Chapter 4
Palonosetron

Lee Schwartzberg

With the recognition that the 5-hydroxytryptamine receptor was important in mediating
cisplatin-induced emesis, work at several pharmaceutical companies focused on creat-
ing drugs that interfered with serotonin binding utilizing a variety of medicinal chemis-
try strategies. The first-generation 5-hydroxytryptamine receptor antagonists (5-HT;
RAs) ondansetron, granisetron, tropisetron, and dolasetron were structurally similar
and showed activity in preventing chemotherapy-induced nausea and vomiting.
However, complete response during the acute phase after cisplatin was achieved in only
50-70 % of patients and was substantially less effective in the delayed phase for control
of both emesis and nausea. The first-generation 5-HT; RAs do not improve control of
delayed CINV over dexamethasone alone [1], nor does prolonged administration pro-
vide much additional benefit [2]. In addition, the first-generation 5-HT; RAs were
therapeutically equivalent with several large trials comparing these drugs to one another
demonstrating similar efficacy [3, 4]. A plateau in 5-HT; RA activity had been reached.
Efforts persisted to find potentially more active agents based on the understanding of
the central importance of this specific serotonin receptor in ameliorating chemotherapy-
induced emesis.

4.1 Development of Palonosetron

In 1993 researchers at Syntex Research in Palo Alto, California, created a new class
of 5-HT; RAs [5] by making various substitutions to the chemical structure of the
first-generation 5-HT; RAs and exploring their interactions with the 5-HT; receptor.
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Fig. 4.1 Chemical structure of 5-HT}; receptor antagonists

The highest-affinity compound, consisting chemically of a conformationally
restrained alkano-bridged quinolone, was termed palonosetron, named for the place
of discovery. Most 5-HT; RAs incorporate a three substituted indole resembling
serotonin, whereas palonosetron is a fixed tricyclic ring attached to an isoquinolone
moiety yielding a substantially different chemical structure (Fig. 4.1).

Palonosetron displays several pharmacologic characteristics which differ from
other first-generation 5-HT; RAs which may account for its clinical distinction. The
binding affinity of palonosetron is 2,500-fold higher than that of serotonin [6]. It has
a much higher affinity constant (PK,=10.45) for the 5-HTj; receptor than the first-
generation agents which are at least tenfold lower [7, 8]. The plasma half-life of
palonosetron is approximately 40 h, while the other first-generation 5-HT; receptor
antagonist’s half-life ranges from 5 to 12 h [9, 10]. It is excreted predominantly in
the urine, with much of the parent compound excreted unmetabolized in contrast to
ondansetron which is heavily metabolized [11].

In addition to these pharmacokinetic differences, palonosetron displays qualita-
tive and quantitative biologic and physiologic differences from the other agents.
Using tritium-labeled palonosetron, granisetron, and ondansetron, Rojas et al. [12]
demonstrated that palonosetron acts as an allosteric antagonist with positive coop-
erativity. Palonosetron binds to additional sites in the 5-HT; receptor besides the
ones that bind ondansetron or granisetron inducing a conformational change.
Additionally, receptor-associated palonosetron is retained in cell culture experi-
ments after prolonged dilution and washings suggesting that the bound palonose-
tron is internalized [13].

Support for a functional consequence of allosteric binding comes from experi-
ments demonstrating that granisetron and ondansetron as well as palonosetron
inhibit calcium iron influx through the serotonin receptor. Calcium influx is the
normal physiologic effect representative of serotonin receptor-triggered signaling
when cells are preincubated with granisetron or ondansetron and then rinsed mul-
tiple times to remove any trace of the drug, they recover the ability to respond to
serotonin. In contrast, when palonosetron is preincubated and cells are washed,
interference with calcium influx is retained. These effects were not seen when
ondansetron was used as the binding agent to the 5-HT; receptor and was minimal
with granisetron. Long-term calcium influx inhibition may represent one reason
why palonosetron is a more effective drug than the first-generation agents.
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In further experiments, the same group demonstrated conclusive evidence of recep-
tor internalization when cells were exposed to palonosetron but minimal internaliza-
tion with granisetron and none with ondansetron [14]. The palonosetron-receptor
complex remains internalized for at least 25 h after exposure to palonosetron, indicat-
ing that it interferes with receptor exocytosis, in contrast to serotonin where exocytosis
and renewal of the cell membrane-associated receptor occur [15]. Overall, the palono-
setron-5-HT; interaction leads to reduced receptor density at the cell surface and may
be an additional explanation for the prolonged inhibition of receptor function.

An alternative hypothesis to explain the prolonged effect of palonosetron was
proposed by another group of investigators who showed that palonosetron induced
a long-term inhibition of the number of available 5-HT; receptor-binding sites due
to slow disassociation from the receptor [16]. Palonosetron did not actually reduce
cell surface expression of 5-HTj; receptors and did not affect the rate of receptor
endocytosis in these series of experiments. The investigators proposed that palono-
setron works by pseudo-irreversible interactions with the 5-HT; receptors rather
than receptor-ligand internalization.

