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Overview of the neurokinin-1 receptor antagonists
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Introduction

Neurokinin-1 (NK-1) receptor antagonists block substance
P-mediated NK-1 receptors which are present in the
abdominal vagus, the brainstem, and the area postrema in
the brainstem. Substance P is a mammalian tachykinin that
is found in vagal afferent neurons innervating the brainstem
and sends impulses to the vomiting center (1). Compounds
that block NK-1 receptors lessen emesis after cisplatin,
ipecac, apomorphine, and radiation therapy (1).

Aprepitant and fosaprepitant

In 2003, the first NK-1 receptor antagonist, aprepitant
(Emend, Merck), was approved for the control of
chemotherapy-induced nausea and vomiting (CINV) when
used in combination with a 5-hydroxytryptamine-3 (5-HT;,
receptor antagonist and dexamethasone (2,3). Aprepitant,
an oral agent administered on the day of chemotherapy
and daily for two days post-chemotherapy improved the
control of acute and delayed CINV in combination with a
5-HT; receptor antagonist and dexamethasone for patients
receiving highly emetogenic chemotherapy (HEC) (2,3).
There is little evidence that aprepitant is effective in the
control of chemotherapy-induced nausea (2,4,5).
Fosaprepitant (also known as MK-0517 and L-758,298)
is a water-soluble phosphoryl pro-drug for aprepitant
which, when administered intravenously, is converted to
aprepitant within 30 min via the action of phosphatase
enzymes. Studies have demonstrated that a single dose of
intravenous fosaprepitant, 150 mg on day 1 of cisplatin
chemotherapy, was noninferior to a 3-day oral regimen of
aprepitant in the prevention of CINV in the 120-h post-
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chemotherapy period (6).

Netupitant

Netupitant is a new oral, potent, selective NK-1 receptor
antagonist which is a potent brain penetrant agent for the
targeting of NK-1 receptors according to positive emission
tomography studies (7,8). Netupitant has a high degree of
occupancy (90%) for a relatively long duration (96 h) when
given as a single oral dose and appears to be well tolerated (8).
Netupitant has a high binding affinity, and a relatively
long half-life of 90 h compared to a 9 to 13 h half-life of
aprepitant (3,7,8). It is metabolized by CYP3A4 and is a
moderate inhibitor of CYP3A (3,7,8). Figure I illustrates the
chemical structure and properties of netupitant compared
to the structure and properties of aprepitant (3,7).

NEPA

NEPA is a combination of a fixed dose of netupitant
(300 mg) and a fixed dose of palonosetron (0.50 mg) which
was approved on October 10, 2014 (Akynzeo®, Helsinn
Healthcare SA, Switzerland) by the US Food and Drug
Administration (FDA) for the prevention of CINV in patients
undergoing cancer chemotherapy (7,9-12). The approval
was based on a number of phase II and III clinical trials for
the prevention of CINV in patients receiving moderately
emetogenic chemotherapy (MEC) and HEC (9-11).

A randomized, double-blind parallel group, dose-ranging
study in 694 chemotherapy-naive patients undergoing HEC
(cisplatin-based chemotherapy) compared three different
oral doses of netupitant (100, 200, and 300 mg) plus oral
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e Netupitant is a selective neurokinin type 1 receptor antagonist which
competitively binds and blocks the activity of substance P receptors.

¢ Netupitant has a high binding affinity and a long half-life of 90 hours.

e Netupitant is metabolized and a moderate inhibitor of CYP34A.

Figure 1 Structure of netupitant.

palonosetron (0.50 mg) (NEPA) with oral palonosetron
(0.50 mg) with all agents given prior to chemotherapy
(day 1). All patients in all treatment arms received oral
dexamethasone on days 1 to 4 (9). All NEPA treatment arms
of the study were significantly superior in overall complete
response (CR) (no emesis, no use of rescue medications)
rates compared to palonosetron alone. The 300 mg
netupitant dose appeared to have a numerical advantage
over the lower doses. There were no serious or differences
in adverse events in any of treatment groups (9).

