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Controlling Emesis: Evolving
Challenges, Novel Strategies

Brenda Nevidjon, RN, MSN, FAAN, and Rekha Chaudhary, MD

ausea and vomiting following the ad-
ministration of chemotherapy, radiation
therapy, or surgery remain significant
and distressing complications associ-
ated with these therapies.!? Continued research
over the past 25 years has led to steady progress
in the management of emesis among patients in
these treatment settings, particularly with the de-
velopment of 5-hydroxytryptamine (5-HT;) and
neurokinin-1 (NK,) receptor antagonists and the
improved use of corticosteroids.’8
Despite these noteworthy achievements, sev-
eral therapeutic challenges and unaddressed
needs continue to impact the control of emesis.
Episodes of chemotherapy-induced and radiation-
induced nausea and vomiting (CINV and RINV,
respectively) remain frequent among patients
undergoing any of these treatment modalities, of-
ten occurring in up to 80% of cases.’?~!! Among
them, CINV is typically the most severe, and clin-
ical evidence indicates that optimal management
of this complication has not been achieved.!"?

Management of Nausea and Vomiting
Remains an Evolving Challenge

A retrospective analysis by Roscoe and col-
leagues concluded that following the introduc-
tion of 5-HTj receptor antagonists, the incidence
of post-treatment nausea increased despite a de-
creased frequency of post-treatment vomiting.'?
In addition, two meta-analyses have reported that
5-HT, receptor antagonists given alone or in com-
bination with corticosteroids have not been effec-
tive for treating delayed CINV.!314

Although at first glance these findings initially
suggest that 5-HT); agents are not effective, recent
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Abstract Control of nausea and vomiting following chemotherapy, ra-
diation therapy, and surgery has significantly improved in recent years
due to the development of novel, effective, and better-tolerated anti-
emetic therapies. However, the incidence and severity of emesis are
often underestimated by the medical community and remain among
the most distressing outcomes following treatment. Inadequately con-
trolled nausea and vomiting can negatively impact several aspects of
emetogenic therapy, including quality of life, cost of therapy, compli-
ance, and possibly treatment outcomes. To address these concerns, an-
tiemetic therapy continues to evolve along several avenues, such as the
development and use of novel 5-hydroxytryptamine and neurokinin-1
receptor antagonists, refinement of antiemetic therapeutic guidelines,
identification of additional risk factors for acute and delayed nausea and
vomiting, and additional research toward the role of nonpharmacologic
complementary therapies. In addition to improved treatment options,
the development of alternative oral drug delivery systems, including
orally dissolving tablets and film strips, should further improve the over-
all convenience of antiemetic therapy.

clinical data indicate that inadequate manage-
ment of emesis may be at least partly attributable
to healthcare professionals minimizing the degree
to which patients will experience nausea and
vomiting following treatment. The Anti-Nausea
Chemotherapy Registration (ANCHOR) study by
Grunberg and colleagues was designed to prospec-
tively assess the frequency and impact of nausea
and vomiting among patients receiving moderate-
ly or highly emetogenic chemotherapy (MEC or
HEC, respectively)."!® Doctors and nurses from
14 oncology practices estimated the expected
frequency of nausea and vomiting following che-
motherapy, which was compared with recorded
episodes of acute (24 hours post chemotherapy)
and delayed (2—5 days post chemotherapy) nau-
sea and vomiting in patients undergoing MEC
(n = 231) or HEC (n = 67)." Functional Living
Index—Emesis (FLIE) questionnaires were also
completed at baseline and on day 6 after therapy
to measure changes in quality of life.!>6

The results of the ANCHOR study demon-
strated that CINV, particularly delayed CINV,
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Controlling Emesis

occurs more frequently than expected by healthcare profes-
sionals. Among MEC patients, doctors and nurses accurately
predicted that acute vomiting would occur in 13% of patients.
However, the incidence of acute nausea was underestimated,
with a predicted incidence of 24% and an observed incidence
of 37%. Delayed CINV was underestimated to an even great-
er degree; although delayed nausea and vomiting were pre-
dicted to occur in 24% and 15% of patients, respectively, the
diaries of MEC patient revealed delayed nausea and vomit-
ing incidences of 52% and 28%, respectively.'> Although the
prevalence of acute emesis was similar between HEC and MEC
patients (12% and 13%, respectively), HEC patients were sig-
nificantly more likely to report delayed emesis (P < 0.05) and
reported more frequent and severe delayed nausea episodes
than MEC patients.'® Among all patients who experienced de-
layed nausea or vomiting (n = 173), 23% reported an impact
of CINV on their overall quality of life. Based on these re-
sults, the investigators concluded that the incidence of CINV
is underestimated by healthcare professionals and negatively
impacts quality of life, even when it is not experienced during
the first 24 hours following treatment.!>1¢

