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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

In the current NDA submission, the sponsor is requesting approval of Aloxi® (palonosetron)
0.50 mg oral capsules for the prevention of acute ®® chemotherapy induced nausea and
vomiting (CINV) associated initial and repeat courses of moderately emetogenic
chemotherapeutic agents (MEC). Acute CINV is defined as nausea and vomiting that occur

within 24 hours of receiving chemotherapy. ® @

Efficacy in the acute phase for the prevention of CINV was demonstrated for all 3 oral
palonosetron doses, based on: (1) the percentage of patients with complete response (CR; no
emesis and no rescue medications), (2) non-inferiority to the active control, I.V. palonosetron. In
the delayed phase, CR rates were similar to the I.V. formulation, but none of the oral dosage
forms demonstrated non-inferiority to the active comparator. Of the three oral dosage forms
tested, the 0.50 mg dose came closest to the non-inferiority margin.

Based on demonstrating non-inferiority to the I.V. approved formulation for all three oral dose
levels in the acute phase, but failure to show non-inferiority in the delayed phase, the medical

reviewer recommends that the 0.50 mg oral capsule be approved for the prevention of nausea and
vomiting in the acute (0 to 24 hour) phase|®®

1.2 Recommendation on Postmarketing Actions

From a clinical perspective, no post marketing actions are recommended.

1.2.1 Risk Management Activity

From a clinical perspective, no risk management activity is recommended.

1.2.2 Required Phase 4 Commitments

From a clinical perspective, no risk management activity is recommended.

1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

In preparation for a type B meeting in March 2007, the sponsor submitted questions to DGP in
which they asked about the adequacy of efficacy data from sole pivotal phase 3 study PALO-03-
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13, and supporting phase 3 repeat-cycle study PALO-03-14. DGP responded that the pivotal
study would need to provide substantial evidence of efficacy, and identify other data sources and
studies used for supportive evidence.

Accordingly, PALO-03-13 was submitted as the sole pivotal efficacy trial for this NDA. Two
additional analyses, an historical pooled analysis (PALO-07-36) and an exploratory analysis
(PALO-07-36) were performed post hoc to support PALO-03-13 results. Phase 2 study (2332)
and repeat cycle, Phase 3 open-label study PALO-03-14 are also submitted as supporting studies.

Trial PALO-03-13 was conducted in the United States (15 sites), Mexico (7 sites), Romania (6
sites), Poland (7 sites) and the Czech Republic (11 sites). The 6 Romanian sites were added
during the last two months of the trial because, toward the end of the scheduled enrollment

period, overall enrollment was behind schedule and some sites were administratively closed.
PALO-03-14 was conducted in the United States, Mexico, Poland, and the Czech Republic.

PAL O-03-13 was a double-blind, randomized, balanced, parallel-group, stratified, non-
inferiority study in which three dose levels of palonosetron capsules were compared to 0.25 mg
palonosetron I.V. in the prevention of acute and delayed nausea and vomiting associated with
moderately emetogenic cancer chemotherapy

Patients were randomly assigned to one of four treatment groups; the most emetogenic
chemotherapeutic agent was administered first on study Day 1. Nitrogen mustard analogues
(cyclophosphamide <1500 mg/m? ) and anthracyclines and related substances (doxorubicin and
epirubicin) were the two most frequent chemotherapeutic agents administered. The breakdown of
patients is as follows:

Group 1: oral palonosetron 0.25 mg — 157 enrolled
Group 2: oral palonosetron 0.50 mg — 161 enrolled
Group 3: oral palonosetron 0.75 mg — 158 enrolled
Group 4: L.V. palonosetron 0.25 mg — 163 enrolled

Phase 3 supportive study PAL O-03-14 was a multicenter, open-label, repeat cycle, uncontrolled
trial to assess safety and efficacy of single oral doses of palonosetron 0.75 mg in the prevention
of MEC in repeated and consecutive moderately emetogenic chemotherapy cycles. It did not
study the 0.50 mg (the proposed to-be marketed) dose, and only cycle 1 data was included in the
Integrated Summary of Safety for the NDA.

1.3.2 Efficacy

The primary efficacy measure for Phase 3 studies was complete response (no emetic episodes, no
rescue medication) during 0 to 24 hours after administration of moderately emetogenic
chemotherapy. The key secondary efficacy measure was CR during 24 to 120 hours after MEC.
Other secondary efficacy parameters included complete control (CR and no more than mild
nausea), daily number of emetic episodes, and time to first emetic episode.
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In PALO-03-13 randomization was stratified by gender and previous chemotherapy history
(naive or non-naive) to produce 4 strata. Within each group patients received one of four
palonosetron doses, with or without dexamethasone (two subgroups for each treatment group).
The majority of patients were female (73%) , white (69%), and chemotherapy naive (59%).

Results from PALO-03-13 showed that the number of patients with complete response in the 0 to
24 hour period was comparable in the three oral palonosetron treatment groups (less than 3%
difference between the individual oral treatment groups), and slightly higher than with the 1. V.
formulation. In all 3 oral palonosetron doses the lower limit of the 98.3% CI was above the non-
inferiority margin of -15%, implying with reasonable certainty that the proportion of complete
responders to palonosetron was no more than 15% less than the proportion seen with the
comparator. No clear dose response relationship was observed in the oral palonosetron studies,
or in the earlier studies conducted with the I.V. formulation.

During the 24 to 120 hour time frame the highest percentage of patients with CR was seen with
L.V. palonosetron (65.4%), followed by the 0.50 mg oral palonosetron dose (62.5%). As with the
acute phase, oral doses of palonosetron were compared in a non-inferiority manner to the
approved I.V. formulation. Since the lower limit of the CI for the oral doses was below the pre-
set threshold of -15%, none of the oral doses were statistically non-inferior. Thus for all oral dose
levels studied in the delayed time period, the proportion of complete responders to palonosetron
fell outside the -15% margin. The 0.50 mg dose performed best, and came closest to the margin.

1.3.3 Safety

The safety assessment of palonosetron is based primarily on 1061 patients enrolled in Phase 2 or
3 studies: Study 2332, PALO-04-03, PALO-03-13, and the first cycle of chemotherapy in
PALO-03-14. A total of 898 (84.%) patients were exposed to oral palonosetron and 163 (15.4%)
received I.V. palonosetron. Eleven patients died during these studies. No deaths appear related to
the study drug.

In Phase 2 and 3 trials included in the safety review, 56 patients experienced a total of 120
serious adverse events. Of these, 17 were assessed as unrelated to study drug, 30 unlikely, 4
missing/unknown (later considered unrelated in the SAE narratives), and 5 possibly related. In
PALO-03-13 there were more SAEs in the 0.50 mg oral dose than in the lower 0.25 mg dose.
Half of the SAEs in the 0.50 mg group occurred beyond 2 weeks after receiving chemotherapy
and study medication. Each of these SAEs was reviewed, and most appear related to the patient’s
cancer, chemotherapy, or concomitant conditions.

One of the most concerning of the SAEs was seen in pivotal study PALO-03-13, in the 0.50 mg
arm. A patient with a pre-existing left bundle branch block developed second degree heart block
and QTc prolongation on Day 2. The patient recovered, but ultimately required pacemaker
placement. It is difficult to determine causality, since the patient’s history of LBBB, ischemic
heart disease, and decreased ejection fraction, in combination with a chemotherapeutic regimen
of Avastin (bevacizumab) and Folfiri (irinotecan, folinic acid, fluorouracil), known to have
anticholinergic side effects, may have been predisposing factors.
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To allay concerns about QTc prolongation with palonosetron, a thorough QT/QTc study (tQT -
PALO-03-11, performed under IND 39,797) was conducted by the sponsor. Reviewed as part of
NDA 21-372, there were no significant effects of palonosetron administration on the QT interval
detected in the study.

Although PALO-03-14 studied the safety of palonosetron in up to 4 cycles of chemotherapy,
only cycle 1 data was included in the Integrated Summary of Safety. Overall, the incidence of
cycles with adverse events decreased slightly from cycle 1 to cycle 3, and remained about the
same in cycle 4.

1.3.4 Dosing Regimen and Administration

Doses studied in the oral development program were selected based on results of oral ADME
(absorption, distribution, metabolism and elimination) study, phase 2 oral and 1.V. dose-response
studies 2332 and 2330, and L.V. palonosetron phase 3 studies PALO-99-03 and PALO-99-04.

The dose of 0.50 mg oral palonosetron was chosen for marketing because, according to the
sponsor, it showed a more favorable efficacy profile than the other oral doses studied, and
provided safety comparable to the 0.25 mg I.V. palonosetron formulation already on the market.

