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Data on live fetuses found at caesarean sections did not show treatment related effect (see
table 13). Examination of fetuses (tables 14-15) did not show external, visceral or
skeletal abnormality due to the treatment.
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Pregnancy and Fertility Analysis by the reviewer:

It is not clear from Sponsor’s Table 10 if the Sponsor counted number of corpora lutea
from all animals deployed in the caesarean section in order to determine the effect of the
treatment on ovulation process and early pregnancy. Therefore, the reviewer analyzed
individual ovarian and uterus data from Appendix III as shown below.

Data for fetuses at caesarean section

Observation Control 5 mg/kg 15 mg/kg 60 mg/kg

Number of 15 12 12 9

females mated and

pregnant (n)

Corpora Lutea, 263 196 195 118

Total

Corpora 17.5 16.5 16.5 14.8

Lutea/Litter

Implantation, 213 147 171 110

Total

Implantation/Litter | 14.2 12.3 [ 14.3 12.2

% Preimplantation | 17.2% 26.2% 12.6% 17.6%

Loss

Total # intra- 15 16 7 21

uterine death

Intra-uterine 1.0 1.3 0.6 2.3

death/litter

% Post 7.6% 10.2% 3.7% 18.4%
| implantation Loss '

Total # Live Fetus | 198 131 164 89

# Live Fetus/Litter | 13.2 10.9 13.7 11.1

Above data clearly suggest that there was more post-implantation loss at 60 mg/kg
among rats became pregnant.

The reviewer also constructed a database for each female rat deployed in the caesarean-
section study from Appendix 1 of report as shown below.

Animal #, Control | Animal #, 5 mg/kg | Animal #, 15 Animal #, 60
mg/kg mg/kg

1, Pregnant 31, Pregnant 61, Pregnant 91, Pregnant

3, Pregnant 33, Pregnant 63, Pregnant 94, Pregnant

5, Pregnant 35, Pregnant 65, Pregnant 105, Pregnant
7, Pregnant 37, Pregnant 67, Pregnant 107, Pregnant
9, Pregnant 39, Pregnant 69, Pregnant 109, Pregnant
11, Ptegnant 41, Pregnant 73, Pregnant 111, Pregnant
13, Pregnant 43, Pregnant 75, Pregnant 117, Pregnant
15, Pregnant 45, Pregnant 79, Pregnant 119, Pregnant

86




Reviewer: Asoke Mukheriee Ph.D..

NDA No. 22-256

Animal #, 60

Animal #, Control | Animal #, 5 mg/kg | Animal #, 15
. mg/kg mg/kg
17, Pregnant 51, Pregnant 81, Pregnant 113, Pregnant, All
pups died in uterus
19, Pregnant 55, Pregnant 83, Pregnant 93, Died before
‘ . mating
21, Pregnant 57, Pregnant 87, Pregnant 95, Died before
mating
23, Pregnant 59, Pregnant 89, Pregnant 97, No insemination
' after mating, Not
Pregnant
25, Pregnant 40, Not Pregnant, 71, Not Pregnant, 99, Not Pregnant
Mated Mated after mating
27, Pregnant 47, Died, Pregnant | 77, Not Pregnant, 101, Not Pregnant
Mated afier mating
29, Pregnant 53, Not Pregnant 85, Not inseminated | 103, Not Pregnant
after mating after start of mating [ afier mating i
115 Died before
mating
Total= 15 Pregnants | Total= 13 Pregnant; | Total=12 Pregnant; | Total=9 Pregnant; 3,
2 Not Pregnant after | 3 Not Pregnant after | Died before Mating;
mating Mating 4 Not Pregnant after

Mating

Based on individual data from Appendix 1, following table on mating is presented below.

Female Rats, Caesarean Section

Observation Group 1 Group 2 Group 3 Group 4
Control 5 mg/kg 15 mg/kg 60 mg/kg

Total Deployed | 15 15 15 17

for Mating

Total Mated 15 15 15 14

Not Pregnant 0 2 (13%) 3 (20%) 4 (29%)

after Mating

Died before 0 0 0 3

Mating

Pregnant 15 (100%) 13 (86%) 12 (80%) 10 (71%)

The Sponsor did not present any historical control data in the study report. However,

C “1CD (SD) rats showed 95.5% pregnancy among mated rats. Based on the individual
data, Milnacipran did not show lack of libido effect. However, fertility was reduced
dose dependently at 5, 15 and 60 mg/kg in female rats. The no-effect dose for fertility

was not determined.
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Dams allowed to deliver;

Data for those dams allowed to deliver and nurse pups to weaning period are shown in
Sponsor’s table 17 below. The treatment had no effect on the gestation period. However,
the number of pups found dead at delivery and post-natal survival was reduced at 15 and
60 mg/kg. The weight of pups at birth was also reduced in 15 and 60 mg/kg. However,
the treatment had no effect on the pupillary and startle reflex of F, pups at the end of
weaning. - The treatment had no effect on the malformation of pups.
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Fertility of F; generation male and female rats (untreated) were comparable among all
groups as shown in table 20 below.

Table 20 Test Aninals aad Growp Indices Project Mo, 314/28
F1 Geseratios
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Mated F1 female rats were sacrificed on gestation day 20 to examine corpora lutea,
implantations and post implantation loss. Table 24 below showed that the F female rats
obtained from 15 and 60 mg/kg treated Parent generation or FO rats had a lower ovulation
than control rats. F; female rats at 15 and 60 mg/kg also showed a slight reduction in
implantation and live fetuses (see table 25).

“fable 20 ' Group Wes Coasarian Pata Project No. 314/28
Ovation ané Uteriar 02t
Fi Geseration
. Faraseter Croup |« untrested Sroup 2 - watreated Srowp 3 - ustreated Group 4 ~ wnkeeated
(P So0.2 0 0g/k9) {# Gen: 5 wg/hg) (# San.: 15 mefky) (F Goa.z 60 agfey)
n: N sz19 a:t? azly
Cotpara lutea total nuader p U n 2% n
s nesber iy ¢ a1 iy ¢ 18 182 2 21 s 2 23,2
leplantations tatal seaber m m P2 243
MM RN e + 28 15.1 ¢ 27 152 ¢ 40 12,1 8 31(L2)
Per cent pre-toplaatation loss e 2.1 19.4 .3
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(p ¢ 8.05; kroshal Wallis mmalysis of varimce followed by Wilcoson 2-saaple test)
Table 25 Group Neaa Caatariam Data Project No. 514/28
Inolartation Onta
tcalovlatsd from animals with live foetuses in vbeco at necropsy)
F1 Camaratica
Pty Sroup § - watrmated Group 2 - watreated Group 3 - ustraated Sroip 4 - watreated
{? Son.: O 0g/tg) (P Gen.: S ngfkg) P Gon.: 15 M/ke) (P Son.: 60 2f%g)
LR ] LR ] a:q? a=1y
toplastations total mowber m m w W
s pesber e r 28 51 ¢ 27 152 ¢ 40 121 2 3.913.2)
Live fosteses total soaber %5 w0 n n
" nesber B3 2 4 Heé ¢ 25 s 38 ws ¢+ 362
t of implantations ", 5.2 .y L XY
£arly resorpticas " totad ausher % 13 n 1
»ain fosber 13 ¢ 28 0.6 ¢ 09 6.7 ¢ o X X ]
Late resorptions Tetal awaber 1 0 ] L}
was pusber (AU ¥ 60 ¢ 00 60 & 0.0 0.0 ¢+ 0.0
Onad lostuses E total nuader L] 0 ] ]
I ausbes 0.0 ¢ 40 00 » 0.0 0.0 ¢ 08 6.0 ¢ 0.0
Total fstra-uterine deaths Setal nusber 2 i n »
[T N 14 ¢ 23 6 ¢ 0. [N I X .2 ¢ 02
1 Post-isplamtaline 1033 9. A X B 5.1 6.3

Resark; Wesber in parestheses indicate by grows nwaber whith wrowps are sigriticantly differaat fron e narked grow
(p ¢ 0.05; Keashal Wallis Asalysis of Yariance followsd By wilcoxoa 2-sampie test)
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Caesarean data showed F, females had more female pups from 60 mg/kg treated Parent
generation rats (see table 26).

Tble 26 Growp feas Casnariae data Project Mo, 314428
featal Data
£ Cenaration
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Bean loata) weight {9} ovorail ¢ BRI R 3¢t ol R & 0B 3.5 & 631(52,3) Q005
fean fostal ueight (9} sales ¢+ (% I ) 3. » 03I L3 ¢ 038 366 ¢ 0.3 (12,3)  0.0084
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However, external malformation of F, pups at caesarean section was not evident (see
table 27).
1adle 27 Croop Nean Castariad Data Frajech o, 314/78
Malforsation, Yariation Oata
1 Cosaration
Parasater Crow t ~ utreated Group 2 - watraated Srovp 3 - wntraaled Srosp 4 - uatesated

(P Son.: 0 ag/kg)

(P Con.: S ag/ky)
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Morsge per caat sedforned feateses 8.4 8.0 .0 0.5

Summary of the study finding:

Male and female Sprague Dawley rats were treated at 5, 15 and 60 mg/kg for segment 1
fertility, early development and second generation reproductive performance assessment.
No treatment related mortality was noted. Both male and female rats demonstrated about
10% or greater decreased body weight gain at 60 mg/kg. The high dose reached an
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optimal level of dosing for the study. Therefore, the choice of doses for the study was
acceptable.

Mating performance data showed that the treatment had no effect on the mating
performance of rats up to 60 mg/kg.

The caesarean data in female rats showed there was more post-implantation loss at 60
mg/kg. About 15, 20 and 50% of pregnant rats had dead fetuses at caesarean section on
day 20 comparable to 0% in the control. Moreover, analysis of individual data in female
rats at caesarean section revealed that the fertility was reduced in female rats dose
dependently at 5, 15 and 60 mg/kg. The fecundity index and fertility index were reduced
at 5, 15 and 60 mg/kg as shown in the Sponsor’s table # 1. However, examination of live
fetuses did not show external, visceral or skeletal abnormallty due to the treatment at
caesarean section.

The treatment of pregnant rats had no effect on the gestation period up to 60 mg/kg.
However, number of pups found dead at delivery and post-natal survival was reduced at
- 15 and 60 mg/kg. The surviving pups during weaning did not show an adverse effect on
the reflex or any treatment-related malformation.

F, generation reproductive performance in male and female rats (untreated rats but
parents were treated) showed normal mating pattern. However, ovulation in F; female
obtained from 15 and 60 mg/kg treated P generation were reduced. It is possible that
treatment with milnacipran had an endocrine effect on the maturing rats that was not
observed in adult rats treated with milnacipran.

F pups obtained from caesarean section of F; females had more female pups at 60 mg/kg
than male pup. No external malformation was noted.

Conclusion;

Mating performance of rats was not affected up to 60 mg/kg (360 mg/m> ) However,
fertility of rats was reduced at 5 mg/kg (30 mg/m?), 15 mg/kg (90 mg/m?) and 60 mg/kg
" (360 mg/m?). No skeletal or visceral abnormality was noted in surviving pups.
Milnacipran had no effect on the gestation perlod Post-natal survival of pups was
reduced at 15 (90 mg/m?) and 60 (360 mg/m?) treated female rats. In'a multigeneration
study, rats obtained from m11nac1pran treated parental generatlon showed reduced
ovulation at 15 mg/kg (90 mg/m?) and 60 mg/kg (360 mg/m®). Therefore, treatment had
no effect on mating. However, reduced fertility and embryocidal effect of female rats
was observed at S mg/kg (30 mg/m®) and higher doses

Pregnancy category C should be designated for milnacipran.
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Embryofetal development
Study title: F2207: Oral (gavage) teratology study in the New Zealand white rabbits

Key study findings: The NOEL was 5 mg/kg. No maternal toxicity was observed up to
60 mg/kg. However, single extra rib was noted in rabbits at 15 and 60 mg/kg as a
variation. No teratogenicity was observed in the study. The study is acceptable and
reached MTD.

Study no.: T019

Volume # M4, and page #: 1

Conducting laboratory and location:{_ ™ b4
A

Date of study initiation: March 1985

GLP compliance: Yes

QA reports: yes (x)no ()

Drug: F2207, lot # D9032, and % purity: 101%

Methods
Doses: 5, 15, 60 mg/kg
Species/strain: New Zealand white

Number/sex/group:
Group Dose, mg/kg # Inseminated rabbits
1 Control, vehicle 21
2 5 22
3 15 21
4 60 22

Route, formulation, volume, and infusion rate: The drug substance was dissolved
in distilled water and administered once daily by oral gavage on gestation days 6 to 18.
The volume of dose was adjusted daily.

Satellite groups used for toxicokinetics: None '
Study design: Female rabbits were mated with male rabbits from same strain. Female
rabbits were injected with HCG to ensure ovulation. The day of mating was considered
to be day 0 of the pregnancy. Pregnant animals were sacrificed on gestation day 28 to
examine fetuses following caesarean section.

Parameters and endpoints evaluated: During the treatment and thereafier all animals
were observed daily for sign of toxicity and mortality. The body weight was recorded on
pregnancy days 0, 6, 12, 18, 24 and 28. Surviving animals were sacrificed on gestation
day 28 by IV injection of anesthetics (T-61). Gross examination of organs was
performed at necropsy for the dams, ovaries and uteri were removed. Following
parameters were recorded:
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Number of corpora lutea

Number of live fetuses

Early resorption

Late resorption

Number of early or late dead fetuses
Fetal weight and sex

AN ol h e

Fetuses were examined for external and visceral malformation. Skeletal abnormality was
determined for half of eviscerated fetuses following dehydration of soft tissues in 95%
ethanol. The skeletal remains were stained with Alizarin red for light microscopic
examinations. The remaining half of litters were fixed in Bouin’s fixative and observed
for organ system variations and deformations according to the method of Wilson.
Implantations in non-pregnant animals were determined from uteri treated with
ammonium sulphide.

Results

Mortality (dams): Mortality data are shown in the table below.

Mortality:

Group, dose Animal # Day of death Remark

1, control 6 17 Signs of pneumonia

1, control 8 23 Signs of pneumonia,
aborted

2,5 mg/kg 22 6 Sacrificed due to

: injury

2, 5 mg/kg 82 6 Intubation error

3, 15 mg/kg 51 24 Signs of pneumonia

3, 15 mg/kg 54 12 Edema of lung,

' gavage error

3, 15 mg/ke 55 19 Edema of lung, cut
surface of liver

3, 15 mg/kg 58 24 Signs of pneumonia,
spleen enlargement,
reddening of gastric
mucosa, cut surface
on liver

4, 60 mg/kg 68 18 Signs of pneumonia

4, 60 mg/kg 71 16 Signs of pneumonia,
swelling of gastric

_ mucosa
4, 60 mg/kg 78 12 Intubation error
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No clinical signs were reported at 5, 15 and 60 mg/kg in most of rabbits. Yet large
number of animals in the control and treated groups showed reddened gastric mucosa.
The sign of pneumonia was also noted in dead animals in control and treated groups. It is
possible that deaths could be attributed to handling and intubation process rather than

systemic toxicity to the treatment.

Clinical signs (dams): No clinical signs were reported at 5, 15 and 60 mg/kg in most of

rabbits.

Body weight (dams): The average body weight (kg) of rabbits at the start, end of
treatment and at necropsy is shown below.

Day Control 5 mg/kg 15 mg/kg 60 mg/kg
6 3.7 3.6 3.7 3.6
18 4.0 3.9 4.0 3.9
28 4.2 4.2 4.2 4.1

Above data suggest that the treatment had no effect on the body weight gain of pregnant

rabbits.

Food consumption (dams): Not provided

Toxicokinetics: Nil

implantation loss. etc.):

Terminal and necroscopic evaluations: C-section data (implantation sites.

A slight reddening of gastric mucosa was noted in 5, 7, 7, 11 rabbits at control, 5, 15, 60
mg/kg, respectively at necropsy. Distribution of events among control and treated groups
do not suggest its relationship to the treatment.

Pregnancy data are shown below.

Parameter Control 5 mg/kg 15 mg/kg 60 mg/kg
Pregnant 19 22 21 22
Corpora lutea/litter | 12.0 11.1 11.3 10.7
Implantations/litter | 6.9 6.7 8.4 7.8
% Pre- 40.9 36.1 23.8 26.0
implantation loss

% Post- 9.2 8.8 43 13.0
implantation loss

Fetuses/litter 6.3 6.2 8.1 7.4
Total intra-uterine | 0.5 0.5 03 0.7
death/litter

Total deaths 8 7 5 14
Mean Litter 238 234 295 262
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weight (g)

Mean Fetal weight | 37.6 37.8 36.7 35.2

Animal #74 at 60 mg/kg showed total uterine deaths that contributed higher incidences of
intrauterine deaths at 60 mg/kg (from 8 in the control to 14 at 60 mg/kg). Therefore,
intrauterine deaths were not considered to be treatment related in the pregnancy data.

Offspring (malformations, variations. etc.):

Increased incidences of single extra rib were noted at 15 and 60 mg/kg based on
individual animal data. Total incidences were 6, 3, 6, and 14 at control, 5, 15, and 60
mg/kg, respectively. No other skeletal variation was noted due to the treatment.
Individual animal data for single extra rib are shown below.

Control | Control 5 5 15 15 60 60
mg/kg mg/kg mg/kg mg/kg mg/kg | mg/kg
Animal# | #Pup | Animal# | #Pup | Animal# | #Pup | Animal# | #Pup
4 i 38 1 43 2 63 1
11 1 40 1 50 2 64 2
12 1 81 1 52 1 66 2
15 1 46 1 72 2
16 1 ' 73 1
20 1 75 1
76 2
77 3
Total 6 3 6 14

There were increased incidences of variation e.g. single extra rib observed in rabbits at 60
mg/kg dose. Occurrence of single extra rib in two pups in same animal was considered to
be higher than the control and low dose groups where single extra rib was noted in one -
pup within the litter. Considering this, the incidence of single extra ribs/litter was also
present at 15 mg/kg. No historical control data were provided by the Sponsor. The no
effect dose was 5 mg/kg. There were no signs of maternal toxicity at the high dose of 60
mg/kg. Therefore, the MTD was not reached in this study. However, based on findings
from a preliminary study (#T011), the high dose of 60 mg/kg is close to the MTD
because 100 mg/kg showed deaths in rabbits. Therefore, a repeat of embryo-fetal
development study in the rabbit would not be needed.

Conclusion of the rabbit teratogenicity study:

Pregnant rabbits were treated at 5, 15 and 60 mg/kg during gestation days 6-18 and
sacrificed on gestation day 28 for examination of teratogenic potential. The high dose of
60 mg/kg was tolerated without any maternal toxicity. No teratogenicity was noted.
However a variation e.g. increased incidence of single extra rib was noted at 15 and 60
mg/kg. Based on the data, the 5 mg/kg dose was NOEL and due to variations noted at
maternally non-toxic dose, Pregnancy category C should be designated based on this
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study. The high dose reached MTD when the data for a preliminary study was
considered.

Study title: F2207, Oral teratology study in the mouse

Key study findings: Treatment at 5, 25 and 125 mg/kg did not show any skeletal and
visceral malformations in pregnant mice. However, fetal weight was reduced at 25 and
125 mg/kg. No maternal toxicity was noted at any dose. Based on the maternal toxicity

data, MTD was not clearly defined in this species. The NOEL dose was 5 mg/kg.

Study no.: T015

Volume #M4, and page #: 1 -
Conducting laboratory and location: C_ , J
J

Date of study initiation: May 30, 1986

GLP compliance: Yes

QA reports: yes(x)no ()

Drug: Milnacipran Hydrochloride, lot # D9032 and % purity: 101%

Methods
Doses: 5, 25, 125 mg/kg/day
Species/strain: Female mice,{”_ :NMRI
Numbetr/sex/group: 25
Route, formulation, volume, and infusion rate: Oral gavage, 10 mL/kg as aqueous
solution :
Satellite groups used for toxicokinetics: Nil

Study design:
Group Group Dose level Concentration . Dose volume
number description mg/kg/day mg/ml ml/kg

1 Control ] 0.0 10

2 Low 5 0.5 10

3 Intermediate 25 2.5 10

4 High 125 12.5 10

Animals were treated once a day from gestation days 6 to 15. Control animals received
distilled water.

Parameters and endpoints evaluated:

Mice were observed twice daily for toxicity and mortality. The body weight was
recorded on gestation days 0, 6, 10, 15, and 18. Animals were sacrificed on gestation day
18 by carbon dioxide inhalation. Ovaries and uteri were removed to record live fetuses,
early and late fetal deaths, weight, and sex of fetuses. F etuses were examined for
external malformations. About half of fetuses were sacrificed, eviscerated, digested with
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95% ethanol. Skeletons were stained with Alizarin red for the determination of skeletal
changes. The remaining half were fixed in Bouin’s fixative and examined for visceral
changes according to the method of Wilson. Uteri from non-pregnant females were
treated with ammonium sulphide for the determination of implantations. Variations (no
functional significance), retardation (delayed development), and malformation (lethal)
were recorded in fetuses,

Results

Mortality (dams): One control animal died on day 15 due to gavage error. No other
mortalities were recorded. '

Clinical signs (dams): No treatment related clinical signs were reported. One control
animal showed total death of fetuses at necropsy. :

Body weight (dams):

The average body weight of mice is shown in the Sponsor’s table below.

Table 2 Group Hean Body ¥eight {g) Project Mo, 314727

Days of gestation Group 1 - D my/kg | Group 2 - S wg/ka | Group 3 - 25 mg/kg | Graup 4 - 125 0g/kg
] 23,8 = 1.7 4.1 =+ 1.6 25,2 ¢+ 2.1* 245 + 22
5 27.5 t 1.7 27.7 + 1.4 28.9 z 1.9+ 28.2 ¢ 2.5
10 1.7 = 2.1 31.8 ¢+ 1.8 3.0 ¢ 1.5 31.7 + 2.6
15 416 ¢ 3.2 42.8 + 1.2 43,6 t 3.6v 415 = 3.9
18 51.3 + 4.7 52.7 + 5.1 53.8 ¢ 4.8* 50.2 = 5,3

*} p < 0.05 (Student’s t-test)

Above data table did not suggest any treatment-related effect on the body weight.

Food consumption (dams): Not recorded

Toxicokinetics: Not determined

Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and post-

implantation loss, etc.):

Pregnancy data are shown from the Sponsor’s table 1 below. There was no mortality to
dams in any drug treated groups.
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Toble 1 Test Animals Project Ko, 314727
Parancter Tt | Tats | ke | 5%
Nuber of fnseminated animals 25 25 25 25
Number of pregnant animals 20 23 21
Percentage 92.0 80.0 92.0 84.0
Humber of non-pregnant animals 2 5 2 3
Nunber of gregnant animals which died 1 0 0 0
Rumber of non-pregnant animals which died 0 o 0 1]
Nusber of animals with 100 % fntra-uterine dosth 1 0 0 [}
Musber of animals with live foetuses at necropsy 21 20 23 21

The caesarean data did not show evidence of treatment related pre-implantation loss;
however, the treatment started after the implantation. Total uterine deaths between
control and treated mice were comparable as shown in Sponsor’s table below.