The 300 mg netupitant dose was employed in a
randomized, double-blind, parallel group phase III
study in 1,455 chemotherapy-naive patients receiving
MEC (including patients receiving anthracycline and
cyclophosphamide). Patients were randomized to a single
oral dose of NEPA (300 mg netupitant plus 0.50 mg
palonosetron) or a single oral dose of palonosetron
(0.50 mg) prior to chemotherapy, day 1. All patients
received oral dexamethasone on day 1 only. The CR, no
emesis and no use of rescue medications, during the delayed
period was significantly higher for the NEPA group of
patients compared to the palonosetron patient group. The
patients who received NEPA had a similar safety profile as
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the patients who received palonosetron (10).

The patients receiving NEPA in the HEC study (9) and
the MEC study (10) were further evaluated to determine
the safety and efficacy of NEPA over multiple cycles of
chemotherapy (11). In the multi-cycle patient group, 75%
completed at least four cycles, and 40% completed six
cycles. The CR rates were maintained over repeated cycles
for the NEPA patient group. The adverse events were mild/
moderate with no cardiac safety concerns (11).

In an attempt to explore the degree of nausea control with
the use of NEPA compared to palonosetron, patients from
two randomized, multinational studies (9,10) who received a
single dose of NEPA (netupitant 300 mg plus palonosetron
0.50 mg) or palonosetron and dexamethasone prior to
cisplatin or an anthracycline plus cyclophosphamide were
evaluated for no significant nausea (<25, 0-100 mm, visual
analog scale). The NEPA group had more patients with no
significant nausea; this appeared to be most apparent in the
delayed nausea phase of the patients receiving cisplatin (12).

Rolapitant

Rolapitant is a high affinity, highly-selective NK-1 receptor
antagonist (13). It penetrates the central nervous system
following oral administration, and it has a high affinity
for the human NK-1 receptor and is highly selective over
the human NK-2 and NK-3 receptor subtypes. It is a
functionally competitive antagonist and reversed NK-1
agonist-induced foot tapping in a gerbil animal model
following both intravenous and oral intravenous and oral
administration (13). Rolapitant reverses both apomorphine
and cisplatin-induced emesis in ferrets (13). Figure 2
illustrates the chemical structure of rolapitant.

The pharmacokinetics of rolapitant demonstrates that it
has a long half-life (approximately 180 h) with high affinity
(K;=0.66 nM) for the NK-1 receptor (13,14), and it does
not induce or inhibit CYP3A4. Poma et 4l. (14) reported
that rolapitant and its major metabolite SCH720 881 do
not affect the pharmacokinetics of midazolam, a sensitive
cytochrome P450 3A4 substrate. Rolapitant does not
induce CYP3A4, and single oral doses of rolapitant, co-
administered with midazolam were safe and well tolerated.
Administration of rolapitant, unlike other NK-1 receptor
antagonists aprepitant and netupitant, does not require
dose adjustment of concomitantly administered drugs
metabolized by CYP34A.

"The pharmacodynamic data of rolapitant showed that a 180
mg rolapitant dose provided 290% NK-1 receptor occupancy
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Figure 2 Structure of rolapitant.

in the brain up to 5 days following a single dose (15).

A phase II randomized, double-blind, active-controlled
study was performed to evaluate the safety and efficacy
of four different doses of rolapitant for the prevention of
CINV in patients receiving HEC (16). Patients receiving
cisplatin-based chemotherapy (=70 mg/m”) received 9, 22.5,
90, or 180 mg of oral rolapitant or placebo in addition to
ondansetron and dexamethasone on day 1 of chemotherapy.
Four hundred and fifty-four patients were randomized.
All doses of rolapitant improved CR compared to placebo
with the 180 mg rolapitant dose demonstrating the greatest
benefit. The prevention of emesis with the 180 mg dose of
rolapitant was significantly improved compared to placebo
in the acute, delayed, and overall periods. Adverse events
were mild or moderate and similar across treatment group.

