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Introduction: Fosaprepitant, an intravenous (IV) aprepitant prodrug for chemotherapy-induced
nausea and vomiting prophylaxis, is associated with systemic and infusion-site reactions attrib-
uted in part to its surfactant, polysorbate 80. HTX-019 is an IV aprepitant formulation free of
polysorbate 80 and other synthetic surfactants.

Materials and methods: This open-label, single-dose, randomized, two-way crossover
bioequivalence study compared pharmacokinetics and safety of HTX-019 and fosaprepitant.
Healthy subjects received single-dose HTX-019 (130 mg) or fosaprepitant (150 mg) IV over
30 min, with =7-day washout between doses. Blood samples were evaluated for pharma-
cokinetics and bioequivalence; safety evaluation included treatment-emergent adverse events
(TEAES) and serious adverse events. Ninety-seven of one hundred enrolled subjects completed
the study.

Results: Baseline characteristics were comparable between treatment sequences. For HTX-019,
mean (percent coefficient of variation) area under the curve (AUC) from time 0 to time of last
measurable plasma concentration (AUC ), AUC from time 0 to infinity (AUC_, ), and plasma
1) for HTX-019 were 43,729 h*ng/mL (32.7), 45,460 h*ng/mL (36.8),
and 988.4 ng/mL (27.5), respectively; corresponding fosaprepitant values were 44,130 h*ng/mL
(32.0),46,163 h*ng/mL (36.6), and 1,022 ng/mL (28.5). Also, 90% Cls (94.186-101.354) were
within bioequivalence bounds (80%—125%). Within 1 h following infusion start, one (1%)
HTX-019 recipient reported one TEAE, while 20 (20%) fosaprepitant recipients reported 32
TEAEs. Dyspnea occurred in three fosaprepitant recipients (at <1 min in two subjects and at

concentrationat 12 h (C

18 min in one subject, considered study drug related) and one HTX-019 recipient (at 120 h,
associated with a respiratory tract infection and considered not related to the study drug). No
severe TEAES, serious adverse events, or deaths occurred; all TEAEs resolved.

Conclusion: HTX-019 was bioequivalent to fosaprepitant and may provide a safer alternative
to fosaprepitant for chemotherapy-induced nausea and vomiting prophylaxis.

Keywords: antiemetics, polysorbate 80, safety, surfactant

Introduction

Chemotherapy-induced nausea and vomiting (CINV) is one of the most dreaded
effects of chemotherapy.' Poorly controlled CINV can have negative consequences,
necessitating chemotherapy dose delays or dose reductions, requiring additional
medical care or hospitalization, and affecting patient quality of life.>* The severity
of chemotherapy emetogenicity is a major factor determining the type of antiemetic
therapy that is prescribed, and is categorized by the rate of emesis in the absence of
prophylaxis, with moderately emetogenic chemotherapy (MEC) and highly emetogenic
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chemotherapy (HEC) causing emesis in 30%-90% and
>90% of patients, respectively.>® For CINV prophylaxis
with HEC and some MEC regimens, antiemetic guidelines
recommend a three-drug regimen of a 5-hydroxytryptamine
type 3 receptor antagonist (RA), dexamethasone, and a neuro-
kinin 1 (NK-1) RA,*? with the addition of olanzapine to this
regimen being the recommended regimen by the American
Society of Clinical Oncology and being an option in the
National Comprehensive Cancer Network guidelines for
HEC regimens.®"? Despite available antiemetics, suboptimal
CINV control following MEC or HEC remains a significant
challenge.*