Table 6

) ~ Inplantatfor Data -
{calculated from animals with live foetuses in uterc at recropsy and total intra-uterine deaths)

Group Mean Caesarian Data

Project Mo, 314727

Sroup 1 - Group 2 - Group 3 - Group 4 ~
Parameter 0 ma/kg 5 mg/kg 25 na/kg 125 mg/kg
5 total number 267 268 318 260
implantations mean number per dan 120236 | 134228 | 138229 | 12.423.2
early total aumber 24 16 26 12
intra-uterine deaths mean nunber per dam 111,55 0.8 + 1.1 1.1 11 0.6 ¢ 0.9
early-late total number 5 4 4 9
intra-uterine deaths mean number per daa 0.210.4 0.220.4 0.2:0,4 0.4¢1.0
late total number 2 1 3 ]
intra-uterine deaths fean aunber per dam 0.1 0.4 0.120.2 0.1 ¢+ 0.3 0.0z 0.0
total total number 3 21 kX 21
intra-uterine deaths ®mean nurber per dam td:-15 1,11 1.4 1.4 2132 1.0+13
% post-inplantation loss 15.8 8.0 10.2 7.4

Fetal data showed a slight decrease in the mean feta] weight at 125 mg/kg that was
statistically significant. A decrease in the female fetal weight was also noted at 25
mg/kg. These data are shown in the Sponsor’s table below.
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Table 7

- Foetal Data -

Group Mean Caesirfan Data

Project No. 314727

Paraneter Cwaris | ey | Semas | Sews-
Number of foetuses . 237 247 285 239
Hean nunber of foetuses per dam 11.3228 12.3 £ 3.0 12.4+£29 11.4 2 2.9
Hean Titter weight (g) 13.0 £3.2 4,5 +3,5 14,3 23.2 12.7 2 3.2
Nean foeta) weight (g)* 1.2 £0.1 12t0.1 1.2 £ 0.1 L1=0a"
Rean foetal weight (g) males=* 1.2 2 0.1 1.2 20,1 1.2 £ 0.1 1.1+ 01"
Bean foetal weight {g) femaleswe 1.2 2 0.1 1.2 0.1 1.1 ¢ 0.1* 1.1=00"
Humber of males 133 128 153 148
Nurber of females 104 118 132 9N
Sex ratio in per cent mles : females S6.1 :43.9 | 52.2 : 47.8 | 3.7 : 46.3 | 61.5 : 28.1
*} calculated from individual welghts
B e ey peans
) p < 0.001 (Student’s t-test
Data for the minimal fetal weight observed in some dams is shown below.
Observation Control S mg/kg 25 mg/kg 125 mg/kg
Weight (g) 0.9 0.8 0.8 0.7
Dam # 7,22,25, 52 71,78 84, 100

Offspring (malformations, variations, etc.):

Data on external, visceral, and skeletal examination did not show any treatment related
change. Data are shown from the Sponsor’s table below.
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Table 8 Group Mean Caesirian Data R Project No. 314727

~ Malformation, var‘ation Data -

Growp 1 - Group 2 - Lroup 3 - Grovp & =
Paromter 0 so/vs Searka | Bewiy | 15 me

Susber of fostuses sxestned eaternsily 287 ny e ny
Nomber of Toetwsas with saxteornal melfomations o 1
S of fostuses masdned 0.0 0.0 0.6 .8
Bumber of Yitters tning Fi »ith o 1 1
Wmbar of fostusres sxeained viscerally 2 126 1S ”m
Nusher of fostuses with viscers) malforsetions ] 1 2
A of foctusos sasmised 2.5 0.8 1.5 0.8
aber of Vittors cantaining fostures with viscseal maltormations H ] 2
Humber of fostuses sxemined viscerally 1 7 ns 73
Hopbar of fostuses with viscera) varistionms 1 2 2 3
% of foetuses ansntned 1.7 1.8 1.4 2,8
Nwker of tittars costalining fostuses with vivceral verfstions 2 2 2 ?
tusber of fostuses exsmined sialetelly "ne m 140 e

of ¥ with ] 0 ) 0 ]
N af fostwies anasined 0.0 0.0 .0 0,0
Nysber of 1ttars contalining fostuses with vkelake) malforsutions [} ] o [
Nusder OF Tostuses expined skslutelly 16 123 18 ne
Wusber of fostwaes mith shaletal varfatioas 0 n »* %
% of fortuses enaedned ®w.3 6.8 w@.é 8.3
NBusber of Tittsrs containing Fostuses atth skeletel veristions 18 2 n i
Total nusber of mal forsed fostores ) 1 3 2
Tote! nesber af 1ttars with aslformed fostuses d 1 3
Average per cent relformd fostwees 1.3 05 1.1 0.3

Summary of mouse segment 2 reproductive safety study:

Pregnant mice were treated with milnacipran between gestation days 6 to 15 at 5, 25, and
125 mg/kg. Animals were sacrificed on gestation day 18 to determine the effect of the
treatment on organogenicity and fetal development. The drug-treatment did not show
any maternal toxicity, embryocidal effect, variations, or malformations up to 125 mg/kg.
However, fetal weight was reduced compared to the control group following treatment
with 25 (female) and 125 mg/kg milnacipran. Based on the data, The NOEL was 5
mg/kg.

The treatment of dams did not reach MTD in the absence of any maternal toxicity.
Normally an effect on fetus is examined at maternally non-toxic doses. Using that end
point, fetal toxicity was present. However, maternal toxicity is a confirmation of
adequacy of dosing. In this study they could have increased the dose more but we have an

effect on the fetus already. Considering this, the reviewer is not recommending repeating
the study at MTD.

Prenatal and postnatal development

Study title: F2207-Effects of the test article on peri- and post-natal development of .
the rat when administered orally (by gavage) during late gestation and lactation.

Key study findings: Data suggest that the treatment with milnacipran at 60 mg/kg had
an adverse effect on survival and weight of F; pups. A NOEL was not established in the
study. The study was not designed to allow for the determination of a NOAEL.

Study no.: T071
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Volume #M4, and page #: 1 - -
Conducting laboratory and location: ;:_: M_)
Date of study ifiitiation: Dec 5, 1990

GLP compliance: Yes

QA reports: yes(x)no( ;13

Drug: F2207, lot # ~3 and % purity: 99.33%

Methods

Doses: 60 mg/kg i

Species/strain: Sprague Dawley mated female raty”™ JOFA.SD strain

Number/sex/group: See study design

Route, formulation, volume, and infusion rate: Animals were treated orally by
gavage at 5 mL/kg once a day. The test substance was dissolved in purified water before
the study. Water was used in the vehicle control.

Satellite groups used for toxicokinetics: Nil

Study design:

Experimental design is shown in the table below.

Group Period of treatment Number Dose, mg/kg/oral
1 G15-121 15 0

2 G15-L-21 _ 15 60

3 G15-121 15 60

4 L1-121 15 60

5 G15-121 15 60

6 G15-121 15 0

G=gestation, L=lactation
Rats weighed between 215-270 g at gestation day 0.
Milnacipran treatment was given from gestation day 15 to lactation day 21 (L21), except

rats in group 4 were treated during lactation day 1 to lactation day 21. Offspring from
“groups 5 and 6 dams were cross-fostered on day 1 of lactation to determine the effect of

the drug on pups when exposed to milnacipran in utero. Groups 1 and 6 served as vehicle

control groups,

The dose was selected on the basis of a previous study (#T030, fertility study in rats,
reviewed above) in which fetal effects were observed when dams were treated before
mating, during mating, gestation, and lactation period. Rats treated at 15 and 60 mgkg
showed a reduction in the post-natal viability. However, the Sponsor did not use a lower
dose to characterize the no effect dose in this study.

Parameters and endpoints evaluated:
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Mortality, clinical signs, body weight, duration of gestation, litter size, live and dead
fetuses, and nursing behavior were noted during the study. After delivery, pups were
examined for external appearance, bodyweight, and sex. Physical development was
assessed by the intra-litter onset for pinna unfolding, incisor eruption, and eye opening.

The following behavioral and functional studies were conducted: behavioral and
functional tests e.g., righting reflex on day 8, gripping reflex on day 17, papillary and
auditory reflex on 21, spontaneous activity on day 14 during the weaning period.

At the end of study all animals were sacrificed.

Results

Fo in-life: No mortality or clinical signs was reported due to the treatment in the Parent
generation during gestation.

Average body weight data are shown in the table below.

Group | Treatment, Days | Dose, mg/kg | Body weight | Body weight | BW gain (g)
Day G0 (g) | Day G21 (g)
1 G15-L21 Vehicle 238 410 . 172
2 Gl15-L21 60 236 381 145
3 G15-L.21 60 235 391 156
4 L1-L.21 60 238 389 151
5 G15-1.21 60 236 373 137
6 G15-L.21 Vehicle 240 384 144

Rats in the drug treated groups did not show substantial change in the body weight gain
during gestation period. The Sponsor stated that some of the dams already delivered
when the weight was recorded that introduced variability in the body weight on day G21.
Therefore, average body weight gain (&) in dams during entire gestation and immediately
after delivery on day L1 is shown in the table below.

Group Treatment Dose, mg/kg Day G0 Day L1 BW gain
1 G15-L21 vehicle 238 319 81
2 G15-1.21 60 236 305 69
3 G15-1.21 60 235 296 61
4 L1-121 60 238 319 81
5 G15-1.21 60 236 295 59
6 G15-L.21 | Vehicle 240 319 79

Rats in groups 1, 4, and 6 were not treated with milnacipran during gestation and showed
comparable weight gain during gestation. However, treated rats in groups 2, 3, and 5 had
a reduction in body weight gain during gestation period.

104




Reviewer: Asoke Mukherjee Ph.D..

NDA No. 22-256

Above data suggest that a reduction in the weight gain due to the treatment with 60

mg/kg.

Mean body weight (g) dﬁring lactation is shown in the table below.

Group Treatment | Dose, mg/kg L1 L21 BW gain, g
1 G15-L21 Vehicle 319 342 23
2 Gi5-L21 60 305 333 28
3 G15-L21 60 296 331 37
4 L1-L21 60 319 330 11
5 G15-1.21 60 295 324 29
6 G15-L21 Vehicle 319 347 28

Mean body weight of P generation rats during nursing period was comparable to control

except rats in group 4 that showed a lower bod

lactation period only.

Milnacipran had no effect on the duration of gestation and live birth.

Fo necropsy: No data were provided.

F, physical development:

Viability of pups up to postnatal day 4 was reduced in treated groups compared to

control. Viability of pups in group 6 control that were fostered to dru
rats was also reduced. Data suggest that in utero ex

gestation day 15 to delivery had an effect on the
shown in the table below.

y weight gain when treated during

g treated group 5

posure of pups to milnacipran during

postpartum survival. Viability data are

Group | Treatment % viability on post | BW, male pup | BW, female pup
period partum day 4 (at birth) (at birth)

1 G15-L21 99 7.21 6.86
(control)

2 G15-1.21 78 6.29 5.84*

3 G15-1.21 61 5.83* 5.53*

4 L1-L.21 89 7.23 6.52

5 G15-1.21 80 7.31 6.85

6 G15-L.21 66 6.39* 6.04*
(control)

* Statistically significant
The mean birth weight was slightly but significantly reduced for pups delivered by dams

treated with milnacipran during gestation day 15 to lactation day 21 and for pups cross-
fostered (group 6). Data suggest that the treatment with milnacipran had an adverse
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effect on survival and weight of F; pups that was not due to alternation in maternal

behavior.

Weight of F; pups at the end of weanin

Data are shown in the table below.

g on day 21 showed a reduction in group 2-5 pups.

Group

Treatment period

¥y, male (g)

F;, female (2)

Control

52.47

50.61

G15-L21

45.75 (112.8%)

44.63 (111.8%)

G15-121

45.78 (112.8%)

44.76 (| 11.6%)

L1-121

43.08 (117.9%)

40.80 (119.4%)

G15-1.21

48.83 (16.9%)

47.28 (16.6%)

QNN =

Control

51.06

53.63 -

E, behavioral evaluation:

Spontaneous activity on postnatal day 14 did not show any drug related effect. Eye
opening, incisor eruption, gripping reflex, auditory reflex, pupil reflex and righting reflex
was comparable between treated and control pups. Pinna unfolding was slightly slow in
group 3 pups. The data are shown from Sponsor’s table below.

EPPECYS OF TNE TR3T ARTICLE O FEAI- ARD POIT-NATAL DRVELOPHERT LI ERIYLYEY
08 THE RATY
AIAS AGE IN DATS OF PUPS REACNING CRITENION —— SUNNARY
PAGE 2

DOSR LEVEL aRour aRouy SROVY Qnover axovp rour
% 2 3 4 s &
BIE OPENING ngAN 14.83 185,03 14,12 14,88 18.07 ) 14.24
%.0. 0.53 1.37 0.8 .3 .. 68 a.78
s 12 L L] 1 10 ?
pups zeaching criterios 130 100 140 100 100 160
IXCI3OR CAWRTION REAN .37 67 9.63 .18 .27 b.9e
3.0, s.6¢ .01 .08 0.5 1,07 ..
13 ’ 2 an - 13 ,
PUPE Teaching critaries o 100 100 104 100 190 180
PINRA ORPOLDING REAN 1.69 2.0 2.97 .86 2.8 2.9%
s.p. .34 1.2 .9 0.9 e .50
[ ] 1 £ [ ] 12 12 . 1
Pups teacking criterion o 1 ”n T 180 ” "
GRIPPING REFPLEX REAN 1T.08 17.00 11,00 17.90 1t.ee 17.90
5.0, 0.99% #.00 08.00 8.00 (N 1) .00
n 13 9 13 11 30 14
Pups resching criterion 1 100 180 100 100 (11] 300
AUDTYOAY REPLRX BCAN 31.00 .08 .90 11.08 21.00 .0e
3.0, (N 1] .90 0.9% o.00 9.00 o.0e
- (3] s » 1 19 b4
pups reachimg criterioca % iee i a0 100 100 106
PEPIL REFLER KEAN .08 1.00 11.99 .00 21.00 2100
$.0. o.08 .08 o.08 o.00 .00 8.00
» 13 » 13 7 16 L]
pups reaching criterion § 100 190 100 90 108 100
SURFACE AZONTING AKFLEX aam s.08 ) .88 3.09 .. .09 B.ee
$.D. .. ”n .00 S.4e0 0.0 ’.00 B.80
L] 13 * . 11 1e *
PuPps caschiag criteriens o 100 toe 109 188 i%e - 100

8 = Buaber «f litters

% peps ¢oaching critecrien » tatal musber of $EPs wilh Nesdure Present/total munber tested oa fiese day of tese,
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SPONTAMECUS ACTIVITY - MEAR DATA

TOTAL TINE {tecs) ENGASED (¥ : TOVAL| TOTAL TIME (gecs) SPEMT i :
atery t 11} Trmetivity] BISTANCE| Contral Corrae Lateeal
activity - movements TNAVELLED (cm) . fon jons regl
aor 1
NEAN 0.5 33.0 144.0 27.3 2.9 .4 2.4
3.9, 0.9 a4 a8 8.6 6.9 1.4 8.7
] 13 13 13 13 13 13 13
e 2
L7 "¢ 546 105.0 518.9 6.3 128.9 5.0
3.0, 2t 40.9 AR 387.8 2.3 513 3.5
L} » 14 | 9? L 9 L]
CROP 3
nem .2 2.8 1.7 »7.7 2.4 148.4 8.4
3.0. 15.4 48.4 30.5 6.6 4.3 $9.2 3.3
] ] L] ] 1] s ] ]
Gar §
AR 2.3 30.7 16,3 .9 12.4 100.3 4.8
0. 5.0 n.7 433 m.s3 8.7 .t 45.0
L} n n k13 f 1" " i)
cRop §
AR 0.9 3.8 152.1 260.0 $7.0 ”.0 e
3.0, 1.4 2.0 9.9 .7 n.2 0.5 3.2
L] 10 1w 10 10 10 10 ]
GRoUP &
L 2.4 439 153.1 325.1 s .1 5.6
3.0, 3.e 4.3 50.2 RI XY 9.2 7.3 3.2
N L 2 2 b 9 * 9 9

F, reproduction: Not evaluated
Conclusion of the study:

A pre and post natal reproductive safety study was conduced at 60 mg/kg in pregnant rats
treated at gestation day 15 to lactation day 21. Data suggest that the treatment with
milnacipran had an adverse effect on survival and weight of F; pups. However, surviving
pups (F) did not show abnormality in the physical development and behavioral assays.
Since the study was conducted at a fixed dose, the NOEL is not known.

APPEARS THIS way
ON ORIGINAL
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Study title: Peri and postnatal study in rats treated orally with TN-912

Key study findings: It was concluded that prenatal and post-natal study showed a
reduction of survival of F1 pups at 5 mg/kg and higher doses. The treatment had no
effect on gestation and delivery. The study was conducted at MTD. The NOEL was not
established. The QA statement was not provided. However, the study is acceptable.

Study no.: T081

Volume # M4, and page #: 1
Conducting laboratory and location:_(°
- A b(4)
Date of study initiation: Not indicated in the report

GLP compliance: Yes

QA reports: yes ( ) no (x)

Drug: TN-912, lot #C j-006, and % purity: above 99.9% (certificate of analysis was

provided on June 9, 2008)

iJ

Methods
Doses: 5, 20 and 80 mg/kg )
Species/strain: Mated female Wistar rats (7] Wistar SPF strain, body weight

between 157-233 g at gestation day 0 h(M
Number/sex/group: Study design and groups are shown below.

Test Groups Dose Levels* Concentration No. of Animals Animal No.

(mg/kg) (%) w/ Successful

Copulation .
Control 0 0 24 1101 ~ 1124
Low : 5 0.1 24 2101 ~2124
Intermediate 20 0.4 24 3101 ~ 3124
High 80 1.6 24 4101 ~ 4124

*: as bulk, purity conversion not done

The dose level was determined from results of the fertility study.

Route, formulation, volume, and infusion rate: The drug substance was dissolved
in water for injection and the vehicle was used in the control animals. The drug solution
was administered orally once daily by gavage at 0.5 mL/100 g from gestation day 17 to
post-partum day 21.

Satellite groups used for toxicokinetics: Nil

Study design: Animals were observed three times daily during the treatment and
once a day in other period of the study for abnormal behavior, toxicity, and mortality.
The body weight of dams were recorded on days 0, 4, 7, 11 and 14 of gestation and daily
from gestation days 17 until delivery. The body weight of dams was recorded on
lactation days 0, 2, 4, 7, 11, 14, 17, and 21. The food consumption was recorded on
gestation days 1, 4, 8, 11, 14, 17 and 20. The food consumption was also recorded on
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post partum days 2, 4, 7, 11, 14, 17 and 21. Dams were sacrificed under ether anesthesia
on lactation day 22 to examine ovaries for corpora lutea and uteri for implantations and
resorptions. Any gross changes were noted and abnormal tissues were fixed in 10%
formalin.

Parameters and endpoints evaluated:

The length of gestation and percent delivery index (# pregnant delivered live pups / # of
pregnant rats) were recorded. The number of live and still births was determined. Any.
variation of organs in still-born pups was determined according to Wilson’s techniques.
External malformations, gender and body weights of surviving pups were recorded. The
body weight of weaning pups was recorded twice a week up to day 21 and once a week
up to day 70.

At least 4 male and 4 female pups/litter were randomly culled for weaning by their dams
on day 4. The remaining pups were sacrificed under ether anesthesia and fixed in 10%
formalin. Furthermore, 2 pups/sex/litter were selected on day 22 for further development
and the remaining pups were sacrificed under ether anesthesia.

The following physical and developmental parameters were recorded for F; pups during
the development and sacrificed on day 70 by ether anesthesia except those animals used
for reproductive performance: pinna detachment (days 4 and 7), abdominal hair (days 7
and 11), eruption of lower incisor (days 11 and 14), opening of eyelids (days 14 and 17),
testicular descent (days 21 and 28), opening of vagina (days 35 and 42). Viability of F;
pups were recorded up to day 70. Viability at the time of birth (birth index), on day 4
(viability index) and on day 21 (weaning index) were recorded. '

The following behavioral and functional assessments of F, pups were recorded: righting
reflex, pupillary reflex, pinna reflex, cormneal reflex, and auditory reflex were recorded on
day 21. Mobility and functional coordination was tested using an open-field test on
lactation week 5. Learning ability using water-filled multiple T-maze test was carried out
at 7-8 weeks of age. Pups were trained to swim to reach the destination. The time taken
to reach the goal and number of errors were recorded. '

Reproductive performance:

One male and one female F; pups per litter at 10-12 weeks of age were mated. Body
weights of F; females with confirmed copulation were recorded on days 0, 4, 8, 12, 16
and 20 of gestation. Animals were sacrificed on gestation days 20 for examination of
ovaries and uteri using procedures similar to that described above.

Results

Foin-life: No treatment related clinical signs were observed except one animal at 20
mg/kg showed a palpable mass at the left inguinal region. Several dams were sacrificed
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due to dead fetuses. However, there was no death of dams due to the treatment during

gestation period.

During the lactation period, 3, 2, 2, and 14 dams were sacrifi
due to the death of pups at control, 5, 20, and 80 mg/kg,

treatment at 80 mg/kg showed postnatal deaths to rats.

ced at several time points
respectively. Therefore, the

The average body weight (g) of dams during gestation period is shown in the table below.

Dose Day G0 Day G17 Day G20 BW gain, G17-20
Group 1, control 190 281.8 316.4 34.8
Group 2, 5 mg/kg 191.6 276.4 309.6 33.2
Group 3, 20 188.9 283.6 311.7 28.1%
mg/kg
Group 4, 80 189.7. 280.3 304.8%* 24 4%
mg/kg

*Statistically significant

Data suggest that there was a statisticall
average body weight gain durin
due to the treatment.

The average body weight (g) durin

table below.

y significant reduction (20% or more) in the
g gestation days 17 and 20 at 20 and 80 mg/kg that was

g the lactation period day 1 and day 21 is shown in the

Dose, mg/kg L1 L21 BW gain, L1-21
0 252.7 2784 22.5
5 2443 272.3 25.6
20 251.1 269.9* 18.9
80 244.0 263.3* 15.6
Above data show that the body weight of dams was reduced at 20 and 80 mg/kg was

reduced more than 15% during the lactation period.

The food consumption was sli
food consumption (g/rat/day)

APPEARS THIS WAY

ON ORIGINAL
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Tables 5 Peri~ and post-natal study in rats lreated orally with TN-912
Food consumption of FO dams during the gestation period
Dose Administration
(7747 1 1 4 8 11 14 17 204)
No. 23 23 23 23 23 23 k)
] Hean 16.4 2t.1 21.9 23.9 23.1 24.3 18.7
S.D. 3.4 2.8 2.7 2.1 2.4 1.9 2.8
No. 22 22 22 22 22 22 22
5 Ncan . 16.7 20.5 21.0 23.4 22.5 - 24.0 17.8
$.D. 2.7 2.2 1.7 2.2 .7 2.8 2.6
Na. 23 23 23 23 23 23 22
20 Mean 17.8 21.0 21.8 23.8 22.5 24.3 18.2
3.b. 2.3 2.0 2.4 2.8 2.9 3.0 1.8
No. 24 24 24 239 24 24 24
8¢ Mean 17.8 22.0 21.7 23.86 22.6 24.1 16.50¢
8.Db. 3.5 2.7 2.1 3.2 2.1 2.4 2.5
No.: No. of dams Unit : g/rat/day

a) : Day of gestation

b) @ Data of one dam was oxcluded from statistical analysis, because a large anount of spiit frood was natlced.

*» : p<0.0L (Significant difference from control)

The mean food consumption was 445,424,421, and 37.4 at control, 5, 20, and 80
mg/kg at the end of lactation day 21. The reduced food consumption contributed to the

reduced weight gain of dams at 80 mg/kg.

The delivery data are shown in the table below (from the Sponsor’s table 7).

