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Abstract

In recent years, chemotherapy-induced nausea and vomiting (CINV) has become the most common adverse
effect of chemotherapy in oncology patients. The CINV may reduce the quality of life in mild cases, or even
make the patients resist or delay further treatment. Fosaprepitant is a newly marketed neurokinin-1 receptor
antagonist (NK-1RA), which can be combined with 5-hydroxytryptamine 3 receptor antagonists (5-HT3RAS)
and dexamethasone to prevent chemotherapy-induced vomiting. The dimeglumine salt form of fosaprepitant
can be utilized as an intravenous injectable drug, which surpasses aprepitant’s oral admistration limits.
Fosaprepitant is effective and safe in the control of CINV in cancer patients receiving highly emetogenic
chemotherapy (HEC), and may be an alternative option for antiemetic therapy. In general, fosaprepitant
is worthy of clinical promation and has a large market potential. This article reviews the clinical studies
on fosaprepitant conducted in recent years, with the aim of providing a basis for the rational clinical selec-
tion of antiemetic drugs.

Key words: neurokinin-1 receptor antagonist, fosaprepitant, efficacy and safety, clinical research, chemo-
therapy-induced nausea and vomiting
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Introduction

The treatment of malignant tumors has improved rap-
idly in recent years. Though there have been many break-
throughs in targeted therapeutics in oncology that are less
emetogenic, chemotherapeutics have not been completely
replaced. Chemotherapy-induced nausea and vomiting
(CINV) are one of the most prevalent side effects of treat-
ment, and severe vomiting can have a negative impact
on subsequent therapeutic efficacy.! Children present
a more severe response compared to adults.? If not man-
aged effectively, CINV can affect patients by causing de-
hydration, malnutrition and electrolyte imbalance. These
side effects can significantly impact patient’s quality of life
and instill fear of chemotherapy. The prevalence of nau-
sea and vomiting is related to several factors, including
the emetogenicity of the chemotherapy regimen, the dose
and rate of administration of the chemotherapy agents,
various environmental triggers, and patient-related fac-
tors. The pathogenesis involves multiple organ systems,
the central nervous system, the gastrointestinal tract, and
neurotransmitters.? Highly emetogenic chemotherapy
(HEC) is defined as drugs that cause vomiting in more than
90% of patients without any emetic prophylaxis, whereas
moderately emetogenic chemotherapy (MEC) is defined
as drugs that cause nausea and vomiting in 30—-90% of pa-
tients without any emetic prophylaxis.*

Neurokinin-1 receptor antagonists (NK-1RAs) in combi-
nation with 5-hydroxytryptamine 3 receptor antagonists
(5-HT3RAs) and dexamethasone have been suggested
by domestic and international standards to prevent and
minimize CINV in patients.* The NK-1RAs are a novel
kind of anti-nausea medication with high selectivity and
affinity. These medications work by competitively binding
to the NK-1R, which can block the binding of substance
P and prevent the emetic signal from being transmitted.
The release of 5-HT?>° is the focus of acute CIN'V, whereas
the release of substance P is the focus of delayed CINV. All
NK-1RAs are effective but exhibit important differences
in efficacy against acute and delayed CINV. For delayed
CINV compared to acute CINV, the benefit of NK1-RA-
containing 3-drug regimens is greater than that of 2-drug
regimens. Fosaprepitant, a subsequently developed apre-
pitant precursor drug, is given intravenously (i.v.) and
is rapidly converted to aprepitant through the hydrolysis
of phosphatase enzymes widely present in the body, which
can mediate the blockage of substance P.” In China, the NK-
1RA medications primarily contain aprepitant (oral) and
fosaprepitant (injection). The clinical trials for aprepitant
are conducted more often due to its earlier availability
in the market. However, because fosaprepitant is new
to the Chinese market, studies have been limited to chil-
dren. The dimeglumine salt form of the novel anti-nausea
medicine, fosaprepitant, can be utilized as an i.v. injectable
drug, which is able to surpass the oral admistration limit
of aprepitant. The bioavailability is unaffected by vomiting;
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therefore, it can be utilized in patients with oral mucositis
who are unable to take medications orally.®

Objectives

This review compiles the domestic and international
clinical investigations on the anti-nausea effects of fosa-
prepitant, and serves as a guide for choosing anti-nausea
medications in the clinic.

