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ABSTRACT 

Chemotherapy-induced nausea and vomiting (CINV) are distressing side effects of chemotherapy. Neurokinin-1 recep-
tor antagonists (NK1-RAs) have been incorporated in the contemporary management of CINV. However, clinical stud-
ies on NK1-RAs have shown mixed results in reducing CINV risk. Most studies focused on the use of aprepitant (APR) 
and casopitant (CAS) in breast cancer patients receiving AC-type (doxorubicin and cyclophosphamide) chemotherapy. 
In this study, we compared the study design and clinical efficacies of these NK1-RAs in reducing CINV risk. Among 
the selected eight studies, 4 APR Randomized Controlled Trials (RCTs), 2 APR Observational Studies (OSs) and 2 
CAS RCTs were identified. Patient-related characteristics such as the proportion of females (60.0% - 100.0%), age 
(46.5 - 59.5 years), histories of motion (5.6% - 47.0% in NK1-RA arms) and morning sicknesses (14.2% - 45.0% in 
NK1-RA arms) and types of antiemetic regimens; as well as chemotherapy-related characteristics such as the proportion 
of patients on AC chemotherapy (15.0% - 100.0%) varied greatly. In terms of efficacies, both APR and CAS improved 
overall CR and vomiting in majority of the studies. None of the studies, however, demonstrated that NK1-RA could 
provide adequate nausea control. To conclude, NK1-RAs are effective in improving vomiting and overall CR, but not 
useful in controlling nausea or attaining CC, the ideal CINV endpoint. A shift in paradigm is needed for future CINV 
research. As healthcare providers continue to strive for optimum CINV control in their patients, we hope this review 
can help them make better informed clinical decisions. 
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1. Introduction 

Chemotherapy-induced nausea and vomiting (CINV) are 
distressing side effects of chemotherapy [1]. Despite con- 
ventional antiemetic management, 40% of patients on 
moderately emetogenic chemotherapies (MECs) continue 
to experience CINV [2,3]. In recent years, studies have 
identified a new class of drugs, the neurokinin-1 receptor 
antagonists (NK1-RAs), to be effective in controlling 
CINV [4]. Traditional MEC antiemetic regimens entail a 5- 
hydroxytryptamine-3 serotonin receptor antagonist (5HT3- 
RA) and corticosteroid, usually dexamethasone [5-7]. 
While 5HT3-RAs inhibit 5HT3 receptors in the chemo- 
receptor trigger zone [8] and corticosteroids could pos- 
sibly prevent emesis by prostaglandin antagonism [9], 
NK1-RAs have an entirely different mechanism. As se- 

lective, high-affinity antagonists to NK1 receptors, they 
alleviate amounts of the emetic substance P [10], thus 
making them useful adjuvants in optimal CINV control. 

Aprepitant (APR) was approved by the Food and Drug 
Administration (FDA) in 2003, while another NK1-RA, 
casopitant (CAS), has shown promising outcomes, with 
research progressing to Phase III trials [11,12]. As a result, 
the American Society of Clinical Oncology (ASCO), 
Multinational Association of Supportive Care in Cancer 
(MASCC), European Cancer Organisation (ECCO) and 
National Comprehensive Cancer Network (NCCN) have 
since incorporated the use of NK1-RAs in their antie- 
metic clinical practice guidelines [5-7]. 

Breast cancer, the most frequently occurring cancer 
(29.2%) among females in Singapore [13] falls under the 
purview of these clinical updates. It is commonly treated 
with an anthracycline and cyclophosphamide-based (AC- 
based) regimen [14-16]. Although this regimen is tradi- 
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tionally classified as a MEC, it demonstrates patterns 
similar to highly emetogenic chemotherapies (HECs), thus 
warranting the adjuvant use of NK1-RAs for optimal 
CINV control [5-7]. 

With the high incidence of breast cancer in Singapore, 
NK1-RAs can potentially revolutionize CINV control for 
a large proportion of patients. However, randomized, 
controlled trials (RCTs) that are used to substantiate 
these clinical guidelines [5-7] have had differing meth- 
odologies in terms of design-related, patient-related and 
chemotherapy-related characteristics. In addition, certain 
risk factors are known to predispose patients towards 
CINV. These differences may have considerably infl- 
uenced the interpretation of NK1-RA efficacies in CINV 
control, making it difficult to attain a holistic view on the 
usefulness of NK1-RAs in various cancer populations on 
AC-based regimens. As such, we did an evidence-based 
evaluation of the current literature relating to NK1-RA 
efficacies in various AC-based populations, so that onco- 
logy healthcare professionals can make better informed 
clinical decisions as they strive for optimal CINV control 
in their patients. We also look at the progress of CINV 
research in the past year, and suggest several areas which 
may help optimize future CINV management. 

2. Methodology 

A literature search was conducted in June 2010 on 
PubMed and the abstract databases of ASCO, MASCC, 
ECCO and NCCN using a combination of the keywords 
“aprepitant”, “casopitant”, “NK-1 antagonists”, “chemo- 
therapy-induced nausea and vomiting”, “AC chemother- 
apy”, “Adriamycin/doxorubicin”, “epirubicin”, “anthrax- 
cycline”, “cyclophosphamide”, “breast cancer” and “mo- 
derately emetogenic”. Studies included in our review 
were RCTs or observational studies (OSs) of patients 
greater than 18 years of age, and with a substantial pro- 
portion of breast cancer patients on AC-based chem- 
otherapy. Papers and abstracts on the antiemetic acti- 
vities of NK1-RAs in breast cancer patients on AC-based 
chemotherapy were identified. Exclusion criteria were 
non-English studies, animal studies, phase 0 studies, 
studies of NK1-RAs in post-operative vomiting, and 
those pertaining to other chemotherapy regimens. A total 
of 153 studies published between 2005 and 2010 were 
identified from our search, with 8 studies remaining after 
applying the inclusion and exclusion criteria. Of these, 4 
RCTs and 2 OSs focused on aprepitant, while 2 RCTs 
investigated the efficacy of casopitant (Figure 1). 

