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1 Executive Summary

Par Pharmaceutical, Inc. submitted a 505 (b) (2) NDA for marketing of Megace
ES™ (Megestrol acetate oral suspension | «ssmm ), A total of 9 studies were submitted, 4
of which were preliminary studies for formulation development and 2 in vitro drug
metabolism studies. '

1.1 Recommendation

The Office of Clinical Pharmacology and Biopharmaceutics/Division of
Pharmaceutical Evaluation II (OCPB/DPE-2) has reviewed the information provided in
the original NDA 21-778 for Megace ES™ in the section of human pharmacokinetics and
biopharmaceutics. OCPB has found the application acceptable provided that the sponsor
agrees with the following Agency’s recommendations

(1) The Agency recommends the strength 125 mg/mL (625 mg/5mL) be approved
for the marketing drug product.

(2) Dissolution specifications as follows:

it 5 mL (one unit dose)
1.0% Sodium Lauryl Sulfate in water

1.2 Phase IV Commitments

None

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

¢ Relative bioavailability of Megestrol acetate to the reference drug product,
Megace®:

The sponsor conducted a pivotal single-dose, four-way, comparative bioavailability
study in healthy subjects to compare the rate and extent of absorption of three strength
formulations of megestrol acetate oral suspension NCD (575 mg/SmL [115 mg/mL], 625
mg/5mL [125 mg/mL] and 675 mg/5mL [135 mg/mL]) versus Megace® (megestrol
acetate oral suspension 800 mg/20mL {40 mg/mL.]), administered under fed conditions.
Bioequivalence analysis indicates that the lower limits of the 90% confidence intervals -
for AUCy.; and AUCy.int for the strength 115 mg/mL were slightly below the e

— respectively). The two higher strengths of megestrol acetate oral
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suspension NCD (125mg/mL and 135 mg/mL) are bioequivalent to Megace® 800
mg/20mL. In an IND meeting with the sponsor in 2003, the sponsor informed the
Agency that megestrol NCD formulation may not be able to meet both Cmax and AUC
criteria for bioequivalence in comparison with Megace® based on their preliminary
studies and the Agency agreed with the sponsor that they may use Cmax as the primary
endpoint and AUC as the secondary endpoint to establish equivalence if that is the case.
Since then, the sponsor has focused on the strength of === for their drug
development program though they have been keeping two additional strengths, s
in their drug programs.

¢ Food effect:

Pharmacokinetic results showed that the administration of megestrol acetate oral
suspension NCD with food resulted in higher plasma megestrol acetate concentrations.
The geometric mean ratio for Cmax was 154% and those for AUCO-t and AUCo were
139% and 141%, respectively, indicating a significant effect of food on absorption.
However, the food effect on bioavailability is much smaller from this NCD formulation
than that from Megace® formulation which has shown that food may increase Megace®
Cmax as much as 8 fold in comparison with the fasting condition.

e Drug interaction:

Megestrol acetate, given as 675 mg (5 ml X 135 mg/mL) once daily from Days 2 to
15, reduced the Cmax and AUC on Day 15 of Indinavir, given as 800 mg once daily, by
32% and 21%, respectively in healthy male subjects.

¢ In vitro drug interactions:

From an in vitro human liver microsomal study, megestrol acetate exhibited a
moderate inhibitor of 2C9, 2C19 and a mild inhibitor of 2A6, and 2D6 activities, and a
stimulator of CYP1A2 and 2E1 activities. Megestrol at 0.25, 2.5, and 25 uM did not
induce CYP1A2, CYP2C9, and CYP3A4 activity in cryopreserved human hepatocytes
isolated from the three donors.

e Analytical assay:

For the quantitation of plasma megestrol acetate concentrations, high performance
liquid chromatographic method with tandem mass detection (LC/MS/MS) was developed
and validated. The method used in pivotal bioequivalence study indicated that the
sensitivity range is from . == ' ng/ml.. The lowest validated limit of quantitation
(LLOD) for megestrol is 2.00 ng/mL.
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2. QUESTION BASED REVIEW (QBR)
2.1 GENERAL ATTRIBUTES OF THE DRUG

2.1.1 What are the highlights of the chemistry and physical-chemical properties of
the drug substance? '

.Megestrol acetate oral suspension contains megestrol acetate, a synthetic
derivative of the naturally occurring steroid hormone, progesterone in nanocrystal form.
Megestrol acetate is a white, crystalline solid chemically designated as 17-Hydroxy-6-
methylpregna-4, 6-diene-3,20-dione acetate. Solubility at 37° C in water is 2 pug per mL, -
solubility in plasma is 24 ug per mL. Its molecular weight is 384.52.

The chemical formula is C,4H3,04 and the structural formula is represented as
follows:

2.1.2 What are the highlights of the formulation of drug product?

The sponsor developed a total of = different strengths, of which three strengths
were used in a pivotal bioequivalence study. These different strengths were made from
the same amounts of active ingredients, dispersants or stabilizers, but different amounts
of buffers, water and different final volumes to adjust the final concentrations of oral

suspensions. Megestrol acetate oral suspension NCD is supplied in  eeeess——m
R S,

—— éap. The corriposition of formulation is summarized in Table 1.

NanoCrystal™ technology is a formulation and manufacturing approach to
enhancing the performance of poorly water-soluble drugs in which the drug particles are

[ — . . -
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emmm————- ' drug formulations have substantially increased surface area per
unit mass relative to micronized drug particles. As a result, drug = = "have
substantially increased rates of dissolution. For orally administered products in which
absorption is dissolution rate-limited, === {technology can improve overall
bioavailability, increase the rate of absorption, and decrease variability that is associated
with food effects.

Table 1. Composition of Megestrol acetate oral suspensions NCD for three different
strengths

I e

2.1.3 What is the proposed mechanism of drug action and the therapeutic
indications?

Several investigators have reported on the appetite enhancing property of
megestrol acetate and its possible use in cachexia. The precise mechanism by which
megestrol acetate produces effects in anorexia and cachexia is unknown at the present
time. '

Megace ES™ (megestrol acetate) oral suspension is indicated for the treatment of
anorexia, cachexia, or an unexplained, significant weight loss in patients with a diagnosis
of acquired immunodeficiency syndrome (AIDS). Megace ES™ can be administered
with or without food.
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2.1.4 What is the proposed dosage and route of administration?

The recommended adult initial dose of megestrol acetate oral suspension NCD is
575 mg/day (S5mL/day). Shake container well before using. In clinical trials evaluating
different dose schedules, daily doses of 400 and 800 mg/day of Megace® (800 mg
equivalent to 575 mg/5 mL of NCD formulation) were found to be clinically effective.

2.2 GENERAL CLINICAL PHARMACOLOGY

2.2.1 What is bioavailability of Megestrol acetate oral suspension NCD relative to
Megace® under fed condition after a single dose? Whlch strength should we choose
for the final marketing drug product?

The sponsor conducted a pivotal single-dose, four-way, comparative

_bioavailability study in healthy subjects to compare the rate and extent of absorption of
three strength formulations of megestrol acetate oral suspension NCD (575 mg/5mL [115
mg/mL], 625 mg/5mL [125 mg/mL] and 675 mg/5SmL [135 mg/mL]) versus Megace®
(megestrol acetate oral suspension 800 mg/20mL [40 mg/mL]), administered under fed
conditions (Study 30421) in healthy male subjects. Subjects received a single dose of the
study drugs in each of the 4 treatment periods according to a crossover design. Doses
were administered after a 10-hour, overnight fast and within 30 minutes after a standard
high-fat breakfast of approximately 1000 calories. A total of 42 healthy, adult male
subjects signed the study-specific informed consent form. Of these subjects, 38 were
dosed and were considered to have enrolled in the study; 33 subjects completed the study.
Per the study protocol, PK data from 33 subjects were analyzed. Results are shown in the
Figure 1 and the pharmacokinetic parameters are summarized in Table 2.

Figure 1. Mean plasma concentrations of megestrol acetate after oral administration of
575 mg, 625 mg, and 675 mg of megestrol acetate oral suspension NCD and 800 mg of
Megace® suspension to healthy volunteers under fed conditions '

=B~ PAR 575 mg {5 mL x 115 mg/mlL)
1200 g =B~ PAR 625 mg {5 mL x 125 mg/mL)
iy = PAR 673 mg (5 mL x 135 mg/ml)

=&~ Megace 300 mg (20 mL x 40 mg/mL)

Time (h)
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Table 2. Comparison of pharmacokinetic parameters after oral administration of 575 mg,
625 mg, and 675 mg of megestrol acetate oral suspension NCD and 800 mg of Megace®
suspension to health volunteers under fed cond1t10ns (N= 33)

]3657 52 + 3900. 50 16896 21+ 4942 51
14746.46+4453.99 18274.0615623.07
1420.73+420.79 1400.66+350.57
3.75%1.57 3.88+1.02
0.022410.0062 . 0.0238+0.0054
32.85+7.46 . 30.53£6.66

14685-42 + 4847 83 V 15324 17+ 4526 37

16084.59£5566.01 16739.06+5432.83
1516.79£389.01 ' 1645.74+455.71
2.52+1.60 3.13+1.64
0.021110.0055 0.0211+0.0054
34.74+7.81 34.8118.10

The geometric mean ratios and 90% confidence intervals for Cmax and AUC
between megestrol acetate oral suspension NCD and Megace® are summarized in Table
3.

Table 3. Treatment comparisons

100.62 94.10 - 107.60
81.06 78.19 - 84.04
B : ! -80.93 77.96 - 84.02
Megestrol acetate oral suspensnon NCD 625 mg/SmL (125 mg/mL) ©
vs. Me ace® 800 mg

108.18 101.17 - 115.69
86.30 83.25 - 89.47
87.34 84.13 - 90.67

116.72 .109.15-124.82
90.63 87.42-93.96
91.31 87.95-94.79

The lower limits of the 90% confidence intervals for AUCO-t and AUCO-inf for
the 115 mg/mL were slightly below the — ~ee—ssw—————  The two higher
strengths of megestrol acetate oral suspension NCD (125mg/mL and 135 mg/mL) are
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bioequivalent to Megace® 800 mg/20mL, but the point estimates of Cmax and AUC for
125mg/mL is closer to Megace® than 135 mg/mL.

