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Aims: Oral itraconazole has variable pharmacokinetics and risks of adverse events

associated with high plasma exposure. An inhalation formulation of itraconazole

(PUR1900) is being developed to treat allergic bronchopulmonary aspergillosis, an

allergic inflammatory disease occurring in asthmatics and patients with cystic fibrosis.

Methods: A 3-part, open-label Phase 1 study was conducted to evaluate safety, tol-

erability and pharmacokinetics of PUR1900. Healthy volunteers (n = 5–6/cohort)

received either single (Part 1) or multiple (Part 2) ascending doses of PUR1900 for up

to 14 days. In Part 3 stable, adult asthmatics received a single dose of 20 mg

PUR1900 or 200 mg of oral Sporanox (itraconazole oral solution) in a 2-period ran-

domized cross-over design. Itraconazole plasma and sputum concentrations were

evaluated.

Results: None of the adverse events considered as at least possibly related to study

treatment were moderate or severe, and none were classed as serious. The most

common was the infrequent occurrence of mild cough. Itraconazole plasma exposure

increased with increasing doses of PUR1900. After 14 days, PUR1900 resulted in

plasma exposure (area under the concentration–time curve up to 24 h) 106- to

400-fold lower across doses tested (10–35 mg) than steady-state exposure reported

for oral Sporanox 200 mg. In asthmatics, PUR1900 geometric mean maximum spu-

tum concentrations were 70-fold higher and geometric mean plasma concentrations

were 66-fold lower than with oral Sporanox.

Conclusion: PUR1900 was safe and well-tolerated under the study conditions. Com-

pared to oral dosing, PUR1900 achieved higher lung and lower plasma exposure. The

pharmacokinetic profile of PUR1900 suggests the potential to improve upon the effi-

cacy and safety profile observed with oral itraconazole.
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1 | INTRODUCTION

Aspergillus spp. are spore-forming moulds that cause significant mor-

bidity and mortality in a number of patient populations. Aspergillus

fumigatus causes chronic infection in patients with chronic lung dis-

eases such as asthma and cystic fibrosis. In asthma patients, fungal

colonization and infection can result in allergic bronchopulmonary

aspergillosis (ABPA), a complex T-helper type 2 hypersensitivity reac-

tion marked by high levels of eosinophils and IgE, and antibodies reac-

tive with Aspergillus antigens.1,2 Through repeated cycles of infection

and inflammation, patients with ABPA are at high risk for frequent

exacerbations and the development of bronchiectasis. ABPA manage-

ment focuses on using oral corticosteroids to suppress inflammation

and oral antifungals to attempt to eradicate A. fumigatus from the

airways.3

Itraconazole is the most commonly used antifungal therapy and

randomized controlled trials have demonstrated efficacy in treating

ABPA either as adjunctive or monotherapy4-6; however, oral doses of

itraconazole have variable absorption and food interactions, and no

correlation is observed between serum and sputum levels.7 Patients

with cystic fibrosis have highly variable pharmacokinetics and steady-

state sputum concentrations of itraconazole often fall below the mini-

mum inhibitory concentration (MIC90) for A. fumigatus in most sub-

jects.8,9 High plasma concentrations of itraconazole can lead to

significant drug–drug interactions (DDI) and significantly impact the

pharmacokinetics of other drugs10 through inhibition of cytochrome

p450 3A4 in the liver and increasing plasma exposure has been linked

to a greater probability for adverse events (AEs).11 Poor pharmacoki-

netics and risks associated with its side effect profile limit itraconazole

therapeutic efficacy.7

Inhaled anti-infective therapies have been developed to treat

local pulmonary infections caused by a number of different patho-

gens in patients with chronic respiratory diseases.12 PUR1900 is a

dry powder formulation of itraconazole formulated in a particle

engineered dry powder platform called iSPERSE, which allows

highly efficient delivery of high drug loads to the lungs via inhala-

tion.13,14 PUR1900 is engineered to have a small aerodynamic par-

ticle size for efficient pulmonary delivery with the goal of

achieving high lung concentrations of itraconazole to treat pulmo-

nary infections. A Phase 1 study was conducted to assess the

safety and tolerability of PUR1900 in healthy subjects and subjects

with stable mild-to-moderate asthma, and to characterize the single

and multiple dose pharmacokinetics of itraconazole following

inhalation.

2 | METHODS

2.1 | Study drug

PUR1900 is a dry powder for oral inhalation comprising

itraconazole as the active pharmaceutical ingredient. PUR1900 was

administered with a reloadable, single-capsule passive dry powder

inhaler (DPI; RS01 Model 7; Plastiape S.p.A., Osnago, Italy).

Each PUR1900 capsule contains 5 mg of itraconazole. Increasing

doses of itraconazole were achieved by administering increasing

numbers of capsules. All doses refer to the nominal dose of

itraconazole.