Methodology

Studies from the years 2003-2022 were included in our
review. The studies were identified using the following
keywords: “fosaprepitant”, “aprepitant”, “CINV”, “HEC”,
“MEC”, and “NK-1RA”. Several representative articles were
screened to analyze and summarize the clinical therapeu-
tic effects of fosaprepitant. The data and conclusions from
clinical trials were discussed. The data are presented along
historical and medical drug development routes.

The clinical efficacy of fosaprepitant
in preventing HEC-induced nausea
and vomiting in adults

Fosaprepitant is used to prevent acute and delayed
nausea and vomiting associated with HEC, and delayed
nausea and vomiting associated with initial and recur-
rent courses of MEC in adults when used in combination
with other antiemetic medicines.’ In a study conducted
in China, 626 cancer patients who were administered
HEC were randomly assigned to 2 groups: aprepitant
(aprepitant+granisetron+dexamethasone) or fosaprepitant
(fosaprepitant+granisetron+dexamethasone).' The results
showed that there were no differences in the complete re-
sponse (CR) rate of the acute phase (AP), delayed phase (DP)
and overall phase (OP) (p > 0.05) between the 2 treatments,
and both drugs were well tolerated. In the OP, the CR rate
was achieved by 293 (89.33%) patients in the fosaprepitant
group and by 294 (92.74%) patients in the aprepitant group.
During the AP and DP, the CR rates in the fosaprepitant
group were 95.73% and 91.16%, respectively. Thus, fosapre-
pitant was found to be beneficial in controlling HEC-related
nausea and vomiting in Chinese patients. Saito et al. studied
347 adult patients in Japan who received chemotherapy,
including cisplatin (70 mg/m?), and were randomly di-
vided into fosaprepitant and control groups.!! The results
showed that the fosaprepitant regimen was more effective
than the control regimen in both the AP (p = 0.0006) and
the DP (p = 0.0025).

Both of the studies were similar in regard to the CR
rates observed during the AP. In contrast to the findings
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Table 1. The clinical efficacy of fosaprepitant in preventing HEC
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Cisplatin CR (%) CR (%) CR (%)
P Group Antiemetic doses (acute phase | (delay phase | (overall phase
dose (mean)
(AP)) (DP) (OP)
. fosaprepitant 150 mg i.v. plus
e IRl granisetron 3 mg i.v. plus
day 1 group
(before dexamethasone 6 mg orally or i.v.
chemo- ) aprepitant 125 mg orally plus
therapy) i ) aprfgljtant granisetron 3 mg i.v. plus
non-cisplatin group dexamethasone 6 mg orally or i.v.
HEC regimen i fosaprepitant = fosaprepitant = fosaprepitant
Yang et al.® (148 people) = fosaprepitant dexamethasone 3.75 mg orally group: 95.73% = group: 95.73% = group: 89.33%
n =645 day 2-3 or cisplatin group every 12h aprepitant aprepitant aprepitant
60-80 mg/m? aprepitant aprepitant 80 mg orally plus group: 95.90% = group: 93.38% = group: 92.74%
(497 people) group dexamethasone 3.75 mg orally
fosaprepitant = dexamethasone 3.75 mg orally every
group 12h
day 4 )
aprepitant dexamethasone 3.75 mg orally
group
. fosaprepitant 150 mg i.v. plus
day 1 fosaﬁffltam granisetron 40 pg/kg iv. plus
(before group dexamethasone i.v.
chemo- ) ‘ fosaprepitant = fosaprepitant = fosaprepitant
Saito et al.” therapy) cisplatin control group placebo i.v. plus granisetron group:94% | group:65% | group: 64%
n =347 76.2 mg/m? 40 pg/kg iv. plus dexamethasone iv. | control group: | control group: | control group:
i 81% 49% 47%
e[ RAEI: dexamethasone i.v.
day 2-3 group
control group dexamethasone i.v.

i.v. —intravenously; CR — complete response; HEC — highly emetogenic chemotherapy.

in Chinese patients, the CR rates in Japanese patients were
different in the DP. The dose of cisplatin could have been
a substantial factor causing the disparity. In the Japa-
nese research, the target population was given cisplatin
at a mean dose of 76.2 mg/m?. In contrast, the Chinese pa-
tients were given a non-cisplatin HEC regimen or cisplatin
at 260 mg/m?, which is defined as HEC under treatment
standards (Table 1).