Teble 7 Peri- and post-natel study In rols ireated erally with TN-912
Delivery date on PO damy

Dose No. of No. of Delivery Gestsilon No. of No. of Live dorn Live
pregnant laplan- siyt)- No. of tive born Ext, 4) birinh
] Indax L e e DR e piiy Sex ratlo nalf, lndex
L1471 females females x> pertod tations xie) Tatet Nsle Fepale (Male/Femnle) (X)e) X 1)
Total 23 23 100.0 : 332 2t 2.9 aIm- 183 138 18 ot 0.0 90.7
L] Hean 22.0 4.4 13.1 7.1 8.0
8.D. 0.0 2.0 2.1 1.0 1.9
Total 22 22 100.0 22 22¢ 7.8)e 270 181 1ny 27 ol 0.0) 2.9
.8 Hean 22.0 14.8 12.3 6.9 $.4
5.D. Q.2 1.5 2.3 2.2 2.1
Totat 23 23 100.0 339 7 M 283 14 138 10 ot 0.0 83.%¢
20 Hoan 22.0 14.7 12,9 8.4 5.9
s.p. 0.2 1.6 2.9 2.6 2.5
Tota) 24 24 100.0 a2 44¢ 13.8)00 283 181 132 14 e 0.0) 78,200
80 Mean 22.0 18.1 1.8 6.3 5.8
. s.0. 0.4 1.9 . 2.2 1.8 1.9

a): No. of females dellvared vith tive pup

B): (No. of femsles deliverad with iive pup 7 No. of Pregnant leasles) X 100

€1 (No. of stillborn pups / Mo. of stiithorn and Liva born pupa) X 100

d): No. of live bors pups vith externsl malfornations

e}: (No. of Bive bora pups with external malformations / Na. of liva born pups) X 100
£): (No. bf 1ive born pups / No. of Implantations) X 1

® : p<0.05 ; ev @ pCO.01 (Stgniflicant difference from control)

There was no change in the gestation period and delivery. However, there was a

reduction in the live birth and increase in still births at 5,20, and 80 mg/kg. Based on the

pregnancy data, there was no NOEL in rats when treated with milnacipran at late

pregnancy. Data from Sponsor’s table 13 suggest that still born pups did not have a trend

of visceral changes that could lead to fetal deaths.
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Fo necropsy: There were no treatment related changes at necropsy in dams except
hardened node at left inguinal region in one rat at 20 mg/kg. :

F, physical development:

The average body weight of F; pups from birth to post natal day 70 is shown from the

L]
Sponsor’s table.
Table 9 Part- and post-natal study in rats treatad orally with TN-912
Body weights of F1 nales
Dose L] 4 7 11 1 17 22 k2] as ° 493 56 42 7083
ng/kg
Ho. 23 1B 260 g0 20 20 o 20 20 20 20 20 20 20
[} Mean 5.3 8.2 13.7 21.6 20.2 34.8 4.7 78,7 125.0  1277.3  29i.0 276.2 a11.3 340.4
$.D. 0.4 1.4 2.0 2.9 3.4 4.0 5.4 8.1 1.0 13.8 16.1 174 18.8 20.5
o, 22 219> 20¢} 30 20 20 20 20 20 20 20 20° 20 20
5 Hean s.2 7.8 12.8 20.1 26.3 32,1 41.0 70.9+ 116.9+ 166.80 215.2¢s 257,80e 201.30a 318,20
5.D. 0.4 1.4 1.7 2.3 2.7 3.1 4.2 6.8 8.2 11.8 13.8 8.4 18.4 18.0
Ne. 23 2af) gy 21 1 21 an 21 21 21 21 21 21 21
20 Nean 4,000  7.3e 11,560 18,840 24.7¢¢ 30.3¢s 33,30 67.5¢¢ 110.00s 150.30¢ 209,90 250.8e¢ 28),.3ae 311.3es
8.D. 0.4 0.7 1.4 2.4 2.9 3.4 4.2 6.7 12.0 13.4 18.8 10 18,1} 0.2
No. 24 78 7 1 7 7 7 7 7 7 7 7 7 7
1 Mean 4.6as  5.508  9.5aa 16,18+ 10.30e 23.6e¢ 29.7¢e¢ 53.See 92.9¢¢ 137.8¢s 181,.30¢ 220.9%¢ 283.9a0 275.94s
s.D. 0.4 1.3 2.3 3.4 3.9 3.8 4.9 9.7 14.% 16.9 2. 23.8 23 29
No.t Ne. of dams Untt : g
a) : Day after birth -
b) : Two littsrs died an day 4 after birth.
€) 3 Ons titter dled on day 7 after birth.
d} : One lilter dicd on day 4 after birth.
e) : One liller died on day S after birth.
1) : One litter died on dey 3 and one 1itter dlad on day 4 sfter birth.
&) : Bight litters died on day 1. four litters died on day 2, two itters died on day 3 aed
three Jittera died on day 4 after birth.
4 3 P<O.05 ; es : 0¢0.0) (Signlficant 4l fferenca from control)
Table 10 Peri= and post-natal study In rals treatad orally with TN-512
Body welghts of Fl {emales
Dose o 4 7 11 14 17 21 23 as 42 49 L1 53 708>
ag/%g
No. 3 215 29e) 29 20 20 2 20 20 20 20 20 20 20
° Moan 4.9 7.8 12.8 20.3 26.8 33.0 41.6 638.6 306.0 104.7 1898.7 178.8 197.4 210.2
5.D. 0.4 1.1 1.e 2.4 2.9 3.2 4.4 7.2 9.1 1.2 11.3 12.9 14.0 15.8
No. 2 214> 20¢) 29 20 20 20 20 20 20 20 20 20 20
s Hean 4.9 7.4 11.6 13.8 24.9¢  30.7¢  39.1 §7.0  101.7 130.7 $54.4 174.1 191.7  204.8
3.0, 0.5 1.4 2.0 2.7 3.3 3.t 4.7 7.1 9.2 9.8 1.9 1.9 13.0 13.8
No. 220> 22 21e) 2 21 1 23 21 2 21 2t 21 21 21
20 Nean 4.7 6.8 10.304 17.8%e 23.40% 2).0ve 38.7vs 62,5 98.800 126,200 148,600 159.3+ 188.4%¢ 200,40
5.D. 0.4 3.2 1.6 2.4 3.1 3.3 4.3 9.2 8.8 10.3 1.2 11.6 13.3
No. 24 78 7 7 7 7 7 ? 7 ? 7 7 7 7
80 Hesn 4.8¢¢  8.20¢  9.2es 15.0ve 15.9e¢ 2¢.90e 3l.1se $6.16¢ 90.3¢¢ 118.20¢ 139.0ve 183.50e 176.1s¢ 190,108
3.D. 0.4 1.2 1.3 -8 3.0 3.2 3.9 5. 7.9 .8 10.8 10.3 12.8 14.3
No.: No. of daes Untt : g
a) : Day after birth

b) : Tva litters died on day 4 sfter birth.
€) : One litter dled on day 7 after dirth.
d) : One 1itlar dled on day 4 after birth.
€) : One Fitler dled on day S after birtn,
1) : One litter of P1 female was not dorn.
£) ¢ Bight litters dled on day 1, four

three litters died on day 4 afler
& pL0.05 ; se @

dirth.
P<0.01 (Significant difference from contral)

1ittere dled on day 2, two litters dled on day 3 sad

The average body weight of male F; pups showed slower weight gain during post-natal
development at 5, 20, and 80 mg/kg. The body weight gain of female F, pups showed
slower growth during the post-natal development at 20 and 80 mg/kg.
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A significant reduction in the post-natal death was reported within post-natal days 4 and
21 in F) pups at 80 mg/kg as shown in the Sponsor’s table below.

Table 11 Peri= and post-natal study in rals treatcd orally with TN-012
Viability tndex of pups

INTNRVOIALIN 338V 38¥83d

Bafore culling After enlling
Dose No. b =~ No.
Day © Day 4 Survivel Day 4 Day 21 VWeaning
0f  meeses ecaeoo index oa af  svesmec  cccem §ndex on
R ¢y €) day 4 [-}] ¢) day 21
nx/2R dams Live Live after dams Live Live after
numdber number birth X a) number numbder DBdirth X »)
Totasl 23 30t 283 84.1 21 1638 158 94.0
[} Hean 13.1 11.0 8.0 7.8
8.D. 2.1 4.1 0.0 1.8
Total 22 270 220 81.5 21 159 154 96.9
S Mean 12.3 10.0 : 7.6 7.3
8.D. 2.3 3.6 . 1.1 1.8
Total 22 283 233 BA. e 22 168 163 97.0
20 Moan 12.3 10.3 7.8 7.4
S5.D. 2.9 3.5 1.2 1.8
Tolal 24 283 60 21.20 ? 19 46 93.9
80 Hean 1.8+ 2.50 7.0 6.6
S.D. 2.2 3.3 1.9 1.8

aj: {No. of live pups on day 4 / No. of ‘live dorn pups on day 0) X 100
B): tNo. of )ive pups on day 21 / No. of tive pups on day 4) X 100

e€}: No. ¢f live pups

* I p<0.05 : ea : p<0.01 (Significant differance from control)

The death in weaning rats at 80 mg/kg was not attributed to abnormal visceral changes.

Among the surviving F; pups, opening of eye lids, appearance of abdominal hair and
incisor eruption were retarded at 80 mg/kg as shown in the Sponsor’s table below.

APPEARS THIS WAY
ON ORIGINAL
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Table 12 Perl~ and post-natst study In rats lreated orally with TN-912

Externnl difforentiation of pups

Dose No. Plona Appearance of Bruption of Opaning of Dascont of Opening of
detachment abdominal hair lower incisor eyalid testis vagina
0f  meemsmcemccecac mecdemcccaccress  ameeemen
LY78 ¥4 damg 4 ? 7 11 11 14 12 17 21 23 35 42 a)
2537253 160/180 0/180 1607180 102/160 1597159 8/169 188/188 227 77 10/ 490 39/ 40 40/ 40
0 21
100.0 100.0 0.0 100.0 63.8 100.0 3.8 100.0 28.6 100.0 27.5 100.0
s 2 2207220 155/15S 0/155 154/155%) 77/1S5 185/155 47155 155/18% 14/ 82 40/ 40 40/ 40 40/ 40
1 .
100.0 100.0 9.0 99.4 49.7¢ 100.0 2.6 100.0 17.1 100.0 100.0 100.0
237/238 163/163 0/163 163/183 917163 1837163 7/183 183/183 10/ 8t 42/ 42 40/ 42 42/ a2
20 22 .
99.8 100.0 0.0 100.0 35.8 100.0 4.3 100.0 12.9e 100.0 95.2 100.0
a0 R 60/ &0 49/ 49 0/ 43 45/ 48e) 12/ 48 487 48 8/ 48 48/ 48 8/ 21 12/ 12 11/ 13 137 13
100.0 100.0 .0 93.8s 25.0%¢ 100.0 16.7¢¢ 100.0 28.8 100.0 84.6 100.0

Upper: No. of pups differcntiated / No. of pups obacrved
Lover: x

0): Day after birth

¥)i All pups diifcrentiated on day 12 after birih.

€): All pups differentiated on day 13 after birth.

» 2 pe0.05 ; we 3 p<0.01 (Significent difference fros control)

F{ behavioral evaluation:

Functional examinations of F; pups on post-natal day 21 did not show any change in
reflexes when compared to the pup from vehicle treated dams. A slight reduction in
latency (time taken to start movement) was noted in open field test at 5 weeks of age at
80 mg/kg in male F, pups. However, its relationship to the treatment is not known
because a similar change was not noted in female F| pups.

No treatment related change in the water-filled maze test was noted in male and female
Fi pups. F) pups did not show any macroscopic changes at necropsy.

Ey reproduction: Fertility index (mating and pregnancy) of F; generation males and

females did not show any treatment-related change as shown in the Sponsor’s table
below.

,oEARS THIS WAY
A?PQN ORIGINAL
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Table 24 Peri- and post-natal study in rats trested orally with TN-212
Mating and fertility of F1 animals
......... ~ Matae - Femsle -
Dose No. of Days until Copulation [nseminatjon No. of Days untjy] Copulation Fertiiity
copulatlen Index index copulation index index

mg/Rg nales Means3,D. % a {X) b _ females Heanss,D. {X) ¢) x) &)

0 20 3.422.5 19/20¢ 95.0) 18719¢ %4.7) 20 3.422.5 19/20¢ 95.0) 18/19¢ 94.7)

5 20 2.821.2 20/200100.0) 20/204100.0) 20 2,821.2 20/204(100.0) 20/20¢100.0)
20 21 3.122.9 21/210100.0) 18/21¢ 90.5) 21 3.122.9 21/21€100.0) 19/21¢ 90,5%)
80 7 3.021.2 77 7(100.0) 7/ 7(100.0) 7 3.021.2 17 7(100.0> T/ 7¢100.0)
2): (No. of males vwith confirmed copuylation / No. of males mated) X 100
b): (No. of inseminated males / No. of males with confirmed copulatlon) X 100

¢): (No.
d): (No.

0f females vith confiraed copulation / No. of females asted) X 100
of pregnant anisals / No. of femalss with confirmed copulation) X 100

The body weight gain at 80 mg/kg in F, animals during the gestation period was reduced.
The body weight data from Sponsor’s table 25 are shown below.

Table 25 Peri- and post-natal study in rats treated orally with TN-912
Dody weights of Fi doams during the gestation period
Dose 0 4 8 12 16 20a) Body weight gains
RE/ kK o - 20
No. 18 18 18 18 18 18 18
0 Mean 228.5 242.7 256.4 275.8 298.7 348.5 120.1
S.D. 16.2 17.1 17.9 19.% 19.5 20.6 9.3
No. 20 20 20 20 20 20 20
5 Nean 223.5 237.1 249.9 267.8 290.7 337.2 113.7
3.D. 16.3 16.5 17.4 18.6 19.8 23.0 10.5
No., 19 19 19 19 19 19 19
20 Mean 219.8 234.2 247.7 266.4 2856.4 333.8 114.0
S.D. 20.7 20.4 21.2 22.3 22.3 25.8 12.6
No. 7 7 17 7 7 7 7
80 Mean 199.60e 211 .32+ 222,344 238.08% 259.7¢x 305.7%e 106.1»»
S.D. 18.38 18.0 20.4 18.7 23.0 25.1 10.2
No.: No. of Fl dams Unit : g

a) : Day of gestation

*% : p<0.01 (Signifjcant

ditference from control)

APPEARS THIS WAY
ON ORIGINAL
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The caesarean section data for F; females from Sponsor’s table 26 are shown below.

Tadle 26 Peri- and post-nats) study in rats ireated orally with TN-912

Cesarean section data on ¥1 dass

Live fetuses No, of D)
Dose No. of No. af No. af loplan- No. of resorbed Placental jive
corpera taplan~ tatlon or dead fetuses Fata) fatuses
2g/RE  FI dane tutes taLlons INdeXx e-mememaccccacecammnan No. of live fetuses 3ox% body welghitg) with ext
Total Eorly Late =-smmeccocmmanmcaL. £8810  ecemmcecmaceoo veight(g) mal,
X a2) [e51 5] €} &) Total Male Fenmale (H/P)e) Male Female X>h)
Totsl 281 274 27.56 2 8. 22 o 282 123 129 0.98 ot 0.0)
o 18 Mean 15.6 15.2 14.0 8.8 7.2 3.33 3.0 0.42
8.p. 1.5 1.5 1.3 2.2 2. 0.18 0.20 0.063
Total 288 278 96.5 19¢ 8.8 19 0 289 140 19 L.18 ot 0.0
5 20 Near 14.4¢ 13.9¢ 13.0¢ 7.0 5.0 3.31 3.08 0.44
5.0, 1.8 1.7 1.6 2.1 2,1 0.16 0.18 0.0¢
Total 272 266 97.4 24¢ 9.0 13 1n 242 127 1s 1.10 ¢ 0.1
20 13 Hean 14.3¢  14.0¢ 12.7 G.7 8.1 3.29 3.04 0.43
S.D. 1.2 1.3 2.3 2.1 2.4 0.28 0.28 0.04
Total 90 a9 98.9 6 8.7 ) 1 83 38 L3 9.77 6{ 0.0)
80 7 Nean 12.9a8 12.7se 11.9ve 5.1 6.7 3,40 3.17 0.43
3.0, 1.3 1.0 1.1 2.0 2.5 0.23 o.14 0.03

8): (No. of imptantations / No. of corpora lutea) X 100

b): {No. of reaorbed or dead fatuses / No. of implantationa) X 100

€): lNlesorbed eabryo and placental resnant

d): Early macerated felus, late macerated felus and desd fetus

e): No. of males / No. of fomajes

£): No. of 1iva fetuses with enternal malformations

h): (No. of live fetuses vith oxterno) welformations / No. of |ive fotuses) X 100
1>: Vestigial tayl

¢ 0€0.05 { 4% : pC0.01 (Slgnificant differencs from control)

There was a reduction in ovulation, implantation and live fetuses at 80 mg/kg.
F; findings: No external malformation due to the treatment was noted in F2 pups.

Summary of the study:

A pre and post-natal developmental toxicity study (segment 3) was conducted in Wistar
rats at 5, 20 and 80 mg/kg/oral from gestation day 17 to post-natal day 21. The body
weight gain was reduced at 20 and 80 mg/kg by 15% or more. No treatment related
mortality was observed in dams. The treatment had no effect on the gestation and
delivery of pups. However, a decrease in live birth was noted at 5, 20, and 80 mg/kg.
The post-natal survival and physical development of F) pups was further impaired at 80
mg/kg. However, behavior and functional assays did not show a treatment related effect
on the surviving F, pups.

Reproductive pérformance of Fi rats did not show any éffect on the mating performance.
However, fertility was affected at 80 mg/kg in F, generation.

It was concluded that prenatal and post-natal study showed a reduction of survival of F,

pups at 5 mg/kg and higher doses. A NOEL was not established. The study was
conducted at MTD.
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Study title: Peri- and postnatal study in rats treated orally with TN-912 (additidnal
study) ‘

Key study findings: NOEL for the study was 2.5 mg/kg

Study no.: T082

Volume #M4, and page #: 1

ggllducting laboratory and location: ( e
Lo . - ) . A

Date of study initiation: Not mentioned ™~

GLP compliance: Yes

QA reports: yes ( ) no (x)

Drug: TN-912, lot #:{" ]-006, and % purity: Above 99%

Methods

Doses: 1.25,2.5 and 5 mg/kg/oral

Species/strain: Pregnant__ ]Wistar SPF rats weighed 162-214 g at the beginning
of gestation

Number/sex/group:
Test Groups Dose Levels* Concentration  No. of Animals Animal No.
(mg/kg) (%) w/ Successful
- _Copulation
Control 0 o 24 1101 ~ 1124
Low 125 0.25 24 2101 - 2124
Intermediate 25 0.05 24 3101 - 3124
High 5 0.1 24 4101 - 4124

*: as bulk, puxity. conversion not done
The dose was selected on the basis of previous study.

Route, formulation, volume, and infusion rate: The test substance was dissolved
in water for injection. Animals were treated with the vehicle or test solution orally by
gavage at 0.5 mL/kg between gestation days 17 and lactation day 21.

- Satellite groups used for toxicokinetics: Nil

Study design: Animals were observed daily three times during the treatment
period for any toxicity and mortality. Animals were observed once daily during other
period. The body weight was recorded on gestation days 0, 4, 7, 11, 14, daily between
gestation days 17 up to the delivery. The body weight was recorded on lactation days 0,
2,4,7,11, 14,17, and 21. The food consumption was recorded on gestation days 1, 4, 8,
11, 14, 17, and 20. The food consumption was also recorded on lactation days 2,4,7, 11,
14, 17, and 21.
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Pregnant animals were allowed to deliver and the length of gestation was recorded.
Number of pregnant animals and number of animals delivered live pups were counted for
the determination of delivery index. F; pups were culled to 4 pups/sex/litter on weaning
day 4. F, animals were observed daily for viability up to day 70 after birth. The
remaining pups were sacrificed by ether anesthesia.

Development of F; pups were examined as follows: pinna detachment on days 4 and 7,
abdominal hair on days 7 and 11, eruption of lower incisor on days 11 and 14, opening of
eye lids on days 14 and 17, testicular descent on days 21 and 28 and opening of vigina on
days 35 and 42.

One male and one female F, rats/test group were allowed to mate at 10-12 weeks of age.
Animals were sacrificed on gestation day 20 under ether anesthesia to determine
pregnancy, corpora lutea, resorptions, live and dead fetuses. Live fetuses (F, pups) were
examined for gender and external malformation. Half of the fetuses were fixed in
Bouin’s fixative to examine visceral malformations and other half was dehydrated with in
90% ethanol for skeletal examination.

Parameters and endpoints evaluated:

Treated dams were allowed to lactate for 21 days after delivery. The general conditions
of F1 pups were recorded. Dams were sacrificed on lactation day 22 under ether
anesthesia to examine the ovary and uterus for corpora lutea and resorptions. Any tissues
with macroscopic lesions were fixed in 10%.formalin.

Number of still born F, pups were counted and fixed in Bouin’s fixative for visceral
examination of any variations or malformations according to Wilson’s techniques. The
body weight of F; dams were recorded twice a week up to weaning day 21 and once a
week up to day 70. Any external malformation of live pups was recorded also.

During the development process of Fy pups , birth index (# live birth/ # implantations
x100), viability index (# alive on day 4 / # live pups at birth x 100) and weaning index (#
live pups on day 21 / # culled on day 4 x 100) were recorded. F, pups died during the
lactation period were fixed in Bouin’s fixative for visceral examinations.

Results

Fo in-life: No clinical signs were noted in any surviving dam during gestation and
lactation period.

One dam at 2.5 mg/kg and one dam at 5 mg/kg died due to gavage error on gestation days
20 and 13, respectively.

One dam at 5 mg/kg died due to gavage error on the day of delivery. Two dams were
necropsied on lactation days 4 and 11 at 5 mg/kg due to deaths of litters.
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The average body weight (g) of dams during the gestation period is shown in the table

below.

Dose, mg/kg

Day G0

Day G20

BW gain G17-G20

0

191.9

306.2

32.3

1.25

192.3

311.4

34.3

2.5

191.6

313.2

33.5

5

193.0

308.1

30.5

There was no effect on the body weight of dams during the gestation period except a

slight reduction in the body weight gain at 5 mg/kg.

The body weight (g) during lactation period (Lo-L21) is shown in the table below.

Dose, mg/kg

L0

121

BW gain L1-21

0

241.3

266.1

23.7

1.25

2404

268.3

27.7

2.5

245.5

268.1

22.6

5

244.0

262.3

18.1*

The body weight gain during lactation was significantly reduced from 23.7 g in the
control to 18.1 g at 5 mg/kg dose during lactation period. However, its biological
significance is unknown because the body weights on days L0 and L21 were not affected
by the treatment. The food consumption during the gestation period was not affected by
the treatment. However, the food consumption during the lactation period was increased
at 2.5 and 5 mg/kg after lactation day 11 that was statistically significant.

The delivery information for dams is shown in the Sponsor’s table below.

Table 7 Perl+ and posti=natal =tudy In rats troaled orslly with TH-912 {sddittonal study)
Delivery deta on FO dans
Dose No. of  No. of Delivery Gestation No. of Na. of Live bora Live
progaant ioplan- :llll- . No. of llve dorn Ext. 4) Birth
) index Ord —-meesesessemsscoseeo Sex ratlo malf. index
mg/xg feasles females X b period tations (x)c) Total Male Femalo {Hale/Pemale) e %1
Total 23 23 100.0 339 13¢ 4.2) 296 150 148 1.03 W 0:30h) 87.3
o Mean 22.2 14.7 12. 6.5 5.3
3,9, 0.9 3.1 2.9 2.3 2.6
Tota) 23 23 100.0 380 8¢ 2.4) s 173 182 1.14 o 0.0) 92.9¢
1.25 Heen 2.0 15.2 14.1 7.8 6.8
3.0. 0.2 1.3 1.2 2.3 2.1
Total 22 22 100.0 329 160 8.13 298 148 149 Q.98 0¢ “0.0) 89.7
2.8 Maan 22.0 15.0 13.4 a.8 8.8
S.D. 0.1 1.3 1.8 1.3 2.0
Total 25} 22 100.0 344 8¢ 2.8) 207 381 148 1.10 ¢ 0. dn) e3.2
5 Mesn 22.0 1.0 13,3 7.0 8.3 .
8.D. 0.3 1.3 1.6 1.7 1.6

a): No. of females delivered vith live pup.

B): (No. of {emales delivered with live pup / No. of pregmant femsles) X 100.

€): (No, af stillborn pups / No. of stillkaorn and Tive dorn pups) X 100.

d): No. of llve born pups vith external malformations.

&3t (No. of llve born pups vnh external malforastions / No. of live born pups) X 180,

£3: (No. af Jive dorn pups / No. of Isplantatlons) X 100.

£): Onc dam was excluded (rom -uu-nen analysis, bscauss Ll was killed by lotubation error on day 13 of lactation.
h}: YVestigtal ltail.

® : p<0.45 {Significant ditference from controi).
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The number of live birth was not affected by the treatment.
Fo necropsy: No treatment related macroscopic change was reported in Sponsor’s table 8.

F, physical development: The viability data for F| pups are shown in the Sponsor’s table
below.

