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1.0 Executive Summary
1.1 Recommendation

From the Clinical Pharmacology perspective, this NDA is acceptable provided that a
mutually acceptable agreement regarding the labeling language can be reached between
the Agency and the Applicant.

1.2 Phase 4 Commitment

From the Clinical Pharmacology perspective, no phase 4 commitment is applicable to this
NDA.

1.3 Summary of Important Clinical Pharmacology Findings:
Currently, pregabalin and duloxetine are approved for the treatment of fibromyalgia.

Milnacipran is a novel norepinephrine-serotonin reuptake inhibitor (NSRI) proposed for
the treatment of Fibromyalgia Syndrome (FMS). It was first in approved in France in
1997 for major depressive disorder (MDD) and is currently approved in over forty-four
countries for the treatment of MDD. Currently, it is not approved anywhere in the world
for the treatment of Fibromylagia. Structurally, the drug exists in two racemic forms:
cis-(4) and racemate (Z form) composed of two (- and £) enantiomers (isomers).

0] NH, - HCI
<N
The drug will be marketed as film coated immediate release tablets at 12.5, 25, 50, and
100 mg strengths. The proposed target doses are 50 mg BID and 100 mg BID.

Throughout this review, the racemate (parent drug) is denoted as Z/Zmilnacipran or as
F2207, #isomer (enantiomer) as F2695, and Aisomer (enantiomer) as F2696.

Approximately, sixty clinical pharmacology related studies were conducted by the
sponsor in the course of fibromyalgia and MDD programs. Five clinical efficacy studies
were conducted in fibromyalgia patient’s population. The two pivotal studies are MLN-
MD-02 and FMS03.

The clinical pharmacology and Biopharmaceutics studies investigated protein binding,
absolute bioavailability, single dose and multiple dose pharmacokinetics, dose-

CsayedNDASCeritical care (170)NDA 22-256 (Milnacipran)ReviewFinal082908.doc 3



proportionality, food effect, bioequivalence of the various formulations used in the
clinical development program, mass balance, drug-drug interactions, and special
populations (effect of age, gender, hepatic impairment, and renal impairment). The drug-
drug interaction studies were conducted during the course of the MDD program in
Europe. In addition, several sz vi#o metabolism and z7 v/vo drug-drug interaction studies
were conducted to characterize the metabolic pathways of the drug and to identify the
enzymes responsible for the metabolism of the drug.

Basic PK Information:

Overall, the PK characteristics of milnacipran appear to be comparable across studies.
The Cmax is attained by approximately 2 to 4 hours after oral administration. The
absolute bioavailability ranges from 85% to 90% (Studies M038 and M046). No food
effect was observed with the capsule and tablet dosage forms (Study # M039/M124 and
Study MLN-PK-04),

The elimination half-life of milnacipran averaged 6-8 hours in all studies (Study M037,
MO038, M130, M141, MLN-PK-01, MLN-PK-04). However, the enantiomer £
milnacipran bad a longer elimination half-life (8-10 hours) than #milnacipran (4 to 6
hours) as reported in several studies (Studies M115, M146, M126, and MLN-PK-01).
The steady state level was achieved within 36 to 48 hours and is approximately 70%
higher than that achieved after a single dose (Studies M037 and M146). The plasma
protein binding of milnacipran is approximately 13% and is independent of the
concentration (Study # M013).

Dose proportionality was observed after single and multiple dose administration (Studies
MO036, M037, M040, M146, MLNPK-01, and MLN-PK-10). Depending on the study, the
dose proportionality was established between 25 to 200 or 300 mg (Figure 1.3.1). The
dose proportionality studies were limited by the high incidences of nausea and vomiting
and increases in heart rate that precluded the administration of the drug beyond 300 mg
(see below). The elimination half life of the parent drug and its isomers did not change
with dose or duration after multiple dosing.

APPEARS THIS WAY
ON ORIGINAL
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Figure 1.3.1. Dose-Proportionality for Milnacipran in Healthy Subjects (Study #
M040)
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Metabolism and Excretion:

Approximately 90% to 97% of radioactivity of '*C-milnacipran dose is excreted in urine
(Table 1.3.1, Studies #M002 and MLN-PK-05). Of this, approximately 55% of the
milnacipran dose was excreted unchanged and the remaining as metabolites (Study #
MLN-PK-05, M002/M034, M037, M039/M124, M040, M126, M135, and M244). The
metabolites include Amilnacipran carbamoyl O-glucuronide (17%), <milnacipran
carbamoyl O-glucuronide (2%) and N-desethyl milnacipran (8%). The metabolic
Pathway involved in this minor de-ethylation pathways is unknown. However, N-
desethyl milnacipran is considered to be inactive based on pre-clinical data. Sponsor
proposes that the carbomoyl O-glucuronide metabolites are the result of a nonenzymatic
reversible reaction of the primary amine function of milnacipran with carbondioxide to
form a carbamic acid and subsequent conjugation with glucuronic acid.

Table 1.3.1 . Excretion of radioactivity (%) of “C Milnacipran

Study ﬂ!ihm;;'pmn 2 Urine Feces : Total
ose

M002/M034 50 mg 90.3 1.6 919

MLN-PK-05 100mg 933 36 96.9

In all PX studies it was noted that the plasma level of &£enantiomer was consistently
higher (~20% to 50%) than that of Zenantiomer (e.g., Study # M146 and MLN-PK-01).
There was no evidence of inter-conversion between the two enantiomers (see Study
M115).
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Drug-Drug Interactions:

A slow biotransformation was observed for milnacipran in human hepatic microsomes,
hepatocytes, and cDNA expressed human CYP1A2, CYP2A6, CYP2B6, CYP2C9,
CYP2C19, CYP2D6, CYP2EI, and CYP3A4 isoenzymes (Study # PKO7MXH1). The
inhibition and induction potential of milnacipran to CYP 450 isozymes was low (Studies
# PRD-RPT-BDM-00051, XT08318, and M244).

The co-administration of various drugs did not show a significant effect on the PK of
milnacipran. These include, levomepromazine (Study # M126), carbamazepine (Study #
M130), warfarin (Study # MLN-PK-07), digoxin (Study # MLN-PK-08), lithium (Study
M125), lorazepam (Study # M138), fluoxetine (Study # F2207 GE M212), clomipramine
(Study # F2207 GE M213), and alcohol (Study # F2207 95 GE 103). As such, based on
iz vitro and zr vive studies, the potential for interactions with drugs that are substrates,
inhibitors or inducers of CYP450 enzymes is low or not clinically significant. Based on
the limited information with the interaction of the drug with digoxin, a known p-
glycoprotein (P-gp) intestinal and renal substrate, the drug does not appear to be
transported via P-gp.

Special Populations:

The exposure was markedly increased (Cmax ~60% and AUC ~200%) and clearance was
markedly reduced (65%) in patients with severe renal impairment (Table 1.3.2, Studies #
M045/M117 and MLN-PK-02). Therefore, dose adjustment is necessary in patients with
renal impairment, especially in severe cases. No information is available in end-stage
renal disease or patients on dialysis.

Table 1.3.2. Mean Percent Change in PK Parameters in Patients with Renal
Impairment Compared to Healthy Subjects (Study # MLN-PK-02).

Renal Impairment

Gromp

Cocx (ng'mL)

AUCy . ugeml)

.m

CLF A

Mad

12%

16%

33%

-14%

Moderata

2%%

32%

. 41%

~28%

Savere

5%

196%

123%

-65%

a  Subjects withous vomnsiting

C.. = 1taimum plasa drug concenmaton; AUC,.., = area under the plasma conceneation v time carve from time
9 © infinity; T, * terminal elimiazon half-life; CL'F = apparent totsl claarance of drog from plasma afrer oral
adinistratioa.

Two studies were conducted by the sponsor to investigate the PK profiles in patients with
hepatic impairment (Studies # MLN-PK-11 and M046). In one study, the data was
inconclusive due to the fact that there was decrease in Cmax rather than increase in
patients with severe hepatic impairment compared to mild or moderate relative to healthy
subjects (Study # MLN-PK-11). Overall, from both studies the AUC increased by
approximately 30% to 60% in severe liver impairment compared to control following IV
and oral administration. Based on the high variability in the data and the limited number
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of subjects in each group (n=3 to 7) in both studies, milnacipran should be administered
with caution in patients with severe hepatic impairment.

As expected from the excretion pathway of the drug and the expected renal status in
elderly, the exposure in this population was generally higher by approximately 35% to
65% than young subjects (Study # M042 and M116). Overall, elderly patients in the
clinical trials did not show differences in safety. Based on these data, although no
specific dosage adjustment is needed in the elderly, milnacipran should be used with
caution in elderly patients as their renal function decreases with age.

There were no clinically meaningful differences in the PK of milnacipran in male and
female subjects. The Cuax, but not the AUC was approximately 22% higher in females
than males (Study # M116). This difference in exposure may not be of clinical
significance,

In terms of pediatric indications, the sponsor is requesting deferral to assess the safety
and effectiveness of the product in pediatric population. Based on the sponsor’s request,
the Agency granted pediatric deferral on September 11, 2007.

No information is available on the PK of drug in different ethnic groups. In addition, the
drug is not known if it is excreted in human milk or transfer via placenta in humans.
Therefore, there is limited information in nursing mothers and pregnant women.
However, the drug is categorized as pregnancy Category C.

Dose Selection:

The first formal evaluation in FMS was performed in the Phase II study FMS-021 in
which the drug was given at 200 mg QD or 100 mg BID for 8 weeks. Milnacipran was
up-titrated starting from 12.5 mg BID or 25 mg QD. These doses were selected based on
the favorable safety profile at the labeled dose of 100 mg BID in MDD program and
literature information suggesting that patients with fibromyalgia might respond better to
higher doses of anti-depressants than those typical used for depression. From the safety
and efficacy perspective, 100 mg BID was found to be optimal compared to 200 mg QD
based on the effect on overall pain relief and tolerability. In the subsequent fibromyalgia
clinical studies, doses of 50 mg BID and 100 mg BID were tested.

Dose-Response for Efficacy:

From the clinical pharmacology perspective, it does not appear that there is dose-
response for efficacy in the two pivotal studies (Studies # MLN-MD-02 and # FMS031)
where 50 mg BID and 100 mg BID were tested. There was no appreciable separation for
either the syndrome end-point or pain end-point between 100 mg and 200 mg daily doses
(Figures 1.3.2 A-C). For example, in study MLN-MD-02 the composite responder rates
for the pain end-point for placebo patients was 16.5%, compared to 22.8 % for 100
mg/day and 24.8% for 200 mg/day doses. Similarly, for study FMS031 the response rate

CsayedNDASCeritical care (170)NDA 22-256 (Milnacipran)ReviewFinal082908.doc 7



in the placebo patients was 19.3%, compared to 27.2% for 100 mg/day and 26.8% for
200 mg/day doses (Table 1.3.3).

Figure 1.3.2. A Percentage of Patients Responding to Treatments
Study # MLN-MD-02 _ Study # FMS031
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Figure 1.3.2 B. Time Weighted Average of Weekly Average 24-Hour Recall Pain

(AUC) for the 3-Month Stable-Dose Period (Last Observation Carried Over-LOCF)
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Figure 1.3.2 C. Weekly Average 24-Hour Recall Pain for the 3-Month Treatment
Period (Last Observation Carried Over-LOCF) .
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Table 1.3.3. Summary of Pivotal Efficacy Studies: Composite Responders Rate (%)
for Milnacipran Versus Placebo for Syndrome and Pain at the 3-Month Landmark
(BOCEF, ITT Population)

Indication Syndrome . Pain
' : Milnacipran "Milnacipran
Treatment Group | Placebo Placebo

100mgid | 200 mgd 100mg/d | 200 mg/d
) N-MD.O?
YERMD02 401 399 396 401 399 396
% responders 8.7 145 139 165 ns 24.8
OR 1.70 174 1.50 167
(95%CD) (115,280 | (1.11,274) (1.05,2.19) | (1.18,237)
p-Value 011 016 024 004
i I 4 a1 m 24 a4
% responders 12.1 19.6 193 193 272 2%6.8
OR 184 1.80 1.55 154
(95% CD (1.07.3.1%) | (111,299 (099,242 | (1.04,228)
p-Valne 028 017 056 032

BOCF = baseline obsarvation carried forward; all patients who did not have adequate obsarvation for the evaluation
of composite responder status at tha 3-month landnark wera dafined a3 nonraspondes.

LPA = Uniform Program Analysis. UPA definition of resp with respect to pain, patient global (e, PGIC = 1
or 2} and physical function (using SF-26 as agreed upon with the FDA) for syndroma. For the BOCF (UPA)
analysis, the altemative model without baseline—val ore-by-traatmant-group interaction (the mode} for the
MLN-MD-02 primary efficacy analysis) had nominal p-values (FMS031) of 035 and .020 for compozite
syndrome and .048 and .032 for composite pain, respectively, for the comparison of 160 me/d with placebo and
200 mgd with placebo (see ISE After-Text Table 3.1B and 6.1B).

CI=confidence interval; ITT = Intent-to-Treat; N = population size; OR = odds ratio.
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From these data it can be seen that there seems to be a drug effect compared to placebo in
both studies but that the response following 100 mg and 200 mg daily doses is
overlapping. Sponsor proposes that there is incremental benefit with the 200 mg daily
dose in patlents with higher Beck Depression Inventory scores and in elderly. See
Clinical review by Dr. Jane Filie and Biostatistical review by Dr. Joan Buenconsejo for
final assessment of the Clinical Efficacy and Safety.

Dose—Responsé for Safety:

The most prominent adverse events for milnacipran were related to gastrointestinal .
tolerability such as nausea and vomiting and cardiovascular effects such as increases in
blood pressure and heart rate.

Leart Rate and Blood Pressure-

As expected, based on its pharmacological activity, milnacipran increases the blood
pressure and heart rate (Studies M146, C241, MLN-PK-10, MLN-PK-01, MLN-PK-02,
MLN-PK-11, MLN-PK-04, MLN-PK-05). In healthy volunteers, this increase in heart
rate seems to occur in time and somewhat dose dependent manner. In study M146/C241,
the heart rate increases significantly on Day 3 compared to baseline on Day 0 and this
increase seems higher at 200 mg dose compared to 100 mg dose (Table 1.3.4). At 200
mg dose, the heart rate increases by a mean of about 18 bpm on Day 3.

For the blood pressure, the maximal supine systolic and diastolic blood pressure are
higher in milnacipran treatments compared to placebo treatment but this i increase does not
seem to show a clear dose-dependency (Tables 1.3.5 and 1.3.6).

Table 1.3.4. Mean Variations in Heart Rate (bpm) Holter From 0 to 24 h (Study # -
M146/C241)

MEAN VARIATIONS OF HEART RATE (bpm) Holter 24 hours

D1-DO D3-D0
mean = SD mean = SD
Placebo - 1,44 = 4,34 1,69 + 4,69
50mg 4,25 3,71 12,44 + 5,93
100 mg 5,56 = 4,80 13,19 £ 5,27
200mg 8,88 + 4,84 17,88 = 7,01
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Table 1.3.5 Maximum Supine Systolic Blood Pressure (Study # M146/C241)

MAXIMAL SUPINE SYSTOLIC BLOOD PRESSURE (mmHg)

D1 D2 D3
-mean = SD mean = SD mean = SD
Placebo - 131,00 = 7,55 130,06 + 8,43 129,50 + 7,16
50 mg 137,94 = 8,98 136,13 + 9,98 134,63 = 7,48
100 mg 135,38 + 6,65 133,63 + 6,88 133,38 = 8,29
200 mg 139,88 + 10,77 138,31 £ 6,48 135,44 + 6,28

Table 1.3.6. Maximum Supine Diastolic Blood Pressure (Study # M146/C241)
MAXIMAL SUPINE DIASTOLIC BLOOD PRESSURE (mmHg)

D1 D2 D3
mean = SD mean = SD mean = SD
Placebo 74,13 + 5,26 72,81 £4,92 71,81 £ 5,49
50 mg 77,38 + 6,47 79,25 + 6,84 79,19 £ 7,76
100 mg 76,81 £ 5,71 79,00 £ 7,18 79,81+ 6,75
200 mg 78,88 = 8,07 78,81 = 5,21 80,06 = 6,80

The data from study MLN-PK-10 clearly show a consistent increase in both systolic and
diastolic blood pressure and heart rate with milnacipran compared to placebo . This study
was discussed in more detail by the QT Interdisciplinary Review Team (IRT) in their
.review dated 6/18/2008. At the end of the study, where milnacipran was administered at a
dose of 300 mg BID (supra therapeutic dose), the heart rate increased by a mean of 22
bpm compared to baseline (Table 1.3.7).

Figure 1.3.7. Mean (= SD) Vital Signs in Part B (n=100) (Study # MLN-PK-10)

Monxifloxacin/Placebo Milnacipran All Subjects

Sl Signs ) N=19) (N=100)

Soroening | EndofSmay C’;{’,@‘;ﬁ | Soroeming | Endopmay Cksgf: :v{;’” Sroening | EndofSnidy | CRange i’;"‘
Syokc3P.omHy | 1382103 | m24sns {12107 0752105 | 104e40 | 202137 | N5esl05 | Lssslsa |e2elas
DiaoicBP,mmHg | 715466 | 671286 | —45278 | 753268 | 764262 | 08z61 #5270 | 6esd | -18275
Pulse. by 3279 | 5axse | s1sen 94288 | 0202138 | 2052143 | 99583 | 8352100 | 136%14s
Teyperatre, °C 367804 | 363204 [-03205 | 366204 |362203 | 04204 | 366204 | 363204 |-04205
Respirstery Pre min® | 136424 | 156226 | 0038 145225 | 148234 | o342 126215 | 147230 | o024
Waigh kg ®32105 | 0932106 |-25215 | 76911 | 7552113 [-14212 | 7332135 | 23an3 | -08217
BP=blood pressiaze. . ‘
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Based on the sponsor’s analysis of Phase 111 data, it shows that overall the mean change
from baseline in systolic blood pressure (SBP) is -0.1, 3.1, and 3.0 mm Hg and for
diastolic blood pressure (DBP) was 0.4, 3.1, and 2.6 mm Hg in placebo, 100 mg/day, and
200 mg/day groups, respectively.

Similarly, the overall increase in heart rate in patients on milnacipran was 710 8 bpm
greater than patients on placebo. At the end of the study, the average heart rate was 80
bpm in milnacipran group and 72 bpm in placebo group.

It should be noted that overall the trend of increase in heart rate by >10 bpm was higher
in milnacipran-treated patients compared to placebo. The magnitude was 34% of patients
receiving 100 mg/day and 40% at 200 mg/day doses compared to 7% in placebo group.

The magnitude was reduced for those patients with heart rate >20 bpm to 8% in both 100

mg/day and 200 mg/day compared to 0.3% in placebo group. Only 1% of the patients had
heart rate >30 bpm in both doses compared to zero in placebo group.

Based on this data, it can be concluded that all patients on milnacipran had higher blood
pressure and heart rate than placebo at all doses and the effect at 200 mg dose appears to
be either similar or only marginally higher compared to 100 mg daily dose.

Nausea and Vomiting:

Significant incidences of nausea and vomiting were observed in several clinical
pharmacology studies leading to some subjects dropping out from the study. In healthy
volunteers, the incidence appeared to be dose dependent (Tables 1.3.8 and 1.3.9). For
example, in the dose proportionality study M036, all subjects receiving 400 mg doses
vomited which precluded the use of the data from these subjects. Food was found to
reduce the rates of nausea and vomiting and also delay the onset of these adverse events
(Study # 039/M124). In addition, the incidence of nausea and vomiting was found to
decrease with a slow up-titration regimen (Studies # C241/M146, MLN-PK-07. MLN-
PK-08, and MLN-PK-10).

Table 1.3.8. Across Studies Comparisons for the Incidence (% of Subjects) of
Nausea and Vomiting in Healthy Subjects Following Single Oral Administration of
Milnacipran

Study Treatment Nuausea (%) Vomiting (%)
100 mg, fasted 7 58.1
MIN-PK-04
. 100 mg, fed 51.6 51.6
C220 50 mg, fed 46 13
c223 50 mg, fasted 50 10

a L 77 .apsule formulations.
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Table 1.3.9. Across Studies Comparisons for the Incidence (% of Subjects) of
Nausea and Vomiting Following Multiple Oral Administration of Milnacipran

Stdy Treament Nausea (%) Fomiting (%)
25 mg BID for 3 days i1.1 56
C2412M146 50 g BID for 3 days 204 11.8
100 xag BID for 3 days 64.7 235
10-day milnacipran HC] qeanuent starting ac }
MLN-PK-07 25 rog BID aud uptitrated to 100 mg BID n2 74
9-day milnacipran HC] treatment starting at
MLN-FK-08 12.5 mg and uptitrated to 100 mg BID 13.8 0
. 37-day milnacipran HCI treatmenr starzing at - y
MLN-PR-10 125 mg and upsitrated to 300 mg BID 306 203

In the controlled clinical trials, milnacipran was slowly up-titrated to build tolerability of
the patients. The incidence of nausea appears to be higher during the first two weeks of
drug administration (~27%) and then reduce with time to approximately 5% (Figure
1.3.3). Similarly, the prevalence gradually subsided over the first 8 weeks and stabilized
at approximately 7% to 14%. The incidence and prevalence appears to be marginally
higher at 200 mg/day than 100 mg/day after the first two weeks of administration.
According to the sponsor, the drop out rate due to nausea is approximately 3.5 to 7% in
patients receiving milnacipran at 100 mg or 200 mg daily doses.

