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In the original review for NDA-21-409 all the Cmax and AUC comparisons
between different age groups (adolescents and pedigtric patients section) were based on
the geometric means rather that the arithmetic means of these pharmacokinetic
parameters. These calculations have now been done based on arithmetic means and they
are reflected in the labeling. It should also be noted that the correct range for Cmax in
children 6 to 11 months of age is—————ng/mL rather than ——————— ng/mL
Therefore, this portion of the clinical pharmacology section should read as follows:

Adolescents and Pediatric Patients: Pharmacokinetic studies evaluated the systemic
exposure of the 4-mg oral granule formulation in pediatric patients 6 to 23 months of age,
the 4-mg chewable tablets in pediatric patients 2 to 5 years of age, the 5-mg chewable
tablets in pediatric patients 6 to 14 years of age, and the 10-mg film-coated tablets in
young adults and adolescents 15 years of age.

The plasma concentration proﬁlc of montelukast following admxmstrauon of the
10-mg film-coated tablet is similar in adolescents 15 years of age and young adults. The
10-mg film-coated tablet is recommended for use in patients 15 years of age.

The mean systemic exposure of the 4-mg chewable tablet in pediatric patients 2 to
5 years of age and the 5-mg chewable tablets in pediatric patients 6 to 14 years of age is
similar to the mean systemic exposure of the 10-mg film-coated tablet in adults. The 5-
mg chewable tablet should be used in pediatric patients 6 to 14 years of age and the 4-mg
chewable tablet should be used in pediatric patients 2 to 5 years of age.

In children 6 to 11 months of age, the systemic exposure to montelukast and the
variability of plasma montelukast concentrations were higher than those observed in
adults. Based on population analyses, the mean AUC (4296 ng*hr/mL [range 1200 to
7153]) was 60% higher and the mean Cmax (667 ng/mL [range 201 to 1058]) was 89%
higher than those observed in adults (mean AUC 2689 ng*hr/mL [range 1521 to 4595])
and mean Cmax (353 ng/mL {range 180 to 548]). The systemic exposure in children 12 to
23 months of age was less variable, but was still higher than that observed in adults. The
mean AUC (3574 ng*hr/mL [range 2229 to 5408]) was 33% higher and the mean Cmax
(562 ng/mL {[range 296 1o 814]) was 60% higher than those observed in adults. Safety
and tolerability of montelukast in a single-dose pharmacokinetic study in 26 children 6 to
23 months of age were similar to that of patients two years and above (see ADVERSE
REACTIONS). The 4-mg oral granule formulation should be used for pediatric patients
12 to 23 months of age. Since the 4-mg oral granule formulation is bioequivalent to the 4-
mg chewable tablet, it can also be used as an alternative formulation to the 4-mg
chewable tablet in pediatric patients 2 to 5 years of age.
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RECOMMENDATION

The Office of Clinical Pharmacology and Biopharmaceuticals / Division of
Pharmaceutical Evaluation-II (OCPB / DPE-II) has reviewed NDA 21-409 submitted on
September 28, 2001. The NDA’s Human Pharmacokinetics and Bioavailability Section is

acceptable to OCPB. c.&\

Reviewer

Sandra Suarez-Sharp, Ph.D.
Office of Clinical Pharmacology and Biopharmaceuticals
Division of Pharmaceutical Evaluation II
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Final version signed by Emmanuel Fadiran, Ph.D., Team leader \_J
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1. EXECUTIVE SUMMARY

Singulair™ (montelukast) is an antagonist of the Type I cysteiny} leukotriene (CysLTI)
receptor that inhibits the effects of the pro-inflammatory cysteinyl leukotrienes. Singulair is
currently indicated for the prophylaxis and chronic treatment of asthma in adults and pediatric
patients 2 years of age and older. The original applications for Singulair 10 mg film-coated
tablets (NDA 20-829), 5-mg chewable tablets (NDA 20-830) and a supplemental application for
4-mg chewable tablets (NDA 20-830/5-008) have been approved by the Agency.

In the present NDA (NDA 21-409) the sponsor, Merck Research Laboratories is seeking
approval of Singulair — (Montelukast Sodium Oral Granules) as an alternate formulation
to the 4 mg chewable tablet and as a primary formulation for pediatric asthma patients aged ——
to <2 years. In support of this NDA the sponsor submitted the results of five clinical
studies involving the montelukast .——-= oral formulation. Three studies (P127, P183 and
P090) presented pharmacokinetic data to support the use of the 4-mg oral granule formulation as
an alternate to the 4-mg chewable tablet in patients aged 2 to 5 years. Two studies provided
dosage, safety, and exploratory efficacy data (secondary endpoints) to support the use of the 4-
mg oral granule formulation in patients aged 6 months to <2 years. One of these two studies
(P136¢/138) evaluated the systemic exposure of Singulair ——"4mg in children 6 months.to
2 years of age using a population pharmacokinetic approach.

Studies P127, P183 and POS0 showed that the 4mg ™ __ formulation of montelukast
was bioequivalent to the already approved 4mg chewable tablet and that the Cmax and AUCO-inf
of the ~——— formulation of montelukast were proportional to dose within the 2- to 6-mg dose
range, In addition, these studies showed that applesauce did not affect the BA of montelukast
delivered from the ————formulation. Food did not affect the AUC of montelukast delivered
from the formulation, however food decreased Cmax by 35% and prolonged Tmax from
2.3 hrs t0 6.4 hrs.

The population PK study showed that in children 6 months to < 1 year of age, AUC
values ranged from 1200 ng*hr/mL to 7153 ng*hr/mL and the mean value was 48% higher than
the observed in adults. Cmax ranged from 465.1 to 1057.8 ng/m! and the mean value increased
by 79% compared to adults. The systemic exposure in the 2 1 year to <2 year olds was less
variable, but still higher compared to that in adults. The mean AUC was 34% higher and the
mean Cmax was 58% higher that those observed in adults (Table 1). No cormrelation was found
between the pharmacokinetic parameters clearance and volume of distribution and weight or age.

Table 1. Mean montelukas( population PK parameters following single administration of Singulair

- 4 mg to children 6 months to <2 years of age, single dose of Singulair chewable tablets 4-mg to

children 22y to <6 years and single dose of Singulair 10mg film-coated tablets to adult volunteers. Data
calculated by this reviewer using NONMEM.

Montelukast formulations: : chewable tablets, film-coated tablets
Children Condren 2iyto  Children Children Adults
PK Parameter 26m to <ly <2y 26mte <2y 22y to <6y
AUC,, (ng*hr/mL)" 4298.21542.1 4060.4£401.9 390712864 2761.13200.7* 2644.8+154.1
Cmaxg, (ng/mL)* 666.6177.9 56191474 610.2 +44 4 504.4446.1*  352.6%£25.53**
CL,.o; {(ml/min)* © 204744.1 19.59+1.33 19.96+1.86 25.741.58* 66.7+18.75
Tmax (hr)® ‘ 1.530.2 1.5240.16 15120.18 1.8110.78 3.8741.36*
T1/2* 3.3941.5 3.3730.97 33841.22 236409 1,940 33°

*'mean + SE; "meantSD; *Data estimated using NONMEM from protocol no. 066; **calculated using non-
compartmental methods; “based on 2CBM parameters

1.1 COMMENTS TO THE MEDICAL OFFICER
1. The submitted pharmacokinetic data support the use of the 4-mg oral granule formulation of
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montelukast as an alternate to the 4-mg chewable tablet in patients aged 2 to 5 years.

Food did not affect the AUC of montelukast delivered from the - formulation,
however food did decrease Cmax by 35% and change Tmax from 2.3 hrs to 6.4 hrs. The
effect of food on the BA of Montelukast delivered from the filn—coated tablet and chewable
formulations has been studied in the past. While food did not affect Cmax and AUC for the
film coated formulation, it did have stmilar effect as the one observed in the present case for
the + formulation. Food decreased Cmax by 52% and decreased F,,, from 73%
(fasting) to 63% (fed) (data from NDA 20-830 submitted on (2/24/97). Although the effect
of food on the Cmax of the chewable formulation was statistically significant, it was decided
that this effect was not clinically relevant (clinical trial conducted without regards to meals
or timing of food ingestion did not show any safety of efficacy concerns) and therefore, the
findings were not reflected in the label.

There is no correlation between clearance (and therefore AUC), volume of distribution and
weight or age in the group of children 26 months to < 2 years of age. This suggests that the
dosage regimen in this group of children should not be based on weight.

High varniability in exposure {AUC and Cmax)} was observed in the children ————to <2
years of age, especially in the 26 months to < | years of age. A lower dose of Singulair
- for this population would give a similar systemic exposure to that in adults.
However, due to the high variability in exposure some children may be at risk for efficacy
considering a target AUC of 1200 ng*hr/mL to 4500 ng*hr/mL. Therefore, the medical
officer should evaluate the risk (safety) involved in having a 48% higher exposure in children
26 months to < I year of age receiving 4-mg of Singulair

1.2 COMMENTS TO THE CHEMIST

1. The sponsor has provided enough information to support the dissolution specification of

==—"in 20 min.

1.3 RECOMMENDATION

The Office of Clinical Pharmacclogy and Biopharmaceuticals / Division of
Pharmaceutical Evaluation-I (OCPB / DPE-II) has reviewed NDA 21-409 submitted on
September 28, 200]. The DNA’s Human Pharmacokinetics and Bicavailability Section is

acceptable to OCPB. Please conveyed the labeling comments to the sponsor (see pages 22-23).

Reviewer

Sandra Suarez-Sharp, Ph.D.

Office of Clinical Pharmacology and Biopharmaceuticals
Division of Pharmaceutical Evaluation I

Final version signed by Emmanuel Fadiran, Ph.D., Team leader
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3. SUMMARY OF CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FINDINGS

Singulair™ (montelukast) is an antagonist of the Type I cysteiny! leukotriene (CysLT1)
receptor that inhibits the effects of the pro-inflammatory cysteinyl leukotrienes. Singulair is
currently indicated for the prophylaxis and chronic treatment of asthma in adults and pediatric
patients 2 years of age and older.

In the present NDA (NDA 21-409) the sponsor, Merck Research Laboratories is
seeking approval of Singulair ————— (Montelukast Sodium Oral Granules) as an
alternate formulation to the 4 mg chewable tablet and as a primary formulation for
pediatric asthma patients aged to <2 years. The sponsor submitted the results of
five clinical studies involving the montelukast ———— (oral) formulation. Three studies
(P127, P183 and P090) presented pharmacokinetic data to support the use of the 4-mg
oral granule formulation of montelukast as an alternate to the 4-mg chewable tablet in
patients aged 2 to 5 years. Two studies provide dosage, safety, and exploratory efficacy
data (secondary endpoints) to support the use of the 4-mg oral granule formulation in
patients aged —————to <2 years. One of these two studies (P136¢/138) evaluated the
systemic exposure of Singulair ———— 4mg in childrer —— to 2 years of age using
a population pharmacokinetic approach. In accordance with the 1994 Pediatric Final
Rule, the sponsor believes that the demonstrated efficacy of montelukast in adults and
pediatric patients as young as 2 years of age in the treatment of asthma can be
extrapolated to these younger patients.

Study P127 was as open label, randomized, 3-period, crossover study to determine
the dose proportionality of the Montelukast— formulation in healthy adults. This
study showed that the Cmax and AUCO-inf of the — : formulation of montelukast are
proportional to dose within the 2- to 6-mg dose range.

Study P183 was a 3-period, single-dose, crossover study in healthy adult subjects to
establish the bioequivalence of the 4-mg tablet and formulations of Montelukast,
and to evaluate the effect of food on the pharmacokinetics of the ———— formulation.
This study showed that the Singulair se—e~— formulation is equivalent to the Singulair
chewable formulation as demonstrated by 90% CI applied to the geometric mean ratio for
the AUC and Cmax pairs (Table 2).

