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Abstract: Palonosetron (Aloxi®, Onicit®, Paloxi®) is a second-generation 5-HT, receptor
antagonist (RA) with an extended half-life of ~40 hours and high binding affinity for the 5-HT,
receptor that is markedly different from other 5-HT, RAs. Phase III trials demonstrate that a
single dose of palonosetron compared with traditional 5-HT, RAs is more effective in prevent-
ing chemotherapy-induced nausea and vomiting (CINV) during the first 24 hours following
chemotherapy (acute CINV), and also exhibits prolonged efficacy to provide significantly better
protection from CINV in the delayed and overall phases. This superior and extended protection
from CINV conferred by palonosetron following a single intravenous dose before chemotherapy
simplifies dosing schedules. Recent research has focused on optimization of palonosetron-based
antiemetic regimens, particularly in combination with steroids and neurokinin-1 RAs. The avail-
able clinical data indicate high control rates for palonosetron, suggesting a synergistic potential
for protection in patients scheduled to receive emetogenic drug regimens.
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Introduction
Complete control of chemotherapy-induced nausea and vomiting (CINV) remains
a primary goal of chemotherapy treatment (Koeller et al 2002). Some 15 years
after the launch of the first-generation 5-HT, receptor antagonists (5-HT, RAs),
available in Europe or North America such as ondansetron (Zofran®, GlaxoSmith-
Kline), granisetron (Kytril®, Roche), dolasetron (Anzemet®, Aventis), and tropi-
setron (Navoban®, Novartis), which heralded a major advance in the treatment of
acute CINV, some patients are still not treated adequately. Failure to gain effective
control over CINV can have important consequences that may include extended or
unplanned hospitalization or delay or refusal of chemotherapy as a result of vomiting
and nausea, potentially leading to a reduction in antineoplastic efficacy (Grunberg
et al 2000). Despite efforts to combat CINV, it remains one of the worst side effects
experienced (Table 1) (Coates et al 1983; Griffin et al 1996; de Boer-Dennet et al
1997; Lindley et al 1999; Grunberg et al 2000; Koeller et al 2002), with 59% of
patients reporting nausea to such an extent that it severely impacts daily living
(De Moor et al 2003).

CINV can be categorized in simplified regulatory terms as either acute (up to
24 hours postchemotherapy) or delayed (after 24 hours postchemotherapy), while
chemotherapy regimens are subdivided into levels 1-5 according to their emetogenic
potential. Among them, level 3—4 regimens result in an emesis frequency of 30%—-90%,
and are traditionally considered moderately emetogenic (MEC), while level 5 results
in >90% patients experiencing emesis with highly emetogenic (HEC) chemotherapy
(Hesketh et al 1997).
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Table | Patient perceptions of the most severe side effects of cancer chemotherapy

Rank 1983 1993° 1995¢ 1999¢

| Vomiting Nausea Nausea Nausea

2 Nausea Constantly tired Loss of hair Loss of hair

3 Loss of hair Loss of hair Vomiting Constantly tired
4 Thought of coming Effect on family Constantly tired Vomiting

for treatment
5 Length of time
treatment takes

Vomiting

Changes in the way
things taste

Having to have
injections

*(Coates et al 1983)
b(Griffin et al 1996)
¢(de Boer-Dennert et al 1997)
d(Lindley et al 1999)

International guideline development is a continuous and
dynamic effort towards indication of the better antiemetic
treatment in light of the most recent data published in lit-
erature. According to the most recent indication for CINV
prevention, SHT, RAs are unanimously recognised to be
the foundation of antiemetic therapy. SHT, RAs should
then be given in combination with other antiemetic agents,
usually corticosteroids such as dexamethasone and NK1
RAs, in accordance to the evaluation of patient-related and
treatment-related risk factors, in particular the chemotherapy
emetogenicity (HEC or MEC).

Although current regimens are considered to be quite
effective in treating acute CINV, adequate control of
delayed symptoms needs improvement. A recent study
found acute emesis in 13% and 12% of patients receiving
MEC and HEC, respectively, while over 37% and 33%
experienced acute nausea with these respective treatments,
despite the use of first-generation 5-HT, RAs plus con-
comitant corticosteroids as recommended by international
guidelines (Figure 1) (Grunberg, Vanden Burgt et al 2004).
Furthermore, delayed emesis was evident in 28% and 50%
of patients in the MEC and HEC groups, respectively, while
delayed nausea was experienced by 52% and 60% of these
respective patients (Grunberg, Vanden Burgt et al 2004).
Furthermore the extent of CINV is underestimated by
both physicians and nurses treating these patients (Figure
1) (Eisenberg, Rubenstein et al 2003; Grunberg, Deusson
Burgt et al 2004). Clearly, CINV remains a substantial and
underrecognized burden.

Emesis is believed to be due to complex interactions
between a number of neurotransmitters (serotonin (5-HT),
neurokinin, dopamine, histamine, and acetylcholine) and
receptor subtypes within gastrointestinal (GI) and central
pathways. Stimulation of serotonin release from entero-
chromaffin cells of the GI mucosa is thought to be a major
pathway, which triggers emesis through stimulation of the

medulla via vagal afferents. There are two central medullary
areas implicated, namely the chemoreceptor trigger zone
(CTZ) and the vomiting centre. The CTZ integrates blood-
borne chemical signals with neuronal inputs from the GI
tract, and efferents from the CTZ then signal the collection of
brainstem nuclei known as the vomiting centre. The vomiting
centre integrates visceral and somatic functions, resulting in
the process of vomiting (Figure 2) (Hornby 2001).

5-HT, receptor antagonists

The first generation of 5-HT, RAs — ondansetron, granisetron,
dolasetron, and tropisetron — are remarkable by virtue of their
similarities rather than differences and have similar efficacies
in preventing acute CINV when administered at therapeuti-
cally equivalent doses, although they have a more limited
impact on delayed symptoms (Hesketh 2000). They are
widely believed to be similar to the point that until recently
they have been regarded as therapeutically equivalent and
interchangeable in clinical guidelines (Koeller et al 2002).
A more detailed observation and the advent of the second-
generation 5-HT, RA palonosetron is, however, changing
this ethos.

