulation of posaconazole has been developed to
ensure adequate exposure in patients at high risk for IFI who can-
not tolerate or absorb oral medication. The aim of this study was
to evaluate the PK and safety of the posaconazole i.v. solution by
peripheral administration and the safety and tolerability of po-
saconazole i.v. solution after single and multiple doses by periph-
eral administration in healthy volunteers. Intravenous posacona-
zole is now approved for the prophylaxis of invasive Aspergillus
and Candida infections, administered over approximately 90 min
via a central venous catheter at a dose of 300 mg twice a day on day
1 and once daily thereafter until recovery from neutropenia or im-
munosuppression (administration of a single dose via a peripheral
vein is also acceptable in advance of central venous line placement).

Single-dose administration of 50 to 300 mg posaconazole i.v.
resulted in a mean Cmax range of 313 to 2,840 ng/ml and a mean
exposure (AUC0 –�) range of 4,890 to 46,400 ng · h/ml, which
covers the range of exposures known to be effective for prophy-
laxis and treatment of IFIs. The dose-proportionality slope esti-

mates (90% confidence interval) were 1.16 (1.02 to 1.30) for Cmax

and 1.30 (1.19 to 1.41) for AUC0 –�, indicating a more-than-dose-
proportional increase over the 6-fold increase in dose. This more-
than-dose-proportional increase appears to occur primarily at
doses below 200 mg rather than at the more clinically relevant
doses of 200 to 300 mg.

Peripheral posaconazole i.v. administration in single doses up
to 300 mg infused over 30 min was generally safe and well toler-
ated in healthy adults in this study. Infusion site reactions were
reported in 7 (16%) subjects receiving a single dose of posacona-
zole i.v. Otherwise, the incidence of AEs was similar at all single
doses evaluated, and there appeared to be no increase in infusion
site reactions compared with the rate in subjects receiving vehicle
alone. Given that the rates of infusion site reactions at the 250-mg
(2/9) and 300-mg (3/9) doses were comparable to those in patients
receiving placebo (2/9), it is not believed that rates of infusion site
reactions increase with dose but, rather, that any suggested increase (3
versus 2) reflects random variability due to the low numbers of sub-
jects rather than an actual effect. In contrast, in an earlier study that
used peripheral infusion of posaconazole i.v. solution over 90 min,
there was an unacceptably high rate of infusion site reactions (data on
file at Merck & Co., Inc., as CSR P04985). The results of the present
study show that single-dose i.v. posaconazole can be administered
peripherally over 30 min with careful infusion site monitoring.

Multiple doses of peripheral posaconazole i.v. infusion were
not well tolerated; infusion site reactions were reported in 25% of
placebo subjects, 33% of vehicle-only subjects, and 80% of sub-
jects treated with 100 mg posaconazole i.v. solution. Thrombo-
phlebitis was reported in 25% of placebo subjects, 11% of vehicle-
only subjects, and 60% of subjects administered 100 mg
posaconazole i.v. solution. In these subjects, the maximum grades
according to the grading scale of Soifer et al. (14) ranged from 3 to
6. These infusion site reactions led to early study termination.

TABLE 2 Dose-proportionality assessment of posaconazole after i.v. administration of a single doseb

Parameter Slope

90% CI
Estimated fold increase
(vs 6-fold dose increase)a

90% CI

Lower Upper Lower Upper

Cmax 1.159 1.018 1.300 7.979 6.197 10.27
AUC0–last 1.328 1.215 1.441 10.8 8.824 13.21
AUC0–� 1.302 1.191 1.414 10.32 8.452 12.59
a The dose range was 50 to 300 mg, i.e., a 6-fold increase from lowest to highest dose.
b AUC0 –�, area under the concentration-time curve from time zero to infinity; AUC0 –last, AUC from time zero to the time of the last measurable sample; CI, confidence interval;
Cmax, maximum observed plasma drug concentration.
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Apart from infusion site reactions, no significant AEs were re-
ported in either the single- or the multiple-dose parts of this study,
and no new safety concerns arose.

Decreasing the infusion time from 90 to 30 min led to reduced
rates of infusion site reactions and thrombophlebitis when po-
saconazole was administered as a single-dose i.v. infusion but not
when it was administered as a multiple-dose i.v. infusion. Al-
though thrombophlebitis still occurred after single-dose periph-
eral administration of posaconazole i.v. solution over 30 min, the
thrombophlebitis rate was sufficiently low and was considered
acceptable with careful clinical monitoring of local infusion site
reactions/thrombophlebitis. This result is relevant when treat-
ment is needed in advance of central venous line placement or to
bridge the period during which a central venous line is replaced or
in use for other i.v. treatments. In the multiple-dose part of this
study, however, the results show that decreasing the time of infu-
sion still led to an unacceptably high rate of thrombophlebitis.
Therefore, multiple-dose administration of posaconazole i.v. so-
lution through peripheral administration from the same i.v. site is
considered not feasible with the current i.v. formulation. When
multiple dosing is required, infusion should be performed by way
of a central line.

Summary and conclusions. Posaconazole i.v. solution showed
a more-than-dose-proportional increase in exposure, though this
occurred primarily at doses below 200 mg rather than at the clin-
ically relevant doses of 200 to 300 mg. When administered periph-
erally at the same infusion site, multiple dosing of posaconazole
i.v. led to unacceptably high rates of infusion site reactions. The
posaconazole i.v. solution was otherwise well tolerated in healthy
volunteers. Given through a peripheral vein and with careful clin-
ical monitoring of local infusion site reactions/thrombophlebitis,

single dosing of posaconazole i.v. is tolerated when administered
over 30 min.
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