Medical Officer’s Comments:

In the acute phase all three oral dose levels performed in a similar fashion, with little difference
between them. In the delayed phase none of the oral dose levels showed non-inferiority to the
active comparator. Of the three, the 0.50 mg came closest to the non-inferiority margin of -15%.
From a safety perspective there were no major differences in adverse events that would support
one dose over another with respect to the 0.25 and 0.50 mg doses.

1.3.5 Drug-Drug Interactions

In-vitro studies conducted during the original development of the I.V. formulation indicate that
palonosetron is not an inhibitor of CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2D6, CYP2EI
and CYP3A4/5, nor does it induce the activity of CYP1A2, CYP2D6 or CYP3A3/4. Therefore,
the potential for clinically significant drug interactions with palonosetron appears to be low, as
stated in current approved Aloxi® labeling.

1.3.6 Special Populations

Special patient population PK studies involving the I.V. palonosetron formulation indicate that
no dosage adjustment is required for elderly patients, or patients with impaired renal or hepatic
function. However the pharmacokinetics of palonosetron have not been studied in patients with
end-stage renal disease. Because there are no adequate and well-controlled studies in pregnant
women and during lactation, palonosetron is not recommended for use during pregnancy or in
nursing women.
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2 INTRODUCTION AND BACKGROUND

Through the current NDA submission the sponsor, Helsinn Healthcare, is seeking approval of an
oral capsule dosage form of the approved drug Aloxi® (palonosetron) for the prevention of acute
®® nausea and vomiting associated with initial and repeat courses of moderately

emetogenic cancer chemotherapy. Originally approved July 2003, palonosetron belongs to the
drug class of 5-HT3 receptor antagonists. Palonosetron is currently approved in an V.
formulation for acute and delayed chemotherapy induced nausea and vomiting (CINV)
associated with moderately emetogenic chemotherapy agents, acute chemotherapy induced
nausea and vomiting associated with highly emetogenic chemotherapy agents, and post-operative
nausea and vomiting (PONV).

The proposed dose is 0.50 mg, to be taken orally 60 minutes before the start of chemotherapy. It
is intended to be used in patients 18 years and older.

2.1 Product Information

Trade Name (established name): Aloxi® (Palonosetron HCL)

.HCI

Proposed | ndication:

» Prevention of acute nausea and vomiting associated with initial and repeat courses of

moderately emetogenic cancer chemotherapy
> (b) (4)

Proposed Age Group: Adults > 18

Phar macologic Class: 5-HT; Receptor Antagonist

Route of administration: Oral

Proposed Treatment Regimen: One 0.50 mg capsule one hour before chemotherapy
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2.2 Currently Available Treatment for Indications

There are four antiemetics of the SHT-3 receptor antagonist class currently marketed in the
United States : ondansetron, granisetron, dolasetron and palonosetron. The following table

provides an overview of this drug class.

DRUG CINV CINV PONV PONV RINV
PEDIATRIC PEDIATRIC
Palonosetron I.V. Acute MEC,HEC/ Prevention
(Aloxi) Delayed MEC (age 0-24 hours
=18)
Palonosetron PO
Ondansetron I.V. & | Acute CINV 6mto18y Prevention Tmto12y
premixed (Zofran)
Ondansetron PO Acute MEC, HEC 4t0 16y Prevention X
(tabs, oral solution,
orally disintegrating
tabs)
Granisetron I.V. Emetogenic CINV 2t0 16y Prevention &
(Kytril) treatment
Granisetron PO X
(tabs, solution)
Dolasetron |.V. Emetogenic CINV 2to 16y Prevention 2to 16y
(Anzemet) or treatment
Dolasetron PO MEC 2t016y Prevention 2t016y

or treatment

Medical Officer’s Comments:

The American Society of Clinical Oncologists (ASCO) Guidelines for antiemetics in Oncology
recommends a 5-HT; receptor antagonist, along with dexamethasone for patients receiving
chemotherapy of moderate emetic risk other than anthracycline and cyclophosphamide. A three
drug combination of a 5-HT; receptor antagonist, dexamethasone, and an NK-1 receptor
antagonist is recommended for patients receiving anthracycline and cyclophosphamide, and for
highly emetogenic regimens. At no time is palonosetron to be used alone to prevent MEC or

HEC.

2.3 Availability of Proposed Active Ingredient in the United States

Palonosetron I.V. has been available in the United States since 2003. The commercial drug

products are manufactured at Catalent Pharma (Somerset, NJ), the manufacturing site where the

capsules used in the clinical studies were prepared.

10
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2.4 Presubmission Regulatory Activity

NDA 21-372, for L.V. palonosetron, was submitted September 2002, and approved July 2003
for the indication of prevention of acute (MEC and HEC) and delayed (MEC only) CINV.
Subsequently, Palonosetron has been approved and marketed in 53 countries worldwide.

In 1995, two Phase 2 CINV studies, Study 2330 (I.V.) and Study 2332 (oral), were completed
under IND 39,797 and IND 42,886, respectively, both sponsored by Syntex, the original
developer of palonosetron. Phase 2 mass balance and metabolite profiles showed that the I.V.
and oral formulation are qualitatively alike and quantitatively similar.

An end-of-phase 2 meeting was held December 15, 2003 during which the sponsor proposed one
large Phase 3 pivotal efficacy trial and one large repeat-cycle open label safety and efficacy trial
for the oral palonosetron clinical development program. Based on FDA feedback from the
meeting the sponsor submitted a Special Protocol Assessment (IND 42,886) and two
amendments for pivotal study PALO-03-13.

Study PALO-03-13 was completed in August 2006, and results and questions were submitted to
DGP in a pre-NDA background package. Specifically, the sponsor asked about the adequacy of
sole pivotal phase 3 study PALO-03-13, and supporting phase 3 repeat-cycle study PALO-03-14.
DGP responded that the submission would need to justify the pivotal study and its results as
providing substantial evidence of efficacy, and identify other data sources and studies used for
supportive evidence.

3 SIGNIFICANT FINDINGSFROM OTHER REVIEW DISCIPLINES

3.1 CMC (and Product Microbiology, if Applicable)

The Chemistry Reviewer , Dr. Zhengfang Ge, notes that “the sponsor has provided adequate
information in the original submission and subsequent amendments to assure identity, strength,
purity, and the quality of the drug product. From a CMC perspective, the NDA is approvable,
pending satisfactory facility inspections.”

3.2 Animal Pharmacology/T oxicology

Since palonosetron is approved for marketing in the United States, no additional pre-clinical
studies were required for this submission. Animal Pharmacology/Toxicology studies are
reviewed in the original NDA submission, NDA 21-371 and discussed, as relevant, in the
PharmTox review of Dr. David Joseph.

11
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4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sourcesof Clinical Data

The sponsor, Helsinn Healthcare SA, assumed responsibilities for both 1.V. and oral
palonosetron INDs in 1998 and continued development of 1.V. palonosetron through approval in
2003 (NDA 21-273). The present oral palonosetron NDA references the approved 1.V.
formulation to provide preclinical, PK, and clinical efficacy and safety data support.

PALO-03-13 is the pivotal efficacy trial for this NDA. Two additional analyses, an historical
pooled analysis (PALO-07-36) and an exploratory analysis (PALO-07-36) were performed to
support the PALO-03-13 data. In addition the phase 2 study (2332) and repeat cycle efficacy data
from Phase 3 open-label study (PALO-03-14) are also submitted as supporting studies.

The Phase 3 studies were international trials; PALO-03-13 had sites in the United States (15),
Mexico (7), Romania (6), Poland (7) and the Czech Republic (11). PALO-03-14 was conducted
in the United States, Mexico, Poland, and the Czech Republic.

4.2 Tablesof Clinical Studies

The following tables, taken from the NDA synopses, provide a listing of all studies pertinent to
the oral palonosetron development program.