Comparison and contrast of these 8 studies were con- 
ducted through descriptive statistics. Extracted data were 
categorized into 1) design-related; 2) patient-related; 3) 
chemotherapy-related; and 4) CINV-related characteris- 
tics in Microsoft Excel 2007 for easy qualitative com- 
parisons. Design-related characteristics encompassed how 

the studies were carried out (e.g. whether the study was a 
RCT or OS, unicentre or multicentre, national or interna- 
tional, and inclusion and exclusion criteria for the re- 
cruited patients). Patient-related characteristics were the 
number of patients, the percentage of females and pa- 
tients on AC-based chemotherapy, as well as the prop- 
ortion of patients with CINV risk factors (e.g. history of 
motion sickness, morning sickness and alcohol consum- 
ption). Chemotherapy-related characteristics included the 
emetogenicity of regimens and chemo-naivety. Lastly, 
CINV-related characteristics were the proportion of pat- 
ients who experienced “no nausea” and “no vomiting” 
regardless of rescue medication use, or achieved com- 
plete response (CR, defined as no vomiting and no rescue 
medication use), complete protection (CP, defined as CR 
and no significant nausea) and complete/total control 
(CC/TC, defined as CR and no nausea). These endpoints 
were measured in the acute (0 - 24 hours after chem- 
otherapy), delayed (24 - 120 hours after chemotherapy) 
and overall (0 - 120 hours after chemotherapy) phases. 
Subsequently, trends and differences in CINV-related 
characteristics among the studies, such as whether the 
NK1-RA was useful in controlling nausea and vomiting, 
were elucidated. It is important to note that the CINV 
data reported by Grote et al. [17] and Arpornwirat et al. 
[18] pertained to the entire study population, including 
non-AC-based patients. Data purely on AC-based pa-tients 
was not available from their respective publications. A 
comparison of statistical significance and absolute dif- 
ferences between the NK1-RA and control (CTL) arms 
among the RCTs was carried out. The absolute dif- 
ferences were used as comparative indicators of effica- 
cy—a greater magnitude of absolute difference implied a 
more efficacious NK1-RA. 

3. Results and Discussion 

3.1. Design-Related Characteristics of the 
Reviewed Studies 

3.1.1. Study designs 
A total of 8 published studies were identified [11,12, 
17-22] (Table 1). All 4 APR RCTs [12,19,21,22] and 2 
CAS RCTs [11,18] were prospective and double-blinded. 
Among the 4 APR RCTs, 2 were double-dummies [19,21] 
and 3 were parallel groups [12,19,21]. Two APR RCTs 
were multinational [12,21]. Of these 2 APR RCTs, 1 was 
multicentered [19] and the other was unicentered [22]. 
Both the CAS RCTs were multinational [11,18]. Two 
open-labelled APR OSs were also identified [17,20]. 

3.1.2. Inclusion and Exclusion Criteria 
Similar patient inclusion criteria were employed across 
the studies [11,12,17-22]. All studies required patients to 
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Figure 1. Flowchart of methodology. 
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receive a course of MEC for the treatment of a solid ma-
lignant tumor. Four APR RCTs [12,19,21,22], 1 APR OS 
[20] and 1 CAS RCT [11] required patients to be on 
AC-based or AC-only chemotherapy. One CAS RCT and 
1 APR OS included patients on other MECs such as flu- 
orouracil, oxaliplatin [18], irinotecan [17,18], carboplatin, 
idarubicin, ifosfamide, mitoxantrone and ≤50 mg/m2 of 
cisplatin [17]. 

Three studies excluded patients receiving systemic 
corticosteroids [12,18,21], while 3 studies excluded pat- 
ients on drugs known to possess antiemetic activity such 
as lorazepam [11,17,18]. However, in the APR RCT by 
Warr et al. [21], patients were allowed to take single 
daily doses of lorazepam in the 48 hours preceding che- 
motherapy. Excluded patients in these studies were those 
with etiology known to increase CINV risk, such as ac- 
tive infections [12,17,18,21,22], any uncontrolled disease 
[12,17,18,21,22], symptomatic primary or metastatic 
central nervous system malignancy [12,18,21], alcohol 
abuse, use of illicit drugs, mental incapacitation, signific- 
ant emotional or psychiatric disorder or hypersensitivity 
to 5HT3-RAs or dexamethasone [11,22]. As the NK1- 
RAs (e.g. aprepitant) were CYP3A4 substrates and inhi- 
bitors [23], two studies excluded patients concurrently on 
other CYP3A4 substrates [11,18]. Both studies excluded 
patients who received CYP3A4/5 inducers within 14 days 
or CYP3A4/5 inhibitors 2 - 14 days before treatment. Ex- 
amples of CYP3A4 substrates that fitted this exclusion 
criteria were astemizole, pimozide, terfenadine, repagli- 
nide or torsemide [11]. 