The clinical efficacy of fosaprepitant
in preventing MEC-induced nausea
and vomiting in adults

Fosaprepitant can prevent MEC-induced nausea and
vomiting, especially during the DP. Weinstein et al. se-
lected patients aged >18 years who received non-cyclophos-
phamide MEC.!? All patients were assigned to treatment
with fosaprepitant combined with ondansetron and dexa-
methasone (the observation group) or with ondansetron
and dexamethasone alone (the control group). The study
showed that fosaprepitant significantly enhanced CR
in the DP (78.9% compared to 68.5%; p < 0.001) and OP
(77.1% compared to 66.9%; p < 0.001), but not in the AP
(93.2% compared to 91.0%; p = 0.184), compared to con-
trol. Thus, the anti-nausea efficacy of fosaprepitant was
comparable between the observation and control groups
for acute vomiting, whereas the efficacy was considerable

for delayed vomiting. The adverse response was mild, and
the fosaprepitant regimen was generally well tolerated.
Weinstein et al. randomly allocated patients undergoing
the first day of planned iv. anthracycline-cyclophospha-
mide-based MEC chemotherapy with oral ondansetron
and oral dexamethasone plus a single dose of i.v. fosapre-
pitant (150 mg) or placebo, and found that a single dose
of fosaprepitant was effective and safe in preventing CINV
in different types of cancer.!®

The clinical efficacy
of fosaprepitant in preventing
CINV in pediatric patients

Under the current standard of care, antiemetic regimens
are more effective in adults than in children. When com-
pared to adults, children exhibit differences in bioavail-
ability, absorption, volume of distribution, and hepatic
and renal clearance. Another factor is the widespread use
of multiple-day chemotherapy regimens in pediatric pa-
tients, which are used less frequently in adult patients.!*
However, some studies have shown that fosaprepitant
can effectively prevent the CINV associated with MEC
in pediatric patients. Radhakrishnan et al. selected pa-
tients aged 1-12 years who received MEC from the India
Cancer Institute.!® Patients were randomly divided into
an observation group and a control group. In that study,
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patients in the fosaprepitant arm received 3 mg/kg (maxi-
mum 150 mg) of fosaprepitant as a 30-minute i.v. infusion
in 100 mL of normal saline. The study showed that the CR
for acute vomiting in the observation group (86%) was con-
siderably higher than in the control group (60%; p < 0.001),
and the CR for delayed vomiting in the observation group
(79%) was significantly higher than in the control group
(5%; p < 0.001). Overall, the CR in the observation group
(70%) was higher than in the control group (40%; p < 0.001),
which indicates that the anti-nausea efficacy of fosaprepi-
tant was significant. In addition, the adverse response was
mild and tolerable.!®

In a Chinese trial on the prevention of CINV with
the use of fosaprepitant in children with tumors, a total
of 122 children were enrolled (62 in the fosaprepitant group
and 60 in the aprepitant group).’® In this study, patients
aged 212 years received fosaprepitant at a dose of 3 mg/kg
(maximum 150 mg). The proportions of AP, DP and OP
reaching CR (no vomiting rate) were 88.5%, 71.3% and
65.6%, respectively. Fosaprepitant also had a greater CR
than aprepitant in preventing acute vomiting (p < 0.05).
There were no differences between the 2 groups in terms
of adverse responses, and the drugs were well tolerated.

Recently, from August 2015 to January 2017, a retrospec-
tive chart review characterized the usage of fosaprepitant
in patients aged from 10 months to 18 years at a single
hospital.’” The study included 35 patients who got fosapre-
pitant at a dose of 4 mg/kg (maximum 150 mg) for CINV
prophylaxis. A follow-up phone call was made to 10 pa-
tients aged =5 who received fosaprepitant after October
2016 to assess the control of delayed CINV. During the AP,
89% exhibited complete control of emesis, while 63% pre-
sented complete control during the DP, and 60% exhibited
overall control of emesis. These results provide evidence
that fosaprepitant is safe and effective in the prevention
of CINV in pediatric patients as young as 10 months. How-
ever, because the above studies were all single-center, small
sample clinical trials, more randomized controlled multi-
center clinical trials are needed to determine the efficacy
and safety of fosaprepitant for the treatment of CINV
in pediatric patients.