Table 1. Poim estimates and 90% confidence intervals for the log-transinrmed Cmax and AUCinf comparing the
oammeme with and without a high fat meal and the " "and the chewable tablei

Comparison PK parameter Point estimates 90% confidence intervals
Sponsor’s This Sponsor's This reviewer’s
findings reviewer's findings findings
findings

MTL ————— MTL AUCinf 0.95 0.985 0.91-0.99 0.936-1.035

Chewable tablet Crnax 0.92 0.92 0.84-1.01 0.837-1.01
— AUCinf 1.04 1.04 0.99-1.09 0.987-1.09

MTL | Crmax 0.64 0.65 059071 | 059071

fasted/MTL

with high fat meal ]

Food did not affect the AUC of montelukast delivered from the
formulation, however food did decrease Cmax by 35% and change Tmax from 2.3 hrs to
6.4 hrs (Table 1). This effect of food on the Cmax of the Singulair — " formulation
might be clinically irrelevant since the clinical trials have been conducted without regards
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of food or time of administration with no indication for safety or efficacy concerns.

Study POS0 was an open label, randomized, 3-period, crossover study to
determine the bioequivalence of the chewable and — formulations of montelukast
in healthy adult volunteers. This study showed that the Singulair — formulation was
bioequivalent to the Singulair chewable formulation (4mg CW tablet) and that app]esauce
does not affect the bioavailability of montelukast delivered from the Singulair so———:
formulation.

Study 136c/138 was an open label, single dose, multicenter study to evaluate the
safety, tolerability, and plasma concentration profiles of Montelukast — in6
months to 24 month old children. This study evaluated and compared montelukast plasma
concentration profiles and pharmacokinetic parameters (AUCpop, Cmax, Tmax)
obtained from the 26- to <24-month-old children after administration of a 4-mg dose of
the ~——— formulation of montelukast with historical data in adult subjects after
administration of a 10-mg dose of the FCT of montelukast using a population PK
approach. To have a more complete picture, this reviewer also analyzed the data
generated in the 2 to 5 years olds receiving 4 mg chewable tablet using also a population
PK approach.

This study showed that there is no correlation between Cmax (data not shown) or
AUC and weight in the group of children 26 months to < 2 years of age receiving
Singulair .————— 4mg (Figure 1). This suggests that the dosage regimen in this group of
children should not be based on weight.
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Figure 1. Individual AUC vs. WT in children receiving single dose of Montelukast — 4 mg. Ages 1
correspond to children 26 months < | year and ages 2 correspond to children 2 1 years to <2
years of age.

High variability in exposure (Cmax and AUC) was observed in children >6
months to < 2 years of age, especially in the 26 months to < 1 years of age (Figures 2 and
3, respectively).
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Figure 2. Box plot for population Cmax (Cmaxpop) following single administration of Singulair ——— ; 4
mg to children 6 months to <2 years of age, single dose of Singulair chewable tablets to children
22y to <6 years and single dose of Singulair 10mg film-coated tablets to adult volunieers. Data
calculated by this reviewer using NONMEM. Subjects 101 and 132 excluded from the 6m-2y old
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Figure 3, Box plot for population AUC (AUCpop) following single administration of Singulair — 4

mg to children 6 months to <2 years of age, single dose of Singulair chewabie tablets to children
22y to <6 years, and single dose of Singulair 10mg film-coated tablets to adult volunteers. Data
calculated by this reviewer using NONMEM. The Cmax adult data was calculated using non-
compartmental methods. Subjects 101 and 132 excluded from the 6m-2y old group.
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Based on simulation studies, a lower dose of Singulair — . to this population
would give a similar average systemic exposure observed to that in adults. However, due
to the high variability in exposure some children may be at risk for efficacy considering a
target of 1200 ng*hr/ml to 4500 ng*hr/ml. Therefore, the medical officer should
evaluate the risk (safety) involved in having a 48% higher exposure in children 26
months to < ] year of age.

4, QUESTION BASED REVIEW

[ Q1. What are the general attributes of Singulair dmg ——

DL Chemical name:

Montelukast sodium, the active ingredient in SINGULAIRTM, is a selective and orally
active leukotriene receptor antagonist that inhibits the cysteinyl leukotriene CysLT}
receptor.

Montelukast sodium is described chemically as [R-(E)]-1-[[[1-[3-[2-(7-chloro-2-
quinolinyl)etheny!]phenyl]-3-[2-(1-hydroxy-1-methylethyl)phenyl]propyljthiojmethyl]
cyclopropaneacetic acid, monosodium salt.

Structural formula:

Molecular formula: C;5H;,CINNaG,S

Molecular weight: 608.18

Solubility: Montelukast sodium is a hygroscopic, optically active, white to off-white
powder. Montelukast sodium is freely soluble in ethanol, methanol, and water and
practically insoluble in acetonitrile.

FORMULATION

Each packet of SINGULAIR 4-mg — for oral administration contains 4.2
mg montelukast sodium, which is the molar equivalent to 4.0 mg of . The
—— formulation contains the following inactive ingredients: mannitol, hydroxypropy!
cellulose, and magnesium stearate {Table 1.1).
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Table 1.1. Market Composition, Montelukast Sodium oral Granules, 4-mg and 4mg
chewable tablets

| 4-mg 4mg.

{Ingredient (mg) Chewable Tablet —

IMontelukast sodium N ﬁ]
annito}. USP

Microcrystalline cellulose, NF
Hydroxypropyl cellulose. NF
Red Ferric Oxide, NF

Cherry flaver
Aspartame, NF
[Magnesium stearate, NF o - 1
[Total Weight Hi 240.0 mg | 5000mg |

INDICATION (as per proposed label)
SINGULAIR ———— is indicated for the prophylaxis and chronic treatment of

asthma in pediatric patients

DOSAGE AND ADMINISTRATION (as per proposed label)
Pediatric Patients 2 to 5 Years of Age

The dosage for pediatric patients 2 to 5 years of age is one 4-mg chewable tablet or
one packet of SINGULAIR 4-mg -——————daily to be taken in the evening.
Pediatric Patients (———— to 2 Years of Age

The dosage for pediatric patients —to 2 years of age is one packet of
SINGULAIR 4. mg ~— daily to be taken in the evening. Safety and effectiveness in
pediatric patients younger than ———— of age have not been studied.

[ Q2. What is known about the pharmacokinetics of Montelukast? ]
The following pharmacokinetics of montelukast were presented in previous NDA
(20-829).
Absorption
Montelukast is rapidly absorbed following oral administration. After administration of
the 10-mg film-coated tablet to fasted adults, the mean peak montelukast plasma
concentration (Cmax) is achieved in 3 to 4 hours (Tmax). The mean oral bioavailability is
64%. The oral bioavailability and Cmax are not influenced by a standard meal in the

mormng.

For the 5-mg chewable tablet, the mean Cmax is achieved in 2 to 2.5 hours afier
administration to adults in the fasted state. The mean oral bioavailability is 73% in the
fasted state versus 63% when administered with a standard meal in the moming.

For the 4-mg chewable tablet, the mean Cg,,, is achieved 2 hours after administration
in pediatric patients 2 to 5 years of age in the fasied state.




Distribution

Montelukast is more than 99% bound to plasma proteins. The steady-state volume of
distribution of montelukast averages 8 to 11liters.
Metabolism

Montelukast is extensively metabolized. In studies with therapeutic doses, plasma
concentrations of metabolites of montelukast are undetectable at steady state in adults and
pediatric patients. '

In vitro studies using human liver microsomes indicate that cytochromes P450 3A4
and 2C9 are involved in the metabolism of montelukast. Clinical studies investigating the
effect of known inhibitors of cytochromes P450 3A4 (e.g., ketoconazole, erythromycin)
or 2C9 (e.g., fluconazole) on montelukast pharmacokinetics have not been conducted.
Based on further in vitro results in human lives microsomes, therapeutic plasma
concentrations of montelukast do not inhibit cytochromes P450 3A4, 2C9, 1A2, 2A6,
2C19, or 2D6.

Elimination
The plasma clearance of montelukast averages 45 ml/min in healthy adults. Following
" an oral dose of radiolabeled montelukast, 86% of the radioactivity was recovered in 5-day
fecal collections and <0.2% was recovered in urine. Coupled with estimates of
montelukast oral bioavailability, this indicates that montelukast and its metabolites are
excreted almost exclusively via the bile. In several studies, the mean plasma half-life of
montelukast ranged from 2.7 to 5.5 hours in healthy young adults. The pharmacokinetics
of montelukast are nearly linear for oral doses up to 50 mg. During once-daily dosing
with 10-mg montelukast, there is little accumulation of the parent drug in plasma (14%).
Special Populations
Gender: The pharmacokinetics of montelukast are similar in males and females.
Elderly: The pharmacokinetic profile and the oral bioavailability of a single 10-mg oral
dose of montelukast are similar in elderly and younger adults. The plasma half-life of
montelukast is slightly longer in the elderly. No dosage adjustment in the elderly is
required.
Race: Pharmacokinetic differences due to race have not been studied.
Hepatic Insufficiency: Patients with mild-to-moderate hepatic insufficiency and clinical
evidence of cirrhosis had evidence of decreased metabolism of montelukast resulting in
41% (90% CI=7%, 85%) higher mean montelukast AUC following a single 10-mg dose.
No dosage adjustment is required in patients with mild-to-moderate hepatic insufficiency.
The pharmacokinetics of SINGULAIR in patients with more severe hepatic impairment
or with hepatitis have not been evaluated.
Renal Insufficiency: Since montelukast and its metabolites are not excreted in the unine,
the pharmacokinetics of montelukast were not evaluated in patients with renal
insufficiency. No dosage adjustment is recommended in these patients.
Adolescents and Pediatric Parients: The plasma concentration profile of montelukast
following administration of the 10-mg film-coated tablet is similar in adolescents 15
, years of age and young adults. The 10-mg film-coated tablet is recommended for use in
patients 15 years of age.
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Drug Interactions

Montelukast at a dose of 10 mg once daily dosed to pharmacokinetic steady state did
not cause clinically significant changes in the kinetics of theophylline, warfarin, digoxin,
terfenadine oral contraceptive containing norethindrone 1 mg/ethinyl estradiol 35 mcg,
prednisone or prednisolone.

Phenobarbital, which induces hepatic metabolism, decreased the AUC of montelukast
approximately 40% following a single 10-mg dose of montefukast. No dosage adjustment
for SINGULAIR is recommended. It is reasonable to employ appropriate clinical
monitoring when potent cytochrome P450 enzyme inducers, such as phenobarbital or
rifampin, are co-administered with SINGULAIR.

Q3. Was the to-be-marketed formulation used in the pharmacokinetic studies? Did
the batches of Singulair ———=—— used in the PK studies meet dissolution
specifications?