To minimize the contribution of anticipatory nausea 
and vomiting to CINV, 6 studies excluded patients who 
experienced nausea or vomiting in the 24 hours pre- 
ceding chemotherapy [12,17,18,20-22]. Both APR OSs 
[17,20] specifically stated the use of the National Cancer 
Institute Common Toxicity Criteria (Version 3) [24], which 
was not mentioned in the other 4 studies [12,18,21,22]. 
The study by Hesketh et al. [20] excluded patients who ex- 
perienced nausea greater or equal to Grade 1, while that of 
Grote et al. [17] only excluded patients who had experi-
enced nausea corresponding to Grade 2 or 3. 

3.1.3. Antiemetic Regimens 
A variety of antiemetic regimens were employed (Table 
2). All 4 APR RCTs used the recommended dosing regi- 
men of aprepitant 125 mg, ondansetron 16 mg and dex- 
amethasone 12 mg on Day 1 and aprepitant 80 mg on 
Days 2 - 3 in the APR arm [5]. In the CTL arm, patients 
were administered ondansetron 16mg and dexametha- 
sone 20 mg on Day 1 in the CTL arm as well as addi- 
tional prophylaxis of ondansetron 16 mg on Days 2 and 3 
[12,19, 21,22]. The 5HT3-RAs administered differed be- 
tween the APR OSs and other studies. While only ondan- 

setron was administered in both APR and CAS RCTs 
[11,12,18,19,21,22], the OS by Hesketh et al. [20] (study 
5) also included patients who received granisetron and 
dolasetron. All patients in the OS by Grote et al. [17] 
(study 6) were administered palonosetron. Differences in 
the 5HT3-RA used may have masked the efficacy of the 
NK1-RA in CINV control. For example, in a double- 
blinded, randomized, phase II trial, palonosetron was 
found to be more efficacious than ondansetron in con-
trolling CINV [25]. In addition, varying dosages and ad- 
ministration routes were used among studies. The APR 
RCTs used only oral (PO) administration, while APR 
OSs and CAS RCTs used both PO and intravenous (IV) 
administration routes. Although aprepitant dosages were 
consistent across APR RCTs [12,19,21,22] and OSs [17, 
20], casopitant dosages in the various arms of the CAS 
RCTs ranged from 50 - 150 mg PO [11,18]. 

Two APR RCTs and 1 APR OS stated the rescue ther- 
apy permitted, which included metoclopramide [22], pro- 
chlorperazine, 5HT3-RAs [20], phenothiazines, butyro- 
phenones, benzodiazepines, benzamides, corticosteroids 
and domperidone [21]. 

3.2. Patient-Related Characteristics of the 
Reviewed Studies 

3.2.1. Number of Patients 
The APR RCTs [12,19,21,22] generally evaluated a smal- 
ler number of patients on AC-based chemotherapies (124 
- 857 patients) than the CAS RCTs [11,18] (107 - 1917 
patients). The total number of patients across the APR 
RCTs (1385 patients) was lower than the combined total 
of patients in the CAS RCTs (2024 patients). Similarly, 
the OSs [17,20] had much smaller populations on AC- 
based chemotherapy (24 - 44 patients). 

3.2.2. Gender 
Females are associated with a greater risk of CINV. A 
prospective study by Hesketh et al. [26] evaluating the 
association between risk factors and CR from the data of 
1043 patients in two identically designed phase III trials 
found that males (p = 0.023), but not females, was 
significantly associated with CR. This was also observed 
in our reviewed studies—a higher percentage of females 
tended towards poorer CINV control. The APR RCTs 
(76% - 100%) [12,19,21,22] and OSs (78% - 100%) [17, 
20] had a greater proportion of females than the CAS 
RCTs (60% - 98%) [11,18]. 

3.2.3. Age 
Age is known to correlate inversely with CINV risk. The 
same study by Hesketh et al. [26] found a significant 
association between patients older than 65 years and CR 
(p = 0.021). A similar phase III trial of patients on AC by 
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Table 2. Antiemetic regimens in the reviewed studies. 

Day 1 (Acute) Days 2 - 3 (Delayed)  
Study Regimen 

NK1-RA 5HT3-RA DEX NK1-RA 5HT3-RA DEX 

APR APR 125 mg OND 16 mg DEX 12 mg APR 80 mg - - 
Rapoport [12], 
Herrstedt [19], 
Warr [21], 
Yeo [22] 

CTL -  OND 16 mg DEX 20 mg - OND 16 mg - 

Phase I - 
OND 24 mg/8 mg IV 
DOL 100 mg/100 mg IV
GRAN 2 mg/1 mg IV 

DEX 8 - 10 mg/ 
8 - 10 mg IV 

- - DEX 8 mg

Hesketh [20] 

Phase II APR 125 mg 
OND 24 mg/8 mg IV 
DOL 100 mg/100 mg IV
GRAN 2 mg/1 mg IV 

DEX 8 - 10 mg/ 
8 - 10 mg IV 

APR 80 mg - DEX 4 mg

Grote [17] APR APR125 mg PAL 0.25 mg IV DEX 12 mg APR 80 mg - DEX 8 mg

CAS 150 mg - - 
CAS 150 mg  CAS 50 mg - CAS 
CAS 90 mg IV 

OND 16 mg DEX 8 mg IV 
CAS 50 mg 

OND 16 mg
- Herrstedt [11] 

CTL - OND 16 mg DEX 8 mg IV - OND 16 mg - 

CAS 50 mg CAS 50 mg - 
CAS 100 mg CAS 100 mg - CAS 
CAS 150 mg 

OND 16 mg DEX 8 mg IV 
CAS 150 mg 

OND 16 mg
- Arpornwirat [18] 

CTL - OND 16 mg DEX 8 mg IV - OND 16 mg - 

NK1-RA: neurokinin-1 receptor antagonist, 5HT3-RA: 5-hydroxytryptamine-3 receptor antagonist, APR: aprepitant, CAS: casopitant, DEX: dexamethasone, 
OND: ondansetron, GRAN: granisetron, DOL: dolasetron, PAL: palonosetron, PO: oral, IV: intravenous. All administration routes were oral (PO) unless oth-
erwise stated. 