In April 2018, the U.S. Food and Drug Administration
(FDA) approved the use of fosaprepitant in children over
the age of 6 months.® The FDA recommends fosaprepitant
doses of 5 mg/kg (age: 6 months—2 years) and 4 mg/kg
(age: 2—12 years) capped at 150 mg and infused over 1 h.
On day 1, children under the age of 12 receive 3 mg/kg
fosaprepitant (maximum: 115 mg) administered over 1 h,
followed by an oral 2 mg/kg aprepitant suspension (maxi-
mum: 80 mg) on days 2 and 3.

According to pharmacokinetic studies, children un-
der the age of 12 convert fosaprepitant to aprepitant
in the blood more slowly than adults and have a lower
mean area under the curve (AUC). Hence, children under
the age of 12 required greater doses to achieve exposures
comparable to adults.!
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Efficacy comparison
for fosaprepitant and aprepitant

Aprepitant is a NK-1RA and fosaprepitant is a prodrug
of aprepitant that is activated in the bloodstream after
iv. delivery. In contrast to aprepitant, fosaprepitant may
be beneficial for individuals who are unable to take oral
antiemetics during a bout of nausea or vomiting.!® In order
to compare the efficacy and safety of fosaprepitant and
aprepitant, Zhang et al. designed a randomized, double-
blind, non-inferiority clinical study in which 644 patients
receiving cisplatin-based chemotherapy were randomized
to fosaprepitant or aprepitant groups. In this study, it was
found that the antiemetic effects of fosaprepitant and
aprepitant were comparable (71.96% compared to 69.35%,
p = 0.4894)." Therefore, these 2 drugs have the potential
to have a positive impact on daily life by easing the com-
pletion of a patient’s clinically prescribed chemotherapy
treatment.

According to a randomized controlled trial, the use
of aprepitant and fosaprepitant for the treatment of CINV
in patients with gynecological cancer showed no significant
differences between the 2 groups in the AP and DP of cycle
1 chemotherapy.?® This study also showed that both i.v. fo-
saprepitant and oral aprepitant were effective in preventing
vomiting, and had a beneficial effect on patients’ qual-
ity of life. In another study conducted in Japan, a 5-day
administration of aprepitant and a single administration
of fosaprepitant for the prevention of nausea and vomit-
ing caused by cisplatin-induced HEC were compared.?!
The results showed no significant differences between
groups in the rate of complete remission and the complete
control rate of vomiting during the entire treatment period.
Nausea scores in both groups tended to increase from day
3, but there was no statistical significance between groups.

These results demonstrate that a single dose of fosa-
prepitant improves the antiemetic effects of conventional
5-HT3RAs and corticosteroid therapy compared to stan-
dard therapy alone, and may have an efficacy comparable
to the recommended 3-day aprepitant regimen.

Safety and drug interactions
for fosaprepitant

Fatigue, diarrhea, constipation, sleeplessness, vertigo,
local pain at the injection site, and other side effects of fo-
saprepitant can occur throughout the therapeutic pro-
cess. Other adverse responses are minor and acceptable
(p > 0.05),'%2 and the incidence of diarrhea and vertigo
is lower than in the control group (p < 0.05). Other adverse
responses, including hiccups, headache and serious ad-
verse event (SAE; anaphylactic reaction) to the medication,
were reported by only a few children in one of the pediat-
ric cancer treatment studies, and there was no mortality
in the first cycle.!*
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Drug interactions associated with fosaprepitant should
be considered when selecting an antiemetic therapy. A re-
port by Patel et al. stated that concomitant administra-
tion of aprepitant and alcohol can cause impaired cog-
nitive function, the simultaneous use of aprepitant with
vincristine and isocyclophosphamide can cause neuro-
toxicity, and a combination with quetiapine can induce
drowsiness.?2 They have also shown that there may be
local reactions at the infusion site when fosaprepitant and
anthracycline drugs are given via the same peripheral i.v.
route.?? In general, adverse effects of fosaprepitant are
slight, the drug is significantly safe for children, women,
the elderly and patients with renal insufficiency, and there
is no need to change their prescripted dosage.

Discussion

More than 90% of the vomiting caused by chemotherapy
medicines is delayed vomiting, with a prevalence of more
than 60%. This usually relates to inadequate control
of acute CINV or the use of cisplatinum, Cytoxan, Para-
platin, or doxorubicin. The severity of the vomiting reaches
its peak after 2—4 days of chemotherapy. Although the fre-
quency of delayed vomiting is not as high as acute vomiting,
itis difficult to control and normally lasts long. As a result,
preventing delayed vomiting remains a challenge.?