Palonosetron: a second-generation

5-HT, receptor antagonist

Palonosetron (Figure 3) is the first 5-HT, RA to show an
efficacy that is superior to other 5-HT, RAs against CINV
due to MEC in FDA registration trials (Eisenberg et al 2003;
Gralla et al 2003; Rubenstein et al 2003). It was first approved
by the FDA in 2003 and is currently licensed in the USA for
the prevention of acute nausea and vomiting associated with
MEC and HEC, and the prevention of delayed nausea and
vomiting associated with MEC. More recently, palonosetron
has gained approval in Europe for the prevention of acute
nausea and vomiting associated with HEC, and the preven-
tion of nausea and vomiting associated with MEC. It is
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Figure | Perception vs reality: Healthcare providers’ predictions of incidence, and observed incidence, of nausea and vomiting following chemotherapy (Drawn from data in
Grunberg, Deusson et al 2004).

postulated that the superior clinical efficacy of palonosetron, ~ 2003). Despite having a longer half-life and higher binding
including the control of delayed CINV following a single  affinity, however, palonosetron has a similar tolerability
dose prior to chemotherapy, can be related to the >30-fold  profile to the first-generation 5-HT, RAs, demonstrating
higher binding affinity for the 5-HT, receptor subtype anda  minimal side effects. Headache and constipation are the most
4-10-fold longer half-life compared to first-generation 5-HT, ~ commonly reported adverse events for both generations of
RAs (Eisenberg, Figueroa-Vadillo et al 2003; Grunberg et al ~ 5-HT, RAs (Hesketh et al 1996; Eisenberg, Figueroa-Vadillo
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Figure 2 Schematic diagram of vomiting reflex.
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Figure 3 Molecular structure of palonosetron hydrochloride.

et al 2003; Eisenberg, Rubenstein et al 2003; Gralla et al
2003; Grunberg et al 2003; Rubenstein et al 2003).

Pharmacokinetics and pharmacodynamics
The pharmacokinetics of palonosetron have been studied both
in healthy volunteers (Stoltz et al 2004) and cancer patients
receiving highly emetogenic cisplatin (Eisenberg et al 2004),
with generally similar kinetics being shown in both studies.
Intravenously administered palonosetron (0.3-90 pg/kg)
showed overall elimination half-life values of approximately 40
hours as result of low clearance values (1.11-3.90 mL/min/kg)
and a large volume of distribution (3.85-12.6 L/kg). At the
currently approved I'V dose of 0.25 mg, palonosetron shows to
be widely distributed in the body, with a volume of distribution
of 8.3 L/kg, and to be bound to plasma proteins at a proportion
of 62% (Aloxi® prescribing information 2003/2005).
Palonosetron is metabolized by cytochrome P450 enzymes,
mainly CYP2D6, with minor contributions from CYP1A2
and CYP3A4 (Aloxi® prescribing information 2003/2005).
It is noteworthy that the clinical pharmacokinetic parameters
are not significantly different between poor and extensive
metabolizers of CYP2D6 substrates (Aloxi® prescribing
information 2003/2005) The major metabolites are N-oxide-
palonosetron and 6-S-hydroxy-palonosetron, both of which
have a low affinity for the 5-HT, receptor and therefore do
not contribute to the activity of the parent compound (Aloxi®
prescribing information 2003/2005).

Drug interactions
Due to its multiple routes of elimination and lack of effect
on cytochrome P450 isoenzyme induction or inhibition at

therapeutic concentrations, palonosetron has low potential
for clinically significant drug interactions (Aloxi® prescribing
information 2003/2005). This characteristic is of particular
value in elderly patients who are often receiving multiple
medications (Aapro et al 2005). Additionally, no dose
adjustments are required in the elderly or in patients with
renal or hepatic impairment (Aloxi® prescribing information
2003/2005). Likewise palonosetron does not interact
with antineoplastic drugs; its chemical stability and the
antitumor activity of these medications are maintained during
coadministration (Aloxi® prescribing information 2003/2005;
Cantoreggi et al 2003; Trissel and Zhang 2004a, 2005a,
2005b; Xu et al 2004; Trissel and Xu 2005). Any interaction
with dexamethasone would be of particular importance
as it is usual clinical practice to coadminister a premixed
solution of dexamethasone and a 5-HT, RA over 15 min;
however, the label for palonosetron recommends a much
quicker intravenous infusion over 30 sec (Aloxi® prescribing
information 2003/2005). An admixture of palonosetron
and dexamethasone in polyvinylchloride minibags or in
polypropylene syringes has been shown to be physically
compatible and chemically stable for at least 48 hours when
stored as indicated (Trissel and Zhang 2004b). Furthermore, a
recent open-label study has evaluated the safety and efficacy
of palonosetron and dexamethasone coadministered over
10—-15 min, which has confirmed that coadministration is
both safe and effective (Hajdenberg et al 20006).

Affinity and potency

Palonosetron has at least a 30-fold higher affinity for the
5-HT, receptor compared to the other first-generation 5-HT,
RAs. At clinically relevant doses, it does not display any
appreciable binding to a range of other receptors, including
dopaminergic, muscarinic, adrenergic, and opioid receptors
(Aloxi® prescribing information 2003/2005; Wong et al 1995).
In addition to a higher affinity, intravenously administered
palonosetron has a higher potency at the 5-HT, receptor, being
three-fold more potent than granisetron and up to 55 times
more potent than ondansetron in animal models (Eglen et al
1995). The distinct pharmacokinetics and dynamics displayed
by palonosetron compared to first-generation 5-HT, RAs
appear to translate into a distinct clinical profile, providing
extended relief from CINV (Eisenberg, Rubenstein et al 2003;
Gralla et al 2003; Eisenberg et al 2004).