Cross talk between NK1 and 5-HT; receptor signaling pathways has been
reported by several different groups of investigators [17-19]. NK1 antagonists
block vagal afferent activation by substance P, and 5-HTj; receptor antagonists block
vagal afferent activation by serotonin. This cross talk raises the possibility that palo-
nosetron’s unique efficacy as a 5-HT; receptor antagonist may be in part due to
differential inhibition of the cross talk. In both in vitro and in vivo experiments,
palonosetron inhibited NK1 receptor activation from substance P, a potent NK1
agonist [13]. This inhibition was dose dependent and was not seen in parallel exper-
iments with granisetron or ondansetron. Taken together, palonosetron is a structur-
ally unique, pharmacologically distinct agent with various different properties from
the first-generation 5-HT; RAs which underlie its clinical differentiation (Table 4.1).

Palonosetron’s interaction with NK1 was further evaluated experimentally using
the potent NK1 antagonist netupitant [20]. Palonosetron exhibited a synergistic
effect on inhibition of the substance P response in the presence of netupitant. The
effect occurred using concentrations of each receptor antagonist below the threshold
of inhibition of the substance P response and also concentrations where maximal
inhibition of the substance P response was observed suggesting that in vivo the
effect was clinically relevant.

Table 4.1 Summary of comparison among palonosetron, ondansetron, and granisetron

Palonosetron Ondansetron Granisetron

Plasma half-life (h) >40 5-6 12

Binding affinity (pK;) 10.45 8.19 8.91
Positive cooperativity Yes No No
Inhibition of receptor function Long lasting Short lasting Short lasting
Receptor internalization Yes No No
Inhibition of 5-HT3/NK, receptor cross Yes No No

talk

Ref: [15]
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Palonosetron does not inhibit or induce cytochrome P450 isoenzymes at clini-
cally relative concentrations and has a low potential for drug interactions. Its route
of excretion is equally contributed by renal and hepatic function [9, 11]. Total body
clearance of palonosetron is not significantly affected by gender, age, hepatic
impairment, renal impairment, or concomitant medications [21]. Palonosetron is
physically and chemically stable in common infusion solutions in PVC bags and is
stable when administered with dexamethasone in syringes and PVC bags.

4.2 Safety

Palonosetron exhibits the same class-related adverse affects as the first-generation
5-HT; RAs. In a meta-analysis of safety signals [22], there was no statistical difference
between palonosetron and other agents in rates of constipation, headache, and diar-
rhea, the most common treatment-emergent adverse events. Dizziness was statistically
less common in patients receiving palonosetron, OR 2.15, 95 % CI 1.05-4.41, p=0.04.

Prolongation of the QTc interval has been recognized as a toxicity of some of the
first-generation antagonists. Palonosetron has been carefully evaluated for cardiac
effects in cancer patients. Several groups have reported no significant difference in
a variety of electrocardiographic parameters, including the QTc interval [23-25].
Three RCTs of palonosetron vs. other 5-HT; RAs included in the meta-analysis
demonstrated minimal and significantly less mean QTc interval prolongation for
palonosetron, p=0.002 [22].

4.3 Clinical Development of Palonosetron

A phase 2 dose-ranging study was performed with weight-based single IV dosing
[26]. Complete response rates in the 40-50 % range were observed with doses rang-
ing from 3 to 90 mcg/kg. Pharmacokinetic studies revealed a prolonged plasma
half-life of approximately 40 h. Based on this trial, dose selection for the phase 3
trials was selected at fixed doses of 0.25 mg (approximately 3 mcg/kg) and 0.75 mg
(approximately 10 mcg/kg).

Palonosetron was compared to the first-generation 5-HT; RAs in two multicentered
multinational randomized double-blind phase 3 studies with identical study designs
utilizing moderately emetogenic chemotherapy (MEC) including anthracyclines and
cyclophosphamide [27, 28]. Patients received a single IV dose of palonosetron, either
0.25 mg or 0.75 mg intravenously, or ondansetron 32 mg IV as the active comparator
in study 1 or dolasetron 100 mg IV in study 2. The primary endpoint for each of these
trials was complete response (CR), defined as no emesis and no use of rescue medica-
tion, during the acute phase lasting 0—24 h from chemotherapy. Secondary endpoints
included complete response and complete control (CC), defined as no emesis, no use
of rescue medications, and no significant nausea in the delayed phase, from 24 to
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120 h after chemotherapy. In the MEC-1 trial about half of the patients had breast
cancer and two-thirds received cyclophosphamide with half also receiving anthracy-
clines [27]. The acute phase CR rate was 81 % for palonosetron 0.25 mg compared to
69 % for ondansetron, and the delayed CR rate was 75 % for palonosetron vs. 55 %
for ondansetron both endpoints statistically significant. The overall phase CR rates for
palonosetron were 69 % vs. 50 %, with all endpoints statistically significant. Complete
control was improved in the delayed and overall phases, and number of emetic epi-
sodes was significantly reduced with superiority for palonosetron as well. Treatment-
related adverse events were similar across arms: approximately 5 % of patients in both
palonosetron and ondansetron arms experienced headaches, 1.6-3.2 % had constipa-
tion, and a few patients in each arm experienced dizziness.