 
Warr et al. [27] also noted a significant relationship 
between patients older than 55 years and CR (p = 0.006). 
A trend between age and CINV was seen among the data 
as well. Four studies reported mean age [12,18,19,21], 
while the other 4 studies reported median age [11,17,20, 
22]. Studies with smaller populations used median age 
indicators, while larger studies used mean age. In terms 
of mean age, the CAS RCT conducted by Arpornwirat et 
al. [18] (study 8) had older patients (57.9 - 59.2 years 
across 3 CAS arms and 57.0 years in CTL arm) than the 
3 APR RCTs [12,19,21] (52.1 - 57.1 years across all 
arms and studies). Incidentally, the study by Arpornwirat 
et al. [18] (84.2%) demonstrated better overall CR in the 
NK1-RA arm compared to the 3 APR RCTs [12,19,21] 
(50.8% - 62.8%). In terms of median age, the CAS RCT 
conducted by Herrstedt et al. [11] (study 7) (51.0 - 53.0 
years) had older patients than the APR RCT by Yeo et al. 
[22] (study 3) (46.5 - 48.5 years). Likewise, Herrstedt et 
al. [11] (74.0%) also reported higher overall CR in the 
NK1-RA arm compared to the study by Yeo et al. [22] 
(46.8%). The APR OSs had varying median ages ranging 
from 50.0 - 59.5 years [17,20]. 

3.2.4. History of Motion Sickness 
Patients with a history of motion sickness have been 
reported to be more prone to CINV [28]. However, the 
study by Warr et al. [27] found this risk factor to be insi- 
gnificant (p > 0.05). All APR RCTs [12,19,21,22] 

reported this statistic while none of the CAS RCTs did so. 
The smallest proportions of patients with a history of 

motion sickness in the NK1-RA and CTL arms were 
5.6% and 9.8% respectively in the study conducted by 
Rapoport et al. [12] (study 1); while the largest propor- 
tions were 22.6% and 19.4% in the study by Yeo et al. 
[22] (study 3). Interestingly, there seemed to be a consi- 
derable association between motion sickness history and 
CR, as Rapoport et al. [12] reported a greater overall CR 
(62.8%) in the NK1-RA arm than Yeo et al. [22] (46.8%). 
In the APR OS conducted by Hesketh and colleagues [20] 
(study 5), 47.0% of patients had a history of motion sick- 
ness. Correspondingly, the CR obtained was also much 
lower (36.0%) than the RCTs. 

3.2.5. History of Morning Sickness 
A history of morning sickness has been suggested to 
increase CINV risk as well [28]. Findings from Warr et 
al. [27] further support this, with a significant association 
between morning sickness history and CINV (p = 0.0007). 
In our review, the same APR RCTs reported the patient 
proportion with a history of motion sickness [12,19,21, 
22]. Among the APR RCTs, the smallest proportions in 
the NK1-RA and CTL arms were 14.2% and 17.9% 
reported by Rapoport et al. [12] (study 1), and the 
greatest proportions were 35.5% and 27.4% in the study 
by Yeo et al. [22] (study 3). Hesketh and colleagues [20] 
(study 5) reported a relatively high proportion (45.0%) of 
patients with a history of morning sickness. Again, the 
level of CINV control corresponded to the extent of this 
risk factor. The Rapoport study [12] (62.8%) had a high- 
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er overall CR in the NK1-RA arms than the Yeo [22] 
(46.8%) and Hesketh [20] (36.0%) studies. All studies 
only considered females who had been pregnant for the 
derivation of these figures. 

3.2.6. History of Alcohol Consumption 
Patients who do not consume alcohol have a higher 
predisposition towards CINV [28]. While an optimal 
alcohol consumption level has yet to be determined, both 
Hesketh et al. [26] (p = 0.027) and Warr et al. [27] (p = 
0.0048) found that consumption of ≥5 drinks a day sig- 
nificantly improved CINV control, while non-drinkers 
experienced the worst CINV. The APR OS by Hesketh 
and colleagues [20] (study 5) classified alcohol consu- 
mption into 3 categories: non-user (35.0%), social drin- 
kers (less than 7 drinks a week, 50.0%) and chronic drin- 
kers (more than 1 drink a day, 15.0%). As it was the only 
study to describe alcohol consumption habits, it was not 
possible to compare the association between alcohol con- 
sumption history and CINV. 