Optimizing dosage of palonosetron
The optimal dose of palonosetron was evaluated in a random-
ized, double-blind, multicenter, dose-ranging phase II trial

1012

Therapeutics and Clinical Risk Management 2007:3(6)



Palonosetron prevention CINV

(Eisenberg et al 2004). A total of 161 chemotherapy-naive
patients (80.0% male) were randomized to one of five groups
to receive between 0.3 and 90 ng/kg palonosetron as a single
intravenous bolus dose 30 min prior to receiving HEC (largely
high dose cisplatin: =70 mg/m?). The pooled 0.3-1 pg/kg
dose was chosen as a suboptimal dose. Dexamethasone was
not given prophylactically and was available only as a rescue
medication. The primary endpoint was 24-hour complete
response (CR) (no emesis and no need for rescue medication).
Efficacy was evaluated up to day 7. Complete control was
included as a secondary endpoint, defined as no emesis, mild
or no nausea, and no need for rescue medication.

In the 148 evaluable patients, acute CR rates of 40%—50%
were achieved across the effective dose range (3—90 pg/kg).
The dose—response curve demonstrated a threshold relation-
ship that is typical for 5-HT, RAs (Rubenstein et al 2003;
Eisenberg et al 2004). Complete control in the acute phase
was achieved in 39%-48% of patients across this dose range
and again showed a threshold dose-response relationship.
Prolonged protection following a single dose on day 1 was
observed up to day 7. Compared with the low efficacy of
the pooled suboptimal cohort of 0.3—-1 ug/kg (CR 24%),
the lowest effective doses were the 3 and 10 pg/kg doses,
demonstrating 46% and 40% CR rates in the acute period,
respectively. Based on these data, doses of 0.25 mg and
0.75 mg (equivalent to 3 ng/kg and 10 pg/kg, respectively)
were selected for phase III trials.

Efficacy

The efficacy of palonosetron in the prevention of nausea and
vomiting induced by chemotherapy has been demonstrated
in three randomized, stratified, double-blind, parallel-arm,
active comparator-controlled phase III trials (Eisenberg,
Rubenstein et al 2003; Gralla et al 2003; Aapro et al 20006).
Two of these studies examined efficacy of the two selected
doses of palonosetron, 0.25 mg and 0.75 mg in MEC patients
compared to ondansetron 32 mg (Gralla et al 2003) or
dolasetron 100 mg (Eisenberg et al 2003), while the third
compared the two doses of palonosetron to ondansetron
32 mg in patients receiving HEC (Aapro et al 2006). All
pivotal studies were designed to show that at least one of the
two palonosetron doses (0.25 mg and 0.75 mg) was at least
as effective as the comparator.

To reflect the actual clinical situation, heterogencous
mixed-sex study populations were recruited (51%—82%
female) that were chemotherapy experienced or chemotherapy
naive (40%—-66% naive) (Aloxi® prescribing information
2003/2005; Eisenberg, Figueroa-Vadillo et al 2003; Gralla

et al 2003). A number of moderately emetogenic agents were
included in the studied regimens: methotrexate 250 mg/m?,
cyclophosphamide < 1,500 mg/m?, doxorubicin >25 mg/m?,
cisplatin <50 mg/m?, or any dose of carboplatin (Eisenberg,
Figueroa-Vadillo et al 2003; Gralla et al 2003). Chemo-
therapy regimens for the HEC study included cisplatin =60
mg/m?, cyclophosphamide >1,500 mg/m?, and dacarbazine
(Aapro et al 20006). Either no (Gralla et al 2003) or minimal
(~5% of patients) (Eisenberg et al 2003) corticosteroids
were administered in the MEC studies, although 67% of the
patients in the HEC study received concomitant dexametha-
sone on day 1 (Aapro et al 2006). The primary endpoint of all
three studies was the CR rate, defined as no emetic episode
and no use of rescue medication during the first 24 hours. A
series of secondary endpoints, such as rates of delayed CR
(24-120 hours), overall CR (0-120 hours), and complete
control (no emetic episode, no rescue medication, and no
more than mild nausea), percentage of patients with no emetic
episodes, and percentage of patients with no nausea on a daily
basis, were also included. The results reported hereon are for
the 0.25 mg dose of palonosetron, since this is the dose that
has been approved for use.

Palonosetron and acute CINV
Pooled analysis (Rubenstein et al 2003) of the identical
MEC studies (Eisenberg, Rubenstein et al 2003; Gralla et al
2003) demonstrated a statistically significant improvement
in CR rates for the acute phase with palonosetron 0.25 mg
(n = 378) compared to results pooled for the ondansetron
32 mg/dolasetron 100 mg (n=376) arms (72.0% vs 60.6%,
p=0.0012) (Figure 4). Furthermore, the number of patients
experiencing no emetic episodes in the acute period was
again statistically superior in the palonosetron group (78.6%
vs 64.9%, p=0.0001) (Figure 5) (Grunberg et al 2003; Data
on file Helsinn Healthcare SA). The improvements in CR and
emesis-free rates reported in the pooled analysis in favor of
palonosetron over ondansetron and dolasetron are particu-
larly interesting since this is the first time that a 5-HT, RA
has been clinically differentiated from others in the class.
In patients receiving HEC, a group in whom CINV is
generally more difficult to control, palonosetron 0.25 mg
(n = 223) proved to be at least as effective as ondansetron
32 mg (n=221) in the acute period, with 59.2% and 57% of
patients, respectively, achieving CR rates (Aapro et al 2006).
Secondary endpoints further confirmed the improved efficacy
of palonosetron in the acute phase, with an increased propor-
tion of patients experiencing no emetic episodes (68.2% vs
60.2% with ondansetron), and a significantly longer time to
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Figure 4 Percentage of MEC patients achieving complete response rates in the acute, delayed, and overall phases following treatment with palonosetron 0.25 mg or ondan-
setron 32 mg/dolasetron 100 mg (Drawn from data in Rubenstein et al 2003; Grunberg,Vanden Burgt et al 2004).

first emetic episode (120 hours vs 42.7 hours with ondan-
setron, p = 0.023) (Aapro et al 2006). As is usual in clinical
practice, 67% of the patients in this study also received
prophylactic dexamethasone prior to chemotherapy. In this
subgroup of patients, the trend towards improved acute
CR rates in favor of the palonosetron arm (n = 150) over
the ondansetron group (n = 147) was almost 10% higher,
a difference which, although not statistically significant,
indicates a clinically relevant superiority (64.7% vs 55.8%)
(Aapro et al 2006).

