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Chemotherapy can be a life-prolonging treatment for many cancer patients, but it is often associated with profound
nausea and vomiting that is so distressing that patients may delay or decline treatment to avoid these side effects.
EMENDTM (aprepitant) is the first and only neurokinin-1 (NK-1) receptor antagonist available on the market for the
prevention of acute and delayed chemotherapy-induced nausea and vomiting (CINV). Aprepitant acts centrally at
NK-1 receptors in vomiting centers within the central nervous system to block their activation by substance P released
as an unwanted consequence of chemotherapy. By controlling nausea and vomiting, EMEND helps improve patients’
daily living and their ability to complete multiple cycles of chemotherapy. The development of aprepitant included
a novel nanoparticle formulation to optimize oral absorption and innovative chemistry to discover a prodrug form
suitable for intravenous administration to improve compliance and convenience for healthcare professionals and
cancer patients.
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Introduction

Cancer is one of the leading causes of death world-
wide, and its incidence is increasing rapidly as the
worldwide population continues to grow and age.
Despite truly meaningful progress in the field of
targeted chemotherapy, many cancer treatment reg-
imens still use cytotoxic chemotherapeutic agents
that produce profound emesis and nausea that oc-
cur acutely on the day of chemotherapy and then
reappear some days later—often at home away from
the gaze and care of the oncologist’s office. These
debilitating and feared side effects are well docu-
mented in open-access sites, such that informed pa-
tients who research their cancer treatment options
often delay or postpone their therapy and some-
times completely refuse or withdraw from the very
therapy that has been prescribed to prolong or save
their lives. Control of chemotherapy-induced nau-

sea and vomiting (CINV) is therefore a significant
factor in ensuring that oncology patients maintain
quality of life during their treatment regimens to get
the full benefit of chemotherapy.

Drug therapies have been previously developed
for the prevention of nausea and vomiting asso-
ciated with anticancer chemotherapy (Fig. 1A). In
the 1960s, phenothiazine dopamine D2 receptor an-
tagonists such as prochlorperazine (Compazine R©,
Stemetil R©) that are potent antipsychotic com-
pounds were used to control emesis, but these have
several potential mechanistic side-effect liabilities
including causing dyskinesias. In the 1980s, it was
found that high doses of the dopamine D2 receptor-
5-HT3 receptor antagonist metoclopramide com-
bined with the steroid dexamethasone had
improved efficacy particularly in the control of
acute CINV 0–24 h postchemotherapy. In the 1980s,
research showed that it was the 5-HT3 receptor
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Figure 1. (A) Timeline of agents discovered to prevent emesis. (B) Time course of emesis and drug-sensitive phases.

component of metoclopramide that underpinned
its efficacy in CINV, spurring the development of
selective 5-HT3 receptor antagonist drugs with im-
proved tolerability by removing the liability of D2

receptor antagonism. The first of these to be regis-
tered in the 1990s was ondansetron (ZOFRAN R©),
which was effective in the control of acute CINV
with some additional benefit in the delayed phase
of CINV (>24–120 h after chemotherapy) when
combined with a corticosteroid such as dexametha-
sone. However, although combined therapy with
these two agents provided control of CINV symp-
toms in the acute phase, their protective actions were
poor during the delayed phase of CINV, which of-
ten occurs at home away from the oncology clinic
some days later. Therefore, there remained an im-
portant unmet medical need for novel treatment

agents to further improve control of CINV, espe-
cially in the delayed phase. Throughout the 1990s,
research focused on the role of substance P and
neurokinin-1 (NK-1) receptors in emesis and, in
particular, the protective effects of NK-1 receptor
antagonists against the acute and delayed emetic re-
sponses to chemotherapeutic agents (Fig. 1B). In
2003, EMENDa (aprepitant) became the first and is
still the only NK-1 receptor antagonist available on
the market for the prevention of CINV in cancer pa-
tients. EMEND provides a significant improvement
in the number of patients who can tolerate their
cancer chemotherapy without episodes of vomit-
ing, particularly during the delayed phase, thereby

a Registered trademark of Merck & Co., Inc.
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improving their quality of life and allowing them to
complete and benefit from the full course of their
chemotherapeutic treatment regimens.