Figure 1.3.3. Incidence and Prevalence of Nausea (Phase IH Study, Group 1 A).
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Effect on QTec:

The effect on QTc was investigated in a active drug and placebo controlled thorough QT
(TQT) study where milnacipran dose was escalated from 12.5 mg to a final dose of 300
mg bid (three times the intended therapeutic dose) for 37 days or placebo (Study # MLN-
PK-10). Encapsulated moxifloxocin at a single dose of 400 mg was administered as
active control on Day 1 of the placebo arm. This study was reviewed by CDER QT-IRT
group (review dated June 18, 2008). The QT-IRT review concluded that after baseline
and placebo adjustment, the maximum mean change in QTcF was 8 ms. Due to study
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design limitations, the IRT group recommended that the sponsor should repeat the TQT
study as follows (see IRT review for details);.

We recommend that the sponsor performs a repeat TQT study incorporating the
following elements: ’

o Use exercise or 24-h ambulatory ECG momitoring at baseline as a method to
increase the range of heart rates to compute an individual-correction factor.

o Collect additional ECGs during the titration of milnacipran to determine the
dose/concentration-response relationship for QT prolongation. '

» Moxifloxacin control should be conducted concurrently with the other arms.

» In this study, over-encapsulation of the moxifloxacin tablet may have caused a
decrease in moxifloxacin exposure. We recommend that blinding is
performed using a double-dummy approach.

Overall, in this NDA, sponsor has provided adequate data investigating the
clinical pharmacology and biopharmaceutics aspects of milnacipran.

APPEARS THig
HIS wa
ON ORiGIxAL Y
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2. Question Based Review
2.1 General Attributes/Background:

2.1.1 What are the highlights of the chemistry and physico-chemical properties of
the drug substance and formulation of the drug product?

Milnacipran is a novel norepinephrine-serotonin reuptake inhibitor (NSRI) developed for
the treatment of fibromyalgia syndrome (FMS). As NSRI it inhibits the reuptake of
norepinephrine (NE) and 5-HT. Structurally it exists as cZs-(</ in racemate form with &
and /enantiomers (isomers). The structural formula for milnacipran is shown below:

casCH _NH3T1"
cucu/
It should be noted that throughout this review, the racemate parent drug, is denoted as &/

milnacipran or as F2207, #isomer coded as F2695, and Zisomer is coded as F2696.
These codes are mainly shows in some tables and figures generated by the sponsor.

The drug will be available as immediate release tablets in the following strengths: 12.5,
25, 50, and 100 mg of oral administration.

2.1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)?

2.1.2.1 Mechanism of Action:

The exact mechanism in the treatment of pain associated with fibromyalgia is unknown.
However, the sponsor believes that it is associated with norepinephrine (NE) over
serotonin activity in the CNS. Milnacipran inhibits NE uptake by approximately 3 fold
higher potency than that of serotonin reuptake.

2.1.2.2.2 Indications:
Milnacipran is indicated for the treatment of fibromyalgia.

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

The recommended dose of milnacipran is 100 to 200 mg/day. Drug should be titrated
according to the following schedule:

Day 1: 12.5 mg

Days 2-3: 25 mg/day (12.5 mg tw1ce a day)

Days 4-7: 50 mg/day (25 mg twice a day)
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After Day 7: 100 mg/day (50 mg twice a day)

Based on individual patient response, the dose may be increased to 200 mg/day (100 mg
twice a day). Doses above 200 mg/day have not been studied.

2.1.4 What are the Core Studies Submitted in this NDA?

From the clinical pharmacology perspective, the sponsor conducted approximately 60
studies to characterize the PK, PD, and metabolism of the drug 77 »# o and 77 vvo. These
include 49 Phase I studies after a single dose (25-400 mg) and multiple-dose (25-300 mg
BID), mainly in healthy subjects (47 studies), depression subjects (one study) and
pediatric patients (one study). Two of the Phase I studies consisted of both PK and PD
components (Study # M126 and M146) and with a separate report for the PD data (#
C221 and C241).

In addition, 5 27 vizro studies were conducted to evaluate the protein binding, blood
distribution, and z7 w0 metabolism of milnacipran, as well as the inhibition potential of
milnacipran on cytochrome P450 system (CYP450) isozymes.

Furthermore, from the biopharmaceutics perspective, seven comparative bioavailability
and bioequivalence studies were conducted to establish the link between the different
formulations used in the different phases of product development. In most of the PK
studies, the Z*and Zisomers were determined in addition to the parent drug, milnacipran,
It should be noted that in most of the figures and table the three components are denoted
as follows:

e F2207 = Milnacipran parent drug (or &/#milnacipran for racemate)
e F2695 = Zenantiomer ( or isomer)
¢ F2696 = Fenantiomer ( or isomer)

2.2 General Clinical Pharmacology

2.2.1 What efficacy and safety information (e.g., biomarkers, surrogate endpoints,
and clinical endpoints) contribute to the assessment of clinical pharmacology study
data? How was it measured?

Efficacy:

In a Phase II study milnacipran was administered at 200 mg QD or 100 mg BID for 8
weeks (Study # FMS-021). In this study, the dug was initially up-titrated starting from
12.5 mg BID or 25 mg QD doses. Overall, from a safety and efficacy perspective, 100
mg BID was found to be optimal compared to 200 mg QD (Table 2.2.1.1). The GI Tract
AEs (especially nausea) were lower after 100 mg BID than after 200 mg QD regimen.
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Table 2.2.1.1. Summary of Phase II Data for 106 mg BID and 100 mg QD (Study #

FMS-021)
Change From Baseline to End of Study (Tx7-8) in Patient Electronic Diary Pain Scores—
Intent-to-Treat Population (LOCE)

Milnaciran BID | Milnacipran 0D | Placebo
{A=i1) [N={8) (N=28) p-Falue vs Placebo -
Hemn 30 5D oo
Random-prompt pain =340 =20435) -L5(.T) 0244 0.603
Daily pain 3039 2289 126.7) 011 0833
Weakly-recall pain =115 -3 (39) -L133) 0025 0139

Tx7-8 = Trearment Weeks 7 and 3; LOCF = last observation carvied forward: BID = twice 3 day; QD = once daily.

Based on Phase II data, the sponsor conducted two pivotal studies (Studies # MLN-MD-
02 and FMS031) and two extension studies (MLN-MD-04 and FMS034). The primary

efficacy parameters used in Phase 111 studies are 1) Pain (know as morning 24-hour
recall), 2) Patient global status as measured by Global Impression of Change (PGIC), and
3) Physical function as measured by Short-36 Health Survey Physical Component

Summary (SF-36 PCS). For detailed discussion and analysis of these parameters see

Clinical and Biostatistics reviews.

From the clinical pharmacology perspective, it does not appear there was a good

separation in responses between 100 mg and 200 mg daily doses in Phase III pivotal
studies MLN-MD-02 and FMS031(Figures 2.2.1-2.2.3 and Table 2.2.1.2). In study
MLN-MD-02 the composite responder rates for the pain endpoint for placebo patients

was 16.5%, compared to 22.8 % for 100 mg/day and 24.8% for 200 mg/day doses.
Similarly, for study FMS031 the responder rate in the placebo patients was 19.3%,

compared to 27.2% for 100 mg/day and 26.8% for 200 mg/day doses (Table 2.2.1.2)

Figure 2.2.1.1. Percentage of Patients Responding to Treatments
Study # MILLN-MD-02 :
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Figure 2.2.1.2. Time Weighted Average of Weekly Average 24 Hour 24-Hour Recall
Pain (AUC) for the 3-Month Stable-Dose Period (L.as Observed Carried Over-
LOCF)

Study # MLN-MD-02 Study # FMS031

Bt

NMeun AUC of Paiao Scove
{Novmalieod to Weokly Aaveraoe)
E
NMean AUC of Paio Score
(Normatizod (o Woeeldy Averaae)

Placebo MINI00mgid  MIN200mg Hlaceho MNIDmgd  MEN20mgid

>

Figure 2.2.1.3. Weekly Average 24-Hour Recall Pain for the 3-Month Treatment
Period (Las Observed Carried Over-LLOCF)

Study # MLN-MD-02 Study # FMS031
™
s
g

£ d
..: —o—Placdo é —— Placebo
2w |31y 10 g - MIN 100 g
g MLN 200 mgid g MEN 200 g
-

BLI 2345677 8DURNBHDL BLYI 2335674 0BNNRBUIS

Treatment Weeks Treatment Weeks
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Table 2.2.1.2. Summary of Efficacy Data as Responder Rates (%) After 3 months of
Treatments (Study MLN-MD-02 and FMSO31)

Indication Syndrome Paoin
g;;:{;mq” Piaced .Ufmadpran Piacebo ;\{t‘..'):amfpnm

100 med | 200 mg: 100mgd | 200 med
MIN-MD-52
N 401 . 309 398 301 390 396
2 Responders 3.7% 14.5% 15.9% 16.5% 22.8% 24.83%
OR .79 1.74 1.50 1.67
(@53 CI) - (1.15,281 | 111, 2.79) (1.05,2.1% | 71.18, 237
Pp valaa 2.011 0016 0.024 0.004
FALS031 (UPA)
B 223 224 441 223 224 341
%% Responders 12.1%% 19.6% 19.3% 193% 2A7.2% 26.8%
OR 1.24 1.20 1.53 1.34
©5% C (1.07,3.17 | {1.11,2.94) (0.99, 2425 | (1.04, 2.28)
P value 0.028 0.017 3.056 0.032

BOCF = baseling sdsarvatinn carried forward; all pafacts who did not have adequaia observarion for the avaluation
of composite resporsder staras ac the 3-month landwrark vizit weara Jadined as nonrespondars: CI = confidenca
ictervad; ITT = intant 1o meat popalation; NV = population siza; OF. = oéds matio; UPA= Unifonn Program

Aualysis. UPA defnition of Tespomse With respact 10 pain. patiant global fia,

2EC =1 or 2), and physical

fanction {SF-36 PCS ) Sor syndrome. Tor cka BOCE JUDA) analysis of Sméy FMS032, tha alternasive nuodel
withoat baseline valea score-bv-traatant group nteraction (the moded for MLN-MD-32 nrimary efficacy
anaiysis) had nominal B vadwes 3035, 0.020 Jor composite syndrome and 0.028 and 2.632 for composize pain,

respectively. for the compasizon of 100 mg'd 10 placato and 200 mzid to placabo.

Cross-refsrances: ISE Tables 3.1C, 6.1C; FMSC31 UPA Tabias 4.1, 4.8A.

Safety-Blood Pressure ar_la' Heart Rate:

In terms of safety, the drug clearly increases the blood pressure and heart rate compared
to placebo (Studies M146, C241, MLN-PK-10, and MLN-PK-01). In healthy volunteers,
this increase in heart rate seems to occur in time and somewhat dose dependent manner.
In study M146/C241, the heart rate increases significantly on Day 3 compared to baseline
on Day 0 and this increase seems higher at 200 mg dose compared to 100 mg dose
(Tables 2.2.1.3-2.2.1.5). For the blood pressure, the maximal supine systolic and
diastolic blood pressure are higher in milnacipran treatments compared to placebo
treatment but this increase does not seem to show a clear dose-dependency.

APPEARS THIS WAY

ONO

RIGINAL
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Table 2.2.1.3 Mean Variations in Heart Rate (bpm) Holter From 0 to 24 h (Study #

M146/C241)
MEAN VARIATIONS OF HEART RATE (bpm) Holter 24 hours
D1-D0 D3-D0
mean = SD mean = SD
Placebo —-144 4,34 1,69 = 4,69
50 mg 4,25 £ 3,71 12,44 = 5,93
100 mg 5,56 = 4,80 13,19 £ 5,27
200 mg 8,88 = 4,84 17,88 = 7,01

Table 2.2.1.4 Maximum Supine Systolic Blood Pressure (Study # M146/C241)

MAXIMAL SUPINE SYSTOLIC BLOOD PRESSURE (mmHg)

D1 D2 D3
mean = SD mean = SD mean = SPD
Placebo 131,00 = 7,55 130,06 + 8,43 129,50 + 7,16
50 mg 137,94 = 8,98 136,13 + 9,98 134,63 + 7,48
100 mg 135,38 = 6,65 133,63 = 6,88 133,38 + 8,29
200 mg 139,88 = 10,77 138,31 = 6,48 135,44 + 6,28

Table 2.2.1.5 Maximum Supine Diastolic Blood Pressure (Study # M146/C241)
MAXIMAL SUPINE DIASTOLIC BLOOD PRESSURE (mmHg)

D1 D2 D3
mean = SD mean = SD mean + SD
Placebo 74,13 £ 5,26 72,81 + 4,92 71,81 £ 5,49
50 mg 77,38 + 6,47 79,25 = 6,84 79,19 + 7,76
100 mg 76,81 = 5,71 79,00 + 7,18 79,81 + 6,75
200 mg 78,88 = 8,07 78,81 + 5,21 80,06 = 6,80

The data from study MLN-PK-10 clearly show a consistent increase in both systolic and
diastolic blood pressure and heart rate with milnacipran compared to placebo. This study
was discussed in more detail by the QT Interdisciplinary Review Team (IRT) in their
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review dated 6/18/2008. At the end of the study, where milnacipran was administered at a
dose of 300 mg BID, the heart rate increased by a mean of 22 bpm compared to baseline.

Table 2.2.1.6. Mean (% SD) Vital Signs in Part B (n=100) (Study # MLN-PK-10)

Monjfloxacin/Placebo Milnacipran ARl Subjects
Vital Signs N=51) (N=19) N=100)
Sovemg | Endorimay | CTEHM | sopgune | Entopsmay | CBtEOm | cpoine | mgopsmay | ChargeFrom

Screening Scyeening Screening

Sysioic 32, m Hy 11382103 | 11242113 | -l52107 10752105 1004240 | 202157 1156105 | 13582132 | 024124

Diastoiic BP, mm Hg 7152646 §T12386 5273 54268 64182 ¢2x6l 33230 716280 ~18%15
Pulse. bym 03479 754283 51%92 695288 02021345 | 232142 09283 8352120 1362128
Tamparatue °C 367204 363204 02205 366204 3821283 04204 386204 363104 D4t 10.5

Respirmery Rate min?’ | 195224 126226 60238 125215 138234 03142 146223 147230 02240

Waight kg M321C5 932106 85215 7652111 7552113 ~14213 332114 23213 -99x1.7

3P = blood presse.

It should also be noted that in the dose escalating PK study MLN-PK-01, the MTD was
not defined due to the high drop out as a result of cardiovascular effects associated with
high blood pressure and sinus tachycardia.

In Clinical efficacy and safety Phase II/III studies, the sponsor’s analysis shows that
overall the mean change from baseline in systolic blood pressure (SBP) is -0.1, 3.1, and
3.0 mm Hg in placebo, 100 mg/day, and 200 mg/day groups, respectively. Similarly, for
the diastolic blood pressure (DBP) the mean change from baseline was 0.4, 3.1, and 2.6
mm Hg in placebo, 100 mg/day, and 200 mg/day groups, respectively (Table 2.2.1.7).
Based on this data, there is a clear trend of increase in SBP and DBP compared to
baseline and placebo. However, there does not appear to be a clear separation between
100 mg and 200 mg/day doses.

Table 2.2.1.7. Mean Change from Baseline in Supine Blood Pressure at End-of-
Study Visit. Placebo-Controlled Fibromyalgia Studies-Group 1 A (Phase II/III
data).

Placebo ‘ Miluacipran

Parameter N=652 iginzf f30= ”’g/j

N | MeantSD | N | Mean:SD n Mean = SD
Systolic BP, nm Hg
Baseline 641 | 1221145 | 614 | 1228+145 | 912 | 121.7=14.1
End of Study 641 | 1220=145 | 614 | 1260£145 | 912 § 12472143
Change 641 —01x137 | 614} 3.1£140 912 30=129
Diastolic BP, mm Hg
Baseline 641 759+£91 |614}7 772289 912 76.3=85
End of Study 641 | 763=92 | 614 80392 912 789292
Change 641 04+95 614 31+94 912 26=90
End-of-Study values are last observation carried forward.
BP = blood pressure
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Overall, the increases in SBP and DBP at a magnitude of >10 or >20 mm Hg were more
common in milnacipran treated patients than placebo treated patients (Table 2.2.1.8).

Table 2.2.1.8. Mean Increase in Supine Blood Pressure by Magnitude of Change at
End of Study in Group 1 AA (Phase II data only).

Crou Placebo Miluacipran 100 mg Miluacipran 200 mg
P V=624 V=623 N=837)
Toral M % M u % M n 2

SBP. mm Hg 615 614 820

Az10 74| 120 ’ | 30 167 | 204
A2 9 13 27 44 bl 33
A230 1 02 3 0.5 5 0.6
A240 o] o 0 0 [ [
DBP. nm Hg 615 614 220

az35 09| 177 n3 | 363 281 | 343
A210 1) 50 91 | 148 107 | 130
Az15 61 10 31 | 50 33 | 40
Az20 2| 03 4 07 4 05
A225 o) o 2 03 0 0
Az30 0| o 0 0 ] 0

M= sumbes of patients with available baseline and End-of-Smady values.
SBP = systolic blood pressure; A = change from baseline; DBP = diastotic blood pressure.

Similarly, in Phase III studies, the overall increase in heart rate in patients on milnacipran
was 7 to 8 bpm greater than patients on placebo (Table 2.2.1.9). At the end of the study
the average heart rate was 80 bpm in milnacipran group and 72 bpm in placebo group.
However, there was no difference in 100 mg/day and 200 mg/day doses.

Table 2.2.1.9. Mean Change in Heart Rate in Group 1AA.

Placebo Mitnacipran 100 mg/d Milnacipran 200 mg/d

(N = _) = AT =
Group (N=624) (N=623) (N =2837)

B Y A B £S A B ES A
(opm} | (bpm) foom) | (dom) | (bpm) (opm) | (bpmy) fbom) (bom)
GROUP 144 M =615 M=614 M=820
Mean 72 72 0 73 80 7 73 80 S
SD 8 8 7 8 10 9 8 10 9
Median 71 ” 0 7 9 6 72 80 7
.| Range 46-101 | 49-100 | -28-+24 | 51-100 | 50-116 | —25-+35 | 45-98 55-120 | -23-+39

B = baseline; ES = End of Study: A = change from baseline; bpm = beats per minute. M = pumber of patients with

- available baseline and End-of-Study values.

It should be noted that overall the trend of increase in heart rate by >10 bpm was higher
in milnacipran-treated patients compared to placebo (Table 2.2.1.10). The magnitude was
34% of patients receiving 100 mg/day and 40% at 200 mg/day doses compared to 7% in
placebo group. The magnitude was reduced for those patients with heart rate >20 bpm to
8% in both 100 mg/day and 200 mg/day compared to 0.3% in placebo group. Only 1% of
the patients had heart rate >30 bpm in both doses compared to zero in placebo group.

Based on this data, it can be concluded that all patients on milnacipran had higher heart
rate than placebo at all doses.
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Table 2.2.1.10. Mean Change in Heart Rate by Magnitude at End of Study in Group

_lAA.
Placebo Milnacipran 100 mg/d | Milnacipran 200 mg/d
Group % % %
M n (M) M N (M) M 7 (M)

Group 1AA

A=20bpm 317 52 498 81 676 82
A=>10bpm 615 42 7 614 | 208 34 820 | 330 40
A=>20bpm 2 03 47 8 68 8
A=230bpm 0 0 7 1 9 1

Note: End-of-Smdy values are based on at least 1 postbaseline assessment or the average of up to 3 postbaseline
assessments if available.

M = number of patients with available baselioe and End-of-Study values; A = change from baseline;

bpm = beats per minute.

Nausea and Vomiring:

In addition to elevation in blood pressure and heart rate, other reasons for drop out that

was observed in clinical pharmacology and clinical studies were the high incidences of
nausea and vomiting. The incidence appears to be dose dependent in healthy volunteers
(Tables 2.2.1.11 and 2.2.1.12).

For example, in the dose proportionality study M036, all subjects received 400 mg doses
vomited which precluded the use of the data from these subjects. Food was found to
reduce the rates of nausea and vomiting and delay the onset of these adverse events
(Study # 039/M124). In addition, the incidence of nausea and vomiting decreases with
slow up-titration regimen (Studies # C241/M146, MLN-PK-07. MLN-PK-08, and ML.N-
PK-10). In the same token, the incidence. of GI tract AEs was higher at 200 mg QD than
at 100 BID in Phase II (Study # FMS-021).