2.2 | Study design part 1 and part 2: Healthy
volunteers

An integrated Phase 1, multicentre, 3-part, open-label study in healthy

adult subjects and adult subjects with mild-to-moderate stable asthma

was conducted to evaluate the safety, tolerability and pharmacokinet-

ics of PUR1900. The study was approved by the local ethics commit-

tee and the Medicines and Healthcare products Regulatory Agency

(MHRA). All subjects provided written informed consent (clinicaltrials.

gov NCT03479411).

Part 1 enrolled 23 healthy subjects in 4 separate cohorts who

received single doses of 5, 10, 25 and 35 mg PUR1900. Safety and

tolerability evaluations, including spirometry and electrocardiograms,

were performed predose, and 0.5, 2, 4, 8, 12 and 24 h after dosing.

Additional safety assessments and blood collections were performed

48 and 96 h after dosing and at follow-up.

Part 2 enrolled 18 healthy subjects in 3 separate cohorts who

received daily doses of 10, 20 and 35 mg PUR1900 for 14 days.

Safety and tolerability were made on Day 1 and Day 14 were evalu-

ated on each day of the study as described in Part 1. Additional safety

and pharmacokinetic assessments were performed 96 and 168 h after

the last dose and at follow up.

2.3 | Study design part 3: Mild-to-moderate
asthmatics

Part 3 was a 2-period, randomised, crossover study in adult subjects

(n = 17) with mild-to-moderate stable asthma who received single

doses of PUR1900 or itraconazole oral solution (Sporanox Oral

Solution; 10 mg/mL). Eligible subjects were GINA STEP 2 or

3 patients15 and required treatment with either inhaled corticoste-

roids (ICS) or ICS plus a long-acting β-agonist. Enrolled subjects did

not have ABPA. Additionally, eligible subjects had a pre-

bronchodilator forced expiration volume in 1 s (FEV1) ≥ 70% of

predicted normal at screening and needed to produce a sputum

sample at screening of a quality required for drug concentration

assessments. Eligible subjects were randomised to receive a single

oral dose of 200 mg Sporanox or a single inhaled PUR1900 dose of

20 mg in Period 1. After a washout of at least 14 days, each subject

received the alternative treatment in Period 2. All 17 subjects

received 200 mg Sporanox (9 in sequence 1 and 8 in sequence 2),

and 16 subjects received 20 mg PUR1900. One subject was with-

drawn from the study prior to dosing in Period 2 due to a positive

drug test and did not receive PUR1900. Safety and tolerability were

performed as in Part 1.
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2.4 | Pharmacokinetic sampling and analysis

In Part 1 and 3, blood was collected predose and 0.25, 0.75, 1.5, 2, 3,

4, 6, 8, 12, 16 and 24 h after inhalation to determine plasma concen-

trations of itraconazole and the active metabolite, hydroxy-

itraconazole using a validated liquid chromatography–tandem mass

spectrometry method with an lower limit of quantitation of 0.1 ng/mL

for each analyte. Additional blood collections were performed 48 h

and 96 h after dosing and at follow-up. For itraconazole the mean

intrarun precision ranged from 15.5 to 8.5 (% coefficient of variance

[%CV]) and the mean inter-run precision ranged from 17.4 to 8.7

(%CV). For hydroxy-itraconazole the same measures were 11.4 to 2.9

(%CV) and 19.7 to 4.1 (%CV) for the inter-run and intrarun precision,

respectively.

In Part 2, blood collections were made on Day 1 and Day 14 as

described in Part 1 and were additionally performed predose on Day

2–13. Additional assessments were performed 96 h and 168 h after

the last dose and at follow up.

Sputum induction was performed in Part 3 to assess lung drug

concentrations 2, 6, 23, 48 and 96 h after dosing in accordance

with European Respiratory Society guidelines.15 Subjects received

400 μg salbutamol orally inhaled via a spacer and spirometry was

performed approximately 20 min after administration. Subjects then

inhaled nebulized hypertonic saline for 5 min on up to 3 occasions.

After each inhalation period, subjects were asked to expectorate

sputum for analysis. Sputum levels of itraconazole and hydroxy-

itraconazole were determined by a liquid chromatography–tandem

mass spectrometry method validated for sputum over a low (0.1–-

100 ng/mL) and high (50–10000 ng/mL) range. For itraconazole low

range method, the mean intrarun precision ranged from 3.9 to 9.2

(%CV) and the mean inter-run precision ranged from 4.4% to 12.3%

(%CV). For hydroxy-itraconazole the intrarun precision was 3.4 to

9.5% (%CV) and the inter-run precision was 4.1 to 9.8 (%CV).

Results were similar for the high range method: itraconazole

intrarun precision was 2.8 to 5.5 (%CV), itraconazole inter-run preci-

sion was 2.7–10.9 (%CV), hydroxy-itraconazole intrarun precision

was 2.8–8.2 (%CV), and itraconazole inter-run precision was 2.9 to

11.3 (%CV).

2.5 | Populations and statistical analysis

In each study part, the safety population included all subjects who

received at least 1 dose of study medication and the pharmacoki-

netic population included all subjects in the safety population who

had at least 1 evaluable postdose pharmacokinetic measurement.