Although evidence is less conclusive for RINV and postop-
erative nausea and vomiting (PONV), it is generally believed
that the magnitude of both of these complications is similarly
underestimated.!”~" In one observational study of RINV,
one-third of surveyed radiotherapy patients experienced nau-
sea and vomiting. However, 85% of these patients were not
prescribed antiemetics.”® Another study by the Italian Group
for Antiemetic Research in Radiotherapy (IGARR) similarly
reported that 40% of radiotherapy patients experienced nau-
sea and vomiting. However, only 14% of these patients were
prescribed antiemetics. In addition, antiemetics were more fre-
quently prescribed with the goal of managing existing episodes
rather than for the prophylaxis of potential symptoms.?!

Evidence shows that the incidence of PONV is also higher
than expected. Results from a study by Carroll and colleagues
examining PONV among patients (n = 143) released from
outpatient surgery centers demonstrated that many patients
continued to experience PONV following discharge.'® Al-
though the initial incidence of PONV recorded in the post-
anesthesia care unit (PACU) was 36%, this incidence rose to
78% when patients who reported PONV via telephone within
48 hours following discharge were included.'®

Similar results were seen in a prospective study by Apfel and
colleagues evaluating survey data from more than 2,000 adult
patients who received elective surgery under general anesthe-
sia.” Although the incidences of nausea and vomiting in the
PACU were 20% and 3%, respectively, these rates increased
to 44% and 12% when expanded over a 48-hour period. Ad-
ditionally, the incidence of nausea and vomiting 48 hours after
anesthesia was 37%, compared with the 15% predicted by the
investigators.'

In addition to their higher-than-expected incidences, CINV,
RINV, and PONV remain highly distressing complications for
patients. Among patients receiving chemotherapy or surgery,
CINV and PONV are consistently reported as the most un-
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pleasant aspects associated with treatment.??=2¢ Even one or
two emetic episodes are sufficient to deteriorate quality of life
and disrupt physical and cognitive function in these patients.?’
In a prospective study by Rusthoven and colleagues assessing
health-related quality-of-life questionnaires from patients re-
ceiving emetogenic chemotherapy, patients who experienced
episodes of CINV reported significantly greater deterioration
across several functional quality-of-life categories than those
without CINV (P < 0.05).2 PONV is also frequently associ-
ated with significant morbidity and can lead to several compli-
cations, including dehydration, electrolyte imbalance, suture
tension and dehiscence, venous hypertension/bleeding, esoph-
ageal rupture, and life-threatening airway compromise.?®
Emetic episodes can also lead to delays in recovery room dis-
charges, particularly for outpatient surgeries. These delays of-
ten result in delayed procedures at surgical centers due to the
increased recovery time associated with PONV.?33-35

Although RINV is generally considered less severe than
CINV or PONV, patients receiving fractionated radiotherapy
(up to 40 fractions over 6-8 weeks) often experience pro-
longed episodes of emesis, which can adversely impact their
quality of life.!173

Ultimately, suboptimal management of nausea and vomit-
ing has multiple consequences. In addition to its impact on
quality of life, uncontrolled emesis frequently leads to reduced
treatment compliance, as patients often delay or refuse a po-
tentially curative therapy."?"**37=% There is also a substantial
socioeconomic burden associated with nausea and vomiting
that affects patients, their employers, and the healthcare in-
dustry overall.?## Similarly, CINV has also been shown to
lower employee productivity and increase overall healthcare
costs due to prolonged inpatient hospitalization and home
nursing expenses.*” Healthcare costs for patients who experi-
ence CINV and PONV have been reported to be up to $184
and $415 per person, respectively.’3#!

Due to the persistence and significance of these treatment
challenges, there is an unmet need for the development of
more effective and tolerable antiemetic therapies. Moreover,
the role of the delivery system used to administer these drugs
is often overlooked. Although the vast majority of antiemetic
drugs are administered orally or intravenously, there are inher-
ent limitations associated with both delivery methods in this
treatment setting.*~*

This article will focus primarily on currently available anti-
emetic therapies—including risk factors and currently recom-
mended treatment guidelines—for CINV, RINV, and PONV.
In addition, novel antiemetic therapies and the evolving role of
drug delivery systems for antiemetic therapy will be discussed.