In an IND meeting with the sponsor in 2003, the sponsor presented the Agency
that megestrol NCD formulation may not be able to meet both Cmax and AUC criteria
for bioequivalence in comparison with Megace® based on their preliminary studies and
the Agency agreed with the sponsor that they might use Cmax as the primary endpoint
and AUC as the secondary endpoint to establish equivalence if AUC is not substantially
higher than the reference drug product. Otherwise, a clinical safety study may be
required. The sponsor did preliminary pharmacokinetic studies ranging from 150 mg
dose up to 675 mg dose under fed conditions and demonstrated they were within a linear
range from which the sponsor plotted against the Megace® pharmacokinetic data and
determined the best corresponding dose to Megace® 800 mg. The sponsor has been
focused on the strength of 115 mg/mL for their drug development program though they
have been keeping 2 additional strengths, 125 mg/mL and 135 mg/mL in their drug
programs. However, based on this final, pivotal bioequivalence study, the two higher
strengths, 125 mg/mL and 135 mg/mL meet the 90% CI criteria for bioequivalence.
Between these two higher strengths, 125 mg/mL is closer to Megace® than 135 mg/mL
in terms of the point estimate of AUC (86%). This reviewer recommends the strength
125 mg/mL (625 mg/5mL) be approved for the marketing drug product.

2.2.2 What is the effect of food on the bioavailability of megestrol acetate oral
suspension?

The sponsor conducted a randomized, single-dose, single-center, open-label, 2-
way crossover bioavailability study under fasted and fed conditions to evaluate the food
effect on the bioavailability of megestrol acetate oral suspension NCD (Study 30422).
The highest strength 135 mg/mL formulation the sponsor developed was used in the
study. 36 subjects received a single dose of the study drug in each of the 2 treatment
periods according to a crossover design; 675 mg (5 mL x 135 mg/mL) under fasting
conditions, and 675 mg (5 mL x 135 mg/mL) under fed conditions. The treatment phases
were separated by a washout period of 14 days.

Pharmacokinetic results showed that the administration of megestrol acetate oral
suspension NCD with food resulted in higher plasma megestrol acetate concentrations
(Figure 2 and Table 4) and higher mean values for Cmax, AUCO-t, and AUCO-c0. The
geometric mean ratio for Cmax was 154% and those for AUCO-t and AUCew were 139%
and 141%, respectively, and the upper limits of the 90% confidence intervals were '
>125% (Table 5), indicating a significant effect of food on absorption.

CDataNDA reviewNDA21-778-Megestrol Acetate-Par Pharm-062904t.doc 8



Figure 2. Mean plasma concentrations of megestrol acetate after oral administration of

675 mg of megestrol acetate oral suspension NCD to healthy volunteers under fasted and
fed conditions '

1300

-—&— Fasted
5
S
N I ¥ 9]
60 72 84 26

Time (h)

Table 4. Pharmacokinetic parameters after oral administration of 675 mg of megestrol
acetate oral suspension NCD in fasting and fed conditions (N=34)

10977.52 + 3473.63 15403.06 + 5436.98
11878.79 £ 4109.82 17029.04 + 6676.92
1043.53 + 268.06 1615.85 £ 431.16
1.96+1.41 2.76+1.56
0.0267 £ 0.0078 0.0227 £ 0.0084
27.97+7.32 34.89 £ 13.81

Table 5. Megestrol acetate (fed condition) (B) vs Megestrol
acetate (Fasting condition) (A)

S

AUC y, ’ 139.19 132.57 — 146.15 ]
AUC ., 141.44 134.11 —149.17
Cmax 154.15 142.47 - 166.78

High-fat, high-caloric meal increases AUC and Cmax of megestrol acetate oral
suspension NCD by approximately 40% and 54%, respectively. This reviewer
recognized that the food effect on bioavailability is significantly reduced by this new
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NCD formulation in comparison with the reference Megace® formulation. In an early
study (Study 30146), the sponsor compared 375 mg megestrol acetate oral suspension
(the strength 75 mg/mL) with 800 mg Megace® (20 ml x 40 mg/mL) under fasting
condition. In Study 30147, the sponsor compared 375 mg megestrol acetate oral
suspension (5 ml x 75 mg/mL) with 800 mg Megace® (20 ml x 40 mg/mL) under fed
condition. These study results are shown in Figure 3 and Figure 4.

Figure 3. Mean plasma concentrations of megestrol acetate after oral administration of
375 mg of megestrol acetate oral suspension NCD and 800 mg of Megace® suspension
to healthy volunteers under fasted conditions

&00

=== PAR 373 mg (3 mL £ 73 mg'ml}
—O— Megacs BO0 mg {20 ml. x 40 mg/mi.)

Cone ing/mL)

0 12 24 36 48 &0 Fd &4 06

Time {h)

Figure 4. Mean plasma concentrations of megestrol acetate after oral administration of
375 mg of megestrol acetate oral suspension NCD and 800 mg of Megace® suspension
to healthy volunteers under fed conditions

= PAR 375 mg {5 miL x 75 mg/mL)
= Megace 800 mg (20 mi. x 40 mgfml.}

Cone (ng/uil.)
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Cross study comparisons show that food may increase Megace® Cmax as much
as 8 fold in comparison with the fasting condition, whereas Megestrol acetate oral
suspension NCD has shown 40% increase in its Cmax with food.

2.2.3 Dose Megestrol acetate oral suspension have effect on Indinavir
pharmacokinetics?

The sponsor conducted a multiple dose, open-label, crossover drug interaction
study to evaluate the potential effect of megestrol acetate given as 675 mg (5 ml X 135
mg/mL) once daily from Days 2 to 15 on the pharmacokinetics of indinavir, administered
as 2 X 400 mg capsules (for a total dose of 800 mg) once daily on Days 1 and 15 in 28
healthy male subjects. The pharmacokinetic results are summarized in Figure 5 and

Table 6. The ratios between Day 15 and Day 1 for Indinavir pharmacokinetic parameters
are summarized in Table 7.

Figure 5. The effect of Megestrol acetate (675 mg) on Indinavir (800 mg)
pharmacokinetics

Indinavir Mean Concentration - Time Profile

N=28
9000 7
—&— Indinavl 1

8000 4  adinavir (pay 1%
g
2
-]
2
£
:
(&}
o
g
=
B

— »
10.0 12.0

Time (h)

2 16740.40 £ 5910.9
20856.64 + 6064.99 16810.98 £ 5918.94
8491.15 £2127.58 5913.44 £2112.83
0.881 +0.360 1.13+£0.72 -
0.5073 £ 0.0679 0.5513 + 0.0627
1.39+£0.19 1.27+£0.15
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Tale 7. Indinavir (Day 15) vs Indinavir (Day 1)

AUC 78.73% . .
AUC .. 78.78% 70.74 - 87.73
Cmax 67.64% 59.22 -77.25

Megestrol acetate reduced Indinavir Cmax and AUC by 32% and 21%,
respectively. Based on these in vivo drug interaction study results, we can conclude that
megestrol acetate may have induced enzymes that metabolized Indinavir.

2.24  What is the effect of megestrol acetate oral suspension on drug metabollsm
enzymes from in vitro studies?

The sponsor conducted in vitro studies to determine the inhibitory potential of
-megestrol on the activities o CYP1A2, 1A6, 2C9, 2C19, 2D6, 2E1 and 3A4 in human
microsomes (Table 8). Microsomes were incubated in the presence of megestrol acetate
concentrations from 0.385 pg/mL to 19.2 ng/mL with selective substrates for each CYP
enzyme, each containing 0.1% methanol. The highest tested megestrol concentration was
50 uM instead of 100 uM because the 1000X megestrol (100 uM) was not soluble in
methanol. Ketoconazole in a concentration of 0.1 pM in 0.1 methanol was used as a
positive control. The test system was considered responsive if the mean activity of
CYP3A4 in the positive control samples treated with ketoconazole was < 50% of that in
the control samples. Microsomes were prepared and pooled from at least ten human
donors.

Table 8. In v1tr0 mh1b1tor d me abohsm ex erlments

Phenacetm O Deethylatlon
Coumarin 7-Hydroxylation : 8 uM
Tolbutamide Methyl-Hydroxylation 250 uM
S-mephenyton 4’-Hydroxylation 50 uM
Dextromethorphan O-Demethylation 72 uM
Chlorzoxazone 6-hydroxylation 50 uM
Testosterone 6B-hydroxylation 100 uM

Megestrol acetate at clinical concentrations (a peak concentration of
approximately 1.5 pg/mL) is a moderate inhibitor of 2C9, 2C19 and a mild inhibitor of
2A6, and 2D6 activities, and a stimulator of CYP1A2 and 2E1 activities (Table 9)..

Table 9. Percent of control activit sence of megestrol
3R TR s AT,
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The sponsor also conducted in vitro studies to determine the induction potential of
megestrol on the activities 0o CYP1A2, 2C9, and 3A4 in human Cryopreserved human
hepatocytes (Table 10). Hepatocytes were incubated with megestrol for 2 days, after a
selective substrate for each CYP enzyme was added. The formation of the selective
metabolite from its substrate was measured by spectrophotometry or HPLC. Megestrol at
0.25, 2.5 and 25 uM did not induce CYP1A2, CYP2C9 and CYP3 A4 activity in
cryopreserved human hepatocytes isolated from these three donors.

Table 10. In vitro induction drug metabolism experiments
Ethoxyresoruin O-Deethylation 2 uM
Tolbutamide Methyl-Hydroxylation 50 uM
Testosterone 6B-hydroxylation 125 uM

Only hepatocytes preparations with >70% viability were used in this study.
Omeprazole and rifampin, selective inducers of CYP1A2 and CYP3 A4, respectively,
were added to hepatocyte incubations with 1% acetonitrile to verify that the test system
was responsive to inducers. The final concentrations of omeprazole and rifampin in the
incubation systems were 50 uM and 25 pM, respectively.

Three donors’ livers were used. The donors were Lot No. wss * (46 yrs old
Caucasian male died of head trauma), Lot No.em ~ (39 yrs old Hispanic male died of
head trauma), Lot No. 130 (2 yrs old female died of anoxia). Donors had normal
urinalyses and blood chemistries and no history of alcohol, tobacco or drug use. No
chronic medications were listed.

The sponsor concluded that megestrol at 0.25, 2.5, and 25 uM did not induce
CYP3A4 (Table 11), CYP1A2 (Table 12), and CYP2C9 (Table 13) activity in
cryopreserved human hepatocytes isolated from these three donors. However, this
reviewer noticed that for CYP3A4 and CYP1A2, at least one donor did show that there
was no change after megestrol incubation though some results revealed that the formation
of metabolites were below the lowest point in the standard curve, which is not reliable for
the observed values. For CYP2C9, the results are not reliable since there were no
positive controls and both vehicle controls and samples with megestrol generated the
product below the lowest point in the standard curve range. In these in vitro studies,
samples sizes are very small and not all samples worked well. A solid conclusion can not
be drawn. In addition, the in vivo drug interaction study with indinavir has shown that
megestrol reduced the Cmax and AUC of indinavir by 32% and 21%, most likely due to
enzyme induction.
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Table 11. CYP 3A4 activity in cryopreserved hepatocytes following incubation with

rifampin and megestrol

10.0 £1.81

6.81 +'0 390

12.1£0.863

121+17.8

14.2+0.861

147 £2.98

6.79 + 0.390

143 £16.4

T 7.09+0564

10.8 £0.447 76.3 4.42+0.236 65.1 6.16 +0.553 77.1
6.96 +1.28 48.9 #<2.86 £ 0.00 <42.1 *<2.86 + 0.000 <35.8
*<2.86 % 0.00 <20.1 *<2.86 £ 0.00 <42.1 *<2.86 + 0.000 <35.8

e 0 served analyzed value is below the lowest concentration on the standard curve.