Table 11 Peri- and post-natal study In rats treated orally with TN-912 (additlonal study)
Viabllity index of pups

Befare culling After culling
Dose No. - - - No.
Day 0 Day ¢ Survivel Day 4 Day 21 Weaning
of  smemes edcaaa index on Ll R index on
e) c) day & c) c) day 21
mg/kg dans Live Live after dams Live Live after
fumber number birlh ¥ a) aumber number birth % b)
Total 23 2050 249 84.4 211) 189 1583 $6.2
° Mean 12.8 10.8 1.8 7.2
5.0, 2.9 4.6 1.1 1.4 R
Tota) 22 328 273 84.0 222 170 180 94.1
1.25 Mean 14.1 11.9 7.7 7.3
§.D. 1.2 3.7 0.9 1.8
Total 22 296 279 94.6 22 176 175 89.4
2.5 Hoan 13.4 12.7 8.0 8.0
8$.D. 1.8 2.1 0.0 9.2
Tolal 234>  306¢) 278 90.8 228 176 168 95.8
$ Menn 13.3 12.1 8.0 7.6
S.D. t.6 3.2 0.0 1.7

8): (No. of live pups on day 4 / No, of Ilive born Pups on day 0) X 100.
b): (No. of ljve pups on day 21 / No. of live Pups on day 4) X 100.
e¢}: No. of l)ve pups.

d): One dam was cxcluded from statistical analysis, because it vas killed by Intubation error on day 13 of lactation.

e): One pup was excluded from statiatical analysis, because (L had externa) mal formation (vestigial tail).
1): Two dams were necropsicd on day 1 and 4 of lactation, becavse all pups djed.

Z): Onc dam was nccropsied on day 3 of lactation, because all pups died.

h): One dam wos necropslad on duy 4 uf lactollinn, becauae als pups died.

Survival index on day 4 and weaning index on day 21 of lactation for F, pups was not
affected by the treatment,

The body weight gain of F| male and female during weaning and development was not
affected by the treatment.

Opening of vagina on day 35 in F, offspring was reduced in 63% pups at 5 mg/kg
compared to 89% in the control pups. No historical control data were provided for the
time taken for opening of vagina in the Wistar rats. However, the range is between 28
and 39 days for Sprague Dawley rats obtained from{__ N
No visceral abnormality in still born pups and pups that died during post-natal period was
noted. Surviving F, generation rats also did not show visceral abnormality at necropsy.

F, behavioral evaluation: Not evaluated
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E, reproduction: Reproductive performance and fertility of F; rats were comparable to
the control as shown in the Sponsor’s table below.

Table 19 Peri~ and post-natal study in rats treated orally with TN-9312 Cidditionn} wtudy)

Cesaroan seciion dats oa FI dams

] Live fetuses No. of 1)
Dose No. of No. of No. of lamplen~ No. of resorded Placental Jive
torpora implan- tetion or dead fetuses Fota) feloses
mz/kg Pt dams Tulea  tallons 3NdeX  ~~~=m=ess-cmcemcecaae. No. of Vive fatuses Sex bady welght(g) with ext,
Total Eariy Late —-ccreceeccemecoceee.. ratlla  memccceemamaao wvolghtig) mel,
x &) [£213] €)  d) Totsl Male Pemale (H/Mre) Male Femals (X3h)
Total 262 247 94.2 mw 7.3 18 220 122 107 1.1¢ ot 0.0)
¢ 18 Maan 14.6 13.7 12.7 &.8 5.9 3.32 3.08 0.43
8.D. 1.9 3.4 2.8 2.6 2.0 0.23 0.12 0.08
1) Total 280 242 3.1 18¢ 7.4 13 s 224 118 108 1.07 ot 0.0)
1.25 18 Hean a4 1348 1.4 8.4 8.0 3,33 3.09 0.42
3.0, 1.7 2.7 .8 2.5 2.0 0.23 Q.19 0.03
1) Total 289 203 7.8 13¢C 4.9) 11 2 280 1) 119 1.10 o¢ 0.0)
y 2.5 19 Hean 4.2 13.8 13.2 6.9 6.3 3,33 a3 0.43
\ 8.D. 2.0 1.9 1.9 1.7 2.3 0.18 c.18 0.04
1> Total 285 254 99.6¢ 14( 6.5) 13 1 240 122 13 1.03 ot 0.0)
5 19 NHeen 13.4 13.4 12.8 6.4 6.2 3.29 3.08 0.43
s.D. 1.7 1.7 1.8 1.8 2.3 0.22 0.23 0.03

A): (No. of implantations / No. of corpora lulea) X 100.

b): (No. of resorded or dead fatuses / No. of Implantations) X 100.

€)}: Resorbed ombrye and placentsal remnaat.

d): Early mmcersted fatus, late necerated fetus snd dead fetus.

2): No, of males / No. of lemales.

£3: Ne. of live fetuscs VIth external melformatlons.

h): (N0, of iive fotuses with oxlornal maiformations / Ne. of 1ive felusas) X 100.

1)! Ono dan vas exciuded from stalistical anslysis, decsuse It wss not confirmed on the day of copniallon.

* 3 pe0.05 ¢Significant difference from control). -

F, findings: Not determined
Summary of the study:

Above data suggest that the no effect dose (NOEL) for dams and offspring was 2.5

mg/kg. The compliance statement was not provided in the report. However, the study is
acceptable.

Summary of the reproductive safety studies:

Fertility and reproductive safety of milnacipran was investigated in rats for segment 1
study, mice and rabbits for segment 2 studies and in rats for segment 3 studies.

The fertility study was conducted at 5, 15, and 60 mg/kg in Sprague Dawley rats. Based
on the data, the high dose reached maximum tolerated dose and the study is acceptable.
The mating performance of male and female rats was not affected by the treatment up to
60 mg/kg. However, caesarean data showed decreased fertility at 5 (30 mg/m?), 15 (90
mg/m?) and 60 (360 mg/m?) mg/kg. The Sponsor also conducted another fertility study
at 5, 20, and 80 mg/kg in Wistar rats. Female rats were treated up to gestation days 7.
Mating performance was delayed at 20 and 80 mg/kg. Fertility was reduced at 80 mg/kg.
A NOEL was 5 mg/kg for effects on fertility. However, the biological responses in two
studies was similar and the effect on Sprague Dawley rats at 5 mg/kg was considered to
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be the most sensitive. Thereforé, it was decided that milnacipran reduced fertility at 5
mg/kg. The package insert should indicate that the treatment with milnacipran affected
the fertility of rats at 5 mg/kg. The no-effect dose was not established.

Although the segment 2 studies were conducted in mice and rabbits, the design of
segment 1 study in rats included the teratogenicity assessment. Therefore, data for
malformation and variations due to thé treatment with milnacipran were assessed in rats,
mice and rabbits.

Rats were treated at 5 (30 mg/m®), 15 (90 mg/m?) and 60 (360 mg/m’) mg/kg during
implantation and organogenicity. Rats did not show external, visceral or skeletal
abnormalities due to the treatment (no teratogenicity was noted). However, the percent
of intrauterine deaths were 0, 15, 20, and 50% pregnant rats at control, 5, 15 and 60
mg/kg, respectively. The no-effect dose was not determined.

The mouse teratogenicity study (segment 2) was conducted at 5 (15 mg/m?), 25 (75
mg/m?) and 125 (375 mg/m?) mg/kg during gestation days 6 and 15. No visceral or
skeletal malformations were reported due to milnacipran. Fetal weights were reduced at
25 and 125 mg/kg. Therefore, no teratogenicity was noted. The no effect dose (NOEL)

was 5 mg/kg.

The rabbit teratogenicity study (segment 2) was conducted at 5 (60 mg/m?), 15 (180 .
mg/m?) and 60 (720 mg/m?) mg/kg during gestation days 6 and 18. Although no
teratogenicity was observed, single extra rib was observed as a variation at 15 and 60
mg/kg. The no effect dose (NOEL) was 5 mg/kg.

Three prenatal and post natal studies (segment 3) were conducted in rats. The segment 1
study was also designed to examine the effect of treatment on delivery and post-natal
development.

The post-natal data from rats treated at 5, 15-and 60 mg/kg showed no effect on the
gestation. However, number of still births and post-natal deaths were increased at 15 and
60 mg/kg. Although reflex development in F; rats was not affected by the treatment,
fertility of second generation (F1) was reduced at 15 and 60 mg/kg. The treatment
might have an impact on the development of neuro-endrocrine systems in rats when
exposed to milnacipran in uteroe. The no-effect dose (NOEL) for post-natal
development was 5 mg/kg based on study #T 030. '

Another segment 3 study (#T081) in rats confirmed a similar deleterious effect on post-
natal survival even at 5 mg/kg and higher doses in pregnant rats. However, behavioral
and physical development parameters of the F 1 generation (offspring of treated mothers)
were not affected. Fertility index was not affected at 5, 20, and 80 mg/kg in F,
generation rats in study # T081 (untreated rats weaned by treated mothers) unlike that
observed in study #T030.
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Since the no-effect dose was not determined in the study # TO81, a third segment 3 study
(T082) was conducted at 1.25, 2.5 and 5 mg/kg. Viability of F; pups was not affected at
1.25, 2.5, and 5 mg/kg. However, time taken for the opening of vagina was increased at
5 mg/kg. Reproductive function and fertility of F, rats was not affected. Data showed
that the no-effect dose for peri and post natal treatment in pregnant rats was 2.5 mg/kg.
However, based on combined effects of pre and post natal effect of milnacipran in
pregnant rats in several studies, the reviewer considered that 5 mg/kg (30 mg/m?)
increased post-natal deaths in rats. The no effect dose for segment 3 study was 2.5

mg/kg.
Conclusions:

Treatment with milnacipran reduced fertility in rats at 5 mg/kg (30 mg/m?) due to
increased dead fetuses. The no-effect dose was not established.

Mice and rats treated with milnacipran during organogenicity did not show teratogenicity
at 125 mg/kg (375 mg/m®) and 5 mg/kg (30 mg/m?), respectively. However, intrauterine
deaths were increased at 5 mg/kg (30 mg/m®) in rats. Milnacipran showed extra single

. 1ib in pregnant rabbits at 15 mg/kg (180 mg/m?). The no effect dose was 5 mg/kg in
pregnant rabbits.

Milnacipran had no effect on gestation period and delivery of rats. However, increased
post-natal deaths were noted in rats at 5 mg/kg (30 mg/m®) and higher doses. The effect
of milnacipran on fertility and pregnancy was noted at maternally non-toxic dose.
Therefore, findings in pregnant animals are considered to be treatment related and
Pregnancy Category C should be designated for milnacipran. A summary of reproductive
safety is shown in the table below.

Segment, Study # Species Observation NOEL
1, T030 Rat (Sprague Dawley) Fertility was reduced at | Not determined
5 mg/kg
1, T092 Rat (Wistar) Delayed mating at 20 NOEL 5 mg/kg
and 80 mg/kg, reduced
fertility at 80 mg/kg
2, TO15 Mouse No teratogenicity but 5 mg/kg
fetal weight was reduced
at25 mg/kg
2, T030 Rat No teratogenicity, Not determined
increased intra-uterine
deaths at 5 mg/kg
2, T019 Rabbit Single extrarib at 15 5 mg/kg
. mg/kg as a variation
3, T071, TO8t, TO82 Rat No effect on gestation 2.5 mg/kg
and delivery, increased
post-natal deaths at 5
mg/kg
Certificate of analysis:

| Study # | Batch # | Purity | Certificate provided or |
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}_—-—-——""""‘“,7‘;’ not
T030 101% Yes

T092 Above 99.9% Yes
TO019 101% Yes b(4)
TO15 101% Yes

T071 99.33% Yes

T081 Above 99.9% - Yes

T082 \__’_’_________J Above 99.9% Yes

Labeling recommendations:
Fertility:

Sponsor’s Proposc_:d label for Fertility:

[/
b(&)

Sponsor’s Proposed label for Pregnancy:

-

bid)
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Reviewer’s Proposed label for Pregnancy:

Pregnancy

-

Nonteratogenic effect:

Same as recommended by the Sponsor
Labor and delivery:

Same as recommended by the Sponsor
Nursing mothers: .

Same as recommended by the Sponsor

2.6.6.7 Local tolerance: No local tolerance studies were reviewed.

2.6.6.8 Special toxicology studies: No special toxicity study was reviewed.

2.6.6.9 Discussion and Conclusions

2.6.6.10 Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY

[pivotal studies pertinent to the primary indication and core pharmacology studies
relevant to the primary pharmacodynamic effect, as available and as provided by

the Sponsor]
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Table?™&  Repeat-Dose Taxicity - A 5? Wesk Oral Toxicity Study of TN-D12 i Ras  1e5t-Article: Mibnaciprar HC1(TN-013)

SpeciesiStyain: Ry~ Yistg SBF Duratien of Dosing: 32 weeks StadyNe.: & l {Z087;
Tnitial Aee: 4 weeks Duration of Postdese: none LocatominCTD: 2233~ h(A')
Date of First Dose: M: 27 Feruary 1691 Method of Adwinktration: aral 2avage
F: 28 Feumary 1691 Vehicle'Formulation: wate for ivjection GLP Compliauce: ya:
Special Features: Note

No Observed Adverse Effect Levek: M: 3 mg'ke: 7 10 makg

Daily Dose (mg'kg) 0 {Contro) — 1 3 30
Gender: No. of Arimsls MLs  R13 MIZ Fi3 M FS M5 1\!& M3 B
Diad or Sacrificed 1 2 9 0 1 9 0 0 0 0
Mgt
BW %) 47362 20 g 12 -1} +] 3 -19 -3 52 95
3WE D 303z 486g +5 -4 - -7 -3 =32 -15 <21+
Food Consunaption
Eamsmalid) (45 140z 40g 0 0 416 36 416 57 32 8o+
Clirscal Findiegs - - - - - - - - - -
Ophshalmozcopy - - - - - - - - - -
Semzn Chamsisoy
I.BUN (gidl) 19.6 02 191 . 21 17 s 200 ns 183 N
-Tmalyss
Voise (L34 h) 1.6 73 118 63 R7? 63 46 10 139* 62
G 1066 3060 1068 1030 1085 LoT4e 1,059 g6 1037 1060
{conticuad)

Table?™d.  Repeat-Dose Toxicify - A 52 Week Oral Toxicily Stady of IN-912 jn Rats 15t Article: Mibnacipran HCI (TN-61)

SpeciesStrata: Ry —— Jistar SEF Duration of Dasing: 32 weeks Study No.: (,, ;I ; (7087 k&\
Daily Dose (mgkg) 0 {Contr 1 — 3 10 30 “
Gmdaz“}\’p. of Arimals Ml -13 ML ED M3 EIS M1 =12 M13 FAt

Salivary Glands {mz%) 63 EES) - - - +.7¢ +13.8%  +]0.3+ +154%%  +]8.1¢e

Epididymis (myge) 113 - - -133e 0.1+

Seming] Vesicla {2%3) 026 - - -13.20e LN o

Splasn (g%%) 0.18 019 - - - - - -15.8* -16.7¢* 103

Drostare” (x%) 02t - - - <138
Gross Pathology - - - - - - - - - -
Estopathology

No. Zzaminad 14 i35 13 0 14 ¢ 15 [1] 15 235

Tives- Vacuoiation of

Hepatocyres 1 0 8 - 9 - 2 - 0 0

2 Dastineetest arscle-ralated.

b Attes ced oftbe Cosingpariod. Fer zengols, grow msams o Soxm; Sxr Jeaned groc, parcec: difficuncss fon cozols ara shewn.,
Stesistice} signiScance it baiad an actiz] data ot o e paccane diffarazoes).

¢ Rlatveweights For cazed mreops, parant Sffiracces fom coceel e shown. Statisdez] siguiScvace is basad ca 2emal daes (202 on tha peccant Sffcacens).
Raconery vas seea during tha L-momh racovery pariod.

4 Prosates of igz-dose males wies xiczoscogieally sineiler in 200emE=ed 22 thots of yomng sdnlt males; ey suggest wowth suppressicn or agtug-relatad chonges.

Sczade’s nreKruzkal- Wil nowp ic ANOV.A/dizrierion-froe maaliiple comuparisn 25 approcciate: *pe.05; Stp=DL

- %20 zotwariy fadizgs; BUN = bloodares mizegen; ANOVA = sxalysic cf variznce . BW = body wwight; 3WG = body waighe clirzge.
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Table®™=7.  Repeat-Dose Toxicity - F2207: 26-Week Oral (Gastric Intubation) Toxicity Stedy  TSEATHC:  Micacpran ECIF209)
in the Cynomotzus Moxicey !

SpechesStrain: Mo:kzin}'nml?s Duration of Doting: 26 weeks Stedy No.: 314423 (T0203
Initial Age: not eiver M: 203 7k B 2.6-4.6ke Duration of Postdose: Nooe Lecatieain CTD: 3232
Date of First Doze: 39 March 1985 Method of Adminisiratien: Oral emage

Vebichy Foramlation: Darillad water CLP Campiaxce:  Yes

Special Features: Saqting at Day 40, tha kigh-dosa leva] of 60 ze:kzid was raduced w 40 pks/d bacraze of severe ivcidects of vomitirg.
No Obstsved Adverse Effect Level: 15 mgks

Daily Dase (xykz) 9 {Contr s 15 640
Gengdar: No. of Arimals 58] T p 6 P M ET S SIS 5
Notaworthy Firdines
Died or Sacrificed Motiburd® 1 1 ] 2 2 1
ELS 41kz 32kg -7 - - -3 -5 -
BRG %y oz £ 47 - -33 =17 50 -7
Tomi Food Constmpytion (%) 670 617 24 -0 -13 -18 -3 05
Clinical Qvzervations :
Vomidng - - 1 2 2 2 4 5
Dianksa 2 3 2 4 1 3 3 3
Ophtbalmpscopy - - - - - . - .
Elecoocardography - - - - - - - -
Gross Pathology - - - - - - - -
LiveBW (%2 ™ 241 +13.8 -10.3 “63 83 =36 421

3 Owingto dasths during the first waaks of ba stxr (s Ixtod), ous addit cooad s dysad.

» Du&swnnazmmn:mm-uqe&rmimdl!n&ﬁpdm.

< :\xén:déihdoﬁngpm!umekmwmimm&mdmpmmﬁ&mx&mmd:mm
Sﬁtﬁalﬁpﬁ.‘mmkhmdmmﬂ&n(mni.pmﬁﬁxuu}

a h!ﬁ:nﬁghmiummn:mnmhm&xﬁumﬁﬁm sigrifizance is based on zzax) deey (20% on tha peceat Sfsncess).

- =20 200wary Fudizgs: BIY = body weights SWG= body weighe gaia. ANCVA: *pe.05; 20pi.

TR T 12 e b
Table?-8.  Repeat-Dote Toxicity - Fifty-Towo Week Oral Toricity Stady of TN-S12in TestArtide: - ¥ilnaciores HCL(TN-012)
Cynomolgus AMoakers
Species/Strain: Morkey/Cynomolgus Duration of Dosing: 32 weeks SM;N«C, j(?DSB) :
Tnitial Age: 3-7 vaurs Duration of Postdose: None Location tw CTD: 4232
Date of First Dose: 21 May 1651 Method of Adwministration: O} gavaga
VelicleFormulation: Distilled water Zov icjaction GLP Complisace: Tes
Special Features: Noca
No Observed Adverse Effect Level: 35 mgkyg
Daily Bose (mgkg) 0 (Coniral) 25 7.9 %40
Tosicokinatics: AUCs an (2g°h'mil}*
Dayl NE N2 NE ME NE NE 25912 25951
Duy 14 NE ) XE NE NE NE 21853 1237
Died or Sanviflced Motiound 0 0 9 ] 4 0 1] [
W ey 4585k 3008k + -1 -~ - 3 +
Clin‘ca] Observations
Mydriasis - - - - - - 2 3
Bmesis - - - - - - 1 1
Saivation - - - - - - 1 -
Shcroc oty : : o - : .
Elecrrocas: - - - - - - - -
Gross Parhology - - - - - - - -
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

Milnacipran is a monoamine re-uptake inhibitor at neuronal endings. This NDA for
milnacipran is submitted for the treatment of ﬁbromzyalgia at a maximum dose of 200 mg
per day (3.3 mg/kg for a 60 kg subject or 122 mg/m®). The Sponsor submitted non-
clinical studies for pharmacology, safety pharmacology, toxicity studies, pharmacokinetic
and metabolism, genetic toxicity, reproductive toxicity and carcinogenicity studies. In
this review, repeat dose toxicity, genetic toxicity, reproductive toxicity and rat
carcinogenicity studies are reviewed. Other studies would be reviewed by Dr. Bolan
under a separate review.

Three repeat dose toxicity studies were reviewed for the NDA in cynomolgus monkeys
and rats. A 6- month toxicity study was conducted in cynomolgus monkeys at 5, 15 and
60/40 mg/kg/oral doses. The high dose was reduced due to mortality in monkeys due to
infections. A NOEL was not established in the study. The NOAEL was 40 mg/kg. Dose
limiting adverse event was vomiting at all doses. There was no treatment related
histopathological change observed in the study. The Sponsor obtained blood samples to
determine the plasma levels as proof of absorption following oral dosing. However, PK
parameters were not determined. '

The repeat dose toxicity study was also conducted in cynomolgus monkeys up to 52
weeks of treatment at 2.5, 7.9, and 25 mg/kg. Mydriasis and vomiting was noted as dose
limiting toxicity, NOEL was 7.9 mg/kg and NOAEL was 25 mg/kg (8.3 mg/kg human
equivalent at equal surface area).

The third chronic study was conducted in Wistar rats at 1, 3, 10 and 30 mg/kg/oral for 52
weeks. No treatment related mortality was observed. The study is acceptable and
conducted at MTD based on the loss of body weight gain. Male rats showed vacuolation
in hepatocytes at 30 mg/kg. However, no transaminase elevation was noted in the plasma
chemistry data. No other treatment related histopathological changes were noted. The
NOEL was 10 mg/kg in male and 3 mg/kg in female rats. NOAEL was 30 mgkg (4.2
mg/kg human equivalent for equal body surface area). Liver is the organ of toxicity in
the rodent model.

The Sponsor submitted several mutagenicity studies to fulfill regulatory requirements to
conduct recommended battery of tests. Review of these studies showed milnacipran is
not mutagenic. However, the certificate of analysis for the Ames Assay was not
submitted in the report. Therefore, the reviewer recommends that Ames Assay be
repeated post approval (if approved) as a Phase [V requirement using a clinical batch for
milnacipran.

Two species carcinogenicity studies were conducted with milnacipran under IND 63,736.
One of the studies was conducted in CD rats for 104 weeks at 5, 15 and 50 mg/kg. The
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study report was presented to CAC-EC on June 15,2004. The CEC-EC recommended
that the Sponsor conduct histopathology of thyroid gland from all animals and reevaluate
the statistical analysis. The rat carcinogenicity review has been updated with respect to
histopathology data and statistical review. Based on the review of experimental data and
historical control data, the reviewer concluded that milnacipran was not carcinogenic in.
rats up to 50 mg/kg (300 mg/m?). The maximum tolerated dose was achieved. The
Sponsor provided proof of absorption from the dietary administration of the drug.
However, in the absence of exposure data, the dose ratio between rat and human was
expressed as actual doses not as the exposure ratio. Non-neoplastic findings of
carcinogenicity data also suggested high incidences of vacuolation in hepatocytes at 15
and 30 mg/kg in male rats. As well as Keratitis in male and female rats at 50 mg/kg.

The updated histopathology data for the rat carcinogenicity study was presented to CAC-
EC. The CAC-EC recommende‘g that the tumor finding for thyroid C-cell in male rats
needs to be addressed in the package insert.

The Sponsor also presented data for 104-week carcinogenicity study in CD-1 mice at 10,
30 and 100 mg/kg for 104 weeks. The review of data was presented to CAC-EC on June
15, 2004. The committee recommended that the Sponsor provide the exposure data in
mice at doses tested to clarify whether the exposure was 25 times higher than the
maximum recommended human dose. Alternately, the Sponsor could repeat the study in
Tgras H2 transgenic mice. Accordingly, the Sponsor conducted the transgenic mouse
assay to fulfill the regulatory requirement of second species for the carcinogenic risk
assessment. The review for mouse carcinogenicity data in transgenic mice was
completed by Dr. Elizabeth Bolan under a separate review. The review of CD-1 mouse
carcinogenicity data is not included in this review because the study did not test up to the
maximum tolerated dose and the Sponsor chose to repeat the study in transgenic mice as
the second species.