3.3. Chemotherapy-Related Characteristics of 
the Reviewed Studies 

3.3.1. Chemotherapy Regimen 
The emetogenicity of the regimen increases CINV risk 
[28]. As AC-based regimens exhibit HEC patterns, popu- 
lations with a greater proportion of patients on AC-based 
regimens rather than less emetogenic regimens may have 
poorer CINV control. The percentage of patients on AC- 
based regimens among studies ranged from 41.4% - 100.0% 
[11,12,17-22]. All APR RCTs had 100% AC-based sam-
ple populations [12,19,21,22], although the administered 
doses of anthracycline and cyclophosphamide differed. 
This may again have affected the CINV risk of patients. 
For example, patients in the RCT conducted by Yeo et al. 
[22] (study 3) (doxorubicin 60 mg/m2 and cyclophos- 
phamide 600 mg/m2) may have had an increased predis- 
position towards CINV compared to the OS by Hesketh 
et al. [20] (study 5) (doxorubicin < 60mg/m2 and cyclo- 
phosphamide > 500mg/m2) or the RCT by Rapoport et al. 
[12] (study 1) (any dose of doxorubicin/epirubicin and 
IV cyclophosphamide < 1500 mg/m2). The study by Yeo 
et al. [22] did indeed exhibit a lower overall CR (46.8%) 
in the NK1-RA arm than the study by Rapoport et al. [12] 
(62.8%). 

In contrast, the proportion of patients on AC-based 
regimens in the CAS RCTs were lower and ranged from 
15% - 100% [11,18]. As no information on the percent- 
age of patients on AC in the study by Arpornwirat et al. 
[18] was available, the estimated figure of 15% was de- 
rived based on a minimum proportion of patients on cyc- 
lophosphamide (15%), doxorubicin (15% - 24%) and epi- 
rubicin (6% - 10%). As expected, Arpornwirat et al. [18] 

reported a higher overall CR in the NK1-RA arm (84.2%) 
compared to Herrstedt et al. [11] (74.0%). 

In the CAS RCT by Arpornwirat et al. [18], a majority 
(50% - 56%) of patients were on the less emetogenic car- 
boplatin regimen compared to doxorubicin (15% - 24%), 
epirubicin (6% - 10%) and cyclophosphamide (15% - 21%). 
Although majority of the patients in the Grote OS [17] 
were on AC-based regimens (41.4%), a smaller propor- 
tion was on a carboplatin/paclitaxel-based regimen (22.4%). 
This may have decreased the population’s collective risk 
towards CINV, as shown by the higher overall CR values 
in the NK1-RA arm as compared to similar studies with 
100% AC populations. 

3.3.2. Chemo-Naivety 
As patients with a history of CINV are more likely to 
experience CINV in subsequent cycles, non-naive sam- 
ples may have a higher risk of CINV. All APR and CAS 
RCTs included only chemo-naive patients in their sam- 
ples [11,12,18,19,21,22]. 

An extension study conducted by Herrstedt et al. [19] 
which followed up on patients who had completed Cycle 
1 of chemotherapy in the RCT by Warr and colleagues 
[21], and were in their subsequent cycles, gave certain 
insights regarding chemo-naivety and CINV control. In 
this study, the proportion of patients who attained CR 
steadily decreased in the APR versus CTL arms; from 
50.8% versus 42.5% in Cycle 1, to 40.9% versus 30.7% 
in Cycle 2, 37.9% versus 26.3% in Cycle 3 and 34.5% 
versus 23.9% in Cycle 4. The treatment advantage of 
APR also increased slightly over the cycles from 8.3% in 
Cycle 1 to 14.4% in Cycle 2, 14.8% in Cycle 3 and 
16.6% in Cycle 4.  

The APR OS by Grote et al. [17] surveyed a smaller 
proportion of non-naive patients (45.0%) compared to 
the multi-cyclic OS by Hesketh and colleagues [20] (stu- 
dy 5) (100.0%) which could have accounted for the much 
higher overall CR of 78.0% compared to 36.0%. 

3.4. CINV-Related Characteristics of the 
Reviewed Studies 

3.4.1. Assessment of Nausea and Vomiting 
All studies required patients to keep a daily diary for 5 
days following chemotherapy [11,12,17-22]. The diary 
documented the date and time of emetic episodes, rescue 
therapy use, and daily nausea ratings [11,12,17-22]. Three 
studies also performed follow ups, with a research nurse 
telephoning patients to assist with diary completion and 
to promote compliance with the antiemetic regimens [18, 
20,22]. This method of follow up was not reported in the 
other 5 studies [11,12,17,19,21].  

Both APR and CAS RCTs evaluated nausea on a 100 
mm visual analogue scale (VAS) [11,12,18,19,21,22]. 
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Patients recorded their nausea experiences using the VAS 
with the understanding that 0 and 100 represented “no 
nausea” and “the worst it could get”. For the purpose of 
analysis, “no nausea” was defined as VAS < 5 mm, while 
“no significant nausea” was defined as VAS < 25 mm. 
On the other hand, a 4-point categorical scale was used to 
evaluate nausea in the APR OSs by Hesketh et al. [20] 
(study 5) and Grote et al. [17] (study 6). The relationship 
between the scale and nausea status was not mentioned in 
the former study. However, in the latter study, the num- 
bers 0 - 3 corresponded to nausea severities of “none”, 
“mild”, “moderate” and “severe” respectively. Only pa- 
tients who ranked their nausea as 0 on the 4-point scale 
were considered to have had “no nausea” [17].  