Table 12. CYP 1A2 act1v1ty in cryopreserved hepatocytes following incubation with

omeprazole and megestrol

0.0676 +0.0238

1<0 0457 £ 0000

0103400199

2.63£0.526

0.571 £0.0563

7.31+0.371

0.0457 + 0.000 100 #<0.0457 £ 0.000 0.129 £ 0.0313
*<0.0457 £ 0.000 100 #<0.0457 £ 0.000 100 0.129 +0.0247 100
*<0.0457 £ 0.000 100 #<0.0457 +0.000 100 0.125 +0.0320 97.6
*<0.0457 + 0.000 100 *<0.0457 + 0.000 100 *<0.0651 +0.0309 <50.6

e observed analyzed value is below the lowest concentration on the standard curve.

Table 13. CYP 2C9 activity in cryopreserved hepatocytes following incubation with

megestrol

<2.24 i 0.000

<2.30 +0.0548

*<2.24 £ 0.000 100 <2.24 +0.000 100 <2.24 £0.000 97.5
*<2.24 £ 0.000 100 <2.24 +0.000 100 <2.24 +0.000 97.5
*<2.24 £ 0.000 100 <2.24 £0.000 100 <2.24 +0.000 97.5

*The observed analyzed value is below the lowest concentration on the standard curve.

2.3 General Biopharmaceutics

2.3.1 What are the dissolution method and specification for megestrol acetate oral

suspension NCD?

Megestrol acetate is generally insoluble in aqueous media. A dissolution test in a
compendial apparatus utilizes a surfactant based modifier in an aqueous system to assist
solubilization of active ingredient (Table 14).
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Table 14. The effect of surfactant sodium laury! sulfate on megestrol dissolution using

the highest potency finished dosage form 135 mg/mL
SRS e SR ‘ﬁi = ﬁ -

et Surfaceant !

1

Sodium lauryl sulfate (SLS) was chosen as a surfactant. The amount of megestrol
acetate that can be dissolved in a given volume is proportional to the SLS concentrations
in the dissolution medium. Table 15 below shows the solubility of megestrol acetate in

SLS media.

Table 15. saturated megestrol in different sodium
laury! sulfate concentrations

A plot of maximum megestrol acetate concentration for a given concentration of
SLS % in water is shown in Figure 6.

Appears This Way
On Original
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Figure 6. Maximum Megestrol Acetate Solubility in Sodium Lauryl Sulfate Aqueous
solutions

Megestrol acetate dissolved,
mg/900 ml.

Sodium Lauryl Sulfate concentration, % w/v

The dissolution parameters of the current USP for Megestrol Acetate Oral
Suspension are listed in Table 16.

Tab

R

le 16. Current USP Conditions for Megace® Suspension

50

20 minutes

=y () in 20 minutes

900 mL

37°C

10 mL (1/2 unit dose)

1 0.5 % Sodium Lauryl Sulfate in water

The sponsor presented the dissolution data in two different RPM conditions: 25 rpm and
50 rpm in 1% SLS (Figure 7)
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Figure 7. Megestrol Acetate Oral Suspension (NCD), 115 mg/mL, Dissolution Profile in
Sodium Lauryl Sulfate (SLS) in water, apparatus II, 900 ml @ 25 rpm and 50 rpm

% Released

Time, Minutes

Based on the results presented by the sponsor, we recommend the following
dissolution method and specifications (Table 17):

Table 17. Recommended dissolution method and specifications for

estrol acetate Oral suspension NCD
SRS 7

Dpal . B App4
, L o 25

10 minutes

NLT == (QQ) in 10 minutes

900 mL

37°C

5 mL (one unit dose)

1.0% Sodium Lauryl Sulfate in water

2.4 Analytical Section

2.4.1 What is the property of analytical method?

For the quantitation of plasma megestrol acetate concentrations, high performance
liquid chromatographic method with tandem mass detection (LC/MS/MS) was developed
and validated. The method used in pivotal bioequivalence study indicated that the
calibration curve ranged from . ““™wwsmms ng/mL. The lowest validated limit of
quantitation (LLOD) for megestrol is 2.00 ng/mL. Inter- and intraday variabilities are
summarized in Table 18.

" CDataNDA reviewNDA21-778-Megestrol Acetate-Par Pharm-062904t.doc 17



Table 18. Variability of LC/MS/MS assay for
megestrol in human plas

3. DETAILED LABELING RECOMMENDATIONS

Labeling comments will be made in an addendum to the review.

Appears This Way
On Original
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4. Appendices:
4.1 Proposed Package Insert (separate file)
4.2 Individual Study Review (see Addenndum as a separate file)

4.3 OCPB Filing Memo
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-778 Brand Name Not available
OCPB Division (1, 11, ITD) DPE 11 Generic Name ‘Megestrol Acetate
Oral Suspension
——
Medical Division HFD-510 Drug Class Synthetic
progesterone
derivative
OCPB Reviewer Xiaoxiong (Jim) Wei Indication(s) Cachexia
OCPB Team Leader Hae-Young Ahn Dosage Form Suspension
Dosing Regimen e /5 ml. QD
Date of Submission 06-29-2003 Route of PO
Administration
Estimated Due Date of 02-01-05 Sponsor Par Pharmaceutical
OCPB Review
PDUFA Due Date 04-29-05 Priority S1
Classification
02-10-05

Division Due Date

Clin. Pharm. and Biopharm. Information

‘GX” if
included at
filing

Number of
studies
submitted

Number of
studies
reviewed

Critical Comments If
any

STUDY TYPE

Table of Contents present and

sufficient to locate reports, tables, X

data, etc.

Table of contents for
electronically submitted
section was not sufficient to
locate information

Tabular Listing of All Human
Studies .

HPK Summary

Labeling

Reference Bioanalytical and
Analytical Methods

P (]

L. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase I)
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Healthy Volunteers-

single dose:

®

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

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 -

ethnicity:

gender:

Only male subjects enrolled

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:

Phase 2:

‘Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

II. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

Not established

(IVIVC):

Bio-wavier request based on
BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies
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Filability and QBR comments

“X” if yes
Comments
Yes
Application filable?
Yes 1) Please provide a table of contents for electronically -
Comments sent to firm? submitted study reports and data

2) A dissolution test is required for suspension drug
products. The dissolution method should be developed and
optimized by using three different conditions with three
different lots. Mild dissolution conditions (e.g., a paddle
speed of 25 rpm) should be considered.

Briefing in Content:

. Par Pharmaceutical submitted a NDA under 505 b (2) application to market Megestrol Acetate Oral
Suspension. ®  Megestrol acetate is currently approved as a 40 mg/mL oral suspension (Bristol-Myers
Squibb) under the brand name Megace®. The sponsor holds an approved ANDA (No. 75-671) for
Megestrol Acetate Suspension 40 mg/mL and generic formulations are also available from other
companies.

Studies with Megace® in humans have shown that there is a positive food effect on the extent and rate of
absorption of megestrol acetate.

IR

ez NanoCrystal drug formulations have substantially increased
surface area per unit mass relative to micronized drug particles. This increased surface area of the
nanoparticles provides an increase in the bioavailability of megestrol and a decrease in variability between
fed and fasted conditions. ‘

The sponsor submitted five pilot and one pivotal relative BA/BE studies to compare Megestrol Oral

Suspension NCD to the reference drug Megace®. The sponsor also submitted one food effect study, one
drug interaction study between Megestrol and indinavir and two in vitro drug metabolism studies.

CDataNDA reviewNDA21-778-Megéslrol Acetate-Par Pharm-062904t.doc 22




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

Xiao-xiong Wei
4/5/05 01:46:42 PM
BIOPHARMACEUTICS

Hae-Young Ahn
4/5/05 06:07:55 PM
BIOPHARMACEUTICS



04| )2} 05

Addenndum
4.2 Individual Study Review

NDA: 21-778 (N-000)

Drug name: Megace ES™ (Megestrol acetate oral suspension  swse\

Indication: Treatment of anorexia, cachexia, or an unexplained, significant weight
loss in patients with a diagnosis of acquired immunedeficiency syndrome (AIDS).
Submission date: 06-27-2004

Reviewer: Xiaoxiong (Jim) Wei

Team Leader: Hae-Young Ahn

OCPB: DPE2

OND: DMEDP (Division of Metabolic and Endocrine Drug Products, HFD-510)

Table of Contents

Study # ' Title Page
1 |[30421 Four-Way, Comparative Bioavailability Study of Three Different
Formulations of Megestrol Acetate Oral Suspension and Megace_ 40 1
mg/mL Oral Suspension Administered in Healthy Subjects Under Fed
Conditions
2 130422 Randomized, 2-Way Crossover, Food Effect Comparative 4

Bioavailability Study of Megestrol Acetate 675 mg/5 mL Oral
Suspension Administered as 1 x 5 mL (675 mg) Oral Suspension in
Healthy Subjects Under Fasting and Fed Conditions.

3 30054 Drug Interaction Study to Evaluate the Effect of Megestrol Acetate 7
Oral Suspension on Indinavir Pharmacokinetics in Healthy Subjects

4 | 30146 Randomized, 2-Way Crossover, Comparative Bioavailability Study of 13
Megestrol Acetate 75 mg/mL Oral Suspension and Megace® 40 mg/mL
Oral Suspension and Administered as 1 X 5 mL (375 mg) or 1 X 20 mL
(800 mg) of Oral Suspension in Healthy Subjects Under Fasting
Conditions

5 | 30147 Randomized, 2-Way Crossover, Comparative Bioavailability Study of 24
Megestrol Acetate 75 mg/mL Oral Suspension and Megace® 40 mg/mL
Oral Suspension and Administered as 1 X 5 ml. (375 mg) or 1 X 20 mL
(800 mg) of Oral Suspension in Healthy Subjects Under Fed Conditions

6 | 272-1052 | Determination of the Inhibitory Potential of Megestrol on the Activities | 30
-01 of CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2EL, and
* | CYP3A4 in Human Liver Microsomes

7 | 272-1053 | Determination of the Induction Potential of Megestrol on the Activities | 40
-02 of CYPIA2, CYP2C9, and CYP3A4 in Cryopreserved Human

Hepatocytes

Study 30421

Title
Four-Way, Comparative Bioavailability Study of Three Different Formulations of Megestrol

Acetate Oral Suspension and Megace® 40 mg/mL Oral Suspension Administered in Healthy
Subjects Under Fed Conditions
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Methods

The purpose of Study 30421 was to compare the rate and extent of absorption of three doses of
megestrol acetate oral suspension NCD (575 mg [115 mg/mL], 625 mg [125 mg/mL] and 675 mg
[135 mg/mL]) versus Megace® (megestrol acetate oral suspensmn 800 mgf40 mg/mL]),
administered under fed conditions.