Tables of Clinical Studies

Study Location Ohbjective(s) of the Study Design and Test Product(s); No. of Healthy Duration of Study Status;
Identifier of Study Study Type of Control Daosage Regimen: Subjects Subjects or Study Type of Report
Report Route of Diagnosis of | (Treatment)
(Volume) Administration Patients
{Location)

Bioavailability Studies

PALO-04-04 53111 Abszolute bioavailability | Open-label, single 0.75 mg PO (elnzeal trial | 178 Heaalthy Aug 2006 to Complets;
Vols. 1-6 and bicequivalence center, three softgel capsule) Volunteers Oct 2006
treatment, single dose 18F Full report
CIOSS0VEr vs. (Garmany) (zingle dase; 3
period
0.75 mz PO (proposad crossovar)
commercial softgel
capsule)
0.75me IV(FDA

approved IV commercial
formmlation)

Biceguivalence Studies

PALO-06-16 53121 Definitive Open label, single 0.50 mz PO (clinical trial | 18M Healthy Jan 2007 to Complate;
Vals. 6-11 bioequivalence study center, two treatment softgel capsule) voluntsers Apr 2007
randomized crossover 18F Full report
single dese sdy Vs (Germany) (single dese, 2
period
0.50 mz proposed crossevar)
commercial softgel
capsule
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Pharmacokinetic Studies

0101 53311 Dosze-propertionality, Double-blind, single | Palonoszetron: 32M Healthy Mo 1994 to Complete;
Valz. 12-13 | safety and o dose:.a:cendf: _dg:e. 310,30 03 90 pelke or voluntaers War 1995 Full report
pharmacckinetics placebo-controlled ]‘)iacalbc_ R (Japan) (Single dose)
Oral selution
1136 Doze-proportionality, Douhle-b]in.d_. single | Palonosetron; 3 Haalthy Aug 1993 1o Complete;
15 [safetyand do_;e:lasceuc  dose 3,10, 20, 40 or 30uz/ke voluntsers Mov 1953 Full repart
pharmacokinetics placebo-contrelled or placebo; (US4) (Single dose)
Oral selution
PALO-03-07 53313 Oral ADME Open-label, single 0.75 mg PO &M Healthy Aug 2003 to Complete;
Vols. 16-17 center, single oral Volunteers Sept 2003
(oral solution- Full report
radiclabelad) (Seotland) (zingle dosa)
(b) (4
Pharmacokinetic Studies (continued)
PALO-04-02 Effect of antacids and Open label, 0.75 mg PO {clinieal trial | 9M Healthy et 2005 to Complete;
food (high fat meal) on randomized, single softgel capsule) Fasted Voluntears
PK of oral palenosatron | center, three patiod, 9F Mo 2003 Full report
crossover, single dose Vs (Germany)
study {Single dose
075 mg PO ¢ three period
softgel capsule) erossover)
Fed
0.75 mg PO (clini
softzel capsule) with
antacid
PALO-04-01 531341 Pharmacokmetics Open label, singls 0.75 mg PO (clinical trial | SM Haalthy Nowv 2005 1o Complete;
v elderly center, single softzel capsule) Volunteers
F Novw 2003 Full report
(Germany)
{zingle dese)
used as young
comparator group)
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Pharmacokinetic Studies (continned)

PALO-04-03 53321 PE, doze proportionality | Phase 2, single dose, | 025 mgz, 0.50 mg 0.75 mg | 26M CINWY Fab 2006 to Complete;
Vols. 18-21 | and safety in CINV open labal PO patients- May 2008
patients randomized, parallel capsule} 10F moderately Full report
zroup PE study amatogenic (zingle dosa)
chemo
(Fomania)
Efficacy and Safety Studies
PALO-03-13 53511 Efficacy and Safety Multicenter, 025 mg, 0.50 mg, 0.75 171 M CINV patients | June 2005 to Complete;
Vals. 41-67 randomizad, mz PO (elmical tnal receiving Ang 2006
balanced, stratifiad, softgel capzule) 464 F maderately Full report
double blind double ematogenic (zingle dosa)
dumnay active contral Vs chemo
non-inferierity study (EuropeVS/
025 mz IV (FDA Mexica)
approvad commercial
formulation)
PALO-03-14 53521 Safety and Efficacy after | Multicenter, open- 0.75 mg PO (elimdcal trial | 34 M CINW patients | June 2005 to Complete;
Vals, 63-85 | multiple cyelas label, repeated cycle, | sofizel capsule) receiving Apr 2006
uncontrelled study 163 F maderately Full report
ematogenic (repaat cycle)
chemo
(EuropeVS/
Memxica)
2332 531421 Safaty, efficacy and PE | Phasze 2 doubls-blind, | 50.2, 1,3, 10, 30 or 90 107 M CINV Apr199dto Complete;
Vols, 30-40 | in CINV patients singls dose, dose- nz'kg (oral solution patients- Mar 1995
ranging 62 F (entire highly (zingle dosa) Full report
emefogenic
cheme (USA)
PALO-07-35 535114 Efficacy Post hoe analysis 0.25mg, 050 mg, 0.75 CINV patients | -- Full report
Vol 67 mg PO (elmical tr receiving
sofigel capsule) moderately
amatogenic
Vs chemo
(Enrope IS/
025 mg IV (FDA Mexico)
approvad commereial
formulation
PALO-07-36 535115 Efficacy Post hoc analysis 0.25 mg, 050 mg, 0.75 CINV patients | -- Full report
Vol 67 mz PO (elnical ¢ receiving
softgel capsule) moderately
emefozenic
e chemo
(Europe TS/
025 me IV (FDA Maxico)
approved commereizl
formulation

Medical Reviewer’s Comments:
PALO-07-35 and PALO-07-36 were post hoc analysis, not pre-specified in the statistical
analysis plan for PALO-03-13, the pivotal study for the current submission.

4.3 Review Strategy

The primary emphasis of this review is pivotal trial PALO-03-13, with consideration given to
supplemental and supportive studies.
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4.4 DataQuality and Integrity

According to the sponsor, the quality and accuracy of the data collected, tabulated and analyzed
for the purpose of reporting, have been assured by monitoring of the study, by data management
procedures, and by quality assurance audits. Data management and data entry were performed by
Kendle, Cincinnati and Munich.

4.5 Compliance with Good Clinical Practices

Palonosetron clinical trials performed under Helsinn sponsorship (1999-2007), which included
all phase 3 trials (Studies PALO-03-13 and PALO-03-14), clinical pharmacology trials (PALO-
03-07, PALO-04-01, PALO-04-02, PALO-04-03, PALO-04-04, PALO-04-14, PALO-06-16)
and I.V. supportive phase 1 studies (Studies PALO-99-34, PALO-99-35, PALO-99-39, PALO-
99-51), were conducted in compliance with applicable Institutional Review Board / Institutional
Ethic Committee regulations (21CFR Part 56, ICH E6) and Informed Consent regulations (21
CFR Part 50, ICH E6).

4.6 Financial Disclosures

The sponsor has submitted form 3454, certifying that there was no financial arrangement with
the clinical investigators whereby the value of the compensation to the investigator could be
affected by the outcome of the study, as defined in 21 CFR 54.2(a).

Medical Officer’s Comments:

The sponsor has certified that they did not enter into any financial agreement with the clinical
investigators whereby the value of their compensation could be affected by the outcome of the
studies.

5 CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics
Sponsor Table 2.5:4 summarizes pharmacokinetic results for oral palonosetron from CINV

studies. In general, dose-dependent increases in Cy,ax and AUC are seen. PALO-04-03 is the only
study that provides PK data in cancer patients for the proposed market dose of 0.50 mg.
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Table 2.5:4 Mean Pharmacokinetic Parameters of Palonosetron after Single Oral

Doses
D B Tor tin Total AUC C:l Va
(ng/ml) (hr) (hr) (nghr/ml) | (mlminke) Ukg)
Study PALO-04-03 (n=36, CINV moderately emetogenic)
0.25 mg (n=12) 0353 6.0 499 342 201 791
0.50 mg (n=12) 0927 33 483 497 254 10.36
0.75 mg (n=12) 142 40 64.7 1033 201 048
Study 2332 (n=41, CINV highly emetogenic)
03pngke (n=1) 0134 40 NC NC NC NC
1 ng'kg (n=06) 0178 147 66.6 159 1.12 6.49
3 pg'kg (n=6) 0423 7.78 64.9 372 1.52 797
10 ng'kg (n=8) 209 5349 728 156 148 883
30 ug'kg (n=8) 583 620 454 363 1.70 6.09
90 ug'kg (n=12) 163 415 60.8 978 1.78 8.64

Source: Final Reports PAOL-04-03, 2332 | Table 7.2-a, End-of Text Table 25 respectively.

Note that 3 pg/'kg 1s approximately 0.25 mg and 10 pg'kg: T1/2 is reflected as median values. All values have been
converted to the same units for comparison.

NC = not calcuable

In Phase 1 studies exposure to palonosetron was 20 to 30% higher in females than males. These
results were also found in PK studies evaluating the I.V. route of administration. The sponsor
notes that “the clinical implications of these gender findings appear to be of limited significance,
since the safety margin is large”. In addition, a dose-response relationship has not been
demonstrated to be closely linked to plasma concentrations. The reviewer agrees with these
explanations.

5.2 Pharmacodynamics

The pharmacological profile of palonosetron is derived from non-clinical models and clinical
trials. Preclinical information was submitted in the original NDA. Clinical pharmacodynamic
data are derived from pivotal and supportive studies that analyze the anti-emetic efficacy of oral
palonosetron.

5.3 Exposure-Response Relationships

The following graph shows dose-response results from phase 2 trials 2330 (I.V.) and 2332 (oral).
A wide range of doses were evaluated and similar dose response curves were seen with the oral
and I.V. routes.
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Comparison of Complete Response Between Oral & |V Route
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CR for the lowest oral dose level was higher, and for the second dose level lower than expected.
Therefore the sponsor concluded that the lowest fully effective oral dose may lie between
3ug/kg (0.25 mg) and 10 pg/kg (0.75 mg).