The ability of NK-1RAs to bind to the NK-1R with great
selectivity and potency in order to inhibit the activity of sub-
stance P offers a new treatment option for CINV.2* The NK-
1RAs have a considerable anti-nausea effect. Most people
can tolerate these drugs because they are safe and induce
only minor adverse reactions. The iv. injection of fosaprepi-
tant, the phosphate prodrug of aprepitant, is more practical
for patients during nausea and vomiting than the admin-
istration of oral antiemetics. The efficacy of a single dose
of fosaprepitant is comparable to that of aprepitant, allow-
ing the antiemetic regimen to be simplified. Fosaprepitant
has become one of the most important medications in anti-
emetic therapy. At present, the brand name “fosaprepitant”
is still not available in the Chinese market. Jiangsu Hansoh
Pharmaceutical Group Co., Ltd. produces genericized fo-
saprepitant (Tannen), which is the first injectable NK-1RA
licensed for sale in China. According to clinical research,
fosaprepitant (Tannen) is well tolerated and has a similar
safety profile to aprepitant.?’ The launch of domestic fo-
saprepitant will give Chinese patients more options for
CINV treatment. However, there are still very few domestic
clinical studies for fosaprepitant, particularly in children.
More clinical trials are needed to support the appropriate
usage of NK-1RAs in clinics.

Other recently developed antiemetics, such as Zyprexa,
Akynzeo and Varubi, are approved for marketing. In order
to prevent CINV in adults receiving cisplatin and other
highly emetic single agents, as well as in adults receiving an-
thracycline combined with cyclophosphamide, the updated
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American Society of Clinical Oncology (ASCO) antiemetic
guidelines advise the addition of olanzapine (Zyprexa)
to a NK1-RA, a 5-HT3RA and dexamethasone.?

Two published phase 3 studies compared olanzapine
with aprepitant (both in combination with a 5-HT3RA and
dexamethasone). Both studies showed that the 2 treatment
plans had equal effects on CINV during the immediate
period (0—24 h after chemotherapy), but olanzapine was su-
perior to aprepitant at controlling nausea during the later
phase (0-120 h after chemotherapy).2-?”

For the prevention of immediate and delayed nausea and
vomiting brought on by moderately and highly emetogenic
cancer chemotherapy, netupitant/palonosetron (NEPA/
Akynzeo) is recommended in the EU for adults. In one trial,
patients receiving cisplatin-based HEC were randomized
to either NEPA (plus dexamethasone) or aprepitant (plus
granisetron and dexamethasone) groups. The NEPA showed
non-inferiority to aprepitant for the key efficacy end objec-
tive over the course of CINV (73.8% compared to 72.4%).28

Rolapitant (Varubi) is also a novel NK-1RA that was ap-
proved by FDA in 2015 for the prevention of delayed CINV
with MEC and HEC. It has definite advantages over apre-
pitant and NEPA. First, it has no CYP3A4 inhibitory or in-
ducing effects, which restricts the ability to alter the dose
of dexamethasone, a requirement for the use of aprepitant
and NEPA. Unlike aprepitant, rolapitant is administered
as a one-time dose.?

Future studies should be conducted in this area because
it is unclear whether employing a NK-1RA will increase
the effectiveness of nausea control. In comparison to exist-
ing agents, newer ones may provide important advantages
in terms of better nausea control, tolerability, formula-
tion options, and therapeutic plasma levels during the AP
of CINV. These newer agents also give clinicians more op-
portunities to maximize the advantages of this significant
class of antiemetics.?°

Limitations

This article only describes the efficacy of fosaprepitant
in adults and children. The use of this medication in spe-
cial populations (elderly, hepatic and renal insufficiency,
etc.) has been less studied, thus caution should be exercised
in its use. More prospective clinical studies are needed
to prove its efficacy and safety, and the efficacy of fosapre-
pitant and aprepitant in controlling various types of vom-
iting remains controversial, requiring more clinical trials
or meta-analyses to confirm.

Conclusions

Fosaprepitant is effective and safe in the treatment of can-
cer patients receiving HEC. As an antiemetic therapy, this
may be a better option. In general, fosaprepitant has a large
market potential and is worthy of clinical promotion.
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