History of the development of aprepitant

The substance P story has been nearly 80 years in
the telling—from the isolation of the peptide, to
its sequencing, to the cloning of its receptor and the
synthesis of the first small molecule antagonists. The
journey began in 1931 when a pharmacologically ac-
tive substance was isolated from the brain and intes-
tine and named substance P—“P” for powder—by
the pioneering pharmacologist John Gaddum work-
ing with Ulf von Euler.1 In 1954, Gaddum contin-
ued his research into this extract and showed that
substance P was concentrated in the emetic centers
of the brain, commenting in his manuscript in the
Journal of Physiology that “it is tempting to specu-
late why this is so.”2 It was not until 40 years later,
in 1971, that the active substance, an 11-amino acid
peptide, was isolated, sequenced, and synthesized
de novo by Susan Lehman and her group.3,4 Yet an-
other 20 years went by, to 1991, before the receptor
for substance P, the NK-1 receptor, was identified
and cloned,5 and small-molecule blockers or antag-
onists of substance P that could access these NK-1
receptors in the emetic centers in the brain were
developed. Amazingly, in line with Gaddum’s spec-
ulation, these substance P antagonists (SPAs) were
shown to be the broadest spectrum antiemetics ever
described.

Research at Merck began during the 1980s to
discover SPAs with which to understand the role
of substance P in health and disease. For many
years this proved a difficult task, and only peptide
antagonists that were unsuitable as oral drug can-
didates and that did not cross the blood–brain bar-
rier were synthesized. In the early 1990s, the first
small molecule brain-penetrant SPAs became avail-
able,6 enabling the investigation of the therapeutic
potential of the NK-1 antagonist mechanism. De-
spite strong anatomical evidence supporting a po-
tential role for substance P in pain and affective
disorders, the SPAs were inactive as analgesics and
as antidepressants. The hypothesis that substance P
was involved in emesis was initially supported by
three preclinical observations: substance P was lo-
calized in the emetic centers of the brain, substance
P could cause emesis, and depletion of substance P
using a toxin (resiniferatoxin) could prevent eme-

sis in preclinical species with a vomiting reflex. The
critical proof that the substance P/NK-1 receptor
axis played a crucial role in mediating the vomiting
response to a number of stimuli came with demon-
stration that highly selective SPAs had profound
activity against emesis induced by broad range of
central and peripherally acting emetogens.7,8 More-
over, these SPAs were active in multiple species with
a vomiting reflex against a broad range of emeto-
gens,9 giving high confidence that the mechanism
would translate to clinically meaningful activity.10 In
particular, SPAs were active against emesis induced
by chemotherapeutic agents such as cisplatin and
uniquely against the delayed phase of emesis that
can recur days after treatment with such cytotoxic
agents.11 Continued research into the antiemetic
mechanism of action of the SPAs showed that SPA
molecules had to penetrate the brain to access cen-
tral NK-1 receptors in the brain-stem emetic centers
in order to be effective in preclinical models. Potent
SPAs that did not cross into the brain were ineffec-
tive as antiemetics.12 Aprepitant13 was chosen for
development on the basis of its notable efficacy and
long duration of action in the preclinical emesis
assays.

PET imaging NK-1 receptors in the brain

Confirmation that drugs reach their targets using
markers of engagement is key to successful proof-
of-concept testing, especially for drugs acting in the
brain. Knowing how hard and how long a drug must
hit its target to produce the desired pharmacologic
effect is important for dose selection and clinical
trial design and interpretation. During the aprepi-
tant program, a novel PET tracer that imaged NK-1
receptors in living human brain was developed to
visualize the central sites of action of aprepitant and
to assess their occupancy by therapeutic doses of
the drug (Fig. 2). Understanding the relationships
between dose, plasma concentration, and recep-
tor occupancy for aprepitant helped establish the
link between target engagement and changes in
the CINV clinical endpoint. This knowledge was
important in the selection of the dosing regime
for the regulatory filing of aprepitant and ensured
that the lowest drug exposure that achieved tar-
get engagement consistent with >90% blockade of
NK-1 receptors was chosen, thereby maximizing
the potential therapeutic safety window of aprepi-
tant.14,15 The PET tracer was also used to predict the
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Figure 2. Occupancy of central NK-1 receptors by aprepitant visualized using PET imaging.

bioequivalence of different oral formulations of the
drug by linking plasma concentration rather than
dose to brain receptor occupancy and clinical effi-
cacy. This was important information because the
oral formulation of aprepitant required consider-
able optimization (see below).

Synthesis of aprepitant: a chemistry
challenge

Synthesizing the aprepitant molecule is a synthetic
chemistry challenge as it comprises two heterocyclic
rings and three stereogenic centers in close proxim-
ity. A first-generation route was used for the produc-
tion of 100 kg of aprepitant, but was deemed not
sufficiently economical or environmentally be-
nign for commercial manufacturing. The first-
generation synthesis required several hazardous
chemicals, such as sodium cyanide, dimethylti-
tanocene, and gaseous ammonia, and used ex-
tremely low temperatures in some steps. In addition,
the route was poorly efficient, generating a large
quantity of waste. As aprepitant moved through
clinical trials and closer to regulatory filing, it be-
came clear that a completely new route was re-
quired to address these liabilities. A team of process
chemists went back to the drawing board, exam-
ined a number of alternate routes, and ultimately
designed and developed a novel and efficient man-
ufacturing route.