The following formulations were used in the submitted PK studies. The batch

sizes used in this study, as observed in Table 3.1 were - Formulation
number MR-3808 was less than _ . of the size of a full production batch (———r
packets).
Table 3.1 MonteJukast formulation used in this study
PK study Batch size Site of Control number Formulation
(packets) manufacture Number
P030 : Merck Frosst, WP-E431 MR-3808
CAN/PCI services
P127 _— Merck Frosst, CA-A630 MR-3808
CAN/PCI services
P183 — CA-A870 MR-4218
P136c/138 _ Merck Frosst, CA-A678, CA-AT04B, MR-3808

CAN/PCI services  CA-AT704, CA-AT04D

According to the sponsor, the manufacturing process has remained essentially
unchanged throughout development of this product with the exception of the manner of
addition of the binder and drug solutions. In an early clinical batch (MR-3808) the binder
and drug solutions were prepared . -
The NDA stability batches and commercial process still involve the ——
preparation of the binder and drug solutions; however, now the ————oo =

] o

The bioequivalence of these 2 formulations was tested in separate studies having
the 4-mg chewable tablet as a reference. Those two studies showed that these two
formulations of Singulair ————are bioequivalent to the chewable tablet. Therefore,
differences in batch size (lower than recommended) and manufacturing site and process
changes may not affect the in vivo performance of these two formulations.
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Dissolution
in the first submission to this NDA, the sponsor has originally proposed the
following method and specifications:

Dissolution Parameters

Apparatus: No. 1 (baskets with 100 mesh)
Rotation Speed: 50 rpm

Dissolution Medium: - =
Medium Volume: —

Medium Temperature; ———— -
Sampling Volume: = —

Sampling Time: —

Specification: Q= = in —minutes

In a latter submission received on May 3, 2002 the sponsor requested a change in
specification to Q=" in 20 minutes. The reason for this change and its justification is as
follows:

Recently, Merck conducted pharmaceutical process validation activities in order
to demonstrate successful transfer of the manufacturing process to the full-scale
: equipment in the Merck Manufacturing Division facility in West Point, PA, and to
demonstrate successful scale-up of the packaging operations at --
~——————— According to the sponsor, with the exception of the dissolution results all
data generated against the validation protocol were within the prescribed acceptance
criteria.

Dissolution results obtained for the three validation batches (Figure 3.1), using the
test method described in the NDA, were outside the acceptance criteria in the protocol,
and were different than those previously generated for key development batches,
including the biobatch (MR-4218) (Figures 3.2 and 3.3). The results for the validation
batches showed several low values at the 10 minute timepoint, and a limited number of
low values at the 15 minute timepoint. All samples showed complete dissolution at -20
minutes for all validation and development batches (Figure 3.1).

Testing with single point sampling at 15 minutes provided statistically similar
results for the vahdation batches compared to profile testing; however, a single non-
conforming result (—, which is outside the USP requirement of no values below Q -
25%) was obtained for the third validation batch during single point testing. For this
reason, the sponsor is changing the specifications from Q=-== in——to 20 min.

APPEARS THIS WAY
ON ORIGINAL
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Figure 3.1 Dissotution Profiles for Montelukast Sodium Oral Granules Validation Batches. Batch A= Batch
2089088, Batch B=Batch 2089090, Batch C=9249. N=40 samples per batch.
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Figure 3.2 Dissolution Profiles for Montelukast Sodium Oral Granules for biobatch MR-4212. N=40
samples.
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Figure 3.3. Dissolution Profiles for Montelukast Sodium Oral Granules for biobatch MR-3808. N=11
samples.

The dissolution data obtained during the validation process prompted detailed
investigations of the manufacturing and packaging processes as well as the analytical
testing practices. The result of these investigations show that the electrostatic charge of
the product, together with the poor hydrodynamics within the dissolution apparatus,
impact the data obtained using the current dissolution method.

A study in which the dissolution basket speed was changed by — showed
more rapid dissolution at==——minutes for the validation batch 2089249 at the ———
speed, further suggesting that the hydrodynamics at the recommended ~———: speed are
not optimal for assessment of data against the current specification. However, according
to the sponsor since all historical data have been generated using the current method at
, it was considered more appropriate to increase the duration of agitation from 15.
to 20 rmnutes rather than to increase the basket speed. This reviewer agrees with this
statement.

The sponsor considers that the lower dissolution data at the 10 and 15 minute
timepoints are artifacts of the test method, and are not an indication of poor product
quality. The sponsor believes that these results are not expected to have any adverse effect
on the safety and efficacy of the product. This reviewer agrees with this statement since
MR-3808 also showed low dissolution values at 10 min and this formulation was shown
10 be bioequivalent to the chewable tablet.

CONCLUSION
¢ The sponsor has provided enough information to support the dissolution specification
of Q=~——; in 20" min.

14

Q4. Are Cmax and AUC proportional with increments of dose following
administration of Singulair —

YES.

Study P127 was conducted to assess dose proportionality after administration of
2-, 4-, and 6-mg single ora! doses of the — formulation of montelukast. This was an
open label, randomized, 3-period, crossover study conducted in sixteen subjects (10 men




[age range: 2045 years] and 6 women [age range: 22-44 years]). This study showed that
the Cmax and AUCO-inf of the formulation of montelukast are proportional to
dose within the 2- to 6-mg dose range as observed in Table 4.1 (90% confidence
intervals).

Table 4.1. Point estimates and 90% confidence intervals for the log-transformed Cmax and AUCinf comparing the
—mm—rJ0SES 0f 2, 4 and 6 mg

Comparison PK parnmetér Point estinlates 90% confidence intervals
Sponsor’s This reviewer’ Sponsor’s This reviewer’

findings findings findings findings
2mg/4mg Cmax 103 103.3 88-121 88.4-120.7
AUCinf Q0 899 80-102 79.2-102.01
Cmax 107 105.3 91-124 90.1-123.03

4
6mg/4mg AUCinf 96 949 84-108 83.6-107.7
Cmax 97 98.1 83-113 839-114.6
2mg/6mg AUCinf 94 94.8 83-107 83.5-107.5
CONCLUSION

e The Cmax and AUCO-inf of the ——— formulation of montelukast are proportional
to dose within the 2- to 6-mg dose range.

Q5. Was the formulation of Singulair bioequivalent to the chewable
formulation? Did high fat food affect the bioavailability of montelukast delivered
from the .—— formulation? Did applesauce affect the BA of montelukast
delivered from the ———— formulation?

Two studies were conducted to assess for BE between the formulation
and the chewable tablet formulation. These two studies were conducted using different
formulations of = — As stated before in question 3, these formulations differ on
batch size, manufacturing site and manufacturing process.

Study P183 was a 3-peniod, single-dose, crossover study in healthy adult subjects
to establish the bioequivalence of the 4-mg tablet and formulations of
Montelukast. The formulation number used is this study was MR-4212.

This study also evaluated the effect of food on the pharmacokinetics of the
r—————formulation. Thirty one subjects (20 men [age range: 1943 years] and 11 women
[age range: 21-44 years]) were included in this study and received the following treatment
in a randomized fashion:

Treatment A: single 4-mg dose of the chewable tablet in the fasted state

Treatment B: single 4-mg dose of the : formulation in the fasted state

Treatment C: single 4-mg dose of the formulation after consumption of
a high-fat breakfast.

This study showed that the Singulair ——— formulation is bioequivalent to the
Singulair chewable formulation as demonstrated by 90% CI applied to the geometric
mean ratio for the AUC and Cmax pairs (Table 5.1).

APPEARS THIS WAY .
ON ORIGINAL S




Table 5.1. Point estimaies and 90% confidence intervals for the log-transformed Cmax and AUCinf comparing the
.~ with and without a high fat meal and the =——-and the chewable tablet

Comparison PK parameter Point estimates 903% confidence intervals
Sponsor’s This Sponsor's | This reviewer's
findings reviewer's findings findings
findings
MTL JMTL AUCinf 0.95 0.985 0.91-0.99 0.936-1.035
Chewable tablet Cmax 092 0.92 0.84-1.01 0.837.1.0]
MTL AUCinf 1.04 1.04 0.99-1.09 0.987-1.09
- Cmay, 0.64 0.65 0.59-0.71 0.59-0.71
fasted MTL  _————
with high fat mea}

Thus study also showed that food did not affect the AUC of montelukast delivered
from the ————formulation, however food did decrease Cmax by 35% and change
Tmax from 2.3 hrs to 6.4 hrs (Table 5.1).

The effect of food on the BA of Montelukast delivered from the film-coated tablet
and chewable formulations has been studied in the past. While food did not effect Cmax
and AUC for the film coated formulation, it did have similar effect as the one observed in
the present case for the— formulation. Food decreased Cmax by 52% and
decreased Fuy from 73% (fasting) to 63% (fed) (data from NDA 20-830 submitted on
02/24/97). Although the effect of food on the Cmax of the chewable formulation was
statistically significant, it was decided that this effect was not clinically relevant (clinical
trial conducted without regards to meals or timing of food ingestion did not show any
safety of efficacy concerns) and therefore, the effect of food on Cmax was reflected in the
label.

Study P090 was an open label, randomized, 3-period, crossover study to
determine the bioequivalence of the chewable and —————— formulations of montelukast
in healthy adult volunteers. The formulation number used is this study was MR-3808.

This study also evaluated the effect of applesauce on the pharmacokinetics of the

formulation. Twenty-four subjects (9 men [age range: 24 to 43 years] and 15
women [age range:27 to 44 years]) were included in this study and received the following
treatment in a randomized fashion:

{Treatment A)
- . to be delivered on 2 teaspoons of applesauce (Treatment

¢ One pouch of 4-mg -

¢ One pouch of 4-mg
B)

e One 4-mg CT (Treatment C)

This study showed that the Singulair ~———-formulation was bioequivalent to
the Singulair chewable formulation (4mg CW tablet) (Table 5.2)

APPEARS THIS way
ON ORIGINAL
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Table 5.2 Point estimates and 90% confidence intervals for the log-transformed Cmax and AUCinf comparing the
—————— with and without applesauce and the ~—————_and the chewable tablet

Comparison PK parameter Point estimates 90% confidence intervals
Sponsor’s This Sponsor’s This reviewer’
findings reviewer’ findings findings
. findings

MTL ———MTL AUCinf 1.01 1.01 0.92-1.11 0.92-1.109
Chewable tabiet Cmax 0.99 0,986 0.86-1.13 0.856-1.13
T R B IR N S e
fasted/MTL ) ) ’ ’ ’ ’
with applesauce

This study also demonstrated that applesauce did not affect the AUC of
montelukast delivered from the — — formulation (Table 5.2, Figure 5.2). It was also
observed that applesauce increased Tmax from 2.1£1.1 to 3.411.2 hrs. This increase in
Tmax might be chnically irrelevant since as stated before the clinical trials have been
conducted without regards of meals and time of administration without concems for

safety and efficacy.

CONCLUSIONS

e The Singularr — . formulation is equivalent to the Singulair chewable
formulation. ‘

e Food did not affect the AUC of montelukast delivered from the ___—— formulation,
however food did decrease Cmax by 35% and change Tmax from 2.3 hrs to 6.4 hrs.
This effect of food on the Cmax of the Singulair ————""formulation might be
clinically urrelevant since the clinical trials have been conducted without regards of
food or time of administration without indication for safety or efficacy concerns.

s Applesauce does not affect the bioavailability of montelukast delivered from the
Singulair formulation.

Q6. Was the systemic exposure in children 6 months to 2 years of age following
administration of Singulair ——— similar to the one in adults receiving Singulair
10mg film-coated tablets?

NO.

Study P136c/138 was a population pharmacokinetic study conducted to assess the
systemic exposure of a single dose of 4-mg Singulair —————in children. This study
was an open label, single dose, multicenter study to evaluate the safety, tolerability, and
plasma concentration profiles of Montelukast .— in 2 6 months to 24-month old
children. This study compared montelukast plasma concentration profiles and
pharmacokinetic parameters (AUCpop, Cmax, Tmax) obtained from the =26- to <24-
month-old children after administration of a 4-mg dose of the - formulation of
montelukast with historical data in adult subjects after administration of a 10-mg dose of
the FCT of montelukast using a population PK approach. To have a more complete
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picture, this reviewer also analyzed the data generated in the 2 to 5 years olds receiving 4
mg chewable tablet using also a population PK approach.
Subjects (32) received the following treatment in a randomized fashion:

® One pouch of 4-mg to be delivered on | teaspoons of applesauce.

The sponsor used the SAS software to estimate the population PK of the drug.
This reviewer used NONMEM software to reproduce the results submitted in this NDA
Different models were fitted to the adult and children data separately and together.