A total of eight fertility and reproductive safety studies were conducted in rats, mice and
rabbits. Treatment with milnacipran reduced fertility in rats at 5 mg/kg (30 mg/m?) as
evidenced by an increase in dead fetuses. The no-effect dose was not established.

Mice and rats treated with milnacipran during organogenicity did not show teratogenicity
at 125 mg/kg (375 mg/m?) and 5 mg/kg (30 mg/m?), respectively. However, intrauterine
deaths were increased at 5 mg/kg (30 mg/m®) in rats. Milnacipran showed extra single
rib in pregnant rabbits at 15 mg/kg (180 mg/m®). The no effect dose was 5 mg/kg in
pregnant rabbits.

Milnacipran had no effect on gestation period and delivery of rats. However, increased
post-natal deaths were noted in rats at S mg/kg (30 mg/m?) and higher doses. The effect
of milnacipran on fertility and pregnancy was noted at maternally non-toxic dose.
Therefore, findings in pregnant animals are considered to be treatment related.
Pregnancy Category C is recommended for milnacipran.
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Based on above summary of non-clinical findings, it appears that toxicity and side effects
of milnacipran were observed in monkeys and rats within 2 fold higher doses than the
target maximum recommended dose of 200 mg/day in humans for chronic therapy. The
adverse effects were body weight reduction, vomiting, mydriasis, liver centrilobular
vacuolation (more prevalence at longer than one year treatment in male rats) and Keratitis
in male and female rats at 50 mg/kg. The NDA for milnacipran may be approved based
on non-clinical studies reviewed for the NDA at 200 mg/day dose based on no
carcinogenic risks of the product. However, monitoring of liver function beyond one
year of the treatment is recommended for chronic uses of the drug. Based on incidences
of Keratitis in the 2-year carcinogenicity study in rats, it appears patients should be
monitored for potential dry-eye like conditions when the treatment is given on a chronic
basis. The Ames test needs to be repeated using a clinical batch of milnacipran as a
Phase IV requirement if it is approved for the clinical use. The recommendations for the
package insert are also provided in the review.

Unresolved toxicology issues (if any): The Ames assay was conducted using a batch
that does not have a certificated of analysis acceptable to the review chemist and
pharmacologist indicating its purity. Therefore, the Ames assay must be repeated using a
clinical supply batch.

Recommendations: Milnacipran is approvable on the basis of non-clinical safety studies
reviewed in the NDA. :

Suggested labeling: See under individual review section and Executive Summary.‘
Signatures (optional):

Reviewer Signature

‘Supervisor Signature Concurrence Yes No

Appendix/attachments: Nil
C.C.

CDER/OND/DAARP/PM/Diane Walker
CDER/OND/DAARP/Pharmacologist/ Asoke Mukherjee
CDER/OND/DAARP/PhannacoIogy Supervisor/Daniel Mellon
CDER/OND/DAARP/PharmacologIst/Beth Bolan
CDER/OND/DAARP/Medical Officer/Jane Filie
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EXECUTIVE SUMMARY

1. Recommendations
A. Recommendation on approvability
Based upon review of the pharmacology sections, acute toxicology and mouse Tg
rasH2 carcinogenicity studies from this NDA, no outstanding issues were noted
that would preclude approval of this NDA. The reader is referred to the review
conducted by Dr. Asoke Mukherjee for the remainder of the nonclinical portions
of this NDA.
B. Recommendation for nonclinical studies

None.

C. Recommendations on labeling (pharmacology and portions of the
carcinogenesis only)

Reviewer’s proposed | Reviewer’s rationale Jfor
wording proposed wording

l Sponsor’s proposed wording

-
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IL

Summary of nonclinical findings

A. Brief overview of nonclinical findings (Tg rasH2 mouse carcinogenicity
study)

A 26-week carcinogenicity study with milnacipran was conducted in a transgenic
rastH2 mouse model. Daily oral treatment with milnacipran at doses up to 125
mg/kg did not result in an increase of neoplastic lesions. The most frequent
neoplasms noted included pulmonary tumors, hemangiomas and
hemangiosarcomas. A trend test for multiple organ hemangiosarcomas in females
was significant: however, no significant pairwise comparisons were seen. The
incidence of hemangiosarcomas observed for females was similar to the historical
control values provided by the Sponsor. Various neoplasms or pre-neoplastic
lesions were observed but all were similar to levels observed in vehicle controls
and/or similar to levels observed in the historical controls. The Executive
Carcinogenicity Assessment Committee agreed that the study was negative for
any statistically significant drug-related neoplasms. .

B. Pharmacologic activity

Milnacipran is a selective inhibitor of norepinephrine (NE) and serotonin (5-HT)
reuptake with approximately 3-fold higher inhibition of NE over 5-HT.
Milnacipran has no affinity for the dopamine transporter. The mechanism of
action of milnacipran for the treatment of fibromyalgia is not known.

C. Nonclinical safety issues relevant to clinical use

Based upon review of the pharmacology sections, acute toxicology and mouse Tg
rasH2 carcinogenicity studies from this NDA, no nonclinical safety issues
relevant to clinical use were identified. The reader is referred to the review
conducted by Dr. Asoke Mukherjee for the remainder of the nonclinical portions
of this NDA.

[Please limit to 1-3 pages]
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: NDA 22-256

Review number: 000

* Sequence number/date/type of submission: 000/January 18, 2008/eCTD
Information to sponsor: Yes () No X)

Sponsor and/or agent: Cypress Bioscience, Inc. San Diego, CA

Manufacturer for drug substance: Pierre Fabre Medicament Plantes & Industric
Gaillac, France

Reviewer name: Elizabeth A. Bolan, Ph.D.

Division name: Division of Analgesia, Anesthesia and Rheumatology Products
(DAARP)

HFD #: 170

Review completion date: August 19, 2008

Drug:
Trade name: NA
Generic name: Milnacipran HCI
Code name: F2207
Chemical name: (IRS, 2SR)-2-(aminomethy1)-N, N-diethy]-1-
phenylcyclopropanecarboxamide hydrochloride -
CAS registry number: 101152-94-7
Molecular formula/molecular weight: CsHxCIN,O; MW=282.8 g/mol

Structure:
/J' .,
1AV
Cﬂgg;\::,\ 7 %.,-«NH?* <
}T' 1
CHCH, <

Relevant INDs/NDAs/DMFs: IND 63,736, DMF 11501 (milnacipran); DMF [ 7J
c 3

Drug class: Milnacipran is a norepinephrine and serotonin reuptake inhibitor.

Intended clinical population: The proposed indication for milnacipran is treatment of
fibromyalgia syndrome.

ol®
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Clinical formulation: The to-be-marketed formulation of milnacipran HCl is an
immediate release tablet containing 12.5 mg, 25 mg, 50 mg, and 100 mg of milnacipran.
The components of the milnacipran drug product are listed in Table 1. All excipients can
be found in approved drug products at equal or greater levels and therefore do not pose
any-unique toxicological concerns.

Table I Composition of Milnacipran HCI tablets
Component Function mg/MRHD
Milnacipran HCI active 200

s

1

| prsanar g 13 bttty =] 1 - - J

MRHD~ 200 mg '

C T 7_gccurs as a degradant in the drug product.
Proposed commercial specification for {_ _fin the milnacipran drug product is set at
NMTC. 7o. This specification exceeds the threshold for qualification of
impurities/degradants in the drug product as per ICH Q3B(R). However, since

(U ' A {specifications set for impurities do not
apply. The Sponsor conducted a genetic toxicology battery as well as a 28-day repeat
dose toxicology study with{_ jn an attempt to qualify the compound. For a
chronically administered drug, a 28-day repeat dose study would be considered
inadequate duration for qualification. Since T , -

7} and was present in the repeat dose toxicology studies, it will be
considered qualified. No further studies are needed to support the safety of this
compound and a specification of NMT{_ }% in the drug product will be considered
adequate.

Route of administration: oral

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.

Studies reviewed within this submission: The pharmacology sections, acute toxicology
and mouse Tg rasH2 carcinogenicity studies from this NDA were reviewed.

b(4)

b(4)
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Studies not reviewed within this submission: Several studies within this NDA
submission were reviewed by Asoke Mukherjee, Ph.D. and are noted as such. The
reviews of these studies appear in a separate review under his name.

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Milnacipran is a selective inhibitor of norepinephrine (NE) and serotonin (5-HT)
reuptake with approximately 3-fold higher inhibition of NE over 5-HT. Milnacipran has
no affinity for the dopamine transporter. Several binding screens were conducted to
evaluate the affinity of milnacipran for various receptors, channels and enzymes. At 10
UM, milnacipran showed no appreciable affinity toward a panel of 160 receptors and ion
channels ir vitro, with the exception of high affinity binding to the transporters for NE
(NET) and 5-HT (SERT; 10 pM: 99% and 104% inhibition, respectively). At 10 uM,
milnacipran shows no affinity for the dopamine transporter. Low affinity binding was
noted to SHT2A receptors (10 pM: 61% inhibition) and the PCP-binding site of NMDA
receptors (10 uM: 53% inhibition). Milnacipran showed no binding affinity for
muscarinic cholinergic, o-adrenergic, 3-adrenergic, and histaminergic receptors to which.
tricyclic antidepressants bind.

2.6.2.2 Primary pharmacodynamics

Mechanism of action: Milnacipran has been shown to inhibit NE and 5-HT reuptake.
Inhibition of the uptake of NE and 5-HT facilitates neurotransmission of these
neurotransmitters. The possible mechanism of facilitation (via monoamine release) was

“assessed. The ability of milnacipran to cause release of NE or 5-HT was assessed in ex
vivo preparations using sections of rat hypothalamus (NE and 5-HT) or rat atria (NE
only). Negligible effects on release of NE and 5-HT were observed for milnacipran. It is
most likely that milnacipran causes its effects by increase of NE and 5-HT concentration
at the synapse via inhibition of the synaptic reuptake mechanism.

Drug activity related to proposed indication:

The neurotransmitters NE and 5-HT have been hypothesized to modulate descending
inhibitory pain pathways (Crofford, 2008). In animal models of persistent and
neuropathic pain, inhibition of NE and 5-HT uptake has been shown to attenuate
nociceptive behaviors (Iyengar et al., 2004;Bombholt et al., 2005;Joshi et al.,
2006;Pedersen and Blackburn-Munro, 2006). Milnacipran exhibited analgesic activity in
the dose range of 3 to 300 mg/kg PO or IP in various rodent models of pain, including
spinal nerve ligation (Chung) model, formalin-induced pain, swim-stress induced
hyperalgesia, hot plate test, tail clamp test (Haffner), and the acetic acid-induced
abdominal writhing test. Milnacipran showed the highest potency in the acetic acid-
induced writhing test in rats, exhibiting maximal efficacy at a dose of 3 mg/kg PO. In
addition, milnacipran increased the activity of submaximal doses of morphine in the hot
plate test in rodents.
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2.6.2.3 Secondary pharmacodynamics

The secondary pharmacodynamic effects of milnacipran are mainly due to the increases
of NE and to a lesser extent, 5-HT. Milnacipran is selective for NET and SERT and
shows no affinity for either DAT or DA receptors. It does not inhibit MAO-A or MAO-
B. It shows no effect on AChE activity and does not bind to al-, o2-, B-adrenergic,
muscarinic ACh, or histaminergic receptors.

Milnacipran has been shown in vivo to antagonize the activity of the dopaminergic

D1/D2 receptor agonist apomorphine in mice. This effect was most likely caused by
indirect action through increase of NE and 5-HT, as milnacipran showed no direct effect -
on the reuptake of dopamine in vitro and does not bind to either DA receptors or the DA
transporter.

Although milnacipran possesses structural similarities to the MAQ inhibitor
tranylcypromine, it shows no inhibition for either MAO-A or MAO-B. In in vitro studies
with homogenates prepared from rat brain (for MAO-A and MAO-B) and human
placenta (for MAO-A only) at concentrations up to 10 pM milnacipran did not show
appreciable activity against either rat and human MAO-A or rat MAO-B (ICs50>10 uM
for rat and human MAO-A and rat MAO-B). In ex vivo studies in rat after doses up to
100 mg/kg PO, milnacipran did not show appreciable activity against either MAO-A or
MAO-B (0% inhibition for both MAO-A and MAO-B). Milnacipran did not exacerbate
the pressor effects of tyramine in rat, suggesting a lack of inhibitory effect of milnacipran
on MAO activity in vivo.

Milnacipran also had no effect on acetylcholine esterase activity in vitro in rat brain
membranes (ICsp >10 pM). Unlike the TCAs, milnacipran displayed no peripheral
anticholinergic effects in vivo. In contrast, milnacipran antagonized the central effects of
the muscarinic cholinergic agonist oxotremorine (i.e., hypothermia, tremor, akinesia) in
mice as well as increased pilocarpine-induced salivation in mice and potentiated the
pharmacologic effects of direct (bethanechol, oxotremorine) and indirect (neostigmine)
muscarinic agonists. However, milnacipran showed no binding affinity toward
muscarinic ACh receptors. This activity on the muscarinic cholinergic system is likely
due to an increase in NE tone by means of reuptake inhibition of NE.

Milnacipran is approved to treat depression in 52 countries outside of the United States.
In rodents, milnacipran was shown to be active in the dose range of 2 to 32 mg/kg PO in
four models of depression in the rodent: the learned helplessness model, the behavioral
despair (Porsolt forced swimming) test, the tail suspension test, and the bulbectomized rat
model. Milnacipran also displayed inhibitory activity in the dose range of 30 to 50 mg/kg
IP in a rat muricidal model for the evaluation of antidepressant activity. These studies are
not relevant to the current indication and will not be reviewed.

A slight mydriatic effect of milnacipran was inhibited by the ol-adrenergic receptor
antagonist prazosin. This effect is most likely indirect ol-agonism mediated through the
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inhibition of NE uptake rather than a direct agonistic effect on the o.l-adrenergic receptor
where milnacipran shows no affinity.

Milnacipran (1% solution) showed no local anesthetic properties when directly
administered to the eyes of guinea pigs.

2.6.2.4 Safety pharmacology

Safety assessment of neurological, renal, pulmonary, and gastrointestinal effects with
milnacipran was conducted.

Neurological effects:

Several Irwin Screens were conducted in mouse with milnacipran. Milnacipran caused
alterations in behavior, such as hypoactivity, polypnea, and mydriasis, starting at a dose
of I mg/kg IP or 30 mg/kg PO. Higher doses (between 64-128 mg/kg IP) produced signs
including sedation, ptosis, marked hypothermia and tremors. Akinesia, dyspnea and
moderate mydriasis were observed at 100 mg/kg PO. Convulsions and death were
observed at doses < 300 mg/kg PO and < 128 mg/kg IP.

Motor coordination was assessed in mouse and rat in the rotarod test with milnacipran.
Milnacipran reduced motor coordination in mice (EDsy=23.7 mg/kg IP; 133 mg/kg PO)
and rats (EDso=31.6 mg/kg IP; 100 mg/kg PO).

In monkeys, higher doses of milnacipran (75-100 mg/kg PO) caused vomiting,
piloerection, decreased locomotor activity, and restlessness.

The effect on wakefulness-sleep cycles of milnacipran was assessed in the rat. Sleep
pattern (number and duration of sleep phases) in rats was not significantly altered at
doses of milnacipran < 15 mg/kg IP. The rapid eye movement (REM) sleep phase was
transiently decreased at 30 mg/kg IP. Milnacipran (10 mg/kg IP) caused a significant
increase in REM sleep latency without altering the duration of sleep phases. The Sponsor
notes that suppression of REM sleep is a common observation with many antldepressant
drugs.

Milnacipran lowered body temperature in mice at a dose of 100 mg/kg PO and in rats at
doses of > 50 mg/kg PO. In monkeys, hypothermia was observed at doses of > 75 mg/kg
PO. In contrast, body temperature was increased in rabbits at a dose of 30 mg/kg PO or >
1 mg/kg IV.

The potential proconvulsant effects of milnacipran were assessed in mouse, rat, and
monkey. At doses <30 mg/kg PO or IP, milnacipran did not show proconvulsant activity
in rats with spontaneous epilepsy. In mice, milnacipran did not increase the effects of
convulsant stimuli such as bicuculline, pentetrazol, or nicotine up to 100 mg/kg PO. In
monkeys, milnacipran infusion (0.3 mg/kg per minute IV) caused a moderate increase in
EEG activity starting at 25 to 35 minutes but no changes in the EEG were seen with an
infusion rate of 0 1 mg/kg per minute IV over 2 hours.

10
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The effect of milnacipran on learning and memory was assessed in rat. Learning a
passive avoidance response was impaired at a higher dose of milnacipran (50 mg/kg 1P)
without effect on memory retention. Milnacipran showed no anxiolytic or anxiogenic
effects in Geller-Seifter or Vogel tests in rats at doses up to 30 mg/kg PO.

Cardiovascular effects:

Several effects on cardiovascular parameters were observed in animal models. It is
important to note that milnacipran did not affect cardiac repolarization and did not cause
QTec prolongation at the maximum tolerated human dose (300 mg BID) in healthy
subjects (see Study MLN-PK-10 and Clinical Review).

Effects of milnacipran on hERG activity:

Milnacipran inhibited tail currents recorded from hERG channels expressed in HEK293
cells in a concentration-dependent manner, with an estimated 1Cyp value 0f 20.7 uM. The
ICso value for milnacipran could not be estimated as the maximum inhibition was 78.7%
at the highest concentration tested (30 pM).

Effects of milnacipran on blood pressure: .

* In conscious rats, increasing doses of milnacipran exhibited biphasic effects on blood
pressure (BP). BP increased at doses of up to 9 mg/kg IV but decreased at higher doses.
In anesthetized rats, milnacipran (0.5 mg/kg IV) increased BP. In the pithed rat model,
BP also increased after IV infusion of milnacipran (> 1 mg/kg) as well as potentiated the
pressor effects of NE, 5-HT, and electrical stimulation.

Anesthetized dogs showed a biphasic effect on BP with IV administration of milnacipran.
Doses < 3 mg/kg IV increased BP, whereas a decrease was seen at 10 mg/kg IV.
Milnacipran potentiated the hypertensive effects of NE, epinephrine, or
dimethylpiperazinium in anesthetized dogs, whereas the hypertensive effects of tyramine
were antagonized. Milnacipran showed no consistently significant activity on the pressor
effects of 5-HT, isoprenaline, acetylcholine, histamine, angiotensin, or carotid occlusion
in dogs. A biphasic response was also observed in conscious monkeys, with increases in
BP at 1 to 4 mg/kg IV and hypotensive effects at doses > 8 mg/kg IV. The Sponsor
hypothesizes that the observed BP increase with milnacipran is related to the inhibition of
neurotransmitter reuptake, i.e., the proposed mechanism of action of milnacipran. At 10
mg/kg PO, milnacipran had no effect on BP in normotensive and spontaneously
hypertensive rats.

Effects of milnacipran on heart rate and ECG-
Changes in the QTc¢ interval on the electrocardiograms (ECG) of dogs and monkeys were
minor or not related to milnacipran dosing. '

In isolated guinea pig atria, milnacipran exhibited a slight positive chronotropic effect

beginning at a concentration of | uM and exhibited a maximal increase in heart rate of
12.4% at 10 uM. In isolated guinea pig ventricular fibers, there was a slight prolongation
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of the action potential duration (5%-10% at 10 uM). In isolated frog atrial fiber,
milnacipran prolonged action potential duration at 10 uM but not at higher
concentrations. In contrast, action potential amplitude and V., were depressed only at
much higher milnacipran concentrations (100-500 pM).

In vivo, milnacipran showed some effects on ECG parameters in rats, guinea pigs, dogs,
and monkeys, although some interspecies variability was observed. In anesthetized rats,
an increase in heart rate was detected at a dose of 0.5 mg/kg IV. However, in conscious
rats and anesthetized guinea pigs, milnacipran infusion caused bradycardia in a
dose-dependent fashion. In anesthetized dogs (open chest or closed thorax), low doses of
milnacipran (< 0.3-1 mg/kg IV) produced slight tachycardia or bradycardia, whereas
bradycardia was observed at higher doses (> 3-4 mg/kg IV). This effect may have
occurred in response to the observed increase in BP. In the open-chest dog model, QTc
and PR intervals were only slightly increased (AQTc = 25 msec; APR = 12 msec; overall
change = 5%-10%) in the dose range of 1 to 3 mg/kg IV. In a closed-thorax dog model,
the QRS complex was moderately widened at doses of 2 to 4 mg/kg IV and further
increased at 8 mg/kg IV. In this model, the QT interval was increased by up to 51% at 4
to 8 mg/kg IV. Milnacipran slowed conductions in the atrioventricular node and the His
bundle at doses of > 2 mg/kg IV and > 0.5 mg/kg IV, respectively.

In conscious monkeys, milnacipran increased PR, QT, and QRS intervals by 20% to 27%
at a high dose of 20 mg/kg IV in some animals. Variable changes in QTc intervals
(range: + 5-60 msec) were observed at all tested doses of milnacipran and could not be
clearly attributed to administration of the compound.

Pulmonary effects:

Respiratory function was evaluated in conscious and anesthetized rats, and conscious
cynomolgus monkeys. Milnacipran had no effect on the respiratory rate and amplitude as
well as on blood pO,, pCO,, or pH at doses of up to 18 mg/kg IV in conscious rats. At 36
mg/kg IV, a slight increase in pCO; and a decrease in pH occurred. In anesthetized rats,
death from respiratory failure occurred at a cumulative dose of 58 mg/kg IV of
milnacipran. This effect was preceded by a decrease in pO., an increase in pCO,, and a
decrease in respiratory rate and amplitude. In conscious cynomolgus monkeys,
milnacipran had no effect on respiratory rate or amplitude at doses up to 4 mg/kg IV.

Renal effects:

Milnacipran produced a weak dose-dependent diuretic effect at a dose of 5-50 mg/kg PO
in rats. High intravenous doses of milnacipran (30 mg/kg IV) in rats also inhibited the
micturition cycle during continuous saline perfusion without affecting threshold pressure.

Gastrointestinal effects:

In rats, milnacipran showed no effect on gastric motility at doses <20 mg/kg IP. In mice,
milnacipran did not significantly alter intestinal motility at doses < 10 mg/kg PO. Gastric
secretion was reduced at milnacipran doses of 2 and 32 mg/kg PO in rats. The effect was
maximal at 2 mg/kg PO, and no change in acidity was noted at either dose. The Sponsor
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notes that since 5-HT itself can inhibit
this effect of milnacipran is possibly m

gastric secretion (LePard and Stephens, Jr., 1994),
ediated by inhibition of 5-HT reuptake.

Abuse liability: An evaluation of the abuse potential of milnacipran was conducted by
Katherine Bonson, Ph.D. of the Controlled Substance Staff (CSS). CSS concluded that
insufficient information was provided by the Sponsor to adequately assess the abuse
potential of milnacipran and are requesting several studies as post-marketing agreements
to address the deficiencies. The deficiencies noted in the CSS review will not impact the
decision to approve/not approve milnacipran. See the CSS review for details and
recommendations.for labeling.

Other: Not applicable.

2.6.2.5 Pharmacodynamic drug interactions
Interactions of milnacipran with a variety of drugs were studied in vivo. Results are
summarized in Table 2. :

Table 2. Nonclinical drug-drug interactions with Milnacipran (MLN)
MLN plus: doses effect

ethanol 1.5 g/kg PO :
diazepam 2 mg/kg PO | > 30 mg/kg PO MLN significantly increased
levomepromazine ! mg/kg PO | motor coordination in the rotarod test in mice
fluoxetine 32 mg/kg PO
clo.rm.prarr.une 30 mg/kg PO 57 mg/kg IP MLN significantly increased motor
amitriptyline 30 mg/kg PO | ¢ . T
— - Impairment in the rotarod test in mice
imipramine -30 mg/kg PO

entobarbital 32 mg/kg PO | 30 mg/kg PO MLN significantly increased motor
haloperidol 2 mg/kg PO | impairment in the rotarod test in mice

razocin 0.03 mg/kg IV | 2.5 mg/kg IV MLN did not alter drug induced
clonidine 0.03 mg/kg IV antihypertensive activity in spontaneously

hypertensive rats

2.6.3 PHARMACOLOGY TABULATED SUMMARY

Not applicable.