The streamlined synthesis used a “crystallization-
induced asymmetric transformation.”16 In this pro-
cess, the desired isomer of aprepitant crystallizes,
and, simultaneously, the unwanted isomer is con-
verted to the desired isomer, ultimately providing
aprepitant in high yield and purity. This chem-
istry innovation halved the number of process steps
while doubling the overall yield of aprepitant. The
synthesis eliminated several hazardous chemicals;
used 80% fewer raw materials, reagents, solvents,
and less water; and was more energy efficient. The
overall waste production was reduced by 85% as
compared to the first-generation synthesis. This sig-
nificant minimization of environmental impact was
recognized by the U.S. Environmental Protection
Agency in awarding their prestigious 2005 Presiden-
tial Green Chemistry Challenge Award to Merck &
Co., Inc. for the redesign of the synthesis of aprepi-
tant. Since the manufacturing process innovation
occurred during the first year of aprepitant produc-
tion, these benefits will be realized over the entire
life cycle of EMEND.

Biopharmaceutical sciences: oral
formulation of aprepitant

Early clinical tablet formulations of aprepitant
showed highly variable, large food effects on ab-
sorption. Given the targeted patient population, de-
velopment of a more bioavailable formulation was
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crucial for the program. A number of alternate for-
mulations such as liquid-filled capsules, alternative
excipients, and amorphous drug substances were
tested, but all met with limited success. Ultimately,
a nanoparticle formulation that enhanced bioavail-
ability and attenuated the food effect was developed
using NanoCrystal R© technology, licensed to Merck
from Elan/Nanosystems. This process involved me-
dia milling of drug particles to <200 nanometers,
coating onto beads, and encapsulation to provide a
convenient formulation for the patient.17 EMEND
was approved by the U.S. Food and Drug Admin-
istration (FDA) in 2003. EMEND is dosed orally as
a 125 mg tablet on the first day of chemotherapy
treatment and as an 80 mg tablet on days two and
three after chemotherapy.

Fosaprepitant: a prodrug of aprepitant for
intravenous use

The sparing water solubility of aprepitant pre-
cluded its formulation in a vehicle acceptable for
intravenous administration in humans. Since the
availability of both an oral and an intravenous for-
mulation of aprepitant would increase the deliv-
ery options available to oncologists and patients
and provide maximum clinical dosing flexibility, we
sought ways to overcome the solubility issues asso-
ciated with aprepitant. An unprecedented prodrug
strategy was undertaken in the chemistry program
to discover a chemical form of aprepitant that had
good water solubility, with the potential to be rapidly
metabolically converted in vivo to the parent aprepi-
tant while releasing innocuous residues, yet exhib-
ited sufficient chemical stability to allow for routine
handing and storage. The N-phosphoryl derivative
of aprepitant (fosaprepitant) was synthesized,18 and
it was shown in a series of preclinical experiments
to be metabolically converted to aprepitant both
in vitro and in vivo, as well as to be functionally
equivalent to aprepitant in vivo. Clinical studies then
showed that fosaprepitant has a favorable tolerabil-
ity in humans and excellent efficacy in the treatment
of chemotherapy-induced emesis, thereby demon-
strating the viability of the prodrug strategy for
the intravenous delivery of aprepitant.19 Fosaprepi-
tant was approved in 2008. EMEND (fosaprepi-
tant dimeglumine) for Injection (also known as
IVEMEND R© in Europe) 115 mg can be substituted
for the 125 mg oral capsule of aprepitant on the first
day of chemotherapy treatment.

Clinical development of aprepitant

During the clinical phase of development, aprepi-
tant was studied in more than 6,500 patients in
randomized controlled trials, and showed statisti-
cally significant and clinically meaningful reduc-
tions in the incidence of CINV associated with
moderately to highly emetogenic chemotherapy
compared with the prior standard regimen of a
5-HT3 receptor antagonist and dexamethasone, and
was well tolerated.20–26

Aprepitant for control of postoperative
nausea and vomiting

The control of postoperative nausea and vomiting
(PONV) has recently been reviewed.27 Similar to
CINV, PONV has a delayed phase response known as
postdischarge nausea and vomiting (PDNV). PONV
and PDNV impact recovery after anesthesia imme-
diately after surgery and at later times (24–72 h)
after surgical interventions when day-care patients
are sent home, at which time there is no simple ac-
cess to rescue medications or medical care. Given
the broad preclinical spectrum of antiemetic con-
trol observed preclinically with the SPAs and their
unique clinical efficacy in the delayed phase of CINV,
clinical studies were undertaken to compare their ef-
ficacy to 5-HT3 receptor antagonists, the previous
standard of care.28 These studies demonstrated the
efficacy of aprepitant as monotherapy for the pre-
vention of postoperative nausea and vomiting, and
it was approved for this indication in 2006.