Palonosetron and delayed CINV

In addition to being more efficacious against acute CINV,
palonosetron is further distinguished from other 5-HT, RAs
as it shows improved efficacy in preventing delayed CINV
in patients receiving MEC. In the pooled analysis (Eisenberg
et al 2004) from the two MEC studies (Eisenberg, Figueroa-
Vadillo et al 2003; Gralla et al 2003), a CR for the delayed
period was seen in 64.0% of patients given palonosetron
0.25 mg compared to 46.8% receiving ondansetron 32 mg/
dolasetron 100 mg (p = 0.001) (Figure 4). The improved
efficacy was more pronounced from days 2-3, the point
at which patients are most at risk of experiencing delayed
CINV (day 2: 72.0% vs 55.1%, p < 0.001; day 3: 76.5% vs
61.4%, p < 0.001) (Data on file Helsinn Healthcare SA).
Response rates were also better with palonosetron compared
with ondansetron/dolasetron for the overall phase (57.7% vs

42.0%, p < 0.001) (Figure 4). Moreover, the percentage of
patients with no emetic episodes was significantly higher in
the palonosetron group than in the ondansetron/dolasetron
group during the delayed and overall time periods (Figure 5)
(72.0% vs 56.9%, p < 0.001, and 65.9% vs 49.5%, p < 0.001,
respectively; Data on file Helsinn Healthcare SA).

In patients receiving HEC, palonosetron 0.25 mg dem-
onstrated a trend towards superior CR rates over ondanse-
tron 32 mg in the delayed and overall categories (45.3% vs
38.9%, and 40.8% vs 33.0%, respectively), which became
statistically significant in the subgroup of patients receiving
concomitant dexamethasone administered on day 1 (delayed
phase: 42% vs 28.6%, p = 0.021; overall phase: 40.7% vs
25.2%, p =0.005) (Aapro et al 20006).

It is well established that the strongest predictive factor
for delayed CINV is the presence of acute CINV, and there-
fore it has been speculated that the impact of palonosetron
on delayed CR may be due to the superior acute efficacy or a
‘carryover effect’. Recent analysis of the two phase [IIl MEC
studies (Eisenberg, Figueroa-Vadillo et al 2003; Gralla et al
2003) has attempted to unravel this effect by separating out
patients with and without acute CRs and evaluating the pro-
portions of these patients who then had delayed CRs (Grun-
berg, Vanden Burgt et al 2004). If improved rates of delayed
CR are to be attributed to a carryover effect, one would
expect no difference between the two groups of patients
who received no relief from acute vomiting; however, this
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Figure 5 Percentage of emesis-free MEC patients in the acute, delayed and overall phases following treatment with palonosetron 0.25 mg or ondansetron 32 mg/

dolasetron 100 mg (Drawn from data in Rubenstein et al 2003).

was not the case. In the palonosetron group, 23% of patients
compared to 12% (p = 0.027) of patients in the comparator
(ondansetron/dolasetron) group who had acute CINV went
on to experience a CR for delayed CINV. The implication of
this study is that palonosetron displays an inherently different
pharmacology, which alone amongst the 5-HT, RAs confers
valuable efficacy against delayed CINV.

Palonosetron and nausea
Underestimated by physicians and research nurses, nausea
remains a significant problem for most chemotherapy
patients despite the use of modern antiemetics (Table 1)
(Coates et al 1983; Griffin et al 1996; de Boer-Dennert et al
1997; Lindley et al 1999; Grunberg et al 2000; Grunberg,
Deusson et al 2004). There are two main reasons for this:
difficulties in researching this highly subjective issue
preclinically, and a lack of clinical research due to an
underestimation of the extent of the problem. It may be
that nausea is in fact regulated also by as yet unknown
neurotransmitter pathways separate from those that control
vomiting, thus accounting for the difficulties in effective
treatment with the currently available range of drugs.
However nausea is regulated physiologically, palonosetron
appears superior to the first-generation 5-HT, RAs in
providing relief.

Severity of nausea was evaluated daily in the palonose-
tron trials over 0—120 hours using a four-point Likert scale

(Eisenberg, Figueroa-Vadillo et al 2003; Gralla et al 2003).
Pooled analysis (Decker et al 2006) of both MEC studies
(Eisenberg, Figueroa-Vadillo et al 2003; Gralla et al 2003)
demonstrated a statistically significant improvement in
the proportion of nausea-free patients in the palonosetron
0.25-mg arm in days from 2 to 5 compared with the ondanse-
tron 32 mg/dolasetron 100 mg group (Figure 6). Of particular
note is the increased efficacy of palonosetron on days 2-3,
which is known as the most difficult period for CINV control
(day 2: 54.2% vs 39.9%, p < 0.0001; day 3: 57.9% vs 45.5%,
p =0.0006) (Decker et al 2006).

The functional impact of delayed nausea on daily life
activities was demonstrated using the validated FLIE
instrument to be significantly less with palonosetron (65%
of patients reported no impact on daily life — NIDL) than
with ondansetron/dolasetron (54% reported NIDL) in
the pooled analysis of the MEC trials (p < 0.01; Decker
et al 2006; de Moor and Cunningham 2005). In the study
of patients receiving HEC that utilized the same FLIE
measurement, functional impact from delayed nausea was
also less in the patients given palonosetron with concomi-
tant dexamethasone (55% reported NIDL) than in those
receiving ondansetron with dexamethasone (46% reported
NIDL). Although the differences were not statistically
superior in this subset, they were however clinically rel-
evant and indicative of a meaningful difference to patients
(Aapro et al 20006).
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Figure 6 Percentage of nausea-free MEC patients on a daily basis following treatment with palonosetron 0.25 mg or ondansetron 32 mg/dolasetron 100 mg (Drawn from

data in Rubenstein et al 2003).

