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1 Executive Summary

1.1 Background
The'  ®ENDA'  ®®submitted to fulfill PREA PMRs. The sponsor is seeking the
marketing approval for Emend oral capsules in pediatric patients *

with chemotherapy induced nausea and vomiting

(CINV). Supporting studies in patients < 12 years were conducted with a new age
appropriate formulation which is an oral suspension_.

1.2 Recommendation

The Office of Clinical Pharmacology has reviewed both applications and found them
acceptable from a clinical pharmacology perspective.

1.3 Summary of Clinical Pharmacology Findings

1.3.1 Age-appropriate pediatric formulation
EMEND™ capsule formulation, which is already approved for adults, involves

1.3.2 Pediatric Dosing Recommendation

The proposed dosing regimens as shown below are acceptable from a clinical pharmacology
perspective.
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For adolescents, the dose is recommended based upon the acceptable efficacy and safety
results from the pivotal Phase 3 study P208 even though the systemic exposures (Cmax and
AUC) are lower in adolescents receiving the same dosing regimen as the healthy adults
(Study P067) and adult cancer patients (Study P051). The complete response rate in the
delayed phase defined as no vomiting or retching and no use of rescue medication, the
primary efficacy endpoint, was 51.1% in the aprepitant treatment group comparing to 10.4%
in the control group.

For children aged 6 months to less than 12 years, the proposed nomogram dosing per each
weight band was not used in any of the clinical studies where a mg/kg weight based dosing
regimen was implemented. However, the simulated systemic exposure from nomogram
dosing is only 30% higher than the observed exposure from the weight based dosing regimen
while the range of exposure between the two regimens were overlapping due to the
variability. Thus, the 30% difference was not considered clinically relevant. Furthermore,
the range of exposures largely overlapped with exposures achieved in adults with higher
variability observed in the pediatric exposures. In addition, the mg/kg weight-based dosing
used in Phase 3 study P208 resulted in acceptable efficacy and safety. The overall complete
response rate in the delayed phase was 50.5% in the aprepitant treatment group comparing to
33.3% in the control group. Subgroup analysis showed that the complete response rate in the
delayed phase was similar across the three different age groups ranging from 46.3% to 55.6%
(6 months to < 2 years old, 2 years to < 6 years, and 6 years to < 12 years) in aprepitant
treatment group. In all three age groups, the response rates were better than those in control
group. For details, refer to Dr. Karyn Berry’s Clinical Review.

2 Question Based Review
2.1 General Attributes/Background

2.1.1 What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology of Emend® in pediatric patients?

This submission is to fulfill PREA PMRs (PMR#1395-7 and 331-1) for Emend oral dosing
regimen. The sponsor does not seek pediatric exclusivity for oral Emend, and this
submission is not intended to fulfill the Written Request.
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The original NDA (021549) for Emend oral capsules was approved on March 27, 2003.
Two PREA PMRs were issued:

e  PMR 1395-7: Deferred pediatric studies in patients 2 years to 17 years of age for
the prevention of acute and delayed nausea and vomiting associated with initial and
repeat courses of highly emetogenic cancer chemotherapy, including high-dose
cisplatin.

e 331-1: Deferred pediatric study under PREA for the use of Emend (aprepitant) in
the prevention of nausea and vomiting associated with initial and repeat courses of
moderately emetogenic cancer chemotherapy in pediatric patients 6 months to less
than 17 years of age.

2.1.2 What is the formulation of the drug product as it relates to clinical
pharmacology and biopharmaceutics review?

To support the use of aprepitant in pediatric patients younger than 12 years of age, an age
appropriate formulation 1.e. oral suspension, was developed.

In clinical trials in patients younger than 12 years old,
e oral suspension was a stered.

To support the use of aprepitant in pediatric patients 12 to 17 years old, approved oral
capsules were studied for its efficacy and safety in this age range.

2.1.3 What are the proposed dosage(s) and route(s) of administration?

Clinical Pharmacology Review
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2.2 General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies
used to support dosing or claims?

Clinical studies conducted in pediatric patients with CINV are shown in Table 1.
Study P134 and P097 contain PK data. Pivotal phase 3 study P208 does not have PK data.
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Table 1. List of the clinical trials conducted in pediatric patients with CINV

PO

Day 4: dexamethasone 4 mg PO

Optional Cycles 2-10

Day 1: aprepitant 125 mg capsule PO + ondansetron (0.15
mg'kg x 3 doses) IV + dexamethasone 8 mg, PO

Day 2: aprepitant 80 mg capsule PO + ondansetron (0.15
mg/kg x 3 doses) IV + dexamethasone 4 mg, PO

Day 3: aprepitant 80 mg capsule PO + dexamethasone 4 mg
PO

Day 4: dexamethasone 4 mg PO

Trial ID Phase | Country Trial Title dl;'s;:‘ Dosing regimen Trial population Subject exposure
2006-005515- |1 Australia, A Multi-center, | Multi- Part IA: Subjects 12-17 years of age. Day 1:115 | Males/females Age: | Part IA
10 Brazil, Open-label, 5- | center, mg IV fosaprepitant with IV ondansetron £IV birth to 17 years of | Three day regimen (fosaprepitant
[Ref. 5.3.3.2: Canada, Part Study to open-label, | dexamethasone. Days 2 and 3: 80 mg oral age scheduled to on Day 1 and aprepitant on Days 2
P134] Colombia, | Evaluate the 5-part study | aprepitant and I'V ondansetron =TIV d th receive moderately [ and 3, along with ondansetron): 12
France, Pharmocoknet: or highly subjects
Germany, cs, Safety. and Part IB: Subjects 12-17 years of age Day 1: 150 | emetogenetic
Hungary, Tolerability of mg IV fosaprepitant with IV ondansetron +IV chemotherapyora | PartIB
Israel, Aprepitant and dexamethasone. chemotherapy Single day regrmen of
Mexico, Fosaprepitant regumen ot fosaprepitant: 11 subjects
Norway, Dimeglumine in Part I1A: Subjects <12 years of age. Day 1: Oral | previously tolerated
Peru, Poland, | Pediatric aprepitant dose equivalent to 80 mg in adults with | due to nausea and/or | Part ITA
Spain, Patients TV ondansetron IV d hasone. vomiting for a Single day regimen of aprepitant:
Sweden. Recerving documented 19 subjects
Switzerland, | Emetogenic Part 11B: <12 .Day 1: Oral | malignancy.
USA Chemotherapy aprepnam dose equxvalent o l 25 mg in adults with PartIIB
1Y tron =IV d Swngle day regimen of aprepitant:
19 subjects
Psm III: Subjects <12 \'ears of age. Days 1-3: IV
=IVd Part I11
Three day regimen of
Part IV: Subjects <12 years of age. Day 1: Oral ondansetron: 19 subjects
aprepitant at a dose equivalent to 125 mg in adults
with IV ondansetron = IV dexamethasone. Days 2 Part IV
and 3: Oral aprepitant at a dose equivalent to 80 mg Three day regimen of aprepitant:
in adults with IV ond =IVd 20 subjects
Part V: Subjects 6 months to <12 years of age. PartV
Day 1: IV fosaprepitant at a dose equivalent to 150 Single day regimen of
mg m adults with [V ondansetron IV fosaprepitant. 23 subjects
dexamethasone.
Trial ID Phase | Country Trial Title Trial design Dosing regimen Trial population | Subject exposure
0869-097 m Australia. | A Randomized. | Randomized. |Cycle 1-Part] Male and female | Cycle 1
Brazil, double-blind, Double-Blind, | Aprepitant Regimen adolescent patients | Aprepitant
[Ref. 5.3.5.1: United placebo- Placebo- Day 1: aprepitant 125 mg capsule PO + ondansetron (0.15 | aged 12 to 17 with [ regimen: 32 pts
P097] States controlled. Controlled. mg'kg x 3 doses) IV + dexamethasone 8 mg, PO confirmed
parallel-group Parallel-Group | Day 2: aprepitant 80 mg capsule PO + ondansetron (0.15 malignancies Standard
study. conducted | Study. mg'kg x 3 doses) IV + dexamethasone 4 mg, PO being treated with | Regimen: 18 pts
under in-house | Conducted Day 3: aprepitant 80 mg capsule PO + dexamethasone 4 mg | an emetogenic
blinding Under In- PO chemotherapy
conditions to House Day 4: dexamethasone 4 mg PO regimen.
examine the Blinding Standard Therapy
safety. Conditions Day 1: dexamethasone 16 mg PO + ondansetron (0.15
tolerability, and mg'kg x 3 doses) IV
efficacy of Day 2: dexamethasone 8 mg PO + ondansetron (0.15 mgkg
aprepitant for the x 3 doses) IV
prevention of Days 3 and 4: dexamethasone 8mg PO
nausea and Cycle 1 -PartII
vomiting Open-label Aprepitant Regimen
associated with Day 1: aprepitant 125mg capsule PO + ondansetron (0.15
cnictogenic mg kg x 3 doses) IV + dexamethasone 8mg, PO
chemotherapy in Days 2: aprepitant 80 mg capsule PO + ondansetron (0.15
adolescent mg/kg x 3 doses) IV + dexamethasone 4 mg, PO
patients, Day 3: aprepitant 80 mg capsule PO + dexamethasone 4 mg
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80 mg)