Aprepitant is a selective high-affinity NK-1 RA with little
or no affinity for 5-hydroxytryptamine type 3, dopamine,
or corticosteroid receptors, which are targets of existing
CINV therapies. Because of its low water solubility, aprepi-
tant is available only in an oral formulation.'” In 2008, an
intravenous (IV) formulation was approved in the USA for
CINV prevention in combination with other antiemetics
using the more water-soluble prodrug fosaprepitant.'!
Aprepitant and its IV prodrug, fosaprepitant, are the most
commonly used NK-1 RAs. In patients receiving HEC,
NK-1 RAs may significantly reduce nausea and vomiting in
both acute phase (0-24 h after chemotherapy) and delayed
phase (24-120 h after chemotherapy).®*'>!3 Fosaprepitant
includes the surfactant polysorbate 80 to fully solubilize the
drug; and although polysorbate 80 is used in several drug
formulations (eg, docetaxel [Taxotere; Sanofi-Aventis U.S.
LLC, Bridewater, NJ, USA]), it has been associated with
systemic hypersensitivity reactions and infusion-site adverse
events (ISAEs), such as pain, erythema, swelling, induration,
and thrombophlebitis, and may impact the bioavailability of
certain drugs.*?? Several publications have demonstrated
that the use of IV fosaprepitant may come with significant risk
of ISAEs, with patients at particularly high risk being those
receiving anthracyclines and those receiving chemotherapy
through a peripheral line.'*'”?* Consequently, in 2017, the
labeling of fosaprepitant was changed to include a warning
regarding serious systemic hypersensitivity reactions such

Period 1 (days 1-4)?

Sequence 1 (N=50),

as anaphylaxis and anaphylactic shock, either during or soon
after infusion of the drug.!" An IV formulation of aprepitant
that is free of polysorbate 80 and other synthetic surfactants
may provide patients with a safer and effective NK-1 RA
option with a lower risk of systemic hypersensitivity reac-
tions and ISAEs.

HTX-019 is a polysorbate 80—free IV aprepitant for-
mulation in development for the prevention of CINV. This
open-label, single-dose, randomized, two-way crossover
bioequivalence study evaluates the pharmacokinetics (PK)
and safety of HTX-019 and fosaprepitant.

Materials and methods
Study design and objectives

This study was conducted in accordance with the Interna-
tional Conference on Harmonisation Guideline for Good
Clinical Practice and the Declaration of Helsinki. The study
was approved by the institutional review board for the single
study site, Spaulding Clinical Research, LLC, West Bend,
WI, USA. Written informed consent was obtained from
each subject.

This was a Phase I, single-center, randomized, open-label,
single-dose, two-period, two-sequence crossover bioavail-
ability study (Figure 1). The primary objective was to deter-
mine bioequivalence, based on area under the curve (AUC)
from time 0 to time of last measurable plasma concentration
(AUC,_), AUC from time 0 extrapolated to infinity (AUC, ),
and plasma concentration at 12 h (C,, ), of IV infusions of
single doses of aprepitant emulsion (HTX-019) 130 mg
compared with commercially available fosaprepitant (Emend
IV; Merck Sharp & Dohme Corp., Whitehouse Station, NJ,
USA) 150 mg in healthy adult subjects. Secondary objectives
were to assess safety and tolerability of HTX-019 130 mg
and fosaprepitant infusions. A 130 mg HTX-019 dose was
selected, as it was determined to be equivalent to the 150 mg
fosaprepitant dose in terms of aprepitant delivery. Healthy
men and women aged 18-55 years with body weight =50 kg
and body mass index 18-35 kg/m? were enrolled. Subjects
who were pregnant, were breastfeeding, or had any condition

Period 2 (days 1-4)?

Sequence 1 (N=50),

B: fosaprepitant 150 mg IV | Final follow-up call

Screening | A: HTX-019 130 mg IV Washout
(within 28 days | Sequence 2 (N=50), (7 days between g
of study start) | B: fosaprepitant 150 mg IV doses)

Figure | Study design.

(7 days after
last dose)

Sequence 2 (N=50),
A: HTX-019 130 mg IV

Notes: Confinement lasted from the morning of day —I through day 4 of each treatment period (through the pharmacokinetic collection at 72 h on day 4), for a total
of ~5 days per treatment period. *Observation period duration was 72 h for each treatment period.

Abbreviation: 1V, intravenous.
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possibly affecting drug absorption were excluded. Subjects
were excluded if they had a history or presence of a clini-
cally significant abnormal 12-lead electrocardiogram (ECG)
or an ECG with QT interval corrected (QTc) by Bazett’s
formula >470 ms (females) or >450 ms (males), or a PR
interval >240 ms, QRS complex >110 ms, or history of QT
prolongation at screening.