When all the data was pool together, a 2-compartment model with first order
absorption and elimination was used. The effect of covariates, such as weight and age
were introduced into the basic adult and children model, and was evaluated based on the
change in value of the objective function. Body weight was the only covariant that
affected drug clearance {data not shown).

When data was handle separately, a 1-compartment model with first-order
absorption and elimination best described the concentration-time data generated in
children 6 month to 2 years of age. The analysis was done with the inclusion and
exclusion of subjects 101 and 132 who appear to be outliers. The exclusion of these
subjects did not affect the outcome of the average population PK parameters.

The sponsor used the SAS software to estimate the population PK of the drug.
This reviewer used NONMEM software to reproduce the results submitted in this NDA.
This reviewer fitted the adult and children data separately and together.

When all the data was pool together, a 2-compartment model with first order
absorption and elimination was used. The effects of covariates, such as weight and age
were introduced into the basic adult and children model (pooled data), and were evaluated
based on the change in value of the objective function. Body weight was the only
covariant that affected drug clearance (data not shown).

When data was handle separately, a l-compartment model with first-order
absorption and elimination was used to fit the concentration-time data generated in
children 6 month to 2 years of age. The analysis was done with the inclusion and
exclusion of subjects 101 and 132 who appear to be outliers. The exclusion of these
subjects did not affect the outcome of the average population PK parameters.

A 2-compartment mode] with first order absorption and elimination better
describe the adult data from protocol 034. The adult Cmax was calculated using non-
compartmental methods and the children Cmax was calculated based on the estimates of
ke, ka and Vd. T1/2 has calculated using the estimated rate of elimination.

The effect of covanates, such as weight and age were introduced into the basic
adult and children models. The analysis showed no correlation between clearance (and
therefore, AUC) and volume of distribution and weight or age in the group of children >6
months to < 2 years of age receiving Singulair ——— 4mg. This suggests that the
dosage regimen in this group of children should not be based on weight.

This reviewer used WinNonlin in an attempt to estimate, which would be the most
appropriate dose for this children population in terms of achieving similar exposure as
that obtained in adults. Simulations were done using the estimated average PK parameters
(post-hoc estimates) generated in the population PK analysis (data not shown).
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High variability in exposure (AUC and Cmax) was observed in the children 26
months to < 2 years of age, especially in the =6 months to < ] years of age (Table 6.1 and
Figures 6.1 and 6.2, respectively). Based on simulation studies, a lower dose of Singulair

- : to this population would give similar systemic exposure observed to that in
adults. However, due to the high variability in exposure some children may be at risk for
efficacy considering a target AUC of 1200 ng*hr/mL to 4500 ng*hr/ml.. Therefore, the
medical officer should evaluate the risk (safety) involved in having a 48% higher
exposure in children 26 months to < 1 year of age.

Children =>1y-2y childen >6m-1y  Aduits children 2-5y

Figure 6.1. Box plot for population AUC (AUCpop) following single administration of Singulair ——
4 mg to children 6 months to <2 years of age, single dose of Singulair chewabic tablets to
children 22y to <6 years and single dose of Singulair 10mg film-coated tablets to adult
volunteers. Data calculated by this reviewer using NONMEM. Subjects 101 and 132 excluded
from the 6m-2y old group.

Table 6.1. Point estimates and 90% confidence intervals for the log-transformed Cmax and AUC
comparing different children populations to adults receiving montelukast

Comparison PK parameter Point estimates 90% confidence intervals
Sponsor’s | This reviewer’ Sponsor’s This reviewer’
findings* findings findings** findings

26m to <1 y/adult AUC 135 148.1 102-154 119.3-183.9

Cmax 178.9 141.4.226.4
21y to <2y/adult AUC 118 133.7 97-144 108.7-164.5
Cmax 157.8 125.9-197.3
22y to <6 y/adult AUC 105 103.2 90-122 B4.2-126.5
Cmax 141.8 113.6-176.9

* Cl back calculated from log-transformed scale; **sponsor reported 95% cenfidence intervals
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Figure 6.2 Box plot for population Cmax (Cmaxpop) following single administration of Singulair
= 4 mg to children 6 months to <2 years of age, single dose of Singulair chewable
lablcts to children 22y to <6 years and single dose of Singulair 10mg film-ceated tablets to
adult volunteers. Data calculated by this reviewer using NONMEM. The Cmax adult data was
calculated using non-compartmental methods. Subjects 101 and 132 excluded from the 6m-2y
old group.

CONCLUSIONS

» There is no correlation between Cmax or AUC and weight in the group of children 26
months to < 2 years of age.

e High varability in exposure (AUC and Cmax) was observed in the children 26
months to < 2 years of age, especially in the 26 months to < 1 years of age. A lower
dose of Singulair———-to this population would give a similar systemic exposure
to that in adults. However, due to the high variability in exposure some children may
be at risk for efficacy considering a target of 1200 ng*hr/mL to 4500 ng*hr/mL.
Therefore, the medical officer should evaluate the risk (safety) involved in having a
48% higher exposure in children 26 months to < 1 year of age.

Q7. Was the suitability of the analytical method supported by the submitted
information?

Yes, the sponsor submitted all the appropriate information that supports that the
analytical methods used in ———————- are accurate, precise, sensitive and specific. The

lower limit of sensitivity was —————JTables 7.1 to 7.4 summarized the performance of
the method in each PK study.
APPEARS THIS WAY
ON ORIGINAL
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Table 7.1. Assay performance {in-study validation) for Montelukast (Study P090)

Montelukast
Linezrity Satisfactory: & o —
Accuracy Satisfactory: N
Presicion Satisfactory - ————
Specificity Satisfactory- —

Table 7.2. Assay performance (in-study validation) for montelukast (Study P127)

Montelukast

Linearity Satisfactory:

Accoracy Satisfactory™

Presicion

Satisfactory: ~

Specificity Satisfactory: =

Table 7.3. Assay performance (in-study validation) for montelukast (Study P183)

Montelukast
Linearity Satisfactory:
Accuracy Satisfactory:
Presici
resicion Satisfactory: |

Specificity Satisfactory:

Table 2. Assay performance (in-study validation) for Montelukast (Study P136¢/138)

Montelukast

Linearity Satisfactory . T

Accurzcy Satisfactory:

Presicion Satisfactory:

Specificity Satisfactory:

APPEARS THIS way
ON ORIGINAL
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6.2 INDIVIDUAL REPORTS
s S

“An Open, Randomized, 3-Period, Crossover Study to Determine the Dose
Proportionality of the Montelukast (MK—0476) ———— Formulation in Healthy

Adults”
Study Protocol 127
Study Completion Date (LPO): Oct 30, 1999
Investigator Name/A ffiliation: S—
L ]
Clinical Study Report Date Jul 19, 2001

OBJECTIVE

e To evaluate the plasma concentration profile of 2-, 4-, and 6-mg single oral doses of
the — formulation of montelukast.

e To assess dose proportionality after administration of 2-, 4-, and 6-mg single oral
doses of the ——— formulation of montelukast.

e To evaluate the safety and tolerability of single oral 2-, 4-, and 6-mg doses of the

formulation of montelukast.

SUBJECTS

Sixteen subjects (10 men [age range: 20-45 years] and 6 women [age range: 22-44
years)) met the inclusion criteria and were randomized. All subjects completed the study.
Fifteen (15) subjects were Hispanic and one was black.

STUDY DESIGN AND TREATMENT ADMINISTRATION

This was an open-label, randomized, 3-period, crossover study conducted in healthy
adult volunteers. All fasted subjects each received 3 single-dose treatments of montelukast,
administered in separate periods as determined by a computer-generated random allocation
schedule. Each treatiment was separated by a washout period of at least 96 hours. The test
products were packaged individually for each subject for each treatment as follows:

Treatment A: One vial of 2-mg .. ——
Treatment B: One vial of 4-mg__~ "
Treatment C: One vial of 6-mg : ———

FORMULATION
The following formulations and batch numbers where used in this study.

Table 1. Montelukast formulations used in this study

Test product Potency Formulation Contro} Formulation Number
number

Montelukast 2mg . CA-AG30 MR-4054

Montelukast 4mg CA-A630 MR-3808

Montelukast 6 mg CA-A630 MR-4022
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Table 1a: Composition of Montelukast Sodium oral Graaules, 2, 4 and 6 4 mg

L 2 mg 4-mg 6-mg
ngredient (mg) Chewable Tablet
Formulation number MR-4054 MR-3808 MR-4022
Montelukast sodium :
Mannitol, USP I— . 7
agnesiurn stearate, NF L L -
ackaging vial pouch vial
otal Weight 500 mg 500 mg 500.0 mg

PHARMACOKINETIC MEASUREMENTS
Blood sampling

Blood samples were taken at 0.0 hr (pre-dose) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,
12, 16 and 24 hours after administration of treatments and were for montelukast
concentrations.

Analytical Method
Plasma concentrations of montelukast were determined by HPLC assay procedure
with fluorescence detection.

DATA ANALYSIS
Pharmacokinetic Analysis

The primary pharmacokinetic parameters used for the pairwise compartsons to
evaluate dose proportionality were the dose-adjusted AUCO-inf and Cmax and were
calculated using non-compartmental techniques. Other pharmacokinetic parameters,
included the time of the maximum observed plasma concentration (Tmax)} and the
apparent elimination half-life (t!43).

Statistical Analysis

The pharmacokinetic parameters observed following single 2-, 4-, and 6-mg doses
of the formulation of montelukast were evaluated using an analysis of variance
(ANOVA) model that contained factors for subject, period, and treatment. Carryover
effect was assessed by adding such effect in the ANOVA model.

All pairwise GMRs for the dose-adjusted AUC and Cmax were determined with
corresponding 90% Cls and were compared with the prespecified bounds (0.70, 1.43)
sequentially. Before comparison of the 90% CI of the GMR of the 6-mg and 2-mg doses
could be made to the bounds (0.70, 1.43), both 90% ClIs for the comparisons of the 4-mg
and 2-mg ratio and the 6-mg and 4-mg ratio had to be contained within the (0.70, 1.43)
interval. According to the sponsor, for the .~ formulation to be considered dose
proportional in the 2- to 6-mg range, all 3 ClIs needed to be within the (0.70, 1.43)
- interval.

An additional analysis for assessing dose proportionality was made using the log dose-
unadjusted AUCO-inf Cmax versus dose with a supportive regression line (i.e. log (AUC) = alpha
+ beta*log (dose). According to the sponsor, a slope coefficient consistent with the value of 1.0
would be indicative of dose proportionality over the dose range used in this study.
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SAFETY MEASUREMENTS
Safety was evaluated in this study by monitoring of adverse events, laboratory
safety data, physical examinations, 12-lead ECGs, and vital sign evaluations.

RESULTS

~ Analytical Method Pre-Study Validation

Recovery: Not reported

Limit of Quantitation: Not reported in this submission
Stability: not reported in this submission

Table 2. Assay performance (in-study validation) for montelukast

Montelukast
Linearity Satisfactory: » - 3 ’
Accuracy Satisfactory~—————_ -
Presicion Satisfactory: 7

Specificity Satisfactory; =—

Pharmacokinetic Results

The mean plasma concentration-time profiles for montelukast in healthy adult subjects
receiving a single dose of 2, 4 and mg oral dose of MTL formulations in the fasted state
are shown in Figure ]. Table 1 summarizes the pharmacokinetics of montelukast for these three
treatments. Individual values for the dose-normalized Cmax and AUCO-inf for the treatments are
presented in Figures 2 and 3, respectively.

L}
()

350 4

300-]1
250 | ]' ——MTL:~—— 2mg

-l- —a— ML ——. 4mg

N
8

MIL —— Smg

Plasma concentration {ng.mi

0 T T T T T T T '
D 3 6 9 12 15 18 21 24
Time (hrs)
Figure 1. Mean Montelukast plasma concentration-time profiles following single administration of MTL
2,4 and 6 mg MTL . = to healthy adult volunteers. Bars represent £SD.
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Tabile 3. Mean (1SD) montelukast pharmacokinetic parameters following single administration of MTL
2, 4 and 6 mg-fasted to healthy adult volunteers.