Optional Cycles 2-6
Patients 12-17 vears of age
Day 1: aprepitant 125 mg capsule PO + ondansetron
Days 2 and 3- aprepitant 80 capsule PO

" < 12 vi -
Day 1: aprepitant PES: 3.0 mg/kg (up to 125 mg) + ondansetron
Days 2 and 3. aprepitant PFS: 2.0 mg/kg (up to 80 mg)

Trial ID Phase |  Country Trial Title Trial design Daosing regimen Trial population ;::{:;
2011-000651- | III Worldwide | A Phase III Randonuzed, Cycle 1 Males/females Cycle 1
16 Randomized, Double-Blind. Aprepitant Regimen Age: 6 months to | Aprepitant
[Ref 5351 Double-Blind, Active Patients 12-17 vears of age 17 years regimen:
P208] Active Comparator- Day 1 aprepitant 125 capsule PO + ondansetron (Zofran™) scheduled to 152 pts
Comparator- Controlled Days 2 and 3 aprepitant 80 capsule PO recerve
Controlled Clinical Trial, emetogenic Control
Clinical Trial, Conducted Under | Patients <12 years of age: chemotherapy for | regimen: 150
Conducted Under | In-House Day 1: aprepitant powder-for-suspension (PFS): 3.0 mg/kg (up to 125 | documented pts
In-House Blinding mg) + ondansetron (Zofran™) mahignancy.
Blinding Conditions Days 2 and 3: aprepitant PFS: 2.0 mg/kg (up to 80 mg)
Conditions, to
Examune the Control Regimen
Efficacy and Patients 12 — 17 vears of age:
Safety of Day 1: matchung placebo for aprepitant 125 mg capsule PO +
Aprepitant for ondansetron (Zofran™)
the Prevention of Days 2 and 3. matching placebo for aprepitant 80 mg capsule PO
Chemotherapy-
Induced Nausea Patients <12 years of age:
and Vonuting Day 1: matchmng placebo for aprepitant PFS: 3.0 mg/kg (up to 125 mg)
(CINV) 1n + ondansetron (Zofran™)
Pediatric Patients Days 2 and 3 matching placebo for aprepitant PFS: 2.0 mg/kg (up to

In addition, the sponsor also submitted a clinical study (P148) containing PK data in patients
less than 12 years with post-operative nausea and vomiting (PONV) given oral suspension
®@  The PK data were used in population PK analysis.
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Table 2. Composition of EMEND™ Capsules _

Formulations

Component Function mg/ mg/ mg/
40mg | 80mg | 125 mg
capsule | capsule | capsule

Aprepitant
Aprepitant Active 4000 | 8000 [ 1250
Ingredient

Hydroxypropyl
Cellulose ®@

Sodium Lauryl
Sulfate

[Sucrose

Microcry
Cellulose

Gelatin Capsule

Source data: Table 2.7.1:1, Summary of biopharmaceutic studies/associated analytical methods

As the sponsor is not seeking indication of PONV in this submission, individual study review
of this study is not conducted in this review cycle.

2.2.2 Exposure-Response Evaluation

2.2.2.1 What are the characteristics of the exposure-response (E-R) relationships (dose-
response, concentration-response) for efficacy and safety?

E-R analysis was not performed no systemic exposure data were evaluated in the pivotal

phase study P208. The E-R relationship for efficacy and safety are not assessed in adult in
the original NDA 21549.

2.2.2.2 Is the proposed fixed dose in 12-17 year pediatrics and body weight based dosing
for pediatrics 6 month to 12 years appropriate?

Yes, for adolescents, the proposed dose is appropriate and is recommended based upon the
acceptable efficacy and safety results from the pivotal Phase 3 study P208 even though the
systemic exposures (Cmax and AUC) are lower in adolescents receiving the same dosing
regimen as the healthy adults (Study P067) and adult cancer patients (Study P051). See

Clinical Pharmacology Review
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Figure 1 in Appendix 2 — Pharmacometrics Review. The complete response rate in the
delayed phase defined as no vomiting or retching and no use of rescue medication, the
primary efficacy endpoint, was 51.1% in the aprepitant treatment group comparing to 10.4%
in the control group.

For children aged 6 months to less than 12 years , the proposed nomogram dosing per each
weight band was not used in any of the clinical studies where a mg/kg weight based dosing
regimen was implemented. However, the simulated systemic exposure from nomogram
dosing is only 30% higher than the observed exposure from the weight based dosing regimen
while the range of exposure between the two regimens were overlapping due to the
variability. Thus, the 30% difference was not considered clinically relevant. In addition, the
mg/kg weight-based dosing used in Phase 3 study P208 resulted in acceptable efficacy and
safety across various age groups (Table 3).

Table 3. Number (%) of Patients With Complete Response in the Delayed Phase by
Subgroup and Treatment Group - Cycle 1 (Intent to Treat Population)

Aprepitant Regimen Control Regimen
n/m (%) /m (%)
Age Group
6 months to <2 years 9/19 (47.4) 4/16 (25.0)
2 years to <6 years 25/45 (55.6) 16/43 (37.2)
6 years to <12 years 19/41 (46.3) 14/43 (32.6)

The systemic exposures obtained with the weight-based dosing regimen in patients 6 months
to 12 years and the fixed dosing regimen in adolescents are on the plateau of the established
exposure-response relationship for striatal NK-1 receptor occupancy in healthy adults. This
observation provides supportive evidence for the adequacy of the proposed dosing regimen
from a receptor occupancy perspective. However, it is worth noting that the relationship
between NK-1 receptor occupancy and the primary efficacy endpoint of complete response in
the delayed phase is unknown.

2.2.3 What are the pharmacokinetic characteristics of aprepitant in pediatric patients
with CINV?

The systemic exposures (Cmax and AUCO0-24) on Day 1 following the treatment with a
three-day regimen were presented in Table 4 below. The adolescents received 125, 80, and
80 mg on Days 1, 2 and 3, respectively. Children 6 months to less than 12 years old received
3, 2, and 2 mg/kg on Days 1, 2, and 3, respectively. Refer to Individual Study Review
(Appendix 1) for other parameters such as concentrations at 24 hours after 2™ and 3™ day
doses.

Clinical Pharmacology Review
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Table 4. Mean (%CV) Cmax and AUC in Pediatric Patients with CINV following

administration of oral aprepitant on Day 1
Age Group | Study ID | Dose | Formulation | Cmax | AUC0-24hr

(years) Day 1 (ng/mL) | (hr*ng/mL)
N) (CV%) (CV%)
0.5-2 1810 21000
(N=6) (51) (56)
2-6 PI34 | o e | Suspension 1840 17300
(N=6) Part IV gike P (51) (29)
6—12 1800 24400°
(N=7) (89) (65)
12-17 P097 125 mg Capsule 1269 16649
(N=18) (60) (43)

YN=6

2.3 Intrinsic factors

2.3.1 Effect of Age, weight, Sex, Race

Body weight and age are significant covariates for apparent clearance and apparent volume
of distribution. Therefore, proposed nomogram dosing per each weight band is reasonable.
None of the other factors (sex and BMI) was found to have a significant association with the
aprepitant PK parameters that would indicate a clinically relevant effect on aprepitant
exposure. About 73 of the patients were Caucasians in the study while 17% patients were of
multi-ethnic region making assessment of race as a covariate not feasible.

2.4 General Biopharmaceutics

2.4.1 What is the relative bioavailability of the proposed to-be-marketed formulation

to the pivotal clinical trial?

No dedicated study was conducted to assess the relative bioavailability N

®® No capsule was given to patients aged 6 months to 12 years.

The capsules were administered to 12 to 17 year olds (Study P097) i

b) @

2.4.2 What is the food effect?

Approved EMEND™ oral capsules may be administered with or without food.

. Study P208 was conducted without
providing specific meal instructions yet achieved satisfactory clinical efficacy and safety.
Thus, the food effect, ®® s not clinically important.

b) @

Clinical Pharmacology Review

NDA 21549 S25
@

Reference ID: 3794566



p. 12/46

2.4.3 Did the sponsor use the to-be-marketed formulation in the pivotal clinical trials?
Is there any change in formulation during product development?
®®

No formulation change has occurred during the drug
development for this product.
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3 Labeling Recommendations

Labeling revisions are ongoing. Please refer to the final approved labeling when available.
Detailed recommendations will be sent to the sponsor regarding the correct formatting and
organization as well as the content related to Highlights, Dosage and Administration, Drug
Interactions, Specific Populations as well as Clinical Pharmacology sections of the PLR
labeling. The following labeling language different from sponsor’s original proposals is
recommended by OCP o

e 12.3 Pharmacokinetics
Age: Pediatric Population
The results will be limited to adolescents 12 to 17 years old only because only
capsules will be approved during this review cycle..

Clinical Pharmacology Review

NDA 21549 S25
@

Reference ID: 3794566



p. 14/46

4 Appendices
4.1 Appendix 1 — Individual Study Review

4.1.1 Study P097

Title: A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study, Conducted
Under In-House Blinding Conditions, to Examine the Safety, Tolerability, and Efficacy of
Aprepitant for the Prevention of Chemotherapy-Induced Nausea and Vomiting Associated
With Emetogenic Chemotherapy in Adolescent Patients.