The MEC-2 trial had an identical design except the active comparator was dola-
setron [28]. Additional prophylactic corticosteroids were permitted in this study, but
only 5.4 % of patients received such in a balanced fashion. In MEC-2, two-thirds of
patients had breast cancer and half received AC. Complete response was 63.0 % vs.
52.9 % in the acute phase, 54.0 % vs. 38.7 % in the delayed phase, both statistically
significant and also significant for the overall phase, 46.0 % vs. 34.0 % for palono-
setron 0.25 mg vs. dolasetron, respectively. Significantly improved CC rate in the
delayed phase and overall 5-day period study were also observed. Suppression of all
emesis was statistically significant superior at all time points for palonosetron vs.
dolasetron. Toxicity was similar across arms, but in MEC-2 more headache, 14.6—
16.5 %, and constipation, 6.2-9.2 %, were reported. A pooled analysis of the two
MEC studies [29] revealed 72 % complete response rate for palonosetron 0.25 mg
compared to 60.6 % for the first-generation comparator, 64.0 % vs. 46.8 % in
delayed phase and 57.7 % vs. 42.0 % overall, all statistically significant at p <(0.025.

The highly emetogenic (HEC) trial compared palonosetron at both doses of
0.25 mg and 0.75 mg to ondansetron 32 mg IV as the active comparator [30]. Two-
thirds of patients in this study received corticosteroids in addition to the 5-HT;
RA. The majority of patients received cisplatin chemotherapy at >60 mg/m?. Overall,
neither dose of palonosetron achieved a statistically significantly higher delayed
complete response rate than ondansetron, but numerically a slight advantage was
seen for both doses. For patients receiving concomitant dexamethasone on day 1,
both delayed and acute CR rates were significantly better for palonosetron 0.25 mg.
Delayed and overall emesis rates were also significantly better for palonosetron.

A study conducted by Saito et al. in Japan [31] compared palonosetron at the
0.75 mg dose plus dexamethasone to granisetron plus dexamethasone with co-primary
endpoints of noninferiority of CR rates during the acute phase and superiority during
the delayed phase. Patients received anthracycline and cyclophosphamide (43 % of
participants) or cisplatin-based regimens (57 %). The large majority of patients were
chemotherapy naive. In this study of 1,114 patients, acute CR rates were nearly iden-
tical, 75.3 % for palonosetron and 73.3 % for granisetron, statistically noninferior,
while delayed CR rate was 56.8 % for palonosetron compared to 44.5 % for granis-
etron (p<0.0001). Overall CR rates were superior as well 51.5 % vs. 40.4 % for palo-
nosetron vs. granisetron, respectively (p=0.0001). Prespecified AC and cisplatin
subsets showed similar, significant improvement with palonosetron similar to the



68 L. Schwartzberg

overall study population. Nausea and emesis control was also better during the
delayed phase in the palonosetron arm. Adverse events were comparable to the US/
EU registrational trials in MEC. Repeat cycle analysis for the HEC trial demonstrated
control maintained through four observed cycles. Similar results were reported in
follow-up trials of HEC [32] and MEC [33].

Meta-analyses have been conducted for all of the randomized trials to compare
the 0.75 mg and 0.25 mg doses. Therapeutic efficacy is statistically and clinically
equivalent [74]. Therefore, the lowest fully effective dose, 0.25 mg IV, which is also
the approved dose in US/EU, is preferred [34]. Based on the results of the phase 3
trials, palonosetron was approved by various regulatory agencies for use as prophy-
laxis for CINV. The current US FDA label states it palonosetron is indicated for the
prevention of acute and delayed nausea and vomiting associated with initial and
repeat course of both MEC and HEC in adults [21].

A patient level systematic review aggregated the data from four phase 3 studies
of palonosetron + dexamethasone compared to first-generation 5-HT; RAs for
patients receiving HEC or MEC [75]. Palonosetron showed higher CR rates in pooled
dose analysis during the delayed phase (P<0.0001) an overall phase, p=0.0001 but
not the acute phase p=0.091 with similar results seen for complete control
(Fig. 4.2). Results for control of emesis and nausea by severity are shown in Fig. 4.3.