This was a single-center, single-dose, open-label, 4-way bioavailability study conducted under
fed conditions at mmmem  Subjects received a single dose of
the following study drugs in each of the 4 treatment periods according to a crossover design:

— Treatment Period 1: 575 mg (5 mL x 115 mg/mL) megestrol acetate oral suspension
NCD,

— Treatment Period 2: 800 mg (20 mL x 40 mg/mL) Megace®,

— Treatment Period 3: 625 mg (5 mL x 125 mg/mL) megestrol acetate oral suspension
NCD, and

— Treatment Period 4: 675 mg (5 mL x 135 mg/mL) megestrol acetate oral suspension
NCD.

The single oral doses were separated by a 14-day washout period.

Doses were administered after a 10-hour, overnight fast and within 30 minutes after a standard
high-fat breakfast of approximately 1000 calories. For each treatment period, subjects were
confined to the research facility from at least 11 hours prior to drug administration until after the
24-hour post-dose blood draw. Blood samples for measurement of megestrol acetate were
collected for 96 hours after dosing and the resultant plasma analyzed for megestrol acetate using
an LC/MS/MS method with an LOQ of 5 ng/mL. Clinical laboratory tests were performed at
screening, at entry into Treatment Periods 3 and 4 (hematology only), and at end of study. There
were no protocol deviations that were judged to affect the results and conclusions of the study.

A total of 42 healthy, adult male subjects signed the study-specific informed consent form. Of
these subjects, 38 were dosed and were considered to have enrolled in the study; 33 subjects
completed the study. Per the study protocol, PK data from 33 subjects were analyzed. Five
subjects withdrew from the study prior to completion. Two subjects (Nos. 11 and 14) withdrew
from the study due to professional obligations and 3 subjects were withdrawn due to an AE (Nos.
20, 33, and 34). Subject No. 20 was withdrawn after Treatment Period 3 due to vomiting within 8
hours after receiving 625 mg (125 mg/mL) megestrol acetate oral suspension NCD, Subject No.
33 was withdrawn prior to Treatment Period 3 drug administration due to clinically significant
low platelet count 14 days after receiving Megace® and Subject No. 34 was withdrawn after
Treatment Period 4 drug administration due to vomiting within 8 hours after receiving 675 mg
(135 mg/mL) megestrol acetate oral suspension NCD.

At screening, the mean age of the subjects was 32 years (range 21-59), mean body mass
index was 24.9 kg/m2 (range 21.4-29.5), mean weight was 77.5 kg (range 59.9-98.9), and
mean height was 176.2 cm (range 159.5-191.5). The majority of subjects enrolled were
Caucasian (95%, 36/38), 3% (1/38) were Black, and 3% (1/38) were American Hispanic.

Pharmacokinetic Results

As illustrated in Figure 1, mean plasma megestrol concentrations were close after
administration of 575, 625, and 675 mg megestrol acetate oral suspension NCD and Megace®
800 mg oral suspension, as were mean values for Cmax, AUCO-t, and AUCO-inf.
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The lower limits of the 90% confidence intervals for AUCO-t and AUCO-inf were slightly below
the 80% — 125% window for the 575 mg but within the window for the other two strengths of
megestrol acetate oral suspension NCD relative to Megace® (Table 1), indicating an extent of
absorption that was not greater than Megace®. The geometric mean ratios for Cmax ranged from
100.62% for the 575 mg NCD suspension to 116.72% for the 675 mg suspension and the 90%
confidence limits for all three strengths were within the 80% — 125% window (Table 2). These
results indicate that 575 mg megestrol acetate oral suspension NCD provides a Cmax that is
equivalent to that of Megace® under fed conditions with an AUC that fails to meet BE criteria.

Figure 1. Mean plasma concentrations of megestrol acetate after oral administration of 575 mg, 625
mg, and 675 mg of megestrol acetate oral suspension NCD and 800 mg of Megace® suspension to
healthy volunteers under fed conditions

@ —B— PAR 375 a1z (5 mb x 115 gL}
1200 —B— PAR 625 mg (5 mL x 125 ma/ml)
—l— PAR 673 mg (3 mL x 135 mgimL)}

=~ Mepace 800 mg (20 mL x 40 mg/mL)

Conc (ng‘mL}

l;J 12 24 ki 48 60 72 84 Qh
Time (I}
Appears This Way
On Original
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Table 1. Comparison of pharmacokinetic parameters after oral administration of 575 mg,
625 mg, and 675 mg of megestrol acetate oral suspension NCD and 800 mg of Megace®
suspension to healthy volunteers under fed conditions (N=33)

yiean o1 i
13657.52 +3900.50 16896.211 494251

14746.46+4453.99 ~ 18274.06+5623.07
1420.73£420.79 1400.66+350.57
3.75+1.57 "3.88x1.02
0.0224+0.0062 0.0238+0.0054

32.8517.46 30.5346.66

M
14685.42 + 4847.83 _ 15324.17+ 4526.37
16084.59+5566.01 16739.06+5432.83
1516.794389.01 1645.74+455.71
2.52+1.60 3.13+1.64
0.021120.0055 0.021140.0054
34.74+7.81 34.8148.10

Table 2. Treatment comparisons

Mege#i;oi acet;lt.e‘(;;a suspension
vs. Megace® 800 mg (40 mg/mL) (B)

100.62 94.10 - 107.60
81.06 78.19 - 84.04
80.93 77.96 - 84.02

108.18 101.17 - 115.69
86.30 83.25 -89.47
- 87.34 84.13 - 90.67

116.72 109.15-124.82
90.63 87.42-93.96
91.31 87.95-94.79

Conclusion:

These results indicate that 575 mg megestrol acetate oral suspension NCD provides a Cmax that
is equivalent to that of Megace® under fed conditions with an AUC that fails to meet BE criteria.
However, both 625 mg and 675 mg megestrol acetate oral suspension NCD meet 90% confidence
intervals for bioequivalence criteria.

Reviewer’s comments:

This pivotal BE study demonstrated that two higher strengths (625 mg/5mL and 675 mg/5mL) are
bioequivalent to Megace® 800 mg/20mL. In a IND meeting with the sponsor in 2003, the
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sponsor presented the Agency that megestrol NCD formulation may not be able to meet both
Cmax and AUC criteria for bioequivalence in comparison with Megace® based on their
preliminary studies and the Agency agreed with the sponsor that they may use Cmax as the
primary endpoint and AUC for the secondary endpoint to establish equivalence if AUC is not
substantially higher than the reference drug product. Otherwise, a clinical safety study may be
required. e ————_

T P e resg.

smmmm—  HOwever, based on this final, pivotal bioequivalence

study, the two higher strengths, 125 mg/mL and 135 mg/mL actually passed the 90% CI criteria
for bioequivalence. The strength 125 mg/mL is closer to the reference Megace® than the
strength 15mg/mL in terms of the relative bioavailability to Megace®.

way
eo‘s -“'“S
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Study 30422

Title

Randomized, 2-Way Crossover, Food Effect Comparative Bioavailability Study of Megestrol
Acetate 675 mg/5 mL Oral Suspension Administered as 1 x 5 mL (675 mg) Oral Suspension in
Healthy Subjects Under Fasting and Fed Conditions.

Treatment: A (fasting) and B (fed])
Unit dose: 675 mg/5 mL

Regimen: oral suspension/oral
Single dose of 1 x 5 mL (675 mg) oral suspension per subject in assonance
with the randomization scheme

Batch No.: 40968

Methods

The purpose of Study 30422 was to compare the rate and extent of absorption of megestrol
acetate oral suspension NCD 135 mg/mL administered as 1 x 5 mL (675 mg) under fasting and
fed conditions.

This was a randomized, single-dose, single-center, open-label, 2-way crossover bioavailability
study conducted under fasted and fed conditions = —————————  —————

Subjects received a single dose of the following study drugs in each of the 2 treatment periods
according to a crossover design:

* 675 mg (5 mL x 135 mg/mL) megestrol acetate oral suspension NCD under fasting conditions,
¢ 675 mg (5 mL x 135 mg/mL) megestrol acefate oral suspension NCD under fed conditions.

The single oral doses were separated by a 14-day washout period.

Doses were administered after a 10-hour overnight fast. For each treatment period, subjects were
confined to the research facility from at least 11 hours prior to drug administration until after the
24-hour post-dose blood draw. Blood samples for measurement of megestrol acetate were
collected for 96 hours after dosing and the resultant plasma analyzed for megestrol acetate using
an LC/MS/MS method with a LOQ of 2 ng/mL Clinical laboratory tests were performed at
screening and at end of study.

There were no protocol deviations that were judged to affect the results and conclusions of the
study. :

A total of 43 healthy, adult male subjects signed the study-specific informed consent form.
Of these subjects, 36 were dosed and were considered to have enrolled in the study; all the
enrolled subjects completed the study. Per the study protocol, PK data from 34 subjects were
analyzed.

At screening, the mean age of the subjects was 36 years (range 21-55), mean body mass index
was 25.2 kg/m2 (range 19.4-29.9), mean weight was 78.6 kg (range 57.0-108.7), and mean height
. was 176.4 cm (range 159.0-194.5). The majority of subjects enrolled were Caucasian (94%,
34/36), 3% (1/36) were Black, and 3% (1/36) were American Hispanic.
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Diagnosis and main criteria for inclusion:

Subjects had to be healthy adult mate subjects, aged IS and older; body mass indices
below 30 kg'm2. All subjects had to meet the inclusion and exclusion criteria described in the
protocol and were judged eligible for enrolment in this study, based on medical and medication
histories, demographic data (including sex, age, race, body weight [kg], height [cm] and BMI
[kg/rn2]), vital signs. 12 lead ECG, physical examination, a urine drug screen, and clinical
laboratory tests (hematology, biochemistry, urinalysis, HIV and hepatitis C [HCV] antibodies,
and hepatitis B antigen [HBsAg]),

Duration of treatment: A single oral dose of megestrol acetate as x 5 mL (675 mg) oral
suspension was administered under fasting and fed conditions, in each study period. The
treatment phases were separated by a washout period of 14 days.