Study Design: This is a randomized, double-blind, controlled with parallel design study in
adolescent patients aged 12 to 17 years old. Approved aprepitant capsules were used. The
protocol had 2 parts:

e Part One had 2 components with 2 dosing regimens: standard therapy regimen and
aprepitant three-day regimen. The first component focused on the first cycle (Cycle 1)
of chemotherapy. The second component consisted of an optional open-label
multiple-cycle extension for up to 9 subsequent cycles of chemotherapy (maximum of
10 cycles total). All patients received aprepitant during the multiple-cycle extension.

e Part 2, which was not blinded, had 2 components with 1 dosing regimen: aprepitant
three-day regimen in both Cycle 1 and in the multiple-cycle extension. As in Part One
of the protocol, the first component focused on the first cycle (Cycle 1) of
chemotherapy and the second component focused on the multiple-cycle extension for
up to 9 subsequent cycles of chemotherapy (for a maximum of 10 cycles total).

Reviewer’s comment: All the patients in the study were administered either aprepitant or
ondansetron as well as dexamethasone. See treatment group below. Apprepitant placebo was
given to maintain blinding.

Treatment groups:
e Aprepitant three-day regimen = Aprepitant 125 mg P.O. on Day 1 and 80 mg once
daily on Days 2 and 3 plus ondansetron (0.15 mg/kg x 3 doses) IV on Days 1 and 2
and dexamethasone 8 mg P.O. on Day 1 and 4 mg P.O. once daily on Days 2 to 4.
e Standard therapy regimen = Ondansetron (0.15 mg/kg x 3 doses) IV on Days 1 and 2
plus dexamethasone 16 mg P.O. on Day 1 and 8 mg P.O. once daily on Days 2 to 4.
Pharmacokinetic analysis:
Blood samples for PK were collected in Cycle 1 for 72 hours at: predose (-2 hours), 1
(immediately prior to chemotherapy infusion), 2, 3, 4, 8, 12, 24, 48 (Day 2), and 72 (Day 3)
hours.

Bioanalytical method: The method used in this study (DM-3590) was previously used to
support the original NDA for aprepitant oral capsules. Refer to original NDA review.

Pharmacokinetic Results:
Demographics

Clinical Pharmacology Review
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Baseline Patient Characteristics by Treatment Group

Aprepitant Triple Therapy Standard Therapy Total
(N =32) (N=18) (N =50)
il (%) n (%0) n (%)
Gender Female 8 (25.0) 6 (33.3) 14 (28.0)
Male 24 75.0) 12 (66.7) 36 (72.0)
Age (years) 11 And Under 0 (0.0) 1 (5.6) 1 (2.0)
12 to 14 13 (40.6) 8 (44.4) 21 (42.0)
15t0 17 17 (53.1) 9 (50.0) 26 (52.0)
Over 17 2 (6.3) 0 (0.0) 2 (4.0)
MEAN 15.0 14.6 14.9
SD 1.73 1.91 1.79
MEDIAN 15.0 14.5 15.0
RANGE 12- 19 11- 17 11- 19
Race Black 4 (12.5) 4 (22.2) 8 (16.0)
Hispanic American 8 (25.0) 3 (16.7) 11 (22.0)
Multi-Racial 5 (15.6) 3 (16.7) 8 (16.0)
Native American 1 (3.1) 0 (0.0) 1 (2.0)
White 14 (43.8) 8 (44.4) 22 (44.0)

Source data: Table 10-5, Clinical study report of P097.

Summary of PK parameters
Descriptive Summary of the PK parameters estimated by non-compartmental analysis is
shown below:

AUCO0-24hr | CMAX | C24 C48 C72 TMAX

(hr*ng/mL) | (ng/mL) | (ng/mL) | (ng/mL) | (ng/mL) | (hour)
N 18 18 9 8 16 18
Mean 16648.5 1268.6 512.4 624.7 595.8 -
SD 7143.3 763.7 250.6 472.4 549.2 -
%CV 42.9 60.2 48.9 75.6 92.2 -0
Median 17133.0 1251.1 448.2 499.8 499.2 4
Min =[] =[] =[] =[] =[] 2
Max -] -] -0 -0 -0 24.05

Source data: Reviewer’s analysis based upon individual parameters submitted.

A cross study comparison to those from healthy adult subjects who had same three-day
regimen (Study P067 previously conducted to support the original NDA) was performed.
The Cmax and AUCO0-24hr in adolescents were 24% and 30% lower than those in healthy
adult subjects. See the table and figure below.
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Geometric Mean Geometric Mean Ratio
Adolescent Healthy Adult - L
o o o Adolescent Patients
Pharmacokinetic Patients Subjects .
o N Healthy Adult Subjects
Parameter (N=18) (N=12) (90% (,U+
(95% CI) (95% CI) ’
AUC g.24m) 18 14318.4 19455.8 0.74
(ng*hr/mL) (11106.7, 18458.9) | (14254.1, 26553.1) (0.53, 1.03)
Crnx 18 1070.1 1539.2 0.70
(ng/mL) (828.0, 1383.0) (1124.2, 2107.2) (0.50,0.97)
Car 9 449.7 554.1 0.81
(ng/mlL) (327.0,618.6) (420.4, 730.3) (0.57, 1.15)
Casne g 460.5 516.0 0.89
(ng/mL) (260.1, 815.4) (323.6, 822.7) (0.49, 1.64)
Cropy 16 367.0 612.8 0.60
(ng/mL) (223.4,602.9) (345.4, 1087.1) (0.32,1.12)
" Based on least squares estimate from an ANOVA performed on natural log-transformed values.

Source data: Table 11-1, Clinical Study Report of P097.

Mean Plasma Concentrations of Aprepitant in Adolescent Patients
And Healthy Adult Subjects Following a 3-day Aprepitant Regimen

1600
i —=—  Adolescent Patients (N=18)
—C—  Healthy Adult Subjects (N=12)

-

N

o

o
|

-
N
o
o
|

-
o
o
o
|

800

600

400 —

200

Plasma Concentration of Aprepitant (ng/mL)

Time (hours)
Source data: Figure 11-1, Clinical Study Report of P097

Reviewer’s comments: The systemic exposures (Cmax and AUCO0-24hr) in adolescent
patients with CINV were lower than that in healthy adults following same three-day regimen
with oral capsules. However, this is a cross study comparison between two different
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populations with different ages and health status. A more comprehensive exposure
comparison was made via population PK analysis on pooled data including this study. Refer
to Population PK review in Appendix 2.

4.1.2 Study P134

Title: A Multi-center, Open-label, 5-Part Study to Evaluate the Pharmocokinetics, Safety,
and Tolerability of Aprepitant and Fosaprepitant Dimeglumine in Pediatric Patients
Receiving Emetogenic Chemotherapy

Study Design: A multi-center, open-label, 5-part study to evaluate pharmacokinetics, safety,
and tolerability of oral aprepitant and intravenous fosaprepitant dimeglumine. Eligible
patients were male and female, birth to 17 years of age and scheduled to receive moderately
or highly emetogenic chemotherapy or a chemotherapy regimen not previously tolerated due
to nausea and/or vomiting for a documented malignancy. The oral formulation used in this

: ®) @
study was suspension .
Study Schematic
|
Part IA - 3 day 12-17 yo. | 6-<12y0 2-<Gyo Partll” -1 day
Fosaprepitant 115mg Part I_Steu A 1 Part [l Stap A Part Il Step A Aprepitant
Aprepitant: 80/80 mg iz | sz ] Step A: B0mg dose equivalent
L PK enalysis & possible .L .|.; Step B 125 mg dose equivalent
dose acjusiment l l
1
- 12-17 yo. G-<12yo 2-<fiyo fime-<2yo
Part1B - 1 day Part | Step B : Part Il Step B Part 11 Step B Part Il Step A
Fosaprepitant: 150 mg n=10 | n=5 n=5 n=5
1
|
I Bm.o.- <2 yo. birth - <6 m.o.
I Part Il Stop B fallaens
| n=5 n=6
|
| b
Parts | & Il {including PIK analysis) | PH analysis & possible >
must be completen priar o | dnse Admsment RN
indiating Fart 1llin each age groug | F. "_56“’” %
birth 1o <12 years | L
S E S S IS S f__
6-412yo. 2-26y0 Bmo -<2yo birth -1 yr.
Partlil 7 Part IIl Part IIl Part IIl Part 111
Ondansetron n=6 n=6 n=6 n=g§*
Part VT =3 day G- <12 yo. 2-<By.0. 6m.o. - <2 y.o. birth — 1 yr
Aprepitant : 125mg or equivalent P:EGIJ Pi:‘;v Pizsu F'::‘tva

Aprepitant : 80/80mg or equivalent

6-<12yo 2-<Byo Bmao -<2y.0
Part V' —1 day Part v Part v Part v
Fosaprepitant: 150 mg or equivalent n=6 n=6 n=6

T Patients in Part II Steps A and B =6 months old were expected to be unique patients. Patients in Parts III.
IV, and V were expected to be the same patients undergoing subsequent rounds of chemotherapy.