6 INTEGRATED REVIEW OF EFFICACY

The following Integrated Review of Efficacy examines efficacy data submitted with NDA22-
233.

6.1 Indication

Chemotherapy induced nausea and vomiting is categorized as acute (from 0 to 24 hours after the
start of chemotherapy), delayed (from 24 to 120 hours after chemotherapy), and anticipatory
(appearing prior to administration of repeat courses of chemotherapy). The current application is
being filed in support of acute ®@ CINV associated with moderately emetogenic
chemotherapeutic agents. The indication, as proposed by the sponsor, is:

(b) (4)

» Moderately emetogenic cancer chemotherapy — prevention of acute nausea

and vomiting associated with initial and repeat courses

Intravenous palonosetron was approved for these indications (along with prevention of acute
CINV for highly emetogenic chemotherapic agents) in 2003. The current application is for an
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oral capsule formulation to be used to prevent nausea and vomiting associated with
chemotherapic agents of moderate emetogenic potential only.

Medical Officer’s Comment:

The indication being sought is for initial and repeat courses of moderately emetogenic
chemotherapy. However pivotal trial PALO-03-13 studied a one time administration of oral
palonosetron associated with one chemotherapy treatment only. Supportive study PALO-03-14,
assessed efficacy in up to 4 chemotherapy cycles, but had no comparator, and did not study the
to-be-marketed dose.

6.1.1 Methods

This efficacy review is based primarily on data derived from Phase 3 study PALO-03-13, and to
a lesser extent Phase 2 trial 2332, and Phase 3 study PALO-03-14. Study 2332 examined acute
CINV associated with highly emetogenic agents, and PALO-03-14 studied the 0.75 mg dose
only, in initial and repeat chemotherapy regimens. PALO-03-14 was an open-label study with no
comparator. Thus the design of these supportive studies differs in significant ways from pivotal
study PALO-03-13.

To augment results from PALO-03-13, and provide support for the secondary efficacy endpoint
of complete response (CR) in the delayed phase (24 to 120 hours), further investigations were
done, pursuant to 21 CFR 314.126(b)(2)(v).

e Historical pooled analyses, PALO-07-36
e Exploratory analysis, PALO-07-35 ( non-inferiority test of proportions)

21 CFR 314.126(b)(2)(v) states:

“Historical control. The results of treatment with the test drug are compared with experience
historically derived from the adequately documented natural history of the disease or condition,
or from the results of active treatment, in comparable patients or populations. Because historical
control populations usually cannot be as well assessed with respect to pertinent variables as can
concurrent control populations, historical control designs are usually reserved for special
circumstances. Examples include studies of diseases with high and predictable mortality (for
example, certain malignancies) and studies in which the effect of the drug is self-evident (general
anesthetics, drug metabolism).”

During the course of the review the FDA requested additional information from the sponsor,
including historical placebo controlled trials specific to the delayed phase. These items were also
reviewed with the NDA and provide further data for the efficacy review.

Medical Officer’s Comments:

In NDA 22-233 the most useful and robust data comes from pivotal study PALO-03-13.
Supportive Phase 3 study PALO-03-14 provides limited efficacy data since the trial did not
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evaluate the 0.50 mg dose and was uncontrolled. Phase 2 study 2332 evaluated CR in the acute
phase only, for patients receiving highly emetogenic chemotherapy (HEC).

The supplemental data, which the sponsor submitted to support CR in the delayed phase, pooled
data from historical 1.V. CINV pivotal trials, with the 0.25 mg L.V. arm in PALO-03-13. These
data are useful in so far as they provide a larger database for the active comparator, but since
dexamethasone was not the standard of care when these studies were conducted, fewer patients
received dexamethasone than in the current studies. In addition this evaluation was not part of
the original statistical analysis plan, and was done post-hoc.

The historical placebo data provides additional information about efficacy beyond 24 hours by
comparing the percentage of patients on placebo(derived from earlier studies) who did not have
emesis with patients receiving 0.50 mg oral palonosetron. Data were presented for days 2, 3,
and 4-5. On day two 23% of placebo patients did no have emesis, compared to 75% of
palonosetron patients. On day three 40% of placebo patients were emesis-free, compared to 84%
observed with palonosetron.

The endpoint measured, no emesis, was not the primary, or key secondary endpoint used in
PALO-03-13. Further there were differences with respect to type of cancer treated,
chemotherapeutic agent, gender, previous chemotherapy history, and corticosteroid use. In
addition, efficacy was measured on single days, rather than for the entire delayed phase of 24 to
120 hours.

6.1.2 General Discussion of Endpoints

The following Table 2.7.3:3 provides a brief overview of efficacy endpoints used in the oral
palonosetron CINV trials.
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Table 2.7.3:3 Efficacy Fndpﬂml.s for the CINV Trials

Primary efﬁca:._\r emipmm l"(‘lmpl:ll_ Response (CR, dcrnLd a5 No emebic ¢ p]sudc a;nd no rescue
medication) during 0-24 hours after the start of moderately emetogenic chemotherapy administration,

Key secondary efficacy endpoint: CR. during 24-120 hours after the start of moderately emetogenic
chemotherapy administration

Primary efficacy endpoint: Complete antiemetic response” for 24 hours following highly emetogenic

xl‘l
ch.emo[herap}
CR dal]_\.r for the 24- 12[] hour mw.wa] [l e, 24-48 Imu.r 48 '."" hawur, 72-96 hour and 96-120 hour intervals), )
for cumulative ume periods (i.e 0-48 hour, 0-72 hour, 0-96 hour intervals) and for the overall 0-120 hour X X e

interval {Days 1-5),

Complete contral ® (CC, defined as CR and no more than mild nauses) daily and cumulative for the 0-120

hour interval, for the overall 0-120 hour interval (Days 1-5) and for the 24-120 hour period. X X *
T;umbcr of emetic episodes daily for the 0-120 hour interval and for the overall 0-120 hour interval {Days 1- X X
i

Time to first emetic episode. X X X
Time to first administration of rescue therapy. X X X
Time to treatment failure {time wo first emetic episode or w administration of rescue therapy, whichever X X X
occurred first).

Severity of nausea (4-point Likert scale) daily for the 0-120 hour interval. X x x

a PALO-03-14 was a safety tial therefore CR (024 and 24- 1300 was an efficacy parameler of mgjor interest

b Although in the 7332 stady repom CR was defined as “the propartion of patients free from emelic episodes™, the more conservative definition of CR as “patients froe from emetic cpisodes and
requiring no sescus medication' was sdopled durng data snalyses. Emata Comge dated 12 Aogust, 2002

o Assessed daily over 7 days in stady 2332,

d CC definition is given in the 7332 gudy, Brmats Comige dated 12 Aogust, 2007

Tahle 2.7.3:3 Efficacy Endpmnh for the CINY Trials {conmlucdj

Percentage of patients with/without nausea, daily for the 0-120 hour interval, the overall 0-120 hour interval,
. X X
and for the 24-120 hour interval.
Percentage of patients with/without rescue medication, daily for the 0-120 hour interval, the overall 0-120 X X ¥
hour interval, and for the 24-120 howr interval.
Percentage of patients with/without emesis, daily for the 0-120 hour interval, the overall 0-120 hour imerval, X x X
and for the 24-120 hour interval.
Subject global satisfaction with therapy (VAS; visual analog scale) daily for the @ o 120-hour interval X X X

a PALO-03-14 was a safety trial thercfore CR(0-24 and 24-1 20} was an efficacy parmmeter of major interest

b Alcheough in the 2332 sndy report CR: was defined s “the propontion of patients fiee from emetic episodes”, te more conservative definition of CR as “patients fres from emetic episodes and
sequiring no rescue medication™ was adopied during dars analyses. Errsta Comige dated 12 Awgust, 2002,

¢ Assessed daly over 7 days in sudy 2332

4 CC definition 15 given i the 2332 sudy, Brrata Comige dated 12 Agust, 2000

The primary efficacy measure was complete response (no emetic episodes, no rescue
medication), during 0 to 24 hours after administration of moderately emetogenic chemotherapy.
The key secondary efficacy endpoint was CR during 24 to 120 hours after MEC. Additional
secondary efficacy parameters included percentage of patients with/without nausea, percentage
of patients with/without rescue medication, and percentage of patients with/without emesis.

To understand the endpoint of CR, it is useful to return to I.V. palonosetron to see how acute and
delayed were originally conceived. Sponsor’s Table 7, taken from NDA 21-372 (I.V.
palonosetron for CINV), shows efficacy endpoints for the [.V. CINV trials used in the original
palonosetron approval.
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TABLE 7: Efficacy Endpoints for the CINV Trials
MAoderately Emetogenic Highly Emetogenic
PATLO-00-03 | FPALOQ-00-04 | PATO-00-05 1330

Frimary Efficacy Endpoint

Complete response (CR)" during the
first 24 hours after administration of X 3 e e
chemotherapy.