Blood sampling points: Blood samples were drawn into blood collection tubes containing EDTA
K3 prior to drug administration and 0.250, 0.500, 10), 1.50, 2.00, 2.50. 3.00, 3.50, 4.00, 4.50,

500, 5.50, 6.00, 7.00, 8.00,12.0, 16.0, 20.0, 24.0,-36.0, 48.0, 72.0, and 960 hours post-dose in’
each period.

Criteria for evaluation:

Pharmacokinetics: AUCO-t, AUCO-inf, Cmax, Tmax, Kel and T1/2 el,
Primary Parameters: AUCO-t, AUCO-inf, Cmax

Secondary parameters: Tmax, Kel and T1/2 el,

Statistical Methods:

Pharmacokinetics

* Parametric ANOVA on AUCO-t, AUCO-inf, Cmax, Tmax, Kel and T1/2 el; geometric
confidence intervals for AUCO-t, AUCO-inf, Cmax.

* Covariates in the ANOV A model: Sequence, Subject within Sequence, Period and Treatment,
* Ln-transformed parameters: AUCO0-t, AUCO-inf and Cmax.

Assessment of food effect for the test formulation:
* 90% geometric confidence interval of the ratio (B/A) of least-squares means from the ANOVA
of the In-transformed AUCO-t, AUCO-inf and Cmax should be within 80.00% to 12500%;

Pharmacokinetic Results

Administration of megestrol acetate oral suspension NCD with food resulted in higher plasma
megestrol acetate concentrations (Figure 15) and higher mean values for Cmax, AUCO0-t, and
AUCO0-0, The geometric mean ratio for Cmax was 154% and those for AUCO0-t and AUCoo were
139% and 141%, respectively, and the upper limits of the 90% confidence mtervals were >125%
(Table 7), indicating a significant effect of food on absorption.
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" Comparison of two lots of Megacev under fasted and fed conditions [Lot #1J 48579, Studies
02097 (fasted) and 02098 (fed); Lot #1K52545, Studies 30146 (fasted) and 30147 (fed);
demonstrates an ~800% increase in Cmax and ~250% increase in AUCe. Consequently, the

effect of food on megestrol acetate oral suspension NCD was substantially less than the effect on
Megace®.

Figure. Mean plasma concentrations of megestrol acetate after oral administration of
675 mg of megestrol acetate oral suspension NCD to healthy volunteers under
fasted and fed conditions

1500
- Fasted
1200 =~ Fed
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E
&
=
w
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‘ Time (h)
Table. Pharmacokinetic parameters after oral administration of 675 mg of megestrol
acetate oral suspension NCD in fasting and fed conditions (N=34)

15403.06 + 5436.98

10977.52 +3473.63
11878.79 + 4109.82 17029.04 + 6676.92
1043.53 £268.06 ‘ 1615.85 +431.16
1.96+ 141 _ 276 +1.56
0.0267 + 0.0078 0.0227 + 0.0084
27.97+7.32 34.89+13.81

Table. Megestrol acetate (fed condition) (B) vs Megestrol
acetate (Fasting condition) (A)

"AUCo. | 139.19 13257 — 146.15
AUC o 141.44 134.11-149.17
Cmax 154.15 142.47 - 166.78
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Conclusion:

Results from the study suggest that food has effect on bioavailability of megestrol acetate oral
suspension. It can be concluded that a high-fat, high-caloric meal increases AUC and Cmax by
approximately 40% and 54%, respectively and delays Tmax by approximately 1 hour.

Reviewer’s comments: ‘
We agree with the sponsor that high-fat, high-caloric meal increases AUC and Cmax of megestrol

acetate oral suspension NCD by approximately 40% and 54%, respectively.

Appears This Way
On Original
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Study 30054

Title: Drug Interaction Study to Evaluate the Effect of Megestrol Acetate Oral Suspension on
Indinavir Pharmacokinetics in Healthy Subjects

Objective: The objective of this drug interaction study was to evaluate the potential effect of
megestrol acetate administered as 5 mL x 135 mg/mL oral suspension (for a total dose of 67S
mg) once daily from Days 2 to ~5 on the pharmacokinetics of indinavir, administered as 2 x
400mg capsules (for a total dose of 800 mg) once daily on Days 1 and 15.

Study design:
This was a single center, Phase I, openlabel, multiple-dose, l-sequence crossover drug interaction
study. Subjects were confined to the sssmmmeme - fr0m at least 10 hours

prior to drug administration on Day 1 until at least 4 hours after drug administration on Day 2,
from at least 1 hour prior until at east I hour after thug administration art Days 3 to 14, and from
at least 10 hours prior to drug administration on Day 15 until after the 24-hour post 15™-dose
blood draw.

Subjects: Enrolled and randomized: 30
Drop-outs: 0
Withdrawals: 2
Completed: 28
Data set for safety analysis; 30
Data set for statistical analysis: 28

Diagnosis and main criteria for inclusion:

Subjects had to be healthy male, non-smokers, age4 between 18 and 45 years of age; body mass
indices below 30.0 kg/m’. All subjects had to meet the inclusion and exclusion criteria described
in the protocol and were judged eligible for enrolment in this study, based on medical and
medication histories, demographic data (including so; age, race, body weight, vital sign 12-lead
ECG, physical examination, a urine drug screen, and clinical laboratory tests (hematology.
biochemistry, urinalysis, HIV and hepatitis C [HCV] antibodies, and hepatitis B antigen.

Unit Dose: A: 135 mg/mL oral suspension; B: 400 mg Capsule.

Duration of treatment: An oral dose of megestrol acetate was administered as 5 mL x
135mg/mL oral suspension (for a total dose of 675 mg) once daily from Day 2 to 15 and an oral
dose of Indinavir was administered as 2 x 400 ng capsules (for a total dose of 800 mg) once daily
on Days 1 and 15.

Blood sampling points: Blood samples were collected prior to 4mg administration and 0.167,
0333, 0500, 0.667, 0.833, 1,00, 1.50. 2.00, 250, 3.00, 4.00, 6.00, 8.00, 10.0, 12.0 16.0, and
approximately 24.0 hours post-dose on Days 1 and 15.

Criteria for evaluation:

PharmacoKkinetics:

AUCO0-t, AUCO-inf, Cmax, Tmax, Kel, T1/2 ¢l, and V/F.

Primary parameters:
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AUCO-t, AUCO-inf, Cmax
Statistical Methods:
PharmacoKkinetics:

* Parametric ANOVA on AUCO-t. AUCO-inf, Cmax, Tmax,, Kel and T1/2 el; geometric
confidence intervals for AUCO-t, AUQO-inf, and Cmax.

* Covariates in the ANOVA model: Subject and Treatment.
*  Ln-transformed parameters: AUCO-t. AUCO-inf, Cmax.

Criteria for interaction effect:

* If the ratio and 90% geometric confidence interval of the ratio (Day 15/Day 1) of least-squares
means from the ANOVA of the Ln-transformed AUC0-t, AUCO-inf, Cmax are within 80% to
125%, this will indicate that megestrol acetate has no effect on indinavir pharmacokinetics.

Results:

There was a decrease in the mean plasma concentrations of indinavir after 14 days of dosing
with megestrol acetate oral suspension NCD, as were mean values for Cmax,

AUCO-t, and AUCO-inf. Although there appeared to be a low probability of inhibition -

based on the in vitro study, there was an ~24% decrease in the extent of exposure (AUCO-t) and
an ~32% decrease in the rate of exposure (Cmax) and the 90% confidence intervals for the
geometric mean ratios fell below the 80% ~ 125% window. This indicates, based on the current
FDA Guidance, that there is a significant drug interaction between the product megestrol acetate
and indinavir. These results were obtained with a higher dose of the NCD product (675 mg) than
that which will be marketed (575 mg). This type of interaction is not thought to be limited to the
NCD formulation, but is likely representative of interactions between these classes of compounds.
Any variation from the reference listed drug labeling should apply to all products containing
megestrol acetate.

Figure. Mean plasma concentrations of indinavir after oral administration of 800 mg
" alone and after administration of megestrol acetate oral suspension NCD
675 mg daily x 14 days to healthy volunteers
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Table. Pharmacokinetic paramet

Ind;

arn:

20778.58 + 6059.66

20856.64 + 6064.99 16810.98 & 5918.94
8491.15 +2127.58 5913.44 £ 2112.83
0.881 £ 0.360 1.13+0.72
0.5073 £ 0.0679 0.5513 £ 0.0627

1.27+0.15

1.39+0.19

Table. Indinavir (Day 15) vs Indinavir (Day 1)

AUC . 78.73% 70.67 -87.71
AUC ¢, 78.78% 70.74 — 87.73
Cmax 67.64% 59.22-71.25
Conclusions:

Megestrol acetate reduced Indinavir Cmax and AUC by 32% and 21%,

respectively. Based on these in vivo drug interaction study results, we can conclude that
megestrol acetate may have induced enzymes that metabolized Indinavir.
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30146

Title: Randomized, 2-Way Crossover, Comparative Bioavailability Study of Megestrol Acetate
75 mg/mL Oral Suspension and Megace® 40 mg/mL Oral Suspension and Administered as 1 X 5
mL (375 mg) or 1 X 20 mL (800 mg) of Oral Suspension in Healthy Subjects Under Fasting
Conditions '

Objectives: The objective of this study was to compare the rate and extent of absorption of
megestrol acetate 75 mg/mL oral suspension (test) versus Megace 40 mg/mL oral suspension
(reference) administered as 1 x 5 mL (375 mg) or 1 x 20 mL (800 ng) of oral suspension under
fasting conditions.

Methodology: This was a single center comparative bioavailability, open-label, randomized, two-
way crossover study with a washout period of 14 days between doses.

Blood sampling points: at pre-dose and at 0.250, 0.500, 1.00, 1.50, 2.00, 2.50 300 3.50, 4.00, 4.50
5.00, 5.50 6.00, 7.00, 8.00, 12.0, 16.0, 20.0, 24.0, 36.0, 48.0, 72.0 and 96.0 hours postdose
(n=24).

Statistical analysis: .

ANOVA was performed on Ln-transformed AUCO-t, AUCO-inf, and Cmax and
untransformed Tmax, Kel and T1/2. Ratios of least-squares means and 90% geometric
confidence intervals were calculated for In-transformed AUCO-t, AUCO-inf, and Cmax.