Aprepitant: learning about the biology of
chemotherapy-induced emesis

The development of aprepitant provided new
insights into the pharmacological and pathophys-
iological mechanisms involved in emesis. Both
peripheral (glosophararyngeal and vagal nerves)
and central (cortical and cerebellar) pathways can
activate neuronal nuclei in the brainstem and trig-
ger a sequence of events that results in the vomiting
reflex (Fig. 3A). The 5-HT3 receptor antagonists are
thought to exert their actions predominantly on the
peripheral terminals of vagal afferents in the gas-
trointestinal tract and in the chemoreceptor trigger
zone (CRTZ) that lays in the area postrema outside
of the blood–brain barrier to block the activating
effects of serotonin released during chemotherapy.
The CRTZ signals to another area, the nucleus
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Figure 3. (A) Mechanism of chemotherapy-induced emesis. (B) Sites of action of 5-HT3 and NK-1 receptor antagonists. Graphics
by Kirk Moldoff.

tractus solitarius (NTS), in the brain stem that
also receives emetogenic stimuli from higher brain
centers (e.g., cortical and vestibular) as well as
gastrointestinal vagal afferents, and is thought to or-
chestrate the patterns of central activity underlying
CINV and PONV. Preclinical studies suggest that it
is here within the NTS that SPAs such as aprepitant
exert their strongest antiemetic properties through
central inhibition of the emesis pattern generator
(Fig. 3B). This central site of action is the likely
explanation for the unique broad antiemetic
pharmacological profile of the SPAs, indicating
that substance P acting at central NK-1 receptors is
one of the final common mechanisms involved in
activation and coordination of the vomiting reflex.29

The acute and delayed clinical time course of
CINV has previously been linked to serotonin re-
lease and inflammation by the clinical effective-
ness of 5-HT3 antagonists and steroids, respec-
tively. The discovery of the SPAs and clinical
experience with aprepitant has furthered our un-
derstanding and provided substantial evidence for
involvement of substance P throughout the CINV
response. The prolonged efficacy profile of aprepi-
tant, including the delayed phase, indicates that sub-
stance P acting at central NK-1 receptors becomes
increasingly important with time in the pathophys-
iology of the overall CINV response.30 These obser-
vations support the clinical rationale for combina-
tion therapy with 5-HT3 receptor antagonists (e.g.,
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Figure 4. Substance P: 70 years from discovery to therapeutic utility. The photograph of Gaddum is reprinted by permission from
Macmillan Publishers Ltd: Nature 406, 831 (24 August 2000), copyright 2000.

ondansetron), steroids (e.g., dexamethasone), and
SPAs such as aprepitant to optimize control of
CINV.

Current and future challenges in the
aprepitant program

Ongoing discovery and development efforts in the
program aim to identify simplified dose regimens
of aprepitant. In August 2010, a single-dose formu-
lation of fosaprepitant for IV administration was
approved in the European Union for use instead
of the 3-day oral regimen of aprepitant, together
with a 5-HT3 receptor antagonist and a corticos-
teroid. Additionally, in November 2010, the FDA ap-
proved a single-dose formulation, EMEND for In-
jection 150 mg, for patients receiving highly emetic
chemotherapy. This new regimen provides a more
simple treatment to patients who will not need to
worry about taking capsules of EMEND on days
two and three, ensuring compliance with therapy
and improving convenience for both patients and
healthcare professionals.

The incidence of cancer in pediatric patients is
still a concern despite the availability of treatments
for the different tumors and the resilience of the pa-
tients. There are no clear guidelines for antiemetic
therapy in pediatric cancer patients since the avail-

able scientific data are very limited; this allows pedi-
atric cancer patients to go through their chemother-
apy treatment with suboptimal therapy for preven-
tion of CINV. An age-appropriate formulation of
aprepitant (powder for suspension) is currently un-
der research and development to extend its benefits
to pediatric patients.

Conclusion

Aprepitant today represents the culmination of
more than 80 years of research into the pharma-
cology and physiology of substance P and more
than 20 years of drug discovery and development
toward identifying a safe, potent, orally active, and
brain-penetrant SPA31 (Fig. 4). Its discovery and
development has dramatically improved the qual-
ity of life for patients with cancer who must un-
dergo multiple cycles of chemotherapy. Aprepitant
is the first and only substance P/NK-1 receptor an-
tagonist available for the prevention of CINV in
cancer patients. Aprepitant, in combination with a
5-HT3 receptor antagonist and dexamethasone, op-
timizes protection against CINV in both the acute
and delayed phases compared to the prior standard
of care, and is now recommended as first-line ther-
apy for patients about to be treated with moderately
or highly emetogenic chemotherapy.
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