Noncompartmental pharmacokinetic parameters of itraconazole and

hydroxy-itraconazole were calculated for each subject for each

treatment. Noncompartmental analysis was performed using PKNCA

(version 0.8.4) with R (version 3.4.3)16 and statistical analyses were

performed using SAS (version 9.4). In Part 2, accumulation ratios

were calculated from Day 1 and Day 14 area under the

concentration–time curve up to 24 h (AUC0-24h) and maximum

concentration (Cmax) values. Dose proportionality was assessed by

combining data from Cohorts 1 and 2 (presented) and within each

cohort (not presented).

Relative bioavailability of PUR1900 and Sporanox were deter-

mined in Part 3. Pharmacokinetic parameters underwent a natural log-

arithmic transformation and were analysed using a linear mixed model

including terms for treatment, period and sequence fitted as fixed

effects and subject nested within sequence fitted as a random effect.

PUR1900 (20 mg) Cmax and AUC0-24h were also compared between

asthmatics (Part 3) and healthy volunteers (Part 2) using analysis of

variance. The difference between adjusted means and the associated

90% confidence interval (CI) obtained from the model were back

transformed from the log scale to obtain the adjusted geometric mean

ratios (GMRs) and corresponding 90%CI for the ratio.

3 | RESULTS

3.1 | Patients and demographics

Twenty-three subjects (10:13 male:female) aged 19–60 were dosed in

Part 1 and 18 subjects (14:4 male:female) aged 21–60 were dosed in

Part 2. The majority of subjects were white (78.3% in Part 1 and

83.3% in Part 2) and all subjects were within the reference range for

body mass index (18–35 kg/m2). Seventeen subjects aged

18–55 years were enrolled in Part 3 (10:7 male:female). Subjects in

Part 3 had a confirmed diagnosis of asthma, were on treatment with

either ICS or ICS plus long-acting β-agonist and met GINA Step 2 or

3 criteria.15 CONSORT diagrams are shown in Figure 1 and Figure 2,

study demographics are shown in Table 1.

3.2 | Single-dose pharmacokinetics in healthy
subjects

After single doses of PUR1900, absorption of itraconazole into plasma

was rapid at all dose levels. All subjects had quantifiable plasma con-

centrations between 0.25 and 48 h and at doses ≥10 mg exposure

was observed through 96 h. Plasma exposure was generally

maintained at similar levels over the first 24 h indicating sustained

absorption (Figure 3a). Beyond 24 h, plasma concentrations declined

in a steady mono-exponential manner and the median rate of elimina-

tion for itraconazole was similar across doses (Table 2). Kinetics of

hydroxy-itraconazole exposure were similar to itraconazole, with

lower hydroxy-itraconazole exposure relative to itraconazole at all

doses (Supplemental Table S1).

3.3 | Multiple-dose pharmacokinetics in healthy
subjects

In Part 2, PUR1900 single dose pharmacokinetics were similar to Part

1 (Supplemental Table 2) and the kinetics of exposure were similar on
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F IGURE 1 CONSORT diagram for Parts 1 and
2 of the study

F IGURE 2 CONSORT diagram for Part 3 of
the study

TABLE 1 Study demographics

Part 1 (n = 23) Part 2 (n = 18) Part 3 (n = 17)

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Age (y) 35.3 (13.3) 19–60 42.9 (13.7) 21–60 38.8 (11.1) 18–55

Height (cm) 169.7 (9.52) 152–184 171.7 (5.33) 159–178 173.2 (9.49) 154–187

Weight (kg) 78.5 (14.1) 55.4–112 80.8 (12.6) 64–102 82.1 (13.9) 59.5–107.7

BMI (kg/m2) 27.2 (3.71) 20.9–34.8 27.4 (3.83) 22.7–34.9 27.3 (3.01) 24.0–32.3

FEV1 (L) n/a n/a n/a n/a 3.50 (0.87) 2.36–5.20

Subjects taking ICS n/a n/a n/a n/a 12

Subjects taking ICS/LABA n/a n/a n/a n/a 5

Male:Female 10: 13 14: 4 10: 7

BMI, body mass index; FEV1, forced expiration volume in 1 s; ICS, inhaled corticosteroids; LABA, long-acting β-agonist; n/a = not applicable; SD, standard

deviation

4 HAVA ET AL.



both Day 1 and Day 14 (Figure 3b). Plasma concentrations of

itraconazole and hydroxy-itraconazole increased with each repeat

dose, with concentrations at or close to steady state by Day 14.

Itraconazole accumulation was consistent across dose levels, ranging

from 2.9- to 3.4-fold accumulation based on Cmax and 2.8- to 3.3-fold

accumulation based on AUC0-24h (Table 2). Levels of hydroxy-

itraconazole were lower relative to itraconazole after 14 days of dos-

ing, with similar levels of accumulation observed (Supplemental

Table 3). After 14 days of dosing, plasma itraconazole and hydroxy-

itraconazole concentrations declined in a steady mono-exponential

manner, with a similar rate of elimination across all doses and both

parent and metabolite (Table 2 and Supplemental Table 3).