4.4 Alternative Formulations

An oral form of palonosetron has also been developed and compared in a prospec-
tive, randomized dose finding study to the IV formulation. Oral palonosetron was
tested at doses ranging from 0.25 to 0.75 mg, while the comparative was 0.25 mg IV
following MEC [35]. The study also randomized patients to receive concurrent
dexamethasone or not. While the CR rates in all arms were similar numerically, the
0.5 mg PO dose was best and most comparable to the IV dosing in the delayed and
overall phases. The 0.5 mg PO dose also yielded the best results for controlling
emesis and nausea. The frequency and severity of all adverse events were similar for
the oral doses and the IV dose. This study established comparability between oral
palonosetron at 0.50 mg and the IV formulation at 0.25 mg IV. In addition, there
was no evidence for a dose response for the oral formulation within the ranges
tested, paralleling the results with the IV formulation.

A subsequent randomized trial in cisplatin-based HEC compared the 0.5 mg PO
dose with 0.25 mg IV [36]. Noninferiority of oral palonosetron was demonstrated in
the acute phase with CR rates of 89 % for oral and 86 % for IV. Treatment-related
adverse events were numerically less for the oral formulation. Together, these trials
have established oral palonosetron 0.5 mg PO as therapeutically equivalent to the
IV formulation of the drug.

Additionally, subcutaneous palonosetron has been tested vs. IV in a small group
of patients receiving cisplatin in a cross-over design [37]. The PK parameters were
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Fig. 4.2 (a) Comparison of palonosetron to other 5-HT; RAs, complete response = no emetic
episodes and no usage of rescue medication, p<0.0001 palonosetron vs. other 5-HT; RAs. (b)
Complete control = no emetic episodes, no usage of rescue medication, and no more than mild
nausea, p<0.0001 palonosetron vs. other 5-HT; RAs [75]

similar for the subcutaneous formulation for area under the curve although Cmax
was lower. This method of administration might be useful in certain circumstances.

4.5 Multiple-Day Chemotherapy

The best way to utilize palonosetron in the setting of multiple-day chemotherapy
has been the subject of some controversy. NCCN guidelines recommend a single
dose of palonosetron at the beginning of a 3-day chemotherapy regimen as an alter-
native to multiple daily doses of other first-generation 5-HT; receptor antagonists
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Fig. 4.3 (a) Episodes of emesis in the acute, delayed, and overall postchemotherapy phases.
PALO palonesetron, other 5-HT; RAs, (ondansetron, dolasetron, and granisetron), *p=0.0066;
palonosetron vs. other 5-HT; RAs; +p <0.0001 palonosetron vs. other 5-HT; RAs. (b) Severity of
nausea in the acute, delayed and overall postchemotherapy phases. PALO palonesetron, other
5-HT3 RAs (ondansetron, dolasetron, and granisetron); *p=0.0002 palonosetron vs. other 5-HT;
RAs; +p=0.0112 palonosetron vs. other 5-HT; RAs. [75]
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[38]. The database supporting any given alternative schedule for palonosetron is
scant, as few randomized trials have been performed [39]. A small pilot trial on
palonosetron on days 1, 3, and 5 plus dexamethasone in men receiving 5-day
cisplatin-based chemotherapy showed good control during the period of chemo-
therapy and for 3 days subsequently [40]. A study of palonosetron on day 1 of
multiple dosing chemotherapy for hematologic malignancies showed better control
compared to a retrospective review of patients treated with ondansetron [41].
Additionally in patients who experienced delayed CINV after multiple-day chemo-
therapy, there was better response to an additional dose of palonosetron.

In patients receiving high-dose chemotherapy, including both myeloablative and
nonmyeloablative regimens over a multiple-day cycle, palonosetron and dexameth-
asone on day 1 was followed by dexamethasone daily and palonosetron every other
day [42]. Overall complete control rates with this regimen were encouraging at
81 % and superior to case-matched controls receiving ondansetron and dexametha-
sone at 50 %. The use of palonosetron and longer duration of high-dose chemo-
therapy were independent predictors for an increased likelihood of emesis role.

Other studies [43—46] have also examined palonosetron in the setting of multi-
day high-dose chemotherapy programs as conditioning prior to stem cell transplant
and have shown promising results in pilot trials. The best dose and schedule to uti-
lize palonosetron in this setting remains to be determined. A triple-drug combina-
tion of aprepitant, palonosetron, and dexamethasone was more effective than
palonosetron plus dexamethasone or ondansetron plus dexamethasone as prophy-
laxis prior to BEAM chemotherapy in non-Hodgkin’s and Hodgkin’s disease
patients undergoing transplant [47].

4.6 Triplet CINV Prophylaxis Regimens including
Palonosetron

The addition of an NK1 antagonist to a 5-HT; RA improves control of delayed
CINV [48]. Aprepitant in oral or IV form (fosaprepitant) is an approved NK1 antag-
onist for this purpose. Aprepitant has been tested along with palonosetron and dexa-
methasone in a number of trials. A multicenter, single-arm phase II study enrolled
patients with MEC including AC demonstrated a 78 % overall CR rate [49] for
palonosetron and dexamethasone on day 1 with oral aprepitant on days 1-3. A ran-
domized double-blind multicenter pilot trial randomized patients to palonosetron
and aprepitant on day 1 only, palonosetron plus aprepitant on days 1-3, or palono-
setron with placebo on days 1-3, each arm receiving dexamethasone on days 1-3
[50]. The arm without aprepitant was terminated for lack of efficacy with an approx-
imate 50 % CR rate. Similar results were seen in the other two arms with aprepitant
added on day 1 or for 3 days. A single-day triplet regimen with a dose of aprepitant
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equivalent to the full 3-day dose showed 76 % CR rate in acute phase and 66 % in
delayed phase with no increased toxicity [51].