Prophylaxis and Treatment of Emesis:
All Options Are Not Created Equal

HIGH THERAPEUTIC INDEX ORAL ANTIEMETICS

The vomiting reflex is a complex mechanism that can be
activated from multiple stimuli at several anatomic sites, in-
cluding the peripheral afferents of the gastrointestinal tract
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therefore, palonosetron is con-
sidered a second-generation drug
in this class of agents.® Intrave-
nous palonosetron has produced
statistically significant improve-
ments in complete response rates
compared with ondansetron or
dolasetron in head-to-head clini-
cal trials of patients receiving
MEC.*¢ However, no significant
difference in complete response
rates was observed between palo-
nosetron and ondansetron in pa-
tients receiving HEC.% An oral
formulation of palonosetron is
now available and has been ap-
proved for control of delayed em-
esis in patients receiving MEC.”

The NK,RA  aprepitant
(Emend) is the first in a novel

Figure 1
Adapted, in part, from Quigley et al*’

and the cerebral cortex. In addition, the receptors that are
activated at these sites are diverse and continue to be de-
fined (Figure 1).*” With this complicated pathophysiology, it
is not surprising that the treatment options both available
and in development for managing nausea and vomiting are
varied and complex as well. Currently available agents used
to treat nausea and vomiting are listed in Table 1.47505% Al-
though several options are available, their documented effi-
cacy and tolerability vary significantly. To date, the principal
drug classes with the highest therapeutic index for manag-
ing CINV, RINV, and PONV are serotonin 5-HT); receptor
antagonists (5-HT;RAs), corticosteroids, and NK; receptor
antagonists (NK;RAs).3055%

The development of the first-generation 5-HT;RAs (dola-
setron [Anzemet], ondansetron, granisetron, and tropisetron)
significantly improved antiemetic therapy in the early 1990s,
and to date, they remain the most effective antiemetic agents
in the prophylaxis of acute CINV and RINV.#%57 These agents
have demonstrated equivalent efficacy and, therefore, appear
to be interchangeable, based on conclusions supported by cat-
egory 1 evidence from the National Comprehensive Cancer
Network (NCCN), the American Society of Clinical Oncol-
ogy (ASCO), and the Multinational Association of Support-
ive Care in Cancer (MASCC) guidelines.!*°*~% Few adverse
events occur with 5-HT;RAs at typical doses, and those that do
occur are usually limited to headaches, elevated liver enzymes,
constipation, and diarrhea.’®**~=5$¢! However, these agents are
generally less effective for preventing delayed emesis.>*>"%

Palonosetron (Aloxi) is a novel 5-HT;RA approved by the
US Food and Drug Administration (FDA) in 2003. It hasa 100-
fold greater binding affinity for the 5-HT}; receptor and a signif-
icantly longer half-life of 40 hours than the other 5-HT;RAs;
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The Vomiting Reflex Is Triggered from Multiple Anatomic Sites

class of drugs to be approved for
the management of nausea and
vomiting. These agents block the
NK;, receptor in the brainstem’s
emetogenic center and gastrointestinal tract and may enhance
the overall efficacy of 5-HT;RAs due to their complementary
mechanisms of action.6”%

Several studies have shown that the addition of aprepi-
tant to a standard antiemetic regimen of 5-HT;RA and dexa-
methasone significantly improves control of acute and delayed
emesis in patients receiving HEC®"%7 and improves overall
CINV management in breast cancer patients receiving MEC
with cyclophosphamide = anthracycline.’ Thus, aprepitant is
recommended by the MASCC, ASCO, and NCCN guidelines
for patients receiving HEC and, in select cases, MEC.!>57:6

Despite the promising results aprepitant has demonstrated
in advancing the management of CINV, several concerns re-
main regarding its optimal effective use. For example, the role
of aprepitant in MEC remains undefined. In a study by Warr
and colleagues, aprepitant without dexamethasone did not sig-
nificantly improve control of delayed nausea and vomiting on
days 2 and 3 following chemotherapy.’ Aprepitant alone or in
combination with dexamethasone does not appear to control
emesis as well as a standard antiemetic regimen of 5-HT;RA
and dexamethasone, thus limiting its use as an addition to
5-HT;RA-based antiemetic regimens that have clinically es-
tablished efficacy.”