2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary
The pharmacokinetic (PK) properties of milnacipran and its enantiomers (d-milnacipran
and /-milnacipran) have been evaluated in mice, rats, rabbits, dogs, and monkeys
following intravenous and oral administration.
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Milnacipran is metabolized to several phase 1 metabolites and glucuronidated to form /-
and d-milnacipran carbamoyl-O-glucuronide. All metabolites occur in all species tested
as well as humans, although at differing levels (Figure 1).

There were no major differences in the pharmacokinetics of both enantiomers. F ollowing
administration of various doses of milnacipran, concentrations of d-milnacipran and I-
milnacipran were similar. No enantiomeric bioconversion was observed.

2.6.4.2 Methods of Analysis

Plasma concentrations of milnacipran: LC-MS/MS
Radioactivity measurements: Liquid scintillation counting’
Metabolite identification: LC-MS and comparison with standards

2.6.4.3 Absorption '

Following oral administration, milnacipran was absorbed rapidly, with Ty ranging from
0.17 to 0.5 hours in mice and rats, 0.4 to 0.75 hours in rabbits, approximately 0.8 hour in
dogs, and 1.63 to 3.80 hours in monkeys. The absolute bioavailability was 61% in rats.
The total clearance (CL/F) in mice ranged from 2.8 to 4.7 L/hekg (for doses of 5-125
mg/kg), in rats from 1.7 to 6.3 L/hekg (for doses of 5-120 mg/kg), in dogs from 1.2 to 1.5
L/h+kg (at a dose of 5 mg/kg), and in monkeys from 1.5 to 3.8 L/hkg (for doses of 5-40
mg/kg).

Elimination half-lives across studies ranged from 0.9 to 1.6 hours at doses of 5-10 mg/kg
in mice, from 1.3 to 1.9 hours at doses of 5-10 mg/kg in rats, and from 2.1 to 3.4 hours at
doses of 5-40 mg/kg in monkeys. Half-lives increased to 7.6 hours in mice and to

3.9 hours in rats when the administered doses were increased to 125 mg/kg and 120
mg/kg in mice and rats, respectively. :

Milnacipran shows non-linear PK in mice, rats, and monkeys. As the dose for mice

- (from 25 to 125 mg/kg) and rats (from 10 to 120 mg/kg) was increased, the AUC of
milnacipran increased more than proportionally. In monkeys, both the AUC and Crax of
milnacipran increased more than proportionally when the dose was increased from 5 to
40 mg/kg.

After 14 days of repeated milnacipran exposure in rats and monkeys, no accumulation
was seen. Following daily oral administration of 5 mg/kg for 27 days in rats, exposure on
Day 27 was slightly greater than the exposure observed on Day 1.

2.6.4.4 Distribution _

Tissue distribution of milnacipran was assessed in mouse, rat, and monkey. In studies
with ['*C]-labeled milnacipran HCI, radioactivity was detected in most body tissues and
organs except bones for all three species. Milnacipran was distributed in equal amounts
in plasma and red cells, and protein binding was mainly the result of albumin binding.
Milnacipran crosses the blood-brain barrier. There was no accumulation of milnacipran
or its metabolites in various glands (thyroid, pituitary, pancreas, thymus, and adrenal).
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Uptake of milnacipran and its metabolites into the eye was observed, suggesting the
affinity for melanin-containing tissues.

Relative to the administered dose, a small fraction of milnacipran and/or its metabolites
can cross the placental barrier.

2.6.4.5 Metabolism

The majority of milnacipran is excreted in its unchanged form in the urine in mouse, rat,
monkey and human (Figure 1; unchanged milnacipran: human: 55%; monkey: 42%; rat:
72%; mouse: 79%). The major metabolite in human is J- and d- milnacipran carbamoyl
O-glucuronide. Humans produce considerably more glucuronidated milnacipran than
mouse, rat or monkey (racemic mixture of milnacipran carbamoyl O-glucuronide:
human: 19%; monkey: 2%; rat: < 1%; mouse: 1%) but since conjugation is a
detoxification mechanism and all species tested show some exposure (albeit at low
levels) to the glucuronide conjugates, the species employed in the toxicological testing
can be considered appropriate for the safety qualification of milnacipran. The N-desethyl
metabolite (F2800) is produced in all species tested at varying levels (F2800: human: 8%:
monkey: 10%; rat: 13%; mouse: 1%). Several other minor metabolites (Table 3) have
been observed in all species tested at low levels.

Table 3. Metabolites of milnacipran
name reaction structure
Unchanged
parent F2207 NA

Oxidative deamination of
M1 F1567 the alkylamine side chain -
of F2941

. Oxidative deamination of
M2 - the alkylamine side chain
of F2800

Oxidative deamination of
M3 - the alkylamine side chain
of F2207
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M4 F2941 -
M5 - Mono ethyl F2800
Mé F2782 p-hydroxy 2207
M7 F2800 N-desethyl 2207
Cyclized metabolite of
M3 B 2207 (F1612 -H)
Cyclized metabolite of
M5 T 2207 (F1612+N)
Cyclized metabolite of
M10 F1612 2207
I- and 4-
- - milnacipran
carbamoyi-O-glucuronide
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Figure 1. Proposed metabolic pathway of milnacipran (a racemic mixture of the

d-isomer and /-isomer)
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In Vitro Metabolism: The biotransformation of milnaéipran by human hepatic
microsomes and hepatocytes was slow.

Inhibition of CYP450 Enzymes: The ICsp of milnacipran on the activity of cytochrome

P450 isozymes was always greater than 50 M, indicating that it is likely that therapeutic
usage of milnacipran will not inhibit the activity of these isozymes.
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Milk levels of milnacipran and/or its metabolites at C,nax Were approximately three times
higher than plasma levels in lactating rats. Elimination from milk was below the
detection limit at 48 hours postdose.

2.6.4.6 Excretion

Following oral administration, milnacipran is predominantly excreted in urine as
unchanged milnacipran (60% of the dose in mice, 67% of the dose in rats, and 40% of the
dose in monkeys).

2.6.4.7 Pharmacokinetic drug interactions
No nonclinical pharmacokinetic drug interactions were examined.

2.6.4.8 Other Pharmacokinetic Studies
Not applicable.

2.6.4.9 Discussion and Conclusions

The majority of orally administered milnacipran is excreted unchanged in the urine in all
species tested as well as in humans. The major metabolites in humans are /- and d-
milnacipran carbamoyl O-glucuronide. Humans produce considerably more
glucuronidated milnacipran than mouse, rat or monkey but since glucuronide conjugation
is a detoxification mechanism and all species tested show some exposure to the
glucuronide conjugates the nonclinical models will be considered appropriate for
evaluation in the toxicology studies. The N-desethyl metabolite (F2800) is produced in
all species tested at varying levels and is a minor metabolite in humans. Although many
other metabolites are formed, they are found at low levels and at varying concentrations
in the different species tested.

2.6.4.10 Tables and figures to include comparative TK summary
Not applicable.

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
Not applicable.

2.6.6 TOXICOLOGY
2.6.6.1 Overall toxicology summary

General toxicology: With the exception of the acute toxicology studies (summarized
below) the general toxicology studies were reviewed by Asoke Mukherjee, Ph.D.

Acute toxicology studies were conducted with the racemic mixture of milnacipran (PO
and IV administration) and the individual d- and I- isomers of milnacipran (PO
administration only) in mouse and rat. In mice, similar clinical signs of hypoactivity,
cyanosis, prostration, and convulsions were observed at high doses for the three
compounds tested. With IV administration of milnacipran, hypoactivity, piloerection,
prostration and convulsions were observed. LDs, values were similar in males and
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females with PO and IV administration. With PO administration, LDsg values for
milnacipran and the d- and I- isomers were all > 206 mg/kg (M and F combined) in the
two strains of mice tested. The LDs in mice with IV milnacipran administration was 36
mg/kg (M and F combined).

In rats, similar clinical signs of hypoactivity, prostration, convulsions and congested
lungs were observed at the higher doses with PO administration for the three compounds
tested. Milnacipran with IV administration caused tremors, apathy, gasping and
decreased respiration at higher doses. LDso values were similar in males and females
with both PO and IV administration in rat. With PO administration, LDsq values for
milnacipran and the d- and /- isomers were all > 228 mg/kg (M and F combined). The
LDsy in rats with IV administration was 51 mg/kg (M and F combined).

Genetic toxicology: Studies reviewed by Asoke Mukherjee, Ph.D.

Carcinogenicity: A 26-week carcinogenicity study with milnacipran was conducted in a
transgenic rasH2 mouse model. Daily oral treatment with milnacipran at doses up to 125
mg/kg did not result in an increase of neoplastic lesions. The most frequent neoplasms
noted included pulmonary tumors, hemangiomas and hemangiosarcomas. A trend test
for multiple organ hemangiosarcomas in females was significant: however, no significant
pairwise comparisons were seen. The incidence of hemangiosarcomas observed for
females was similar to the historical control values provided by the Sponsor. Various
neoplasms or pre-neoplastic lesions were observed but all were similar to levels observed
in vehicle controls and/or similar to levels observed in the historical controls. The
Executive Carcinogenicity Assessment Committee agreed that the study was negative for
any statistically significant drug-related neoplasms.

The Sponsor also conducted a two-year rat carcinogenicity study and a two-year mouse
carcinogenicity study. These studies were reviewed by Asoke Mukherjee, Ph.D. -

Reproductive toxicology: Studies reviewed by Asoke Mukherjee, Ph.D.

Special toxicology: Milnacipran does not appear to have antigenic potential with
subcutaneous administration. Guinea pigs sensitized with milnacipran did not show a
systemic anaphylactic reaction after challenge with milnacipran.

The possible phototoxic properties of milnacipran were evaluated in guinea pig. After
oral administration of milnacipran, depilated skin was exposed to an infra-erythematous
dose of UVA and UVB. Examination did not reveal any skin reaction due to a
phototoxic effect of milnacipran.

2.6.6.2 Single-(\iose toxicity

Single dose toxicity studies were conducted in two strains of mice (Swiss and :}/OFI)
and rats (Sprague-Dawley) with milnacipran (F2207), and its two enantiomers, the d-
isomer, (F2695) and the l-isomer (F2696). All three compounds were administered by
oral gavage and F2207 was also administered intravenously.
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Clinical signs observed in mice were similar for the three compounds with oral
administration. Hypoactivity, cyanosis, prostration, and convulsions were observed at the
higher doses. The major clinical signs with IV F2207 were hypoactivity, piloerection,
prostration and convulsions. LDs values in mice were similar between males and
females for all compounds and were combined (Table 4). Toxicokinetics were not
performed in any of the studies. :

Clinical signs observed in rats were also similar for the three compounds. Hypoactivity,
prostration, convulsions and congested lungs were observed at the higher doses with oral
dosing (Table 4). Tremors, apathy, gasping and decreased respiration were observed for
IV F2207. LDs values in rat were similar between males and females for all compounds
and were combined (Table 4). Toxicokinetics were not performed in any of the studies.

APPEARS THIS way
ON ORIGINA[
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Table 4.

Acute toxicity and LDsy values

for F2207, F2695, and F2696 in mice and rats

Species

Strain

Compound

ROA

LD 50 values
(M and F
combined),
mg/kg

Findings

Mouse

Swiss

2207

2695

2696

oral
gavage

240

>140 mg/kg: cyanosis
>140 death, hypoactivity, convulsions
> 182 mg/kg: prostration

270

>140 death, hypoactivity, convulsions
236 mg/kg: prostration

251

182 mg/kg: cyanosis

>182 hypoactivity

> 236 mg/kg: death, convulsions,
prostration

2207

v

36

> 31.5 mg/kg: piloerection

> 34.7 mg/kg: death, prostration,

hypoactivity
> 38.1 mg/kg: convulsions

C Yor1

2695

2696

oral
gavage

206

147-178 mg/kg: transient subdued
behavior, prostration

> 190 mg/kg: death, subdued behavior,
prostration, convulsions

239

178 mg/kg: transient subdued behavior
> 224 mg/kg: death, subdued behavior,
prostration

Rat

Sprague-
Dawley

2207

2695

2696

oral
gavage

228

> 215 mg/kg: death, prostration,
congested lungs (decedents)
> 237 mg/kg: clonic convulsions

238

215 mg/kg: decreased BW (F)

> 215 mg/kg: death, prostration, subdued
behavior, congested areas in lungs and
intestines (decedents)

> 261 mg/kg: tremors

> 464 mg/kg: clonic convulsions

231

> 100 mg/kg: subdued behavior

178 mg/kg: decreased BW (M)

> 178 mg/kg: prostration

224 mg/kg: tremors

> 224 mg/kg: death, congested areas in
lungs and intestines (decedents)

2707

v

512

50 mg/kg: death, tremors, apathy,
gasping, decreased respiration
> 63 mg/kg: 100% death
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2.6.6.3 Repeat-dose toxicity
Studies reviewed by Asoke Mukherjee, Ph.D.

2.6.6.4 Genetic toxicology
Studies reviewed by Asoke Mukherjee, Ph.D.

2.6.6.5 Carcinogenicity
Two-year rat and mouse carcinogenicity studies reviewed by Asoke Mukherjee, Ph.D.

Study title: Twenty-six week repeated dose oral carcinogenicity study in Tg-rasH2
mice.

Key study findings:

* A significant trend test for multiple organ hemangiosarcomas was observed for
females. No significant pairwise comparisons were present and the incidence was
similar to historical control values.

* Decreases in body weights in high dose males were observed (-5.2 t0 -8.6%)

» Decreases in food consumption in high dose females were observed (-16.3 to -
32.1%)

Adequacy of the carcinogenicity study and appropriateness of the test model:

The study was adequately conducted and analyzed. Urethane, the positive control,
produced tumors consistent with what is found in the literature and is considered an
appropriate positive control for this study. The test model was appropriate for assessment
of the carcinogenic potential of milnacipran HCI. '

Evaluation of tumor findings: The most frequent neoplasms noted included pulmonary
tumors, hemangiomas and hemangiosarcomas (Tables 12 and 13). A trend test for
multiple organ hemangiosarcomas in females was significant; however, no significant

. pairwise comparisons were seen. The incidence of hemangiosarcomas observed for
females was similar to the historical control values provided by the Sponsor. Various
neoplasms or pre-neoplastic lesions (Tables 11, 12, and 13) were observed in the treated
groups with incidences similar to vehicle controls and/or similar to levels observed in the
historical controls.

Study no.: Forest study number: CSIMMLNPCTX13;(_ } study number
AA98KN.7G8R.01LC. [

Volume #, and page #: ¢CTD 4.2.3.4.2.1

Conducting laboratory and locationzc B

Date of study initiation: November 21, 2005

GLP compliance: Yes

QA report: yes (X) no ()

Drug, lot #, and % purity: Milnacipran HCI, lot #L0000734, 99.4%

CAC concurrence: Yes, see ECAC report (Appendix 1), ECAC minutes (Appendix 2)
and ECAC minutes and protocol review by Asoke Mukherjee, Ph.D. (Appendix 3).
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Methods

Doses: Doses of 25, 50 and 125 mg/kg/d of milnacipran in sterile water were
administered to the mice in the main study. The vehicle used was sterile water. A
positive control group was administered urethane in saline, at a dose of 1000 mg/kg in
three intraperitoneal injections (one each on Day 1, 3 and 5) at a dosage volume of 10
mL/kg.

Basis of dose selection (MTD, MED, AUC etc.): The dose selection was based
on findings from a 28-day dose range finding study (reviewed by Asoke Mukherjee).
The protocol for this study was approved by the ECAC and the minutes are attached as
Appendix 3. _ .

Species/strain: Tg rasH2 mice were used in the main study, CByB6F1 hybrid
mice (Tg rasH2 non—tran_s}genic littermates) were used for TK (all mice from C J

' Number/sex/grouﬂp (main study): 25/sex/group (Table 5)

Route, formulation, volume: oral gavage, 10 mL/kg of body weight

Frequency of dosing: daily for 26 weeks :

Satellite groups used for toxicokinetics or special groups: TK groups: 10/sex
vehicle control, 58/sex each low, med and high dose groups (Table 5)

Age: 9-11 weeks at initiation of dosing

Animal housing: Animals were individually housed during quarantine and during
the study in polycarbonate cages. .

Restriction paradigm for dietary restriction studies: N/A

Drug stability/homogeneity: Drug uniformity and stability were confirmed in
study # PRD-RPT-00052. The results were within the acceptance criteria of £10%.

Dual controls employed: A vehicle control as well as a positive control were
used.

Interim sacrifices: none

Deviations from original study protocol: On one occasion (Day 8) 23 mice were
dosed according to their Day 1 body weights. The erroneous doses fell within +5% of the
target volumes. This deviation was not expected to affect the outcome of the study.

Histopathologv Inventory

\Study Number AA9SKN.7G8R.01.T 3
Species ) - Tg rasH2 mice

Adrenals X asal cavity X
Aorta X Optic nerves

Bone Marrow (femur and sternum) X Ovaries X*
Bone (femur and sternum) X [[Pancreas X
Brain X* _ |Parathyroid X
Cecum X |[Peripheral nerve

[Cervix ] Pharynx

{Colon X |Pitvitary X
iDuodenum X [Prostate X
(Epididymis X |[Rectum X
[Esophagus X___|iSalivary gland X
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Eye X Sciatic nerve X
Fallopian tube Seminal vesicles X
Gall bladder X Skeletal muscle X
{Gross lesions X Skin

Harderian gland X Spinal cord X
Heart X*  [Spleen X
Ileum X Sternum

Injection site NA Stomach X
Jejunum X Testes X*
Kidneys X*  [Thymus X
Lachrymal gland Thyroid X
Larynx Tongue

Liver X*  [Trachea X
Lungs and bronchi X Urinary bladder X
Lymph nodes, mediastinal X Uterus X
Lymph nodes mandibular X Vagina X
Lymph nodes, mesenteric X Zymbal gland

Mammary Gland with adjacent skin X

*organ weighed

Table 5. Experimental Design for Carcinogenicity and Toxicokinetics of
Milnacipran in Mice (Table is reproduced from the Sponsor’s submission)

Drose Group Nuatser of Amimals
and Treatment - - )

Main Shudy (TgrasHT) TX Study (CByE6F1}

Male Female Xdate Female
Growe L s 19 10
Vehicie Conuel - = .
Group 2
Pesitive Contral, i 23
Urerthans® ) j
Group 3
Low dose 3 o 58 38
{25 mgikgiday)
Group 4
diddte dose 33 23 S8 S8
(30 mglgiday)
Groug 5
High dosge 23 23 S8 58
{123 maksidavy
Tatal 123 123 184 184

Observation times (stated in the Results section)

Results
Mortality: All animals were observed twice daily for moribundity and mortality.
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In the male mice, one animal each in the control group and 50 mg/kg group and three
animals in 125 mg/kg group were found dead or sacrificed under moribund conditions
prior to terminal sacrifice (Table 6). The cause of death for the control male was
hemangiosarcoma involving multiple organs. The cause of death for the 50 mg/kg male
and one 125 mg/kg male was skin hemangiosarcoma. The causes of death for two 125
mg/kg males were nasal cavity sarcoma and spleen hemangiosarcoma. In the female
mice, two animals each in the control group and 125 mg/kg group and one animal in the
50 mg/kg group were found dead or sacrificed under moribund conditions prior to
terminal sacrifice (Table 6). The cause of death for one female each in the control group
was spleen lymphoma and the other in the control group was undetermined. The cause of
death for the 50 mg/kg female was salivary gland hemangiosarcoma and spleen
lymphoma. The cause of death for one of the 125 mg/kg females was skin
hemangiosarcoma and the other was spleen lymphoma. The Sponsor states that none of
the male or female deaths (in the test article groups) were statistically significant when
compared to the male or female control group (respectively).

Table 6. Summary of main study mortality

Males Females
dose, deaths/ deaths/
mg/kg cause of death (study day) cause of death (study day)
fotal total
0 1/25 Hemangiosarcoma, mult. organs (154) 2/25 %’i%i:;{&ggg?la]’ ;;l alignant, 1° (87)
25 0/25 - 0/25 -
50 1725 Skin hemangiosarcoma, malignant, 1° (144) 1/25 iﬁ;ﬁgmg;aggtge;l;?; zi:r:r??f oa(ng;;))leen
Spleen hemangiosarcoma, malignant, 1° (41) . - . °
125 3/25 Nasal cavity sarcoma, malignant, 1° (86) 2/25 gk;rele};e;n zngﬁg:;c?nn;;, m:rllltgr;%n(ti;o)(IOZ)
Skin hemangiosarcoma, malignant, 1° (118) p yoop ? gnant,

Clinical signs: A detailed hands-on examination was performed on test day 1 and weekly
thereafter.

No treatment-related clinical signs were observed during the study. In the positive
control group, clinical signs of toxicity in males and females associated with urethane
treatment included rapid and shallow breathing and thin appearance.

Body weights: Body weights were measured once weekly beginning on test day 1 of the
study through week 13 and biweekly thereafter. Body weights were also measured on the
date of death or unscheduled sacrifice.

The weekly group mean body weights of the high dose males were statistically
significantly decreased when compared to the control group at all but two weight
collections taken between Day 71 and Day 183. These statistically significant decreases
ranged between 5.2-8.6% (Table 7). In the females, there were no statistically significant
differences in any of the weekly group mean body weights. Percent decreases for the
females ranged from 0.1-2.4% at the high dose (Table 8).
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Male weekly group mean body weight gains were statistically significantly decreased
compared to the vehicle control group on five occasions each in the mid dose and high
dose mice between Week 6 and Week 21. Weekly group mean body weight gain was
statistically significantly decreased compared to the vehicle control group once in the low
dose females (between Day 85 and Day 99). However, there were no statistically
significant differences in absolute weight gain (from Day 1 to Day 183) in either sex
when the test article treatment groups were compared to the vehicle control.

The Sponsor states that the body weight effects in the high dose males suggest that the
high dose was at or near the MTD.

Table 7. Group mean body weights, males: Percent change from control

Dose Study day
mglkg | ! 8 Visf22 29|36 43)|50} 57|64 71 78 | 85| 99 | 13 Y 127 | 11 | 455 | 169 | 183
Uret | 05 |66~ f-17]09|-13f17 ]| 2822 f49¢|32] 45 | 47 |63*]|66x] 58 | NA- ] NA | NA | NA | NA
25 46| 18 o720 28]21]20]27]08}26} 32)] 42]33]30] 38] 42 39| 39]45] -37
50 a6 | 6 |22 a2 )19 03| 2200 11 s} 30| a8 as| a7 a2 27| 43]37] s
125 |7 ) 24 |30)25]31f-19)37)33]-11)42]s2%]-60%]-38}-47]-69%]-70%|-7.9* | -85% | -8.6* | -7.6*
Uret= total of 3 doses of 1000 mg/kg Urethane as positive control
NA= not applicable
Group means significantly different from control group: *p < 0.05 (Dunnett’s t-Test)
Table 8. Group mean body weights, females: Percent change from control
Dose Study day
mg/kg | 1 8 15 | 22 | 29 | 36| a3 | so |57 | 6e | 7 | 78| a5 | 99N u3 | az7 | 141 | 155 | 169 | 183
Uret | 24| 64| -15]24]-05fo0z2]10]30]23]o09}14]18]25]39]NA|NAJNAJNAJLNA]JNA
25 19} 14 22|49 )22} 26| 2110 )-08]20f17]23}08]29]-23]-22}-14]-16}-16]-19
50 06| -10 J06]-06}05]f10}oo]is)o3]|]os]-o5]00o]fJoo]-04]o08]12}]16]22]16]-04
125 {13 03 |06 os}|-01f-03]-15]05]o00]08|-23]-05}-06]-10}-06]-23}-17]-03]-241]02

Uret= total of 3 doses of 1000 mg/kg Urethane as positive control

NA= not applicable

Group means significantly different from control group: *p < 0.05 (Dunnett’s t-Test)
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Food consumption: Food consumption was measured weekly throughout the duration of

the study.
Several statistically significant decreases in both sexes for weekly food consumption in
the test article-treated groups were seen throughout the study (Figures 2 and 3, Tables 9
and 10). High dose females showed several significant decreases in weekly food
consumption at the high dose ranging from -16.3 to -32.1%, mostly occurring later in the
study. Quite a bit of variability is observed in the consecutive weekly food consumption

measurements, for example, week 22 the high dose females had a decrease in food
consumption of 2.7% and the following week the decrease was 20.5% (Table 10).