Using the combined single dose data from Part 1 and Part 2, esti-

mates of β (90% CI) were 0.87 (0.73, 1.00) and 0.89 (0.76, 1.02) for

Cmax and AUC0-24h, respectively, indicating that systemic exposure

(both peak and overall) increased with increasing dose of PUR1900 in

a broadly dose proportional manner (Figure 4).

3.4 | Pharmacokinetics in asthma patients

After inhaled dosing, 14/16 subjects had quantifiable plasma

itraconazole concentrations up to 96 h and itraconazole was quantifi-

able in all samples up to 96 h following oral dosing. PUR1900 resulted

in similar plasma exposure in asthmatics and healthy volunteers. The

GMRs (90%CI) of Cmax and AUC0-24h for asthmatics compared to

healthy volunteers following inhalation of 20 mg PUR1900 were

94.59% (63.80, 140.24%) and 85.27% (55.74, 130.46%), respectively.

Following oral and inhaled doses, itraconazole was quickly

absorbed into the systemic circulation with median time to Cmax esti-

mates of 4.0 and 1.5 h for PUR1900 and Sporanox, respectively

(Table 2). Following PUR1900 administration, itraconazole and

hydroxy-itraconazole plasma exposure generally were maintained

over the first 24 h, indicating a prolonged absorption, albeit both at

very low levels (Figure 5a). In contrast, oral itraconazole was rapidly

absorbed and eliminated, such that itraconazole exposure peaked

F IGURE 3 Pharmacokinetics of itraconazole in healthy subjects. (A) Itraconazole plasma levels were determined after single doses of
PUR1900 for up to 96 h after dosing (part 1). Data depict geometric mean (+ geometric standard deviation) concentrations for 5 mg PUR1900
(●), 10 mg PUR1900 (■), 25 mg PUR1900 (�), and 35 mg PUR1900 (□). (B) Itraconazole plasma levels were determined after single daily doses of
PUR1900 for 14 days (part 2). Data depict the day 1 and day 14 geometric mean (+ geometric standard deviation) concentrations for 10 mg
PUR1900 (■), 20 mg PUR1900 (▲), and 35 mg PUR1900 (□)

TABLE 2 Itraconazole single (SAD) and multiple (MAD) ascending dose pharmacokinetics

Dose (mg) Tmax (h)

Cmax

(ng/mL)

AUC0-24h

(ng h/mL)

Kel

(1/h) Cl/F (L/h) Vz/F (L)

Accumulation

ratio Cmax

Accumulation
ratio

AUC0-24h

Part 1

SAD

day 1

5 6 0.873 (35.4) 15.9 (36.5) 0.0298 166 (36.0) 5130 (43.6) n/a n/a

10 6 2.28 (26.8) 38.9 (43.1) 0.0194 90.8 (31.0) 4020 (58.1) n/a n/a

25 3 3.90 (38.2) 64.9 (30.6) 0.0210 118 (26.5) 5550 (31.9) n/a n/a

35 18 4.58 (48.4) 86.9 (42.6) 0.0230 192 (9.7) 7920 (7.3) n/a n/a

Part 2

MAD

day 14

10 5 3.77 (34.2) 73.2 (35.1) 0.0169 n/d n/d 2.9 3.0

20 4 8.98 (37.9) 175 (32.7) 0.0197 n/d n/d 3.4 3.3

35 0.75 15.2 (49.3) 276 (62.2) 0.0170 n/d n/d 3.0 2.8

Part 3 day

1

PUR1900

20 mg

4 2.5 (58.5) 45.3 (64.0) 0.0248 182 (76.3) 7350 (67.8) n/a n/a

Sporanox

200 mg

1.5 606 (37.6) 3660 (27.6) 0.0200 28.8 (33.8) 1440 (32.7) n/a n/a

Data are geometric means (% coefficients of variance); except medians are presented for Tmax and Kel.

AUC0-24h, area under the concentration–time curve up to 24 h; Cmax, maximum concentration; Kel, rate of elimination; n/a = not applicable; n/d = not

determined; Tmax, time to Cmax
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within 1.5–3 h after dosing, and rapidly declined to levels that were

15% of Cmax 12 h after dosing (Figure 5a). Hydroxy-itraconazole

showed a longer exposure, peaking at 1.5–6 h after dosing and

maintained exposure at 41% of Cmax 24 h after dosing. Similar to

itraconazole, hydroxy-itraconazole levels were lower following inhaled

dosing compared to oral dosing (Supplemental Table 4).