Treatment regimens and administration

Subjects received HTX-019 130 mg or fosaprepitant 150 mg,
administered IV over 30 min on day 1 of periods 1 (AB) and
2 (BA) in a crossover fashion (Figure 1). Each subject was
randomly assigned to one of the two treatment sequences
(AB[HTX-019 then fosaprepitant] or BA [fosaprepitant then
HTX-019]) for crossover dosing. Subjects were confined
to the clinic from the morning of day 1 through 72 h after
dosing, for each treatment period, with a washout period of
at least 7 days between doses. A 7-day washout period was
considered ample time to prevent the possibility of carryover
effect of medications between treatment periods. In humans,
the apparent terminal elimination half-life (t, ,) of aprepitant
ranges approximately from 9 to 13 h. Therefore, the 7-day

washout period was more than five half-lives of aprepitant.

Assessments

Blood samples for measurement of aprepitant PK analysis
were collected before dosing and at 0.5, 0.75, 1, 1.5, 2, 4,
6,8,10, 11, 12, 18, 24, 36, 48, 60, and 72 h after infusion
start in each treatment period. Additional samples for fos-
aprepitant were collected before dosing and at 0.5, 0.75, 1,
and 1.5 h after infusion start. Plasma concentrations were
determined using validated liquid chromatography/mass
spectrometry. The following PK parameters were assessed:
AUC

C12 h? last
C_. (T ).t . and apparent terminal elimination rate (Az).

o» AUC . , maximum plasma concentration (C_ ),

last measurable plasma concentration (C, ), time of

Safety assessments included treatment-emergent adverse
events (TEAEs; overall, by severity, and by relation to
study treatment). Physical examination, 12-lead ECG, and
clinical laboratory assessments were performed and vital
signs taken.

Statistical analysis

A sample size of 90 evaluable subjects provided 90% statisti-
cal power to show that the test-to-reference ratio CI for the
log-transformed PK parameters was within the bioequiva-
lence criteria if the ratio was within 13% of the reference and
the coefficient of variation (CV) was 23%. Bioequivalence
evaluation used a mixed-effects model based on aprepitant

AUC, ,AUC,  ,and C,,,

not included as a bioequivalence criterion because of the

for the PK population. C_ was

expected lower C__due to the ongoing conversion of fos-
aprepitant to aprepitant at the end of infusion. Ratios and
90% CIs of geometric least squares means for AUCs and
C,,, were determined. Bioequivalence was declared if the
90% CI was within 80%—125%.

Continuous variables (eg, n, mean, geometric mean,
median, SD, standard error of the mean, percent CV [CV%)])
and categorical variables (frequency and percentage) were
assessed using descriptive statistics. Mean and individual
plasma concentration—time profiles were plotted on linear and
semi-logarithmic scales, and PK parameters were calculated
using noncompartmental methods for all subjects and treat-
ments with sufficient concentration—time data.

Safety analyses included TEAEs, ISAEs, serious AEs,
ECGs, clinical laboratory testing, vital signs, and 12-lead
ECG. Related TEAEs included all those considered by the
investigator to be possibly, probably, or definitively related
to the study drug. Events for which the investigator did not
record relationship to the study drug were considered related
to the study drug. TEAEs occurring within 30 min and 1 h
after infusion start were also recorded. A post hoc analysis of
TEAE rate per subject-day was performed using a negative
binomial regression model.