Table 2.2.1.11. Across Studies Comparisons for the Incidence (% of Subjects) of
Nausea and Vomiting in Healthy Subjects Following Single Oral Administration of
Milnacipran

Study Treamment® Nausea (%) Vowiting (%)_
100 mg, fasted ! 58.1
MLN-PK-04
100 mg, fed 51.6 51.6
C220 50 mg, fed 46 13
€223 50 mg, fasted 50 10
a J :apsule formulations.
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Table 2.2.1.12. Across Studies Comparisons for the Incidence (% of Subjects) of
Nausea and Vomiting Following Multiple Oral Administration of Milnacipran

Study Treatment Nansea (%) Vomiting (%)
25 mg BID for 3 days 111 5.6
C41/M146 50 mg BID for 3 days 294 118
100 mg BID for 3 days 64.7 235
+ ’ 10-day milnacipran HC] treannent starcing at '
MLN-PK-07 25 mg BID and nptitrated to 100 g BID 22 24
AT 9-day milnacipran HCl treatent starting ac
MLN-PK-08 12.5 me and uptitrated to 100 mg BID 13.8 0
AT 37-day milnaci HC] treaticent starting at :
MLN-PK-10 125 1mig and uptitrated 10 300 mg BID 306 204

In the Clinical trials, the incidence of nausea appears to be higher during the first two
weeks of drug administration (~27%) and then reduce with time to approximately 5%
(Figure 2.2.1.4). The incidence and prevalence appears to be somewhat higher at 200
mg/day than 100 mg/day after the first two weeks of administration. Similarly, the
prevalence gradually subsided over the first 8 weeks and stabilized to approximately 7%
to 14%. According to the sponsor, the drop out rate due to nausea is approximately 3.5 to
7% in patients receiving milnacipran 100 mg or 200 mg daily doses.

Figure 2.2.1.4. Incidence and Prevalence Rates of Nausea With Time (Phase ITI
Study, Group 1 A). '

Nausea - Incidence : Nausea - Prevalence
(Based on at-risk patients for each period)
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2.2.2 What are the Characteristics of Drug Metabolism?
2.2.2.1 In vitro Metabolism:

Based on 27 viro data using cDNA-expressed human CYPs none of the tested isozymes
CYP1A2, 2A", WB6, 2C9, 2C19, 2D6, 2E1, and 3A4 were found to be responsible for
the metabolism of the parent drug, & or Zisomers (Study # PKO7MXH]1). The incubation
of milnacipran in human hepatic microsomes resulted in only 14.8% transformation
(Study PKO7MXH1). The only metabolite formed after milnacipran is N-desethyl
milnacipran through N-dealkylation. This is a minor metabolite (excreted as 8% of the
dose in urine) and in pre-clinical studies was found to be inactive.

2.2.2.2 In vitro Inhibition of CYP Isozymes

The inhibitory potential of milnacipran on CYP450 1A2, 2A6, 2C9, 2C19, 2D6, 2E1, and
3A4 isozymes was evaluated in hepatic microsomes. The data show that the ICso of
milnacipran for most of the substrates is >500 uM and the lowest was approximately 85
pM (Table 2.2.2.1, Study #MLN-BDM-001).

Table 2.2.2.2.1. IC50 of Milnacipran on Activity of Enzymes of Pooled Human
Hepatic Microsomes (Study MLN-BDM-001).
" Isozyme ICs0 (uM) of N Model Substrate, i Metabolite of the Model
(CYP) Milnacipran (uM) Concentration (pM) Substrate
1A2 > 500 Ethoxyresorufin, 1.0 . Resorufin
2A6 > 500 Coumarin, 5 7-Hydroxycoumarin
2C9 > 500 Tolbutamide, 200 4-Hydroxytolbutamide
2C19 >500 S-Mephenytoin, 80 4’-Hydroxymephenytoin
2D6 409.0 Dextromethorphan, 20 Dextrorphan
2E1 > 500 Chlorzoxazone, 75 6~-Hydroxychlorzoxazone
3A4 - 84.4 Midazolam, 2.5 1’-Hydroxymidazolam
442.0 Testosterone, 80 68-Hydroxytestosterone

Another study showed similar data in which the ICsp of milnacipran was >50 uM (Study
# PRD-RPT-BDM-00051). From these studies it can be concluded that milnacipran is
unlikely to inhibit CYP P450 isozymes.

2.2.2.3 In vitro Induction of CYP Isozymes

The sponsor conducted 27 120 study to investigate the enzyme induction potential of
milnacipran in human hepatocytes (Study # XT08318). This study was submitted on June
26, 2008. Milnacipran was incubated with human hepatocytes at 3, 10, or 30 uM and
tested against three positive controls: omeprazole (100 uM), phenobarbital (750 pM } and
rifampin (10 uM ).

Based on the data generated from this study it does not appear that milnacipran has
induction potential at the recommended therapeutic dose on any of the CYP 450
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isozymes. In addition, based on this study and the average milnacipran Cmax following
100 mg dose which is approximately 500 ng/ml (<3 pM), it does not appear that
milnacipran has a potential to induce any of the CYP 450 enzymes, even at 10 uM
concentration (Table 2.2.2.3.1). However, at 30 uM concentration there is some trend of

increase in enzyme activities but at much lower magnitude compared to respective
isozyme positive controls.

Table 2.2.2.3.1. Fold increase (Treated/vehicle control) for the Effects of Treating

Cultured Human Hepatocytes with Milnacipran or Prototypical Inducers on
CYP450.

* Fold Increase *
Y c " v oToRT YR Biciot FATTTTrvYn =
) N. 4"-hy 4. 68-hy
(CYP1AZ) (CYP2B8) (CYP2C8) {CYP2C9) {CYP2C19) {CYP3A4/5)
Dimethyl sulfoxide 0.1% (viv) 1.00+0.80 1.0020.52 1.00 £0.31 1.00£034 1002069 1002035
Milnacipran -
nydrocnioride IgM 1.04£0.15 . 1112043 106021 1.05:003 1.02£0.13 1242034
Minacipran -
nydrocnloride 10pM 1.152008 1892030 ARLZL.AT 1.09.20.09 10820.26 1752078
Minacipran
hydrachioride 30pM 1.1520.08 25920621 1.22+0.06 1.11£0.11 0.980 £ 8.172 2152083
Omeprazole 100 uM 36823251 67023661 3.75£1.76 1402031 1.3921.05 1.7521.84
Phenobarkital 750 uM 2222082 10.1253¢ 4191212 1.830+0.141 29220489 4352234"
Rifampin 10 uM 1.8620.37 559=2233¢% 49121053 213:9033¢ 831:199" 4212153
a VYalues are the mean 2 iation of three inati {human ti HB838, H840 and HB41).
1 Statistical significance found amang the treatment groups accom:ng 1o Kruskal-Wallis One Way Anaiym of Vaﬁance on ranks fp < 0.05) and Dunneit’s Method
when the positive control groups and ri in) were i inthe
1 Significantly different from the vehicle contro} (dlmelhyi smfo:dde) occcrdhg to Dunnett's Method {p < 0.05) when the positive contro} groups (omeprazole,
ital and i in) were m the

Slgmﬁwnlfy different from the vehu:le control (dh'nethyl sulroxrde) accommg to Dunnett's Method (p < 0.05) when the positive control groups {omsprazole,
and ri in) wers includad in the stati

In Vive Metabolism:

Based on the mass balance study using '*C milnacipran, there was almost complete
recovery of the radioactivity (~97%) in urine and <5% in feces (Tables 2.2.2.2.1-2). The
plasma profiles of radioactivity and milnacipran and the PK parameters are shown in
Figure 2.2.2.2.1 and Table 2.2.2.2.3.

APPEARS THIS WAY
ON ORIGINAL
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Table 2.2.2.2.1. Mass Balance Data. Mean Excretion of Radioactivity in Urine and

Feces in Healthy Subjects (Study # MLN-PK-05).

Excretion (%Dose)
Subject# | Urine Feces Total
0008 91.3 5.29 96.6
0011 94.3 2.8 97.1
0013 93.2 3.16 96.4
0017 94.2 3.34 97.5
Mean 933 3.65 969
SD 1.4 1.1 0.5
%CV 1.5 30.6 0.6
Table 2.2.2.2.2. % Excreted of in Urine for Unchanged, d-, and /-, milnacipran
(Study # MLN-PK-05).
. o
Urine pool Excr etiqn (% dose) T
_ 7 . " . 3 » e " " - 5 44
(0-96 h) I-Milnacipran | d-Milnacipran milnacipran
Subject 1 22.1 33.6 55.7
Subject 2 24.4 28.6 53.0
Subject 3 23.8 32.4 56.2 .
Subject 4 23.6 30.4 54.0
Mean 23.5 31.2 54.7
Figure 2.2.2.2.1. Mean Plasma Profiles of Radioactivity and Milnacipran (Study #
MLN-PK-05).
T - e s o |
~ wed - &= PCBIay BT Red) =
g o P e o _g.'
-§ W0 » 220 g
i "
5 300 b 10 s“"
8 =
g o \\:\’_\q | 220
= 1004 d 3 [™
ok . o 3
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Table 2.2.2.2.3. Summary of PK Parameters of the Mass Balance Study (Study #

MLN-PK-05).
Pharrvocokinetic €} Radioacteiy® 2Milnzcipran Racio % Minacipran:
Paremesers® N N=8 £6) Redivac ity
€, (82} 679.0=21128 962332 353
Tow (&) £3=05 33210 -
AUC;, (ng ml} $446= €56 13432282 363
AUC) o (uzhiely 1352622 2587T=413 378
TwiZ} 1iale $9232 -
3 €, md AL pprmetars sudloct Gaetase valuss
b Umin &!G..:mln'_. AUCy, 22 AT, . SaZpsel.
Con T2t 3 ocs AUCy ¢ = a2 tdar e
plezvs concomation s ummnm&mf m".‘h—mxmﬂ:h;hmm:ﬁnn Erme e

et

Fem tips & Ta
Cracsratanccx Sm\_}v?’v” Tz‘.u 4—:;3&144

From this data it can be concluded that kidneys are the primary route of elimination of
milnacipran. Approximately 55% of the dose was excreted as unchanged milnacipran in
urine (24% as /£ and 31% as &isomer) (Table 2.2.2.2.2). According to the sponsor, both
isomers undergo conjugation process to their respective carbamoy! O-glucuronides which
account for approximately 20% of the dose (~17% for /and ~2% for 2. In addition, 8%
of the dose undergoes oxidative pathway to form N-desethyl-milnacipran metabolite and
excreted in urine.

Genetic Polymorphism:

The sponsor conducted a formal study to address the potential of genetic polymorphism
and the metabolism of milnacipran in poor (PM) and extensive metabolizers-EM (Study #
M244).

The study was conducted to evaluate the influence of single and repeated administration
of milnacipran on various probes of the activity of CYP450 isozymes, namely sparteme
(CYP2D6), mephenytoin (CYP2C19), caffeine (CYP1A2), and endogenous 6p-
hydroxycortisol excretion (CYP3A4). In addition, the study objective was to compare the
PK of milnacipran in extensive metabolizers (EM) to poor metabolizers (PM) of sparteine
and mephenytoin.

The study was conducted as a single dose and multiple-dose in parallel group of 25
healthy subjects as follows:

Day-2 (baseline):

Day 1: 50 mg milnacipran

Days 2 to 7: 50 mg BID milnacipran
Day 8: 50 mg milnacipran
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Study Schedule (Study # M244):

D | RTINS | SN
Hospitalisation
12h D1 D9 12h
Metabolic probe tests D-2 Di D8 D20
Milnacipran
50mg b.i.d b1 D2 D8
PK days D1 D8

Blood samples for PK analysis of milnacipran and N-dealkylated metabolite (F2800)
were collected on Days 1 and 8. Metabolic probe tests were performed on Days -2, 1, 8,
and 20 after administration of 100 mg sparteine, 100 mg mephenytoin, and 200 mg
caffeine. Cortisol excretion in urine was also evaluated.

There was not much difference in exposure (Cmxand AUC) of milnacipran and its N-
dealkylated metabolite (F2800) in sparteine between PMs and EM subjects (Table
2.2.2.2.4 and 2.3.3.2.5). The Cmax and AUC for milnacipran were reduced about 20%,
while the N-dealkylated metabolite (F2800) was increased by approximately 10%. Thus
CYP2D6 is not involved in the metabolism of milnacipran. Similarly, there were no
changes in the PK of milnacipran in PM subjects of mephenytoin. In addition, minor
increase (20%) in urinary excretion of sparteine or its metabolites was noted in EM
subjects. This also suggests low CYP2D6 involvement.

The metabolism of mephenytoin via CYP2C19, measured by the S/R-mephenytoin urine
ratio, was unaffected by administration of milnacipran indicating that milnacipran does
not affect the activity of CYP2C19. Caffeine clearance before and after single and
multiple dose administration of milnacipran remained unchanged indicating no effect of
milnacipran on the CYP1A2 isoenzyme. Cortisol excretion was also unaffected by
milnacipran treatment indicating that milnacipran does not affect the activity of CYP3A4.

APPEARS THIS WAY
ON ORIGINAL
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Table 2.2.2.2.4. Mean PK Parameters of Milnacipran and its N-Dealkylated

Metabolite (F2800) After Single Oral Administration in PM and EM Sparteine and
Mephenytoin Subjects (Study # M244).

Milnacipran | F2800
50 sg Milnacipran HCl (Single Dose)

EM,,./ PM,,. EM,,./ EM,./ | PM... | EM,.
Pharmacokinetic
Parameter® E:“"D" E'}I-ﬂ- P %t-»l- E':“-.,b 3-31..,‘. Pl.l_,?

(N=11) N=9 N=4) N=11) N=38) =9
Cen(n2iml) 12102216 | 954=16.0 | 132.7=167 | 95=33 | 93=27 | 129222
T (b) 38=14 | 35=09 | 35=10 | 69x22 | 79=z15 | 63=21
AUCG,., 25 237 3 o 4= = 130 = 5- Mg =N
(gl 12252279 | 1062=158 | 1224=168 | 177=68 | 220=54 | 238222
T, & 63205 | 69=09 | 62205 | 86=08 | 113=25 | 92=z18
CLF 374293 | 318269 | 361=50 - ~ -
V,F L) 340=98 | 415285 | 321=46 - - .-
CL LY) 158=44 | 152220 | 151237 - - —
MR (% - - - 141232 | 187272 | 193232

Table 2.2.2.2.5. Mean PK Parameters of Milnacipran and its N-Dealkylated

Metabolite (F2800) After Multiple Oral Administration in PM and EM Sparteine
and Mephenytoin Subjects (Study # M244).

Milnacipran | F2800
50 mg BID Milnacipran HCI (Multiple Doze)

EMpu P, EM,,0 EAo PMoaues’ EM..
Pharmacokinetic P o 4 4 : >
Parameter® E:\"I-.ph miﬂnph PA‘-:'L Ef\Iﬂl'i E:“}I-l'b P.‘?I-?i

(N=12) N=9) N=4) N=12) N=9 N=9
Cnfug/ml) 18662377 | MH2= | 1566224 | 187261 | 209537 | 246213
T () 33=10 31=11 25=10 63226 56=21 50=12
A'UC i - T . 4 T - A - 25 42 o
(ngOE.‘}mI.} 1367 =308 | 1088 =188 128670 189 =64 208 =35 248+ 11
T, k) £9=06 7.1=09 67=06 3.7=10 21=190 83=0.7
CLTF 335=85 41.1=73 3139=18 - -

TF LYy 334102 426109 330=34 - - -

CL,(Lh) 45=44 159=15 13724 - - -
fe (%0} 555290 309=856 306=6.4 - - -
MR (%)° - - - 157240 | 222+66 | 218=1.0

a2 C.. aud AUC parsmetsts of milnaciprag reflect fraebase valnes {coaversion factor of 0.37 from HCl saltvo

fraebase). .

b Metzbolic ratio, calculated as AUC matabolite’AUC milnacipran,

C.« = maxhimum plasma drag concentration; T = time of maxinmm plamma corcenmration; AUC, . = area undar the
plasma cancemtration: vs time curve from rime 0 to jofinity; T,, = ranminsi elimination half-life; CLE = apparant total
ctearance of drug from plasma efer oral admingstrarion; VyF = apparant volume of dismriburion afer oral
administration; CL, = renal clearance; MR = meebolic ratio; AUC,, .. = avea wmder the plasma concentration vs time
curve fom time & 10 12 hours (staady-state dosing interval); fo = fraction of doss excretad a5 unchanzed drug in wrine.
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Based on these data, it can be concluded that milnacipran does not appear to be
metabolized via CYP2C19, CYP2D6, CYP2C19, CYP1A2, and CYP3A4.

2.2.3 Dose-Proportionality
2.2.3.1 What are the characteristics of the dose-systemic exposure relationships?

Several studies were conducted to establish the dose-systemic exposure to milnacipran
after a single and multiple doses (M040, M036, M120, and M146). Overall, the exposure
of milnacipran appears to increase proportionally with dose up to 200 mg and 300 mg,

depending on the study (Figures 2.2.3.1.1 to 3 and Table 2.2.3.1.1). The same trend is
.shown for its isomers, Zand /

Figure 2.2.3.1.1. Dose-Proportionality response for Milnacipran and its
Enantiomers Following Single Doses-Day 1 (Study # M146).
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APPEARS THIS WAY
ON ORIGIHAL
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Figure 2.2.3.1.2. Dose-Proportionality for Milnacipran and its Enantiomers
Following Multiple Doses (BID X 3 Days) (Study # M146).
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Figure 2.2.3.1.3. Mean Plasma Concentration-Time Profiles of Milnacipran and its
Enantiomers Following Single (Day 1) Multiple Doses (BID X 3 Days) (Study #
M146).
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Figure 2.2.3.1.3 (Continued)
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Table 2.2.3.1.1. Mean PK Parameters Following Single and Multiple Doses (Study #
M146).

Single Dose—Day 1 Multiple Dose—Day 3
N < = 100 mg
Pbammcofmenc 25 me 50 mg 100 mg 25 mg BID | 50 mg BID BID
Parameter N=13) (N=15) N=12) =135 N=15) N=13
d,-Milnacipran
1153 % 2365 - 191.7 £ 396.0 =
Cou (ng/ml) 63.2+10.4 20.2 302 92.7=12.1 376 63.7
T () 2.1£0.6 3.1=1.0 28=12 23=07 25+07 2307
AUCy, (ngeb/mL) | 40262 | 787=116 | 1608 =225 - - -
AUCow (ag-biml) | 556=101 | 1081183 | 2107=319 | eo9=gs | 1292% | 2613
Tw. (b) 59=+1.1 54=08 50=05 60=12 58%1.1 53x1.0
CL/F (L/'b) 40369 422=74 423=71 364x52 34763 345+6.8
V¢F @) 339+ 56 322=45 299 = 37 310=40 287 =51 261 =51
‘ d-Miluacipran
. 129.7 £ = " 1160+ 236.0%
Cou(ng/mL) 33657 | 62.8=108 17.1 55.1=75 243 455
T (h) 2106 31=10 3112 23=07 2507 23%0.7

AUC,, (ng*h/mL) 23738 464 =71 952 =129 - - -

AUCon (ngyml) | 374277 | 7062137 | 13872218 | 399=63° | sag=158c| 1097

362°¢
Ty (h) 80%18 |.68=13 6.1:08 7.2=16 6914 214
CL/F (L/b) 30258 319=63 322=58 | 279%+42 | 26549 | 26859
7&F L) 319+ 54 304 =43 281 =33 283 =42 258 % 46.6 234£56
Single Dose—Day 1 Multiple Dose—Day 3
Pharmacokinetic 25 mg 50me 100 mg 25 mg BID | 50 mg BID JOBL:!;Dng
Parametar® . N =15) N =15) (N=12) (N=15 N =15) &=15
I-Milaacipran
Cuus (ng/maL) 20.6+50 | 5262100 | 1082157 | 377258 | To7%* oo
Tew (h) 2.1%06 29=1.1 28=12 23207 23%08 23x0.7

AUC,, (ngeh/mL) 165 = 28 323=54 | 656=112 - - -
AUCq.. (ngeh/mL) | 20040 384=70 | 768=140 | 210=34° | 443=92° | 916=195°

T, @ 43%08 | 40205 | 37204 | 44=07 | 44408 | 40+05
CL/F (Lb) 56.4+10.6 | 584=105 | 584=107] 53=85 S10E | a93x07
V4F L) 34456 | 33054 | 310=48 | 333=47 | 314=58 | 2790= a0

a  Data are presented for subjects who did not experience emesis during treatment.

b C..and AUC values reflect freebase values (conversion factor of 0.87 from HC1 salt to freebase).

¢ AUGC,. .