Montelukast formulations

2mg 4 mg 6 mg
PK Parameter
AUCy... {(ng*hr/mL})" 499 (133) 1069 (220) 1529 (312}
Cmax (ng/mL)* 88 (25.3) 164.2 (42.9) 264.7 (72.6)
Tmax (hr)* 1.8 (0.3) 2.8(1.3) 1.8 (0.6)
T1/2® 33 3.7 39
T Anthmetic mean; =~ hatmonic mean
300 .
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Figure 2. Individual Montelukast Cmax values following single administration of MTL =~———2,42and 6
~ mg to healthy adult volunteers. Individual values were dose nonmalized to the 4 mg dose.
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Figure 3. Individual Montelukast AUCO-inf values following single administration of MTL : ————= 2, 4
and 6 mg to healthy adult volunteers. Individual values were dose normalized to the 4 mg dose.
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Table 4. Point estimates and 90% confidence intervals for the log-transformed Cmax and AUCinf comparing the
— doses of 2. 4 and 6 mg

Comparison PK parameter Point estimates 90% confidence intervals
Sponsor’s This reviewer’ Sponsor’s This reviewer’
findings findings findings findings

2mg/dmg Cmax 103 103.3 88-121 88.4-120.7

AUCinf 90 89.9 80-102 79.2-102.01

4 Cmax 107 105.3 91-124 90.1-123.03

6me/drmg AUCinf 96 94.9 84-108 £3.6-107.7

-

Cmax 97 98.1 83-113 83.9-114.6

2mg/6mg AUCinf 94 94.8 83-107 83.5-107.5
DISCUSSION

The results shown in table 4 indicate that the PK parameters, namely Cmax and
AUCO-inf increase proportionally to the dose in the range of 2 to 6 mg in the adult
population. A dose proportional increase has been show previously for the film-coated
tablet of montelukast over the 1- to 50-mg dose range, with only a slight deviation from
linearity noted at 50-mg dose. Thus, the results from the — + formulation in this study
were consistent with the dose proportionality previously descntbed with another
formulation of montelukast.

CONCLUSION
The Cmax and AUCO-inf of the ~——— formulation of montelukast are
proportional to-dose within the 2- to 6-mg dose range.

DISSOLUTION

The dissolution of montelukast sodium oral granu]es 4 mg IS carried out in an
medium containing ~— w/v of the : '
smg USP apparatus I (baskets with 100 mesh) at a speed of 50 rpm The amount of

montelukast sodium released at the prescribed timepoint(s) is determined by HPLC-using

condittons which rapidly and reliably quantitate the levels of active in the dissolution

medium. The HPLC method has been validated for accuracy, injection and method

precision, linearity, selectivity, solution stability and robustness.

Dissolution Parameters
Apparatus: No. 1 (baskets with 100 mesh)
Rotation Speed: 50 rpm

Dissolution Medium: .___________%____
Medium Volume:

ACPEARS THIS way
ON ORIGINAL

———

Medium Temperature: :
Sampling Volume:  +~—
Sampling Time: —m—

Specification: Q=——. in 20 minutes
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The dissolution results for the batches considered in this study are as follows:

Table 1d: Dissolution data for the 2, 4, and 6 mg ———Tormulation of Singulair

Time 2mg 4mg 6mpg

10 min. Mean 97% 73% 94%
Range SR
RSD % 0.1 257 0.9

15 min. Mean 98% 98% 96%
Range

RSD % 5.6 7.7 0.9

20 min. Mean 98% o 99% _97%
Range °
RSD % 5.6 6.6 1.2

30 min. Mean 96% 99% 96%
Range ~0
RSD % 5.5 6.5 1
CONCLUSION

The batches tested meet dissolution specifications.

APPEARS THIS WAY
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A 3-Period, Single-Dose, Crossover Study in Healthy Adult Subjects to Establish
the Bioequivalence of the 4-MG Tablet And ————= Formulations of Montelukast,
and to Evaluate the Effect of Food on the Pharmacokinetics of the
Formulation”

Study Protocol 183

Study Initiation Date (FPI): Jun 03, 2000

Study Completion Date (LPO): Jul 7, 2000

Investigator Name/Affiliation: [: ':j
Clinical Study Report Date Aug 20, 2001

OBJECTIVE

e To demonstrate the bioequivalence (as determined by the AUCO-inf of montelukast)
of the chewable tablet (Formulation I} and —~——— (Formulation II} formulations
(fasted) of montelukast.

* To compare the montelukast Cmax of the chewable tablet and
(fasted) of montelukast.

¢ To evaluate the montelukast half-life AUCO-inf, Cmax, time of maximum observed
plasma concentration (Tmax), and t} obtained after administration of the chewable
tablet and —— formulations {fasted) of montelukast.

e To evaluate the plasma concentration profiles of the :—— formulation of
montelukast when administered with and without food.

e To assess the general safety and tolerability of montelukast chewable tablet and

———formulations.

formulations

SUBJECTS

Thirty one subjects (20 men [age range: 19-43 years] and 11 women [age range:
21-44 years]) met the inclusion criteria and were randomized. All subjects completed the
study. Twenty-two (22) subjects were white, six were black and three were Hispanic.

STUDY DESIGN AND TREATMENT ADMINISTRATION

This was an open-label, randomized, balanced, 3-period, crossover study
conducted in healthy adult volunteers. Subjects were randomized to receive the following
treatments:

Treatment A: single 4-mg dose of the chewable tablet in the fasted state

Treatment B: a single 4-mg dose of the - formulation in the fasted state
Treatment C: a single 4-mg dose of the —— formulation after consumption of a
high-fat breakfast. '

All fasted subjects received each of 3 single-dose treatments of montelukast,
administered in separate periods as determined by a computer-generated random allocation
schedule. Each treatment was separated by a washout period of at least 96 hours. Each ingestion
of the appropriate test product was followed by 250 mL of water. The subject consumed a high-



( fat breakfast consisting of the following: 2 large fried eggs, 1 slice of toasted white bread with 2
- pats of butter, 2 strips of bacon, 240 cc of whole milk, and 4 oz. hash brown potatoes. The
breakfast was consumed within 20 minutes.

FORMULATION
The following formulations and batch numbers where used in this study.

Table 1. Montelukast formulation used in this study

Test product Potency Formulation Batch number  Formulation Number
Montejukast 4mg e — CA-AR70 MR-4218
Montelukast 4 mg Chewable tablet CA-A870 MR-4279

Table 1a. Market Composition, Montelukast Sodium oral Granules, 4-mgand 4mg chewable tablets
4-mg 4-mg
I]_I_lgredieﬂ(m_gl Chewable Tablet

Momeluk_ast sodium i
]

Mannitol, USP ; o F

Microcrystalline cellulose, NF i
Hydroxypropyl cellulose, NF
ed Ferric Oxide, NF

PR " -
( . Cherry flavor
; Aspartame, NF J

agnesium stearate, NF
otal Weight 240.0 mg 1 500.0mg

PHARMACOKINETIC MEASUREMENTS
Blood sampling

Blood samples were taken at 0.0 hr {pre-dose) and at 0.5, 1, 1:5, 2, 3, 4, 6, §, 10,
12, 16 and 24 hours after administration of treatmenis and were for montelikast
concentrations.

Analytical Method
Plasma concentrations of montelukast were determined by HPLC-assay procedure

with fluorescence detection.

DATA ANALYSIS
Pharmacokinetic Analysis

The major pharmacokinetic parameters such as Cmax, AUCop.. and Tmax were
derived after single dose administration using non-compartmental methods.

APPEARS THIS WAY 45
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Statistical Analysis

Bioequivalence of the chewable tablet and the - formulation was
demonstrated by comparing the 90% confidence intervals (Cls) of the GMRs for AUCO-
inf and Cmax against an interval of (0.80, 1.25) identified to establish bioequivalence.

Summary statistics were calculated and the p-values from the analysis of variance
(ANOVA) were also compared. The Tmax and ti/2 were evaluated by obtaining
summary statistics and the p-values from the ANOVA model.

To assess the effect of food, plasma concentration profiles of the —
formulation when administered with and without food were evaluated. Additionally 90%
Cls of the GMRs for AUCO-inf and Cmax were computed, although it was not
hypothesized that these would conform to the boundaries for bioequivalence.

SAFETY MEASUREMENTS
Safety was evaluated in this study by monitoring of adverse events, laboratory
safety data, physical examinations, 12-lead ECGs, and vital sign evaluations.

RESULTS
Analytical Method Pre-Study Validation
Recovery: Not included in this submission

Limit of Quantitation: Not mentioned in this submission
Stability: Not included in this submission

Table 2, Assay performance (in-study validation) for montelukast

Montelukast

Linearity Satisfactory:

Accuracy Satisfactory:

Presicion

Satisfactory—

Specificity Satisfactory———"—————__

Pharmacokinetic Results

The mean plasma concentration-time profiles for montelukast in healthy adult subjects
receiving a single 4-mg oral dose of chewable tablet and formulations of
montelukast in the fasted state and with a high fat meal are shown in Figure 1. Table 1
summarizes the pharmacokinetics of montelukast for these three treatments. Individual values of
Cmax and AUCO-inf for the treatments are presented in Figures 2 and 3, respectively.

APPEARS THIS wAY
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Figure 1. Mean Montelukast plasma concentration-time profiles following single administration of MTL
4 mg-fasted, MTL ———— 4 mg with a high fat meal and MTL chewable tablets-
fasted 4 mg to healthy adult volunteers. Bars represent £SD.

Table 3, Mean (£SD) montelukast pharmacokinetic parameters following single admenistration of MTL
' 4 mg-fasted, MTL ——— 4 mg with applesauce-fasted and MTL chewable tablets-
fasted 4 mg to healthy adult volunteers.

Montelukast formulations
Montelukast as MTL as MTL as

PK Parameter Tablet {fasted) - (fasted) ~———{high fat)
AUC, - (ng*hr/mL} 1271%416 12061391 12471404
Cmax (ng/mL}) 199159 18458 115124

Tmax (hr) 2.5%1.1 23410 6.412.9

TI2? 39 4 4.1

Harmonic mean

MTL - /fasted MTL ‘7,. +high fat MTL CW/fasted

Figure 2. Individual montelukast Cmax values follow..g single administration of MTL ——4 mg-
fasted (MTL !~ MTL ~————4 mg with a high fat meal (MTL = -high fat) and MTL
chewable tablets-fasted 4 mg (MTL CW) to healthy aduit volunteers.
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Figure 3. Individual montelukast AUCO-inf values following single administration of MTL ~——:4 mg-
fasted MTL~—_ , MTL — 4 mg with applesauce-fasted (MTL ~~ AS)and MTL chewable
tablets-fasted 4 mg (MTL CW) to healthy adult volunteers.

Table 6. Point estimates and 90% confidence intervals for the log-transformed Cmax and AUCinf comparing the
with and without a high fat meal and the ———~w- and the chewable tablet

Comparison PK parameter Point estimates 90% confidence intervals
Sponsor’s This Sponsot’s | This reviewet’s
findings reviewer’s findings findings
findings _

MTL " MTL AUCinf 0.95 0.985 0.91-0.99 0.936-1.035
Chewable tablet Cmax 0.92 0.92 0.84-1.01 0.837-1.01
MTL AUCinf 1.04 1.04 099-1.09 0.987-1.09

- . Cmax 0.64 0.65 0.59-0.71 0.59-0.71
fastedMTL el ma
with high fat meal

DISCUSSION

The effect of food on the BA of Montelukast delivered from the film-coated tablet
and chewable formulations has been studied in the past. While food did not effect Cmax
and AUC for the film coated formulation, it did have similar effect as the one observed in
the present case for the — formulation. Food decreased Cmax 488 ng/mL +66
(fasting ) to 256 ng/mL 182 (fed) and decreased Fgs from 73% (fasting) to 63% (fed)
(data from NDA 20-830 submitted on 02/24/97). Although the effect of food on the
Cmax of the chewable formulation was statistically significant, it was decided that this
effect was not clinically relevant (clinical trial conducted without regards to meals or
timing of food ingestion did not show any safety of efficacy concerns) and therefore, the
finding were not reflected in the label

CONCLUSION
e The Singulair .——=— formulation is equivalent to the Singulair chewable
formulation.