Palonosetron and steroids

Palonosetron is clearly efficacious for delayed CINV when
given alone. This raises the possibility of being able to
reduce steroid treatment, which is unpopular with patients
because of its associated side effects (Vardy et al 2006)
and consequently reduces adherence and quality of life.
The HEC trial by Aapro et al (2006) administered a single
dose of dexamethasone to 67% of the patients on day 1 of
chemotherapy, thus allowing a subgroup analysis of patients
receiving palonosetron with concomitant dexamethasone. In
the delayed period, 42% of patients receiving palonosetron
0.25 mg plus dexamethasone experienced a CR compared
to 28.6% in the ondansetron 32 mg plus dexamethasone
group (p=0.021).

Synergy between palonosetron and dexamethasone has
been further evaluated in a recent open-label, phase II study
by Hajdenberg et al (2006) in patients receiving MEC.
Fifteen min prior to commencing chemotherapy, an infusion
of palonosetron 0.25 mg plus dexamethasone 8 mg over a
10—15-min period was administered to 33 chemotherapy-
naive and non-naive patients. In this albeit small sample
(32 completers), 84.4% of patients had a CR during the
acute period, and 59.4% demonstrated a CR both in the
delayed and overall time periods. The proportion of patients
with no emetic episodes was 90.6%, 81.3%, and 71.9%
for the acute, delayed, and overall phases, respectively.
Perhaps more importantly from a patient’s perspective,

palonosetron used together with dexamethasone given on
day 1 only was also associated with an increased number
of nausea-free patients throughout days 1-3 (Hajdenberg
et al 2006) when compared to palonosetron given alone
(using pooled data) (Decker et al 2006) from the two MEC
trials (Table 2) (Eisenberg, Figueroa-Vadillo et al 2003;
Gralla et al 2003). Some 78.1% of patients were nausea-
free on day 1, increasing to 81.3% on day 2. Overall, rates
of nausea control ranged between around 66% and 81%
over days 1-5.

These studies are encouraging in that they suggest a
single dose of steroid plus palonosetron can provide efficacy
throughout acute and delayed CINV, thus simplifying the
dosing regimens that currently involve daily administra-
tion of 5-HT, RAs and dexamethasone (Roila et al 2006).
This convenient and simple method of CINV control could
improve patient compliance and, indeed, physician adherence
to international guidelines.

Palonosetron + neurokinin-| antagonists

Different mechanisms may lie behind acute and delayed
CINV (Hesketh 2000; Hesketh 2003), therefore it is to
be expected that combinations of antiemetic drug classes
will optimize CINV therapy. Aprepitant (Emend®, Merck
and Co), a neurokinin-1 (NK-1) antagonist, is a valuable
addition to antiemesis regimes and it is recommended
in patients scheduled to receive cisplatin-based and
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Table 2 Percentage of nausea-free patients in a pooled analysis of patients receiving single infusion of palonosetron 0.25 mg prior to

MEC (Decker et al 2006) compared with patients receiving concomitant infusion of palonosetron 0.25 mg + dexamethasone 8 mg

(Hajdenberg et al 2006) on Day | only.

Study Day | Day 2 Day 3 Day 4 Day 5
Palonosetron (n = 378) 54.5% 54.2% 57.9% 65.3% 77.5%
Palonosetron + 78.1% 81.3% 68.8% 65.6% 78.1%

dexamethasone (n = 32)

anthracycline-cyclophosphamide (AC)-based chemotherapy
(Roila et al 2000).

A recent open-label, phase II study (n = 58) evaluating
the efficacy and safety of triple therapy with palonosetron,
dexamethasone, and aprepitant for prophylaxis of CINV
in HEC and MEC (including AC-based chemotherapy)
patients with various types of cancers uncovered syner-
gies between aprepitant and palonosetron (Grote et al
2006). Administration of palonosetron 0.25 mg in com-
bination with dexamethasone (12 mg on day 1, 8§ mg on
days 2-3) and standard doses of aprepitant (125 mg on
day 1, 80 mg on days 2—3) achieved 87.9% CR rates in
the acute period, while 77.6% of patients achieved CR
in both the delayed and overall phases. Some 93.1% of
these patients were emesis-free during both the acute and
delayed phases, and 91.4% were emesis-free in the overall
phase. Furthermore, 70.7% of patients were nausea-free in
the acute period, and nausea control was generally main-
tained during all 24-hour intervals observed. Whether this
highly efficacious treatment regimen can be simplified
is the subject of further studies. It may prove possible
to maintain this high level of efficacy while reducing
the dose of dexamethasone in line with the study by
Hajdenberg et al (2006).

Tolerability and safety

Adverse reactions

Despite having a longer half-life and duration of action,
clinical trial data for MEC and HEC patients demonstrate
a comparable safety profile for palonosetron in terms of
frequency and severity to that of the first-generation 5-HT,
RAs (Aloxi® prescribing information 2003/2005; Eisenberg,
Figueroa-Vadillo et al 2003; Gralla et al 2003; Aapro et al
2006). Headache (9%) and constipation (5%), generally of
mild intensity, are the most frequently reported treatment-
related adverse reactions (Aloxi prescribing information
2003/2005). Postmarketing data from the USA, where 1.3
million doses have been distributed (Bissoli et al 2005) in
15 months, have confirmed the good tolerability and safety
profile evident during the phase III clinical trials, with no

suggestion of an unexpected pattern or incidence of adverse
reactions.