Aprepitant also has a complex metabolism; it is simulta-
neously a substrate, inhibitor, and inducer of the cytochrome
P450 3A4 enzyme and an inducer of the P450 2C9 pathway.
Therefore, aprepitant can alter the metabolism and change the
plasma concentrations of several drugs that are substrates for
these pathways.”®>? For example, dexamethasone, a substrate
of the cytochrome P450 3A4 pathway, demonstrates increased
plasma concentrations when coadministered with aprepitant.™
Several antineoplastic agents are also substrates of the 3A4
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I
Table 1
Currently Used Agents to Treat Emesis
DRUG CLASS AND NAME CLINICAL USES

COMMON SIDE EFFECTS FORMULATIONS

High therapeutic index

CINV, RINV, PONV, severe nausea and
vomiting

5-HT, receptor antagonists
« Ondansetron

« Granisetron

« Dolasetron

« Tropisetron®

« Palonosetron

Asthenia, constipation, dizziness, « C/T/G

mild headache S/L/C (ondansetron, granisetron)
Parenteral

Subdermal patch (granisetron)
Film strip (ondansetron)

Corticosteroids Adjunct for chemotherapy-related

Increased energy, insomnia, mood « C/T/G

« Dexamethasone symptoms changes « S/L/C

« Parenteral
NK; receptor antagonists CINV, PONV Fatigue, nausea, hair loss, hiccups, « C/T/G
« Aprepitant loss of appetite, constipation, « Parenteral

diarrhea, headache

Low therapeutic index

Antihistamines
» Diphenhydramine
« Dimenhydrinate

Migraine, motion sickness, vertigo

Drowsiness o C/T/G
S/L/C (diphenhydramine,
dimenhydrinate)

« Meclizine « Parenteral
« Film strip (diphenhydramine)
Benzodiazepines Adjunct for chemotherapy-related Sedation « C/T/G
« Alprazolam symptoms « S/L/C
« Diazepam « Parenteral (diazepam,
o Lorazepam lorazepam)
Butyrophenones Anticipatory and acute CINV, PONV Agitation, restlessness, sedation o C/T/G (haloperidol)
« Droperidol® « S/L/C (haloperidol)
« Haloperidol « Parenteral
Cannabinoids Refractory CINV Ataxia, dizziness, euphoria, « C/T/G
« Dronabinol hypotension, sedation
« Nabilone
Phenothiazines Migraine, motion sickness, CINV, EPS, orthostatic hypotension, « C/T/G
o Chlorpromazine® PONV, severe episodes of nausea sedation « S/L/C
« Prochlorperazine and vomiting, vertigo « Parenteral
« Promethazine « Suppository
Substituted benzamides? Diabetic gastroenteropathy, EPS, fatigue, hyperprolactinemia - C/T/G
« Trimethobenzamide gastroparesis « S/L/C (metoclopramide)
« Metoclopramide « Parenteral

5-HT, = 5-hydroxytryptamine (serotonin); CINV = chemotherapy-induced nausea and vomiting; RINV = radiation-induced nausea and vomiting; PONV = postoperative nausea and vomiting;
C/T/G = capsule/tablet/gel; S/L/C = syrup/liquid/concentration; NK, = neurokinin-1; EPS = extrapyramidal symptoms (eg, akathisia, dyskinesia, dystonia, oculogyric crises, opisthotonos)

2 Not available in the United States

® Not widely used in the United States due to “black box” warning
< Low incidence of side effects

4 Use limited by high occurrence of side effects

pathway, which can potentially lead to increased toxicity and
altered plasma concentrations when oral chemotherapeutic
agents metabolized by this pathway are administered with
aprepitant.”” Moreover, aprepitant is relatively expensive com-
pared with other options.® Finally, the MASCC and Ameri-
can Society of Anesthesiologists (ASA) guidelines currently
do not recommend NK;RAs for the management of RINV or
PONV, respectively.

Although it has never been officially approved by the FDA
as an antiemetic in the United States, the corticosteroid dexa-
methasone is recommended by the MASCC, ASCO, and
NCCN guidelines to manage CINV.!?7% Less is known about
the antiemetic mechanism of action of corticosteroids com-
pared with the 5-HT,RA and NK,RA drug classes. Nonethe-
less, dexamethasone has demonstrated notable efficacy in the
management of acute and delayed CINV—particularly when
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administered in combination with another antiemetic agent—
and therefore remains a key component of nearly all CINV
management regimens.*®®! Dexamethasone is also recom-
mended by the MASCC in combination with a 5-HT;RA for
patients at moderate or high risk for RINV! and singly or in
combination for the management of PONV.” Although short-
term use of corticosteroids is effective and recommended for
managing emesis, long-term use may not be advisable, as sub-
stantial morbidity is often associated with the prolonged use of
these agents.’%¢!