¢ Food did not affect the AUC of montelukast delivered from the ——— : formulation,
however food did decrease Cmax by 35% and change Tmax from 2.3 hrs to 6.4 hrs.
The effect of food on the Cmax of the Singulair formulation might be
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clinically irrelevant.

DISSOLUTION

The dissolution of montelukast sodium oral granules, 4 mg is carried out in an
~; medium containing: w/v of the -
using USP apparatus 1 (baskets with 100 mesh) at a speed of 50 ypm. The amount of
montelukast sodium released at the prescribed timepoint(s) is determined by HPLC using
conditions, which rapidly and reliably quantitate the levels of active in the dissolution
medium. The HPLC method has been validated for accuracy, injection and method
precision, linearity, selectivity, solution stability and robustness.

Dissolution Parameters

Apparatus: No. 1 (baskets with 100 mesh)
Rotation Speed: 50 rpm

Dissolution Medium: = —————v—

Medium Volume: ———

Medium Temperature:
Sampling Volume: T
Sampling Time:

Specification: Q=——in 20 minutes

APPEARS THIS WAY
ON ORIGINAL
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The following table shows the results of the dissolution test for the batch used in this PK
study. The product meet dissolution specifications.

Table 1d. Dissolation data for Singulair : formutation batch number MR-4218

10mun 15mun 20min 30min

111

TTTTTT

prerrperprrre et e iR

_|[: -
Mean Mcan Mean ~ Mean
102 102 102 102
APPEARS THIS way
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“An Open, Randomized, 3-Period, Crossover Study to Determine the Bioequivalence

of the Chewable and. 77— Formulations of Montelukast (MK-0476) in Healthy
Adult Volunteers
Study Protocol 090
Study Initiation Date (FPI): 26-Mar-1999
Study Completion Date {(LPQ): 22-Apr-1999 '
Investigator Name/Affiliation; : ——
Clinical Study Report Date 12-Apr-2001
OBJECTIVE

» To demonstrate bioequivalence between the ———: and chewable formulations of
montelukast in the fasted state.

¢ To compare the plasma concentration profiles of the montelukast
when given with and without applesauce in the fasted state.

e To evaluate the tolerability of single oral doses of montelukast given as a ———~
formulation.

- formulation

SUBJECTS

Twenty-four subjects (9 men [age range: 24 to 43 years] and 15 women [age
range:27 to 44 years]) met the inclusion criteria and were randomized. All subjects
completed the study. Twenty-two (22) subjects were Hispanic one was white and one was
black.

STUDY DESIGN AND TREATMENT ADMINISTRATION

This was an open-label, randomized, balanced, 3-period, crossover study
conducted in healthy adult volunteers. Subjects were randomized to receive the following
treatments:

One pouch of 4-mg —— /Treatment A)
One pouch of 4-mg ———— to be delivered on 2 teaspoons of applesauce (Treatment
B)

® One 4-mg CT (Treatment C)

All fasted subjects received each of 3 single-dose treatments of montelukast,
administered in separate periods as determined by a computer-generated random
allocation schedule. Each treatment was separated by a washout period of at least 96
hours. Each ingestion of the appropriate test product was followed by 250 mL of water.

FORMULATION
The following formulations and batch numbers where used in this study.
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Table 1. Montelukast formulation used in this study

Test product Potency Formulation Control Formulation Number
number

Montelukast 4 mg .‘-_—--;—'Jpouch WP-E431 MR-3808

Montelukast 4mg Chewable tablet WP-E432 MR-377%

PHARMACOKINETIC MEASUREMENTS
Blood sampling

Blood samples were taken at 0.0 hr (pre-dose) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,
12 and 16 hours after administration of treatments and were for montelukast
concentrations.

Analytical Method
Plasma concentrations of montelukast were determined by HPLC assay procedure
with fluorescence detection.

DATA ANALYSIS
Pharmacokinetic Analysis

The major pharmacokinetic parameters such as Cmax, AUCy_,.. and Tmax were
denved after single dose administration using non-compartmental methods.

Statistical Analysis

The oral montelukast pharmacokinetic parameters (AUC(0-inf), Cmax, Tmax, and
t'4) were analyzed using an ANOVA mode! appropnate for a 3-period crossover design
containing factors for subject, period, and treatment.

Within-subject coefficients of variation (CVs) and between-treatment p-values
were also obtained from this ANOVA model.

For AUC(0-inf) and Cmax, the GMRs of montelukast 4-mg — “to CT and
4-mg -~ + applesauce to 4-mg and the corresponding 90% Cls for the
GMRs were also calculated. Each CI was first computed on the difference between the
treatments on the natura} log scale using the t-distribution and mean square error from the
ANOVA model. The upper and lower limits were then exponentiated to obtain the CI for
the GMR for AUC(0-inf) and Cmax.

For AUC(0-inf) and Cmax, the 90% ClI for the ratio between the montelukast
and CT was then compared with the prespecified intérval of (0.80, 1.25). For
the secondary comparison of montelukast 4-mg — + applesauce to 4-mg ~
the 90% CI for GMR of AUC(0-inf) was compared with the prespecified interval of (0.5,
2.0).

The rank transformation was applied to Tmax. The inverse transformation was
applied to t'4. Appropriate summary statistics for each pharmacokinetic parameter
(presented in the original scale) were also calculated.

SAFETY MEASUREMENTS
Safety was evaluated in this study by monitoring of adverse events, laboratory
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safety data, physical examinations, 12-lead ECGs, and vital sign evaluations.

RESULTS

Analytical Method Pre-Study Validation

Recovery: Not included in this submission

Limit of Quantitation: Not included in this submission
Stability: Not included in this submission

Table 2. Assay performance (in-study validation) for Montelukast

Montelukast
Linearity Satisfactory:
Accuracy Satisfaciory:
Presicion Satisfactory” -

Specificity Satisfactory

Pharmacokinetic Results

The mean plasma concentration-time profiles for montejukast in healthy adult subjects
receiving a single 4-mg oral dose of chewable tablet and — formulations of montelukast in
the fasted state and with applesauce are shown in Figure 1. Table 3 summarizes the
pharmacokinetics of montelukast for these three treatments. Individual values of Cmax, AUCO-
inf and Tmax for the treatments are presented in Figures 2,3 and 4, respectively. Table 4 shows
the 90% confidence intervals applied to the geometric mean ratio of the PK parameters.

250 1
'|' ——MTL "
200 7 fasted
—— MTL ——". with
150 applesauce
MTL Chewtables-
fasted
100 1

0"_1— T T ™ T 7 T

0 3 6 9 12 15 18 21 24
Time (hrs)

Plasma concentration (ng.mL)

Figure 1. Mean Montelukast plasma concentration-time profiles following single administration of MTL
4 mg-fasted, MTL ——— 4 mg with applesauce-fasted and MTL chewable tablets-
fasted 4 mg to healthy adult volunteers. Bars represent £5D.
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Table 3. Mean (£SD) montelukast pharmacokinetic parameters following single administration of MTL
-4 mg-fasted, MTL ~——_ 4 mg with applesauce-fasted and MTL chewable tablets-
fasied 4 mg to healthy aduit volunteers.

Montelukast formulations
Montelukast as MTL as MTL as

PK Parameter —— (fasted} - with applesauce  Chewable tablets
AUCo. (ng*hr/mL) 12634313 13031408 1274£393
Cmax (ng/mL) 205+50.7 195+63.7 21564 4
Tmax (hr) 2,111 34412 2.240.8
T1.2° 4.11 - - 4.06

" Harmonic mean

Figure 2. Individual montelukast Cmax values following single administration of MTL 4 mg-

300 7
250 1 —_—
200 1
150 -

100 1

Cmax {(ng/mL}

50-

0 ; . .
MTL — MTL +AS MTL CW

fasted (MTL = , MTL p~———., 4 mg with applesauce-fasted (MTL * +AS) and MTL
chewable tablets-fasted 4 mg (MTL CW) to healthy adult volunteers.

2500 -
2000 -

1500 - _
1274.67

1000

500 -

AUCO-inf (ng*hr/mL)

MTL -~ ML~ -AS MTL CW

Figure 3. Individual montelukast AUCO-inf values following single administration of MTL —————4 mg-
fasted (MTL = , MTL ——4 mg with applesauce-fasted (MTL -— +AS) and MTL
chewable tablets-fasted 4 mg (MTL CW) to healthy adult volunteers.
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Figure 4. Individual montelukast Tmax values following singie administration of MTL
and MTL_______ 4 mg with applesauce-fasted (MTL— -AS) to healthy

fasted (MTL —
adult volunteers.

MTL =~

MTL — ‘AS

4 mg-

Table 4. Point estimates and 90% confidence intervals for the log-ransforined Cmax and Acing comparing the

—— -with and without applesauce and the g=————: and the chewable tablet

with applesauce

Comparison PK parameter Point estimates #0% confidence intervals
Sponsor’s This Sponsor’s This reviewer
findings reviewer® findings findings

j findings

MTL - MTL Acing 1.01 1.01 0.92-1.1} 0.92-1.109

Chewable tablet Cmax 0.99 0.986 0.86-1.13 0.856-1.13

MTL Acing 1.0 1.00 0.92-1.1 0.90-1.097

Cmax 0.92 0.919 0.80-1.06 0.798-1.058
fastedMTL ——

CONCLUSION
e The Singulair

formulation (4mg CW 1ablet).
e Applesauce did not affect the bioavailability of montelukast delivered from the
Singulair ~——formulation.

APPEARS THIS WAY

ON ORIGINAL

formulation was bioequivalent to the Singulair chewable
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DISSOLUTION
The dissolution of montelukast sodium oral granules, 4 mg, 1s carried out in an
- medium containing — w/v of the

using USP apparatus I (baskets with 100 mesh) at a speed of 50 rpm. The amount of
montelukast sodium released at the prescribed timepoint(s) is determined by HPLC using
conditions, which rapidly and reliably quantitate the levels of active in the dissolution
medium. The HPLC method has been validated for accuracy, injection and method
precision, lineanty, selectivity, solution stability and robustness.

Dissolution Parameters ‘
Apparatus: No. 1 (baskets with 100 mesh)
Rotation Speed: 50 rpm -

Dissolution Medivm: "————

Medium Volume:

Medium Temperature:
Sampling Volume: ——-
Sampling Time: ———

Specification: Q=— in 20 minutes
Table below shows the result of the dissolution data gathered from the T——
batch used in this study. These data shows that this batch of ————-meets dissolution

specifications.

Table DI. Dissolution data from Singulair =—— . batch humber MR-3808

Iﬂ'.n'un lS_l{nn 20 mun 30_min
- 1 :'_?_:l
= 2
Mcan M_c_an Mecan Mean
73 98 99 99
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AN OPEN, SINGLE-DOSE, MULTICENTER STUDY TO EVALUATE THE
SAFETY, TOLERABILITY, AND PLASMA CONCENTRATION PROFILES OF

MONTELUKAST IN 6- TO 24-MONTH-OLD CHILDREN”
Study Protocol 136/138
Study Initiation Date (FPI): Jan 17, 2000
Study Completion Date (LPO): May 25, 2001
Investigator Name/Affiliation: Multicenter study
Clinical Study Report Date Aug 17,2001
OBJECTIVE

 To evaluate and compare montelukast plasma concentration profiles and
pharmacokinetic parameters (AUCpop, Cmax, Tmax, estimated C24hrr, and apparent
elimination t%) obtained from 26- to <l2-month-, 212- to <24-month-, and 26- to
<24-month-old children after administration of a 4-mg dose of the —
formulation of montelukast with historical data in adult subjects after administration
of a 10-mg dose of the FCT of montelukast.