Although the definition of “no vomiting” as the lack of 
an emetic episode was universal among all the studies 
[11,12,17-22], the frequency of an emetic episode dif- 
fered in 2 studies. While both the Rapoport [12] and Hes- 
keth [20] studies considered retching and vomiting to 
contribute to an emetic episode, Rapoport and colleagues 
considered retches occurring a minute apart as separate 
emetic episodes, in contrast to Hesketh and colleagues who 
considered one to five retches occurring within a 5-min- 
ute period as an emetic episode. The other 6 studies did 
not provide any details about this parameter [11,17-19, 
21,22].  

The indicators of CINV used to gauge NK1-RA effi- 
cacy were quite consistent across the studies. The most 
basic indicators were the proportions of patients who ex- 
perienced “no vomiting”, “no nausea” (VAS < 5 mm) 
and “no significant nausea” (VAS < 25 mm). Studies also 
used more comprehensive indicators (or endpoints) which 
took into account the antiemetic effects, specifically the 
proportion of patients with complete response (CR, i.e. 
“no vomiting” and no rescue medications) [11,12,17-22], 
complete protection (CP, i.e. CR and “no significant 
nausea”) [11,18,20,22] and complete/total control (CC/ 
TC, i.e. CR and “no nausea”) [11,18,20,22]. These indi- 
cators/endpoints were measured during the acute (0 - 24 
hours after chemotherapy), delayed (24 - 120 hours after 
chemotherapy) and overall phases (0 - 120 hours after 
chemotherapy). 

3.4.2. No Vomiting 
All 8 studies reported the “no vomiting” parameter [11, 
12,17-22]. Both APR (+15.4% to +17.0%, p < 0.10) 
[12,19,21] and CAS RCTs (+12.3% to +18.0%, p < 0.10) 
[11,18], with the exception of the APR RCT by Yeo et al. 
[22] (study 2), showed significantly improved absolute 
differences in the overall phases. These APR RCTs [12, 
19,21] also showed significant improvements in the acute 
(+10.9% to +11.0%, p < 0.10) and delayed (+10.6% to 
+12.0%, p < 0.10) phases. In contrast, CAS [11,18] was 

useful in the delayed (+13.2% to +18.0%, p < 0.03), but 
not acute (+0.8% to +5.0%, p > 0.05) phase. The APR 
RCT by Yeo et al. [22] (study 2) was the sole study 
where absolute differences in the overall (+4.8%), acute 
(–2.1%) and delayed (+8.2%) phases were insignificant. 

The “no vomiting” incidence in the APR OSs greatly 
exceeded that of the APR RCTs. For example, the study 
by Grote et al. [17] had relatively higher “no vomiting” 
rates in the overall (91.0%), acute (93.0%) and delayed 
(93.0%) phases. In the APR OS by Hesketh et al. [20], in 
which patients were given aprepitant only in Cycle 2, 
significant improvement in “no vomiting” was observed 
between Cycle 2 and 1 in the overall (82.0% vs 45.0%, p 
< 0.02) phase. 

3.4.3. Complete Response 
As “no vomiting” is a component of CR, similar trends 
and differences were expected and observed for CR. All 
8 studies reported CR values [11,12,17-22]. Only 1 study 
did not report CR for all 3 phases [19]. Again, with the 
exception of the study by Yeo et al. [22], both aprepitant 
(+9.0% to +15.7%, p < 0.015) [12,19,21] and casopitant 
(+14.8% to +15.0%, p < 0.0127) [11,18] significantly 
improved overall CR. Aprepitant also improved both 
acute (+7.0% to +11.8%, p < 0.03) and delayed (+6.0% 
to +11.9%, p < 0.06) CR [12,19,21], while casopitant  

improved delayed (+14.8% to +15.0%, p < 0.0127) but 
not acute (+2.4% to +4.0%, p > 0.05) CR [11,18]. The 
APR RCT by Yeo et al. [22] reported very low and insi- 
gnificant improvements in the overall (+4.9%), acute 
(–0.5%) and delayed (+6.6%) CR. 

3.4.4. No Nausea 
Three APR RCTs [19,21,22] and 2 CAS RCTs [11,18] 
reported overall “no nausea”. When comparing absolute 
differences, both the inclusion of aprepitant (–4.9% to 
0.0%) and casopitant (+3.8% to +4.0%) did not result in 
a significant increase (p > 0.05) in overall nausea control. 
Casopitant (+4.0% to +5.5%) was useful in controlling de-
layed nausea. However, aprepitant (+3.2% to +5.2%) and 
casopitant (+0.9% to +3.0%) did not provide any sig- 
nificant benefit in controlling significant nausea. 

3.4.5. Complete Control 
Four studies reported overall CC [11,18,20,22], of which 
3 studies [18,20,22] reported acute and delayed CC sta- 
tistics as well. Although overall CC improved in the 2 
CAS RCTs (+5.0% and +7.1% respectively, p > 0.05) 
[11,18], this was not statistically significant. The APR 
RCT by Yeo et al. [22] (study 2) actually showed a re- 
duction in the proportion of patients who achieved CC in 
the APR compared to the CTL arm in the overall (–4.8%), 
acute (–2.4%) and delayed (–8.8%) phases. 
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The NK1-RAs did not significantly improve acute and 
delayed CC either. The absolute differences in overall 
(+5.0% to +7.1%), acute (+1.5%) and delayed (+7.1%) 
CC in the CAS RCTs [11,18] were greater than the over-
all (–4.8%), acute (–2.4%) and delayed (–8.8%) CC in 
the APR RCT conducted by Yeo and colleagues [22]. In 
addition, the CAS RCTs by Herrstedt et al. [11] and Ar- 
pornwirat et al. [18] had greater overall (CAS: 38.0% - 
56.7%, CTL: 33.0% - 49.6%), acute (CAS: 80.8%, CTL: 
79.3%) and delayed (CAS: 56.7%, CTL: 49.6%) CC va- 
lues than the APR RCT by Yeo and colleagues [22] in 
the overall (APR: 25.8%, CTL: 30.6%), acute (APR: 54.1%, 
CTL: 56.5%) and delayed (APR: 45.5%, CTL: 54.3%) 
phases. 