Secondary Efficacy Endpoinits

Coniplete response over 120 h b4 3 X b4

Complete conmmel (OO b o b s

Total response (subjects free from
amenc apisedes, rescue madicaton 4
and nauwsea over mms)

Muonber of emetic episodas. X 3 X
Time to first emetic episode. X 3 x X
Time to rescwe medicaton. X 3 X X

Time to meatment failure (time o frst
amerc episede or adminisomaton of =

resowe medicaton, whichever ccoarred x = =
first).

Severity of nansea (Likert Scale) e 3 x X
Subject global sadsfacnon with

therapy (VAS: visual analog scale). x x x x
Quality of life questonnaire (FLIE; =« w w

Funcoonal Living Index):

* Defined a5 no emetic episode and mo rescue medication
* Defined as a complete resporse apd ne more than mild nauses
Source: Final Snudy Feports: PALG-89-03; BPAT O-00-04; PALG-20-05 and 2330,

The efficacy endpoints, both primary and secondary, did not specify a “delayed” response. As
per the statistical reviewer:

Delayed response was not pre-specified as a primary endpoint, and “delayed”

is itself not precisely defined (it could be the overall five day time period, the

overall post-24 hour four-day time period, or each of the four post 24-hour

days) . The outcome analyzed, however, is the primary one of complete response.

The most sensible definition of delayed response is the overall post-24 hour four-day
value: it does not include the acute response but does include information from all
subsequent days, in particular the final day of observation when the emetogenicity of
the chemotherapy is most muted.

In contrast, the current submission for an oral capsule formulation, clearly separates acute from
delayed.

Although the definition of CR has changed and evolved over time, it has been defined
consistently in palonosetron clinical trials as no vomiting and no rescue medications, without

mention of nausea. The definition of acute vs. delayed has varied, as discussed above.

The primary efficacy variable for the current submission was analyzed in a confirmatory manner
for the full analysis set (all randomized patients who received study mediation and had at least
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moderately emetogenic chemotherapy) to demonstrate non-inferiority of at least one oral dose of
palonosetron compared to the approved 0.25 mg [.V. formulation.

Validation
To show validity of the study, two comparisons were performed:
e CR of'the active comparator (I.V. palonosetron 0.25 mg) in the FAS at 24 hours
compared to historical placebo response rate at 24 hours
e CR rate of active comparator without dexamethasone in the FAS at 24 hours compared to
historical I.V. palonosetron 0.25 mg without dexamethasone response rates at 24 hours

The historical placebo response rates were derived from a meta-analysis of published literature
of clinical trials with placebo and setrons. Historical I.V. palonosetron 0.25 mg response rates
were derived from a meta-analysis based on data from two previous palonosetron studies
(PALO-99-03 and PALO-99-04).

Sponsor’s Table 7.1-h shows results of the validation compared to modeled historical placebo.

Table 7.1-h: Valldation of the study: Historical placebo

Modeled historical placebo Study PALD-03-13 palonosetron 0.25 mg 1V
GR rale at 24 h (5% 5% I %) CR rate &l 24 b (%) B5% Cl ()
1894 [14.6, 25.3] 7104 626, ¥7.1]

Souwrce: Appandia B-1.4, Tabde 431
ol = confidenca Interval, CR = complete response

The CR rate of the active comparator, 1.V. palonosetron 0.25 mg, at 24 hours was superior to the
historical placebo response rate since the lower limit of the 95% confidence interval of the
complete response in the active comparator group (62.6%) was greater than the upper limit of the
95% confidence interval of the complete response rate of the modeled historical placebo
(25.3%). The large positive difference of 37.3% between the two above mentioned limits
favoring the comparator showed the validity of the study with regard to historical placebo.

Sponsor’s Table 7.1-1 shows results of the study validation by comparing the active comparator
group (without dexamethasone) to historical I.V. palonosetron 0.25 mg (without
dexamethasone).

Table 7.1-i: Validation of the study: Historical IV palonosetron

Modeled historical IV palonosetron 0.25 mg | Study PALO-03-13 palonosetron 0.25 mg IV
[without dexamethasons) [without dexamethasone)
CRi rats 124 h (%) 957% C1 (%) CR rate at 24 h [%) 95% C (%)
767 [70.0, 82.2] 57.5 [46.0, 68.3]

Sourca: Apperdix B-1.4, Table 432
Gl = confidanca interval (two-sided], CR = complata rasponss

To validate the study with regard to the historical I.V. palonosetron 0.25 mg, the complete
response rate of the active comparator group without dexamethasone at 24 hours in the actual
study should have been similar to the historical I.V. palonosetron 0.25 mg response rate without
dexamethasone at 24 hours. For this goal, the response rate of the active comparator without
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dexamethasone had to be greater or equal to the lower limit of the two sided 95.0% confidence
interval of the modeled historical 1. V. palonosetron response rate without dexamethasone. This
was not the case, as the response rate of study I.V. palonosetron 0.25 mg without dexamethasone
(57.5%) was smaller than the lower limit of the confidence interval of the response rate of the
historical comparator without dexamethasone (70.0%). Therefore, validation of the study by
comparing CR over 24-hours for the active comparator without dexamethasone versus historical
IV palonosetron without dexamethasone, was not shown.

The sponsor explains the failure of the validation study as follows:

The complete response rate calculated for the historical 1.V. palonosetron 0.25 mg was based on
a meta-analysis that used data from only two previous studies and included only 636 patients
(rather low for a validation model). Moreover, in one of these studies (PALO-99-03), the
complete response rate was high (81.0%), which resulted in an optimistic assumption and model.
Thus, the first validation model was not truly representative. Furthermore, based on the
historical data, factors had been found that positively influenced the complete response rate, i.e.
factors that contributed to a higher response rate. These factors, e.g. percentage of male patients,
percentage of patients >60 years of age and percentage of patients administered chemotherapies
other than the AC/EC regimen were represented in even higher numbers in the current
population than in the historical population. This resulted in an optimistic estimation of the
complete response rate. Additionally, the modeled historical palonosetron had to be compared to
complete response for the active comparator of this study in the subgroup of patients without
dexamethasone since the historical studies did not include use of dexamethasone. This restriction
to the subgroup without dexamethasone resulted in a small sample size. Both the optimistic
estimation for the modeled historical palonosetron and the small sample size in the comparator
group contributed to the failure to validate the study against historical palonosetron.

For this reason a second study validation model was used. This model was based on data derived
from a meta-analysis with historical setrons and was based on the data of a higher number of
patients. This is the same model used to obtain the modeled historical placebo response rate.
Sponsor’s Table 7.1-j summarizes the results of the second model that was applied to the whole
population, since the model permits to also adjust for the use of dexamethasone.

Table 7.1-: Validation of the study: Historical setron

Modeled historical sefron | Study PALO-03-13 palenosotron .25 myg IV
CR rate a1 24 h (%) 85% CI (%} | CR rale a1 24 h (%) a5% O (%)
| B6.1 [58.1, 73.3] | 0.4 [62.8, 77.1]

Sourca: Appandix B-1.4, Table 3.3
Gl = ponfidence inlenal {two-sidad], GR = complate response

Applying this model, the response rate of the study L.V. palonosetron 0.25 mg (70.4%) was
greater than the lower limit of the two-sided 95.0% confidence interval of the modeled setron
response rate (58.1 %). The positive difference of 12.3% between the current response rate and
the lower limit of the confidence interval for the modeled response rate showed that the study
was validated with this more appropriate second model.
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Medical Officer’s Comment:
The second validation model shows more convincing results, but both validation models examine
only the 0 to 24 hour time period and do not address the delayed phase data.

6.1.3 Study Design

PAL O-03-13

PALO-03-13 was a double-blind, randomized, balanced, parallel-group, stratified non-
inferiority study in which three doses of oral palonosetron capsules were compared to 0.25 mg
I.V. palonosetron in the prevention of acute and delayed CINV associated with moderately
emetogenic cancer chemotherapy. (Agents of moderate emetogenic risk include Carboplain,
Cyclophosphamide (<1.5 g/m?), Cytarabine (>1 g/m?), Daunorubicin, Doxorubicin, Epirubicin,
Idarubicin, Ifosfamide, Irinotecan, and Oxaliplatin). The protocol for this study was reviewed by
the FDA in a Special Protocol Assessment (SPA), in Sept. 2004.

The active comparator, 0.25 mg I.V. palonosetron, is approved for prevention of acute and
delayed CINV associated with moderately emetogenic chemotherapy, and prevention of acute
CINV associated with highly emetogenic chemotherapy. Approval of 1.V. palonosetron was
based on a demonstration of non-inferiority of palonosetron to active comparators ondansetron
and dolasetron.