C.... = maximum plasma drug concentration; T.., = time of maximum plasma concentration; AUC,,, = area under the
plasma concentration vs time curve from time 0 to t; AUCo.» == area under the plasma concentration vs time curve
from time O to infinity; T,/= terminal elimination half-life; CL/F = apparent total clearance of dmug from plasma
after oral admunistration: V4/F = apparent volume of distribution after oral administration; AUC,; = area under the
plasma concentration versus time curve over the dosing interval at steady state.

Cross-reference: Study M146, Tables 8, 9, 10, 12, 13, and 14.
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In Study # M115 the drug was administered alone or in combination with its two isomers
(#and J to investigate the interaction when administered together. From this study and
all other studies in this NDA, the exposure for both isomers was dose dependent but the
expsoure has been consistently higher for #isomer than Zisomer (Figure 2.2.3.1.4).

Figure 2.2.3.1.4. Mean Plasma Concentration-Time Profiles of Milnacipran and its d
and /- isomers in Healthy Subjects (Study # M115). :
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The same trend was seen in Study # MLN-PK-01 in which milnacipran was administered
at escalated doses ranging from 2.5 mg to 100 mg BID in healthy subjects (Figure
2.2.3.1.5 and Table 2.2.3.1.2)

Figure 2.2.3.1.5. Mean Steady State Plasma Concentration (Prior dosing) of the
Parent Milnacipran, d-isomer, and /-isomer on Days 7, 8, and 9 (Study # MLN-PK-
01).
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. Table 2.2.3.1.2. Mean Steady State PK Parameters of the Parent Milnacipran, d-
isomer, and /-isomer on Following 100 mg BID Dose (Study # MLN-PK-01).

Pharmacokinetic d-Milnacipran I-Milnacipran d, I-Milnacipran
Parameter® (N=6) (N=6) (N=6)

Coae (ng/mlL) 325.0=528 213.7=60.8 " 538.6+108.1
Tew () 275042 2.67=041 2.67 041
AUCq, (ng*h/mL) 2175 =236 1150 =280 3325+ 437
C,. (ng/mL) 1812=19.7 95.8=234 277.1+36.4
Co (ng/mL) 85.8=43 29.7x95 1151+8.2
Fluctuation (%) 130.8 +20.1 191.1=308 151.0+23.1
Swing (%) 281=0.74 6.56 224 3.68£0.98
T (h) 8.38=0091 5.08=0.75 7.35£0.80

2 Cun, Cra and AUC,.; parameters reflect freebase values

It should be noted that in this study the additional arms of 200 mg BID dosing were
discontinued due to the elevation in blood pressure, heart rate or development of
tachycardia is some subject. Due to the high rate of drop out as a result of increase in

blood pressure the maximum tolerated dose (MTD) could not be defined for milnacipran.

2.2.3.2 Does this Drug Prolong the QT or QTc¢ Interval?

The sponsor conducted a thorough QT (TQT) sfudy to investigate the effect of

milnacipran on the QTc (Study MLN-PK-10). The study was double-blind, placebo, and
active controlled at escalating doses ranging from 12.5 mg to 300 mg given BID for up to
38 days. The active control was 400 mg moxifloxacin and it was administered on Day 1.

Blood samples were collected at appropriate intervals on Day 1 and the last day (Day
37/38). In addition, ECGs were collected at screening and end of Study, as well as on
days 22, 26, 30, and 34.

The study design and analysis are discussed in detail in QT-IRT review (see review dated
6/18/08). Briefly, the study design consisted of two main parts:

Part A: Was conducted in 15 subjects at escalating doses from 12.5 mg to 300 mg
BID X 36 days (active and placebo) to assess the safety and tolerability of minacipran
at doses up to 300 mg BID. .

Part B 1: Was conducted in 100 subjects also at escalating doses from 12.5 mg to
300 mg BID X 38 days (active and placebo) to determine if highest dose determined:
to be safe and tolerable from Part A had any effect on cardiac repolarization.

Part B2: Placebo sub-arm for 400 mg moxifloxacin encapsulated and placebo for 100
mg milnacipran capsule. A single dose of 400 mg of moxifloxacin was administered
on Day 1 of the placebo arm.
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The following is an excerpt of the recommendation from QT-IRT team based on their
assessment of the data obtained from this study;

1.1 QT-IRT’S RECOMMENDATION

There are several limitations to the study which decrease our confidence in the study
results. The main limitations are:

83

@

At a dose of 300 mg bid, milnacipran increased the heart rate by a mean of
22 bpm. The sponsor derived an individual-specific heart rate correction
factor (QTcNi) using interval data collected at rest on day -1. This is not
suitable to apply to a drug that increases heart rates outside the resting
range because it assumes that the QT/RR relationship remains linear
outside the resting range. According to the sponsor’s analysis, the mean
increase in AAQTcNi is -5 (-9.4, -0.08) ms. If, however, the same analysis
1s performed using QTcF, the mean increase in AAQTCF is 7.7 (3.5, 12.0)
ms. We used QTcF in our analysis of the data.

The study i1s not optimally designed to assess assay sensitivity.
Moxifloxacin was administered to subjects on day 1 followed by dosing
with placebo or milnacipran for 37 days. The moxifloxacin should be

conducted concurrently with the other treatment arms in order to
demonstrate that the study was designed and conducted to detect an effect
on the QT/QTe interval of around S ms.

We recommend that the sponsor performs a repeat TQT study incorporating the
following elements:

Use exercise or 24-h ambulatory ECG monitoring at baseline as a method to
increase the range of heart rates to compute an individual-correction factor.

Collect additional ECGs during the titration of milnacipran to determine the
dose/concentration-response relationship for QT prolongation.

Mozxifloxacin control should be conducted concurrently with the other arms.

In this study, over-encapsulation of the moxifloxacin tablet may have caused a
decrease in moxifloxacin exposure. We recommend that blinding is
performed using a double-dummy approach.

In the absence of a repeat TQT study, the QT-IRT team recommended the following
labeling language;

Cardiovascular Electrophysiology. The effect of BRAND on the QTcF interval
was measured i a double-blind placebo- and positive-controlled parallel study in
88 healthy subjects using 600 mg/day BRAND (3 to 6 times the recommended
therapeutic dose for FMS). After baseline and placebo adjustment, the maximum
mean QTcF change was 8 ms (1-sided 95% Upper CI: 12 ms).
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2.2.4 What are the PK characteristics of the drug?

2.2.4.1 What are the single and multiple dose PK parameters of milnacipran and its
metabolites? How do the PK parameters change with time following chronic
dosing?

Study # M037 shows the PK after a single 50 mg dose and repeat dose administration of
50 mg BID for 15 days in parallel group of healthy subjects (Table 2.2.4.1.1). The
steady-state was achieved by Day 3. On Day 15, the AUC and Cmax was 1.2 and 1.7 fold
higher than on Day 1. The half life did not change from Day 1 to Day 15.

Table 2.2.4.1.1. Summary of PK Data (Study # M037)

Pharmacokinetic Sing.]e Dose of 50 mg .5 0 mg BID

Parameter® Milnacipran HCI Milnacipran HCI
(N=9) N=9)

Coua: (ng/mL) 1409 =313 2453+ 60.0

T () 28+03 16203

AUCy, (ng*h/mL) 1207 =243 -

AUC,., (nge/mL)° 1277 =264 1565 + 376

Ty (h) 63%12 75+1.2

CLF (Lih) 354=78 -

CL, (L/h) 208=16 -

V4F L) 318=66 -

2 C..and AUC parameters reflect freebase values (conversion factor of 0.87 from HCl salt to freebase).
b AUC, for 50 mg BID milnacipran HCL

Dose proportionality was established after a single dose in various studies (See next
section). In study #M040 the exposure (Cmax and AUC) were dose proportional up to
200 mg (Figure 2.2.4.1.1 and Table 2.2.4.1.2).

APPEARS THIS WAY

ON ORIGINAL
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Figure 2.2.4.1.1 Dose-Proportionality for Milnacipran in Healthy Subjects (Study #
Mo040)
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Figure 2.2.4.1.1 Mean PK Parameters After Single Dose of Milnacipran in Healthy
Subjects (Study # M040)

Pharmacokinetic 2 mg SO mg 100 mg 200 mg Ao 2’0,-: ,:::-‘:."g
Parameter” N=6) (N=6) N=6 (N=§6) .
(N=3)
Con fnz'ml) 498=7. 953=123 2334388 | 3281=848 | 39312651
T, (k) 26=1.0 38=15 42205 3.1=20 50=00
AUCq: (ngeh/ml ) 489 =102 10632149 | 2380=387 | 3214=1461 | 4392348
AUC, , (agshiml) 579=145 1181127 | 2516x362 | 32931512 | 4502917
T () 10539 89=27 | 102=39 72227 8229
CLT Lh) 399=110 372=44 319=54 66.0=380 399=92
CL Th 19.7=16.9 1523=59 18.5=71 205=103 187=89
VyF (L) 567 =142 4642103 509=174 §15=225 455=120
fe (%%) 46=29 41=13 3420 40=27 51=28

A C.. sud AUC parzmeters reflect Ereebm values (coaversion Sactor of 0.87 from HCI salt to freebasa).

AY
PEARS THIS W
o ON ORIGINAL
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2.2.4.2 Is the PK of milnacipran dose-proportional?

The sponsor conducted several studies to determine the dose proportionality of ~
milnacipran following a single and multiple doses (Studies #M036, M040, M120, M146).
Based on across studies analysis, the Cmax and AUC increase with increase in dose
(Table 2.2.4.1.1).

Table 2.2.4.1.1. Cross Studies Dose Proportionality Analysis

Study No. Duration (days) Dose {Iflg), BiD Cuu (ng/ml)* m;:,::‘i),
B mg 93=12 609 =85
Mld6 : 3 S0mg 192=38 12922225
100 mg 396 =64 2613 =513
M037 15 S0mg U5 =60 1565=376
MLN-PK-01 9 160mg 539=108 3325 =437
MLN-PE-10 37 30 mz 1815 = 488 11584 = 3105

a  Dased ou niluacioran freebase valuas

Specifically study # M146 shows dose proportional increase in exposure for milnacipran
and its enantiomers (#/and /) after a single and multiple doses up a total dose of 200
mg/day in 16 healthy subjects (Figures 2.2.4.1.1 and 2.2.4.1.2).

Figure 2.2.4.1.1. Dose-Proportionality for Milnacipran and its Enantiomers
Following Single Doses-Day 1 (Study # M146). :

300 3000
! f
® d/-Minacipran | ; | ® d/Minacipran
x5 © d-Minacipran [ ] O d-Milnacipran
2500
A [Minacipran | A )-Minacipran
200 A 3 2000 4
o E
% 2
o
E 4 £
E 150 .‘_:: 1503 -
§ 8
100 4 2 100
59 4 509
) N=15 for 25 and 50 mg N=15 for 25 and 50 mg
. N=12 for 100 mg N=12for 100 mg
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] 20 0 & 80 e 120 0 2In 40 60 ) 100 120
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Figure 2.2.4.1.2. Dose-Proportionality for Milnacipran and its Enantiomers
Following Multiple Doses (BID X 3 Days) (Study # M146).

500 ecoe
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From these studies in can be concluded that the exposure is proportional with dose up to
200 mg or 300 mg with respect to both the Cmax and AUC.

2.2.4.3 What is the Extent of Systemic Exposure After Milnacipran Administration?

e The absolute bioavailability of milnacipran capsule was determined in 12 healthy
subjects after a single 50 mg dose administered as 2 x 25 mg capsule (Study #
M038). The absolute bioavailability of milnacipran from the capsule was
approximately 85% (Figure 2.2.4.3.1 and Table 2.2.4.3.1). The Tmax occurred
at approximately 2 hours. The elimination half-life was approximately 6 hours
following oral and IV administration. There was no difference in cumulative
urinary excretion profiles between oral and IV administration (Figure 2.2.4.3.2)

WY
AWON QRIGINAL
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Figure 2.2.4.3.1. Mean Plasma Concentration-Time Profile After 50 mg Oral and IV
Doses of Milnacipran (Study # M038).

Milnacipran Plasma Concentration (ng/mL}

—8— 50 mg Oral Milnacipran HCI {Capsule, PF-C1)
| —©&— &0 mg Intravenous Minacipran HCl ’

—

L T L ¥ ': T Ll '
0 24 28 32 3B 40 44 48
Time (h)
Table 2.3.4.3.1. Mean PK Parameters in Following 50 mg Oral and IV

administration of Milnacipran (Study # M038).

Pharmacolinetic 50 mg Oral Milnacipran HCl 50 mg Intravenous Milnacipran HCI
Parameter” N=12) N=12)
C...(ng/ml) 97.4=18.1 -
T (0)° 2(0.7-6) -
AUC,.., (ng*h/mL) 926 =133 1107 =172
F 0.85+0.03 -
T () 6114 64=17
Aey, (mg) - 253=44
CL (Lh) - 402x6.2
APPEARS THIS WAY
ON ORIGINAL
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Figure 2.2.4.3.2. Mean (+ SEM) Urinary Elimination of Unchanged Milnacipran
Following 50 mg Oral and IV administration (Study # M038, Source Study Report
Page 65).
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2.3 Intrinsic factors

2.3.1 Does age, weight, race, or disease state affect the PK of the drug? What dosage
regimen adjustments are recommended for the subgroups?

2.3.1.1 Effect of Age:

It appears that the exposure in elderly is somewhat greater than in young adults (Studies
M042, M037, M116, and M043).

Across study comparison shows that the Cmec and AUC were about 35% to 60% greater in
elderly subjects (Study # M042) compared with young adults (Study M037). The same
trend was observed at steady-state in a more formal study (#M116). In elderly, the
exposure (Crex and AUC) for the parent drug was greater by 27% to 39% compared to
young adults (Figure 2.3.1.1.1 and Table 2.3.1.1.1).

APPEARS THIS WaY
ON ORIGINAL
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Figure 2.3.1.1.1 Mean Plasma Concentration-time Profiles of d- and /- Milnacipran
Isomers in Young and Elderly Subjects (Study # M116).
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Table 2.3.1.1.1 Mean PK Parameters of d- and [ - Milnacipran Isomers in Young
and Elderly Subjects at Steady-State (Study # M116).

d-Milnacipran LMilwacipren

Prarmacokinetic Young Subjects | Elderly Subjects Young Subjects Elderly Subject:
Parameter” N=98) =1y N=8; IN=14)
Care (0z/ml ) 927=123 1215=278 627T=123 863=24.4
Tae () 24208 23x13 20=09 22=13
AUCo. (ngehiml) 756=101 961 =152 433:9) 602=140
T, (&) 99=13 11.1=10 63=08 73=12
Asp.z 109=05 103220 9426 94%25
CLF L'h) 282237 232=37 527+134 377=77

APPEARS THIS WAY
ON ORIGINAL

The observed increase in exposure in elderly is associated with age-related decrease in
renal function (Figures 2.3.1.2 A and B).
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Figure 2.3.1.2. Exposure and Creatinine Clearance for d-and / -Isomers (Study #
M116)
A: I-Isomer

= @ Youm butyects
° ©  Lieedy Sutpezh
g 139 JR -
E
2w 2
| I ° 3’
g °o g ° '_
g_ " L4 E
E w3 L4 ¢ 3 E
< .
3 . . ",
oy
2 T v v 14 T T T 400 T T T T T T T
L)) ] n = " ™o 1) “wy 1" 2 20 b B0 0 L) ey P =32
Sreatinre Searsces (RoLYIR) Crexinns Clearance (Lmin
B: d-Isomer
0] * TrayBusmy - * Yargasets
L ] ©  Riimty Yithecta 1000 e kT
. %40 S e e - ° - e
] F
2204 B
e ° 3
220 -4 ) 34 LS
(é - ° 5 . o f ] i o
5
'\. .3 .
g ® . .\\ 2 " ) :
»
I e 2 s
20
0
"o e0 w m W w 1o W W x w ® & B W w3 o
Creatinne Clagranze (Lanin CrafrnaClardrce ntminy

Based on this data, dose adjustment for milnacipran may be necessary in elderly patients
with compromised renal function. However, in the clinical studies the overall safety
profile in elderly seems to be similar to otherwise young adults. Since, the renal function
decreases with age, milnacipran should be used with caution in the elderly.

2.3.1.2 Effect of Gender:
Across studies and within studies, the exposure (Cmax and AUC) for milnacipran and its

dand Zisomers in females is slightly higher (12% to 27%) than in males (Studies #
MO042 and M116, Figure 2.3.1.2.1 and Table 2.3.1.2.1 and 2.3.1.2.2).

APPEARS THIS WAY
ON ORIGINAL
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Figure 2.3.1.2.1. Exposure in Elderly Females and Males (Study # M42)
25
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Table 2.3.1.2.1. Mean PK Parameters in Elderly Males and females (Study # M042)

Pharmacokinede Male Subjects Feamale Subjects All Subjects
Parameter* {N=19) N=19 (N=20)
Con(nzml) 171. 7= 446 210.2=457 191.0=45.9
Teue (h) 20=186 16209 1813
AUC,, (ngsbvml) 1941 =549 1877 =420 1782=486
AUC, , (ngsh'ml) 1996 = 825 2067 =496 20322663
T, (b) 121=35 98x23 11.0=3.1
CLF (Lb) 244=76 N2s54 233+6.7
VyF@L) - 39792833 3069772 35242912

a  C.. and AUC parameters reflect froab

alues (¢

factor of 0.87 from HCI salr ro fraebase).

Cux = maximum plasza drug concenation; T, = thne of mazimum plasma concentration; AUGC,, = area under the
plasma concentration vs ime curve from time 0 10 t; AUCs.,, = area muder the plasma concentration vs time carve
from tirze ) to infinity: T, = rerminal elimitadon balf-life; CL/F = spparent plasma clearanca after oral
administration; VyF = appazent volume of distribution afrer oral adminisoaton,

APPEARS TH!

ON QRIGINAL

g kY
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Table 2.3.1.2.2. Mean PK Parameters in Young and Elderly Males and Females
(Study # M116)

Young Elderly
Pharmacokineric Male Subjecrs Female Subjects Male Subjecss Female Subjects
Paramerer =4 N=4) N=7) N=7)
d-Milnacipran

Can (nz/mal) $0.8=15.1 945=106 109.4=19.1 13342314
Towe (R) 26=11 22=06 1.7=12 28=14
AUC,, (nzehiml ) 750131 762 =81 890=114 1031 =158
Ty; (k) 104=12 95=13 115=06 10711
CLTF (L'h) 296=47 288=3.1 24.8=33 213=34
CL, (L'k) 148=32 135=18 11.7=29 102=20

. I-Milnacipran
Ca (z'ml) 56.1=141 69.4=56 752=15.1 97.6=277
Teee (b} 22x12 17=03 17=12 27x14
AUC,, (nzehml) 381 =101 485=43 540=99 664=153
Ty, () 2207 65=10 71=09 T5=15
CLF L) 6032159 $3.1x39 14272 340266
CL LY 218=39 21734 163244 14328
a  C..and AUC paremeters raflect freebase values (ccaversion factor of 0.246 from nmolL of HCI salt to ng'mlL

of frachaza).
C.. = maxinmm plasma draz corcensration; T, = tirte of maximmu plasma concenmation; AUC,, = area tndsr tha
plasma concenration vs tme curve over the dosing interval at steady state; T, = tarminal eliminarion half-life;
CL/F = apparent tom! clearstce of drmg fom plasma aftar oral adwivistation; CL, = rans] clearance.

From this data, it appears that dose adjustment based on gender is not necessary.

APPEARS THIS WAY
ON ORIGINAL
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2.3.1.3 Effect of Renal Impairment

The effect of renal impairment on milnacipran PK was investigated in two studies: MLN-
PK-02 and M045/M117. The first study (#MLN-PK-02) was conducted afier a single 50
mg dose in patients with mild (n-8), moderate (n=8), and severe (n=>5) renal impairment
with matched healthy subjects (n=8). There was substantial increase in Cmax (~60%) and
AUC (~200%) and half life (~120%) in patients with severe renal function compared to -
healthy subjects (Tables 2.3.1.3:1 and 2.3.1.3.1 and Figure 2.3.1.3.1). Corresponding
with the plasma data, a reverse trend was seen in urinary excretion profiles (Figure
2.3.1.3.2).

Table 2.3.1.3.1. Mean Percent Change in PK Parameters in Patients with Renal
Impairment Compared to Healthy Subjects (Study # MLN-PK-02).

m Impairment Conlrgimly | ATC,. nphmD) T.® CLF LA
Mild 12% 16% 38% ~1a%
Moderare 26% 529 1% -28%
Severe 5% 182% 12% —65%

a  Subjects without vomiting

Cos = maxivam plasan drug concenmation; AUC,., = area under the plasma concentation vs time ceve from tine
$ to infimity; T, = tenminsl elizenation half-life; CL'F = apparent 1ol clasrance of drg from plasma after oral
administration. ’

Table 2.3.1.3.2. Mean PK Parameters in Patients with Renal Impairment Compared
to Healthy Subjects (Study # MLN-PK-02).