A significant improvement was noted in the multi-cy- 
clic OS by Hesketh and colleagues [20] (study 5), where 
overall CC improved from 0.0% in Cycle 1% to 18.0% in 
Cycle 2. All comparisons made between NK1-RA and 
CTL arms were in Cycle 1 of chemotherapy except in the 
Hesketh OS (study 5) [11,18,20,22]. 

3.4.6. Complete Protection 
The same 3 RCTs reported overall CP values [11,18,22]. 
Two studies also reported acute and delayed CP values 
[18,22]. The improvements in overall, acute and delayed 
CP were statistically insignificant (p > 0.05) [11,18,22]. 
However improvements in the overall (+6.4% to +7.0%), 
acute (+0.7%) and delayed (+6.4%) CP were greater in 
the CAS RCT compared to the overall (–3.2%), acute 
(–5.4%) and delayed (–1.7%) CP of the APR RCT.  

The CAS RCT by Arpornwirat et al. [18] had higher 
overall (CAS: 66.7%, CTL: 60.3%), acute (CAS: 86.7%, 
CTL: 86.0%) and delayed (CAS: 66.7%, CTL: 60.3%) 
CP than the overall (APR: 38.7%, CTL: 41.9%), acute 
(APR: 67.2%, CTL: 72.6%) and delayed (APR: 56.1%, 
CTL: 57.8%) CP values in the APR RCT by Yeo et al. 
[22], which could have been due to a lower patient pro- 
pensity to experience CINV. 

3.5. Implications to CINV Control 

The analysis revealed a myriad of differences in design- 
related, patient-related and chemotherapy-related charac- 
teristics. In terms of study design, APR studies had smal- 
ler sample populations, which may have compromised 
the study’s accuracy in predicting NK1-RA efficacy. Both 
APR and CAS had varying sets of inclusion and ex- 
clusion criteria, but generally, the same level of strin- 
gency was maintained in all studies. 

The level of CINV experienced seemed to correspond 
to the presence of risk factors such as the female gender 
and age. APR studies were more representative of a typi- 
cal breast cancer population on AC due to their higher 
proportion of females and hence demonstrated poorer 

CINV control. The APR studies also had a relatively 
younger population which could have again accounted 
for the poorer CINV control in APR studies compared to 
CAS studies. In addition, not all studies had 100% AC 
sample populations, while others had a substantial propo- 
rtion on less emetogenic regimens [17,18]. These factors 
did seem to reduce a patients’ risk of CINV, and as such 
these studies were less representative of the AC popul- 
ation. 

One of the most striking differences across studies was 
the proportion of patients who had motion and morning 
sickness risk factors. The range of patient proportions 
that had a history of motion sickness (5.6% - 47.0%) and 
morning sickness (14.2% - 45.0%) across studies was 
very wide. Another difference was the varying doses and 
types of antiemetics used which may have affected the 
efficacies of the antiemetic regimens. For example, pal- 
onosetron, a second generation 5HT3-RA, was shown to 
be superior to ondansetron in preventing CINV [25], 
therefore patients on palonosetron would probably have 
better protection against CINV. 

In addition to study designs, patient-related and chem- 
otherapy-related factors previously analyzed, other factors 
unique to each study may have influenced CINV-related 
characteristics. For example, Yeo and colleagues [22] 
proposed that the insignificant improvements in CR rates 
in their RCT could have possibly resulted from a smaller 
proportion of patients taking rescue medications in the 
APR arm (18.0%) compared to the CTL arm (32.0%). As 
CR comprises both parameters of “no vomiting” and “no 
rescue medication use”, this may have contributed to the 
equivocal CR rates between arms. Since aprepitant is 
both a substrate and moderate inhibitor of CYP3A4 [29, 
30], genetic differences [29,31] may have accounted for 
the varying aprepitant efficacies between this study, 
which comprised of 100% ethnic Chinese patients, and 
similar studies which sampled a large proportion of Cau- 
casians [22]. 

The NK1-RAs have demonstrated significant impro- 
vements in overall CR. Overall CR was the most compr- 
ehensive indicator of NK1-RA efficacy in emetic control 
as it took into account both no vomiting and rescue 
medication use, which explains why CR was uniformly 
chosen as an endpoint in all studies. However, when the 
incidences of nausea and vomiting were evaluated inde-  
pendently, it was alarming to realize that NK1-RAs did 
not demonstrate any statistical and clinically-important 
benefits in terms of nausea control. This can be easily 
overlooked as most of the studies utilized summative 
endpoints such as “overall CR” to demonstrate the benefits 
of NK1-RAs. However, it is important to note that this 
endpoint does not account for the incidence of nausea, a 
side-effect that is clinically-important and lacks attention. 
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Future studies should utilize more robust endpoints (such 
as CC or CP), and investigate into agents that can provide 
protection to patients from chemotherapy-induced nausea. 