» To evaluate and compare montelukast plasma concentration profiles and
pharmacokinetic parameters (AUCpop, Cmax, Tmax, esttmated C24hr, and apparent
elimination t'4) between 26- to <l12-month-, 212- to <24-month-, and 26- to <24-
month-old children after administration of a 4-mg dose of the formulation of
montelukast.

e To evaluate the safety and tolerability of a 4-mg (and/or either a 2-mg or 6-mg) dose
of the formulation of montelukast in =6- to <24-month-old children.

SUBJECTS

The demographic characteristics and patient accounting for this study is described
in the tables below. A total of 26 patients were evaluable for pharmacokinetic analysis.
Out of the 32 who received the test product, 1 did not completely consume the dose, 1
vomited shortly after test product administration, 2 did not have their 12-hour blood
samples obtained and 2 were excluded due to modeling limitations.

Age-Snecific G
26 Momths 1o <] Year 2110« Years

PATIENTS:
ENTERED. Total 14 18
Male (age range, months) Q(6toll) 5(171023)
Femalk 1age range. months) 5(81011) 13 (1210 22)
COMPLETED. 13 17
DISCONTINTED. Toual 1 1
Clinical adveaar experience 1 0
Laboratory asdverse ¢xponence 0 o
Octier ] 1’

The patiew was jost to follow-ap bun completad the pharmacokinetic sampling and was included in
the pharmacokinetic and safety anatvess. expept for the postsrady gafety evalustion,

wtST POSSIBLE COPY
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STUDY DESIGN AND TREATMENT ADMINISTRATION

This was a multicenter, open-label, single-dose study in 26-month- to <2-year-old
patients. A single 4-mg dose of the = formulation of montelukast was administered
to each patient with 1 tablespoon of applesauce. Subjects received the following
treatments in a randomized fashion:

e One pouch of 4-mg - to be delivered on 1 teaspoons of applesauce

Patients were allowed to consume clear apple juice approximately 1 hour prior to
administration of test product. Water was consumed ad libitum. There were no food
restrictions other than ensuring that meals did not interfere with clinical procedures.

FORMULATION
The following formulations and batch numbers where used in this study.
Table 1. Montelukast formulation used in this study

Test product  Potency Formutation Contro! number Formulation
Number
Montelukast 4mg ————/pouch CA-A678, . CA- MR-3308
A704B, CA-A704,
CA-AT04D
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PHARMACOKINETIC MEASUREMENTS

Blood sampling

Blood samples for pharmacokinetic analysis were obtained up to 24 hours after
drug administration according to 1 of 2 possible fixed, 4-time point sampling schedules
(Schedule A or B, Table below). The sampling schedule used in this study was selected
based on a more extensive (13-time point) sampling schedule employed after
administration of a single 4-mg dose of the -~——— formulation of montelukast in adult
subjects (Protocol 090; N=24).

Number
Treamem Test Product Dose of Doees Blood Sampling Tunes
T formwlation of 1 0 tpradose) and 2.5, 5, and 12 hours postdese
| “montelukas, 4 mg
B ———r——{prmulatico of 1 { (predose} znd 3. &, and 24 hours postdose
| momelukaw, 4 me

Analytical Method
Plasma concentrations of montelukast were determined by HPLC assay procedure
with fluorescence detection.

DATA ANALYSIS
Pharmacokinetic Analysis

The primary pharmacokinetic parameters of montelukast evaluated in this study
were determined by population analysis and included the estimates: area under the
concentration-time curve (AUCpop), Cmax, Tmax and t'2. The sponsor estimated all PK
parameters using a nonlinear mixed-effects model except for t'2, where 2 linear mixed-
effects model was used. A l-compartment model with first-order absorption and
elimination was used to fit the concentration-time data, with the log clearance parameter
and log elimination rate constant constraints assumed to be randomly distributed around a
population mean.

REVIEWER’S REMARKS

The sponsor used the SAS software to estimate the population PK of the
drug. This reviewer used NONMEM software to reproduce the results submitted in this
NDA. This reviewer fitted the adult and children data separately and together.

When all the data was pool together, a 2-compartment model with first order
absorption and elimination was used. The effect of covariates, such as weight and age
were introduced into the basic adult and children model, and was evaluated based on the
change in value of the objective function. Body weight was the only covariant that
affected drug clearance (data not shown).

When data was handle separately, a i-compartment model with first-order
absorption and elimination was used to fit the concentration-time data generated in
children 6 month to 2 years of age. The analysis was done with the inclusion and

‘exclusion of subjects 101 and 132 who appear to be outliers. The exclusion of these

subjects did not affect the outcome of the average population PK parameters.

BEST POSSIBLE COPY =



The sponsor used the SAS software to estimate the population PK of the drug.
This reviewer used NONMEM software to reproduce the results submitted in this NDA.
Different model were fitted to the adult and children data separately and together.

When all the data was pool together, a 2-compartment model with first order
absorption and elimination was used. The effect of covariates, such as weight and age
were introduced into the basic adult and children model (pooled data), and was evaluated
based on the change in value of the objective function. Body weight was the only
covariant that affected drug clearance {data not shown).

When data was handle separately, a I-compartment model with first-order
absorption and elimination best described the concentration-time data generated in
children 6 month to 2 years of age. The analy®s was done with the inclusion and
exclusion of subjects 101 and 132 who appear to be outliers. The exclusion of these
subjects did not affect the outcome of the average population PK parameters.

A 2-compartment model with first order absorption and elimination better
described the adult data from protocol 034. The aduit Cmax was calculated using non-
compartmental methods and the children Cmax was calculated based on the estimates of
ke, ka and Vd. T1/2 has calculated using the estimated rate of elimnation.

The effect of covariates, such as weight and age were introduced into the basic
adult and children models. The analysis showed no comrelation between Cmax or AUC
and weight in the group of children 26 months to < 2 years of age receiving Singulair
> 4mg (Figure 6.1). This suggests that the dosage regimen in this group of
children should not be based on weight.

This reviewer used WinNonlin in an attempt to estimate, which would be the most
appropriate dose for this children population in terms of achieving similar exposure as
that obtained in adults. Simulations were done using the estimated average PK parameters
generated in the population PK analysis (data not shown).

STATISTICAL ANALYSIS

The AUCpop was computed based on the population means of the above
parameters and was compared with adult historical data analyzed similarly (Protocol 034,
10-mg FCT in adults). Since an interim analysis was provided, all confidence intervals
(Cls) for the AUCpop ratios were calculated at a conservative 95% level of confidence,
instead of at a 90% level. The 95% CI for the AUCpop ratio (pediatric/adult) was
evaluated against the prespecified comparability bounds of (0.50, 2.00). Summary
statistics were provided for all other parameters. Analyses for the age-specific subgroups
were also performed.

SAFETY MEASUREMENTS
Safety was evaluated in this study by monitoring of adverse events, laboratory
safety data, physical examinations, 12-lead ECGs, and vital sign evaluations.

RESULTS

Analytical Method Pre-Study Validation
Recovery: Not included in this submission
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Limit of Quantitation: Not included in this submission
Stability: Not included in this submission

Table 2. Assav performance {in-study validation) for Montelukast

Montelukast

Linearity Satisfactory:

Accuracy Satisfactory:

Presicion

Satisfactory:

Specificity Satisfactory:

-
Pharmacokinetic Results

The individual observed and predicted plasma concentration-time profiles for
montelukast in children 2 6month to < 2 years of age receiving a single 4-tng oral dose of
the MTL — formulation are shown in Figure 1. Figures 2 and 3 show the
relationship between AUCpop and weight and between WRES and Predicted
concentration, respectively for this children population. For the adult population this
relationships are shown if Figures 4 and 5.

Table 3 summarizes the finding for the model building procedure in the children
and adult populations. This table shows that neither the adult clearance nor the children
clearance is affected by covarniates such as age and weight factors.

Table 4 summarizes the mean population pharmacokinetic parameters calculated
based on individual estimations of ka, ke, CL and Vd values using NONMEM. Likewise
Table 5 shows the population PK parameters calculated by the sponsor. Table 6 shows the
90% confidence intervals applied to the log-transformed Cmax and AUC comparing
different children populations to adults receiving montelukast.
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Figure 1. Individual Montelukast plasma concentration-time profiles folowing single administration of
MTL ———— 4 mg to asthmatic children 26 months to 2 years of age.
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Figure 2. Individual! AUC vs. WT in children receiving single dose of Montelukast .~ : 4 mg. Ages |
comrespond to children 26 months < 1 year and ages 2 correspond to children 2 1 years to <2 years of age.
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Figure 4. Individual Montelukast plasma concentration-time profiles following single administration of
MTL film-coated tablets 10 mg to healthy adult volunteers. Data was fitted to a 2-compartment
model with first order absorption and elimination. Data from protoco} 034.
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single administration of MTL film-coated tablets 10 mg to heaithy adult volunteers. Data was
fitted to a 2-compartment mode! with first order absorption and elimination. Data from protocol

034.
Table 3. Model building results
Children data
Model OBF A OBF KEEFP
Basic 1CBM 734.185 . Yes
Basic :CL+WT 734.1¢ 0 NO
Basic:CL+AGE 734.084 0.101 NO
Adult data
Basic 2CBM 120145 YES
Basic:CL+WT 1201.3 0.15 NO
Basic:CL+AGE 1201.35 0.1 NO

Table 4. Mean montelukast population pharmacokinetic parameters following single administration of
Singulair 4 mg in children 6 months to <2 years of age, single dose of Singulair
chewablie tablets to children 22y to <6 years an single dose of Singulair 10mg film-coated tablets
to adult volunteers. Data calculated by this reviewer using NONMEM.