Number of subjects:

Enrolled and eligible 44

Withdrawals 11

Completed as per protocal 43

Analyzed as per protocol 40

Inclusion criteria: Healthy (physical exam, laboratory tests, medical history and

BCG), smoker and/or non-smoker adult males who were 18
years of age or older.

Test Freatment (A)

Name Megestrol Acetate

Company responsible for placing

product on the market Par Pharmaceutical Inc,, USA
Pharmaceutical formulation Oral suspension

Strength 75 mg/mlL

Dose administered 1 x5 mL (375 mg)

Lot No. 036300

Baich No. : 36879

Control/Bulk/Lot. No. 036197

[Expiry Dale N/AV

CDataNDA reviewNDA2 1-778-Megestrol Acetate-Addendum-Synopses.doc 13



Treatment duration

Single dose of the two treatments (A, B) on two different
occasions, separated by a washout period of 14 days,

Evaluation criteria

Pharmacokinetic parameters:
AUCqh. AUChis, Crax, Tmnx. K and Tz .

Results:
Mean Plasma Concentrations (ng/mL)
MEGESTROL
N=40
Sampling Tume Test (Mapestrol Acerate {A)) Reference {Megace (B))

{h} Concentraiion SD {x) TV (%} Comcinlration SD (&) CV (%)
(1000 0.26 0.95 33002 Q.00 .00 -
(1250 59.66 62.62 104,95 6.71 2.0 134,26
0.300 445,31 256,34 $T44d 033 3n.48 6047

1.0Q 72151 30075 4].68 132,73 3882 44.31

1.50 65883 16431 40.08 14981 69.91 46.67
200 O08.76 138.95 3935 157.11 67.79 4315
2.50 605.03 291.15 4812 C157.55 AN 45.57

300 326.52 21874 40.97 154.70 69.02 44.61
350 47349 169.82 3588 152.46 75.46 46 .50
400 435.20 172.74 39.69 150.86 84.80 5621
4.50 398.45 188.59 47,33 154.84 30.20 51.80

5.00 5168 21151 60,14 145.05 80.560 $5.54
5.50 26549 16926 5807 130.33 RN 5594

6,00 25595 147.78 5774 [24.40 74.03 56.51
700 196.23 111.46 56.80 124.48 .85 5832

£.00 1646.74 81.34 48.78 12546 7363 60,30

12.0 109.53 48.03 43,85 115.99 45.95 35,62

16.0 80.38 3551 44,18 98.36 3547 36.06

20 G3.15 26.24 41.56 95.89 2761 2379
24.0 65.99 30.79 46,73 124.08 4§.30 33.28

3Ja.0 4233 18.80 44,42 0B84 39.94 4041
48.0 27.67 1338 47.62 83163 - 33.532 0.82
720 16.99 10.01 58.95 4543 28.59 GLBY

. 960 11.06 7.37 66.63 23.97 2098 80.80

" CDataNDA reviewNDA2 1-778-Megestrol Acetate-Addendum-Synopses.doc
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Pharmacokinetic Parameters

Test (Megestrol Acetate (A)) Reference (Megace (B))

Parameters Mean = SD CV(%) | Mean = SD CV (%)
AUCy, (ng-h/ml.) 6606.12 % 2451.03 37.10 | 7561.99 =+ 2320.69 33.33
AUCy,** (ng-h/mL) 723835 + 287357 3970 | 877942 + 3904.29 44,47
Crous {ng/mL.) 810.16 = 31372 3872 193.01 =+ 86.60 44.87
Toux (h) .56 =+ 0.9] 58.71 6.91 + 9.13 132.21
Toau® (h) 102 = 100 - 325 319 -
K () 00248 = 00096 3876 | 00267 = 0.0092 34.25
Taa™ () 31.89 = 1239 3885 | 2918 =z 12.83 43.95
*  Medians and interguartile mngcs ure pregented
** For these parameters, N = 39.

_Megestrol Acetate (A) vs Megace (B)
AUCy, AUCq** Cinax

Ratio’ 86.94% 83.87% 426.11%
90 % Geometric C.1.° 8040 % 1094.02 % | 77.10 % 10 91.24 % 391.60 % to 463.65 %
Intra-Subject CV 20,99 % 22.29 % 22.68 %

" Calculated using least-squares means according to the formula: oMW Actile (A)- Meesk B3 3|
] . . " R

“90% Geometric Confidence Intzrval using In-transformed duta

** For this parameter, N = 39,

Megestrol Mean Concentration - Time Profile

N=40
800 +
00
—&~Megesirol Acetate
GO0 - Megace

Plasma Concentration {ng/mL)
-
2

0.0 &0 160 240, 320 400 480 S60 640 TR0 800 S50 960
Time (h)

o
T

3 2 s
T T T
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Mean Plasma Concentrations (ng/mlL)

METABOLITE B
N=3Y
Sampling Time Test {Megesirg! Acetate (AN Reference [Meguce (B)) »
i Cancentrition S0 [z) OV (%) Conoentration SI (£} CV (%)
G.G00 (.45 1.68 Fra03 .19 0.592 3289
0230 48,32 41.88 86.67 7.51 862 114.82
2.500 176.52 20,45 S124 3316 20.82 62.78
1.00 268.24 179.73 67.00 56.57 2545 45.(%)
.30 21008 79,20 3599 58.92 2300 4022
2.0 206.85 76.92 37.18 £0.50 26.04 43.05
250 196.3% 74,22 37.79 62.44 2999 48.03
308} 151.08 72.86 40,23 §51.99 . 2834 46.04
150 [68.31 5747 33.97 39.93 26,16 4365
4,00 15491 5185 3347 62.13 32.85 52.88
450 145.76 4828 3352 71.90 3552 49.49
5.00 152.55 63.18 4141 7343 32y 5212
5.5Q 144,40 7017 48.59 71.28 3836 53.83
6.0 129,58 54.92 50140 &65.42 34.08 52.16
7.0 104,95 47,62 45.28 60.54 30400 49.56
B0 9741 42,85 43,99 50,48 27.57 46.34
12.0 76.38 34,07 44.61 56.04 2043 52.60
160 68.54 37.66 54.95 59.06 32.64 55.27
0.0 55.61 3412 6135 52.09 22,00 43.24
240 §7.39 3174 558 57.80 20.32 35.16
160 48.22 49.58 10282 59,03 33.30 57.36
48.0 34.87 29.64 8503 51.95 31.51 60.66
720 2390 24.65 103.11 36.01 2525 TFOE3
96.0 16.67 19.00 113.95 22.60 1904 84‘27_
METABOLITEB
N=3D
Pharmacokineiic Parameters
“Test (Megestrol Acetate (A)) | Reference (Megace (BY)
Parameters Mean = 5D CV{)| Mean = 8D CV (%)
AUG, (ng-h/mL) 4684.51 = 256468 5475 | 4475.50 = 206554 46.15
AUC);** (ng-himL) 352124 + 435240 7883 | 725007 & 9032.60 124.59
Chon (ng/mL) 28886 = 17367 60,12 9416 = 3942 4I.87
Ty (h) .47 = 0.98 66.72 129 2 147 113.87
Tam™® [hy Lo =+ LoD - 500 = 2153 -
Kq** (hd} 00245 &+ 00180 40.71 00223 =+ 00116 52.00
T‘-:i,nl*f, W 3593 =+ 21.55 5998 5387 = 8028 149.03

¥ Medians and interquartile range are piresented
** For these patamatars, N = 32,
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Megestrol Acetate (A) vs Megace (B)

AUG,, AUCy Cr
Ratio* 102.175% 84.98% 299 34%
90 % Geometric (’T.I.l .83 & to 11008 % T30 % o 100539 % | 27584 % 1o 324.84 %
Intra-Subject CV 19.70 % 4101 % 2164 %

! Caleulated using east-squanes eans according to the formsta; gl et A 1A Mepae B v 4y

*00% Geomerric Confidence Tnberval using In-wransfoemed data
** For Uhis parioveter, N =32, ’

Metabolite B Mean Concentration - Time Prafile

N=3}
) -
250 - B~ Megpstrol Acetute
3 ~t—Mogace
0
3
;
&
=
¢ : t t+ | — - } —t 4 : L -1
0.0 80 144 4.0 120 Rl (X)) 48.0 560 54.0 o 0.0 380 0
"Tiknre (k)

* Appears This Way
On Origina
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Mean Plasma Concentrations (ng/mL)

METABOLITE C
N=232
Sampling Time Test {Megesirol Acetate (A Reference ['Meg#e {(Bh
(h) Cancenteation SD (+) CV i) Concentrition SD_[&} CV %)
0.00 2332 37,82 160,89 :.38 36.54 17930
0.25 G244 $35.24 104.59 2403 34400 173,12
0.30 17547 81.90 40.75 43.02 3800 #8.54
1.00 48572 HRY) 3848 10427 54,35 RrR
1.30 675.07 276.00 40.39 13096 09.37 43.03
2.00 79515 31%2.635 4020 196.67 86,90 44,18
2.50 962.3% 40697 4229 243,06 111,13 4372
00 1095.62 467.93 4271 216453 11925 43.11
350 1216.72 534,65 4394 31002 140.62 45.30
.00 129901 540.54 41.61 350.23 188.08 5370
4.50 129984 515.46 39.66 38561 i80.59 46.83
500 1320.22 556.34 42,14 407,27 186,93 45.90
3350 1614.84 944 84 5851 430,83 202.87 109
6.00 147280 674.30) 45,78 44921 21025 46.81
T.00 1554.37 T08.95 45,01 497.16 229.46 36,15
k.00 1685.13 B804 801 47.76 563,12 263,15 40.73
£2.00 2005.59 100641 50.18 759,32 336,11 44.26
[6.00 2061 .48 906.72 43.9% R88.54 411.70 46.33
20000 2032.79 93551 46,02 956.60 44§.63 44.31
2400 2096.47 1019.12 48,61 1156.91 4787375 41.38
36,00 203613 1042.37 5119 1496.47 64375 43.02
48.00 1808.76 913.03 50,48 1646.86 79_43' I 48,26
72.00 1408.09 30171 36.94 1589.18 867.05 5436
600 967.37 57311 5024 1247.24 779.32 62,48
METABOLITE C
N=32
Pharmacokinetic Parameters
Test (Megestrol Acetate (A Refercnce (Megace {BY)
Parameters Mean 2 sD CVi%) ) Mean = SD CY (%)
AUC,, (ngthiml} | 15593706 + 7471901 4792 | 12398393 =z SE770.00 42,79
UL, mzhiml) | 19178200 + 13394605 6984 | 19347095 = 140364.38 7255
Crax {ng/mL} 294,89 133636 49,56 176493 = R30.73 47.58
Tioax h N3 * 0.7 5161 56,0 * 1-8.6' 32.78
T OF B0 = 9.0 . 8L = 270 .
Kg** ' DOI182 = 00073 4005 | 00123 = 0.0057 4565
Teg* (W 4743 £ 3096 6526 | 6755 = 2801 41.61

* dledizns aid interqiarile range wre prescnbed
¢ By fhece parameters, N = 17,
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Megestrol Acetate (A) vs Megace (B)

AU, AUC o™  Com
Ratio’  12850% 96.52% 144.66%
90 % Geometric C.1° 11719 % to 136,56 % B82 % 0w 10983 ® | 13160 % o 150.01 %
Intra-Subjecy CV 18,02 % 2139 4% 22.40 %

' Colentted uxing least-squans mems aceording to he formula; oiMIRINEAEIIAL Mecro @y
90% Geameric Confidence butorval widng In-dramsformed dara
For this perumeter, N =1 T

Metabolite C Mean Concentration - Time Profile
N=32

Plasme Concentration (eginll}

o ¥ ¢ - e | : 2 ' !