Adjusted geometric mean systemic itraconazole exposure over

24 h (AUC0-t) after PUR1900 was 1.51% of the exposure after oral

dosing, approximately 66-fold lower. For hydroxy-itraconazole, the

adjusted geometric mean plasma AUC0-t after PUR1900 was 0.32% of

the exposure after oral dosing, approximately 310-fold lower. Consis-

tent with these differences, the relative bioavailability of itraconazole

was substantially lower following PUR1900 inhalation compared to

oral dosing. The GMRs (90%CI) for Cmax, AUC0-t and AUC0-inf were

0.41% (0.33%, 0.51%), 1.51% (1.19%, 1.91%) and 1.62% (1.27%,

2.06%), respectively. A lower percentage of the AUC0-inf was extrapo-

lated for oral Sporanox (median 7.2%; range 0.1–25%) compared to

PUR1900 (median 10.2%; range 7.7–35%).

In contrast to plasma levels, high sputum itraconazole exposure

was observed following PUR1900 (20 mg) dosing relative to oral

dosing (200 mg). PUR1900 geometric mean Cmax was 70-fold higher

than Cmax after oral dosing (4530 ng/mL vs 65.4 ng/mL, respec-

tively) and levels remained high through 23 h (Figure 5b). At 2 and

6 h after PUR1900 dosing, most subjects produced sputum

itraconazole concentrations greater than the MIC90 of itraconazole

against A. fumigatus, and 40% of subjects exceeded this concentra-

tion at 23 h (Figure 5c). In contrast, only 13% of orally dosed sub-

jects had itraconazole concentrations above the MIC90 at the 2 h

timepoint, with none of the subjects above the MIC90 at 6 h after

oral dosing. Sputum hydroxy-itraconazole values were very low fol-

lowing both PUR1900 and Sporanox, with most sputum samples fol-

lowing PUR1900 inhalation having concentrations that were not

quantifiable.

3.5 | PUR1900 safety and tolerability

In Part 1, 1 subject experienced 2 serious AEs (appendicitis and peri-

tonitis) unrelated to PUR1900 that occurred 7 days after dosing. No

other serious AEs were reported. There were 26 AEs in Part 1 (Table 3),

with no dose-related trend in the incidence of AEs except for an

increased incidence of cough in the 25 mg (66.7%) and 35 mg (66.7%)

PUR1900 cohorts. In Part 2, there were 36 AEs (Table 3). One subject

received 35 mg PUR1900 for 5 days prior to withdrawing consent.

Eight (44.4%) subjects experienced a mild adverse drug reaction

(ADR) of cough; 2, 3 and 3 subjects in the 10, 20 and 35 mg PUR1900

cohorts, respectively. In all cases, cough resolved spontaneously in

seconds to minutes after dosing and required no intervention. In addi-

tion, 1 (16.7%) subject in the 10 mg cohort experienced a mild ADR of

chest discomfort.

After a single dose of PUR1900 or oral Sporanox in asthma

patients, all AEs considered as at least possibly related to study

drug were characterized as mild. Overall, 6 (35.3%) subjects experi-

enced 7 AEs following a single dose of Sporanox and 11 (68.8%)

subjects experienced 16 AEs following 20 mg PUR1900 (Table 4).

Three subjects experienced a mild ADR of cough during dosing and

1 subject experienced a mild ADR of chest discomfort following

PUR1900. In all cases, cough resolved spontaneously in seconds to

minutes after dosing and required no intervention. There were no

clinically significant changes in ECGs or vital signs. One subject had

an increase in muscle enzymes unrelated to treatment following

PUR1900.

In Part 1, a ≥10% decrease in FEV1 from baseline (predose Day

1) at any timepoint was observed in 2/6 subjects in the 10 mg

PUR1900 cohort (at 12 h postdose in 1 subject and at 12 and 24 h

postdose in the second subject) and in 2/6 subjects in the 35 mg

cohort (at the follow up visit in 1 subject and at 24 h postdose in

the second subject). In Part 2, a ≥10% decrease in FEV1 from base-

line was observed at any timepoint in 4 subjects; 1/6 subjects in

the 10 mg PUR1900 cohort, 2/6 subjects in the 20 mg cohort and

1/6 subjects in the 35 mg cohort. These FEV1 declines occurred at

F IGURE 4 Relationship between dose and itraconazole exposure
in healthy subjects. (A) maximum concentration (Cmax) or (B) area
under the concentration–time curve up to 24 h (AUC0-24h) for each
subject after receiving a single dose of PUR1900 in part 1 and part
2 of the study were plotted against the administered PUR1900 dose

6 HAVA ET AL.



various timepoints across the 14 days of dosing in these 4 subjects,

with no obvious pattern associated with either dose received or

timepoint in which the declines were observed. In no instance was

a decline in FEV1 associated with any symptoms, nor considered to

be an AE. In Part 2, all FEV1 values were within 10% of baseline at

the final follow-up visit.