Combination therapy

In the phase II study of MEC patients by Hajdenberg and
colleagues, a combination regimen of palonosetron 0.25 mg
plus dexamethasone 8 mg was shown to be safe and well
tolerated, with the majority of adverse events that were
reported being of mild—moderate severity (Hajdenberg et al
2006). Moreover, the safety profile of palonosetron 0.25 mg
used as a triple therapy with dexamethasone and aprepitant in
MEC and HEC patients was consistent with expectations of
these treatment regimens, with adverse events again reported
to be of mild or moderate intensity and resolved quickly
(Grote et al 2005).

Cardiovascular safety

A theoretical cardiovascular risk has been noted for
several first-generation 5-HT, RAs (Navoban® prescrib-
ing information 2001; Aloxi® prescribing information
2003/2005; Anzemet® prescribing information 2003),
notably dolasetron (Hesketh et al 2000) and tropisetron due
to increased cardiovascular conduction times, particularly
mean prolongation of the QTc interval. Administration
of palonosetron 0.25 mg resulted in a 1- to 3-ms increase
in QTc interval during phase III studies, which compared
well to ondansetron and dolasetron (both 5-ms) (Eisenberg,
Figueroa-Vadillo et al 2003; Gralla et al 2003; Aapro et al
20006). Prolongation of the QTc interval was not clinically
significant in any of these study groups, confirming that
although cardiovascular problems are a theoretical risk, the
risk does not translate into a clinical problem.

The effect of antiemetic therapy on cardiovascular param-
eters in the elderly subpopulation is a very important evalua-
tion since age-related cardiac comorbidities are common in
these patients (Gridelli et al 2004). It has been shown that the
incidence of cardiovascular adverse events in elderly patients
treated with palonosetron 0.25 mg is low (<2% of patients)
and similar to that of ondansetron 32 mg/dolasetron 100 mg,
despite 30% of these patients having some cardiovascular
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disease or impairment at study enrolment (Aapro et al 2005).
Very small changes in the QTc interval were observed with
palonosetron (-1-ms) and with ondansetron/dolasetron
(4-ms) in this group of patients; however, consistent with
previous reports (Aloxi prescribing information 2003/2005),
no severe or serious treatment-related cardiac events were
observed in patients receiving any of the antiemetic agents
in these studies.

Conclusion and expert opinion
Clinicians have waited since the introduction of the first-
generation 5-HT, RAs for the next step forward in the
treatment of CINV. Over this time there has been a rise
in the emetogenic potential of increasingly complex che-
motherapy regimens without a corresponding evolution
in antiemetic therapeutics. During the past three years,
significant progress has been made with the advent of the
second-generation 5-HT, RA palonosetron and the NK-1
RA aprepitant.

Our hopes from the phase I1I trials of palonosetron have
indeed been realized. Palonosetron has proven to be an excel-
lent addition to the armamentarium against CINV, specifically
against delayed and overall CINV, which until now has proved
difficult to treat with conventional 5-HT, RAs. Not only is
palonosetron effective against acute and delayed CINV, it
is effective after a single dose, thus providing a simpler and
convenient treatment option. An outstanding feature of palo-
nosetron is improved nausea control, which does not seem
to be adequately controlled with older SHT, RAs or with the
new class of NK1 RAs. Improving the convenience of treat-
ment regimens is important both for physicians and patients.
Patient adherence, particular from those patients most at risk
such as the elderly or young women, will improve with easier
treatment regimens (De Moor et al 2003). A higher degree of
attention may be paid to patients’ symptoms having an impact
on their functioning during daily life by evaluating patient’s
quality of life with specific tools (FLIE, Osoba).

Treatment efficacy, convenience, compliance, and
cost-effectiveness can also be improved in clinical practice
using combination therapy strategies. Studies to date have
clearly demonstrated that palonosetron coadministered with
dexamethasone offers enhanced anti-CINV protection with a
single-dose infusion (Hajdenberg et al 2006), and substantial
benefits in preventing CINV are also evident when used in
a triple-therapy combination alongside dexamethasone and
aprepitant (Grote et al 2006).

Further optimization of antiemetic therapy will require
evaluation of drug combinations in a variety of patient

groups in order to elucidate any additional synergistic effi-
cacy. Other groups and areas that require specific attention
include patients receiving multiday emetogenic therapy, an
area where also guidelines for antiemetic prevention may
need further improvement, those undergoing radiotherapy
with or without concomitant chemotherapy, and those
receiving high-dose chemotherapy with hematopoietic
stem-cell support.

In addition an effort directed to improve both patients’ and
medical professionals’ compliance with an optimal antiemetic
schedule will benefit of a better knowledge of longer acting
agents that can be given once or antiemetic schedules given on
Day 1 only, that are able to ensure protection against nausea
and vomiting both in the acute and the delayed setting.

Five-year review

The full potential of the second-generation 5-HT, RA palono-
setron has yet to be explored; combinations with other drug
classes will provide a more tailored, individual approach to
CINV prophylaxis, and drug regimens will be optimized
according to patient risk factors. It is not unreasonable to
speculate that this approach will lead to a majority of patients
being CINV-free within this timeframe.

Although therapy optimization will require combina-
tions of various drugs, the treatment regimens will become
simpler since more will be known regarding the duration of
action of drugs. A standard regimen will probably involve
a single steroid dose plus a long-acting 5-HT, RA prior to
chemotherapy of moderate to high emetic risk, with admin-
istration of an NK-1 antagonist throughout each higher risk
chemotherapy cycle.

We will have a number of neurokinin RAs, perhaps with
differing pharmacology, thus providing improved efficacy
compared to aprepitant, much like the improvement over
first-generation 5-HT, RAs that the pharmacologically
distinct palonosetron has provided. Studies of these new
drugs and various combinations will also have lead to a
better understanding of the complexities of the vomiting
and nausea response.