—B—Mepestral Acetute
e Mg

) i

0.0 8.0 160 2803 320 4p0 480 S0 640 720 KOO 380 960

Tinse (b)

APpears This Way
On Origingy
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METABOLITE D

N=39
Sampling Time | Test Megesirol Avetale (A)) Reference | Mcguct:' (B1)
(h) Cancentratinn SD %) CV (%) Concentration S it) CV (%)
0.000 0.32 0.5% 270,31 028 137 484.19
(3.250 256 .57 100.44 045 1.39 308.82
0.300 35.34 3263 6404 515 3.50 67.97
.00 92.22 54,41 59.00 {7.63 10.33 58.58
1.50 i16.47 67.64 58.07 2697 16.73 62.02
2.00 137.50 £4.38 61.36 3521 23.03 65.41
2.50 157.57 90.25 57.28 43,49 32.28 7421
kX113 170.05 162.43 6024 48.74 34,67 712
.50 145.635 113.40 GLOR 52.87 37.28 70.52
.00 190.69 114.62 0.l 59.88 44,52 74.35
4.50 P43 130.81 65.59 56.99 48.60 7156
3.00 LU8.65 130.67 65.78 56.88 47.19 10.56
5.50 196.18 128.27 63,38 62,31 46.22 G668
6.00 205.50 131.70 64,006 T2.6) 49 544 64.23
T.00 199,60 129.61 64,93 76.48 52.06 65437
200 204.57 134.68 - 63.83 80.25 4941 61.55
12.0 199.70 11801 29,10 93.48 076 65.00
16.0 18315 03.08 5082 106).04 06000 58,97
2.0 167.02 86.30 5167 11036 65.98 5879
240 166.86 7B 46.75 12105 (8.62 56.69
6.0 129.58 50.78 30.19 13999 72.02 51.44
48.0 146,87 47,55 4449 138.08 71.65 51.89
72.0 59.67 3503 58.70 104,16 Gr6a G135
96.0 3115 21.04 67.54 58.46 4723 LT
METAROLITE D
N=39
Pharmacokinetic Parameters
Test (Megestrol Acetate (A)) Rcference (Megace (BY)
‘ Parumeters Meam =  SD CV{(%)| Meam =+ SD CV (%)
AUC, (nghml} - |1052544 = 412221 3916 | 1006705 = 512895 50.93
AUCy**  (ng-bvmL) 1195602 + 482438 4033 1735859 = 16466.01 24,86
Cliox (ng/ml.) 256,54 = 138.24 53.80 15793 = 77.08 48.81
¥ . (h) . 150 = 136 90.581 M7 oz 1386 EE N I
Tora™ (b} 120 £ 1038 - 361 =+ 120 -
K %% {hrl) 00291 : 00126 43.37 0.0226 =z 0.0133 60.44
E {h} 2861 = |1 2.56 43.90 5261 & 3136 28.01

*  Medians and Interquartile rangr are presented

* % For these paramcters, M = 34,
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Megestrol Acetate (A) vs Megace (B)

AU, AUCy Cras
Ratio! 110.09% R4.03% IST73%
90 % Geomelrie C.1.° 101.25 %10 11971 % | 7222 %16 97.78 % | 143.90 % to 172,90 %
Intra-Subject OV 22.17 % 38.08 % 3437 %

¥ Cabeubited using least-squares means aceording e the formnla: 2
] e . . -
“90% Geomctric Confidenve Interval osing ln-mansformed dota

+* For this parsonéter, N — 34,

Metabolile D Mean Concentration - Time Profile
N=39

150

Plasms Conceniration (xy/ol}

50 4

~&—=Mepgestrol Avetute’
—— Mepice

eadegestrol A bade () Megace (1) X 100

240 3200 400 48.0
T 0y
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CONCLUSION

The objective of this study was to compare the rate and extent of absorption of megestrol acctate
75 m/ml ornl suspension {test) versus Megace 40 mg/mL oral suspension (reference). The
study products were administered as a single dose of 1 x 5 mL {375 my) of oral suspension or as
I x 20 mL (800 mg)-oral suspension using a randomized, two-way crossover Fasting study
design. Each healthy smoker and/or non-smoker adull male was given either Treatment A or
Treatment B after a supervised ovemight fast of at least 10 houss, in accordance with the
randomization schedule, with ¢ washout period of 14 days between doses.

Of the 44 subjects who were enrolled in this study, 1 did not complete the crossover (subject no.
44). Thus, 43 subjects completed the study. In accordance with the study protocol, plasma
samples from the first 40 subjects that completed the study were analyzed and used for
pharmacokinetic and statistical analyses. There were pre-dose concentrations higher than 5% of
their own Ciuyy detected for metabolite B (subject No. 11), metabolite C (subjects No. 07, 09, 11,
14, 15, 22, 29 and 40) and metabolite D (subject No. 11), for these subjects, they were removed
from the pharmacokinetic and stalistical analysis. The elimination rate constant could not be
estimaled properly for some subjects due o low correlation values for megestrol, metabolite B,
metabolite C and metabolite D (refer 1o section 3.2.4 for details), These subjects were excluded
from all analyses involving AUCq.iur Ty o and Ko

During each study period, blood samples (1 X 7 mi.) were taken from each subject at pre-dose
and at 0,250, 0.500, 1.00, 1.50, 2.00, 2.50, 3.00, 3.50, 4,00, 4.50, 5.00, 5.50, 6.00, 7.00, 8.00,
12,0, 16.0, 20.0, 24.0, 36.0, 48.0, 72.0 and 96.0 hours pest-dost {n = 24). Two aliquots of at
least 1.2 mL of plasma (see Section L.1.13, Protocol Deviations) were dispensed into labelled
" ubes, as soon as possible, before being transferred to a -20°C*5°C freezer,
pending megestrol, metabolite B, metabolite C and metabolite D analysis. Upon completion of
the study, the plasma aliquots were transferred on dey iCE 10 psee——————————— “for
analysis.

During the study, most adverse events were mild or moderate in severily, No serious, severe or
significani adverse events were reported. Thus, the products were well woleruted overall,

Moegestrol, metabolite B, metabolite C and metabolite I were measured in pﬁsma using a
validated LC/MS/MS method. Methods were specific and sengitive. The standasd curve ranges

uscd for the analysis of plasma samples were from ™ Ung/mL for megestrol,
from o——. ng/mL for metabolite B, from m—— ng/ml, for
metabolite C and from — e——— Y ngfmL for metabolite D.

ANOVA detected statistically significant differences between ireatments for In-transformed
AUCh..-for megestrol and metabolite C, In-transformed AUCy.jr, for megestrol only and for ln-
transformed Crax for all 4 analyies. Additionally, ANOVA detected statistically significant
differences between treatments for yntransformed Togy for all analytes, also ANOVA detected
statistically significant differences between treatments for untransformed Ty o4 for metabolite C
and metabolite D, for Ky for megestrol, metabelite C and metabolite D,

Appears This Way
On Criginal
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 First, for megestral, the ratios of least-squares means and 90% confidence intervals were 86.94%
{80.40% to 94.02%), 83.87% (77.10% to 91.24%) and 426.11% (391.G0% to $63.65%) for
AUCq., AUChi and for Cey,. respectively.

Secondly, for metabolite B, the ratios of least-squares means and 90% cenfidence intervals were
102.17% (94.83% to 110.08%), 84.98% (71.80% 1o 100.599%) and 209.34% (273.84% 1o
324.84%) for AUChr, AUCy ¢ and Tor Coy,, respectively.

For metabolite C, the rulivs of lsast-squures means and 90% confidence intervals were 126.50%
{117.19% to 136.56%), 96.52% (84.82% to 109.83%) and 144.66% (131.60% to 139.01%) tor
AUCqr, AUCy.ine and for Cppy,, respectively.

Lastly, for metabolite [3, the ratios of least-squares means and 905 confidence intervals woere
110.09% (101.25% to 119.71%), 84.03¢ (72.22% to 97.78%) and 157.73% (143.90% 1o
172.90%) for AUCq,, AUCq.yr tnd for Cpyy, eespectively,

Appears This Way
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30147

STUDY SYNOPSIS

Company name:

Par Pharmaceutical

Drug name:

Megestrol Acetate

Study Title:

Rundomized, 2-Way Crossover, Comparative Bioavailability Study of
Megestrol Acetate 75 mg/ml. Oral Suspension and Megace 40 mg/mL
Oral Suspension Administered as 1 x 5 mL (375 mg) or 1 x 20 mL
(800 mg) of Oral Suspension in Healthy Subjects Under Fed Conditions

Study performed by:

e ———
\

Objective;

The objective of this study was to compare the rate and extent of
absorption of megestrol acetate 75 mg/mL oral suspension (test) versus
Megace 40 mg/mL oral suspension (reference) administered as
I1x5mL (375 mg) or 1 x 20mL of oral suspension under fed
conditions,

Methodology:
1) Clinical

S,

2) Analytical
«

3) Statistical

This was a single center, randomized, single dose, fed, two-way
crossover study with a washour period of 14 days between doses.

Dosing dates - Period 1: 2003-06-22 Peried 2: 2003-07-06
Bleod sampling points: at pre-dose and at 0.250, 0.500, 0.750, 1.00,
1.50, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00, 5.50, 6.00, 8.00, 12.0, 16.0,
20.0, 24.0, 36.0, 48.0, 72.0 and 96.0 hours post-dose (n = 24).

Plasma concentrations of megestrol acetate were measured by
LC/MS/MS.