LOW THERAPEUTIC INDEX ORAL ANTIEMETICS

Additional antiemetic drug classes with a lower therapeu-
tic index include antihistamines, benzodiazepines, butyrophe-
nones, cannabinoids, phenothiazines, and substituted ben-
zamides. Although these agents typically demonstrate lower
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activity and/or tolerability than do higher therapeutic index
antiemetics, several of these drugs continue to be prescribed
in place of antiemetics with clinically demonstrated superior
efficacy.’®

OTHER ANTIEMETICS IN DEVELOPMENT

The antipsychotic olanzapine (Zyprexa) blocks neurotrans-
mitter activity at multiple dopaminergic, serotonergic, musca-
rinic, and histaminic receptors, suggesting it may have thera-
peutic value as an antiemetic agent.”* Olanzapine has shown
efficacy in managing chronic nausea due to opioid therapy in
patients with advanced cancer.” Results of a phase II study
demonstrated that olanzapine was effective in managing acute
and delayed emesis in 30 patients given cyclophosphamide,
doxorubicin, and/or cisplatin.” Promising initial results have
also been shown for the anticonvulsant gabapentin for reduc-
ing delayed nausea in a small group of patients with breast can-
cer receiving adjuvant doxorubicin and cyclophosphamide.”
Additional studies are clearly warranted to demonstrate the
efficacy of these agents in other antiemetic regimens and pa-
tient populations.

ALTERNATIVE ANTIEMETIC THERAPIES

Although antiemetic medications remain the recommend-
ed first-line treatment across all guidelines for nausea and

vomiting management, several nonpharmacologic and behav-
ioral therapies may also help patients manage emesis in select
situations. Acupuncture at the P6 pressure point,”” transcu-
taneous electrical nerve stimulation,® relaxation training,®
music therapy,® massage therapy,® hypnosis,®* ginger root,®
and peppermint aromatherapy® have demonstrated varying
levels of efficacy in managing CINV and PONV in select trials.
Although these therapies require further research to support
their therapeutic value, they may be useful as complementary
adjuncts to standard pharmacologic antiemetics.

CLASSIFICATION OF CINV, RINV, AND PONV
RISK FACTORS

Among the highly diverse assortment of chemotherapy
drugs, the emetogenic potential varies widely. One schema
(originally designed by Hesketh and colleagues) classifies che-
motherapy drugs by their emetogenic level and includes four
categories: minimal risk, low risk, moderate risk, and severe
risk.1® Emetogenic risk levels for radiation therapy are also
divided into a similar schema of minimal-, low-, moderate-,
and high-risk categories, which are based primarily on the site
of the irradiated area (Table 2).1%°

Although these classification systems guide physicians to
provide suitable antiemetic regimens for patients receiving
chemotherapy, radiation therapy, or surgery, several additional

|
Table 2
Emetic Risk Levels for Intravenous and Oral Chemotherapy Drugs and Radiotherapy
CHEMOTHERAPY MINIMAL (< 10%) LOW (10%—30%) MODERATE (30%—90%) HIGH (> 90%)
Intravenous Bevacizumab Bortezomib Carboplatin Carmustine
Bleomycin Cetuximab Cyclophosphamide Cisplatin
Busulfan Cytarabine (< 100 mg/m? (<1.5g/m?) Cyclophosphamide
Cladribine of body surface area) Cytarabine (> 1 g/m?) (>1.59g/m?)
Fludarabine Docetaxel Daunorubicin Dacarbazine
Vinblastine Etoposide Doxorubicin Mechlorethamine
Vincristine Fluorouracil Epirubicin Streptozocin
Vinorelbine Gemcitabine Idarubicin
Ixabepilone Ifosfamide
Lapatinib Irinotecan
Methotrexate Oxaliplatin
Mitomycin
Mitoxantrone
Paclitaxel
Pemetrexed
Temsirolimus
Topotecan
Trastuzumab
Oral Chlorambucil Capecitabine Cyclophosphamide Hexamethylmelamine
Erlotinib Fludarabine Etoposide Procarbazine
Gefitinib Imatinib
Hydroxyurea Temozolomide
Methotrexate Vinorelbine
Phenylalanine mustard
Thioguanine

RADIOTHERAPY

MINIMAL (< 30%)

LOW (30%—-59%)

MODERATE (60%—90%)

HIGH (> 90%)

Irradiated area

Head and neck,
extremities, cranium,
and breast

Cranium (radiosurgery)
and craniospinal area;
lower thoracic region
and pelvis

Upper abdomen

Total-body irradiation

Reprinted, with permission, from Roila et al' and Hesketh.>' Copyright © 2010 Massachusetts Medical Society. All rights reserved.
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|
Table 3