The following Study Flow Chart provides an overview of study procedures.
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An owendew of the study procedusres is given in the Study Flow Cham Bl

PALD-03-13
Sgeanhgi Diay 1% Day 2, | Days G- 8%° | Day 1557
a :
T myu | 24 bor 26 brsf*
Visit 1 H Wisit 2 | Wisit 3 Wisit 4 Teal

CWisit | Visit Contact

i o2a 28 * or Visit 5
Informed Consarnt W
Inclusion § Exclusion Criteria E A | ]
Dhemography ¥ |
FPagl Medical History x
Kam Irecdens o
Pregnancy Test S 1
Wital Signs .'lt x x
Physical Examination S ' =
Concomitant Meadication X * e X Y x
Randomization i

| Chemotherapy X |
_Study Drug Adminzstralion i X ] )

Patiant Diary R Covering Days 110 %, filled in daiy, :dlne:mt?
Adverse Evants : 3 . x ! * A

| Blood Chemistry M ' - x
CBC with Oifferantial * X =
Lirimahysis * H E £ B
12-Laad ECG x : = x" ®"

e e ———————— — ——— |
a) If a patient i3 randomized at Visit 1 and study medication and chemotherapy can be adrministared at
that tirme, Wisit 1 and Visit 2 procadures can ba performed on the sams day
B} After start of chemothaeragy on Day 1
cl I holidays or weekend day, the visil or felephons contact will be schedulad the previousinest

| business day.

d_} I pastiend is scheduled for a clinlc or hespital visit on this day, this information will be obtained at that
tirme,

e} VigH FB is fo be parformed starting fram 3 hours [ECG recording) after aral study medicalion intake
fi Liméted PE coly on these days

g} Al screening, ECS will be performed in friplicate

h} At Visits 26, 3 and 4, ECGs will be performed as single readings

At the request of the FDA Visit 2B was added 3 hours after administration of study medication
and chemotherapy. A 12-lead ECG was obtained at visit 2B.

Randomization

Randomization was stratified by gender and previous chemotherapy history (naive or non-naive)
to produce 4 strata. Within each group patients received one of four palonosetron doses with or
without dexamethasone (two subgroups for each treatment group). A dynamic adaptive
stratification type of randomization method was used that was to balance the four treatment arms
with or without dexamethasone. The treatments were balanced across the entire study, and not
within each individual site or within each individual country component. To check the
randomness of the treatment allocation procedure, the permutation test of Fisher was performed .

Medical Officer’s Comment:

The validity of the randomization method is currently under review by the FDA statistician. In a
prior special protocol review, the statistician noted that “Stratified randomization is acceptable,
using the strata specified above. Dynamic adaptive randomization is controversial. We
recommend considering a random treatment assignment with no reweighting as an alternative. If
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dynamic adaptive randomization is used, permutation tests based on the allocation scheme as
realized in the trial will be required.” .

Patients were enrolled from sites in the United States, Czech Republic, Poland, Romania, and
Mexico, although the original protocol did not include Romania. Six sites in Romania were
added during the last two months of the study because, according to the sponsor, toward the end
of the scheduled PALO-03-13 enrollment period, overall enrollment was behind schedule and
some sites were administratively closed. The ®) (4)) managing
the study advised the sponsor that some sites in Romania were capable of promptly enrolling
patients who met the study inclusion/exclusion criteria. Consequently, after site qualification and
initiation visits, 6 sites in Romania were added.

The sponsor did not submit an amendment for a change in the protocol to add the Romanian sites
based on their interpretation of the regulations, set forth in 21 CFR 312.30(b). (adding Romanian
sites in the study did not constitute changing the scope of the study since the addition was not an
increase in dose, significant change in study design, increase in number of subjects under study,
or addition of a test or procedure). Shortly after initiating the Romanian sites, study-wide
enrollment across all active sites, including Romania, reached the planned number of patients for
the study and was stopped.

The sponsor notes that “the mean number of patients enrolled per site in Romania is not
dissimilar to the range or means for sites in other participating countries”. The following sponsor
Table 1, which provides information on enrollment at study sites, shows that the total number of
patients and the mean number of patients per site from Romania is consistent with other
countries.

Table 1. Mean Number of Patients per Site by Treatment by
Country in PALO-03-13 (FAS - Full Analysis Set)

E No. of No. of Mean No.
Country Patients Sites Pts per Site
uUs 125 | 15 8.3
Czech Republic 107 11 9.7
Poland 119 7 17.0
Romania 115 6 19.2
Mexico 169 7 24.1

As per section 5.4.4 of the Clinical Study Report for PALO-03-13, two independent
randomization lists were prepared by a statistician not involved in the Helsinn projects, using a
validated SAS program prior to the start of the study, to allow for blinding of the four treatment
groups and dexamethasone (or its placebo). An additional randomization list for dexamethasone
was prepared after the decision to extend the study to Romania, while no additional
randomization list for palonosetron was needed.
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Medical Officer’s Comment:
In this reviewer’s opinion, the sponsor has provided adequate justification for adding Romanian
sites without submitting a protocol amendment.

Demogr aphics

Sponsor’s Table 2.7.3:5 provides an overview of patients in PALO-03-13, as well as in PALO-

99-03 and PALO-99-04, pivotal studies in the original CINV submission. The majority of

patients were female, white, and chemotherapy naive. The use of corticosteroids was not similar

between current and earlier studies since steroids were not the standard of care in moderately

emetogenic chemotherapy at the time the earlier studies were done. The sponsor notes that the

use and non-use of steroids was an important consideration in the logistical regression historical

pooled analysis and the analysis and model was adjusted accordingly. A further discussion of the

historical pooled analysis appears elsewhere in this review. BEST POSSIBLE COPY

Table 2.7.3:5 Demographics and Baseline Characteristics for Phase 3 Oral Study PALQ-03-13 (FAS), PALO-99-03 and
PALQ-99-04 Intravenous Palonosetron (.25 mg Treatment Arms and for Pooled Analysis PALO-07-36

]

H
i St R

Moean + 8D __ St 561+ 123 5581127 577+ 127 S61%11.7 5334131 5564126
Gender, n { %) o

Male 40 {2a) 47 26 | 44 (28] 45 (28] 54 29 | # (18} 133 {25)

Female 115 (74] 113 74 114 (72) 117 (72} 133 (71} 155 (22} 4035 (75)
Height (cm) B

Mean + 8D 161.7+£11.3 1622+ 5.8 1610+ 4.4 163.2£ 1007 | 1650272 15072096 | 1626405
Weight (he) [ I

Mean + 5D L4t 156 69.6x 15.0 TE+ 148 7232157 TLGEE 133 TL3£ 172 TLT£155
Race, n (%)

White 109 ) 1z (00 | 106 6T 114 (T 184 {98} 57 (30 355 (66}

Black 2 (1} i {1 z {1 0 (i) 0 (0 12 {6} 12 (2}

Hispanic P43 (28) 44 (28) | 49 (31} 45 [28) 1 (1) 115 (6l 161 (30

Asian 1 n § 1 {1 ] (i 2 (1 2 (13 3 {2} 7 ()

Other a {0 2 i1 1 [N 1 (1 ¥ (0 2 {1 3 i
['Iiemnlhempg hixlur_v n {fﬁu_} i

Maive 95 w1y | om (37 | 93 (s 05 {59} | 75 (4 124 qaE) | 295 {53)

Mon-nalve G0 {393 ] {43) (%] [Ea N 66 41 112 () 63 (34 243 {45}
Use of dexamethasone n { %)

Yes TE (30) k- (4% &0 [=10] ax [10] v} i 11 1} 93 [y

Nao 77 {30} ) &l (51 T8 (449 &0 [E I 187 {100 175 (%) 445 (E3)

S0 = Stemdand devialion.

M = Mumber of subjects per reatmen group

n (%) = Mamter and percenape of subpers

BLA = Mok applicibils

Sogges: Final Siedy Reports FALO-03-13, Table 6.4-b; PALO-07-36, Table |

Patients eligible for the study were randomly assigned to one of the four treatment groups.
e Group 1: oral palonosetron 0.25 mg 157 enrolled
e Group 2: oral palonosetron 0.50 mg — 161 enrolled
e Group 3: oral palonosetron 0.75 mg — 158 enrolled
e Group 4: 1.V. palonosetron 0.25 mg — 163 enrolled
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The most emetogenic chemotherapeutic agent was administered first on study Day 1. In each
group half of the patients were randomized to receive 8§ mg 1.V. dexamethasone, and the other
half to receive a matching 1. V. placebo (saline solution) in a double-dummy fashion 30 minutes
before the start of chemotherapy. Sponsor’s Table 2.7.3:6 shows that cyclophosphamide
(moderate emetic risk, 31-90%) was administered on study Day 1 in over 50% of patients in all
treatment arms.