F IGURE 5 Plasma and sputum
pharmacokinetics of itraconazole in asthmatics.
Itraconazole (A) plasma levels or (B) sputum levels
were determined after single doses of PUR1900
or oral Sporanox. Geometric mean (+geometric
standard deviation) of itraconazole levels are
shown; 20 mg PUR1900 (▲) or 200 mg Sporanox
(4). The number of sputum samples collected per
timepoint was: 11 (2 h), 12 (6 h), 15 (23 h),

15 (48 h), and 14 (96 h) for PUR1900 and 15 (2 h),
13 (6 h), 15 (23 h), 15 (48 h), 16 (96 h) for
Sporanox. (C) Itraconazole sputum concentrations
for each subject are shown for 20 mg PUR1900
(▲) or 200 mg Sporanox (4). The geometric mean
is indicated by a line and the percentage of
subjects above the MIC90 at each time point are
shown. The dotted line at 500 ng/mL in B and C
indicates the MIC90 for Aspergillus fumigatus17

TABLE 3 Incidence of treatment-emergent adverse events (TEAEs) in healthy subjects

Part 1 – single ascending dose Part 2 – multiple ascending dose

5 mg

(n = 5)

10 mg

(n = 6)

25 mg

(n = 6)

35 mg

(n = 6)

Overall

(n = 23)

10 mg

(n = 6)

20 mg

(n = 6)

35 mg

(n = 6)

Overall

(n = 18)

Subjects reporting TEAEs 2 (3) 2 (8) 5 (11) 4 (4) 13 (26) 2 (4) 5 (19) 5 (13) 12 (36)

Respiratory, thoracic and

mediastinal disorders

0 1 (1) 4 (4) 4 (4) 9 (9) 2 (3) 4 (14) 4 (7) 10 (24)

Cough 0 0 4 (4) 4 (4) 8 (8) 2 (3) 3 (12) 3 (6) 8 (21)

Epistaxis 0 1 (1) 0 0 1 (1) 0 1 (2) 1 (1) 2 (3)

Musculoskeletal and connective

disorders

2 (3) 0 1 (2) 0 3 (5) 0 1 (1) 1 (1) 2 (2)

Gastrointestinal disorders 0 1 (1) 1 (1) 0 2 (2) 0 0 0 0

Injury, poisoning, and procedural

complications

0 1 (2) 1 (1) 0 2 (3) 0 0 0 0

Nervous system disorders 0 0 2 (2) 0 2 (2) 0 1 (1) 2 (3) 3 (4)

Skin and subcutaneous tissue

disorders

0 1 (1) 1 (1) 1 (1) 2 (2) 0 0 0 0

Renal and urinary disorders 0 0 0 0 0 0 1 (1) 0 1 (1)

Infections and infestations 0 1 (3) 0 0 1 (3) 0 1 (1) 0 1 (1)

General disorders and

administration site conditions

0 0 0 0 0 1 (1) 0 2 (2) 3 (3)

Eye disorders 0 0 0 0 0 0 1 (1) 0 1 (1)

Data show the no. of subjects (no. of events) that experienced each TEAE.

HAVA ET AL. 7



In Part 3, spirometry was measured up to 96 h after dosing. As

part of the sputum induction procedure, subjects received a short-

acting β-agonist prior to sputum induction (at 2, 6, 23, 48 and 96 h

postdose) and in these instances, spirometry was performed prior to

short-acting β-agonist use. A ≥10% decrease in FEV1 from baseline

was observed in 5/16 subjects in at least 1 time point following

administration of PUR1900, including 2 subjects in which an FEV1

decline of ≥10% was observed at 0.5 and 1.5 h postdose. In the first

subject, the decline in FEV1 observed at 0.5 (34% decrease) and 1.5

(23% decrease) h postdose was associated with mild chest discomfort

and wheezing and was considered an AE. This subject did not require

the administration of rescue medication, and following administration

of 4 puffs of salbutamol 2 h post-dosing and prior to undergoing spu-

tum induction the subject's FEV1 was back to baseline. This was the

only subject in the study for whom a postdose decline in FEV1 follow-

ing the administration of PUR1900 was associated with an AE. In the

other 3 subjects, declines in FEV1 postdose were observed at 48 and

96 h postdose in 1 subject, at 96 h postdose in 1 subject, and at 23 h

postdose in the third subject.

There was no relationship between subjects who coughed and

subjects who experienced a decline in spirometry and no relation-

ship between PUR1900 dosing and the timing of when declines in

spirometry were observed. Other than a slight decrease in the mean

FEV1 observed 30 min postinhalation of PUR1900 driven by the

2/16 subjects that experienced an FEV1 decline at this timepoint,

there were no notable differences detected in mean change from

baseline at any other timepoint between PUR1900 and Sporanox

(Figure 6). The mean changes observed at 30 min post inhalation of

PUR1900 were driven by 2 subjects who experienced declines of

23 and 34% at this timepoint. Neither subject required

administration of a rescue bronchodilator and FEV1 values compara-

ble to predose were observed in both subjects at the 2-h time

point, following administration of 400 μg of salbutamol prior to

planned sputum induction.