Results

One hundred healthy subjects were enrolled and randomly
assigned to treatment sequence (Table 1). The safety popula-
tion included all 100 subjects who were enrolled and received
at least one dose of the study drug. The 97 (97%) subjects

Table | Baseline demographics and clinical characteristics (safety

population)
Sequence I: Sequence 2:  Overall
AB N=50 BA N=50 N=100
Age, mean (SD), years 38 (10) 33 (9) 35 (10)
Weight, mean (SD), kg 77 (13) 79 (15) 78 (14)
Height, mean (SD), cm 170 (9) 172 (10) 171 (10)
Body mass index, 27 (3) 27 (4) 27 (4)
mean (SD), kg/m?
Sex, n (%)
Female 18 (36) 18 (36) 36 (36)
Male 32 (64) 32 (64) 64 (64)
Race, n (%)
White 30 (60) 25 (50) 55 (55)
Black 18 (36) 23 (46) 41 (41)
Other 2(4) 2 (4) 4 (4)
Ethnicity, n (%)
Not Hispanic or Latino 47 (94) 41 (82) 88 (88)

Notes: Treatment A, HTX-019 130 mg IV; treatment B, fosaprepitant 150 mg IV.
Abbreviation: IV, intravenous.
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Table 2 Comparison of PK parameters for HTX-019 or fosaprepitant and bioequivalence analysis (PK population)
PK parameter N Mean (CV%) Point estimate 90% ClI
HTX-019 Fosaprepitant (test/reference)*100 Low High
130 mg 150 mg
AUC, , h*ng/mL 97 43,729 (32.7) 44,130 (32.0) 98.99 96.675 101.354
AUC,, hng/mL 95 45,460 (36.8) 46,163 (36.6) 98.23 95517 101.026
C,,,, ng/mL 97 988.4 (27.5) 1,022 (28.5) 97.06 94.186 100.023

Abbreviations: AUC_ , area under the plasma concentration-time curve from time 0 to time of the last measurable plasma concentration; AUC_ , area under the plasma

concentration—time curve from time 0 extrapolated to infinity; C , |,

who completed the study comprised the PK population.
Three subjects discontinued the study: two discontinuations
were due to AEs (dyspnea, related to fosaprepitant) and one
was due to protocol deviation (positive drug screen result
for opiates). For the overall study population, patients had
a mean age of 35 years and 64% were male. Demographics
and baseline characteristics were similar between treatment
sequences.

The primary endpoint of the study was mean AUC
AUC, . and C

0—inf? 12h
tion of HTX-019 and fosaprepitant, which were evaluated for

0-t°
values for aprepitant after [V administra-

bioequivalence (Table 2). For HTX-019 and fosaprepitant,
the mean (CV%) values for AUC_ were 43,729 (32.7%) and
44,130 (32.0%) h*ng/mL, and the mean (CV%) values for
AUC, were 45,460 (36.8%) and 46,163 (36.6%) h*ng/mL,
respectively. The mean C,,, (CV%) values after IV admin-
istration of HTX-019 and fosaprepitant were similar (988.4
[27.5%] and 1,022 [28.5%] ng/mL, respectively).

The 90% ClIs for AUC__, AUC__ , and C,,
within bioequivalence bounds (80%—125%), consistent

were all

with comparable aprepitant exposure (Table 2). The ratio
of (AUC__, .—AUC _/AUC )x100was 5.8% for HTX-019
and 6.2% for fosaprepitant, indicating that extrapolated
AUC values were <6%, and plasma samples were collected

6,000

4,000

2,000

Concentration (ng/mL)

01

plasma concentration at |12 h; CV%, percent coefficient of variation; PK, pharmacokinetics.

for a time period sufficient for an accurate assessment
of bioequivalence and terminal t,,. Terminal phase t,,
(CV%) values for aprepitant were 13.5 (50.9%) and 13.5
(44.5%) h after IV administration of HTX-019 and fosap-
repitant, respectively.

Pharmacokinetics
PK data were analyzed for all subjects who completed the
study (N=97).

Rapid conversion of the prodrug fosaprepitant to aprepi-
tant was confirmed, with no fosaprepitant detected in the
plasma at 0.75 h after administration (Figure 2). The plasma
concentrations of aprepitant over time after administration
of HTX-019 and fosaprepitant are shown in Figure 3 and
were almost superimposable at 0.75 h after administration.
For HTX-019, the mean (CV%) C__ for aprepitant was
6,265 (26.2%) ng/mL at a median T, of 0.5 h. For fos-
aprepitant, the mean C__(CV%) for aprepitant was 4,298
(32.5%) ng/mL at a median T___of 0.5 h; at this time, the
fosaprepitant C_was 4,446 (23.1%) ng/mL.