I Enrollment in the birth to 1-year cohort info Parts IIT and IV for dexamethasone evaluation were expectad to
include approximately 2 patients each from the following age groups: birth to 2 months. 2 to 4 months. 4 to 8
months. and 8 to 12 months.

Note: Patients <1 year in the 6-month to 2-year cohort may have had dexamethasone PK samples obtained (as
applicable) but they were not required to do so; none were collected. Shaded cohorts were not enrolled.
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Treatment groups summarized by the reviewer:

Age range (yr)
Part | Step | Route | Dose on Day 1 | Regimen Dose on 12t017 | 6to12 | 2to 6 | 0.5to 2
Days 2 and 3
I A vV 115 mg 3-day 80 N
I B IV 150 mg 1-day — N
A - v 3mg/kg 1-day - N N N
Im| A PO 47 mg/m"* 1-day = \ N \/
I B PO 74 mg/m™** 1-day — N N vV
I B PO 1.3 mg/kg 1-day = \/
v | — PO 3mg/kg 3-day 2 mg/kg N N vV
v -- v 3mg/kg 1-day - N N N
I Ondansertron control group; no EMEND given V: age group dosed

* The dose was about 2 mg/kg for the age group.
** The dose was about 3 mg/kg for the age group.

Reviewer’s comment: Only PK data from PO aprepitant regimens (Part II and IV) are
reviewed here o4

Pharmacokinetic analysis:
Blood samples for PK following oral dosing were collected in Cycle 1 for 72 hours at:

predose, 1.5, 3. 4, 6, 8, 24, 48 (Day 2), and 72 (Day 3) hours.

Bioanalytical method and results: Aprepitant (MK-0869) was measured by an adequately
validated high performance liquid chromatography with tandem mass spectrometric detection
(HPLC-MS/MS) with acceptable accuracy and precision. The lowest limit of quantification
(LLOQ) was 10.000 ng/mL. The detection ranged from 10.000 to 2500.000 ng/mL.
[Triazolone-13 C2,15N3] MK-0869 is used as an internal standard.

The method (09BASMO032V?2) used in this study was modified based upon a previous (DM-
3590) method used to support the original NDA for aprepitant oral capsules. The assay
procedures have the same LLOQ of 10.000 ng/mL. There were minor differences in sample
volume, sample extraction, internal standard, linear range and detection conditions.

The major analytical characteristics of this modified method are presented below.
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N Mean (%)

Intra-day Accuracy with Quality Control Samples® 5 99.6—103.7
Intra-day Precision (CV) with Quality Control Samples® 5 1.2-2.0
Inter-day Percent Difference with Calibration Standards® 9 -3.0-2.3
Inter-day Precision (CV) with Calibration Standards® 9 1.3-3.9
Inter-day Accuracy with Quality Control Samples® 18 92.6-95.9
Inter-day Precision (CV) with Quality Control Samplesb 18 42-52
Absolute Matrix Effect” 6 99.4 —103.0
Accuracy of Dilution Integrity (25.000 ng/mL, 20X)* 5 97.5
Precision (CV) of Dilution Integrity" 5 1.2
Percent of Nominal of Reinjection Integrity of Quality Controls after 3 5 28-22
Days Stored at 8 °C* -t
Precision (CV) of Reinjection Integrity of Quality Controls after 3 Days 5

a s 1.0-2.6
Stored at 8 °C
Difference from Control for Quality Control Samples after 3 Freeze 5 07-23
(at -20°C)/Thaw Cycles’ T
Precision (CV) of Quality Control Samples after 3 Freeze (at -20°C)/Thaw c 1.0-2.0
Cycles® T
Difference from Control for Quality Control Samples after Room 3 15-1.1
Temperature Storage for 19 Hours® T
Precision (CV) of Quality Control Samples after Room Temperature

a 3 0.2-23
Storage for 19 Hours
Difference from Nominal for Processed Samples Assayed after 3 Days 5 3760
Stored in the Autosampler® ) - )
Precision (CV) of Processed Samples after 3 Days Stored in the 5 1.0-26
Autosampler” T
Difference from Initial of Long-Term Storage Stability Quality Control . 55_76
Samples (106 Days): -20°C i T
a Data from assay validation report 09BAS0015 B [appended to the bioanalytical report
for Protocol 148]
® Representative data from the bioanalytical report for Protocol 148 (Approximately 450 samples
analyzed in 9 runs, & (‘)Study No. 09BAS0075)

Pharmacokinetic Results:
Demographics:
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Part I1
Aprepitant (80 mg eq.) Regimen (Step A) Aprepitant (125 mg eq.) Regimen (Step B)
n (%) n (%)
Subjects in population 19 19
Gender
Male 7 (36.8) (4] (31.6)
Female 12 (63.2) 13 (68.4)
Age (Months)
6 months to <2 years 5 (26.3) 6 (31.6)
2 to <6 ycars 8 42.1) 7 (36.8)
6 to <12 years 6 (31.6) 6 (31.6)
Mecan 54.8 58.6
SD 42.6 45.6
Median 50.0 43.0
Range 6to 142 6to 126
Race
Multi-Racial 0 (0.0) 2 (10.5)
White 19 (100.0) 17 (89.5)
Ethnicity
Hispanic Or Latino 2 (10.5) 4 (21.1)
Nor Hispanic Or Latino 17 (89.5) 15 (78.9)

Reference ID: 3794566
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Part IV
Aprepitant Regimen
(Part IV)
n (%)
Subjects in population 20
Gender
Male 7 (35.0)
Female 13 (65.0)
Age (Months)
6 months to <2 years 7 (35.0)
2 to <6 years 6 (30.0)
6 to <12 years 7 (35.0)
Mean 51.8
SD 38.0
Median 41.0
Range 9to 113
Race
Asian 1 (5.0)
Black Or African American 0 (0.0)
Multi-Racial 11 (55.0)
White 8 (40.0)
Ethnicity
Hispanic Or Latino 10 (50.0)
Not Hispanic Or Latino 10 (50.0)

Summary of PK parameters — Part 11
Patients received single oral dose of either 47 mg/m” or 74 mg/m”.

The descriptive statistics of the PK parameters estimated by non-compartmental analysis in
different age bands (6mon - 2yr, 2-6 years, 6 to 12 years) receiving 47 mg/m? dose were
provided in the table below.
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Crgax Tuax [ Cotme Coote [y CLT AUC ). 340 AUC) sp1y AUC 70 AUC..
(ng/ml) (hry (ng/mL} (ng/mL) (ng/mL) (hr) (ml ) (r*ng/ml) (r*ng/ml) (hr*ng/ml) (hr*ng/ml)
6-Month- to =2-Year-Olds
N 5 5 5 5 5 5 5 5 5 5 5
AM 1930 233 480 523 - 7.28 1200 20000 24500 25000 25100
sD 1000 1.16 253 63.8 - 1.47 1080 TEI0 9930 10200 10400
Min 731 1.50 41.0 BLQ BLQ 5.22 590 G460 G950 G950 6770
Median 1840 1.58 533 38.3 BLQ 7.79 725 23400 28500 29400 29500
Max 3320 4.07 659 162 15.3 .84 3120 26100 31200 31400 31700
"CV%% 51.9 499 2.6 122 - 0.2 90.4 394 40.5 40.8 41.3
HM 1480 1.97 160 - - 7.02 828 15300 17700 17900 17700
P“‘:E 1120 0.76 803 - - 165 341 16300 22700 23500 24200
GM 1710 213 345 - - 7.16 952 18000 21700 22100 22000
OV 63.7 49.27 178 - - 21.7 76.8 63.5 710 72.2 74.2
2- to <6-Year-Olds
N s s 7 7 6 6 6 s § 7 6
AM 1300 378 262 0.7 - 827 2040 16400 18900 20000 19200
sD G609 1.92 200 108 - 2.67 1050 8080 9650 11400 12700
Min 803 1.50 TR0 BLQ BLOQ 5.65 B85 B0E0 9220 9220 2990
Median 948 3.58 215 14.3 BLQ 7.34 1820 13000 17300 15200 15100
Max 2280 8.00 678 262 246 13.0 3340 29700 39100 41800 42800
"CV% 46.7 50.8 T6.5 153 - 323 51.5 49.1 510 57.3 66.3
HM 1100 3.00 169 - - 7.68 1600 13500 15500 15600 14500
P““:’dll; 416 168 131 - ~- 206 909 6120 7400 $000 7310
GM 1190 iq 209 - - 7.95 1810 14800 17000 17600 16400
*CV% 46.5 50.66 83.0 - - 0.4 S8.8 51.1 51.2 58.6 63.9
6- to <12-Year-Olds
N 6 6 6 6 6 5 s 6 6 6 s
AM 1300 5.17 365 56.6 - 9.17 2890 16000 20200 21000 21700
sD 275 1.83 477 108 - 4.00 1160 4810 10200 11500 13200
Min 853 3.00 814 BLQ BLQ 583 1430 8820 9790 9790 9520
Median 1310 5.00 171 133 BLQ T84 2710 15900 17800 17800 18100
Max 1700 8.00 1330 274 62.2 153 4310 23900 39900 43400 44300
"CV% 211 355 131 190 - 437 40.2 301 50.5 54.8 60.9
HM 1250 4.65 171 - - 8.01 2480 14700 17100 17400 17100
P‘“‘L.d[‘; 327 171 126 - - 298 1280 5610 7800 8230 9620
GM 1280 4.90 226 - - 8.54 2690 15300 18500 18900 19100
*CV% 23.0 37.12 123 - - 43.2 46.1 38 47.3 50.5 59.4
Pseudo SD = Jackknife ¢stimate of the standard deviation of the harmonic mean.
N: Number of observations: AM: Anthmetc M 5D: Standard Deviation.
BLQ = Below limit of quantitation (<10.0 ng/'mL): BLQ values have been idered as zero for caleulation of deseniptive statistics
Min: Minimum: Max: Maxinum: GM: Geometric Mean: HM: Harmonic Mean.
"CV%: Anthmetic Coefficient of Variation, where "CV% = SD/AM*100,
*CV9%; Geometric Coefficient of Variation, where *CV% = 100xsqri{exp($7)-1) and §' is the observed variance on the narral log-scale.
*: (Apparent) terminal half-life.
* Not reportable since <50% of the concentration results = Lower Limit of Quantitation (LLOGQ).