Although the decreases may reach statistical significance on several occasions, the data
may not accurately reflect an effect of the drug on food consumption. Total food
consumption (Day 1-183) was significantly decreased for high dose females (-11.1%).

No other significant differences for the total food consumption were observed for treated

groups.

Table 9. Weekly Food Consumptions, males: Percent change from control

Dose Week
mglkg | 1 2 3 4 5 6 7 8 9 10 b¥ 2| 13
Uret | -23.2* | 20.8* | 30.9* | 13.5* | 19.2* | 17.7* | 13.4* | 24.9* 6.3 11.4* 56 |20.2* | 16.0%
25 22 -10.7 | 140 | -25 {174 ]| -09 -0.6 4.8 -8.2 -4.1 -1.1 23 29
50 -3.1 -11.6 | 104 | -2.2 4.8 -0.6 -0.6 1.8 -10.4* -11.7¢ } -83 -0.3 -2.6
125 -8.1 0.3 7.6 -2.5 12.6 1.7 0.3 4.5 -6.0 | -12.0% | -11.3* | 2.0 -3.2
Table 9. Weekly Food Consumptions, males: Percent changé Jfrom control, Continued
Dose Week
mg/kg 14 15 16 17 18 19 20 21 22 23 24 25 26
Uret 10.4* § NA NA NA | NA J NA | NA | NA NA | NA | NA | NA | NA
25 -27 | -3.8 -3.7 37\1-34]1-73]-21} -65 80 | -371]-69*%|-501]-13
50 -49 | -24 -5.9 31 -15)1-48)-12 | -94% | -157 | 22 | -6.6* | -3.4 | 4.1
125 15 [ -38) 1154 | 52 -28)-12)-30]| 5.1 |-162]-3.71{-87¢]-28] 00

Uret= total of 3 doses of 1000 mg/kg Urethane as positive control
NA= not applicable _
Group means significantly different from control group: *p < 0.05 (Dunneit’s t-Test)
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Table 10. Weekly Food Consumptions, females: Percent change from control

Dose Week
mg/kg 1 2 3 4 5 6 7 8 9 10 11 12 13
Uret -19.5 | 21.2* | 136 8.7 11.0 | 27.1% 6.9 11.1 ] 19.1* . 4.0 15.7 24.1* | 162
25 0.8 -14.7 42 | -104 | 22 123 | 26 | -150 ] -24 -10.8 -4.3 33 -6.8
50 -4.3 12.5 0.2 -4.8 5.8 -0.2 -3.8 | -120 ]| -3.2 99 =27 -51 -2.0
125 -33 -199 | -1.0} -58 | -36 -7.5 | -100 | -179 | -10.1 | -23.0% | -18.9* | -3.3 -9.7
Table 10. Weekly Food Consumptions, [emales:vPercent change from control, Continued
Dose Week
mg/kg 14 15 16 17 18 19 20 | 21 22 23 4 25 26
Uret 9.0 NA NA NA NA NA NA | NA | NA NA NA | NA NA
25 -2.9 -6.7 -20.5% 0.0 -89 |-12.0% | -127 | -76 | -21} -10.0 | -3.4] -3.8 | -13.7*
50 -2.6 -9.6 | -20.0* -4.8 -4.7 -9.0 4.5 |-62}1-57} -122 | -3.1] -7.8 | -13.4*
125 -11.7 | -17.1* | -32.1% | -14.3* | 21.5% | -16.3* | -14.3 | 1.1 { -2.7 | -20.5* | -9.3 | -104 | -14.6*

NA= not applicable
Group means significanily different from control group: *p < 0.05 (Dunnett’s t-Test)

Uret= total of 3 doses of 1000 mg/kg Urethane as positive control

APPEARS THIS WAY
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Figure 2. Group Mean Food Consumption in Main Study Males
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Figure 3. Group Mean Food Consumption in Main Study Females
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Gross pathology: No treatment-related gross lesions were observed. The urethane
positive control showed pulmonary and splenic lesions that were related to the urethane
treatment.

Organ Weights: The following organs were weighed at the scheduled necropsy of all
Main Study animals: brain, heart, liver, kidneys and testes or ovaries.

No treatment-related changes in organ weights were observed.

Histopathology: Peer review: yes ( ), no (X) See the Histopathology Inventory table in
the Methods section for a listing of organs. Representative portions of all protocol-
specified tissues (including gross lesions) from all Main Study animals, i.e., test article
treated, vehicle control, all early Main Study deaths and selected tissues from Positive
Control animals (lungs and spleen, and any other gross lesions) were embedded in
paraffin and sectioned at 6 microns or less. All sections were stained with hematoxylin
and eosin. '

Statistically significant increased frequencies of neoplastic lung and spleen lesions in the
Positive Control animals were observed. This demonstrates the validity of the test
system.

Non-neoplastic: Marked proliferation of vessels lining the serosa of the uterus
was observed in one mouse each in the control, low, mid and high dose groups. This
lesion is considered by the pathologist to be a pre-neoplastic lesion of hemangiomas or
hemangiosarcomas. Since the incidence of this lesion was similar in the vehicle and test
article treated groups, the lesion is not considered to be test article related.

Neoplastic: A variety of tumors were observed in this study. These tumors
occurred with a low incidence that was not statistically significantly different when
compared to the incidence of the vehicle control (Table 11). None of these tumors were
considered to be treatment-related. Pulmonary tumors and
hemangiosarcomas/hemangiomas are discussed below.

Pulmonary tumors: Both sexes of the urethane treated mice had a significantly (p<0.05)
higher incidence of pulmonary tumors (which included adenomas and carcinomas) when
compared with the vehicle group and when compared to the test article treated groups
(Table 12). Single pulmonary adenomas were observed in all dose groups and seen in
both sexes at levels similar to that of the vehicle groups (Table 12). One pulmonary
carcinoma was seen in a high dose male. Pulmonary carcinomas were not observed in
either male or female vehicle group. Pulmonary tumors are spontaneous tumors noted in
this strain of mouse and their presence in low numbers in the treated dose groups is not
considered to be treatment-related. No historical control data for pulmonary tumors was
provided by the Sponsor.

Hemangiosarcomas: Both sexes of the urefhane treated mice had a significantly (p<0.05)
higher incidence of hemangiosarcomas when compared with the vehicle group and when
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compared to the treated groups (Table 13). Test article treated females showed a

significant positive trend (p=0.0185) in multiple organ vascular lesions but did not show
any significant increases in any of the treated groups (Table 13). The observed lesions
~were spread across various tissues in a nonspecific fashion and are common in this strain
of female transgenic mice and are similar to historical control values (Table 14). This
apparent dose-response in the females is considered to be due to biological background
variations. Two hemangiosarcomas of the testes were observed at the mid dose in males.
This incidence was similar to historical control values and is considered not test article-

related (Table 15).

Table 11. Various tumors (excluding pulmonary and hemangiosarcomas)

. 50 125
vehicle | 25 mg/kg mg/ke mg/kg
M FI|M | F|M|F|M| F
Organ tumortype n= 2525} 25 | 25 |25 (25| 25| 25
, Sarcoma:
Nasal cavity , , - - - - - - 1 -
malignant, primary
Hyperplasia -] - - 1 {1 1 - -
Harderian Adenoma:
, . - - 1 1 - - - -
glands benign, primary
: Carcinoma: ) ) ) ) 1 ) )
malignant, primary ]
Mandibular Hyperplasia; BRIP } 1 ) 1 ; )
Iymph node lymphoid
Squamous cell
carcinoma, -] - - - - - 2 -
Skin malignant, primary
Papilloma; . ) 1 i _ _ )
benign, primary
Spleen I.'y mp homfz: -1 - - - 1 - 1
malignant, primary
Thymus I:ymphomfz: e i i i i 1
malignant, primary
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Table 12. Pulmonary tumors

vehicle urethane 25 mg/kg 50 mg/kg | 125 mg/kg

fumor type M | F | M| F M| F | M| F|m]|F

n| 25 25 25 |25 25 | 25 1 25 | 25 | 25 | 25
Adenoma single 0 1 0 0 2 1 0 1 1 2
Adenoma multiple 1 1 20 16 0 0 0 0 0 0
Carcinoma 0 0 5 9 1 0 0 0 0 0
Total 1 2 25% | 25* 3 1 0 1 1 2

*p<0.05 (Fisher’s Exact Test): total tumors for each treated group compared fo vehicle

Table 13. Multiple organ hemangiomas and hemangiosarcomas

vehicle | urethane 25 50 125
Tumor type mg/kg mg/kg mg/kg
M| FIM| F|I|M|F|{M|FIM]|F
nl25 125125 | 25 §25125125|251251 25
Bone, calvarium 0 0 0 0 0 0 0 0 1 0
Nasal cavity 0 0 0 0 1 0 0 0 0 0
Liver 1 0 0 0 0O0Jo0l1o0jo07]oO 0
Lung 1101] 0 0 0 joJojo]o]o
Testes 0 INA] 0 I[NAJ O INA| 2 [NA] 0 [NA
Skin 0|0 0 0 010 1 01 1
H . Spleen 1 (02523000 1] 0
emangio- —
sarcoma Mediastinal lymph 0 0 0 0 0 0 0 1 0 0
node
Mandibular lymph 0 0 0 0 0 0 0 0 0 1
node
Salivary gland 0 {0 0 0 01 o0jJol1]o 0
Ovaries NA] O JNA| 1 INAJ O [NA] 0 INAT ©
[ Vagina | NAT 0 [NA [ 0 INA[ 0 [NAJ| 0 [NA| 1 |
Total 2 025 23" 1 o3[ 273173
_ Liver 010 0 1 010 01070 0
Hemangioma | Ovaries NAJ O I NAJ 1 INAJ] 0 INAJ 0 [NA| 0|
Total NA| 0 INA| 2 |NA| 0 |NA| 0 |NAT 0
Total Hemangios.‘arcoma 22 | 0 |25+ |23 | | 0 3 2 | 3 3
and Hemangioma

‘Multiple organ sites for each animal
*p<0.05 (Fisher’s Exact Test): treated group compared to vehicle
NA= not applicable
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Table 14. Historical Controls: Vascular Lesions in Females
study number | 1 | 2 3 4 total
h| 25125} 25| 25 100
Hemangioma 0 0 0 0 0
Hemangiosarcoma 2 3 2 3 10
Table 15. Historical Controls: Vascular Lesions in Males
Study number | 1 2 3 4 total
n|l25125| 25 | 25 75
Hemangiosarcoma, testes NE}| 1 0 0 1

NE= not examined

Toxicokinetics: 4/sex/dose/timepoint were bled on Day 1 of dosing and during Week 26
after 182 days of daily treatments. Test article-treated TK animals were bled pre-dose
and at 0.5, 1, 2, 4, 10 and 24 hours post-dose on each bleed day. Vehicle control TK
animals (4/sex) were bled once at 0.5 hour after dosing (approximate Tax) on Day 1 and
during Week 26 after 182 days of daily treatment.

Milnacipran was rapidly absorbed with a Ty 0f 0.5 h. Overall, female mice had higher
exposure (AUC and Cumax) to milnacipran than male mice. Systemic exposure (AUC) to
milnacipran was similar on Day 1 (following once daily dosing) and on Day 182 for male
mice, indicating no accumulation in male mice. ‘Systemic exposure (AUC) to
milnacipran was slightly higher on Day 182 than on Day 1 for females. The toxicokinetic
data are provided in Table 16 which was reproduced from the NDA submission.
Exposure comparisons between mice and humans at the Cmax and steady state AUC for
the maximum proposed dose of milnacipran (200 mg) are provided in Table 17.

Table 16.

Toxicokinetic Parameters of Milnacipran {Eree Base) Following Oral Administrarion of 25, 30, and
125 mg/kgiday of Milnacipran HC] to Male and Female AMice

Dose - Comax §ATC o Tmax T4

C(mgkg  Ggml) bpgiml) UL _ @y

Male  Female . Male  Female Mk  Female Male  Female

25 0237 631781 663713 $302.47 0.3 13t 124

CDayl 30 660136 | 1435433 : 125 ¢ 208
125 1333328 14864.05 : ) 50207 245
Dae . 2F | 368671 e 615183 $318.50 3 162 3ET
182 . 00 8576 | 574838 | 1323360 § 2168720 | 935 | o5 239 1 268 ¢

- 135 11908 1287241 3990276 5954612 05 05 287 340
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Table 17. Exposure Comparison Between Mouse and Human
(200 mg dose)
Dose, | Mouse/human Mouse/human AUCy.,,,
mg/kg | Cogx, (ng/mlL) (h.ng/mlL)

25 3.4 0.9
Male 50 .51 . 2.0
125 10.3 6.0
1 25 4.2 1.3
Female 50 6.2 3.3
125 11.9 9.0

Human combined male and female AUC= 6650 h.ng/mL
Human combined male and female Croax= 1078 ng/mL

Summary and Evaluation:

The high dose of milnacipran used in this study was 125 mg/kg. This dose was
recommended by the ECAC on the basis of being half of the lethal dose (250 mg/kg)
observed in the 28-day dose range finding study. The low dose of 25 mg/kg is
approximately equal to a human daily dose of 200 mg, which is the highest dose
proposed to be marketed in this NDA. The doses (25, 50 and 125 mg/kg) used in this
study and the use of urethane as a positive control were recommended by the ECAC (see
Appendix 3).

Toxicity observed in this study was minimal, however, some minor changes in body
weights in males and food consumption in females were observed. Decreases in body
weights in high dose males were statistically significant (-5.2 to -8.6%). There were no
significant changes in female body weights. High dose females showed several
significant decreases in weekly food consumption at the high dose ranging from -16.3 to -
32.1%, mostly occurring later in the study, although the changes in food consumption
from week to week were highly variable. Total food consumption in females at the high
dose (-11.1%) was also significantly decreased as compared to the vehicle controls.
There were no treatment-related changes in food consumption in males. No other
findings of drug-related toxicity were observed in the study.

Daily treatment with milnacipran HCI up to 125 mg/kg did not result in an increase of
neoplastic lesions. The most frequent neoplasms noted included pulmonary tumors,
hemangiomas and hemangiosarcomas. A trend test for multiple organ
hemangiosarcomas in females was significant: however, no significant pairwise
comparisons were seen. The incidence of hemangiosarcomas observed for females was
similar to the historical control values provided by the Sponsor. Various neoplasms or
pre-neoplastic lesions were observed but all were similar to levels observed in vehicle
controls and/or similar to levels observed in the historical controls.
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2.6.6.6 Reproductive and developmental toxicology
Studies reviewed by Asoke Mukherjee, Ph.D.

2.6.6.6 Local tolerance
No local tolerance studies were conducted.

2.6.6.8 Special toxicology studies

The structure of milnacipran was submitted to the Computational Toxicology Consult
Service in CDER OPS. MC4PC analysis was performed using MultiCASE, Inc. software
and MDL-QSAR analysis was performed using Symyx, Inc. software.

The results summary received from the Computational Toxicology Consultation dated
May 30, 2008 is reproduced verbatim below,

The test compound, Milnacipran, was predicted to be positive for rodent
carcinogenicity by MDL-QSAR but not by MC4PC. In general,
compounds with the highest carcinogenic potential have a consensus
positive prediction in multiple QSAR platforms and models. In this case,
consideration of both the MC4PC and MDL-QSAR results

suggest weak/equivocal carcinogenic potential for the test compound.

2.6.6.9 Discussion and Conclusions

The acute toxicology studies and the Tg rasH2 mouse carcinogenicity study are evaluated
in this review for NDA 22-256. All other toxicology studies were reviewed by Asoke
Mukherjee, Ph.D. in a separate review for this NDA.

Acute toxicology studies were conducted with the racemic mixture of milnacipran (PO
and IV administration) and the d- and /- isomers of milnacipran (PO administration only)
in mouse and rat. In mice, similar clinical signs of hypoactivity, cyanosis, prostration,
and convulsions were observed at high doses for the three compounds tested. With IV
administration of milnacipran, hypoactivity, piloerection, prostration and convulsions
were observed. LDsg values were similar in males and females with PO and IV
administration. With PO administration, LDso values for milnacipran and the d- and I-
isomers were all > 206 mg/kg (M and F combined) in the two strains of mice tested. The
LDso in mice with IV milnacipran administration was 36 mg/kg (M and F combined).

In rats, similar clinical signs of hypoactivity, prostration, convulsions and congested
lungs were observed at the higher doses with PO administration for the three compounds
tested. Milnacipran with IV administration caused tremors, apathy, gasping and
decreased respiration at higher doses. LDsq values were similar in males and females
with both PO and IV administration in rat. With PO administration, LDs; values for
milnacipran and the d- and /- isomers were all > 228 mg/kg (M and F combined). The
LDso in rats with IV administration was 51 mg/kg (M and F combined).

35



Reviewer: Elizabeth A. Bolan, Ph.D. NDA No. 22-256

A 26-week carcinogenicity study with milnacipran was conducted in a transgenic rasH2
mouse model. Daily oral treatment with milnacipran at doses up to 125 mg/kg did not
result in an increase of neoplastic lesions. The most frequent neoplasms noted included
pulmonary tumors, hemangiomas and hemangiosarcomas. A trend test for multlple organ
hemangiosarcomas in females was significant: however, no significant pairwise
comparisons were seen. The incidence of hemangiosarcomas observed for females was
similar to the historical control values provided by the Sponsor. Various neoplasms or
pre-neoplastic lesions were observed but all were similar to levels observed in vehicle
controls and/or similar to levels observed in the historical controls. The Executive
Carcinogenicity Assessment Committee agreed that the study was negative for any
statistically significant drug-related neoplasms. :

The structure of milnacipran was evaluated by the Computational Toxicology Consult
Service using the MDL-QSAR and MC4PC software programs. Milnacipran was
predicted to be positive for rodent carcinogenicity by MDL-QSAR but not by MC4PC
which suggests weak/equivocal carcinogenic potential for the test compound.

2.6.6.10 Tables and Figures
Not applicable. :

2.6.7 TOXICOLOGY TABULATED SUMMARY
Not applicable.

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: The studies evaluated in this review support the approval of NDA 22-256.
No nonclinical approval issues were identified during this review. Please note that the
majority of the toxicology studies were reviewed by Asoke Mukherjee, Ph.D. in a
separate review for this NDA.

Unresolved toxicology issues (if any): There are no unresolved toxicology issues in the
portions of the NDA evaluated in this review.

Recommendations: From a pharmacology/toxicology perspective, based upon evaluation
of the nonclinical data contained within this review, NDA 22-256 may be approved.

Suggested labeling: The table below contains the draft labeling submitted by the sponsor
and the changes proposed by this reviewer. Please note that the table only reflects
labeling changes for the portions of the NDA evaluated in this review.

36



Reviewer: Elizabeth A. Bolan, Ph.D. _ NDA No. 22-256

Reviewer’s proposed | Reviewer’s rationale for
wording - proposed wording

Sponsor’s proposed wording

-

[

b(4)

Signatures (optional):

Reviewer Signature _ Elizabeth A. Bolan, Ph.D.

Supervisor Signature__R. Daniel Mellon, Ph.D. Concurrence Yes_ X No

37



Reviewer: Elizabeth A. Bolan, Ph.D. NDA No. 22-256

Reference List

Bomholt SF, Mikkelsen JD, Blackburn-Munro G (2005) Antinociceptive effects of the
antidepressants amitriptyline, duloxetine, mirtazapine and citalopram in animal models of
acute, persistent and neuropathic pain. Neuropharmacology 48:252-263.

Crofford LJ (2008) Pain management in fibromyalgia. Curr Opin Rheumatol 20:246-250.

Iyengar S, Webster AA, Hemrick-Luecke SK, Xu JY, Simmons RM (2004) Efficacy of
duloxetine, a potent and balanced serotonin-norepinephrine reuptake inhibitor in
persistent pain models in rats. J Pharmacol Exp Ther 311:576-584.

Joshi SK, Hernandez G, Mikusa JP, Zhu CZ, Zhong C, Salyers A, Wismer CT, Chandran
P, Decker MW, Honore P (2006) Comparison of antinociceptive actions of standard
analgesics in attenuating capsaicin and nerve-injury-induced mechanical hypersensitivity.
Neuroscience 143:587-596.

LePard KJ, Stephens RL, Jr. (1994) Serotonin inhibits gastric acid secretion through a 5-
hydroxytryptamine1-like receptor in the rat. J Pharmacol Exp Ther 270:1139-1144,

Pedersen LH, Blackburn-Munro G (2006) Pharmacological characterisation of place

escape/avoidance behaviour in the rat chronic constriction injury model of neuropathic
pain. Psychopharmacology (Berl ) 185:208-217.

APPEARS THIS WAY
ON ORIGINAL

38



Reviewer: Elizabeth A. Bolan, Ph.D. NDA No. 22-256

APPENDIX/ATTACHMENTS

Appendix 1: Report of study results to the Executive Carcinogenicity Assessment_
Committee for the Te rasH2 mouse carcinogenicity study

CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC-EC) REPORT
AND
FDA-CDER RODENT CARCINOGENICITY DATABASE F ACTSHEET

P/T REVIEWER(s): Elizabeth A. Bolan
DATE: July 1, 2008

IND/NDA: NDA 22-256

DRUG CODE#: N/A

CAS#:101152-94-7

DIVISION(s): Division of Anesthesia, Analgesia, and Rheumatology Products
DRUG NAME(s): Milnacipran HCI :

SPONSOR: Cypress Bioscience, Inc.
LABORATORY: |
CARCINOGENICITY STUDY REPORT DATE: October 26,2007

THERAPEUTIC CATEGORY: antidepressant :
PHARMACOLOGICAL/CHEMICAL CLASSIFICATION: NE and 5-HT reuptake
inhibitor

MUTAGENIC/GENOTOXIC (y/n/equivocal/na; assay):

Negative: Ames Test

Negative: in vitro chromosomal aberration in purified human Iymphocytes
Negative: 1.5178Y TK +/- mouse lymphoma forward mutation assay

Negative: in vivo mouse micronucleus assay
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MOUSE CARCINOGENICITY STUDY (multiple studies? Std1; Std2 etc.):
Twenty-six week repeated dose oral carcinogenicity study in Tg-rasH2 mice

MOUSE STUDY DURATION (weeks): 26 weeks

STUDY STARTING DATE: November 21,2005

STUDY ENDING DATE: September 7, 2006 . "

MOUSE STRAIN: Tg.rasH2 mice were used in the main study, CByB6F1 hybrid
mice (Tg.rasH2 non-transgenic littermates) were used for TK

ROUTE: oral gavage . ‘

DOSING COMMENTS: The doses have been approved by the eCAC (October 18,
2005). :

NUMBER OF MICE:
- Control-1 (C1): 25/sex
- Control-2 (C2):
- Low Dose (LD): 25/sex
- Middle Dose (MD): 25/sex
- High Dose-1 (HD1): 25/sex
- High Dose-2 (HD2):

MOUSE DOSE LEVELS* (mg/kg/day):
- Low Dose: 25 mg/kg
- Middle Dose: 50 mg/kg
- High Dose-1: 125 mg/kg
- High Dose-2:
(*Dose adjusted during study)

BASIS FOR DOSES SELECTED»(MTD; AUC ratio; saturation; maximum feasible):
The basis for dose selection was MTD from a 28-day dose range finding stady.
Mortality was observed at 250 mg/kg in males and females in the 28-day study.

PRIOR FDA DOSE CONCURRENCE (Div./CAC)? (y/n; Date):

The dose range finding study and protocol were reviewed by Asoke Mukherjee
(DAARP). The doses used in the study were recommended by the eCAC (October
18, 2005).

MOUSE CARCINOGENICITY (conclusion: negative; positive; MF; M;F):
Negative in both males and females

MOUSE TUMOR FINDINGS (details):

The most frequent neoplasms noted included pulmonary tumors, hemangiomas and
hemangiosarcomas. A trend test for multiple organ hemangiosarcomas in females
was significant: however, no significant pairwise comparisons were seen. The
incidence of hemangiosarcomas observed for females was similar to the historical
control values provided by the Sponsor. Various neoplasms or pre-neoplastic
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lesions were observed in the treated groups with incidences similar to vehicle
controls and/or similar to levels observed in the historical controls.