Safety
All 100 subjects received at least one dose of the study drug
and were included in the safety analyses. Overall, 41% of

Fosaprepitant 150 mg IV

0.00 0.25 0.50

0.75 1.00 1.25 1.50

Time (hours)

Figure 2 Mean fosaprepitant plasma concentration—time curve (pharmacokinetics population).

Abbreviation: |V, intravenous.
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Concentration (ng/mL)

———HTX-019 130 mg IV
Fosaprepitant 150 mg IV

b
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60 64 68 72

Time (hours)

Figure 3 Mean aprepitant plasma concentration—time curves for HTX-019 and fosaprepitant (pharmacokinetics population).

Abbreviation: |V, intravenous.

subjects reported at least one TEAE during the entire study
period; 21% and 28% of subjects reported TEAEs in the
HTX-019 and fosaprepitant arms, respectively. The most
common TEAEs overall were headache and infusion-site
pain (Table 3). Within 1 h following infusion start, 1% of
subjects receiving HTX-019 reported one TEAE (infusion-
site pain) and 20% of subjects receiving fosaprepitant
reported 32 TEAEs (including eight subjects with ISAEs),
as shown in Table 4.

TEAESs considered by the investigator to be related to
study drug administration were reported in 15% and 28% of
patients receiving HTX-019 and fosaprepitant, respectively.
All TEAEs of headache, infusion-site pain, somnolence,
nausea, and dizziness were considered related to the study
drug. All TEAESs of pain in extremity were considered related
to fosaprepitant; there were no TEAESs of pain reported with
HTX-019. Importantly, three subjects reported dyspnea after
receiving fosaprepitant (observed at <1 min in two subjects

Table 3 TEAEs in patients receiving HTX-019 or fosaprepitant
(=3% of patients overall, safety population)

TEAEs, n (%) HTX-019 Fosaprepitant
130 mg 150 mg
N=99 N=100
Any TEAE 21 (21) 28 (28)
Headache 5(5) 8(8)
Infusion-site pain (1) 99
Nausea (1) 5(5)
Dizziness (1) 4 (4)
Dyspnea® (1) 3(3)
Pain in extremity 0 3(3)
Somnolence (1) 2(2)

Note: “Two subjects receiving fosaprepitant discontinued the study due to mod-
erate dyspnea.
Abbreviation: TEAE, treatment-emergent adverse event.

and at 18 min in one subject, all considered related to the
study drug), as presented in Table 3. Two of the three subjects
who experienced dyspnea with fosaprepitant discontinued the
infusion and were taken off the study. One subject experi-
enced dyspnea 5 days after receiving HTX-019 (likely due
to an upper respiratory infection and considered not related
to the study drug) and completed the study. The majority
of subjects reported TEAEs that were considered mild in
severity (39%).

There were no severe TEAESs, deaths, or serious AEs,
and all TEAEs had resolved by the end of the study. There
were no clinically meaningful changes in clinical laboratory,
physical examination, vital signs, or ECG findings.

A negative binomial analysis of TEAEs found the esti-
mated event rate per subject-day for HTX-019 was approxi-
mately half the rate observed for fosaprepitant (0.03 vs 0.06
TEAES per subject-day; P=0.0274).

Discussion

In this study, a single dose of HTX-019 130 mg was
bioequivalent to a single dose of fosaprepitant 150 mg in
healthy subjects, in terms of aprepitant PK. Furthermore,

Table 4 TEAEs occurring within | h or 30 min of infusion start in
patients receiving HTX-019 or fosaprepitant (safety population)

HTX-019 Fosaprepitant Overall

130 mg 150 mg N=100
N=99 N=100
Subjects with =1 TEAE, n (%)
Within | h of infusion start () 20 (20) 21 (21)
Within 30 min of infusion start 0 17 (17) 17 (17)