Table 2.7.3:6  Chemotherapy Treatment Administered on Study Day 1 (According to

the Protocols) for Moderately Emetogenic CINV Study PALO-03-13 BEST POSSIBLE
(FAS) and Historical Studies PALO-99-03 and PALO-99-04 TV COPY
Palonosetron 0.25 mg Treatment Arms (ITT)

Substance®

(WHO-DRL) [ i st e i
Cyci(}]}hos-phmllidl.: 02 (58.6) 94 (58.4) 04 {59.5) 98 (60.1) 119 (63.0) 138 [73.0]I .
Doxorubicin n (45.2) 80 (49.7y 9 (50.0} 76 (46.6) 97 (51.3) o1 (48.1)
Epirubicin 17 (1LE) 1 (6.8} 17 {10.8) 15 (9.2) 13 (6.9) 39 (20.6)
Fluorouracil 62 {39.5) 69 (42.9) [t 43.0) o) (36.8) 0 m 0 ()
Carboplatin 39 (24.8) | 40 (24.8) 34 (21.5) 45 (27.6) 15 (7.9) 30 (15.9)
Oxaliplatin 16 (10.2) 9 (5.6) 13 {8.2) |4 (B.6) 0 ()] 0 ()
Methotrexate 0 (0 ] 10y 0 {m 0 1] 23 (12.2) 7 3.7y
Cisplatin o [0 @ [0 w |0 @ |3 aoof | & (74 |

Falo = Palonosetron,

WHO-DRL = World Health Organization-Drug Reference Lise

n (%) = Mumber and percentage of subjects,

& Subject may have received more than one substance.

b The median cisplatin dose wos 37 mag/m2; source: PALO-99-03, Table 6.4 3,

¢ The median cisplatin dese was 40 mgfm2; source: PALO-99-04, Table 6.4.3-b,

d The N includes 2 patients who did not receive .25 mg [V and were not part of the pooled analysis. Data in this column ave wken from the
study report, nol the pooled analysis dataser which consisted of 2 subjects less.

Sowrce: Final Swdy Reports PALO-03- 13, rable 6.4-e ; PALO-99-03, Table 6.4,3-a; and PALO-99-04, Table 6.4.3-0.

Chemotherapy was administered 60 minutes after oral study medication, and 30 minutes after
administration of the .V. formulation. The duration of treatment with the most emetogenic agent
was not to extend four hours.

Nitrogen mustard analogues (cyclophosphamide) and anthracyclines and related substances
(doxorubicin or epirubicin) were the two most frequent chemotherapeutic agents administered in
the pivotal phase 3 study, and also in studies PALO-99-03 and PALO-99-04

Patients remained in the hospital for a minimum of three hours after administration of the oral
study medication. Visit 2B was begun at 3 hours, and included ECG recording, adverse event
recording, and administration of concomitant medication.

Patients returned to the study site approximately 24 hours after the start of chemotherapy, which
was defined as Visit 3. At this visit physical examination, completion of 24 hour efficacy
evaluation, and adverse event monitoring was done. Visit 4 (Day 6-8) was similar to visit 3 and
included physical exam, concomitant medication, adverse events, 12 lead ECG, labs, and
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retrieval of diary. At the final Visit 5 (or via telephone contact) the patient was queried about
adverse events and concomitant medications.

PALO-03-14

PALO-03-14 was a multicenter, open-label, repeated cycle, uncontrolled trial to assess safety
and efficacy of single oral capsules of palonosetron 0.75 mg in the prevention of MEC in
repeated and consecutive moderately emetogenic chemotherapy cycles. Patients enrolled were
allowed to continue in the study until a maximum of four consecutive chemotherapy cycles per
patient had been evaluated, and until at least 600 cycles were available as a total.

Oral palonosetron 0.75 mg was administered on Study Day 1 in an open-label fashion in the
form of a soft gelatin capsule 60 minutes before the start of the first emetogenic
chemotherapeutic agent. A single 1. V. or oral 8 mg dose of dexamethasone could be given at the
discretion of the investigator 30 minutes before the start of chemotherapy. If a patient received
dexamethasone during the first study cycle, he/she was to continue to receive dexamethasone
with subsequent cycles. The interval between 2 consecutive study drug administrations was at least
7 days.

The following flow-chart shows patients enrolled in each cycle of the study. As indicated, patients
enrolled were allowed to continue in the study protocol until a maximum of four consecutive cycles
per patient had been evaluated.

Fatlents enrolled in study PALO-03-14 (M = 223} o |

— —
|I Mot treated B = &

| Patients enrolied and treated in study PALO-03-14 (M = 217) |

1 oycle (M=217) Crrop-outa’
Palanosatron 0,75 mg Palanasairon 0,75 mg + m=73
[k = 53) Draxmmeaitiasanes (M = 164)
2 cycles (W = 188) Dvap-niits’
Falanosalron Di'u"ﬁ ] Falomosaliron 0,75 mg + m=3
M = A8 Dexamethasone (M = 137
3 cyches (W = 143) Drop-outs”
Falonosstron 0.75 mg Palamasairon 0,75 mg + n=g
R = 405t Dexameihasone (M= 103}
T 4 cycles (M= 107) Orop-outs"
Falonosatron 1,75 mg Palanasotron 075 mg + mn=10
(M= 28" | __ Dexamelbasons (W= a7
Soyclas (MW= 1) Orop-cts
Palonosalron |:| 75 g Falomnosalron 0.5 mg + =1
(M= 1) Casamalhasona (W= 0%
Creeraill cyches (n = G53) Drop-cafs
FPalanossalron 0.F5 g Palanaseiren 075 mg + M=5_m=11%
=171} Dexamathasones (0= 483]

Figure §.1-a: Description of pa'l:lantg. during the course of I:ha- stuedy

M = pugrnisar of patiania, no= nurrkss of cyclkes, | opole pmm-urun:l'.' terminated, " number of pasends nooed s
at keast 1 cycle with last cycla prematumly eeminatad, * musrbear of oyches wdth, study deug adminisiraScn amnd
Al beasl s cycle pramatunsly lermineied, a6 raalad in the reapacieg neTn cyde

BEST POSSIBLE COPY
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The most frequently administered chemotherapeutic agents were anthracyclines and related
substances and nitrogen mustard analogues, but differences were seen by country/region. The
following sponsor table 6.4-d shows chemotherapeutic treatment administered on Day 1.

Table 6.4-d: Chemotherapeutlc treatment’ administered on Day 1 (based on cycles) (Full
amalysis set, N = 654

ATC lavel & |r Palonasetron Paloroastion Tokal
o oL 2000 i mee BEST POSSIBLE COPY
(M=171) [M = 483) [N =654}
n % n kY n %
.ﬁ._ny_l_fhwulharapsurc.1rqa|m3nr .............. I|'1 ..... ‘llilli'u‘ ....... '1-53 100.0 E54 100.0
adrminisiared on Day 1
Anthracyclinas and related substances 118 a9.0 1 62.3 - l1.-'IB 841
Daennubacin | ar 56.7 150 A 247 ara
Epiruticin 21 12.3 15 3.3 172 b T
Nitrogen mustard analoguas 118 69.0 T 1.5 418 B35
Cyclophoaphiamlos 118 80.0 =T 81.5 415 B35
Pyrimiding analogues 42 24.8 248 50.9 208 440
Fluorauraci 3B 22.2 T 49.1 s 42.0
Gamcilabine 4 2.3 T 1.4 11 1.7
Capacitabine ] oo 2 0.4 2 0.3
Platinum compounds 52 0.4 155 21 207 .7
Carboplalin ar 2.6 a8 0.6 136 M8
Crealiplatin 15 3.6 56 11.6 k| 19.9
Taxanas 1] [N 65 118 [ 9.9
Faclitamal o 0.0 42 a.7 42 L)
Docataxel il 0.0 23 4.8 it} 15
Vinca alkaloids and analog ves 17 2.5 20 4.1 a 57
Vinorelhine 17 an ] 1.8 26 40
Winblastine i} 0.0 11 2.3 11 1.7
Other anfineoplastic sgents 12 T.0 Fol 4.3 11 50
Irinalscan 12 T.0 18 3.7 an 4.6
Bawasinimat 2 1.2 3 0.6 & 0.8
Podophyllotoxin derivatives 4 1.2 13 2.7 15 .3
Efopaside 2 1.2 13 a7 15 &3
Follc acld analogues 1 0.6 8 1.7 a 1.4
Mathoiraxals 1 0.6 8 1.7 g 1.4
Puring analoguess o .0 5 1.0 3 0.8
Fludsrabirs o 0.0 5 1.0 5 0.B

“Ecarra: Appendit B-1.1, TAhe 16,2

! mulliple srawers were possible

N = Murnbar of cyckas in spediic group

= Mumber of sycies in the relevan] calagary
% = Peroentage based on N

At each cycle efficacy was assessed daily by the patient during the 0 to 120 hour time period
from the administration of chemotherapy. Patient diaries were used to record emetic episodes,
use of rescue medication, severity of nausea, and patients’ global satisfaction with anti-emetic
therapy.