We are now entering an era of change in the conduc-
tion of clinical studies. The fact that we can provide many
patients with prophylaxis from vomiting is a tribute to
the progress made over the past two decades, but we are
now realizing that this is not enough. Nausea remains a
challenge that is underaddressed and one that physicians
are starting to regard more seriously. As a result, future
clinical trials should evaluate endpoints that are most
relevant to patients.
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Key issues

Key issues are as follows:

e CINV remains a clinical challenge, particularly the treat-
ment of delayed CINV.

* The second-generation 5-HT, RA palonosetron is phar-
macologically differentiated from the first-generation
5-HT, RAs with a 4-10-fold longer half-life and a >30-
fold greater affinity for the 5-HT, receptor.

*  Asingle dose of palonosetron prior to chemotherapy provides
protection over the entire overall phase (days 1-5) and par-
ticularly over the first three-day period when CINV risk is
greatest, hence providing a simple, yet effective, regimen.

* Incomparison to the first-generation 5-HT, RAs, the sec-
ond-generation 5-HT, RA palonosetron provides improved
protection against both acute and delayed CINV.

» Palonosetron demonstrates improved efficacy against
nausea and maintenance of daily activities, in addition
to reducing the number of emetic episodes.

* Combining administration of palonosetron with aprepi-
tant and dexamethasone appears to confer a synergistic
benefit in preventing acute and delayed CINV.

References

Aapro MS, Grunberg SM, Manikhas GM, et al. 2006. A phase 111, double-
blind, randomized trial of palonosetron compared with ondansetron
in preventing chemotherapy-induced nausea and vomiting following
highly emetogenic chemotherapy. Ann Oncol, 17:1441-9.

Aapro MS, Macciocchi A, Gridelli C. 2005. Palonosetron improves preven-
tion of chemotherapy-induced nausea and vomiting in elderly patients:
Results from two randomized, controlled clinical trials. J Support Oncol,
3:369-74. Erratum in: J Support Oncol, 4:107 (2006).

Aloxi® (palonosetron HCI) prescribing information. 2003/2005. Bloomington,
MN, USA: MGI PHARMA, INC.: (2003); Damastown, Dublin, Republic
of Ireland: Helsinn Birex Pharmaceuticals Ltd. (2005).

Anzemet (dolasetron mesylate injection) prescribing information. 2003.
Aventis Pharmaceuticals Inc, Kansas City, MO.

Bissoli F, McGuiggan M, Bertazzoli M, Post-marketing experience of
palonosetron confirms a favourable benefit/risk profile. 2005. Support
Care Cancer, 13:413, A04—17.

Cantoreggi S, Parisi S, Van Laar E, et al. 2003. Palonosetron, a new
5-HT, antagonist, does not alter the antitumor efficacy of various
chemotherapeutics in tumor bearing rodents. Clin Cancer Res,
9:6254s, AC207.

Coates A, Abraham S, Kaye SB, et al. 1983. On the receiving end: Patient
perception of the side-effects of cancer chemotherapy. Eur J Cancer
Clin Oncol, 19:203-8.

Data on file. Helsinn Healthcare SA.

de Boer-Dennert M, de Wit R, Schmitz PI, et al. 1997. Patient perceptions
of the side effects of chemotherapy: The influence of 5-HT, antagonists.
Br J Cancer, 76:1055-61.

De Moor C, Cohen P, Eisenberg PD, et al. 2003. Oncologists compliance
with anti-emetic guidelines and outcomes of patients receiving emeto-
genic chemotherapy. Proc Am Soc Clin Oncol, 22:727.

de Moor C, Cunningham RS. 2005. Improving the functional status of
patients with cancer by more effectively preventing chemotherapy-
induced nausea and vomiting (CINV): a comparison of palonosetron
(PALO) vs ondansetron (OND) or dolasetron (DOL). J Support Oncol,
3(5 Suppl 3):25-6, PA-12.

Decker GM, DeMeyer ES, Kisko DL. 2006. Measuring the maintenance of
daily life activities using the Functional Living Index-Emesis (FLIE)
in patients receiving moderately emetogenic chemotherapy. J Support
Oncol, 4:35-41.

Eglen RM, Lee C-H, Smith WL, et al. 1995. Pharmacological characteriza-
tion of RS 25259-197, a novel and selective 5-HT, receptor antagonist,
in vivo. Br J Pharmacol, 114:860—6.

Eisenberg P, Figueroa-Vadillo J, Zamora R, et al. 2003. Improved preven-
tion of moderately emetogenic chemotherapy-induced nausea and
vomiting with palonosetron, a pharmacologically novel 5-HT, receptor
antagonist: Results of a phase III, single-dose trial versus dolasetron.
Cancer, 98:2473-82.

Eisenberg P, MacKintosh FR, Ritch P, et al. 2004. Efficacy, safety and
pharmacokinetics of palonosetron in patients receiving highly emeto-
genic cisplatin-based chemotherapy: a dose-ranging clinical study.
Ann Oncol, 15:330-7.

Eisenberg PD, Rubenstein EB, Cohen L, et al. 2003. Perceptions and sat-
isfaction (S) of oncologists and oncology (RNs) nurses of antiemetic
therapy (AET) for chemotherapy-induced nausea and vomiting (CINV)
vs patient experiences after emetogenic chemotherapy (CT) in the US.
Proc Am Soc Clin Oncol, 22:740, A2974.

Gralla R, Lichinitser M, Van der Vegt S, et al. 2003. Palonosetron improves
prevention of chemotherapy-induced nausea and vomiting following
moderately emetogenic chemotherapy: results of a double-blind ran-
domized phase I1I trial comparing single doses of palonosetron with
ondansetron. Ann Oncol, 14:1570-7.

Gridelli C, Aapro M. 2004. Factors influencing the choice of 5-HT -receptor
antagonist antiemetics: focus on elderly cancer patients. Support Care
Cancer, 12:487-96.

Griffin AM, Butow PN, Coates AS, et al. 1996. On the receiving end V:
Patient perceptions of the side effects of cancer chemotherapy in 1993.
Ann Oncol, 7:189-95.