The descriptive statistics of the PK parameters estimated by non-compartmental analysis in
different age bands receiving 74 mg/m” dose (2-6 years, 6 to 12 years) or 1.3 mg/kg (6 mon
to 2 years) dose were provided in the tables below.
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Cmax Tmax Cogpr Cisnr Coow 1" CLF AUC) 241, AUC) g5, AUC) 7o AUC.,
(ng/ml) (hr) (ng/mL) (ng/mL) (ng/mL) (hr) (ml/hr) (hr*ng/ml) (hr*ng/ml) (hr*ng/ml) (hr*ng/ml)
6-Month- to <2-Year-Olds |dose=1 .3 mg/kg |
N 5 5 5 5 5 3 3 5 5 4 3
AM 659 345 89.2 -t BLQ 8.09 1680 6310 7270 8030 7770
SD 107 2289 938 Lt e 2.54 405 2040 3010 3310 4180
Min 508 1.50 BLQ BLQ BLQ 594 1220 4660 4820 5280 5210
Median 665 1.57 521 BLQ BLQ 7.42 1870 5170 5630 7230 5500
Max 795 8.00 240 41.7 BLQ 109 1960 9240 11900 12400 12600
"CV% 162 8338 105 + _t 315 241 323 414 413 539
HM 644 216 - - - 7.60 1610 5850 6470 7130 6620
Pse“sd; 114 121 - - - 223 492 1620 2150 2630 2510
GM 651 2.65 - - - 7.83 1650 6070 6830 7550 7120
*CV% 16.8 9230 - - — 314 26.7 316 39.9 41.8 52.7
2-to <6-Yem-Olds__|dose=74mg/m?2 |
N 7 7 7 7 7 4 4 7 7 6 4
AM 2100 528 400 -t BLQ 6.06 1870 23000 26800 28600 29100
SD 1170 1.97 287 -t - 3.03 1150 8390 9070 8800 11100
Min 1350 298 56.5 BLQ BLQ 3.60 1140 12200 12900 12900 12600
Median 1450 6.00 499 BLQ BLQ 5.16 1380 25300 31100 32000 33500
Max 4360 7.95 822 114 BLQ 103 3580 33000 36700 36900 36900
"CV% 554 373 1.9 t - 50.0 61.3 36.5 339 308 383
HM 1740 4.60 171 - - 515 1530 20200 23400 25200 24000
P‘e“sd[‘; 624 1.95 243 - - 213 576 8530 11200 14200 19100
GM 1890 4.94 279 - - 5.56 1670 21600 25200 27100 26900
*CV% 49.7 41.91 140 - - 49.5 558 409 41.3 40.7 54.2
6- to<12-Year-Olds _|dose=74mg/m2 |
N 6 6 6 6 6 6 6 6 6 6 6
AM 1930 3.08 460 227 BLQ 6.89 4080 22000 25500 25700 25800
SD 873 0.95 301 155 i 135 1730 9440 11200 11300 11400
Min 640 1.42 571 BLQ BLQ 4.54 2750 10800 11500 11500 11100
Median 2050 3.03 480 232 BLQ 6.96 3250 23600 27700 28000 28200
Max 3030 4.00 970 474 BLQ 8.73 6910 34400 40700 41000 41100
"CV% 453 30.7 65.4 68.4 - 19.6 425 429 44.0 44.0 44.4
HM 1480 273 213 - - 6.63 3600 18100 20700 20800 20700
psel;dg 1250 148 s61 - - 1.69 1180 9980 12100 12300 12600
GM 1720 292 349 - - 6.77 3810 20100 23100 23300 23300
*CV% 61.8 39.49 124 - -- 218 404 521 542 544 555
Pseudo SD = Jackknife estimate of the standard deviation of the harmonic mean.
N: Number of observations: AM: Arithmetic Mean; SD: Standard Deviation
BLQ = Below limit of quantitation (<-10.0 ng/mL): BLQ values have been considered as zero for calculation of descriptive statistics.
Mm: Mmmum; Max: Maxmmum; GM: Geometric Mean; HM: Harmomc Mean.
"CV%: Arithmetic Coefficient of Variation. where "CV% = SD/AM*100.
#CV%: Geometric Coefficient of Variation, where *CV% = 100xsqrt(exp(5)-1) and $? is the observed variance on the natural log-scale
*: (Apparent) terminal half-life
* Not reportable since <50% of the concentration results > Lower Linit of Quantitation (LLOQ)

The geometric means of systemic exposures (Cmax and AUCO0-24hr) in children 2 to 6 years
old were 11% and 23% higher than that in healthy adults receiving 125 mg of dose (data
from Study P067). While the geometric means of systemic exposure were 12% and 3.3%
higher in children 2 to 6 years old. The systemic exposures in children 6 months to 2 years
old were lower, presumably due to lower dose given (1.3 mg/kg). See the comparison table
made by the reviewer below.

Reference ID: 3794566
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Table 5. Geometric mean of Cmax and AUC (Dayl) in children and adults following oral
administration of aprepitant oral suspension and 125 mg capsules, respectively

Age range Dose Median Dose (Min, Max) | Cmax (ng/mL) | AUC0-24hr
(years) converted to mg/kg (hr*ng/mL)
05-2 1.3 mg/kg 1.3 651 6070
(N=5)

2-6 74 mg/m’ 33 1890 21600
(N=7) (3.1,34)

6-12 74 mg/m’ 2.4 1720 20100
(N=6) (1.6,3.0)

Adults (N=12)' | 125 mg N/A 1539 19455

t Study P067

Reviewer’s comments: The comparison to adults is a cross study comparison between two
different populations with different ages and health status. A more comprehensive exposure
comparison was made via population PK analysis on pooled data including this study. Refer
to Population PK review in Appendix 2

Summary of PK parameters — Part IV
Patients received three-day oral regimen of 3/2/2 mg/kg in the study.

The descriptive statistics of the PK parameters estimated by non-compartmental analysis in
different age bands (6mon - 2yr, 2-6 years, 6 to 12 years) were provided in the table below.
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Cmax Tmax Coup 34" CL/F AUC) yup, Clgpy Crope
(ng/ml) (hr) (ng/mL) (hr) (ml/hr) (hr*ng/ml) (ng/mL) (ng/mL)
6-Month- to 2-Year-Olds
N 6 6 6 3 2 6 6 6
AM 1810 734 538 6.18 1910 21100 376 476
sD 925 8.28 490 4.12 962 11800 476 748
Min 550 252 537 3.09 1230 8170 BLQ BLQ
Median 1700 4.50 465 4.59 1910 19500 158 732
Max 3230 24.00 1280 10.9 2600 40800 1180 1840
"CV% 51.0 113 91.1 66.7 502 56.0 126 157
HM 1330 413 145 473 1670 16100 - -
Pseudo SD 1260 2.40 216 2.77 962 10200 -- --
GM 1590 5.13 301 536 1790 18400 -- --
*CV% 67.2 100.33 233 1.4 56.4 63.1 -- --
2- to <6-Year-Olds
N 6 6 6 5 4 6 6 6
AM 1840 4.92 279 921 2930 17300 124 120
sD 933 220 152 557 1390 5060 134 78.1
Min 1130 2.52 75.8 524 1760 10500 177 513
Median 1510 4.50 275 6.76 2660 17300 532 833
Max 3670 9.00 464 18.5 4620 24100 332 261
"CV% 50.7 446 54.4 60.4 475 293 108 65.1
HM 1590 426 191 739 2470 16000 450 209
Pseudo SD 517 1.83 198 312 1110 5380 498 473
GM 1690 457 237 815 2690 16600 715 103
*CV% 433 43.46 77.3 56.8 51.1 317 171 63.7
6- to <12-Year-Olds
N 7 7 6 4 2 6 6 7
AM 1800 6.42 711 10.8 3870 24400 673 768
SD 1610 7.84 636 4.27 553 15800 755 1110
Min 988 1.50 94.0 545 3480 11200 46.8 223
Median 1150 4.00 552 11.5 3870 18100 402 229
Max 5410 24.00 1700 14.7 4260 50900 2020 2730
"CV% 89.4 122 89.6 396 143 64.6 112 144
HM 1310 3.39 270 9.26 3830 18100 163 64.5
Pseudo SD 461 255 388 5.34 553 9330 362 91.8
GM 1470 4.32 451 10.1 3850 20800 342 201
V% 66.0 104.04 163 48.0 14.4 66.7 246 673
Pseudo SD = Jackknife estimate of the standard deviation of the harmonic mean.
N: Number of observations; AM: Arithmetic Mean: SD: Standard Deviation; HM: Harmonic Mean.
Min: Minimum; Max: Maximum; GM: Geometric Mean.
"CV%: Arithmetic Coefficient of Vanation. where "CV% = SD/AM*100.
*C'V%: Geometric Coefficient of Variation, where *CV% = 100xsqrt(exp($)-1) and S is the observed variance on the natural log-scale.
* (Apparent) terminal half-life.
C24 refers to concentration 24hr after start chemotherapy (1.e. 25hr post aprepitant administration)