Lower limit of quantitation: 2.02 ng/mlL

Standard curve range;  eee——— ng/mL

Analyses - Start date: 2003-10-02  End date: 2003-12-01

The following metabolites were also analysed (data not shown):

- 17u-acetoxy-2a-hydroxy-6-methylpregna-4,6-diene-3,20-dione

- megestrol-6-hydrox ymethyl

- 17a-acetox y-2a-hydrox y-6-hydrox ymethylpregna-4.6-diene-3,20-dione

ANOVA was performed on In-transformed AUCq.,, AUCq s and Crax
and untransformed Tmsx, Ko and Ty o Ratios of least-squares means
(In-transformed data) and 90% geometric confidence inlervals were
calenfated for In-transformed AUCo,, AUCor and Cuax All analyses
were performed according to FDA’s guidelines.
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STUDY SYNOPSIS (Continued)

‘Number of subjects:
 Enrolled and eligible
Withdrawal

Completed as per protocod
Anstlyzed as per protocol
Used in stutistical soalyses

el
{

4
40
kY

Inclusion criteria

Healthy (physical exam, labotutory tests, medical history

and BOG)Y, smoker and/or non-smoker males who were at

teast 18 yeurs old.

Test Treaimeny (A)
Name
Company responsible for placing
product on the market
Pharmaceutical formulation
Strength
| Dose sdminisiened

Bawch No.
Expiry Date

Mepestrol Acetars

Par Pharnmaceutical, BSA
Orid Suspension

73 mgmlL

I % 5inL {375 mg)
I6KT9

NIAY

| Reference Treatment (B)

MName

 Company responsible for placing
produet oi the market
Phartaceutical formalation
Suength

Dase adimiistered

Lot No.

Expiry Dute

Megestral Acetate (Megacs™)

Bristol-Myers Squibb, USA
Orul Suspension

40 mgmL

1 & 20 mL (800 mx)

{ 1K52545

Nov 2003

Treatrnent diteation

Single dose of the two treatments (A, B} on two different

veeastons, sepurned by a washoul period of 14 days.

Evaluation criteria

Pharmacokinetic pamnmtel;s:
AUC{J-L» AUC-{)-EM» mes Tl:n:lx. chl and Th‘l el-
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SUMMARY OF RESULTS
MEGESTROL ACETATE
N=23

Pharmacokinetic Pavameters

“Test (Megesiral acetste (15 me/mL) (AD]  Reference (Megaue (40 my/mL) (B))
Paramewrs Maan * iD CV %) bean SD OV (%)
AUC,,  (ngvml) | LD46326 = 483515 4640 | 22160356 3 1022265 46.11
AUCh  (oghiml) | 1209247 2 T4081 6026 | 254BR71 & 1477238 5796
Crsn {uzfmL) 93812 = 32RY 3360 § 1THIO0 o+ 45659 26.68
Voo (h} 142 = )56 5422 394 w003 2423
Tua® 23] 4 o+ IO0 450 & 15D -
Ka th D0 = 004 4739 | 0218 % QW75 34,34
Tisa (h} RET1 VORI [ X% 43.78 SRS & 153 4249
* Medites asd inlerquantiie rangss are p =1

Mepsstrol acetate (75 mg/mL) (A) ve Mepace (0 mg/mly By

AUC!:H ' AUCyy Cmm
Ratio' 47.14% 4T47% 55.19%
90 % Geametric C.I° 4539 % 10 48,95 % 4543 R0 40.62 % $1.36 % 10 59.31 &
Tnasa-Subject CV .90 % 11.58 % £ 9,00 %

¥ Cakudabed wsing ham-sq

MRy s
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Plasoa Concentrntion {upfenl)

Lo {Paaua Cencentration) frg/ml.)

Megestrol Acctate Mean Concentration - Time Profite

N=34
1)
a0 ~Eb=Mugestrol acetute (78 mg/mit.)
1800 e Rl e i) il

. } + v, i e x ——¢ — "h
ao &0 160 2406 320 400 480  S6H 640 TR0 04 HRO 94D
Time {h}

Megestrol Acetate Ln (Mean Concentration) - Time Profile
N=39%

00 «~Bpe= M epestrol neetate §75 mg/mi.)
—— Blepwce (20 mghml)

00+

L 7

0.5t

R + - - —+ + - : 2 + e e
o0 B 165 240 X0 0 480 560 640 TI0 RQ0 RS0 96D

Tiime {h}
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Mean Plasma Concentrations (ng/ml.}

MEGESTROL ACETATE

N=3
Sampling Time Test [Megesol aseae (75 mpfnk) {AD Referznce (Mepage 190 mpfml.) (B))
th} Cancentralion SD iz} CV () Canzenlration | SD id) CV %)
0000 1.48 301 AL 0,94 $.24 450,24
0230 224.58 195.02 38.17 46.83 5311 113.41
(L3 503,08 394190 6. 24 310y 211.50 56.99
Q750 632.12 344.2% 53.00 5i.81 284.00 45.82
b0 a67.41 31462 4714 884.00 206.31 3352
£5Q 66597 24505 3680 108854 320,00 2940
2,00 66886 23811 35.60 1168.11 333,17 28.52
230 9700 226.71 32.504 1310.32 369,06 2817
100G T13.15 237.73 3334 1398.55 380,11 7.8
1,50 733.23 249.15 13.98 144934 368.59 2543
4.00 73191 24778 3388 1453 .24 301,45 27.62
4,50 785.63 270.49 34443 1571 .88 454,58 30.83
00 Q8046 225.85 3309 139199 161.62 33.18
4,90 591.08 26:4.00 14.60 1230.11 436,21 35406
6.00 R4 20440 240 110668 agan 36.32
00 0272 123.75 40,88 65781 263.33 3829
2.0 19847 .06 45.37 16268 197.92 42.7%
L6.D 141.80 69.52 2918 31864 155,14 48.72
.0 107.28 58.10 5416 250.80 135.99 54.12
240 $3.53 5743 51.53 ¥ B 132.5¢G SB.22
w0 64.25 4355 5778 15766 11544 7321
HB.0 47.41 3941 3342 106.44 2345 TBL
T0 A0 a0.04 94.59 T2065 75.90 104,47
S6.0 2319 26.30 H N 51.76 54.60 105,66
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CONCLUSION

This study compared the rats and exiem of absorption of megestrol acetate 75 mg/mL oral
suspension (test) (Treatiment A) versus megestrol acetate 40 mp'mL oral suspension {Megace)
{reference} (Treatment B1. The study products were administered as a single oral dose of
Ex SmL (373 mg) or | x 20 mlL (800 mg) of orsl suspension using a mundomized, two-way
erossnver fed siudy design. Bach healihy smoker andfor non-smoker adult male was given either
Treatment A or Treatment B after completion of a standard high-far, high-caloric breakfast, in
accondance with the randomixation schedole, with a washouot periad of 14 days between doses,

All 44 subjects whe were enrelled in this study completed the crossover. In gegordanege with the
study protocol, plasma samples from the first 40 subjects completing the study were o be
analyzed. However, subject No. 25 was excluded from analysis becsuse of use of concomitant
medication in Period 2. This subject was replaced by subject No. 42 (same randomization
sequence) in order to maintain a balanced group. Plasma samples from subjects No. 01 to 24, 26
to 32, 34 to 40 and 42 were used for pharmacokinetic and statisticat analyses, subject No. 33 was
exeluded from all anslyses due 10 a pre-dose concenteation value that wis higher than 5% of the
Coax villize.

During each study period. blood samples {I x 7 mL each) were taken from each subject at
pre-dose and at 0.250, 0.500, 0.750, 1.00, 1.30, 2.00, 2.30, 3.00, 3.50, 4.00, 4.50, 5.00, 5,50,
6.00, 8.00, 12,0, 16.0, 20.0, 24.0, 36.0, 48.0, 72.0 and 96.0 hours post-dose {n = 24). Plasma was
harvested from each bleed sample and placed in suitably labelud e “tubes, B SoON As
passible, before bring unsferred w a ~2025"C freerer, pending saalysis of megesirol acetate,
Upon completion of the study, the plasma aliquols wene transferred on am——
commm— for anaslysis. .

During the study, adverse events were mild or moderate in severity and no serious, severe or
signifivant adverse events were reporied. Thusg, the products were well tolerated overatl.

Megestrol acctate was measured in plasma using a validated LC/MS/MS method, The standard
curve range used for the analysis of plasma samplcs was a———— ‘ngfmL.

ANOVA detected a statistically significant difference between treatments for In-transformed
AU 0w AUC)qns tnd Crgy, but not for untransformed Ty, T o and Ky,

The ratios of lenst-squures means {and 90% peometric confidence intervals) were respectively

47145 (45.39% to 48.93%) for AUCy,, 47.47% (45.43% to 49.62%) For AUCq . and 55.19%
{51.36% 10 59.31%) For Cuna-
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272-1052-01 '
Title: Determination of the Inhibitory Potential of Megestrol on the Activities of CYP1A2,
CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E], and CYP3A4 in Human Liver Microsomes

Objective: To determine the potential of Megestrol to inhibit the activities of CYP Isoforms
CYP1A2, CYP2A6, CYP2C9, CYP2CI9, CYP2Do, CYP2EI, and CYP3A4 in human liver
microsomes.

Experimental Methods:

Incubation Conditions and Sample Size

All incubations were conducted at 37 & | °C in a shaking water bath. The sample
size was N = 3 replicates for experimental groups, and N = 6 replicates for control
groups.

Test Article Information and Preparation
The test article was identified in this study as follows:
» Megestrol (Megestrol Acetate USP Micronized; molecular weight = 384.52)

Megestrol was prepared in methanol at 1,000 times (1,000X) the final
concentration. The 1,000X stock solution was mixed with 0.1 M Tris buffer,
NADPH regenerating system (NRS), a CYP substrate, and liver microsomes. The
final test article concentrations were 0.385 pg/mL (1 uM), 1.27 pg/mL (3.3 pM),
3.85 pg/mL (10 pM), 12.8 pg/mL (33.3 pM), and 19.2 pg/mL (50 pM), each
containing 0.1% methanol. The highest tested concentration was 50 pM instead
of 100 pM, as stated in the protocol, because the 1,000X Megestrol (100 mM)
was not soluble in methanol,

Appears This Way
On Qriginal

CDataNDA reviewNDAZ2 1-778-Megestrol Acetate-Addendum-Synopses.doc o 30



)2 Page(s) Withheld

l/ Trade Secret / Confidential

Draft Labeling

Deliberative Process

Withheld Track Number: Clin Pharm/Bio- ,



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

Xiao-xiong Wei
4/7/05 10:09:36 AM
BIOPHARMACEUTICS

individual study review for Megestrol Acetate NCD
Hae-Young Ahn

4/12/05 10:27:43 AM
BIOPHARMACEUTICS