Patient- and Treatment-Related Risk Factors
Associated with CINV, RINV, and PONV

PATIENT-RELATED FACTORS TREATMENT-RELATED FACTORS

Chemotherapy-induced nausea and vomiting (CINV)

« Female gender « Emetogenicity of antineoplastic
« Younger age agents
« Low alcohol intake history « Chemotherapy dose
« History of CINV « Route of administration (oral vs IV)
« Performance status « Schedule and rate of
« Pretreatment expectations administration
of severe nausea
« History of motion sickness
« History of emesis
during pregnancy

Radiation-induced nausea and vomiting (RINV)

« Irradiated area

« Radiation frequency
« Radiation dose

« Field size

« Female gender

« Younger age

« Low alcohol intake history

« History of RINV

« Tumor stage

« Recent concurrent
chemotherapy

Postoperative nausea and vomiting (PONV)

- Female gender « Volatile anesthetics
« Nonsmoking status « Balanced vs total IV anesthesia
« History of PONV + Nitrous oxide
« History of motion sickness - Large-dose (= 2.5 mg) neostigmine
« History of migraines « Intra-, peri-, or postoperative
« Childhood (after infancy opioids
and younger adult) » Prolonged duration of anesthesia
- Preoperative anxiety « Type of surgery in adults® and
« Better ASA physical stature children®
« Prolonged duration of surgery

ASA = American Society of Anesthesiology

2 Including intra-abdominal surgery, neurosurgery, laparoscopy, orthopedic surgery, major
gynecologic surgery, thyroid surgery, breast surgery, and plastic surgery

b Including strabismus, hernia repair, orchiopexy, penile surgery, and ear-nose-throat proce-
dures (including adenotonsillectomy)

factors must also be addressed. For example, it is important
to differentiate between the management of acute or delayed
nausea and vomiting, a feature that is often overlooked by
antiemetic schemas and guidelines. In the case of CINV, this
distinction is further complicated by the increased use of oral
cytotoxics and targeted agents, which are administered on
varying schedules over several days or weeks.! Additionally,
several emetogenic risk factors, both patient-related (eg, gen-
der, age, history of emesis) and treatment-related (eg, route of
administration, dose, infusion rate, irradiation site, analgesic
use), have been shown to impact the rate of CINV, RINV, and
PONV in multiple studies (Table 3).b101L17:30505557.87=-89 Thyg,
potential emetogenic risk factors should be assessed in all pa-
tients, as they might influence the choice of antiemetic regi-
men for each individual.

ANTIEMETIC GUIDELINES FOR CINV, RINV, AND PONV

Antiemetic prophylaxis guidelines for CINV, RINV, and
PONV continue to evolve as useful tools that are periodically
updated with the latest clinical research and drug develop-
ment. Currently, guidelines for managing CINV remain the
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most comprehensive, with evidence-based recommendations
developed by the MASCC,! ASCO,* and NCCN.> The On-
cology Nursing Society (ONS) has also developed evidence-
based guidelines, which include CINV, to help nurses improve
symptom management and patient outcomes.”

In general, there is consensus among all three guidelines
on the classification of CINV into three categories: acute on-
set (occurs within 24 hours of initial chemotherapy), delayed
onset (occurs >24 hours following initial chemotherapy and
may last up to 5 days), and anticipatory onset (emetic episodes
triggered by a conditioned response due to prior severe nausea
and vomiting with chemotherapy).!5"¢

For acute CINV prophylaxis in HEC or MEC, the guide-
lines unanimously recommend a combination of a 5-HT;RA,
dexamethasone, and the NK,RA aprepitant within the first 24
hours of chemotherapy (aprepitant is optional for MEC). For
low emetogenic chemotherapy (LEC), both the MASCC and
ASCO guidelines recommend corticosteroids alone within the
first 24 hours, whereas the NCCN guidelines suggest dexa-
methasone, prochlorperazine, or metoclopramide.!>57%

For delayed CINV with HEC, dexamethasone plus apre-
pitant is recommended. For MEC, dexamethasone is the pre-
ferred agent, but aprepitant with or without dexamethasone
may be considered as a replacement (MASCC, ASCO). A
5-HT;RA can be used (NCCN) if aprepitant was used previ-
ously to treat acute CINV. For LEC, delayed CINV prophylaxis
is not recommended by any of the guidelines.">"%

The MASCC prophylaxis guidelines for RINV are also
categorized by the risk level for emesis (Table 2)."'7 For pa-
tients receiving high- or moderate-risk radiotherapy, prophy-
laxis with a 5-HT;RA plus dexamethasone is recommended.
Patients receiving low-risk radiotherapy are recommended to
receive prophylaxis or rescue treatment with 5-HT;RA mono-
therapy, whereas patients treated with minimal-risk radio-
therapy should receive rescue treatment with a dopamine or
5-HT;RA. Although the level of consensus is uniformly high
(consensus by more than two-thirds of MASCC panelists) for
all risk levels, the level of scientific confidence is considered
lower for cranium (radiosurgery) and craniospinal patients and
for minimal-risk patients.