Subjecrs Wah Subjects With Subjecs With
Pharmacokinerie Healthy Subjecrs Mild Renal Moderaee Renal Severe Renal
Paramerer” (N=7) Impairment Twmpairment Impairmens

N=58 N=3) N=3)

GrCL (el /tmin) 934=97 | 571260 447239 197285
Cru (nz'ml) 1548=290 173.8=357 1956=873 2464637
T (0} 38=06 24209 42=19 47223
AUC,, (ngeh'ml) 1543=372 1787 =412 2373 = 1060 473421552
AUC,; (ng-hvml) 1646 % 359 1912 2432 2501 = 1054 491521553
T, (b) 7917 109=45 11.1=35 175232
CL L'y A 150=30 88x23 71230 1905
CLF Lh) 275258 236=43 198=72 95=29
fa (3%) 448=59 30.8+£6.93 303+120 187=47°
3  C.. snd AUC papemeters reflect frasbase values
b N=2

CrCL = crearinine tlearanca; C, = maximum plasma drug concentration; T, = tiwe of maxiunun plasma
concenpation; AUC,,, = srea under the plasea corcenmation vs te ciute from ﬁmeOtot;AUC.,,, = area under the
plasms concevtration vs thue curve from tme 0 to infinity; T,, = terminal eliminarion half-lifa: CL, =renal
clesrance; CL'F = zpparant plaztna clearance afer oral adminisrration; f= faction of dose excreted as unchanzed
dmg in azine.
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Table 2.3.1.3.1. Mean Plasma Concentration 24 hours Time Profiles of Milnacipran
in Patients with Renal Impairment and Healthy Subjects (Study # MLN-PK-02).

—&— Healthy Subjects (n=7)
300 —O— Mild Renal Impairment (n=8)
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Figure 2.3.1.3.2. Cumulative Urinary excretion of Milnacipran (Study # MLN-PK-
02).
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In the second study (#M045/M117), the same single dose of 50 mg was administered to 7
healthy subjects and 7 patients with renal impairment (1 with mild, 1 with moderate, and
5 with severe renal impairment). The same trend of increase in exposure was also
observed in this study but to a lesser extent for Cmax (21%) and AUC (110%) compared
to healthy subjects (Table 2.3.1.3.3 and 2.3.1.3.4).

Table 2.3.1.3.3. Mean PK Parameters in Patients with Renal Impairment Compared
to Healthy Subjects (Study # MO45-M117).

I;Imnnacoi:inm'c Heallh{' Sf:bjer:s Subj “'slzjglirﬁ;:e Renal
aramerer N=7) (N=5)
CrCL (mlinvin) 1165%233 179278
Cow(ngml) 1336263 16132699
Tow () 19=10 20=19
AUGCs: (ngehml) 1110 = 367 2568 = 1265
AUC,., (ngsh/ml) 1308 = 649 2959 = 1277
T. (1) 10665 153263
Clx (L'} ' 17776 21207
CLT 54=119 16.7=61
53 456 =84 357=177
fa (30) 498 3=7
a C.mdAUCYy raflect fraebase values (¢ jon Zctor of 0.87 from HCI salt to freehase).

CrCL = creatinine clearanca; €, =maximum piasma drug concertraion; T, = time of maxinum plasmia
conceneation; AUC,., = ares vrder the piasma corcemration vs time curve Jom tima 0 o t, AUCs.» = area under the
Plasma concentration vs time curve from time 6 to infinity; T, = termévsl eliminarion half-life; CL, = renal
cleayance; spparent total cleararce of drag from plasma after oral administration ; VyF = appsrant volume of
dismibution atter oral adminismacion; fio= Faction of doze excrered as mchanged drug iv wine.

Table 2.3.1.3.4. Mean PK Parameters in Patients with Severe Renal Impairment
Compared to Healthy Subjects (Study # MO45-M117).

Bealily Subjects ' Subjects With Severe Renal Impairment
=3 N=3)

Prarmacokinesic di- - - di- 4 J-
Parametert Milnacipran | Afilvacioran | Mimacioran | Milnacioran | Minacipran | Mitacioran
CrCL {ml'min) 128.0%17.7 17778
C.. (az/ml) 97307 534%31 46.023.1 | 16234822 | 8052407 | 823x418
Tuu (1) 19%1) 50x4+4 1.3%0.9 16211 | 16all} 16%=11
AUC, . (az°k'ml ) 1168 +205 TET 267 4072122 | 5070=1823 | 1775+366 | 13242974
T, () 17217 95206 62£24 156%43 | 195234 | 138257
CLF 3e0%6.1 278424 | 5542148 183x87 43457 25.1&15.0

2 G md AUC sod pamamenars reflact freebsse vaiues {convarsion factor of 0.87 from EC] zalt to fresbaze).
CrCL = creariniue clearance; Co = maxizvun plasma doug concenmation: T, = tims of maxinmum plasma
concentration; AUC,.., = sraa znder ths plasma concentration vs time curve from tma 0 to infinity: Ty = termninal
aiiménaton half-life; CL'F = apparent plasms clearance after oral adminisyation.

From these two studies, it can be stated that renal function plays a major role in the
excretion of milnacipran. It should be noted that milnacipran renal clearance and apparent
(oral) clearance (CL/F) increase linearly with increase creatinine clearance (Figure
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2.3.1.2.3). Therefore, a dose reduction is recommended in patients with severe renal
impairment and caution should be exercised in patients with moderate impairment.

Figure 2.3.1.3.3. Relationship Between Miinacipran Plasma and Renal Clearance
(Study # MLN-PK-02).

e @ NumeiRendFuciinieg 8 Nuire: Ruset Funchon 57
- O Mid Pt impuimet 148 2¢ O Wik Rerml i puimoact INH)
y &  Nodwite Retu) i=jpumat (H27) A Vutands Resal inpammet (N<T)
€1 A SwemRendimoint P 2] 7 SwmeeRmdirgielnn
35 4 '
z
2 $
5= |
© o3
* i
¢ 4
165
3
Q

L] T L) L] Y T - L) T L) T
3 0 4 &3 83 10 1 448 e 22 ® [} 1w 20 W
Creatirine Clearanca (mlmin} Treatice Clearanes MLyl

2.3.1.4 Effect of Liver Function (Hepatic Impairment)

The effect of hepatic impairment on milnacipran PK was investigated in two studies
(MLN-PK-11 and M046). Both studies were conducted after a single 50-mg dose. In the
first study (#Study MLN-PK-11) 8 patients with mild (Child-Pugh A), 8 patients with
moderate (Child-Pugh B), and 5 patients with severe (Child-Pugh C) hepatic impairment
were enrolled. In addition, 8 healthy subjects were enrolled as comparative control.

The Cmax was lower by approximately 16% in subjects with hepatic impairment
compared with healthy subjects (Table 2.3.1.4.1 and Figure 2.3.1.4.1). In severe hepatic
impairment patients the AUC was approximately 30% higher than that of healthy
subjects. It should be noted that the reverse trend was observed in the urinary excretion
data, in which the amount excreted in urine in patients with severe hepatic impairment
was higher than that in healthy subjects (Figure 2.3.1.4.2). However, in mild hepatic
impairment, the AUC was slightly higher and in moderate hepatic impairment subjects,
the AUC was slightly lower. Overall, in this study only the severe hepatic impairment
group showed an effect with a 30% higher AUC compared to healthy subjects.

APPEARS THIS WAY
ON ORIGINAL
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Table 2.3.1.4.1. Mean PK Parameters of Milnacipran in Healthy Subjects and
Patients With Hepatic Impairment (Study # MLN-PK-1 1.

Hepasic Impairment Group

Suljecr: With Subjects With Subjects T¥ieh
DPrarmacokineric Healthy Subjects Mild Heparic Modarate Hepatic | Severe Heparic
Paramerer (N=7) Fnpairment Impairment Inpairment

= 7) (N=9) N=3g

C... (ng/ml) 15726 =30.1 136.17=51.33 13048 = 4343 13278 £37.57
Teae () 26=14 40=12 25=08 38=1.0
AUCo: (ng-h'ml) 1488 = 467 1528 =729 1280=621 1955573
AUC, , (az-hial) 1591 =455 1635 =762 1403 =655 2062 = 388
T, (&) 80=14 87=17 84=21 124=11
Aeg,y (mg) 1902 =555 2465=659 . 19.1=83 26.05=5.33"
CL h) 136x57 179=756 134=3 14705
fe (%5 dose) 437127 56.7x15.1 H#Ho0=191 599=122

A C, snd AUC and parameters refiact freabase values

P N=3; one subject was exclided because the

subject bad an wnusually high value in Ae,, {i2, grector tam

100%% of 2dministered dose).

C... = maxionm plammia drag concenmation; T, = me of pragimms piasmna corcentration; AUC, , = area under the

plasma concentration vs time curve from time 0 to 1, AUC, , = azea vauder the plasma concenmation vs tine cwve

from time O 1o infiaity: T;; = termina) eliminarion balf-life; Ar,, = amonzt of dmg excreted wchanged in urine fom
time O to t; CL, = renal clearance; fo = faction of dose excresed as wichanged drug in urine.

Figure 2.3.1.4.1. Mean Plasma Concentration 24 Hour Time Profiles of Milnacipran
in Healthy Subjects and Patients With Hepatic Impairment (Study # MLN-PK-11).
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Figure 2.3.1.4.2. Cumulative Urinary excretion of Milnacipran (Study # MLN-PK-
11).
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In the second study (# M046) a single 50-mg IV dose and a single 50-mg oral dose of
milnacipran were administered in a crossover manner with a washout period of 3 days. In
 this study 17 subjects were enrolled: 6 healthy, 1 mild (Group A), 6 moderate (Group B)
and 4 severe (group C).

Following IV administration the AUC increased by approximately 13% and 30 % in
moderate and severe hepatic impairment, respectively compared to healthy subjects.
Similarly, following oral administration the AUC increased by approximately 46 and
60% in moderate and severe patients compared to control, respectively (Table 2.3.1.4.2).
The Cmax after oral administration was slightly increased by 23% and 17% in moderate
and severe patients, respectively, relative to healthy subjects.

The clearance decreased by 7% and 20% after IV and 17% and 35% after oral in
moderate and severe groups, respectively, relative to control. It should be noted that the
absolute bioavailability in this study was approximately 90% in healthy subjects and
110% in patients with hepatic impairment (Table 2.3.14.2).
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Table 2.3.1.4.2. Mean PK Parameters of Milnacipran in Healthy Subjects and

Patients With Hepatic Impairment (Study # M046).

Pharmacokinerie Conrol Subjeets Group B Group C
Parameter N=6 (N=8) (N=3%)
Intravenons Dose
AUCo.(nghml) 1324322 1496 =517 1732 =381
Ty ¢h) 83=21 102226 10.5=36
fa (3%) 50.2=18.6 53.8=18.4° 4942118
CL, L) 202=67 168=69 142=54
CL (Lh) 343=75 32.0=108 27.5=100
V@) 396 =54 H2=880 393=113
Oral Dose

Can (pz'mlL) 117=14 144 =55 137 =56
Tae () 22:08 23=12 38=29
AUCo., (ng-himl) 1189 = 257 1733 =1202 1508 = 347
T, (h) 83=17 99=28 103242
fa (36} 501 =167 57.1=11.0 61.9=88"
CL, (L) 202267 161 =84 13.3=26"
CLF (LN 380=73 31d4=114 2146=385
VT HE6=87 $24=164 353=122
Fo 903 110=36 Hi=12*

a G, and AUC parameters raflect frasbaze vakues {couversion factoe of 0.87 from HCl salt to finebasa).

b N=5N=4N=3

AUC, . = ares tmdar the plasma concexsration vs time cwuve fom time O o inﬁniry; T\, = terminal alirmination
half-life; fa = Section of dose excreted as unchanged drug in urive; CL, = renal cleayance; CL = plasma claarance
afer ipfravenous administration; Vd = apparent volums of distibution; C, . = mazinwem plasms drug conceniration;
Tos = titme of maxingm plasma concentration; CL:F = apparear total learzuce of dntg from plasma after ozal
administration: Vy'F = apparent volume of distribution after oral adminismation; F = absolute bicavailability.

Overall, the data from both studies indicates that in moderate and severe hepatic
impairment, AUC increased by about 46% and 60% respectively. Caution should be
exercised when administering milnacipran in patients with moderate and severe hepatic
impairment.

2.4 Extrinsic factors

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use
influence exposure and/or response and what is the impact of any differences in
exposure on pharmacodynamics?

Based on the data and discussion presented in the previous sections, milnacipran does not
appear to be metabolized via any of the major CYP isozymes: CYP2C19, CYP2DS6,
CYP2C19, CYP1A2, and CYP3A4. Therefore, the potential interaction of milnacipran
with drugs that may inhibit any of these major isozymes is minimal.

Therefore, most of the drug interaction studies conducted by the sponsor where part of
the anti-depression program that the drug initially was developed for. Since most of these
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studies are indirectly relevant to this indication and did not show clinically significant
interaction they will be summarized briefly below. Only those with significant interaction
(if any) will be discussed in more detail. In addition, some of the selected drugs are not
marketed in the US. The drugs tested by the sponsor are: levomepromazine,
carbamazepine, digoxin, warfarin, lithium, lorazepam, alcohol, fluoxetine or
clomipramine.

Levomepromazine:

Levomepromazine is not marketed in the US. According to the sponsor, the drug is tested
as CYP2D6 inhibitor. This was a crossover study at a dose of 50 mg milnacipran BID for
14 days given alone or in combination with 15 mg BID of levomepromazine. At steady
state, the Cmax and AUC for milnacipran increased by only 10% to 20% when co-
administered with levomepromazine compared when given alone (Study # M126). This
data is expected based on theé earlier discussion that CYP2D6 is not involved in the
metabolism of milnacipran.

Carbamazepine:

Since carbamazepine is know as CYP3A4 and CYP1A2 inducer, the study was
conducted at steady state following 200 BID of carbamazepine and 50 mg BID of
milnacipran. The exposure (Cmax and AUC) to milnacipran decreased by <20% (18 and
19%) compared when milnacipran was administration alone (Study # M130). The data
from this study is also expected as milnacipran is not metabolized by either CYP3A4 or
CYP1A2.

Digoxin:

Digoxin is primarily excreted as unchanged in urine. It is also know as intestinal and
renal P-glycoprotein (P-GP) substrate. The sponsor conducted a study to investigate the
coadministration of milnacipran in three-way crossover, multiple dose in 30 healthy
subjects as follows:

Treatment A:

Day I: 0.2 mg digoxin BID

Days 2-8: 0.2 mg digoxin QAM

Day 9: 0.2 mg digoxin at AM

Treatment B:

Day 1: 12.5 mg milnacipran QAM and 25 mg milnacipran QPM
Day 2: 25 mg milnacipran BID ‘

Day 3-5: 50 mg milnacipran BID
Days 6-8: 100 mg milnacipran BID
Day 9: 100 mg milnacipran at AM
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Treatment C:

Day1l: = 12.5 mgmilnacipran + 0.2 mg digoxin at AM
25 mg milnacipran + 0.2 mg digoxin at PM
Day 2: 25 mg milnacipran BID + 0.2 mg digoxin at AM

Day 3-5: 50 mg milnacipran BID + 0.2 mg digoxin QAM
Days 6-8: 100 mg milnacipran BID + 0.2 mg digoxin QAM
Day 9: 100 mg milnacipran single dose + 0.2 mg digoxin single dose at AM

The PK parameters of either milnacipran or digoxin did not change in this interaction
study (Study # MLN-PK-08). In addition, no pharmacodynamic effects such as changes
in blood pressure were noted.

Warfarin:

Warfarin is highly metabolized drug by several CYP450 enzymes. The effect on the
prothrombin time (PT) and PK was tested in healthy subjects at steady-state following
100 mg BID doses of milnacipran and a single mega dose of warfarin (25 mg). No
significant changes in either the PK parameter of warfarin or milnacipran or the PT were
observed (Study # MLN-PK-07). :

Lithium:

Lithium is predominantly excreted unchanged in urine. Lithium was administered at a
dose of 375 mg BID concomitantly with 50 mg BID doses of milnacipran. There were no
changes in the PK of either lithium or milnacipran (Study # M125).

Lorazepam:

No PK interaction was observed following a single dose of 50 mg milnacipran and 1.5
mg lorazepam (Study # M138).

Fluoxetine:

Fluoxetine is inhibitor of CYP2D6 and CYP2C19. Therefore, the sponsor investigated
the PK and tolerance of milnacipran by switching from 20 mg QD of fluoxetine to 50 mg
BID milnacipran without a washout period. No changes were observed in the PK of
milnacipran after a single dose on Day 1 or after multiple doses on Day 4 (Study # F2207
GE M212). :

Clomipramine:
This is similar to fluoxetine study in which the sponsor investigating the PK of
milnacipran by switching from clomipramine treatment to milnacipran without a washout

period. No changes in the PK of milnacipran was noted in this study either (Study #
F2207 GE M213). A
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Alcohol:

A double-blind, crossover, placebo controlled, and positive-controlled (amitriptyline)
study in healthy male subjects was conducted after 0.6 g/L alcohol and 50 mg BID
milnacipran. The PK and the PD (psychometric evaluations) of milnacipran was not
affected in the presence of alcohol compared with placebo (Study # F2207 95 GE 103).

Conclusions:
The results from these studies are consistent with the primary excretion pathway of
milnacipran (renal excretion of the unchanged drug and glucuronidation) and suggest a

low potential of interaction between milnacipran and drugs that are substrates, inhibitors,
or inducers of CYP450 enzymes.

APPEARS THIS WAY
0N ORIGINAL
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2.5 General Biopharmaceutics
2.5.1 What is the BCS Class Classification for Milnacipran?

Milnacipran is classified as BCS class I drug substance (highly soluble and highly
permeable). The supporting information were submitted and reviewed under IND #
63,736 (Study # PRD-RPT-EXP-00014). Based on this information, a bio-waiver request
for the BE study for capsule (Phase /Il formulation) and tablets (the final to-be-
marketed formulation) was granted by the Agency on December 12, 2006. The capsules
and tablets exhibit similar 27 wzo dissolution profiles (detailed discussion later).

2.5.2.1 What is the Absolute Bioavailability of Milnacipran?

The absolute bioavailability of milnacipran capsule was determined in one formal study
(Study # M038) and in another as part of the determination of the effect of hepatic

. impairment on the PK of milnacipran following oral and IV administration (Study
#M046). The formal study was conducted in 12 healthy subjects following a single oral
dose of 50 mg (2 x 25 mg) capsules (PF-C1) and IV infusion over 1 hour.

From this study the absolute bioavailability of milnacipran from the capsule was
approximately 85% (Figure 2.5.2.1.1 and Table 2.5.2.1.1). The Tmax occurred at
approximately 2 hours. In addition, there was no difference in cumulative urinary
excretion profiles between oral and IV administration (Table 2.5.2.1.2 and 2.5.2.1.3 and
Figure 2.5.2.1.2) ~

Figure 2.5.2.1.1. Mean Plasma Concentration-Time Profile After 50 mg Oral and IV
Doses of Milnacipran (Study # M038).
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Table 2.5.2.1.1. Mean PK Parameters in Following 50 mg Oral and IV
administration of Milnacipran (Study # M038).

Pharmacokinetic 30 mg Oral Milnacipran HCI 580 mg Intravenons Milnacipran HCl
Parameter” N=12) N=12)

C,(ng/ml) 974=18.1 .

T (b)° 20.7-6) -

AUCy.- (ngeh'ml) 926=133 1107=172

F 0.85=0.03 -

T.. () 6114 64=17

Aey., (mg) - 253=44

CL (L'h) - 40262

Table 2.5.2.1.2. Mean PK Parameters in Following 50 mg Oral and IV -
administration of Milnacipran (Study # M038).

Pharmacokinetic 50 mg Oral AMilnacipran HC! 50 mg Intravenous Milnacipran HCl
Parameter” {N=12) {N=12,
CLr (L'h) - 23773

7a(L) - 367+98

2 Cppy, AUC, and Ae paramaters reflact freebase values {conversion factor of 0.87 from HCE salt to fraebasa).

b Median (range).

Aeg.. = amount of drug excrated unchanzed in wine from time 0 to time t; AUCy- = area under the plasma
concentration varsus time curve from time 0 to infinity. CL = apparant total clearance from plasma after
mtravenous administration; CLr = renal clearance; C.., = maximum plasma dig concenttation; ¥ = absoluts
bioavailability; Tu, = terminal elimination half-life; T.. = time of maximum plazma concantration;

V3= apparent volume of distribution.

Figure 2.5.2.1.2 Mean (+ SEM) Urinary Elimination of Unchanged Milnacipran
Following 50 mg Oral and IV administration (Study # M038, Source Study Report

Page 65).
- 100+
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A similar conclusion was made from the hepatic impairment study in which the absolute
bioavailability of milnacipran was 90% (Table 2.5.2.1.3).

Table 2.5.2.1.3. Mean PK Parameters in Healthy and Hepatic Impairment Patients
(Study # M046).