Although both aprepitant and casopitant are useful in 
CINV control, casopitant was withdrawn in October 2009 
as GlaxoSmithKline assessed that further safety data, as re- 
quested by the US Regulatory Authority, would need ad- 
ditional time to be produced [32]. 

4. Limitations of Current Study 

As our literature search was restricted to English studies, 
useful additional data may have been excluded. The 
available clinical data were few in number, which made 
it more difficult to compare data and depict trends.  

In the evaluation of data, only qualitative comparisons 
were conducted. While the use of quantitative statistics 
may have presented a more accurate picture of NK1-RA 
efficacies in AC-based populations, the complex nature 
of differences in design-related, patient-related, chemoth- 
erapy-related and CINV-related characteristics made it 
unfeasible. As such, rather than making a comparison 
between the efficacies of the two drugs, this study aimed 
to elucidate the differences amongst these studies which 
may have caused these discrepancies. 

Not all risk factors and their impact on CINV end- 
points could be evaluated as this information was not 
available. The most readily available information were 
factors such as age and gender. However, only 5 studies 
reported other known risk factors such as the percentage 
of patients who had a history of motion sickness or preg- 
nancy-induced nausea and vomiting [12,19-22]. Only 
one study reported the alcohol consumption habits of the 
patients [20]. 

While it would have been useful to evaluate the infl- 
uence of patient and chemotherapy-related factors in CC 
and CP, we were unable to do so due to varying contexts 
and designs of the 4 trials which reported these parame- 
ters [11,18,20,22]. Furthermore, the study by Yeo et al. 
[22] was actually anomalous among the rest of the APR 
RCTs as the APR arm performed worse than the CTL 
arm. Thus, such a comparison would have been inappro-
priate. 

5. CINV Control with NK1-RAs—Are We 
There Yet? 

This review has demonstrated that the NK1-RAs have 
had success in the clinical management of CINV, parti- 
cularly in terms of vomiting and breakthrough antieme- 
tics usage (i.e. CR). However, nausea experienced by 
cancer patients on emetogenic chemotherapies still re- 
mains less well-controlled than vomiting [33]. The recent 
re-classification of the AC regimen from being moder- 

ately-emetogenic to highly-emetogenic by the American 
Society of Clinical Oncology [34] suggests the need to 
improve the use of NK1-RAs, such as aprepitant, in 
CINV control. Furthermore, it was found that clinicians 
tend to underestimate the incidences of nausea [34], as 
well as overestimate the control of delayed CINV in pa- 
tients on MECs and HECs without cisplatin [35]. As such, 
there is also imperative need for more research to be 
done in this area. 

In the past year, published studies on NK1-RAs have 
strengthened the evidence on control of emesis, but not 
nausea [27,33]. There is a need for a paradigm shift in 
CINV research to be more focused on nausea control 
[36], since this symptom is distinct from vomiting and if 
it remains unresolved, can also impact patients’ quality 
of life. Basic scientists should attempt to further under- 
stand the mechanisms of chemotherapy-induced nausea, 
while clinician-scientists should target optimal control of 
endpoints that incorporate good nausea control (i.e. CP 
or CC). While other medications (e.g. olanzapine-con- 
taining antiemetic regimens) have shown promise in nau- 
sea control compared to NK1-RAs [37], research in this 
area is still in its infancy and more substantiating studies 
are definitely needed. 

Other areas in which CINV research should be ex- 
panded towards are in pharmacogenetics and individuali- 
zation of antiemetic therapies for cancer patients. It is 
suggested that the suboptimal response to antiemetics 
could be due to the variability in genes which play a role 
in the pharmacokinetics and pharmacodynamics of antie- 
metic drugs [38]. According to a recent review [38], alth- 
ough there is sparse literature on the associations of phar- 
macogenetics with 5HT3-RAs, there is none for the other 
antiemetics, including the NK1-RAs. While plasma apr- 
epitant concentrations may be similar between Japanese 
and Westerners [39], other Asians (e.g. Chinese, Malays, 
Indians) and ethnic minorities may not experience eq- 
uivalent therapeutic benefits since their pharmacogene- 
tics may differ. The importance of this field will become 
more evident as newer NK1-RAs (e.g. rolapitant) [40] 
penetrate the market in the near future. 

In addition, the advent of more advanced informatics 
technologies and computational strategies (e.g. virtual rea- 
lity and 3D modelling) [41] can bring drug discovery and 
development to a whole new level through real-time 
physiological simulations and structure-activity model- 
ling of therapeutic targets. The use of these newer techn- 
ologies for computer simulations of future NK1-RAs and 
similar compounds are definitely attractive. Furthermore, 
newer care pathways involving e-health technologies (e.g. 
tele-monitoring) [42] and advanced computational ana- 
lyses (e.g. machine learning) [43] have the potential to 
improve the pharmaceutical care of cancer patients thro- 
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ugh reduction of chemotherapy-induced toxicities, such 
as CINV. 

6. Conclusion 

NK1-RAs are useful in significantly improving overall 
CR in various patient populations, regardless of the risk 
factors present. Thus, they could be a useful adjuvant in 
CINV control. Their introduction into antiemetic prophy- 
laxis could make CINV less distressing for breast cancer 
patients, and improve their quality of life. However, we 
should bear in mind that they have not been shown to be 
effective in controlling nausea, or attaining CC, the ideal 
CINV control endpoint. As healthcare providers continu- 
ally modify their prescribing habits as they strive for the 
best CINV control in their patients, we hope this review 
may come in useful in aiding them to make better clinical 
decisions. 
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