In a randomized, double-blind, active-controlled,
parallel-group, phase III study, patients receiving MEC
received 180 mg of oral rolapitant or placebo in addition
to granisetron and dexamethasone on day 1 prior to
chemotherapy as well as granisetron on days 2 and 3 post-
chemotherapy. One thousand and forty-four patients
were randomized with approximately 50% of the patients
receiving anthracycline/cyclophosphamide chemotherapy.
The CR rate was significantly higher in the delayed phase
(>24-120 h) for patients receiving rolapitant. The incidence
of adverse events was similar in the rolapitant and control
groups, with the most commonly reported treatment-
related treatment-emergent adverse events being fatigue,
constipation, and headache. No nausea (0, 0-100 mm,
visual analogue scale) and no significant nausea, secondary
endpoints, were not improved with rolapitant. Rolapitant in
combination with granisetron and dexamethasone was well
tolerated and demonstrated superiority over active control
for the prevention of delayed emesis in patients receiving
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MEC (17).

In two global, randomized, double-blind, active-
controlled, parallel-group, phase III studies, patients
receiving cisplatin-based HEC received an oral 180 mg
rolapitant dose or placebo in addition to granisetron and
dexamethasone on day 1 prior to chemotherapy as well as
8 mg of oral dexamethasone on days 2—4 post-chemotherapy
before HEC administration. Five-hundred and twenty-
six patients were randomized in study 1 and 544 patients
were randomized in study 2. The primary endpoint, CR
rate in the delayed phase (>24-120 h) was significantly
higher for the rolapitant-treated patients compared to the
control group in both study 1 and study 2. No nausea and no
significant nausea, secondary endpoints, were significantly
(P<0.05) improved in the delayed and overall periods with
rolapitant in one [HEC-1 of the two (HEC-1, HEC-2]
studies (18). The incidence of adverse events was similar
across treatment groups. The most commonly reported
treatment-related events were headache, hiccups,
constipation, and dyspepsia. Rolapitant in combination
with granisetron and dexamethasone was well-tolerated and
superior over active control for the prevention of prevention
of delayed emesis in patients receiving HEC (18).

Based on the phase II and phase III clinical trials, in
September, 2015, the US FDA approved rolapitant in
combination with other antiemetic agents in adults for
the prevention of delayed nausea and vomiting associated
with initial and repeat courses of emetogenic cancer
chemotherapy, including, but not limited to, HEC.

Comparison of NK-1 receptor antagonists

At present, there are no definitive published clinical
trials reporting a comparison of the efficacy and safety
of the various NK-1 receptor antagonists (aprepitant,
fosaprepitant, netupitant, rolapitant). One of the NEPA
clinical trials involving patients receiving HEC included
a comparative arm consisting of oral aprepitant plus
intravenous ondansetron. All patients in all arms received
standard doses of dexamethasone. Based on the data reported
in the NEPA clinical trial (9), there appeared to be no
significant differences in the prevention of CINV between
NEPA and the aprepitant and ondansetron combination (7,9).
A formal statistical comparison of the NEPA and aprepitant/
ondansetron arms was not reported (9).

At the 2017 ASCO international annual meeting,
Zhang et al. is scheduled to report a large phase III study
of 828 patients who were randomized to receive NEPA
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plus dexamethasone or oral aprepitant, granisetron, and
dexamethasone for the prevention of CINV in patients
receiving cisplatin based HEC. The study abstract reports
that NEPA was non-inferior to aprepitant/granisetron in
overall CR (19).