Montelukast formulations: .——— chewable tablets, film-coated tablets

Children Children Children Children Adults
PK Parameter 26m to <ly 2lyto<2y 26mto <2y 22yto <6y
AUC,, (ng*hr/mL)" 4298245421  4060.4+401.9 3907 £286.4 2761.11200.7% 2644.8+154.1
Cmax,, {ng/mL)’ 666.6277.9 56194474 61021444 504.4446.1* 352.642553%
CLgop (mY/min)* 20.4744.1 19.59£1.33  19.96+1.86  257+1.58* 66.7£18.75
Tmax (hr)® 1.540.2 1.5240.16 1.5140.18 1.8120.78 3.87+1.36%*
T1/2° 3.39+1.5 3.3740.97 - 3.38+].22 2.36+0.9 1.94+0.33°

“mean = SE; "meanzSD; *Data estimated using NONMEM from protocol no. 066; **calculated using non-
coxilpamnenlal methods; “based on 2CBM parameters .
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Table 5. Mean montelukast population pharmacokinetic parameters following single administration of
Singulair 4 mg in children 6 months to <2 years of age, single dose of Singulair
chewable tablets to children 22y to <6 years an single dose of Singulair 10mg film-coated tablets
to adult volunteers. Data calculated by sponsor

Montelukast formulations: chewable tablets, film-coated tablets

Children Childrer Children Children Adults
PK Parametfer 26m to <ly 2lyto <2y 26mto <2y 22yto <6y
AUC,,, (ng*hr/mL)* 3470.9+4993 3039342125 3226.64250 2721%164.4  2595%164.5
Cmax (ng/mL)* 583 5t84.8 470.1£40.7  514.4+43.1  47101%65.3 28372543
CLop (ml/min)® 19.2+2.8 21.9¢1.5 20.7¢1.6 - 64,9442
Tmax (hr)® 2.0740.28 23410.14  2.24#0.14 2.0740.3 3.39+0.2
TI12® 3.2410.36 3.48+0.2 3.3910.2 3.1710.2 4.0910.17

2 mean + SE; “meantSD

Table 6. Point estimates and 90% confidence intervals for the log-transformed Cmax and AUC comparing
different children populations to adults receiving montelukast

Cemparison PK parameter Point estimates 90% confidence intervals
Sponsor’s | This reviewer’ Sponsor’s This reviewer’
findings* findings findings* findings

>6m to <1 y/adult AUC 135 148.1 102-154 119.3-183.9

Cmax 178.9 141.4.226 4
21y to <2y/adult AuC 118 133.7 97-144 108.7-164.5
Cmax 157.8 125.9-197.3
22y to <6 y/adult AUC 105 103.2 90-122 84.2-126.5
Cmax 141.8 113.6-176 8

*sponsor reported 95% confidence intervals

Figures 6, 7 and 8 are box plots for the population CL, AUC and Cmax, respective
for children 6 months to <5 years of age and adult volunteers. These parameters were
calculated based on individual estimation of PK parameters calculated using a population
PK approach. The adult Cmax individual values for calculated using non-compartmental
methods.
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Figure 6. Box plot for population clearances (CL)

following single administration of Singulair -————

4 mg in children 6 months to <2 years of age, single dose

of Singulair chewable tablets to children 22y to <6 years

an single dose of Singulair 10mg film-coated tablets to adult
volunteers. Data calculated by this reviewer using

NONMEM. Subjects 101 and 132 excluded from the 6m-2y old
Group.
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to adult volunteers. Data calculated by this reviewer using NONMEM.
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Subjects 101 and 132 excluded from the 6m-2y old Group.
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DISCUSSION

As observed in Tables 3 and 4 the estimated average population PK parameters
calculated by this reviewer for the adults and 2- to 5 years olds are in agreement with the
values reported by the sponsor. However, the calculated values by this reviewer for Cmax
and AUC for children 6 months to <2 years of age are much higher than the ones reported
by the sponsor. This discrepancy might be due to a difference in the procedure for
calculating these parameters. This reviewer calculated the average population PK
parameters based on the estimation of individual values. The sponsor’s approach was to
calculate the average population clearances and AUC based on average estimated
population parameters. This speculation is supported by simulation done using the
average estimated population PK parameters calculated by this reviewers, which showed
similar values than those reported by the sponsor (data not shown).

As shown in Table 5 and Figures 7 and 8, the variability in the data for the 2 years
to <6 year olds and adults is similar, indicating similar safety and efficacy. However,
AUC and Cmax values for the 6 month to <2 year olds, especially the 6month to <1 year
of age are highly variable. AUC values range from 1200 ng*hr/mL to 7153 ng*hr/mL and
the mean value was 48% higher than the observed in adults. Cmax ranges from 465.1 to
1057.8 ng/ml and the mean value increase by 79% compared to adults. Higher variability
in Cmax values compared to variability in AUC values has been observed in the already
approved formulation for children 2 to <6 years of age whose Cmax was 42% higher
compare to that observed in adults. There might be several reasons for this vanability in
the younger children population. One can speculate that it might be due to differences in
metabolic clearance, extend of absorption, compliance, etc.

The systemic exposure in the 2 1 year to <2 year olds is less variable, but still
higher compared to the one in adults. The mean AUC was 34% higher and mean Cmax
was 58% higher that those observed in adults.

Simulations were done by this reviewer considering the estimated average PK
parameters generatéd in the population PK analysis using WinNonlin in an attempt to
estimate which would be the most appropriate dose for this children population in terms
of achieving similar exposure (AUC) as that obtained in adults. It was found that 3.5-mg
better compares with the AUC obtained for the adult population. However, one should
keep in mind that this simulations were done considering average PK parameters which
means that those patients who had a exposure of 1200 ng*hr/ml receiving 4 mg may be at
risk of efficacy assuming a target exposure of efficacy between 1200 to 4500 ng*hr/mL as
reported by the sponsor.

It is clear from Table 5 that the exposure in the 1-2 year olds, especially the one in
the 6 months to <2 years, is significantly different that the one observed in adults. How
clinical relevant are these differences in exposure needs to be evaluated by the medical
reviewer.

CONCLUSION

¢ It seems that clearance and therefore AUC are not correlated with weight in the group
of children 26 months to < 2 years of age.

e High varability in exposure (AUC and Cmax) was observed in the children 26
months to < 2 years of age, especially in the 26 months to < ] years of age. A lower
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dose of Singulair ————to this population would give more comparable average
systemic exposure to that in adults. However, due to the high variability in exposure
some children may be at risk for efficacy considering a target of 1200 ng*hr/mL to
4500 ng*hr/mL. Therefore, the medical officer should evaluate the risk (safety)
involved in having a 48% higher exposure in children 26 months to < | year of age.

DISSOLUTION

The dissolution of montelukast sodium oral granules, 4 mg is carried out in an
medium containing ———w/v of the :
' usmg USP apparatus I (baskets with 100 mesh) at a speed of “‘“_""fhe amount of
montelukast sodium released at the prescribed timepoint(s) is determined by HPLC using
conditions, which rapidly and reliably quantitate th® leveis of active in the dissolution
medium. The HPLC method has been validated for accuracy, injection and method
precision, linearity, selectivity, solution stability and robustness.

Dissolution Parameters
Apparatis: No. 1 (baskets with 100 mesh)
Rotation Speed: 50 rpm

Dissolution Medium:
Medium Volume:
Medium Temperature:

Sampling Volume: ———
Sampling Time:

Specification: Q=—in 20 minutes

Table below shows the result of the dissolution data gathered from the
batch used in this study. These data shows that this batch of — meets dissolution
specifications.

Table D1. Dissolution data from Singulair —____ batch number MR-3808

{ 10mn | 15min | 20 min | 30 mun j
-

Mean Mean Mean Meaan
73 Ok 99 09
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Info-manon About the Submivaon

Information Information
NDA Number 21-409 Brand Name Sinpulair granules
QCPB Divisien (1, 11, 111} il Generic Name Mentelukast Sodium
Medical Division DPADP Drug Class Leukotriene antagonist
OCPB Reviewer Sandra Suarez-Sharp Indication(s) Treatment of asthma

QOCPB Team Leader

Emmanuel Fadiran

Dosape Form

Granules

PN Reviewer He Sun Dosing Regimen pediatn'c paticnts 6
months to 5 years of
age: one packet of
SINGULAIR 4-mg

daily

Date of Submission Sep 28, 2001 Route of Administration oral

Estimated Due Date of OCPB Review Jui 2002 Sponsor Merck Research Lab.

PDUFA Due Date Jul 28,2002 Priority Classification Standard

Dwvision Due Date

Jui 14, 2002

3 Clin. Pharm. and Biopham. Information

“X™ if included
»f filing

STUDY TYPE

Table of Contents present and sufficient to
locate reports, tables, dats, etc,

Number of Number of
studies studies
submitted reviewed

Critical Comments If any

Tabular Listing of All Human Studies

HFPK Summary

Lsbeling

Reference Bioapalytical and Analytical
Methods

1. Clinical Pharmacologv

Mass balance:

Isozy me characterization:

Blood/plasma ratio;

Plasma protein binding:

Pharmacokinetics (e.g., Phase 1) -

Healthv Volunteers-

single dose:

multiple dose.

Paticnis-

single dose:

multiple dose

Dose proporticnslity -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose.

Drug-drug interaction studies -

In-vivo effects on primary drug-

In-vivo effects of primary drug:

in-vitro:
Subpopulation studies - _I I
ethnicity:
gender
__pediamcs: X 2
geriatrics:

BEST POSSIBLE COPY
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renal impairment:

hepatic impairment:

PD:;

Phase 2:

Phase 3;

PK/PD:

Phase | and'or 2. proof of concept

Phase 3 clinical trial:

FPopulation Analvses -

Data rich:

Data sparse;

. Biopharmzaceutics

Absolute bioavailability:

Relstive biogvailability -

solution as reference-

aliernate formulation as reference:

Bioequivalence studies -

traditional design: singie / mult dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(AVIVC):

Bio-w avier request based on BCS

BCS class

111. Other CPB Studies

Genotspe/phenoty pe studies:

Chronopharinacokinetics

Pediatric deveiopment plan

Literature References

Total Nurnber of Studies

1
—
- —
-

I
-

X

X
1
-
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Filability and QBR comments

“X7ifyes Comments

Application filabie ?

Reasons 1f the application is not filable (or an attachment 1f applicahle)
For exammple. 1s chimical formularion the same as the to-be-marketed one”

Comments sent to firm ?

X Camments have been sent 10 firm (or antachment included). FDA lenter date
»f applicable.

1. Provide chemical stability of the Singulair
- =—— _formulation in applesauce.
2. If possible provide dissolution profiles of the
«Singulair— » formulation.

3. Provide data files, control stream files and
output NONMEM files generated from
protocol 136/138 (population
pharmacokinetics in children 6 months to 2
years of age.

4. Provide data files, control stream files and
output NONMEM files generated for
children 2-5 years of age receiving 4mg
chewable tablets.

5.

QBR questions (key issues to be considered)

1.
kN
4

5.

Is the ™memmmee orapule formulation equivalent to the approved chewable
formulation?

Does food affect the BA of montelukast from thé™ formulation?

Duoes applesauce affect the BA of moenteJukast from the formulation?

Is the systemic exposure of montelekst from the ‘ormulstion proporticna)
to dose?

Does the PK data support the dosage regimen in children 2 vears of age?

Other comments or information ot
included above

This reviewer will review the population PK study with the guidance of He Sun (PM
reviewer).

Primary reviewer Signature and Date

Secondary reviewer Sigoxture and Date

CC: NDA 21-409, HFD-870 (Electronic Entry or Lec), HFD-570 (Yu), HFD-870 (Fadiran, Sun, Humi, Malinowski)), CDR

(B. Murphy)
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Sandra Suarez
7/710/02 09:30:08 AM
BIOPHARMACEUTICS

Emmanuel Fadiran
7/10/02 210:17:05 AM
BICPHARMACEUTICS

I concur
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ADDENDUM TO REVIEW

NDA No.: ‘ 21-409
Drug Name: Singulair (Montelukast) Oral Granules
Submission Date: - September 28, 2001

Review Completion Date: July 25, 2002

Subject; Revision of AUC Ratios in the Carcinogenesis and Overdose sections of the
labeling. An addendum to Dr. Luqi Pei’s Review dated the July 19, 2002

This addendum revises the recommended exposure ratios between animals and humans in t-he
labeling of Singulair in the July 19, 2002 review. The following table summarizes the revision.

Dose AUC Ratios (Animal/Human)
. . (mg/kg/day) 7719402 Current
t
Section/species Recommendation Recommendation
Carcinogenesis
Mouse 100 30
Rat 200 90
Overdose
Mouse 5,000 250
Rat 5,000 170

This revision was prompted by today’s agreement between the Division and Merck that a revised
AUC value (3.574 pg.hr/m! for children 12-23 months of age) should be used in the labeling.
(The AUC ratios in the July 19, 2002 review were based on an AUC value of. . pg.hr/mlin
children.) Other parameters in the calcuiation (i.e., animal AUC values, the method of
calculation and the rounding rule) remain the same as the referred review indicates.

Luqi Pei, Ph.D.

Pharmacologist
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This is a representation of an electronic record that was signed electronically and

this page is the manifestation of the electronic signature.

Lugi Pei
7/25/02 04:27:39 PM
PHARMACOLOGIST

Joseph Sun

7/25/02 04:30:44 PM
PHARMACOLOGIST

I concur.
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