The triple-drug regimen was utilized in a homogenous population of lung cancer
patients receiving HEC with cisplatin [52]. Complete response rates were evaluated
for up to six cycles. Palonosetron, aprepitant, and dexamethasone were effective in
this population with CR rates ranging from 74 % in cycle 1 to 82 % in the sixth
cycle. Emesis was prevented in 90 % of patients across all cycles demonstrating the
value of adding the NKI1 antagonist to the combination of palonosetron and
dexamethasone.

A Japanese trial compared palonosetron 0.75 mg, aprepitant, and dexamethasone
to granisetron, aprepitant, and dexamethasone in 827 patients with cisplatin-based
HEC [53]. CR rates were identical during the acute phase and statistically signifi-
cantly higher for the delayed phase: 67 % vs. 59 % for palonosetron vs. granisetron,
respectively. The overall CR rate, the primary endpoint for this trial, demonstrated
superiority for palonosetron, 66 % vs. 59 %, p=0.01. The three-drug regimen with
aprepitant has also been studied in gynecologic patients receiving HEC, a group that
is traditionally difficult to control, with an overall CR rate of 54 % [54]. Palonosetron,
aprepitant, and dexamethasone have been evaluated in patients receiving multiple-
day chemotherapy in small trials with efficacy established over 3- or 5-day cisplatin
regimens with CR rates of 58-90 % [55, 56]. The combination of a 5-HT; RA and
an NK1 RA appears to be cost-effective for the prevention of CINV [57].

Other agents other than NK1 RAs can be substituted to aid protection against
delayed nausea and vomiting. Palonosetron has also been studied in combination
with olanzapine, an atypical antipsychotic agent with activity against CINV [58].
A randomized trial comparing palonosetron plus dexamethasone plus aprepitant to
palonosetron plus dexamethasone plus olanzapine showed no significant difference
in CR rates but less nausea in the olanzapine arm in the delayed and overall phases
[59]. Toxicity was similar between olanzapine and aprepitant. Olanzapine is there-
fore an acceptable alternative to an NK1 antagonist for patient in whom a triplet
regimen is indicated as noted in the NCCN guidelines.

4.7 Role of Dexamethasone in Delayed Phase
after Palonosetron

Given the activity of palonosetron and aprepitant in the delayed phase, studies have
evaluated the incremental benefit of dexamethasone given beyond day 1.
Dexamethasone is associated with significant side effects when given in antiemetic
doses for prolonged periods, including insomnia, gastrointestinal distress, exacerba-
tion of diabetes mellitus, and weight gain. Given the benefit of aprepitant in the
delayed phase of CINYV, a randomized comparison of dexamethasone vs. aprepitant
beyond day 1 in patients receiving AC was conducted [60]. Complete response rates
were similar during the acute phase and were identical at 79.5 % during the delayed
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phase. Significantly less insomnia, heartburn, and improved functional living scores
were noted for the aprepitant arm. As such, palonosetron with IV aprepitant and
dexamethasone on day 1 or oral aprepitant on days 1-3 appears a reasonable alter-
native to continuing dexamethasone in patients receiving AC.

Several trials have evaluated palonosetron plus dexamethasone on day 1 vs. con-
tinuing dexamethasone on days 2 and 3 in patients receiving AC and/or other MEC
regimens. Three noninferiority trials demonstrated no significant difference
achieved in each of these studies [61-63]. Therefore, when using palonosetron and
dexamethasone as a doublet in non-AC MEC, it appears that the regimen can be
limited to a simplified day 1 prophylactic program without sacrificing efficacy but
reducing toxicity.

4.8 Cost-Effectiveness of Palonosetron

The cost of cancer care has skyrocketed over the past decade and appears unsustain-
able [64]. Each new improvement in cancer care, whether therapeutic or supportive
in nature, is appropriately subject to scrutiny regarding the cost-effectiveness of the
intervention. Standards are slowly emerging to establish value parameters in health-
care with thresholds set for improvement per unit cost.

To this end, the cost of prophylaxis against CINV has been subjected to cost-
effectiveness analyses. It is clear that non-prevented CINV events are associated
with significant cost to individual patients, families, and the healthcare system as a
whole. One retrospective cohort study of over 19,000 adult patients receiving HEC
or MEC with CINV prophylaxis examined the cost of uncontrolled CINV [65]. In
this cohort 13.8 % of patients had a CINV-associated healthcare visit. Resource
utilization included inpatient admissions, unscheduled outpatient visits, and emer-
gency room visits. The mean per-patient CINV-associated cost across all patients
treated was $731.00. The mean cost of a CINV event to an individual patient was
$5,299.00. Another US study showed a healthcare resource cost in a hospital outpa-
tient setting of $1,855.00 [66]. Despite differences in methodology and cost figures
presented by these analyses, there can be no doubt that CINV events are associated
with more cost to the healthcare system.