Zhang er al. recently reported a meta-analysis
(36 trials, 18,889 patients) of the NK-1 receptor antagonist-
based triple regimens (NK-1, 5-H'T; receptor antagonists,
dexamethasone) in preventing CINV. The analysis reported
that the triple regimens involving any of the available NK-1
receptor antagonists (aprepitant, netupitant, rolapitant)
were significantly better in controlling CINV in the
acute, delayed, and overall periods in patient receiving
HEC compared to duplex (5-HT;, dexamethasone)
antiemetic regimens (20). The analysis also reported that
only aprepitant-based triple regimens demonstrated an
improvement in CINV control in patients receiving MEC.
In the analysis, palonosetron-based triple regimens were
reported to share equivalent effect on CINV control with
the first generation 5-H'T; receptor antagonists-based triple
regimens and different doses of dexamethasone plus NK-1
receptor antagonists and 5-H'T; receptor antagonists were
reported to show no statistically significant difference in CR.

The finding in the meta-analysis that the addition
of any the various available NK-1s to a 5-HT; receptor
antagonist and dexamethasone improved the control of
CINV in patients receiving HEC compared to a 5-HT;
receptor antagonist and dexamethasone alone is an expected
result based on the available studies in the literature.
All of the international antiemetic guidelines (NCCN,
ASCO, MASCC/ESMO) recommend the use of the
three drug regimen (any of the available NK-1s, a 5-HT;,
and dexamethasone) for the control of CINV in patients
receiving HEC (21-24).

The finding in the meta-analysis that only aprepitant-
based triple regimens demonstrated an improvement in
CINV control in patients receiving MEC is curious in
that the FDA registration studies for both NEPA (10)
and rolapitant (17) demonstrated an improvement in the
control of CINV when NEPA or Rolapitant was used in
a triplet antiemetic regimen in patients receiving MEC.
The international antiemetic guidelines (21-24) differ on
the recommendation of the benefit of adding an NK-1
receptor antagonist to a 5-H'T; receptor antagonist
and dexamethasone for patients receiving MEC. The
guidelines suggest that not all MEC regimens may require
the addition of an NK-1 receptor antagonist to a 5-HT;
receptor antagonist and dexamethasone for adequate
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control of CINV (21-24), and the specific MEC regimen to
be received be considered to determine if an NK-1 receptor
antagonists is necessary. The NCCN guidelines (23) suggest
a triplet antiemetic regimen for carboplatin and oxaliplatin;
the MASCC/ESMO guidelines (22) recommend a triplet
antiemetic regimen for carboplatin chemotherapy.

The suggestions by the meta-analysis that palonosetron-
based triple regimens shared equivalent effect on
CINV control with the first generation 5-H'T; receptor
antagonists-based triple regimens and that different doses of
dexamethasone plus NK-1 receptor antagonists and 5-HT;
receptor antagonists showed no statistically significant
difference in CR are most likely not justified. There are
few, if any, randomized double-blind phase III studies which
compared palonosetron to a first generation 5-H'T; receptor
antagonist using the same NK-1 receptor antagonist and
dexamethasone. Similarly, there are few studies comparing
different doses of dexamethasone in a triplet antiemetic
regimen.

The meta-analysis focused on the effect of the triplet
antiemetic regimens on the end point of CR, no emesis
and no use of rescue medications, but did not report on the
control of nausea. Based on the available clinical trial data,
the NK-1 receptor antagonists have significantly improved
the prevention of acute and delayed emesis in patients
receiving moderately or HEC, but there is little evidence
that these agents are effective in controlling nausea (2,4,5,7).
Recent reviews have concluded that aprepitant has little
effect on the prevention of chemotherapy-induced nausea
(2,4,5). In a subgroup analysis of patients receiving cisplatin
or an anthracycline plus cyclophosphamide, data from
two clinical trials demonstrated that NEPA may have
improved no significant nausea (a secondary endpoint)
compared to palonosetron (12). The rolapitant clinical
trials showed no improvement in the control of nausea
in the patients receiving MEC (17) and improvement in
the control of nausea in one of the two trials in patients
receiving HEC (18).
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