The ASA practice guidelines for postanesthetic care are
comparatively broader for the prevention and management
of PONV.” When indicated, 5-HT;RAs, droperidol, dexa-
methasone, and metoclopramide alone or in combination are
suggested for prophylaxis or treatment. Although other an-
tiemetic or nonpharmacologic agents may be used for treat-
ment when indicated, evidence supporting their use to manage

PONV is less robust.”

The Role of Novel Drug Delivery Systems
in Improving Control of Emesis

ANTIEMETIC DRUG DELIVERY SYSTEMS IMPACT
PATIENT COMPLIANCE AND CONVENIENCE

Despite their inherently greater convenience in comparison
with intravenous drugs, oral antiemetics are often burdened
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with several potential problems. Conventional oral delivery
systems, including tablets, capsules, solutions, and suspensions,
are often difficult to administer to patients with dysphagia.**

Swallowing difficulties also occur often in specific popula-
tions, including elderly, very young, and developmentally dis-
abled patients, which may impede their use of prescribed oral
medications. Nauseated patients also frequently experience dif-
ficulties with oral medications, as they are often unable to keep
these agents down due to active symptoms.*’ Finally, patients
who frequently receive oral antiemetic medications, which are
often associated with a bitter taste, may develop learned taste
aversions that further limit the use of these drugs.”"%

In addition to swallowing difficulties, convenience is also
a notable concern associated with oral antiemetics. Patients
taking tablet formulations often require drinking water to ease
swallowing, which is not always available.* Also, crushing tab-
lets or removing contents from capsules may significantly alter
the absorption profile of a drug, consequently changing its ef-
ficacy and tolerability. #4648

Intravenous antiemetic drugs are associated with a different
set of drawbacks. Although infusions by a nurse or physician
usually improve compliance, they are inconvenient for pa-
tients, as they typically require frequent and prolonged dosing
schedules that preclude outpatient use.* Thus, in addition to
improved antiemetic agents, novel drug delivery systems that
rapidly, effectively, and conveniently distribute medications to
patients with minimal side effects are clearly necessary and are
under development to improve the overall administration of
antiemetic therapy.

NOVEL ANTIEMETIC DRUG DELIVERY
SYSTEMS IN DEVELOPMENT

In addition to its oral and intravenous formulations, granis-
etron is now available as a transdermal patch. When compared
with oral granisetron (2 mg daily), transdermal granisetron
demonstrated noninferior efficacy in complete control of acute
CINV. However, the efficacy of the granisetron patch in the
delayed setting has not yet been defined.”

Intranasal formulations are another direct mode of drug
delivery that may offer rapid absorption while circumvent-
ing the problems of first-pass metabolism that occur with
some oral agents.”* Initial results of an ongoing double-blind
phase II clinical study comparing the preventive efficacy of
intranasal granisetron in cancer patients receiving HEC have
demonstrated improved control of acute CINV, with no re-
ported adverse events related to the study drug.”” Intranasal
formulations of metoclopramide and ondansetron are also
in early development but have not yet proceeded to clinical
studies.?®?

IMPROVEMENTS IN ORAL DOSING FORMULATIONS

In addition to the creation of nontraditional drug delivery
systems, oral delivery formulations have continued to evolve
to promote rapid dissolution and absorption while main-
taining the convenience and portability intrinsic with oral
agents.**2%% Nanoparticle technology—the creation of en-
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gineered molecules < 100 nm in diameter—is leading to the
creation of new drugs with improved bioavailability to target
tissues. Aprepitant has demonstrated enhanced drug exposure
and decreased food effects when developed as an oral nanopar-
ticle formulation.”*'® Although this delivery technology ap-
pears promising, with several applications both within and out-
side antiemetic therapy, there remain several safety concerns
about the introduction of nanoparticles into patients that war-
rant further evaluation.'®!