The geometric means of systemic exposure (Cmax and AUCO0-24hr) in children 6 months to
12 years old were comparable (< 20% difference) to healthy adults receiving 125 mg of dose
(data from Study P067). See the comparison table made by the reviewer below.
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Table 6. Geometric mean of Cmax and AUC (Dayl) in children and adults following oral
administration of 3 mg/kg and 125 mg aprepitant, respectively

Agerange | Dose Cmax AUC24
(years) (ng/mL) | (hr*ng/mL)
05-2 3 mg/kg 1590 18400
2-6 3 mg/kg 1690 16600
6-12 3 mg/kg 1470 20800
Adults' 125mg | 1539 19455

t Study P067

Reviewer’s comments: The comparison to adults is a cross study comparison between two
different populations with different ages and health status. A more comprehensive exposure
comparison was made via population PK analysis on pooled data including this study. Refer

to Population PK review in Appendix

Reference ID: 3794566
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4.2 Appendix 2 — Pharmacometrics Review
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Summary of Findings

1.1 Key Review Questions
The purpose of this review is to address the following key question.

1.1.1 Isthe proposed fixed dose in 12-17 year pediatrics and body weight dosing for
pediatrics 6 month to 12 years appropriate?

Yes, the proposed dosing regimen is reasonable based on the following three rationales:
e PK rationale

The results of PopPK model simulation support the dosing recommendations provided
in the original application.

b) @)

Simulation results indicated that the differences in PK values with the nomogram
compared to strict weight-based dosing are modest and unlikely to be clinically relevant.
The nomogram for pediatric patients from 6 months to 12 years of age results in slightly
higher (~30%) aprepitant exposures compared to the individualized weight-based
regimen. these differences are not considered to be clinically relevant given aprepitant
has generally been shown to be very well tolerated in clinical studies in adults even at
higher (2- fold) exposures, coupled with the considerable data demonstrating acceptable
tolerated in the pediatric clinical trials. In general, the variability in pediatric patients are
higher than in adults and the range of exposure in pediatric are highly overlapped
between the proposed nomogram regimen and individual body weight based regimen
studied in clinical trials.
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Aprepitant AUC.24n (ng-hr/mL)
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Figure 1. Simulated Aprepitant AUCo-2snr (Top Panel) and Cmax (Bottom Panel) on
Day 1 in Different Age Groups Using Individualized Dosing and Nomogram Dosing
Table Compared With Observed Aprepitant Exposures in Adolescents, Healthy

Adults and Adult Patients
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e PKPD relationship:
Based upon the PKPD relationship (refer to Pharmacometrics review Section 4) for NK [
1 receptor occupancy, the pharmacokinetic profile obtained with the weight-based
regimen in patients 6 months to 12 years (3.0 mg/kg on Day 1 followed by 2.0 mg/kg on
Days 2 and 3) and the fixed dose regimen in adolescents (125 mg on Day 1 followed by
80 mg on Days 2 and 3) result in aprepitant exposures, across the 3-day treatment
period, that are on the plateau of the exposure-response relationship NK-1 receptor
occupancy. This relationship provides supportive evidence for the adequacy of dose. It is
important to note however that the relationship between NK-1 receptor occupancy and
primary end point in not known.

e Observed efficacy and safety in the phase 3 trial:
The mg/kg weight-based dosing evaluated in the phase 3 study P208 resulted in
acceptable efficacy and safety. The overall complete response rate in the delayed phase
was 50.5% in the aprepitant treatment group comparing to 33.3% in the control group.
Subgroup analysis by age showed that the complete response rate in the delayed phase
was similar across the three different age groups ranging from 46.3% to 55.6% (6
months to < 2 years old, 2 years to < 6 years, and 6 years to < 12 years) in aprepitant
treatment group. In all three age groups, the response rates were better than those in
control group. For details, refer to Dr. Karyn Berry’s Clinical Review.

1.2 Label Statements
Refer to Section 3 of Question Based Review for details.

2 Pertinent regulatory background
EMEND™ (aprepitant) is an antagonist of human substance P neurokinin 1 (NK1) receptors
that, in combination with other antiemetic agents including a 5-HT3 receptor antagonist and
a corticosteroid, is approved for the prevention of acute and delayed nausea and vomiting
due to highly emetogenic and moderately emetogenic cancer chemotherapy in adults . To
support the use of aprepitant (EMEND) in pediatric patients 6 months to 17 years of age, an
efficacy supplement is being submitted to NDA 21549 (EMEND capsules) i
®®

®® The proposed update to the EMEND product label is supported by a single pivotal
Phase 3 efficacy/safety study conducted in patients 6 months to 17 years of age in which
both capsule and powder for suspension formulations were evaluated. Based on this study,
the Applicant is proposing an indication for use of EMEND in the prevention of acute and
delayed nausea and vomiting due to highly and moderately emetogenic cancer

chemotherapy in patients B
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3 Population pharmacokinetics Analysis

3.1 Sponsor’s Analysis

3.1.1 Objectives

» Update the existing population PK model of MK-869/MK-517 using final clinical
data from protocols P097, P134 and P148 and assess the impact of key covariates in
CINV / PONV patients;

» Evaluate the updated population PK model to insure its accuracy, precision and
robustness;

« Perform a model-based simulation to predict exposure of aprepitant in two targeted
age groups of pediatric patients, 0.5 — 12 years (oral suspension 3/2/2 mg/kg QD on
Days 1/2/3) and 12-17 years (capsules 125/80/80 mg QD on Days 1/2/3).

3.1.2 Data Sets
The final data from 3 pediatric studies were used in this analysis:

* Protocol P097 CINV, a PK/PD study in adolescents aged 12 — 17 years receiving the
adult 3-day oral dosing regimen (final market capsules, 125 mg on Day 1, 80 mg on
Days 2-3);

* Protocol P134 CINV, a study in adolescents aged 12 — 17 years receiving the adult
3-day
IV EMEND regimen (115 mg IV EMEND on Day 1, 80 mg oral suspension
EMEND on Days 2-3), and single doses of aprepitant as oral suspension to pediatric

patients aged 6 months — 12 years (doses adjusted by body size);

* Protocol P148 PONV, a study in adolescents aged 12 — 17 years receiving the adult
40 mg capsule single dose, and pediatrics aged 2 — 12 years receiving single doses of
aprepitant as oral suspension (doses adjusted by body size).

A total of 148 subjects completed study procedures in the 3 clinical studies (P097 N=18,
P134 N=85, P148 N=45). Descriptive statistics of continuous and categorical covariates
in pediatric subjects are summarized by age group in the following tables. A total of
1326 plasma measurable concentrations were included in the analysis.
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Table 2. Descriptive Statistics of Continuous Covariates in Pediatric Subjects by Age

Group Included in the Population PK Analysis

Number of Subjects
. Mean (CV%)
Covariate Median [Min — Max]
0.5-2 yrs 2-6 yrs 6-12 yrs 12-19 yrs Overall
n=30 n=235 n=32 n=50 n =147
Age (years) | 1.2 (40.5%) 3.8 (34.2%) 9.1 (19.0%) 14.7 (11.8%) | 8.1(69.0%)
1.20.5-1.9] 3.7 [2-5.9] 9.3 [6-11.9] 14.7 [12-19] | 7.9[0.5-19]
n=30 n=235 n=32 n=50 n =147
Weight (kg) | 10.1 (17.9%) 15.3 (20.7%) 31.1 (29.2%) | 55.8(26.3%) | 31.4 (67.6%)
10.1 [7-14.3] | 14.8[10.5-23.4] | 30 [15.9-48.3] | 54.2 [32-104] | 25 [7-104]

Source: Sponsor’s Population PK Report, Page 19

Table 3. Descriptive Statistics of Categorical Covariates of Pediatric Subjects by Age