Grote T, Hajdenberg J, Cartmell A, et al. 2006. Combination therapy for
chemotherapy-induced nausea and vomiting in patients receiving
moderately emetogenic chemotherapy: palonosetron, dexamethasone,
and aprepitant. J Support Oncol, 4:403-8.

Grunberg S, Vanden Burgt J, Berry S, et al. 2004. Prevention of delayed nausea
and vomiting (D-CINV): Carryover effect analysis of pooled data from 2
phase I1I studies of palonosetron (PALO). J Clin Oncol, 22:A8051.

Grunberg SM, Deuson RR, Mavros P, et al. 2004. Incidence of chemotherapy-
induced nausea and emesis after modern antiemetics. Cancer,
100:2261-8.

Grunberg SM, Koeller JM. 2003. Palonosetron: a unique 5-HT -receptor
antagonist for the prevention of chemotherapy-induced emesis. Expert
Opin Pharmacother, 4:2297-303.

Grunberg SM, Zhang M, Zhang Q, et al. 2000. Hospital service use associ-
ated with chemotherapy-induced emesis and nausea for patients with
principal or secondary diagnosis of cancer. Eur J Cancer, 36(Suppl
3):S28. Abstract #71.

Hajdenberg J, Grote T, Yee L, et al. 2006. Infusion of Palonosetron plus
dexamethasone for the prevention of chemotherapy-induced nausea
and vomiting. J Support Oncol, 4:467-71.

Hesketh P, Navari R, Grote T, et al. 1996. Double-blind, randomized
comparison of the antiemetic efficacy of intravenous dolasetron
methylate and intravenous ondansetron in the prevention of acute
cisplatin-induced emesis in patients with cancer. Dolasetron
Comparative Chemotherapy- Induced Emesis Prevention Group. J
Clin Oncol, 14:2242-9.

Hesketh PJ, Kris MG, Grunberg SM, et al. 1997. Proposal for classifying the
acute emetogenicity of cancer chemotherapy. J Clin Oncol, 15:103-9.

Hesketh PJ, Van Belle S, Aapro M, et al. 2003. Differential involvement
of neurotransmitters through the time course of cisplatin-induced
emesis as revealed by therapy with specific receptor antagonists. Eur
J Cancer, 39:1074-80.

Hesketh PJ. 2000. Comparative review of 5-HT, receptor antagonists in
the treatment of acute chemotherapy-induced nausea and vomiting.
Cancer Invest, 18:163-73.

Therapeutics and Clinical Risk Management 2007:3(6)

1019



Aapro

Hornby PJ. 2001. Central neurocircuitry associated with emesis. Am J Med,
111(Suppl 8A):106S-112S.

Koeller JM, Aapro MS, Gralla RJ, et al. 2002. Antiemetic guidelines:
creating a more practical treatment approach. Support Care Cancer,
10:519-22.

Lindley C, McCune JS, Thomason TE, et al. 1999. Perception of chemo-
therapy side effects: cancer versus non-cancer patients. Cancer Pract,
7:59-65.

Navoban (tropisetron hydrochloride) prescribing information. 2001. Novartis
New Zealand Limited, Avondale, Auckland, New Zealand.

Roila F, Hesketh PJ, Herrstedt J. 2006. Antiemetic Subcommitte of the
Multinational Association of Supportive Care in Cancer. Prevention
of chemotherapy- and radiotherapy-induced emesis: Results of the
2004 Perugia International Antiemetic Consensus Conference. Ann
Oncol, 17:20-8.

Rubenstein EB, Gralla RJ, Eisenberg P, et al. 2003. Palonosetron (PALO)
compared with ondansetron (OND) or dolasetron (DOL) for preven-
tion of acute and delayed chemotherapy-induced nausea and vomiting
(CINV): Combined results of two phase I trials. Proc Am Soc Clin
Oncol, 22:729, A2932.

Stoltz R, Cyong J-C, Shah A, et al. 2004. Pharmacokinetic and safety evalu-
ation of palonosetron, a 5-hydroxytryptamine-3 receptor antagonist, in
US and Japanese healthy subjects. J Clin Pharmacol, 44:520-31.

Trissel LA, Xu QA. 2005. Physical and chemical stability of palonosetron
hydrochloride with Topotecan Hydrochloride and Irinotecan Hydro-
chloride during simulated Y-site administration. Int J Pharm Comp,
9:238.

Trissel LA, Zhang Y. 2004a. Compatibility and stability of Aloxi (palono-
setron hydrochloride) admixed with dexamethasone sodium phosphate.
Int J Pharmaceut Compound, 8:398—403.

Trissel LA, Zhang Y. 2004b. Physical and chemical stability of palonosetron
HCI1 with cisplatin, carboplatin, and oxaliplatin during simulated Y-site
administration. J Onc Pharm Pract, 10:191-5.

Trissel LA, Zhang Y. 2005a. Palonosetron HCI compatibility and stability
with doxorubicin HCI and epirubicin HCI during simulated Y-site
administration. Ann Pharmacother, 39:280-3.

Trissel LA, Zhang Y. 2005b. Physical and chemical stability of palo-
nosetron hydrochloride with fluorouracil and with gemcitabine
hydrochloride during simulated Y-site administration. /nt J Pharm
Comp, 9:320-2.

Vardy J, Chiew KS, Galica J, et al. 2006. Side effects associated with the use
of dexamethasone for prophylaxis of delayed emesis after moderately
emetogenic chemotherapy. Br J Cancer, 94:1011-15.

Wong EHE, Clark R, Leung E, et al. 1995. The interaction of RS 25259-197,
a potent and selective antagonist, with 5-HT, receptors, in vitro. BrJ
Pharmacol, 114:851-9.

Xu QA, Trissel LA. 2004. Stability of palonosetron hydrochloride with
paclitaxel and docetaxel during simulated Y-site administration. Am J
Health Syst Pharm, 61:1596-8.

1020

Therapeutics and Clinical Risk Management 2007:3(6)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