Orally dissolving tablets (ODTs) have been designed to al-
low a solid dose to be rapidly dissolved by saliva in the oral
cavity without the need for drinking water.*+?2%% Although
these drugs are effective in delivering their antiemetic medi-
cations—particularly among patients who experience dif-
ficulty swallowing conventional oral medications, such as
pediatric, geriatric, bedridden, or developmentally disabled
patients,*#10218__there are notable challenges to their use.
Patients must be specifically educated not to chew, swallow,
or drink water with the tablet.!** Also, because administering
bitter-tasting antiemetics as an ODT formulation would off-
set their use, taste masking is required.”>* Currently, the only
antiemetics available in ODT formulations are ondansetron,
metoclopramide, and olanzapine.

In recent years, a novel oral delivery system known as oral-
soluble film (OSF) strips has appeared in the over-the-coun-
ter (OTC) market space. These are thin polymer-coated strips
designed to adhere upon contact with the tongue and then
dissolve into the saliva.!®~1%" Unlike other novel delivery sys-
tems, which often experience a relatively slow acceptance due
to the need to educate patients on their proper administra-
tion, OSF technology was initially introduced to the public as
breath-freshening strips. Consumer awareness of their over-
all concept, novelty, and use was therefore achieved through
commercial marketing campaigns, ultimately minimizing the
need for instruction when several OTC medications were
eventually introduced in this form. 04105107

There are several unique advantages to the OSF drug de-
livery systems that may improve their overall convenience
and make them a natural evolution for the administration of
all oral agents, including antiemetics.!* The polymeric film
coating is 50— 150 microns, which facilitates rapid dissolution
due to the large surface area exposed to wetting. Quick wet-
ting of the OSF causes immediate adhesion to the tongue,
preventing swallowing before dissolution. The films are flex-
ible and can be bent or folded, improving their overall por-
tability while avoiding product breakage—a disadvantage
commonly associated with tablets and ODTs. This lack of fri-
ability, which can occur during the transportation or handling
of the drug, allows the entire intended OSF dose to be taken
by the patient. Individual printed packaging of OSF medica-
tions improves chemical and product stability, provides child
resistance to opening the product, and may also limit dosing
errors at healthcare institutions. Finally, OSF drugs can be
consumed with or without water.!%107:108

The only notable issues currently associated with OSF are
related to the processing of the medication. The product must
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be uniformly distributed across the film-strip polymers, and
taste masking is required (either by blocking taste receptors or
by adding a flavor coating to the strip) due to the close contact
of the medication dose with the tongue.!®#106:107

Continued efforts have been made to improve antiemetic
therapy with ondansetron through the use of an OSF delivery
system. Recently, the FDA approved the ondansetron OSF
film strip (Zuplenz) for the prevention of highly and moder-
ately emetogenic CINV, RINV, and PONV. This approval was
granted based on clinical study data comparing the bioequiva-
lence of the OSF and ODT formulations for ondansetron. The
pharmacokinetic results of these studies demonstrated that a
single dose of the OSF film, taken with or without water and
under fed and fasting conditions, was comparable to the ODT
formulation.'® Additional studies are under development for
the ondansetron OSF strip to determine the safety and bio-
equivalence of the formulation in pediatric patients.!!

Conclusion

Supportive care of nausea and vomiting following chemo-
therapy, radiation therapy, and surgery has markedly improved
over the past 20 years. Despite this continued progress, how-
ever, several issues remain unaddressed. The results of the
ANCHOR study demonstrate the underestimated scope of
nausea and vomiting in these treatment settings and highlight
the need to improve the overall diagnosis and management of
CINV, RINV, and PONV. Delayed nausea and vomiting are
both poorly defined phenomena and a difficult treatment chal-
lenge. Currently, corticosteroids remain the most effective op-
tion in this setting regardless of never having achieved FDA
approval for antiemetic use in the United States. Continued
research into the pathophysiology of delayed emesis, identifi-

cation of additional risk factors for emesis, and the separation
of nausea and vomiting into distinct categories may improve
outcomes in these patients.

The evolving understanding of the causes and manage-
ment of CINV, RINV, and PONV has resulted in the devel-
opment of novel, more effective oral antiemetic agents, such
as 5-HT;RAs and NK,;RAs. In addition, the emergence of
other novel agents and continued research into complemen-
tary nonpharmacologic options indicate that the list of effec-
tive antiemetic treatment options will most likely continue to
expand. Finally, the development of novel oral drug delivery
options, such as ODTs and the promising OSF formulation,
should help improve the overall convenience of oral anti-
emetic use and enhance quality of life for patients who are
prescribed these agents.
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