L - ?Ih:lanllﬂ‘,nlnuclnlm) u-wju.umw-u,uu PHEUtIL At Lupritaene -

thmmmz Conirol Sudjeces Group B ’ Group C
* Peromerer N=8§) IN=§) ’ N=4
b Tumvenous Adpiiszation. T T
At {oshml) - . - ’ & :
EC 152370 1720 565 m19;otses
f"‘:‘ GEMD Bmasm 0 wsessy Bl |
e 83221 T loasas ¢ Tos=ss
i fa [N 3012106 5382184 4942118
: 02467 l68a69 | 141454 .
3473 3202108 75200 |
396454 ‘ 4422880 3932113 ’
- OmlAdmiisgatios " T T
: . i
134216 . 18563 1584 54 |
0714 : 144255 : 137256
21208 | 33212 ! 38229 :
D AUC. zbol) _ o e o,
ey 13674269 [ lmaenm g3k
Table 2.5.2.1. 3 (contmued)
Akl e S emacsy
rirehs, : gL mmanR 102547 |
W@ 33217 | 9828  1o3xa3
% : 5012167 5712110 sl9289*
20267 161284 133226
389275 3144114 22633
H462 57 4242164 35510 :
_ 3043 110436 T :
2 Couvession 2 :n:wu' n. £0.47 from HCT salt to frasbaze,
z  N=5;
¢ N=4
4 M=3

AU, =amaunder the plaseaa corcevration vs thce crva Jom time § to Snfiniry. T, = amenal
amammm&=ﬁmofdogmmdasmcm=ed&ngmm CL, =zerai clearance: CL
'pmdmmemmmammmw-upmmhmofﬁsmbmcu
marsimen plasea dng cotcectratior: T, = £me of maimym plasea corcesmratiorn; CLF = appavent
wmldmmzofmﬁmnnlmmafaom!adumamv T = apparant vohake of dstibusion aitas
ozl adeairistration; F= absole bicavailability.

2.5.2 What is the Effect of Food on the BA of Milnacipran?

The sponsor conducted two studies to establish the effect of food on milnacipran
(StudiesMLN-PK-04 and M124). In both studies, the effect of food was conducted using
the capsule formulation; one used the clinical trial formulation (PF-C5, Study # MLN-
PK-04) and the second using one of the prototype capsule formulations (PF-C3, M124).

In both studies, food had no effect on the PK of milnacipran (Figures 2.5.2.1 and 2.5.2.1
and Tables 2.5.2.1-2.5.2.3).
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Figure 2.5.2.1. Mean Plasma Concentration-Time Profile of Milnacipran in Fed and
Fasted Conditions (Study # MLN-PK-04).
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Figure 2.5.2.2. Mean Plasma Concentration-Time Profile of Milnacipran in Fed and
Fasted Conditions After 50 mg Capsule (Study # M039/M124).
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Table 2.5.2.1. Mean PK Parameters and 90% CI of Milnacipran in Fed and Fasted
Conditions (Study # MLN-PK-04).

Pi Kineti Treatment 4 Treatment B Ratio of

Pomacofnetic (fasting) fed) Geometric 90% 1
(N=12) Na12) Means (%)

C.... (ng/mLy 3328753 3238x643 98 91.3-104.2

Tou () 37210 42210 - -

AUGC;. (ng-h/ml)* 3403 £ 666 3231538 95 91.5-100.2

AUC)... (ngebiml)* 3493 = 682 3322z 544 96 91.8-100.3

Ty () 76%=12 73=11 - -

a2 Cpuw, AUGy, and AUC,, parameters reflect frasbase values

AUCy, = area under the plasma concentration versus time curva from time 0 to t- AUCp.= = area under the plasma
concentration versus time curve from time 0 to infinity; C1= confidence interval; C,. = maxinoum plasma drug
concentration; Ti; = tenninal elimination half-life; T.. = time of maximum plaszma concentration.

Table 2.5.2.2. Mean PK Parameters and 90% CI of Milnacipran in Fed and Fasted
Conditions Following Administration of 50 mg Capsule (Study # M039/M124).

. Treatment A Treatment B Treatment C 90% CIs
f: h 'I‘,’;’r';‘;:::;ﬁ’ (fasting) (ow=fap) (high-fat)
n=38" n=11° n=12° Bvsd Cwsd
Cox (ng/ml) 1299=403 135.2+50.6 140.1=436 £8-118 93-125
Tz (h) 2.50+143 2.98 £ 1.60 2.15=1.08 - -
ggg?ﬁm 980 249 911 264 1040 =233 82-104 95-120

Table 2.5.2.3. Mean PK Parameters and 90% CI of Milnacipran in Fed and Fasted
Conditions (Study # M039/M124).

. TreannentA | IreatmemtB | Treatment C 99% CIs

g’;;:’::::’g;i" {fasting) {low-far) thigh-fan

=g’ n=ilc =12 Bwsd Cwsd
AUC,., 10882318 | 981s306 | 1140222 77-105 91124
(pzhml)
Ty () 6.52=229 543190 6502194 - -
Agyae (mg) 24392221 | 24432391 2447x4383 89110 89-110
Ch (L'} 63270 220105 24462 92-125 80-108
a  C,,,, AUC, and As,,, parameters raflect milnacipran freebase valuas (conversion faceor of 0.87 om HCE sale

10 Teebaza).

b Ba:zed on Report MI24.

¢ Subjecss who did not voniz.

ARy, = amotnt of dmyg excreted rachanged in urins from tme 3 to 24 hovrs; AUC,.;, = area under ke plasma
CORCEntration versts e curve fom e 0 10 24 kours; AUC,,., = area npdar the plasma soncentration verss
time curve fom tims O to infinity; C1 = confidsnce interral, CLr= renal cleerance; C,.. = maxinwm plasma
drug coucanmation; fe = fraction of dose excreted as wachanged drug in wine; T, = terminal elimication
half-life; T, = tim2 of maxinuam plasmia copraumration.
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2.5.3 Was the to-be-Marketed Formulation Used in the Clinical Trials?
Background: ~

The drug was originally developed as 25, 50, and 100 mg capsules (25 mg, 50 mg, and
100 mg). L oo o e o

r b(4)
The 50 mg dibasic calcium phosphate-based tablet formulation developed was found to

be bioequivalent to the ' I 1 capsule formulation (PF-C4) in Study M048,

Figure 2.5.3.1 and Table 2.5.3.1). However, Cmax (but not AUC) for half of the 100 mg

scored tablet (i.e., 50 mg dose) of dibasic calcium phosphate—based formulation was b(4)
approximately 17% higher than that of the T. A capsule formulation PF-C3

(Study # 141, Figure 2.5.3.1 and Table 2.5.3.2).

Figure 2.5.3.1. Mean Plasma Concentration-Time Profile of Milnacipran After 50
mg Capsule and Tablet Formulations (Study # M048).
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Table 2.5.3.1. Mean PK Parameters of Milnacipran Following Administration of 50
mg Capsule and Tablet Formulations (Study # M048).

TREATMENT A TREATMENT B STATISTICS
(capsule dosed at 50 mg) {tablet dosed at 50 mg) Westlake interval
Cmax 125.76 (20.35) 126.18 (27.90) NS (1)
(ng.mi~) (11.99 %)
tmax (h) 2.75 (0.84) 1.83 (1.02) NS (2)
AUCg241 1131.34 (161.48) 1094.95 (201.69) NS(1)
(ng.ml~Lh) (11.18 %)
AUCgp 1266.43 (183.21) 1208.45 (226.25) NS (1)
(ng.mi~Lh) (13.60 %)
T172 (h) 7.60 (1.26) 7.36 (0.93) NS (1)
(12.99 %)
MRT (h) 10.64 (1.67) 9.94 (0.92) NS(1)
(13.59 %)

(1) : ANOVA 2 ways

(2) : Wilcoxon test

Figﬁre 2.5.3.2. Mean Plasma Concentration-Time Profile of Milnacipran After One-
Half of a 100 mg Scored Tablet (Test) and 50 mg Capsule (PF-C3 (Reference)

(Study # M141).
140
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Table 2.5.3.2. Mean PK Parameters of Milnacipran Following One-Half of a 100 mg
Scored Tablets and 50 mg Capsule (PF-C3 (Reference) (Study # M141).

Treatment A Treatment B
Pharmacokinetic Parameter® % 100-mg Tablet 30-mg Capsnle
(N=24) (N=24)

Crex (ng/ml) 109.7=29.1 935+176
Taae (h) - 2.08=1.27 342+1.02
AUC, (ngelvymL) 986 =184 972 = 147
AUC,...(ng*h/mL) 1047 = 186 1033 = 146
Ty () 7.91=0.93 8.10+1.00
Aegy (mg) 19540 189=39

fe (%) 44892 434=88

a2 Cmax. AUC, and Aeg.s parameters reflect freebase values (conversion factor of 0.87 from HCI salt to freebase).

Aepz4 = amount of drug excreted unchanged in urine from time 0 to 24 hours; AUCo. = area under the plasma
concentration versus time curve from time 0 to t hours; AUCo. = area under the plasma concentration versus
time curve from time 0 to infinity; Cumsx = maximbm plasma drug concentration; fe = fraction of dose excreted
as unchanged drug in urine; Ty; = terminal elimination hatf-life; Tp,x = time of maximum plasma concentration.

In addition, the capsule and tablet formulations based on dibasic calcium phosphate (PF-

C5 and PFM) were also found to be bioequivalent to the [

7 formulation PF-C3

(Study # M112/M113, Figure 2.5.3.3 and Table 2.5.3.3). Based on these data, the
sponsor chose the dibasic calcium phosphate based capsule formulation (PF-CS5) for
further clinical development. Additional lower strength of 12.5 mg capsule was later

developed by the sponsor.

Figure 2.5.3.3. Mean Plasma Concentration-Time Profile of Milnacipran After 50
mg Capsule and Tablet Formulations (Study # M112/M113).
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Table 2.5.3.3. Mean PK Parameters of Milnacipran Following Administration of 50
mg Capsules and Tablet Formulations (Study # M112/M113).

HPLC Method GCAMS Merhod
. b Treamment | Treament | Tr I Treaiment | Treatmemr
Pharmacekinetic 4 B c 4 B
Parameter* -
w=2p | 29 =2 | =20 | a2y | g
- 171= 027= | 1210+ | 1000= | 1041<
Com (agimal) 18 | BI=133] Tioy 141 144 17.5
Toue () 18209 | 36x11 | 26=10 | 17=10 | 34=12 | 26=00
AUG,, 3= « 17 57 = 17 7] = 54 =157
PR 10822181 | 1076=174 | 10572179 | 10952150 | 1071 =158 | 1054 =157
AUG., 11372186 | 1134179 | 1114184 | 11892179 | 1176183 | 1140=174
{ng+h'ml)
T, 72207.| 73206 | 72207 | 79=08 | 79=07 | 79-08
Aease (mag) 194=45 | 20232 | 208=38 - - -

In the later stages of drug development, the sponsor developed tablet dosage form using

7 as the final capsules containing diabasic calcium phosphate for
marketing in the U.S. As stated earlier in Section 2.5.1, a bio-waiver request, based on b(4)
data supporting milnacipran as BCS Classification I drug, for the bioequivalence of the )
capsule and tablet formulations was previously submitted to the IND 63,736 and was
granted by the Agency on December 13, 2006.

A summary of all the bioavailability and bioequivalent studies submitted with this NDA
is shown in Table 2.5.3.4.

Table 2.5.3.4. Synopsis of all Bioavailability and Bioequivalent Studies

Shudy No ) Nuntber of '
(Report . . Subjects - . Study
Year) Protocol Thle Objectives Design Mean Age  Dosage Results and Conclusion L}:epa.rr
Country (range) cation
Absolute bicavailability
was 85%.
Study of the To assess the .
absolute absoline S0-mg IV ™ Lvea: :mnnm for :::l
bioavailability of | bioavailability of | Open label, 2beattyy | infisionover | ™0 g (aro
Mo38 F2207in the itnacip domized, | male suby 1 howr Bouce).
(1988%) ‘healthy subject by fvo-way ; 1 Module
comparison of the To define the crossover with a 26 years Two 25-mg oral Sme:mmmmt, od for | S3LLL
France capsule formwith | ph Yineth 15.day wast 21-29) capstles 5% of total ¢l
g of mitnacipran and period FF-C1) % of total clearnce.
infusion at the | evalnate its wrinary Vi i
< 3 olume of distribution
dose of 30 mg excretion following IV
administration was
3671
Treamment A
A single-center, Single dose of
randomized, 1
cpen-label, single. milnacipran HCE .
dose, two-way To evaluate the Open label. 3 15 beald‘xy capsule (FF-C5) ?‘ ?OC% Cls a:::é C
MLN.PK-04 | crossover stdy effect of foed on wbjec under fasting  § RO of Louxx and.
- two-way conditi for fed and fasting N
(2007) comparing the the oral crossover with (2IM/10F) tions states were withinthe | 2 Togule
effectoffeodcn | bioavailability of L-rweel + 80%6.125% 53.1.12
USA the oral mitwacipran BCL | oy between | 27 yeors Treatanent B: Mmﬁ:gno;";xiﬁm
bmm:;g\:;f}' of capsules teatments (19-44) Sm%l(;) Zsze of focdeffont,
mitaacipran HCL milsacipran HCH
capsules capsule (PF-C5)
under fed
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Study No Ninmber of Smdy
Subjects iay
Protocol Title Objectives Design Dosage Results and Conclusion |  Report
g :;)'ﬂ)' “‘:‘:::;f’ Location
Treatment A
one 50-mg
capsule (PF-C3),
St
To evaluate the i food
effect of food on B: There was no
MO39 2nd s Dheattyy | Treargent® effect.
Addednum Influence of food of milnacisran 2nd Open-label, male subjects (PEC3
M124 on the mileacipran randomized, caple PECD | Gaswointestinat Module
19 b ki ; three-w 23 years £ | toterability appeared 1o | 53.113
%8s of F2207 whether food crossorer (26-25) breaicfast | 4o poorer in the fasting
France wncidence of side Treatment C: subjects.
effects ona 50-mg
capsule (PF-C3)
with a high-fat
‘breakfast
Treatment A
Smdy on relative one 30-mg The pharmacokinetics
bicavailability of | Tocompmethe | Opedlivel 12 male = A ot aitaacs
Mo4s twoF2207 oral | bioavailavilitg of | 2odomized subjects | FFUe ) Sollovwiny
: s two-way 2 \ | tolowIng
(1989) . formulations after wo 50- mg crossover with Treatment B; |- dsministration of the Mod:;le
single fornulations afer | =0 L0 font 23 years one 50 tablet and capsule 53.1.21
s ey | i | b | 50 iy | i e
ve a S ' imilar.
voluateers u s phosphate~
* based tablet
Study No Number o]
R ’,,:, ' Snly'ectsf Study
Yo?;) Protocol Title Objectives Design Mean Age Dosage Results and Conclusion | Report
Couniry {range) Location
Treament A:
one 50-mg
milnacipran test
tablet (dibasic
calcium
phosph Bivequivalence was
based demonstrated between
formulation) | Treatments A and C and
with a standard Treatmenis B and C.
breakfast
Plasma levels of
T B: ilnacipran were
b‘; omprﬁge one 50-mg similar following
ioava ty : milnacipran test analyses using the
V2 | swdyoftzee | Toevaluewe | Randomized | caprule (dibasic |  HPLC and GC-MS
ad d;n dum F207 relative :g:n-lal_zel, 24 healthy calcium methods.
M3 formulations | bioavailability and | “HeeNSY dy male subjects | ohoephate- Module
1954 (mil_nacnp{an) tolem\ajh’ty of three with a 7-day 23 vears bas_ed The d—@somer (F2695) 53122
after sngiel 50-mg dxf&m:;n washout p eriod (1827 foxmx_llan?n, PF. hn!g h%:z[ esposure
France _oral fomlluaﬂp_ bettveen C5)witha an -isomer
adminisiraton in rmulations Teanments standard (F2696). Mean C e
24 healthy breakfast valnes of F2695 were
vohmiaers 5%-12% higher than for
Treamment C: F2696; mean AUC,..,
one 50-mg parameters were 70%.-
milnacipran 74% higher for F2695
referance than F2696. T+ was 8.5
cmenlal  e——f hHorF2695and354h
T Wy for F2656.
formuauon with
a standard
breakfast
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Study No Niumber of

Study
;R:paﬂ Protocol Tifle Objectives Design ‘.;ubjrm Dosage Results and Conclusion §  Report
ear) Mean Age Location
Conntry f{range)
Group A:
- a haif 100-mg
scored tablet
with a standard
 breakfast
Rioequivalence cne 3008 | \ithin each grovp,
study of a new : standard there were 0o
oral breakfast differences in mean PK
fornmslation: 100 parameters betiveen test
mg score tablet Iabel, . Group B: and reference
after single To test the . OP?' e mﬁeh’alfhy - one 100-mg Toramlations.
dnunistration - | bicequivalence of a i 9 scoted tablet
M140 12scoretblet | 100mgscored | ““*;"?mdy (onesubject | i astandard | Milnacipran Coge and
(1997 {50 mg) versus 50 | tablet formulation | Goao wasa breakfast AUC parameters were | Module
itnaci ; in3 groups of lacement) ;
mgmilnacipran | relative to 50-mg envaha | P —one100-mg | about2-foldhigher | 53..23
France tabletin twelve | and 100-mgtablet 15\:‘!’:3&5 “"l 2 ” tablet with following
normal healthy (reference) a et << years standard administration of a 100~
h 100 formmlati tream:n;s (15-30) breakfast 1mg oral dose compared
mg scored tablet o administration of a
versus 100 mg Group C: 50-mg oral dose,
milnacipran tablet -one 100-mg indicating dose
in twefve nonmal scored tablet propostionality.
healthy vohmteers with a modified
breakdnst
- one 100-mg
tablet with a
modified
brealfast
Smdy No Niwmber of Smdy
(;}epoﬂ Protocol Title Objectives Design Subjects Dosage Results and Couclusion pr«{rf
ear) Mean Age Location
Country {range)
Trealment Az a
half 100-mg
ot
seored dibasic
. alcinm
Compamtive " N
bioavailability To compare the Sing} -labeL, gaho*;pha;:e—
. stodyoftwo | bioavailability of | OPeR2 24 ettt bt
Mid1 F2707 wodiffeens | Fpoozed, | BREWY ] Codiee® | Memn Conaswas 175
(1995) formulations milracipran oral cro:s;?.-'e‘:'rasymdy l:mald'zst greater for the test Module b(A)
(tnilnacip lati itha lveel 24 veacs fornmlation. There were | 5.3.1.2.4
USA aftes single 50-mg | following a single ‘““;i;m e T ¢p; | 1o differences in AUC.
oral 50 rag oral @c-3n reatment B:
doinistation in PSS benveen oce 50-mg
healthy volunteers treatments milpacioran
——
Capawme \rr-w I,
reference) with 2
standard
breakfast
AUC = arez uzdar the plazma concenation vessus sime curve; AUC), = avea under the plasma concentration versus time curve Som tima 0 to infinity; CI = confidence
intarval; € ® maxi plasma ion: GC = gas ch hy; HPLC = high pers liquid ek hy; IV = & MS = mass
P v; PK = ph kinetic; T4 = rerminal elimination halflife, . .

2.5.4 What are the Biopharmaceutical Characteristics of the Products?
Originally, milnacipran product was developed in France by Pierre Fabre Medicament
(PFM) as an immediate release capsule, in 25 mg, 50 mg and 100 mg strengths and

approved for marketing for the treatment of depression in many countries of Europe in
1098 These formulations contain [~ 7. _ . “(A)

=
i
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‘ (" J These new formulationshad C J >fshelf-life. In 1998, the capsule
formulation PF-C5 was approved and marketed in Europe at 25, 50 and 100 mg strengths.

In 2001, Cypress Bioscience, Inc. (Cypress) licensed milnacipran from PFM and
submitted IND # 63,736 for the treatment of the FMS, and introduced a new 12.5 mg
strength capsule. In 2004, Forest and Cypress started the co-development of milnacipran
drug product in the United States for the treatment of FMS. The capsule formulation
marketed in Europe was used in the FMS pivotal clinical trials. The sponsor opted to
develop an oral tablet dosage form 1 /as the capsules currently
marketed in Europe. ’

As stated earlier, the sponsor utilized PF-C3 and PF-C5 capsules in Phase 1 and pivotal
Phase 3 studies. In a PK/BE study (Study # M112), the capsules of formulation PF-C5
(the marked capsule in Europe), the tablets (containing dibasic calcium phosphate

C T )and capsules ofthe T 1 formulation PF-C3 were found
to be bioequivalent (see earlier Section).

For the marketing in US, Forest opted to develop a commercial immediate release (IR)
tablets containing dibasic calcium phosphate T 1 at 12.5 mg, 25 mg,
50 mg, and 100 mg strengths. No new data was obtained using these tablets. Instead,
Forest submitted data to support that milnacipran is a BCS class I drug subtance and that
both the capsules formulation (PF-C5) and the to-be-marketed tablets are rapidily
dissolving and requested a biowaiver for the tablets. Based on the data showing high
permeability and high solubility and similarity in the dissolution data for the capsules
(PF-C5 formulation) and tablets a bio-waiver for the tablet was granted by the Agency on
December 13, 2006 (IND 63,736). Therefore, the proposed final-to-be marketed
formulation in the US for the treatment of FMS will be IR, film-coated tablet in 12.5 mg,
25 mg, 50 mg and 100 mg strengths.