Therefore, strategies that control CINV better are likely to reduce healthcare
costs for downstream CINV events. A cost-utility assessment using quality-adjusted
life-years (QALY) as the value parameter compared palonosetron to ondansetron +
aprepitant in a Monte Carlo simulation model [67]. Incremental cost-effectiveness
for the palonosetron regimens was $115,490/QALY for the two-drug regimen,
$199,375/QALY for the palonosetron plus aprepitant plus dexamethasone regimen,
and $200,525/QALY for the three-drug strategy vs. the ondansetron-based two-drug
regimen. These QALY are in the range of acceptability. Whether QALY is the right
metric to use for a supportive care drug that is used broadly is subject to debate;
however, even in this context these costs for QALY's are similar to newer biological
agents designed for therapeutic intent.
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A retrospective analysis of the OptumlInsight claims database from years 2005 to
2011, comprised largely of commercially insured members, revealed delayed CINV
of 15.6 % across all cycles, utilizing all 5-HT3 receptor antagonists [68]. The lowest
rates were demonstrated in patients receiving palonosetron. Over six cycles of che-
motherapy per 1,000 patients, ondansetron costs an additional $126,775 and granis-
etron an additional $169,838 compared to using palonosetron from cycle 1. In a
hospital outpatient setting, patients receiving palonosetron had a 14 % decreased
rate of CINV per chemotherapy cycle [69].

A systemic review of the literature surrounding cost analyses of CINV in relation
to 5-HT; receptor antagonist utilized was published in 2014 [70]. Thirty-two studies
were analyzed including randomized controlled trials. Fourteen reported cost data
and 25 studies utilization data. Palonosetron was associated with higher acquisition
and treatment costs in the first-generation 5-HT; RAs. However, healthcare utiliza-
tion for CINV was reduced in patients receiving palonosetron due to the less need
for rescue medication and downstream services such as outpatient visits and emer-
gency room visits. Therefore, the overall costs associated with using palonosetron
as the 5-HT; receptor antagonist of choice appear to be lower than other agents due
to reduced service utilization for CINV.

4.9 Pediatric Use

Palonosetron has not been extensively studied in the pediatric population.
Retrospective comparison of palonosetron to first-generation 5-HT; RAs in children
showed a significant reduction in emesis on the first 3 days and nausea in the first
4 days in the palonosetron group [71]. A retrospective analysis of children undergo-
ing BMT revealed 43 patients who received palonosetron in a dose of 5 mcg/kg.
CINV was controlled in 68 %. A second dose of palonosetron was required on day
5 of the underlying regimen in 17 % of patients [72]. A prospective observational
trial examined palonosetron at 5 mcg/kg in children with ALL receiving high-dose
methotrexate 5 g/m>. CR was achieved in 84 % in the acute phase and 60 % overall
with 90 % free of emesis [73]. Palonosetron is approved in the USA for pediatric
use for the prevention of CINV at a dose of 20 mcg/kg [21].

4.10 Meta-Analysis

Several systematic reviews in meta-analysis have been conducted comparing the
efficacy and toxicity of the 5-HT; RAs to one another. Likun reviewed eight RCTs
involving 3,592 patients published between 2003 and 2010 [74]. Most trials were
noninferiority studies comparing first-generation agents to palonosetron alone.
Overall, palonosetron showed superiority for complete response rate with an odds
ratio of 0.64 (95 % CI, 0.56-0.74, p<0.00001). In two studies with HEC comparing
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palonosetron and dexamethasone to first-generation 5-HT; RAs plus dexametha-
sone, there was a trend in favor of palonosetron for acute CINV and statistical ben-
efit for palonosetron in delayed and overall phase. For MEC, palonosetron was
superior to prevent acute CINV with an OR of 0.70 (95 % CI, 0.54-0.91, p=0.008),
delayed CINV, and nausea.

The most recent meta-analysis, published in 2014 by Popovic et.al., identified 16
RCTs with over 6,000 patients randomized to palonesetron or other 5-HT; RAs
[22]. Multiple endpoints were analyzed including complete response, complete
control, no emesis, no nausea, and no use of rescue medications. Of note, only one
of the trials included aprepitant; so this analysis serves as a direct comparison of
5-HT; RAs to palonosetron alone or as doublet therapy with corticosteroids. Acute,
delayed, and overall phases were analyzed separately.