Number of TEAEs within | h of | 32 33
infusion start

Abbreviation: TEAE, treatment-emergent adverse event.
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the study design allowed evaluation of the NK-1 RA safety
profile independently of AEs associated with concomitant
chemotherapy. A single dose of HTX-019 130 mg IV
appeared to be well tolerated, without the systemic hyper-
sensitivity associated with fosaprepitant, and no new safety
findings considered drug-related were identified. TEAEs
were evaluated within the first hour of infusion start to assess
safety associated with peak concentrations of aprepitant and
commercially available fosaprepitant. Of note, considerably
fewer subjects receiving HTX-019 (1%) vs fosaprepitant
(20%) reported TEAESs within 1 h of infusion start, with most
occurring within the first 30 min. Furthermore, there were
fewer TEAEs with HTX-019 (one TEAE of infusion-site
pain) than with fosaprepitant (32 TEAESs, including eight
subjects with ISAEs). No subject receiving HTX-019 had
to discontinue from the study due to a TEAE, whereas two
subjects receiving fosaprepitant had to stop their infusions
and discontinue because of dyspnea. These observations
regarding TEAEs are consistent with previous reports of
significant risk of ISAEs with IV fosaprepitant, especially
in patients receiving anthracyclines and patients receiving
chemotherapy through a peripheral line.'®!"* These findings
led to a change in the fosaprepitant prescribing information in
2017 to include a warning regarding serious systemic hyper-
sensitivity reactions, such as anaphylaxis and anaphylactic
shock, either during or shortly after infusion.!!

A limitation of this study is that it was unblinded;
however, the open-label design is typical of bioavailability
studies. Furthermore, the crossover design minimizes inter-
subject variation and variability between the two routes of
administration.

Several antiemetic guidelines have recommended inclu-
sion of NK-1 RAs within the antiemetic regimen.®® A recent
meta-analysis of 38 randomized clinical trials has shown
improvement in the complete response rates in the acute,
delayed, and overall phases of CINV, when NK-1 RAs such
as fosaprepitant, aprepitant, netupitant, and casopitant were
part of an antiemetic regimen.” Recently, IV formulations
of rolapitant (IV Varubi; Tesaro, Inc., Waltham, MA, USA)
and aprepitant (Cinvanti; Heron Therapeutics, Inc., San
Diego, CA, USA) were approved by the US Food and Drug
Administration for prevention of CINV.24% Improvement in
the complete response rates in the acute and delayed phases
of CINV were shown by a meta-analysis that focused on the
NK-1 RA rolapitant.?® The IV formulation of aprepitant was
approved based on data demonstrating its bioequivalence
to fosaprepitant, supporting the efficacy of IV aprepitant
for the prevention of acute and delayed phases of CINV.%

Extensive clinical trial experience with aprepitant has estab-
lished its efficacy and safety profile in the context of CINV
prophylaxis.?’” Consequently, aprepitant and its prodrug
fosaprepitant remain the most commonly prescribed NK-1
RAs for CINV (Heron Therapeutics, Inc. data on file, 2016)
However, a range of AEs has been observed in patients
receiving fosaprepitant, frequently attributed to the synthetic
surfactant, polysorbate 80, leading to the inclusion of a
warning in its prescribing information regarding the risk of
systemic hypersensitivity reactions.'' The incidence of these
ISAEs is unclear because of reporting heterogeneity, although
they have been reported in up to 42% of patients,' and an
increasing number of AEs with fosaprepitant were reported
to the US Food and Drug Administration during 2017.°

HTX-019 is the first polysorbate 80— and synthetic
surfactant—free NK-1 RA formulation that delivers aprepi-
tant IV. Results presented here indicate that HTX-019 is
bioequivalent to fosaprepitant in terms of plasma aprepitant
and appears to be well tolerated. HTX-019 may provide a
safer and effective alternative to fosaprepitant for patients
with CINV.

Conclusion

HTX-019, a polysorbate 80— and synthetic surfactant—free
aprepitant IV formulation, was shown to be generally well
tolerated and bioequivalent to commercially available
fosaprepitant (Emend IV). HTX-019 may provide a safer
alternative to fosaprepitant for patients with CINV, without
the risk of polysorbate 80 surfactant—associated systemic
hypersensitivity and ISAEs.
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