2.5.5 Are the method and dissolution specifications supported by the data provided
by the sponsor?

The 7» vizro dissolution testing was conducted for marketed capsule formulation (# PF-
C5) and the proposed commercial tablets (12.5, 25, 50, and 100 mg strengths). In
addition, a dissolution equivalence study was conducted to compare thel’ 3 -based
capsule used in the majority of the PK studies with the dibasic calcium phosphate-based
capsules (PF-C5). '

All strengths of capsules and tablets of milnacipran demonstrated rapid dissolution
(>L 7 in 30 minutes) and similar dissolution profiles in all media (Study # PRD-RPT-
00014). Example of dissolution profiles for 100 mg strengths of capsule and tablet are
shown in Tables 2.5.5.1 and 2.5.5.2.
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- Table 2.5.5.1. Mean Percent dissolved for 100 mg Capsule (Study # PRD-RPT-EXP-

10 100 17 | 97 104

15 100 1.7 o8 105

0.1NHCI 30 100 16 o8 104
45 100 14 o8 104

10 85 102 69 %

Acetate Buffer 15 101 1.1 100 104
pH 4.5 30 102 12 100 105

45 103 1 101 105

10 65 203 47 93

15 82 123 4 99

P"°“;f;;‘; g“"" 20 90 7.9 80 jo1
- PHS. 30 % 53 50 104
45 100 3.2 95 107

Table 2.5.5.2. Mean Percent dissolved for 100 mg Tablet (Study # PRD-RPT-EXP—
00014

10 36 6.1
, i 96 3.4 90 101
0-INHCI. 30 % 3.5 90 101
45 9% 3.7 89 101
10 85 7.9 74 96
Acetate Buffer 15 96 4.8 85 101
pH 4.5 30 97 4.3 38 102
~ 35 [ o7 a2 38 102
10 — & 14 3 72
‘ . 15" 87 109 | &7 102
P""s';:‘;‘: g“ﬁe’ 20 93 7.3 76 105
- 30 97 5.8 38 109
45 08 53 73 11

The method proposed for 77 e dissolution is summarized below:

Apparatus: 11 (Paddles)

Media: 0.1N HCI

Speed: 50 RPM

Volume: 900 mL ' h(4)
Sampling Time Points: 10, 15, 30, 45 min, and 60 min.

Q37 %in 30 min

ONDQA will assess the adequacy of the final method and specifications.
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2.6 Analytical Section

The plasma and urine concentrations of milnacipran and its isomers (#and / were
determined by two main methods; LC-MS or GC-MS and fluoromettric HPLC. Overall,
the lower limit of quantitation (LLOQ) of the assays for both the parent drug and its
isomers in plasma and urine ranges from approximately 0.1 to 5 ng/mL. The assay
validation data are satisfactory. The inter- and intra-day assay %CV for all methods in
plasma and urine is <10% (Tables 2.6.1 and 2.6.2)

Table 2.6.1. Accuracy and Precision For Plasma Milnacipran Analytical Method

Meihod Observation oc.1 oc.2 _ QC.3
Validation ervano (300 ng/mL) (2500 ng/nL) (8000 ng/mL)
Accuracy (% Intraday withinx 1.6 within = 1.0 withinx 2.2
deviation) Tnterday 13 05 -1.1
Intraday <23 <15 <20
Precision (% CV)
Interday 1.7 14 20

CV = coefficient of variation; QC = quality control.

Table 2.6.2. Method Accuracy and Precision For d- and /- Milnacipran in Plasma

and Urine
d-milnacipran l-milnacipran
Protocol No. Standards QC Samples oSfandards QC Samples
0,
% CV | % dev C/{’ % dev C/‘:" %devy | % CV | % dev
Plasia Samples
| PFM Study M126 within within within within
(BA Report M127) =941 i3y | SMB ) Lgg | STH | Le2 | SO | 138
4 PFM Study M130 within within ' within within
(BA Report M132) S94 | gq7 [ S63 1 pqy [ S%4 | ii01 | T4 | i3s
“PFM Study M135 within within within within
(BA Report M136) =47 +£57 =63 =23 =69 4.7 =638 +1.0
Urine Samples
PFM Study M126 within within within within
@AReporrM127) | S0 zoa | 37| 287 | Z9% ) sog | S36 | g9
PFM Study M135 within - within within within
(BA Report M136) <90 £99 75 ¢ 4 60 |= 10.6 £77 <69 £6.5

CV = coefficient of variation; % dev = percent deviation of the mean concentration from its nominal concentration;

QC = quality control.
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4.2 Selected Individual Study Review:

This section contains detailed reviews of selected studies that are most relevant from the
clinical pharmacology perspective.

Biopharmaceutics Studies:
Background:

The drug was originally developed as 25, 50, and 100 mg capsules (25 mg, 50 mg, and
;go mg).} [~ )

b(4)
|

The 50 mg dibasic calcium phosphate-based tablet formulation developed was found to b(4)
be bioequivalent to the [~ “J t capsule formulation (Study # M048). However,
Cmax (but not AUC) for half of the 100 mg scored tablet (i.., 50 mg dose) of dibasic
calcium phosphate—based formulation was approx1mately 17% higher than that of the
N Ji capsule (Study # 141).
In addition, the capsule and tablet formulations based on dibasic calcium phosphate were
also found to be bioequivalent to the "7 formulation (Study # M112 and b( 4)
addendum # M113). Based on these data, the sponsor chosen the dibasic calcium
phosphate-based capsule formulation (PF-C5) for further clinical development.
Additional lower strength of 12.5 mg capsule was later developed by the sponsor.

In the later stage of drug development the sponsor developed an oral tablet dosage form
C T . as the final capsules containing diabasic calcium phosphate. A
biowaiver request for the bioequivalence of the capsule and tablet formulations was h(4)
previously submitted to the IND 63,736 and was granted by the Agency on December 13,
2006.

A summary of all bioavailability and bxoequlvalent studies conducted by the sponsor are
listed in Table 4.2.1.
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Table 4.2.1. List of all Bioavailability and Bioequivalent Studies

Study No Number of
(Report Prorocol Til Objecti Desi Subjects Restilts and Conclusion | Repe
Fear) rotocol Title bjectives ign Mean Age Dosage uilts and Conclusion Pt
Counitry {range) - cation
Absotute bicavailabitity
was 85%.
Study of the To assess the e
absolute absolute 50-mg IV mmr«x
biosvailibility of | bioavallabilityof | Opentbel | 12peatty | isfuionover | MO OIS o
Mo3s F2207 in the itnacip domized, | ale subi 1 hovr bovs).
(1988) bealthy subject by wo-way Module
comparisonof the | Todefinethe | crossoverwitha | 26years | Two2Smgoral | oIV Meament renal | 535
France caa;:ls‘_)le form with zyn'x‘mcc‘:hm; lS-dmshom (21-29) i;)élgg 5% of total clearance.
infosion atthe | evaluate its urinary " .
d Vohume of distribution
dose of 50 mg excretion foltowing IV
administration was
3671
Treatmenr A:
A singlecenter, Single dose of
ized, 100-mg
cpen-label, single- milnacipran HCI "
dose, two-way To evaluate the Open label, 3 heald:y capsule (PF-C5) m’l‘he z%% Cls;;?; 2&:
MIN-PK.04 | crossoversmdy | effectoffood on m:m”md’ subjec under fasting t? o&dm': Fastir
Q007 comparing the the oral crossover uith Qiiony | comitems e ithin e | Module
effectof foodon | bioavailability of 1-1veek washout = 80%-1259% 53.112
USA the ol miloacipran HCY p—ened b“:t\m 27 years JTrea B: indicat;xg no"s:;?xggémt
foavailability of ol Single dose of
St mgq ° copers treamaents (1943 mm ° food effect.
milnacipran HC1 milnacipran HC1
capsules capsule (PF-C5)
under fed
conditions
Table 4.2.1 (continued)
Srdy No Number of
(Report Protocol Title Objectives Desi; Subjects Dosage Results and Conclusion g:}:?rt
Year) 4 & Mean Age 5 Location
Country frange) "
Treatment A:
one 50-mg
caps“ées (PFC3),
To evaluate the g )
M039 and effect of focd on Dbeotyy | Tecotmem: | Toers G fofood
Addedmm | Influence of food | e blomalability | oy | ety | 0o S0.ms '
M124 onthe of miltacipran and Jomized @ple FELH | Gasoimestinat | Module
(198%) h he! et oo three-way 23 years alowfat | ctecability appearedto | 53.1.13
E of F2207 reduces the crossover (20-25) be poorer ia the fasting
rance incidence of side Treatment C subjects.
effects one 50-mg
capsule (PF-C3)
with ahigh-fat
breakfast
Treatment A:
zmdy&&umf Tocmomene | Openbel ome 3wz | gye phanmacckinetics
oav; 1y o 0 compare 3 12 mate — of milnacipran
Modg twoF2207 oral | bioavailbilityof | ™odomized subjects | CRPSe T-L4) Sollowing
(1989) formmulations aftes two 50- g crossover st TeeatmentB: | dministationofthe | Module
single formulations after 1-week washout 23 yenrs 50, tablet and capsule 53121
France adntinistration in single (18-30) one Jmg fornmlations were
i ‘between dibasic caleium -
twelve healthy administration similay.
volunteers treatments phosphate—
based tablet
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Table 4.2

.1 (continued)

Smdy No Niymber of Study
(Y‘EZ;M Protocol Title Objectives Design -‘f::')::g’ Dosage Results and Conclusion I_I:g;’i: '
Cowntry {range)
: Treatment A:
one 50.mg
milnacipran test
tablet (dibasic
calehum
phosph Bioequivalence was
based demonstrated between
formulation) | Treaments A acd C and
withastandard | Treatments BandC.
breakfast
Plasma levels of
T B: jlnacipran were
Comparative one 30-mg similar following
bioavailability Randomized, ilnacipran test lyses using the
M112 and study of three To evalu'ate the openlabel, 2 he all.h . capsule (dibasic HPLC and GC-MS
Addendum E2207 relative ) g Y calcium methods.
fecel formulations | bioavailability and eway | malesubjects | o e
Ml113 e L crossover study Pphosp! . Module
1904 (milnacipran) tolerability of three with a 7-day 23+, based The d-isomer (F2695) 53129
(1994) after single 50-mg different washou period *(18{3“7’; formulation, PF- | had higher exposure R
France oral ailuacipran beme’l,, - CS) with a than the Lisomer
administration in formmiations reamments standard (F2696). Mean Cpp
24 healthy breakfast vahees of F2695 were
voluntesrs 5%-12% higher than for
Treatment C: F2696; mean AUC;.,
one 50-mg parameters were 70%-
milnacipran 74% higher for F2695
raference than F2696, T-; was 8.5
cansule  —~— | hforF2695and54h
—— for F2696.
TRV Wi
astandard
‘breakfast
Table 4.2.1 (continued)
Smdy No . Nuber of S
g{:?;)f"f Protocol Tiﬂt' Objectives Design ;ﬁl}:‘:’ Dosage Results and Conclusion L):?;i:n
Conntry frange)
Group A
- ahalf 100-mg
scored tablet
with a standard
breakfast
Bioequivalence tag?eet m Within each group,
study of a new there were no
i oral standard differ ) K
5 breakfast ences in mel
formlatica: 100 parameters between test
mg score tablet Open tabet, . Group B: and reference
after single To test the PRI 37 healt - one 100-mg formmlations.
dministration - quivalence of a oy - anale subj scored tablet
M140 172scoretablet | 100-mg scored um:sfwy (enesubiect | b standard | Milnacipran Gy and
(1997) (50 mg) versns SO | tablet formwlation | 7% o of wasa breakfast AUC parameters were | Module
mg mitnacipran | relative to S0-mg g | TREmE) b e 100mg | sbout2foldhigher | 53123
France tabletintwelve | and 100-mg abler | SISO WR A . tablet with 3 following
nomnal healthy (reference) ” between X 8)-?1;5 standasd administration of a 100~
volunteers-100 fornmulaticas veatments ( ) breakfast mg oral dose compared
mg scored tablet 1o administration of a
versus 100 mg Group C: 50-mg oral dose,
milpacipran tablet - ane 100-mg indicating dose
in nvelve normal scorad tablet proportionality.
healthy volunteers with a modified
breakfast
- one 100-mg
tablet witha
modified
‘breakfast
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Table 4.2.1 (continued)

Study No Number of
(Report N . Subjects . Stndy
Protocol Title Objectives Desy, Dosage Results and Conclnsion it
Year) . 4 s Mean Age
h - Location
Conntry (range) —
Tréament Az a
half 100-mg
scored dibasie
. alcinm
Comparotive : - N
bioavailability To compare the Singt M:::’ gh:dphl;:-
stodyoftwo | bioavailability of | OPeRd 24 heatthy ased tabler
M4l 7 o di randomized, e | COWRA | ypenc 17%
F2707 oo different wo-way mate subjects o 3 maxwas 17%
(1995) formulations milaciprancnal | :a} breakfast greater for the test Module
(miloacipran) formmlatior “°si ths:‘ 1 smdyl 24 years formulation, There were | 5.3.1.2.4
USA after sng‘;; 50-mg fol]csn‘;-mg 2‘ s;!ng,le washout 031 TreatmentB; | 50 differences in AUC,
doministration in J9.mg ora benveen one 50-mg
healthy vohmtesrs treatments milnacinran
Capsme (rraws,
reference) with a
stondard
breacst

AUC = area undar he plasma concemrazion varqus time cuve; Al
imrerval ! ton; GC = gas ch
io; T4 = temminal elimination balf-lfe,

m

Y

UCye = area under the plazna concenmation vermus time curve from time 0 to infinity; CI = confidence

= plasma
PRy Li

CsayedNDASCeritical care (170)NDA 22-256 (Milnacipran)ReviewFinal082908.doc 106

¥:

y; HPLC = high perf

liquid cb

IV = : MS = mass

APPEARS THIS WAY
ON ORIGINAL

b(4)



4.2.1. Study # M038 (Absolute Bioavailability Study)
Objective:

The primary objective of this study was to determine the absolute bioavailability of
milnacipran capsule and its urinary elimination

Study Design:
This was a single dose, two-way crossover design in 12 healthy subjects as follows:

Treatment A: Oral administration: a single dose of two 25-mg (50 mg) milnacipran
capsules (PF-C1)

Treatment B: Intravenous administration: a single 50-mg intravenous dose of
milnacipran as 1-hour infusion

Blood and urine samples were collected at appropriate time points over 48 hours for the
for PK analysis.

Results:

* A typical plasma concentration-time profiles were obtained following oral and IV
- administration (Figure 4.2.1.1).

® The absolute bioavailability of milnacipran from the capsule was approximately.
85%.
The Tmax occurred at approximately 2 hours.
The elimination half-life was short approximately 6 hours following oral and IV
administration (Table 4.2.1.1)

* The renal clearance after [V administration accounted for 59% of total drug
clearance (Tables 4.2.1.1.and 4.2.1.2)

® There was no difference in cumulative urinary excretion profiles between oral and
IV administration (Figure 4.2.1.2.)
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Figure 4.2.1.1. Mean Plasma Concentration-Time Profile After 50 mg Oral and IV
Doses of Milnacipran (Study # M038).

250

995 - |I —8— 50 mg Oral Mllnaclpran HCH (Capsule PF-C‘!)
] —6— S0 mg Intravenous Mitnacipran HC

Milnacipran Plasma Concentralion (ng/mL)

tﬁ
e

0 4 8 12 18 20 24 28 32 3B 40
Time (h)

Table 4.2.1.1. Mean PK Parameters Following 50 mg Oral and IV administration of
Milnacipran (Study # M038).

Pharmacokinetic 30 mg Oral Milnacipran HCl 50 mg Intravenons Milnacipran HCI
Parameter” {N=12) ' (N=12)
C...(ng/mL) 974181 -
T (0)° 2(0.7-6) -
AUC,.. (ng-iml) ' 926+ 133 1107 =172
F 0.85=0.03 -
T.( 61x14 64=17
Aey,(mg) ' . 253=44
CL (L'h) - 402+£62

APPEARS THIS WAY

ON ORIGINAL
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Table 4.2.1.2. Mean PK Parameters Following 50 mg Oral and IV administration of
Milnacipran (Study # M038).

Pharmacolinetic 50 mg Oral Milnacipran HCl 50 mg Intravenons Milnacipran HC1
Parameter” (N=12 N=12)
CLs (L'h) - 83773
Va(L) - 367+98

3 Cumx, AUC, and Ae parameters raflect freebase values (conversion factor of 0.87 from HCI salt to freabass).

b Median (range).

Aeg.. = amount of drug excreted unchanged in urine from time 0 to time ¢; AUC;— = area under the plasma
concentration versus thme curva from time 0 to infinity. CL = apparent total clearance fiem plasma after
intravenous administration; CLr = renal clearanca; C., = maximum plasma dmg concentration; F = absolute
bioavailability; Ti, = terminal elimination half-life; T.. = tima of maximum plazma concantration;

V3= apparent volume of distribution.

Figure 4.2.1.2. Mean (+ SEM) Urinary Elimination of Unchanged Milnacipran
Following 50 mg Oral and IV administration (Study # M038, Source Study Report
Page 65).

100+

83

"

fRoOR moO

Tise (hours)
Reviewer’s Comments:

This is straight forward study to determine the absolute bioavailability of milnacipran
following moderate 50 mg dose. The study design and data analysis are acceptable.

Conclusions:

The main conclusion from this study is that the absolute bioavailability of milnacipran is
approximately 85% when administered as capsule formulation.
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4.2.2. Study # MLN-PK-04 (Effect of Food Study)
Objective:

The primary objective of this study was to determine the effect of food on the PK of
milnacipran after oral administration of capsule formulation (PF-C5)

Study Design:
This was a single dose, two-way crossover design in 31 healthy subjects as follows:

Treatment A: Oral administration: a single dose of 100 mg milnacipran capsules (PF-
C5) under fasting conditions.

Treatment B: Oral administration: a single dose of 100 mg milnacipran capsules (PF-
C5) under fed conditions. :

Blood samples were collected at appropriate time points over 48 hours for the for PK
analysis.

Results:

* The mean plasma concentration-time profiles of milnacipran were almost identical in
the presence or absence of food (Figure 4.2.2.1)

¢ The 90% ClIs for the ratio of geometric means of Cmex, AUCo-, and AUCo-o for
Treatment B versus Treatment A were within the equivalence limits of 80% to 125%,
indicating that food intake did not affect the PK of milnacipran capsule (Table
4.2.2.1)

Figure 4.2.2.1. Mean Plasma Concentration-Time Profile of Milnacipran in Fed and
Fasted Conditions (Study # MLN-PK-04).

403

—e— Treatment A (Fasted)
—O— Treatrant B (Fed}
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[X]
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Table 4.2.2.1. Mean PK Parameters and 90% CI of Milnacipran in Fed and Fasted
Conditions (Study # MLN-PK-04).

. . Treatment A Treatment B Ratio of

g::fz::zzkmenc (fasting) (fed) Geometric 20% CI
(N=12) (N=12) Means (%) ,

Con (ng/mL)* 3328753 323.8x643 98 91.3-10422

Teus (h) 37=10 42=10 - -

AUC,. (ng*h/'mL)* 3403 %666 32312538 95 91.5-100.2

AUC;. (agehimL)? 3493 =682 3322=544 %6 91.8-1003

T, () 7612 73=11 - -

2 Cpoy, AUCy, and AUC,... parametars reflect frasbase valnes
AUCy, - area inder the plasma concentration versus time curve from time G to 1. AUCy.. = area under tha plasma

concentration veysus time curvea from time 0§ to infinity; CI= conﬁdence mterval C.ou = maximum plasma drug
concentration; Ty, = terminal elimination half-lifa; T.. = time of maximum plasma concentration,

Reviewer’s Comments:

This is straight forward study that was conducted to determine the effect of food on
milnacipran 100 mg capsule strength. The study design and data analysis are acceptable.

Conclusions:

The main conclusion from this study is that food had no effect on the absorption or the
PK of milnacipran.

APPEARS THIS WAY
ON ORIGINAL
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4.2.3. Study # M039 and Addendum M124 (Effect of Food Study, Capsule PF-C3)
Objective:

The primary objective of this study was to determine the effect of food (low and high fat)
on the PK of milnacipran after oral administration of capsule formulation (PF-C3).

Study Design:
This was a single dose, three-way crossover design in 12 healthy subjects as follows:

Treatment A: Oral administration: a single dose of 50 mg milnacipran capsules (PF-C3)
under fasting conditions.

Treatment B: Oral administration: a single dose of 50 mg milnacipran capsules (PF-
C3) under fed conditions (low fat breakfast).