Palonosetron showed statistically significant superiority in the overall phase of
CINV for all five endpoints, with odds ratios ranging from 1.51 to 1.54 for each of
the endpoints. In subgroup analysis, palonosetron was superior for CR whether or not
patients received concomitant corticosteroids. Evaluation by level of emetogenicity
demonstrated palonosetron superiority in both HEC and MEC for complete response,

Table 4.2 Absolute risk differences between palonosetron and other 5-hydroxytryptamine 3
receptor antagonist intervention arms for all included chemotherapy-induced nausea and vomiting
endpoints [22]

Absolute risk Satisfies MASCC/ESMO

Difference (% | Test for antiemetic guideline
Endpoint @ 95 % CI) overall effect | requirement
CR, acute phase 6(3-8) | p=0.0001 No
CR, delayed phase 12 (9-15) | p<0.00001 Yes
Cr, overall phase 10 (7-14) | p<0.00001 Approaching requirement
CC, acute phase 6(2-9) | p=0.0008 No
CC, delayed phase 11 (8-15) | p<0.00001 Yes
CC, overall phase 11 (7-14) | p<0.00001 Yes
No emesis, acute phase 502-8) |p=0.02 No
No emesis, delayed phase 10 (7-14) | p<0.0001 Approaching requirement
No emesis, overall phase 10 (7-14) | p>0.00001 Approaching requirement
No nausea, acute phase 4(0-9) |p=0.03 No
No nausea, delayed phase 8 (3-12) | p=0.0008 Approaching requirement
No nausea, overall phase 9 (4-13) | p=0.0003 Approaching requirement
No rescue medications, acute 5(-5to16) |p=0.32 No
phase
No rescue medications, 6(-1to13) |p=0.12 No
delayed phase
No rescue medications, 8(2-14) p=0.01 Approaching requirement

overall phase

MASCC Multinational Association of Supportive Care in Cancer, ESMO European Society of
Medical Oncology, CR complete response, CC complete control
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complete control, and no emesis endpoints. Palonosetron was also statistically supe-
rior in both the acute and delayed phases for CR, CC, no emesis, and no nausea.

MASCC/ESMO guidelines suggest an absolute risk difference of 10 % between
antiemetic regimens as a level constituting a clinically relevant result that could
prompt guideline revision [76, 77]. Table 4.2 shows the results of the meta-analysis
by each of the endpoints for overall, acute, and delayed phases. Of the 15 prespeci-
fied endpoints, 3 meet the MASCC/ESMO criteria and 6 approach it. Taken together,
the meta-analysis demonstrates that the weight of the evidence from randomized
clinical trials conducted over the past decade strongly favors palonosetron as more
efficacious in preventing CINV compared to first-generation 5-HT; RAs.

This study also provided a comprehensive evaluation of safety of the various
5-HT; RAs. Palonosetron was statistically similar to the other agents with regard to
constipation, headache, and diarrhea and safer with regard to dizziness. Evaluation
of the three RCTs reporting mean QTc interval change revealed palonosetron was
significantly safer than the comparator 5-HT; RAs with less overall change in QTc
interval after drug administration.

4.11 Palonosetron in Antiemetic Guidelines

Multiple guidelines have been created to collate evidence-based recommendations
to cancer treatment, including CINV prophylaxis. While the methodology and the
frequency of updating vary somewhat, the various organizations use tiered evidence
bases +/— expert opinion to generate the recommendations. Recommendations for
HEC and MEC from each of these guideline groups are shown in Figs. 4.4 and 4.5.
All guidelines recommend palonosetron as the 5-HT; RA of choice in MEC [38, 77,
78]. In HEC, all guidelines recommend a three drug combination, consisting of a
5-HT; RA, dexamethasone and an NKI1 antagonist (or, in NCCN, olanzapine).
Conforming to guideline recommendations improves CINV control; unfortunately
adherence remains suboptimal [79, 80]. New strategies to promote guideline usage
through educational efforts, and improved awareness of patient experience follow-
ing chemotherapy by clinicians, possibly using electronic tools, could help this situ-
ation [81].

4.12 Netupitant and Palonosetron (NEPA) Fixed
Combination

Netupitant is a highly selective NK1 RA which exhibits a high degree of receptor
occupancy [81]. In vitro studies have shown a synergistic effect in preventing
NK1 response to substance P [20] and an additive effect on NK1 receptor internal-
ization [15]. The plasma half-life of netupitant is approximately 96 h, suggesting
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MEC: Guideline Recommendations HEC: Guideline Recommendations
Acute CINV Delayed CINV (d 2-3) Acute CINV Delayed Delayed CINV
CINV (d 2-3) (d4)
NCCN Palo + Dex 5 HT; (if Palo not used d1) NCCN 5HT; + Dex + NK1 Dex + APR* Dex
+/- NK1* or
Dex Or
Or or
APR* +/- Dex NEPA + Dex Or
Olanzapine + Palo or
+ Dex Olanzapine® Or