Group Included in the Population PK Analysis

Covariate Count (%) of Subjects in Sub-Populations
0.5-2 yrs 2-6 yrs 6-12yrs | 1219 yrs Overall
Sex Male 17(56.7%) | 12(34.3%) | 16(50.0%) | 30(60.0%) | 75(51.0%
Female 13(43.3%) | 23(65.7%) | 16(50.0%) | 20(40.0%) | 72(49.0%)
White 22(73.3%) | 29(82.9%) | 28(87.5%) | 33(66.0%) | 112(76.2%)
Black 1(3.3%) | 0(0.0%) | 2(6.3%)| 5(10.0%) 8(5.4%)
Race Asian 1(3.3%) 0(0.0%) 0(0.0%) 1(2.0%) 2(1.4%
Native American 1(3.3%) 0(0.0%) 0(0.0%) 1(2.0%) 2(1.4%)
Multi-Ethic 5(16.7%) | 6(17.1%) 2(6.3%) | 10(20.0%) | 23(15.6%
Population CINV 18(60%) | 24(68.6%) | 20(62.5%) | 41(82.0%) | 103(70.1%
PONV 12(40%) | 11(31.4%) | 12(37.5%) | 9(18.0%) | 44(29.9%
IV Solution 2(6.7%) 3(8.6%) 1(3.1%) | 23(46.0%) | 29(19.7%
Formulation Oral Capsules 0(0.0%) 0(0.0%) 0(0.0%) | 18(36.0%) | 18(12.2%
Oral Suspension | 28(93.3%) | 32(91.4%) | 31(96.9%) | 9(18.0%) | 100(68.0%)

Source: Sponsor’s Population PK Report, Page 19

3.1.3 Model

The final population PK model included the following covariate effects:
» effect of age (CYP3 A4 maturation) on systemic clearance (CL):
%(0.639 x Age / (2.4+Age)+0.42)
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» effect of body weight on clearance (CL and Q) normalized to 70 kg to a power of 0.75:
x(Weight/70)*"

» effect of body weight on volumes (V2 and V3) normalized to 70 kg:
x(Weight/70)

» effect of dose on systemic clearances (CL) normalized to 80 mg to a power of -0.394:

x(Dose/80) 3%

Based on these equations, the typical value of systemic clearance (CL) derived from the
final population PK model of aprepitant represents an individual of 23.5 years old with body
weight of 70 kg who received oral aprepitant dose of 80 mg. The clinical relevance of the
dose effect on systemic clearance can be illustrated by the following example. For a typical
adolescent patient receiving oral capsule administration of aprepitant (P097, median weight
= 54.6 kg and median age = 15 yrs), the predicted CL will be 16% lower after 125 mg dose
(4.27 L/hr) than after 80 mg dose (5.09 L/hr).

Table 4. Typical Population PK Parameters of Aprepitant in Pediatric Population —
Final Population Pharmacokinetic Model

Parameter |Units| Estimate | SE | RSE | Shrink | Equation
OFV -2352.21
CcL L/hr 6.32 0523 83% CL= tvCLx(0.639xAge/(2.4+Age)+0.42) x(Weight/70)*™ xexp(nc.)
V2 L 429 6.90 16.1% V2 = twW2 x (Weight/70) x exp(ny)
Q L/hr 44 4 8.25 18.6% Q = tvQ x (Weight/70)"™® x exp(na)
V3 L 56.5 6.66 11.8% V3 = tvW3 x (Weight/70) x exp(nvs)
Ka 1/hr 0.447 0.0688 15.4% Ka = tvKa x exp(nk.)
Susp_Tlag hr 0 fixed Tlag=0
Caps_Tlag hr 0.946 0.022 2.3% Tlag = Caps_Tlag * exp(nrag)
F1 0.990  0.100 10.1% F1=tvF1 x exp(ne)
Dose_CL -0.394 0.0763 19.4% CL = CL x (Dose/80) -t
iivCL 0.324(56.9%)* 0.0738 22.8% 17.0% w’q
iivv2 0.480(69.3%)" 0.168 34.9% 356% ws
ivQ 0.652(80.7%)" 0.345 52.9% 51.3% w
iivV3 0.272(52.1%)* 0.0806 29.6% 33.3% W’y
iivKa 0.907(95.2%)" 0.229 25.3% 28.6% sza
iivTlag 0 fixed W ag
iivF1 0.275(52.5%)* 0.0893 32.4% 28.7% w’s
Log10ResErr 0.168 0.00816 4.90% 16.2% 10g10(Cobs) = 10g10(Cpreq)+Log10ResErT

Abbreviations: OFV = objective function value; tv = typical value; CL = systemic clearance; V2 = central volume of distribution;
Q = inter-compartmental clearance; V3 = peripheral volume of distribution; Ka = absorption rate constant; Tlag = lag-time (delay in
absorption); F1 = relative bioavailability; Susp = oral suspension; Caps = oral capsules; Dose_CL = dose effect on systemic
clearance; SE = Standard Error; RSE = Relative Standard Error (RSE = 100% x SE/Estimate); Log10ResErr = Log-Additive Residual
Errqr, Geps = Observed concentration; C,.q = predicted concentration.

*iiv CV% were calculated as 100% x (wz)(m

Source: Sponsor’s Population PK Report, Page 26
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Model evaluation:

2 2
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Figure 2. Diagnostic Plots for Final Population Pharmacokinetic Model (run019) of
Aprepitant in Pediatric Population: Goodness-of-Fit
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Figure 3.Diagnostic Plots for Final Population Pharmacokinetic Model of Aprepitant
in Pediatric Population: Residual Plots

Source: Sponsor’s Population PK Report, Page 26

Model evaluation using a simulation-based VPC showed that the model tracked the central
tendency of the observed data and that an appropriate distribution of observed data fell
within the 5™ and 95™ percentiles of model simulated data, indicating that the model
reasonably describes aprepitant concentration data with fixed effects of weight and age.
Median, 90% PI and 95% PI for model-based predicted concentration profiles of aprepitant
with superimposed actual observed concentrations of aprepitant obtained in the targeted age
groups (i.e., P134 Part IV < 12 years dosed with oral suspension QD 3/2/2 mg/kg, and P097
> 12 years dosed with capsules QD 125/80/80 mg) are presented in Figure below.
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Age Group 0.5-2 years: Suspension QD 3 mg/kg (Day 1) 2 mgikg (Days 2-3) Age Group 2-6 years: Suspension QD 3 mg/kg (Day 1) 2 mg/kg (Days 2-3)
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Figure 4. Median, 90%PI and 95%P1I for Simulated Concentrations of Aprepitant in

Pediatric Patients Stratified by Age Groups

Of note: Capsules (125 mg on Day 1 and 80 mg on Days 2 and 3) were administered to
adolescents, 12-19 years old in P097 while power-for suspension (3mg/kg on Day 1 and 2
mg/kg on Days 2 and 3) were given to pediatric patients(.5 - < 12 years old.

Covariates
Body weight and age are significant covariates for apparent clearance and apparent volume
of distribution, with the inter-subject variability for clearance decreased from 64% to 56.9%
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under the final population pharmacokinetics (PopPK) model. The PopPK results support the
use of weight-based dosing regimens in younger patients (<12 years of age). None of other
factors (sex, BMI and race) was found to have a significant association with the aprepitant
PK parameters that would indicate a clinically relevant effect on aprepitant exposure. One
caveat is that majority of patients in the dataset are Caucasians (76.2%, Table 3).

CL {Lhr)
CL (Lhr)

0 5 10 15 25 50 100
Age (years) Weight (kg)

100 1 = 100

75

=
o

V2L
V2L

T T 1
15 25 50 75 100

0 10 s
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Figure 5. Relationships of Age and Body Weight on Population PK Model Parameters,
Clearance and Central Volume of Distribution, Supported Application of a Weight-
Based Dosing Regimen in Patients <12 years of age

Reviewer’s comment: In Applicant’s base and final population PK model, the effect of age
on drug clearance was modeled with fixed values adapted from the publication by Johnson
et al, 2006. It should be noted that the adapted formula refers to the maturation of
intestinal/gut CYP3A only. However, aprepitant is primarily metabolized by CYP3A4 in the
liver.

3.2 Information Request and Reviewer’s Analyses

3.2.1 Information Request

The reviewer sent the Information Request to the Applicant to justify and clarify the
40
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physiological rationale of your final model on age effect, and consider re-evaluating the
final popPK model in this regard. The review team suggested that one way to account for
age effect on clearance is to use the hepatic maturation factor (see the review at Drugs at
FDA, page 42, for more details,
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResource
s /UCM177428.pdf).

The population PK model was re-run by the Applicant with the hepatic CYP3 A4 maturation
function cited in the reference provided in the Agency’s comment as well as the CYP3A4
hepatic maturation function described by Johnson et al (2006). The model results are
partially discussed below shown as Model 2 and Model 3, respectively.