Treatment B: Oral administration: a single dose of 50 mg milnacipran capsules (PF-
C3) under fed conditions (high fat breakfast).

" Blood samples were collected at appropriate time points over 24 hours for the for PK
analysis. '

Results:

® There was wide variability in the data. Therefore, there was no real trend in the mean
plasma concentration-time profiles of milnacipran when given with or without food.
(Figure 4.2.3.1).

e The 90% ClIs for the ratio of geometric means of Cumex and AUCo- for Treatment were
within the equivalence limits of 80% to 125% (Tablel 4.2.3.1 A & B). The 90% CI
for AUCy.  was slightly lower than 80% (77%). This is not clinically significant.

APPEARS THIS WAY
ON ORIGINAL
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Figure 4.2.3.1. Mean Plasma Concentration-Time Profile of Milnacipran in Fed and
Fasted Conditions After 50 mg Capsule (Study # M039/M124).

178

[+ —&— Treatment A: Fasted
160 -&-— Treatment B: Low-Fat Breakfast
—&— Treatment C: High-Fat Breakfast

Milnacipran Plasma Concentration (ng/mL)

30

Time (h)

Table 4.2.3.1 A. Mean PK Parameters and 90% CI of Milnacipran in Fed and
Fasted Conditions Following Administration of 50 mg Capsule (Study #
M039/M124).

. Treatment A Trearment B Treatment C 90% CIs
ZI;;:;::Z::L? (fasting) (low-far) (high-fa1)
n=8° w=11° w=12°¢ Bvsd Cvsd
Cax (ng/mL) 129.9=40.3 135.2=50.6 140.1=43.6 88-118 93-125
Tase () 250143 | 2.98+1.60 2.151.08 - -
AUCp . 6 =9 . 5-12
(agehimL) 980 + 249 911 £ 264 1040 =233 $2-104 95-120
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Table 4.2.3.1 B. Mean PK Parameters and 90% CI of Milnacipran in Fed and
Fasted Conditions (Study # M039/M124).

. Treannens A | Iy B | Ireanment C 90% CIs

}_'lmmmmkmer fastin, Tow-fay) high-fo
ie Paramerer> U‘n=8 :9) ’ n=1‘; ') ‘ nil {' ’ Bysd Cusd
AUC,., 1088318 | 9812306 | 11492282 77.105 91-124
fng=h'ml)
Ty, () 6.33=229 | 5432190 6.50=1.94 - -
Asy e (me) 24392221 | 23432391 24472483 89-110 89-110
Ch (LW 263x70 290=105 244262 92-125 80-108
a CB;ee‘:UCS aud Ae,,;, paraeters reflect miluacipran freebase values {conversion factor of 0.87 om HCl salt

0 238},

b Bated on Report M124.

¢ Snbjects who did ror vomie,

Ay, = amount of dimg excreted vnchanged iz wive from time 0 1 24 homrs; AUC, o, = area undar the plasma
concentation versus tue curve from e 0 10 24 hovrs; AUCy, = 2rea under tha plazma concertrarion versus
time curve fora time 0 ro fnfivity; CT= cm::.dm:ommal,Clr = renal clearance; C,. = msxinnum plasma
dmgconcennamn.fe:ﬁa:mno{dosemﬂedssnnchanzeddmgmm T,, = termina} elimfration
haif-life; T = tie of maximum plasma concentration.

Reviewer’s Comments:

This is straight forward study to determine the effect of food on milnacipran 50 mg
capsule strength. The study design and data analysis are acceptable.

Conclusions:

The main conclusion from this study is that the food had no effect on the absorption or
the PK of milnacipran. This study confirms the previous study (Study # MLN-PK-04).

APPEARS THIS WAY
ON ORIGINAL
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4.2.4. Study # M048 (Relative Bioavailability Between Capsule and Tabiets)

Objective:

The primary objective of this study was to determine the relative bioavailability and

bioequivalence of milnacipran after oral administration of capsule formulation [ 7 h@)
PF-C4) and tablet (dibasic calcium phosphate)

Study Design:

This was a single dose, two-way crossover design in 12 healthy subjécts as follows:

b(4)

Treatment A: Oral administration: a single dose of 50 mg milnacipran = 7
containing capsules (PF-C4).

Treatment B: Oral administration: a single dose of 50 mg milnacipran diabasic calcium
phosphate containing tablets.

Blood samples were collected at appropriate time points over 48 hours for the for PK
analysis.

Results:

® The mean plasma concentration-time profiles of milnacipran after capsule and tablets
are almost identical (Figure 4.2.4.1).

® There was virtually no difference in Cmax and AUC between capsule and tablets
(Tablel 4.2.4.1)

APPEARS THIS WAY
ON ORIGINAL
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Figure 4.2.4.1. Mean Plasma Concentration-Time Profile of Milnacipran After 50
mg Capsule and Tablet Formulations (Study # M048).
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Table 4.2.4.1. Mean PK Parameters of Milnacipran Following Administration of 50
mg Capsule and Tablet Formulations (Study # M048).

TREATMENT A TREATMENT B STATISTICS
{capsule dosed at 50 mg) (tablet dosed at 50 mg) Westlake interval
|Cmax 125.76 (20.35) 126.18 (27.90) NS (1)
(ng.mi~1) (11.99 %)
tmax (h) 2.75 (0.84) 1.83 (1.02) NS {2)
AUCg.24p 1131.34 (161.48) 1094.95 (201.69) NS(1)
{ng.ml-L.h) (11.18 %)
AUC) 1266.43 (183.21) 1208.45 (226.25) NS(1)
(ng.mi~1.h) (13.60 %)
T172 (h) 7.60 (1.26) 7.36 (0.93) NS (1)
(12.99 %)
MRT (h) 10.64 (1.67) 9.94 (0.92) NS (1)
: {13.59 %)
(1) : ANOVA 2 ways

(2) : Wilcoxon test

Reviewer’s Comments:

This study demonstrates no difference in absorption of milnacipran when administered as

capsule or tablet.

Conclusions:

The main conclusion from this study is that the capsule and table showed no difference in

absorption profiles (rate and extent).
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4.2.5. Study # M112 and Addendum M113 (Relative Bioavailability for Three
Formulations: Two Capsules (diabasic and (- 7, and Tablet (diabasic)

| Objective:

The primary objective of this study was to determine the relative bioavailability of three
formulations: Two capsules, one with diabasic calcium phosphate (PC-5) and the other
with C 1 PC-3) and tablet with dibasic calcium phosphate.

Study Design:

This was a single dose, three-way crossover design in 24 healthy subjects as follows:

Treatment A: Oral administration: a single dose of 50 mg milnacipran dibasic calcium
phosphate containing tablet

Treatment B: Oral administration: a single dose of 50 mg milnacipran dibasic calcium
phosphate containing capsule (PF-C5).

Treatment C: Oral administration: a single dose of 50 mg milnacipran " (_ J
containing capsule (PF-C3)

Blood and urine samples were collected at appropriate time points over 48 and 24 hours
for the PK analysis, respectively. Milnacipran plasma concentration and its Zand /
enantiomers were determined by HPLC and GC/MS Methods.

Results:

e The mean plasma concentration-time profiles of milnacipran after capsule and tablets
were almost identical irrespective of the analytical method used (Figure 4.2.5.1).

¢ There was virtually no difference in Cmax and AUC data between capsules and tablet
formulations, irrespective of the method used (Tablel 4.2.5.1). The same was true for

the % of unchanged drug excreted in urine (Table 4.2.5.1 and 4.2.5.2).

o The 90% ClIs for all treatments were within 80% to 125% limits, indicating
bioequivalence between formulations (Table 4.2.5.3)

e Similarly, for Zand /enantiomers the profiles and the data are comparable after the
three treatments and irrespective of the method used (Figure 4.2.5.2 and Table

4.2.5.4). It should be noted that the level of #enantiomer was consistently higher than

that of Zenantiomer in all treatments. For Cmax, the <Zenantiomer was approximately
5% to 10% higher than Zenantiomer. However, the AUC of Zenantiomer was much
higher by approximately 70 to 74% than /enantiomer (Table 4.2.5.4)
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Figure 4.2.5.1. Mean Plasma Concentration-Time Profile of Milnacipran After 50
mg Capsule and Tablet Formulations (Study # M112/M113).
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Table 4.2.5.1. Mean PK Parameters of Milnacipran Following Administration of 50

mg Capsules and Tablet Formulations (Study # M112/M113).

HPLC Method GCMS Method

_ . | Treament | Treamment | Treatment | Treamment | Trsanment | Treatmemt
Pharmacokinesic 4 F Pa) 4
Paramerert =29 | =2p | g | oe2o | 20 | oe2g

1171= 1027 1210 1000+ 1041 =

Com (ngfml) 148 | PI=153 ) Ty 141 14.4 175
Tue () 18209 | 36211 | 26=10 | 1710 | 34=12 | 26=09
AUC, 76+ 174 =17 - H 534 =13
P 1082=181 [ 10762174 | 10572179 | 1095150 | 10712158 | 1054157
AUco-o T e 34 17 Y & &= =17
ooy 11372186 | 1134179 | 10142184 | 11892179 | 11762183 | 1149 =174
T, ) 72207 | 73206 | 72=07 | 79208 | 79=07 | 79=08
Anose (mg) 19445 | 202232 | 208=38 - . -

Table 4.2.5.2. % Excreted Unchanged in Urine Following Administration of 50 mg
Milnacipran Capsules and Tablet Formulations (Study # M112/M113).

HPLC Method GCMS Method
U r.;.r.c~r,4 Tre fran
Parameser” g | 2y | ovezg | ae2g | gz | oy
P 72103 | 46473 | 479287 N 3 :

8 Cuw, AUC, cnd Ay, Paramaters reflect fraebase values (comversion facrar of 0.87 from HC salt 19 Sreabase),

Aw;., = amount of drug excresed vuchanged in urics from time 0 10 24 hows; AUC,, = area undsr the plzzma
CORCenIation verss tite cuve fom time 0 to 1, AUC, = area tnder the plasma concentetion versns time
carve from dme O to infivity; C_, = maximuim plasma drog concenwration; T, = termizal elimination half-lifs;
Taw = time of maxitymm plasma coacentration.
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Table 4.2.5.3. 90% CI Parameters of Milnacipran Following Administration of 50
mg Capsules and Tablet Formulations (Study # M112/M113).

Paramster Treament £ vs. T C Trean B vs. Treamment C
Co (agimL) 108 -120 91-102
AUC,, (ngeh/mL) 98 -106 98- 106
AUC,.. (agrhiml) 98-106 98 - 106

a  Comparison of parametars based on EPLC mechod {Smdy Report M112)

AUC,, = area under the plasma concenrarion varsns fime curve from fime 0 2o t bours; AUCy.., = area under tha
plazma concentraton versys tima ctrve fom rite 0 to infinity; CI = confidance itarval; €. = makimnm
plasuma drug concenmation.

Figure 4.2.5.2. Mean Plasma Concentration-Time Profile of Milnacipran
Enantiomers After 50 mg Capsules and Tablet Formulations (Study # M112/M113).

g

—O Tratnimt A
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| = Tailneec |
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1] ; !:l 9% k4 S kKl

Timz (b} Time & ,
Figure 4.2.5.4. Mean Plasma PK Parameters of Milnacipran Enantiomers After 50
mg Capsules and Tablet Formulations (Study # M112/M113).

F2695 (d-Milnacipran) F2696 (I-Milnacipran)
Pharmacokinetic [T 4| Ir tB | Treamment C | I A | Treatment B| Trsatmen: C
{Parameter” (N=248) (N=24). N=24) IN=24) N=29 IN=24)
Coonne (g/al) 62170 | 53.0=71 54.7=85 592=80 | 474=77 | 501=94
T () 1.78=092 | 3852130 | 294=1.01 | 163=09] 3352127 2272091

JAUC,,, (ag*hml) 669 =77 635 =83 548 =94 419+93 410+ 92 398 =83
AUC,.,(ogshml) | 747296 | 7422105 328109 339%98 430+ 98 418 =86
T, (b} 843=0.72]8359=082 | 83542086 | 5372094 |5432097| 341=1.08
a2 G, and AUC peramecers reflact fraebase values (conversion factor of 0.87 from EC1 salt to freebase).

ALC.q = area undar the pissma conzenTation versus tixtve curve from tirie 0 20 thours; AUCs., = srea under the
plasma comcentration versus fme cuwrve from time O to infinity; C,,. = mmnmp!asmdmgconcennmm
T,, = tenminal elindoation balf-fife; T,,, = time of maxknom plasma coucenmation.
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Reviewer’s Comments:

This study demonstrated the PK profile of the parent drug, milnacipran and its Zand /
enantiomers after administration of capsules or tablet formulation. In addition, the study
validated the robustness of the analytical methods used during the development of the
drug,

Conclusions:
The main conclusion from this study is that milnacipran formulated as capsule (with

dibasic calcium or [~ 1y or tablet (with dibasic calcium phosphate) showed b(4)
no difference in absorption profiles (rate and extent). . A

APPEARS THIS WAY
ON ORIGINAL
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4.2.6. Study # M140 (BE of 100 mg Scored vs 50 and 100 mg un-scored Tablets)
Objective:

The primary objective of this study was to determine the relative bioavailability of 100
mg scored tablets (test) to 50 and 100 mg un-scored tablets (reference).

Study Design:

This was a single dose, in three groups (crossover within the same group) in 12 healthy
subjects in each group as follows:

Group A (100 scored vs 50 iln-scored):

Treatment A: Oral administration: a single dose of 50 mg milnacipran as one half tablet
of 100 mg scored tablet (test)

Treatment B: Oral administration: a single dose of 50 mg milnacipran as 50 mg un-
scored tablet (reference)

Group B (100 mg scored vs 100 mg un-scored tablets):
Treatment A: Oral administration: a single dose of 100 mg scored tablet (test)

Treatment B: Oral administration: a single dose of 100 mg milnacipran as un-scored
ablets (reference)

Group C (Repeat of Group B, 100 mg scored vs 100 mg un-scored tablets):

Due to the excessive vomiting in group B, group C was added as a replacement/ .
additional subjects.

Treatment A: Oral administration: a single dose of 100 mg scored tablet (test)

Treatment B: Oral administration: a single dose of 100 mg milnacipran as un-scored
tablets (reference) .

Blood samples were collected at appropriate time points over 48 hours for the for PK
analysis.
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Results:

¢ The mean plasma concentration-time profiles of milnacipran after each respective
dose/group were almost identical (Figure 4.2.6.1).

Figure 4.2.6.1. Mean Plasma Concentration-Time Profile of Milnacipran After
Scored (Test) and un-scored Tablets (Reference) (Study # M140).

300 - —
——8—— . Group A: ¥2 100 mg Sccred Tablet (Test)
_—— Group A: 50 mg F2207 Tablet {(Refarence)
250 —_— Group 8: 100-mg Scored F2207 Tablat {Test}
— _— 4 — Group 8: 10C-mp F2207 Tablet (Refarence)
: o B Y _ Group C: 190 mg Soored F2207 Tablet (Test)
200 | eeeeeess Byraeeenes Group C: 100 mg F2207 Tatlet (Reference)

Time (h)

e There was virtually no difference in Cmax within each dose group. However, there
was some minor difference in AUC in Group B and Group C (Tablel 4.2.6.1). The
100 mg scored tablet (test) show slightly higher mean AUC value than the 100 mg
non-scored tablet (reference). Conversely, the AUC was slightly lower after 100 mg
scored tablet (test) than the non-scored tablet in group C (Table 4.2.6.1). The
difference may not be clinical significant.
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Table 4.2.6.1. Mean PK Parameters of Milnacipran Following Scored and un-scored
Tablets (Study # M140).

Group A Group B Group C
¥ 100-mg 50-mg 100-mg 100-mg
Ph ot Scored Tablet Scored II(?:E:;Zf Scored quao Z;;Z;g
armacoxinelic | ¢ Tabl
Parameter” Tablet (reference Tablet (reference) a gt (reference)
(resy ) (tesy) (N=12) g N=12)
V=12 | ¥=12 | @=12 =L N=12) .
101+ | 1154= | 2224+ | 1918= | 2104+ | 2245z
Cox (ng/ml) 24.2 33.5 51.0 443 937 626
Tt () 18 1O | 1852111 | 2755156 | 2422231 | 2312131
P 100 | "% | 23252564 | 20654808 | 2037500 | 2234+ 658
T, () 8i°679* 768§9i 8422138 | 866+1.19 | 836+135 | 879156

a  Cuy and AUC parameters reflect freebase values (conversion factor of 0.87 from HC salt to freebase).

AUCq ., = area under the plasma concentration versus time curve from time 0 to infinity; Crmye = maximum plasma
dmg concentration; Ty, = terminal elimination half-life; T, = ttme of maximum plasma concentration.

e [t was noted that the Cmax and AUC values after 100 mg doses are approximately
twice as after 50 mg doses (Table 4.2.6.1). This indicates dose proportionality within
these dosage strengths.

Reviewer’s Comments:

The study showed comparable PK profiles for the 100 mg scored tablet (test) compared
to 50 mg and 100 mg strengths un-scored tablets (reference). However, the sponsor did
not conduct a formal bioequivalence analysis of the data to obtain the 90% CI. Therefore,
without the 90% CI values the bioequivalence between the test and the references cannot
be declared.

Conclusions:
The main conclusion from this study is that milnacipran PK profiles after the

administration of scored and un-scored tablets are comparable. However, no statistical
analysis was provided by the sponsor to confirm bioequivalence among formulations.

APPEARS THIS WAY
ON ORIGINAL
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4.2.7. Study # M141 (Relative Bioavailability for 50 mg Formulations with
Breakfast)

Objective:

The primary objective of this study was to determine the relative bioavailability of 100

mg tablet (one-half tablet, 50 mg dose) to 50 mg capsule when administered with
breakfast.

Study Design:
This was a single dose, two-way crossover in 24 healthy subjects as follows:

Treatment A: Oral administration: a single dose of 50 mg milnacipran as one half tablet

of 100 mg scored tablet (Test)

o . b(4)
Treatment B: Oral administration: a single dose of 50 mg milnacipran of L I
capsule (Reference)

Blood samples were collected at appropriate time points over 48 hours for the for PK
analysis. In addition, urine was collected at 0-4, 4-12, and 12-24 hours intervals.

Results:

e From the mean plasma concentration-time profiles the rate of absorption of
milnacipran after the tablet appears to be faster than that after the capsule (Figure
4.2.7.1). '

Figure 4.2.7.1. Mean Plasma Concentration-Time Profile of Milnacipran After One-

Half of a 100 mg Scored Tablet (Test) and 50 mg Capsule (PF-C3 (Reference)
(Study # M141). '
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CsayedNDASCeritical care (170)NDA 22-256 (Milnacipran)ReviewFinal082908.doc 124



The Cmax was approximately 17% higher following the test tablet than the reference
capsule (Table 4.2.7.1). The same trend was seen in urinary excretion of the drug
after the first collection period of 0-4 hours (Figure 4.2.7.2). However, the AUC
values following both treatments were comparable (Table 4.2.7.1).

Table 4.2.7.1. Mean PK Parameters of Milnacipran Following One-Half of a 100 mg
Scored Tablets and 50 mg Capsule (PF-C3 (Reference) (Study # M141).

Treatment A Treatment B

Pharmacokinetic Parameter® % 100-mg Tabler 30-mg Capsule
(N=24) (N=24)

Cux (0g/ml) 109.7=29.1 93.5+17.6
T () 2.08=1.27 342+1.02
AUC,, (ngsh/mL) 986 =184 972 =147
AUC,. (ng*h/mL) 1047 =186 1033 = 146
Ty (h) 7912093 8.10+1.00
Aegay (mg) ' 19.5=40 189=39
fe (%) 448292 - 434+88
a

Crax. AUC, and Aec.a; parameters reflect freebase values (conversion factor of 0.87 from HCl salt to freebase).
Aeg.z24 = amount of drug excreted unchanged in urine from time 0 to 24 hours; AUC,. = area under the plasma
concentration versus time curve from time 0 to t hours; AUCq.. = area under the plasma concentration versus
time curve from time 0 10 infinity; Cpux = maximmm plasma drug concentration; fe = fraction of dose excreted
as unchanged drug in urine; Ty = terminal elimination half-life; Ty = time of maximum plasma concentration.

Figure 4.2.7.2. Mean Urine Excretion Data of Milnacipran After One-Half of a 100
mg Scored Tablet (Test) and 50 mg Capsule (PF-C3 (Reference) (Study # M141).
25
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Reviewer’s Comments:

The study showed comparable PK profiles in terms of AUC for the 100 mg scored tablet
(test) compared to 50 mg capsule (reference). However, the Cmax is approximately 17%
higher after the test tablet than the capsule. This also suggests that the rate of absorption
after the tablet is faster than after the capsule.

Conclusions:
The main conclusion from this study is that milnacipran Cmax after the test tablet is

approximately 17% higher than the reference capsule. However, the AUCs are
comparable.
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