Olanzapine + Palo + Dex  Olanzapine®

ASCO Palo + Dex Dex ASCO 5HT; + Dex + APR Dex+ APR* Dex
Or
NEPA + Dex
MASCC Palo + Dex Dex MASCC 5HT; + Dex + APR Dex + APR*
Palo: Palonosetron APR: Aprepitant NK1: Aprepitant, fosaprepitant or
NK1: Aprepitant, fosaprepitant or rolapitant, or NEPA (no rolapitant or NEPA (no additional 5HT)
additional palo) APR: Aprepitant
*If fosaprepitant used, day 1 only *If fosaprepitant or NEPA used, Dex only
*If olanzapine used on day 1 on days 2-4

*If olanzapine used on day 1

Fig. 4.5 Guideline recommendations

that there could be a clinical benefit in the delayed phase of CINV when coadmin-
istered with palonosetron. Netupitant is a substrate and moderate inhibitor of
CYP3A4. Drugs that are substrates of CYP3A4, such as dexamethasone, should
be administered in reduced doses when given with netupitant. Unlike aprepitant,
netupitant does not have clinically relevant interactions with oral contraceptives,
and no relevant PK interactions are seen when netupitant is co-administered with
palonosetron [82].

NEPA has a similar adverse event profile to oral palonosetron given with aprepi-
tant with headache and constipation the most frequently observed toxicities. A com-
prehensive review of NEPA safety revealed similar treatment-emergent adverse
events for NEPA, oral palonosetron alone, or palonosetron and aprepitant combina-
tion [83]. No significant effect on QTc interval or impact on other cardiac endpoints
was observed across various studies.

NEPA has been evaluated in three trials conducted across a range of emetogenic-
ity in chemotherapy-naive patients. A phase 2 dose-ranging study compared three
different doses of netupitant combined with oral palonosetron to oral palonosetron
alone in 694 patients receiving cisplatin-based chemotherapy [84]. The 300 mg
dose of netupitant was selected for further evaluation based on numerical superior-
ity in CR rate. Additionally, 300 mg of netupitant was the minimal dose demonstrat-
ing NK1 receptor occupancy of >90 % in the brain striatum, the accepted value for
efficacy, in a previously performed pharmacodynamic PET study [85]. Overall,
NEPA was significantly superior to oral palonosetron for CR in acute, delayed, and
overall phases (Fig. 4.4a, Study 1).

A phase 3, multinational double-blind placebo-controlled trial evaluated oral
NEPA + dexamethasone compared to oral palonosetron + dexamethasone in
1,455 patients receiving AC-based chemotherapy [86]. Significant improvement
in CR rate during the delayed phase of cycle 1, the primary endpoint of the trial,
was seen with 77 % of the NEPA group compared to 69 % of the palonosetron
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group, p=0.001. Additionally, overall phase CR rate was 74 % vs. 67 %,
p=0.001, and acute phase CR rate was 88 % vs. 85 %, p=0.047 for NEPA vs.
palonosetron, respectively (Fig. 4.4a, Study 2). In other endpoints including
delayed and overall phases, no emesis, no significant nausea, and complete pro-
tection statistically significant higher rates were also achieved.

A multiple cycle trial in HEC and MEC was conducted primarily to assess cumu-
lative safety [87]. This study included an arm of oral palonosetron and aprepitant
compared to NEPA, with both arms receiving dexamethasone according to guide-
lines. The overall phase CR rate in cycle 1 was 81 % for NEPA and 76 % for palo-
nosetron and aprepitant. No formal statistical comparison was performed.
Antiemetic efficacy was maintained well over multiple cycles of therapy, as was
also seen in an analysis of the multiple cycle extension study of NEPA during MEC
[88] (Fig. 4.4b). NEPA was approved by the US FDA in 2014 for the prevention of
acute and delayed nausea and vomiting associated with initial and repeat course of
chemotherapy including, but not limited to, highly emetogenic chemotherapy [89].
NEPA is included in NCCN and ASCO guidelines as a prophylactic choice for HEC
and MEC.

While NEPA has not yet been subjected to formal cost-effectiveness analyses,
the superiority of NEPA over a two-drug regimen on a clinical basis supports the
value. The appropriate formal comparison would be NEPA plus dexamethasone to
palonosetron with aprepitant and dexamethasone. The fact that NEPA is a fixed
combination suggests a potential economic benefit as adherence to fixed dose com-
binations in general is associated with improved adherence and lower overall treat-
ment cost [57].

4.13 Conclusion

Palonosetron differs chemically, pharmacologically, and, most importantly, clini-
cally from the first-generation 5-HT; RAs. It confers significant additional protec-
tion against delayed nausea and vomiting and in the overall phase of CINV. Multiple
prospective randomized trials have demonstrated the benefit of palonosetron over
first-generation agents in patients receiving MEC, AC, and HEC regimens. Adding
an NKI1 antagonist appears to increase the response rate to palonosetron and dexa-
methasone. Palonosetron is equally effective in IV and oral formulations and is now
available in a fixed combination with the NK1 RA netupitant which offers increased
convenience and the potential for better adherence.
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