3.2.2 Reviewer’s Analyses and Applicant’s re-analyses

Objectives:
e [Evaluate the ontogeny functions developed by different models and data

e Sensitivity analyses on different PopPK models for their estimates on PK parameters

in each age group

Methods

The population PK model was re-run by the Reviewer. The structure model is based on the
Applicant’s final PopPK model. The relationship between CL and age was explored using
the following different models:

Model 1:  F4, =0.639 x Age /(2.4 + Age) +0.42

Age

Model 2: F,,, = —————
age  Age +MATCLg,

AgeO.SS

Age0-83+0.31

Model 3: Fyg4e =

Model 4:  Fpg4e =1-(1- fcr) xexp(- Age x (0.693/Tcl)

Where, Fage = fraction of mature CL, = fractional CL at birth, TCL or MATCLEICL jg

the age at which clearance is 50% of the typical CL value. The above mentioned parameters

are estimated by the available data using the NONMEM software program (Version 7.2,
®@) by the reviewer. Age is postnatal age in
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years Model 1 and 3 are modeled with fixed values adapted from the publication by Johnson
et al, 2006.

Results

Ontogeny function/Age effect

Based on the final model estimates, the reviewer compared different age functions on
clearance. , TCL and MATCLE!Care estimated to be 0.4, 3.6, and 0.6 respectively. The
plots of fraction to adult level versus age are shown below.

1.0

0.8 0.9

0.7

Fraction to Adult level
0.6

0.5

T T T T T T
0 5 10 15 20 25

Age(years)

Figure 6. Ontogeny function derived from different PopPK models

Of note, the effect of age on drug clearance under Model 1 and 3 was modeled with fixed
values adapted from the publication by Johnson et al, 2006, which refers to the maturation
of intestinal/gut CYP3A, liver CYP3A, respectively. For Model 2 and 4, the maturation
half-life was estimated by the observed data, at 0.598 and 3.8 years of age, respectively. The
literature reports suggest that maturation half-life for CYP3A is in the range of 2.4-3.6
months. This indicates that the available data is limited and insensitive to estimate a true age
effect on clearance.

PK comparisons on different ontogeny models
42
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PK parameters and exposure metrics derived from the Modell-3 are compared. Model 4 is
not considered in this comparison as the maturation half-life estimate is highly deviated
from the reported value. In general, the results are not different from the original model
estimated intrinsic clearance provided in the NDA application. Specifically,

e Comparing results from Model 1 and Model 2: model point-estimates using the
suggested CYP3A4 maturation function differences between 0.03 to 0.1 L/hr in CL
across all age groups. The smallest difference, a 0.03 L/hr decrease, occurs in the 6
12 year-old age group, while a difference of a 0.05 L/hr increase is estimated in the
0.5 — 2 year-old group.

e Comparing results from Model 1 and Model 3: the smallest difference in CL reflects
a 0.05 L/hr increase estimated in the 2-6 year-old age group with a difference of a
0.15 L/hr increase found in the 0.5 — 2 year-old group.

e The model-predicted exposures are also compared across all three models (Table 4).
The results between each model are similar to each other, with the majority of
parameters with < 1% differences,

e There is no consistent or monotonic trend in the new estimates of CL based upon the
re-evaluations and a clear bias was not identified.

In summary, model-predicted PK parameters and exposure metrics are comparable across
the models, indicating that data used in the population PK model is relatively insensitive to
various maturation functions used to describe intrinsic clearance of the population. As the
original model by the Applicant was evaluated using Goodness-of-Fit plots, visual
predictive check and nonparametric bootstrap, the reviewer agrees to use it as the final
model for the purpose of comparison of the Applicant proposed dosing nomogram versus
weight-based dosing regimen in clinical trials.

It should be noted that a definitive approach has yet to be identified for this drug describing
the ontogeny/maturation of drug metabolizing enzymes enabling translation into younger
pediatric patients. Keeping this caveat in mind; the Applicant’s proposed population PK
model should not be used to extrapolate the PK outside the age range studied (See Section
for Rationale of Dose Selection).

4  PKPD relationship

The exposure-response for efficacy or safety are not described in the original NDA 21549
review. The PK was not collected in the phase 3 clinical trials in pediatrics and therefore the
exposure-response analysis in pediatrics was not possible. The PKPD relationship assessed
by the Applicant is as follows:
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In the original NDA submission, the Applicant assessed the correlation of plasma aprepitant
levels with the binding of aprepitant to brain NKi1 receptors in 2 Phase 1 studies (Protocol
027) and (Protocol 045) in healthy young men. The data from both of these studies
combined in an exploratory post-hoc analysis showed the relationship between plasma
aprepitant concentration and NKi receptor occupancy as in the figure below. Based on this
curve, aprepitant plasma concentrations of ~10 ng/mL and ~100 ng/mL produce brain NK1
receptor occupancies of ~50 and 90%, respectively. In adults, the 3-day CINV aprepitant
dose regimen (125 mg on Day 1 followed by 80 mg on Days 2 and 3) results in mean
plasma concentrations of >500 ng/mL that are expected to achieve greater than 95% striatal
NK1-receptor occupancy on each day of dosing. Generally, these concentrations are
associated with an AUCo-24hron Day 1 of ~20,000 ng*hr/mL.
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Figure 7. Correlation of Plasma Aprepitant Concentration with Binding of Aprepitant
to Striatal NK1 Receptors

Based upon the PKPD relationship for NK-1 receptor occupancy, the pharmacokinetic
profile obtained with the weight-based regimen in patients 6 months to 12 years (3.0 mg/kg
on Day 1 followed by 2.0 mg/kg on Days 2 and 3) and the fixed dose regimen in adolescents
(125 mg on Day 1 followed by 80 mg on Days 2 and 3) result in aprepitant exposures,
across the 3-day treatment period, that are on the plateau of the exposure-response
relationship.

5 Rationale of Dose Selection

The results of PopPK model simulation support the dosing recommendations provided in the
original application.
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Table 1. A nomogram is proposed to mimic the weight-based dosing regimen implemented
in Phase 3 (3.0 mg/kg on Day 1 followed by 2.0 mg/kg on Days 2 and 3) for patients 6
months to 12 years of age, which would simplify calculation of the dose to improve ease of
use in in clinical practice. It is expected to reduce the potential for dosing errors and
dispensing complexities, when delivered with a single oral dispenser, while maintaining the
excellent efficacy and safety profiles established in the pediatric clinical trials.

Simulation results indicated that the differences in PK values with the nomogram compared
to strict weight-based dosing are modest and unlikely to be clinically relevant (Figure 1).
The nomogram for pediatric patients from 6 months to 12 years of age results in slightly
higher (~30%) aprepitant exposures compared to the individualized weight-based regimen.
these differences are not considered to be clinically relevant given aprepitant has generally
been shown to be very well tolerated in clinical studies in adults even at higher (2- fold)
exposures, coupled with the considerable data demonstrating acceptable tolerated in the
pediatric clinical trials. In general, the variability in pediatric patients are higher than in
adults and the range of exposure in pediatric are highly overlapped between the proposed
nomogram regimen and individual body weight based regimen studied in clinical trials.
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Table 4. Comparisons of Exposure Estimates from Three Different PopPK Models

Model 1 Model 2 Model 3
Parameter  Age Group* Median Q5% Q95% Median Q5% Q95% Median Q5% Q95%

0.5-2 yrs 6 14126 8062 42097 14136 8037 42023 14159 8010 41793
AUCQ-24hr 2-6 yrs 6 18247 11503 23611 18220 11498 23567 18105 11470 23398
ng-hr/mL 6-12 yrs 7 13287 11486 49769 13267 11450 49685 13185 11370 49428
>12 yrs 18 16258 3051 26254 16263 3043 26202 16323 3059 26136
0.5-2 yrs 6 8557 6397 34369 8611 6426 34419 8744 6526 34465

AUC48-72hr 2-6 yrs 6 11125 7077 15951 11164 7109 15992 11286 7208 16123
ng-hr/mL 6-12 yrs 7 9288 7039 48501 9312 7057 48633 9399 7129 48956
>12 yrs 18 16554 2562 30474 16621 2570 30598 16728 2602 30811

0.5-2 yrs 6 1248 438 2364 1250 438 2363 1260 436 2364

Cmax 2-6 yrs 6 1294 980 1675 1295 981 1675 1296 988 1677
ng/mL 6-12 yrs 1064 902 2781 1064 901 2779 1066 904 2778
>12 yrs 18 1001 282 2032 999 282 2034 997 289 2007

0.5-2 yrs 6 216 61.9 902 215 61.8 899 212 61.8 891

Coahr 2-6 yrs 6 177 98.2 381 175 97.0 378 170 93.8 371
ng/mL 6-12 yrs 7 224 113 1432 222 111 1427 219 108 1412
>12 yrs 18 519 81.6 798 521 812 796 523 80.1 789

0.5-2 yrs 6 151 28.9 900 152 294 901 153 31.2 899

Ca8hr 2-6 yrs 6 82.3 459 248 82.6 46.1 248 83.9 46.9 250
ng/mL 6-12 yrs 7 160 53.1 1262 161 534 1265 163 54.3 1272
>12 yrs 18 443 552 869 444 55.4 872 448 56.1 876

0.5-2 yrs 6 142 27.7 960 143 282 962 144 29.9 961

C72hr 2-6 yrs 6 80.4 443 242 80.7 44.6 243 82.1 455 246
ng/mL 6-12 yrs 144 46.2 1215 145 46.4 1220 148 474 1231
>12 yrs 18 379 41.6 817 381 41.8 822 387 42.6 841
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