4 | DISCUSSION

Safety and tolerability of PUR1900, an inhaled dry powder formula-

tion of itraconazole, was assessed in healthy subjects and mild-to-

moderate asthmatics. PUR1900 doses up to 35 mg itraconazole for

14 days in healthy subjects and single doses of 20 mg PUR1900

appeared to be safe and well tolerated in both study populations,

although some individuals experienced a transient cough immediately

after dosing. Pharmacokinetic data indicate that PUR1900 results in

higher and more sustained lung exposure of itraconazole relative to

oral dosing, an important factor in the activity of itraconazole against

Aspergillus.18 In addition, plasma exposure following PUR1900 inhala-

tion was substantially lower than that with oral dosing, potentially

decreasing risks of systemic itraconazole-related AEs and drug–drug-

interactions. Finally, the sustained nature of lung exposure and the

relatively low accumulation with repeat dosing supports once daily

dosing in future clinical trials.

The most common ADR in healthy subjects and asthma patients

was the occurrence of mild cough immediately after dosing. All

coughs were mild and resolved without treatment within seconds to

minutes. Coughs were not associated with any clinically significant

change in spirometry parameters or symptoms of bronchoconstriction,

such as wheeze or chest tightness. Cough associated with dosing is

commonly observed following inhalation drugs with high powder

loads and often reduces in incidence and severity with extended

TABLE 4 Incidence of treatment-emergent adverse events
(TEAEs) in asthmatics

Sporanox

200 mg (n = 17)

PUR1900 20 mg

(n = 16)

Subjects reporting TEAEs

(number of events)

6 (7) 11 (16)

Respiratory, thoracic and

mediastinal disorders

1 (1) 4 (4)

Cough 0 3 (3)

Chest discomfort 0 1 (1)

Wheezing 1 (1) 0

Nervous system disorders 2 (2) 4 (5)

Skin and subcutaneous

tissue disorders

2 (2) 3 (3)

Immune system disorders 0 2 (2)

General disorders and

administration site

conditions

1 (1) 0

Investigations 0 1 (1)

Psychiatric disorders 1 (1) 0

Data represent the number of subjects and number of events in brackets

for each TEAE

F IGURE 6 Change in forced expiration volume in 1 s (FEV1) in
asthmatics following PUR1900 and oral Sporanox. Spirometry was
performed in mild-to-moderate asthmatics for up to 96 h after dosing
with 20 mg PUR1900 or 200 mg oral Sporanox. The percent change
from baseline FEV1 was calculated. The mean ± standard deviation
are shown following 20 mg PUR1900 (n = 16; ▲) or 200 mg
Sporanox (n = 17; 4)

8 HAVA ET AL.



dosing and acclimation.19-21 Of note, cough associated with PUR1900

administration resolved spontaneously. In each part of the study, a

small number of subjects experienced a decline in FEV1 of ≥10% fol-

lowing dosing in at least 1 time point that spirometry was measured;

however, in only 1 subject in Part 3 was a decline in FEV1 associated

with chest discomfort.

After both single and repeat doses of PUR1900, itraconazole was

rapidly absorbed and systemic exposure of itraconazole and hydroxy-

itraconazole increased with increasing dose of PUR1900 in a broadly

dose proportional manner. Steady-state systemic exposure appeared

to be achieved by 14 days of dosing, with very low systemic exposure

of itraconazole and hydroxy-itraconazole. PUR1900 steady state

AUC0-24h was 106- and 400-fold lower for the 35- and 10-mg doses,

respectively, than that achieved with the exposure observed with

twice daily dosing of oral Sporanox solution (29 271 ng h/mL) in

healthy subjects in a previous study.22 Itraconazole and hydroxy-

itraconazole are potent inhibitors of cytochrome p450 3A4 and con-

traindicated with a number of drugs and drug classes due to risks of

significant drug–drug interactions and cardiovascular events.23 Fur-

ther, the probability of AEs associated with oral itraconazole dosing

increase with increasing plasma concentrations of itraconazole and

therapeutic drug monitoring is important during treatment.11,24

PUR1900 may reduce the risks of AEs and improve the therapeutic

window relative to oral itraconazole due to substantially reduced

plasma exposure following inhalation.

Assessment of plasma drug concentrations after inhalation can be

used as a surrogate for monitoring lung exposure.25 PUR1900 has a

mass median aerodynamic diameter of ~2.5 μm and a high fine parti-

cle fraction, resulting in efficient lung delivery and low oral deposition

similar to other products formulated in iSPERSE.13,26 Following a sin-

gle dose of PUR1900, the geometric mean plasma ratio of hydroxy-

itraconazole to itraconazole based on AUC0-t was 0.345–0.474,

whereas after oral itraconazole dosing, this ratio is approximately

2-fold.22 Lower metabolite exposure is consistent with reduced

hepatic metabolism of itraconazole and lower first-pass metabolism

following inhalation of PUR1900. Gut absorption following oral dosing

leads to rapid metabolism of the itraconazole to hydroxy-itraconazole,

resulting in the higher metabolite-to-parent ratio. Lower metabolite

exposure after inhalation strengthens the interpretation that lung

itraconazole exposure can be assessed through the measurement of

plasma levels, as the reduced metabolism of itraconazole is evidence

that the plasma itraconazole levels are achieved primarily via lung

absorption and are therefore reflective of the levels of itraconazole in

the lung. At steady-state, the kinetics of itraconazole elimination and

the magnitude of accumulation were similar across all doses. The elim-

ination of itraconazole was similar after single and multiple doses indi-

cating the absence of significant lung accumulation that would result

in prolonged systemic exposure after the end of the inhalation dosing

period secondary to a sink-like effect of accumulated itraconazole in

the lung. Collectively, these data suggest that PUR1900 results in

sustained lung exposure over 24 h after inhalation and that lung accu-

mulation of the drug is similar to plasma accumulation following inha-

lation of doses up to 35 mg.