Phase 2 Trial (Syntex 2332)

This was a randomized, double-blind, parallel-group, phase 2, dose-ranging, multicenter study to
assess the efficacy, safety, and pharmacokinetics of five dose levels of oral palonosetron
administered to cancer patients for the prevention of nausea and vomiting associated with highly
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emetogenic chemotherapy. One hundred sixty-nine patients (107 males, 62 females) 27-83 years
of age were enrolled. All patients were included in safety evaluation, but 13 patients were
excluded from efficacy analysis.

PAL O-07-36 Historical Pooled Analysis

PALO-07-36 pooled efficacy data on palonosetron 0.25 mg I.V. from PALO-03-13 (current
submission pivotal efficacy trial) and phase 3 studies PALO-99-03 and PALO-99-04, pivotal
studies for the original CINV approval. The aim of this analysis was to compare the effect of
single oral doses of palonosetron 0.25 mg, 0.50 mg and 0.75 mg against 0.25 mg L.V. on
complete response during the 0-24, 24-120 and 0-120 hour time periods. Both the current phase
3 pivotal trial and phase 3 trials from the earlier submission used a non-inferiority design, and
the same primary endpoints.

Pooling of the historical data was modeled using a logistic regression equation, which allowed
for the assessment and adjustment of differences in major potential influential factors seen
between the historical and the PALO-03-13 study data.

The datasets used for this analysis were the original PALO-03-13 efficacy datasets, (i.e., the
same unchanged datasets used for the original P ALO-03-13 analysis and study report), pooled
with data from the 0.25 mg 1. V. palonosetron dose arms from historical studies PALO-99-03 and
PALO-99-04. The ITT / FAS population from each study was pooled and evaluated. Only the
0.25 mg I.V. dose was added since it was the only arm which used the same dose and route of
administration as PALO-03-13.

PAL O-07-35 Exploratory Analysis

The objective of the exploratory analysis was to compare the effect of single oral doses of
palonosetron 0.25 mg, 0.50 mg and 0.75 mg versus a single 1.V. dose of palonosetron 0.25 mg on
CR during 0-24, 24-120, and 0-120 hours after the start of moderately emetogenic chemotherapy
administration, and on other secondary efficacy variables using CIs and an equivalence test of
proportions (EquivTest/PK statistical software). This study was not included in the statistical
analysis plan (SAP), but was done, according to the sponsor, because pivotal study 03-13 was
underpowered for secondary efficacy endpoint evaluation.

Medical Officer’s Comments:

» PALO-03-13 protocol was submitted and agreed to by DGP pursuant to a Special
Protocol Assessment

» PALO-3-14 did not evaluate the proposed to-be-marketed dose of 0.50 mg, had no
comparator, and evaluated repeated and consecutive moderately emetogenic
chemotherapy cycles

» Trial 2332 evaluated acute CINV with highly emetogenic chemotherapeutic agents from
0 to 24 hours

» The historical pooled analysis and exploratory analysis were post hoc
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6.1.4 Efficacy Findings

As noted, the primary and key secondary efficacy endpoints were complete response in the acute
(0 to 24 hour) time period, and delayed (24 to 120 hour) time period. Efficacy analysis of PALO-
03-13 was based on the hypothesis that for at least 1 dose of oral palonosetron the proportion of
complete responders was no more than 15% less than the proportion of complete responders seen
with the [.V. comparator.

The calculation of the CI for the differences between proportions and the CI for the proportions
were provided as stated in the Statistical Analysis Plan.

The key secondary efficacy variable (the proportion of patients with CR during the 24 to 120
hour time period), and other secondary efficacy variables, were examined using the same
statistical methods as for the primary efficacy variable (two-sided 98.3% confidence intervals).

Medical Officer’s Comments:

A margin of -15% was used in the initial submission for L V. palonosetron. Although the FDA
agreed to the -15% margin for the current submission, it is higher than the margin generally
used in non-inferiority studies.

Prevention of Acute CINV
The following sponsor’s Table 7.1-a shows the results for the primary efficacy analysis of CR 0
to 24 hours.

Table 7.1-a: Patients with complete response during the first 24 hours after start of
chemotherapy (Fuil analysis set, N = 635)

Oral Palonosetron Oral Palonosetron Oral Palonosetron IV Palonosetron
0.25 mg 0.50 mg 0.75 my 0.25 mg
{N = 155) (N = 180) (M = 158) (N = 182)

N % 95%CI(%)| n % 95%CI(%)| n % 95%CI(%)| n % 95%Cl{(%)
114 73.5 [65.8,80.2]| 122 76.3 [68.8,825]| 117 741 [66.4,805]| 114 70.4 [62.6,77.1]

Source: Appendix B-1.2.1, Table 15.1.1, Tabla 15.1.2
Cl = confidence intarval

M = number of patients in specific group

n = number of patients with complete responze

% = parcentage based on N

These data from PALO-03-13 show that the percentage of patients with complete response in the
0 to 24 hour period was comparable in the three oral palonosetron treatment groups (less than 3%
difference between the individual oral treatment groups), and slightly higher than the 1.V.
formulation. The highest percentage of patients with CR was seen in the 0.50 mg oral
palonosetron group, and the lowest in the I.V. palonosetron group. No dose response relationship
was observed.
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The protocol stipulated that non-inferiority of oral palonosetron compared to the approved L. V.
formulation would be demonstrated if the lower bound of the two-sided 98.3% confidence
interval of the difference in the percentage of patients with complete response between each of
the oral and the I.V. treatment groups was above the pre-set threshold of -15%. Based on these
criteria the current study shows that all 3 oral palonosetron doses are non-inferior to 0.25 mg
1.V, since the CI for the difference between each oral dose and I.V. exceeds -15%. The
following table shows these results.

CR 0-24 HRS: CI FOR DIFFERENCES BETWEEN ORAL AND I.V.
Full analysis set, N=635

Oral Palonosetron
0.25 mg
VS.
.V. Palonosetron
0.25 mg

Oral Palonosetron
0.50 mg
VS.
.V. Palonosetron
0.25 mg

Oral Palonosetron
0.75 mg
VS.
.V. Palonosetron
0.25 mg

98.3% Cl(%)
[-9.5%,15.8%]

98.3% Cl(%)
[-6.5%, 18.2%]

98.3% Cl(%)
[-8.9%,16.2%]

Prevention of Delayed CINV

The proportion of patients with CR in the 24 to 120 hour time period was analyzed as a key
secondary efficacy variable. Results of this analysis show that during the 24 to 120 hour period
the highest number of patients with CR was seen in the [.V. palonosetron group (65.4%)
followed by the 0.50 mg oral palonosetron dose group (62.5%).

Table 7.1-8 shows data from the delayed phase of 24 to 120 hours.

Table 7.1-1: Patients with complete response during the 24-120 hour time period from
start of chemotherapy (Full analysis set, N = 635)

Oral Palonosetron

Oral Palonosetron

Oral Palonosetron

IV Palonosetron

0.25 mg 0.50 mg 0.75mg 0.25 mg

(N = 155) (N = 160) (N = 158) (N=162)
n % 95%CI{%)] n % 85%CI{%)| n % 95% Cl(%) no % B5% Cl (%)
92 59.4 [51.2,67.1]| 100 62.5 [54.569.9]| 95 60.1 [52.0,67.7]| 106 65.4 [57.5, 72.6]

Source: Appendix B-1.2.1, Table 15.1.1, Table 15.1.2
C! = confidance interval

M = number of patients in specific group

n = number of patients with complete response

% = percentaga based aon N

A further breakdown of the delayed phase into 24 hour intervals (as was done in the V.
palonosetron review), is shown in sponsor Table 7.1-p.
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Table 7.1-p: Patlents with complete response after start of chemotherapy, per day (Full analysis set, N = 635)

Time period Oral Palonosetron * Oral Palonosetron Oral Palonosetron IV Palonosetron
0.25mg 0.50 mg 0.75 mg 0.25 mg
(N = 155) {N = 160) [N = 158) (N=162)
n %  95% CI{%) n % 95% CI (%) n % 95% Cl{%) n % 95% Cl (%)
>24-48h 107 B9.0  [61.0,76.1] | 113 T0.6 [62.8,77.4] | 117 741 [66.4,B0.5] | 123 759 [68.5 82.1]
=48 -T2 h 18 76.1  [88.5 824] | 118 73.8 [66.1,80.2] | 120 758 [68.4,82.2] | 130 80.2  [73.1,85.9]
>72-96h 126 B3 [741,869] | 125 781 [F0.8.84.1] | 