PUR1900 inhalation in asthma patients resulted in substantially

higher sputum concentrations relative to oral dosing. Sputum samples

were collected serially over 96 h to enable the generation of pharma-

cokinetic estimates following inhalation or oral dosing.

Bronchoalveolar lavage and sampling of lung epithelial lining fluid is

an alternative approach to evaluating pulmonary drug levels27; how-

ever, lavage sampling multiple times over 96 h was not considered

due to safety and practical concerns. To assure that the quality and

quantity of the sputum sample was suitable for drug concentration

assessments, subjects in Part 3 were required to produce a sputum

sample at screening that met pre-specified criteria. Given that the

subjects in Part 3 were relatively mild asthmatics, it was not unex-

pected that a large percentage of screened patients were excluded

due to the inability to produce a sputum sample that met acceptance

criteria at screening.

For azoles, AUC in relation to MIC is the critical

pharmacokinetic/pharmacodynamic relationship for predicting anti-

fungal activity,18 indicating the importance of the magnitude of expo-

sure, but also the consistency of exposure over the dosing interval. At

early time points after dosing, PUR1900 lung exposure was substan-

tially higher than oral Sporanox and more variable. Less variability was

observed 23 h after dosing, when high PUR1900 levels were still

observed. While it is not unexpected to see more variability as expo-

sure increases, part of the observed variability could result from the

combination of variable aerosol deposition following inhalation and

variable sampling from different parts of the lung following sputum

induction. PUR1900 results in not only high lung exposure, but also

sustained exposure for at least 23 h at levels above or near the

reported 500 ng/mL MIC90 of itraconazole against A. fumigatus.17

Importantly, data in asthma patients reflect the single dose lung and

plasma exposure achieved with PUR1900 and oral dosing. Oral

Sporanox is indicated for twice-daily dosing and results in ~7-fold sys-

temic accumulation at steady-state,28 which when considered in the

context of the single dose data generated in the present study proba-

bly results in only transient lung levels above the MIC90 at steady-

state following each dose. Similar to oral dosing and based on data

from Part 2 of the study, itraconazole plasma levels accumulate

~3-fold following PUR1900. This suggests that at steady-state, a

20 mg dose PUR1900 will achieve levels above the MIC90 for 24 h in

most subjects with once-daily dosing.

Itraconazole is recommended as a treatment for ABPA in con-

junction with therapeutic drug monitoring to reduce fungal burden

and the inflammatory stimulus in the lungs, in an effort to improve

clinical outcomes and spare the long-term use of oral steroids.29

This recommendation is based on data from 2 randomized, placebo-

controlled studies and several case studies.4,5,30 In patients with

corticosteroid-dependent ABPA, 16-weeks of dosing with oral

itraconazole significantly improved clinical response, as defined by a

composite measure including a reduction in the dose of corticoste-

roids, decrease in the total IgE concentration, and increase in exer-

cise tolerance and/or improvement in pulmonary function and/or

improvement in pulmonary infiltrates.4 In a second study in stable

ABPA patients, oral itraconazole had a significant anti-inflammatory

HAVA ET AL. 9



benefit through a reduction in sputum eosinophils and eosinophil

cationic protein after 16-weeks of dosing compared to placebo.5

Exacerbations were also reduced with antifungal therapy. More

recently, a study in treatment-naïve acute ABPA patients showed

that oral itraconazole monotherapy improved clinical outcomes and

FEV1 after 6 weeks of therapy.6 Collectively, these studies illustrate

that, despite a variable pharmacokinetic profile, low bioavailability

and risks of AEs at higher doses,9,11,31,32 oral itraconazole can pro-

vide clinical benefit in ABPA.

Here, we show that lung delivery of itraconazole may offer the

potential to overcome the pharmacokinetic limitations of oral

itraconazole, while achieving significantly higher and prolonged lung

concentrations relative to oral dosing. High lung concentrations

achieved through inhalation may increase the duration that lung

itraconazole levels remain above minimum inhibitory concentrations,

a critical parameter of triazole efficacy.18 Thus, inhaled itraconazole

offers the possibility to improve upon both the efficacy and safety

profile associated with oral itraconazole in ABPA, a disease for which

there remains a significant unmet medical need. The results of this

Phase 1 study support the advancement of PUR1900 into the next

stage of development in patients with asthma and ABPA.
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