MOUSE STUDY COMMENTS: NONE

Appendix 2: Ex_ecutive Carcinogenicity Assessment Committee minutes: Study results
of Tg rasH2 mouse carcinogenicity study

Executive CAC
Date of Meeting: July 1, 2008

Committee: David Jacobson-Kram, Ph.D., OND 10, Chair
Abby Jacobs, Ph.D., OND IO, Member
Paul Brown, Ph.D., OND 10, Member
Anne Pilaro, Ph.D_, DBOP, Alternate Member
R. Daniel Mellon, Ph.D., DAARP, Team Leadei
Elizabeth Bolan, Ph.D., DAARP, Presenting Reviewer

Author of Minutes: Elizabeth Bolan, Ph.D., DAARP
The following information reflects a brief summary of the Committee discussion and its recommendations.

" NDA # 22-256
Drug Name: Milnacipran Hydrochloride
Sponsor: Forest Laboratories, Inc.

Background:

Milnacipran hydrochloride is a non-tricyclic antidepressant which inhibits the reuptake of norepinephrine
and serotonin. It is approved for the treatment of depression in several countries at a maximum dose of 50
mg BID. The indication sought for this NDA is treatment of fibromyalgia syndrome with a maximum dose
of 100 mg BID.

A 26-week Tg.rasH2 mouse carcinogenicity study was submitted as part of the NDA submission. The
formal review of the carcinogenicity study can be found in the NDA review. The basis for dose selection
for the 26-week Tg.rasH2 study was MTD from a 28-day dose range finding study. The high dose of
milnacipran used in the 26-week study was 125 mg/kg. This dose was recommended by the eCAC
{October 18, 2005) on the basis of its being half of the lethal dose (250 mg/kg) observed in the 28-day dose
range finding study. The low dose of 25 mg/kg is approximately equal to a human daily dose of 200 mg,
which is the highest dose proposed to be marketed in the NDA.

Milnacipran was found to be negative in the Ames Test, in vitro chromosomal aberration assay in purified
human lymphocytes, L5178Y TK +/- mouse lymphoma forward mutation assay, and in the i vivo mouse
micronucleus assay.

‘Tg.rasH2 Mouse Carcinogenicity Study

The doses (25, 50 and 125 mg/kg) used in this study and the use of urethane as a positive control were
recommended by the eCAC. The vehicle used was sterile water.

Daily treatment with milnacipran HCI up to 125 mg/kg did not result in an increase of neoplastic lesions.
The most frequent neoplasms noted included pulmonary tumors, hemangiomas and hemangiosarcomas. A
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trend test for hemangiosarcomas (multiple organs combined) in females was significant: however, no
significant pairwise comparisons were seen. The incidence of hemangiosarcomas observed for females
was similar to the historical control values provided by the Sponsor and those previously seen in studies
submitted to the FDA. Various neoplasms or pre-neoplastic lesions were observed but all were similar to
levels observed in vehicle controls and/or similar to levels observed in the historical controls.

Executive CAC Recommendations and Conclusions:
Tg.rasH2 mouse final study:

¢ The Committee agreed that the study was adequate, noting prior Executive CAC concurrence with
the doses used.

*  The Committee agreed that the study was negative for any statistically significant drug-related
neoplasms -

David Jacobson-Kram, Ph.D.
Chair, Executive CAC

cc\

NDA 22-256/Division File, DAARP
R. Daniel Mellon/Supervisor, DAARP
Elizabeth Bolan/Reviewer, DAARP
Diana Walker/CSO/PM, DAARP
Adele Seifried, OND IO

Appendix 3: Executive Carcinogenicity Assessment Committee protocol review and
meeting minutes for Tg rasH2 mouse carcinogenicity study (Reviewed by Asoke

Mukherjee, Ph.D.

Carcinogenicity Assessment Committee (CAC/CAC-EC) Cover Sheet
Review of Carcinogenicity Study Design/Dose Selection Proposals

Application (IND/NDA) number: 63,736

Submission date and number; Sept 13, 2005, serial # 118

Division: DAARP

Project manager: Jane Dean

CAS#: 86181-08-0

Drug name: Milnacipran hydrochloride

Pharmacological Classification: NE and 5-HT uptake inhibitor
Sponsor/Applicant: Forest Laboratories

Sponsor/Applicant contact name: Michael K. Olchaskey, Pharm.D.
Sponsor/Applicant telephone and fax number: Tel: 201-386-2142, Fax 201-524-9711
Date submitted (stamp date): Sept 15, 2005

45-day date (from submission stamp date): Oct 30, 2005

P/T Reviewer(s): Asoke Mukherjee

Date Review Completed: Oct 4, 2005
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Date of CAC review: Oct. 18, 2005
CAC members: David Jacobson-Kram, Abby Jacobs, Joe Contrera, Jasti Choudary, and Dan Mellon

Summary of Proposal for Review:
SpecieS/strain: Transgenic mice, CB6F Llic-TgrasH2@Tac

Number/sex/dose: 25/group/sex
Route: Oral gavage

male female
Doses proposed: 25,75, 150_mg/kg 25,75,150__mg/kg
Basis of dose selection:
MTD _ X X
AUC ratio _ 8 _ 8
saturation
MFD
PD
other
Kinetics submitted: rodent human
pharmacokinetics _yes yes__
metabolism _yes__ yes_

protein binding _19.1% 15.4%_
Notable design features: Nil

Summary of Recommendations to CAC: The sponsor selected doses on the basis of MTD in wild type
non transgenic strain. Mortality was noted at 250 mg/kg in a 28-day study.

male female
Doses recommended by reviewer: _25,75,200_mg/kg 25,75, 200 mg/kg

Basis for recommendation (details): Mortality in the 28-day. dose range finding study.
CAC Concurrence (y/n):
CAC Recommendations:

Comments:

APPEARS TH1s way
A
ON ORIGINA| Y
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Memo To:

IND 63,736 Div File
Dated: Sept 21, 2005
From:

Asoke Mukherjee, Ph.D., DAARP
Pharmacologist

Through: Dan Mellon, Ph.D., DAARP -
Team Leader

Re: Special protocol assessment, Mouse Carcinogenicity study for IND 63,736, milnacipran hydrochloride,
serial # 118, Sept 13, 2005

Forest Laboratories Inc. (New Jersey) previously conducted 2-year bioassays in both the rat and mouse
model. The study protocols, however, were not reviewed by the eCAC. Following review of the study
results on June 15, 2004, the eCAC concluded that the rat bioassay was acceptable, however, the doses
chosen for the mouse bioassay failed to reach an MTD. The eCAC minutes from June 15, 2004 reflect the
following recommendations: :

The Committee could not conclude that the study was adequate because an MTD had not
been reached, based on absence of effects on the mortality, body weight or other signs of
toxicity at the high dose, nor had pharmacokinetic (PK) data been provided to
demonstrate a 25-fold multiple of the maximum human exposure. In order to support
acceptability of the study, the committee suggested that the sponsor conduct a PK study
in the same strain of mice to see if the exposure at 100 mg/kg would have provided 25
times human exposure at the maximum recommended human dose. Alternately, the
sponsor could conduct a carcinogenicity study in TgrasH2 transgenic mice or repeat a
conventional 2-year mouse study at higher doses. If the multiple of the human exposure
is not at least 25-fold the maximum human exposure, then another carcinogenicity study
is needed. For either a traditional or alternative carcinogenicity study, a dose range-
finding study with PK parameters would have to be conducted in the same strain of
mouse for selection of a high dose. The sponsor should submit its selection of doses for
the mouse carcinogenicity study for concurrence by the exec-Carcinogenicity Assessment
Committee.

The sponsor elected to submit a protocol for a mouse carcinogenicity study in Tg.rasH2 mice (mice-
transgenic strain) in response to the recommendation of eCAC dated June 15 , 2004.

Background:

Milnacipran hydrochloride is a non-tricyctic antidepressant that inhibits re-uptake of norepinephrine and
serotonin. It is approved for the treatment of depression in several countries outside the USA at 50 mg BID
. doses. The IND was submitted for the treatment of fibromyalgia.

Milnacipran is not mutagenic in the Ames assay, mouse lymphoma assay, or mouse micronucleus test. The
maximum dose proposed in the ongoing 12-week trial (FMS-021) clinical trial is 200 mg daily. The dose
will be titrated according to tolerability of the drug, According to DrugDex Database, the most effective
dose of milnacipran in depression is 50 mg BID. Doses as high as 100 mg BID did not show evidence of
greater efficacy.
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The sponsor provided tolerability and PK data in humans in healthy subjects. Maximum doses were
escalated to 200 mg per day. The sponsor provided PK data at 200 mg/day on day 9 of the treatment (page
15, vol. 1) as shown in the table below.

PK parameter Milnacipran, n=6
AUC, ng.hr/ml 3325

Craxs ng/ml 538

C,y, ng/ml 277

Chin, ng/mi 115

Tonax, IY 2.6

Ty hr 7.3

The sponsor stated that 75, 150 and 200 mg/kg doses used in the 28-day repeat/TK study in CByB6F 1 mice
" (non-transgenic) were approximately 4, 8 and 11 times the steady state human AUC at 100 mg BID dose
for 12 days (page 22, vol. 1). The kinetic data in mice on day 25 of the treatment are shown below.

28-day Dose, mg/kg Cinax, Dg/ml AUC, ng.h/ml Mouse to/human

toxicity/TK study exposure ratio
Male Female | Male Female | Male Female

Day 25 25 NA NA

Day 25 75 7449 6607 24805 21079 4 3

nd female CByB6F1 hybrid strain of mice obtained by cross-breeding wild
6-11"weeks old and will weigh 15-20

(non-transgenic litte:

rmates). Mice will be

type C57BL/6 and BALB/cBy

Day 25

150 9867

9109 55956 52173

8 8

Day 25

200 10354

12913 67852 80603

10 12

NA= not available

Human data for AUC were 6649 ng.hr/ml at 100 mg BID dose for 12 days.

1. Protocol for the mouse carcinogénicity study (page 25, vol. 1):

" The study will be conducted at

7 according to GLP. Male and female
CB6E1Jic-TgrasH2@Tac hemizygous transgenic mice will be used in the study. The transgenic strain will
be obtained by cross-breeding C57BL/6 ‘mice with BALB/c by knock-in mouse carrying human c-Ha-ras
gene. The pharmacokinetic study will be carried out in male a g at the beginning of the treatment.

The purpose of the study is to evaluate tumorigenic potential of milnacipran in Tg.rasH2 mice given orally
by gavage for 26 weeks. Toxicokinetic study will be conducted in CByB6F1 mice (non-transgenic
littermate) strain. The study design is shown in the table below.

Dose group Dose (mg/kg/day) Tg.rasH2 mice CByB6F1 mice
(n for main study) (n for TK study)
Male Female Male Female
1. Vehicle control 0 25 25 10 10
2. Positive control 1000* 25 25 - -
(urethane)
3. Low Dose 25 25 25 58 58
4. Mid Dose 75 25 25 58 58
5. High Dose 150 25 25 58 58

*three ip injections will be given on days 1,3 and 5.
Doses will be administered daily by oral gavage at 10 mL/kg volume for 26 weeks. Drug substance will be

dissolved in sterile water for injection. The control animals will receive sterile water for injection. Animals
in the TK group will be treated similarly.
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Blood samples for toxicokinetics will be taken from 4 animals/sex/group at predose, and 1, 2, 4, 10 and 24
hours post dose on days 1 and week 16. Each animal will be bled once or twice for the collection of blood
samples and will be sacrificed at the end of blood collection.

Doses of 25, 75 and 150 mg/kg/day for milnacipran were equivalent to 22, 66 and 132 mg/kg of free base.
The doses were selected on the basis of a 28-day dose finding study in CByB6F 1 (non-transgenic
littermates) at 75, 150 and 250 mg/kg. Mortality was observed at 250 mg/kg in male and female mice.
Centrilobular hypertrophy of the liver was observed in all treated animals.

Body weights will be recorded once weekly up to week 13 and biweekly thereafter. Food consumption of
main study animals will be measured weekly. Clinical signs and mortality will be observed twice a day.

Dead animals will be refrigerated before necropsy and will be necropsied within 8 hours. Moribund
animals will be sacrificed by carbon dioxide asphyxiation and necropsy will be performed. Surviving
animals will be sacrificed at the end of the treatment by carbon dioxide asphyxiation on days 183-184,
Gross changes will be recorded. Organ weights for following organs will be recorded.

Brain, heart, liver, kidneys, testes and ovaries.

The sponsor provided a standard list of tissues that will be fixed in 10% neutral buffered formalin. The
sponsor stated that tissues from the control and high dose groups will be examined histologically. Protocol
specified tissues from early deaths and moribund animals will also be examined for histological changes.
Lungs, spleen and any other gross changes from animals treated with urethane will also be examined
histologically.

If macroscopic changes are observed in any tissue, histological examination will be conducted for the tissue
from all animals.

If an increase incidence of rare or common tumor is seen in the high doseg, the histological examination of
the tissue will be conducted at lower doses.

If excessive loss of body weight or survival is observed in the study, histological examination of protocol
specified tissues will be conducted at lower doses. '

Histological examination of tissues will be conducted following standard procedures. Tissues will be
stained with hematoxylin and eosin. :

The list of tissues is shown below.

Adrenal glands, aorta, bone (femur and sternum), bone marrow (femur and sternum), brain, epididymides,
esophagus, eyes, gall bladder, gross lesions, Harderian glands, heart, kidneys, intestine, liver, lungs, lymph
nodes, mammary gland, skin, nasal cavity, ovaries, pancreases, parathyroid glands, pituitary gland,
prostate, salivary gland, sciatic nerve, seminal vesicles, skeletal muscle, spinal cord, spleen, stomach,
testes, thymus, thyroid, trachea, urinary bladder, uterus and vagina.

2. 28-Day repeat dose oral toxicity and toxicokinetic study in CByB6F1 hybrid mice with a
preliminary range finding study: Study # MLNTX12000 Page 43, vol. 1

The study was conducted by '3 iccording to GLP. The study was initiated on Sept b(4)
23,2004. A 5-day dose range finding study was conducted at 50, 100, 200, 300 and 400 mg/kg by oral

gavage. Mortality was observed at 300 and 400 mg/kg in male and female rats. The major clinical sign was

lethargy. Based on the data, 75, 150 and 250 mg/kg were selected for the 28-day toxicity study. The study

design is shown in the table below.

| Group | Dose, mg/kg/day | Main Study | TK study ]
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Male Female Male Female
1. Vehicle control 0 10 10 10 10
2. Low Dose 75 10 10 58 58
3. Mid dose 150 10 10 58 58
4. High Dose 250 10 10 58 58

The drug substance was dissolved in sterile water for injection. Main study animals were treated for 28
days daily by oral gavage at 10 mL/kg volume. Vehicle control groups were treated with sterile water for
injection. Some of the animals in the TK group were treated with one dose for the determination of single

- dose pharmacokinetics. The rest of the animals in the TK group were treated up to 25 days daily by oral
gavage.

Body weights of animals were recorded on days 1, 8, 15, 22, 29 and 30. The body weight of TK study
animals were recorded on days 1, 8, 15 and 22. Animals were observed twice daily for moribund conditions
and mortality. Clinical signs were observed once daily within 12 hours post dose. Blood samples were
collected from main study animals on day 30 following overnight fasting. Serum samples from 5
mice/sex/group were collected for clinical chemistry and whole blood was collected from 5 mice/sex/group
for hematology . Animals from the main study group were sacrificed on day 30 by CO, asphyxiation for
necropsy. Gross changes and organ weights were recorded. The sponsor stated that weights of brain, heart,
liver, kidney, testes'and ovaries were recorded at necropsy. All gross lesions and protocol specified tissues
from the main study high dose groups and vehicle groups were processed for histological examinations
following hematoxylin and eosin staining. The sponsor stated that liver from all animals were examined
histologically.

Four animals/sex/dose/time point from the TK group were bled at pre dose, 0.5, 1,2,4,10 and 24 hours after
the first dose or 25 days of the treatment for pharmacokinetic measurements. Five mice/sex from the
vehicle control group of the TK satellite animals were bled once at 0.5 hour after the vehicle treatment on
day 1 and day 25. Blood samples were collected from the retro-orbital sinus following CO,/0, exposure to
immobilize the animal. Plasma levels of the drug were determined.

The TK study was repeated due to mortality at 250 mg/kg. The study design for the repeat TK study is
shown below.

Group Dose (mg/kg/day) Number of animals
Male Female
2 75 58 58
3 150 58 58
4 200 58 58

The experimental procedure for the repeat TK study was similar to the initial TK study.
Results:

A total of 3 male and 5 female mice were found dead at 250 mg/kg in the main study animals. A total of 11
male and 17 female mice were found dead at 250 mg/kg in TK group. One male at 200 mg/kg and one

* female at 150 mg/kg in the repeat TK study were found dead on days 2'and 5, respectively. The mortality
in the repeat TK study was not due to gavage error. Lethargy and prostration were clinical signs at 250

mg/kg.

Mortality
Group Dose, mg/kg/day Main Study TK study

Male Female Male Female
1. Vehicle control 0 10 10 10 10
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2. Low Dose 75 10 10 58 58
3. Mid dose 150 10 10 58 1/58
4. High Dose 250 10 10 11/58 17/58

The mean body weight (g) on day 1 and day 30 did not show substantial change due to the treatment as
shown in the table below.

Mean Body Weights (g)
Group Day 1, male Day 1, female Day 30, male Day 30, female
I 26.07 20.40 24.82 19.62
2 26.78 20.28 24.87 19.63
3 25.79 20.85 25.14 20.39
4 26.22 20.55 24.90 21.16

The total food consumption (g) in female mice was not affected by the treatment. However, male mice
showed statistically significant reduction in the total food consumption as shown in the table below.

Food Consumption (g)
Group Day 1-29 Day 1-29
1 107.3 110.8
2 99.8 11.7
3 99.7 102.3
4 95.4* 103.3

* P<0.05 compared to group 17

Clinical pathology data showed a reduction in the percent reticulocyte in male mice. Data were 1.52, 0.7,
0.68, 0.75% for groups 1, 2, 3 and 4, respectively. The historical control data were 2.4-6%. No other
treatment related changes were observed in male and female mice.

Organ weight data showed an increase in the relative weight of liver in male and female mice. Average data
are shown in the table below.

Organ Weights

Grl,M | Gr2,M |Gr3,M |[Gr4,M |[Grl,F Gr2,F Gr 3, Gr4,

F F
Liverwt | 0.96 1.01 1.01 1.02 0.77 0.79 0.85 0.88
(2) _
% BW 3.91 4.08* 4.03 4.12* 3.97 4.05 4.21* 4.21%*
*P <0.05
No treatment related maci'oscopic changes were noted in either male and female mice. However,
histological data showed minimal centrilobular hypertrophy in the liver. Histology data for 10
animals/treatment group are provided and number of incidences per group is shown below.
Histology : :
Lesion Grl, Gr2, Gr3, Grd, Gr1LF | Gr2, Gr3, Grd,
M M M M F F F

Liver,Centrilobular 0 10 10 7 0 5 8 5
hypertrophy,
Focal, minimal

Pharmacokinetic data:
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The day-1 pharmacokinetic data from the 5-day dose range-finding experiment is shown in the table below.

Dose, mg/kg | Cra (ng/ml) AUC 94 (ng.hr/ml) | Ty (hr)

Male | Female | Male Female | Male | Female
75 94-9 | 8885 29644 20986 0.5 0.5
150 12845 | 14021 | 57220 51699 0.5 0.5
250 20832 | 19921 | 103196 | 102515 | 0.5 0.5

The PX data for the repeat experiment is shown in the table below.

Day | Dose, mg/kg | Cpax (ng/ml) AUC g4 (ng.hr/ml) | Ty (hr)
Male | Female | Male Female | Male | Female

1 75 10310 | 8189 23129 | 20962 0.5 0.5
1 150 13485 | 14747 | 54474 | 57887 1.0 0.5
1 200 18436 [ 15993 | 76746 | 74721 0.5 0.5
25 |75 7449 | 6607 24805 | 21079 0.5 1.0
25 150 9867 | 9109 55956 | 52173 2.0 1.0
25 | 200 10354 | 12913 | 67852 | 80603 1.0 1.0

The above data suggest that the exposure increased dose dependently and was not altered significantly
between the first and last doses. There were no evident gender differences in the kinetics.

Evaluation:

The sponsor’s proposed doses a 6-month carcinogenicity study in TgrasH2 transgenic mice are 25, 75 and
150 mg/kg based on the dose range-finding study in wild type non-transgenic litter mates. Based on the TK
data, a dose of 25 mg/kg should be similar to the human exposure at 100 mg/day. The reviewer
recommends that the high dose be 200 mg/kg in order to optimize the exposure. Centrilobular hypertrophy
in the liver was also observed in all treated mice. Perhaps, xenobiotics of the drug in hepatocytes were
responsible for the change. The high dose proposed by the sponsor is about 8 times higher than the
maximum recommended human dose.

Although the dose range-finding study was not conducted in the transgenic mice, it is expected that the
pharmacodynamic effect of the drug in the wild type nontransgenic litter mates will mimic that of the
transgenic species. There is no need to allot a satellite group for the TK study in vehicle treated animals.

Recommendation to the sponsor:

The reviewer recommends 25, 100 and 200 mg/kg for the carcinogenicity study in transgenic mice. The
sponsor may chose not to add an extra group of vehicle treated animals for the TK study.

C.C:

IND 63,736 Div File/DAARP

Jane Dean/PM/DAARP

Dan Mellon/Team Leader/DAARP

Asoke Mukherjee/Pharmacologist/ DAARP
IND63736mouseCAprotocol09212005.doc

ECAC meeting minutes for protocol review.
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Executive CAC
Date of Meeting: October 18, 2003
Commuttee: David Jacobson-Kram, Ph.D.. OND 10, Chair
Abby Jacobs, Ph.D., OND IO, Member
Jasti Choudary, B.V.Sc., Ph.D.. DGP. Alternate Member
Dasief Meliog, Ph.D.. Team Leader , DAARP
Asoke Mukherjee Ph.D, DAARP, Presenimg Reviewer

Auther of Drafi: Ascke herjee

The foliowing information reflecis a brief summary of the Commirtee discussion asd 1is recommendations. Detailed
sdy mformarion caa be found n the indivedual review.

The comittee did not address the sponsor’s proposed siatistical evaluation for the carcinogen bioassay. as this does
not affect e sponsor”s ability to mitate the bicassay. The sponsor may seek guidance on the statistical evaluanon
of bioassay resulis from agency siaff separately. Data files should be submitted elecsronically following section E of
the ‘Guadance for Industry. Providing Regulatory Subnussion in Electronic Fermat, New Drug Application.'

IND % 63,736
Drug Name: Milnacipran Hydrochloride
Sponsor: Forest Laboratories

Background:

M:Inacipran 1s & tricyelic antidepressant cuerently under development for the treatment of fbromyalge. ¥t i3

appraved m several countries entsade the Untted States a7 56 mg BID doses for thie treatment of depreseion. The

sponsor conducred a 2-year movse carcinogenicisy siudy m( CD-1 mice dosed up to 100 meikg per day. The

ECAC concluded that the high dose did not reach maximum tolerated dose. The ECAC further recommended that b(4)
the sponsor either perform a mouse carcinogenicaty study in the TgRasH2 transgenic mouse model or provide data

to demonstrate that the exposure it the 2-year study was 25 times higher thas the hwnan exposure,

Ifeuse Carcinogeaicity Study Protecol and Dose Selection

The spoasor submitted a protoco! for $-month carcmogenicity sudy in TaRasH? mice. The doses proposed were 25,
75 and 150 mgfkziday by oral gavage. Urethane would be nsed 35 2 pos conrred at 1000 mg'kg by IP injeciion
on days &, 5 and 3. The high dose was selected on the basis of a 28-day toxieity study in wild fype ance (CByB6F1
sirain) at 75, 130 and 230 mg'kg. Due to mortality observed in 3 male and 5 female muce at 250 mg'kg, the spaaisor
considered 150 mg'kg as the highest dose for the carcinogescity siudy.

Execetive CAC Recomumendations and Conclizstons:

The ECAC recommended thar the high dose be about haif of the lethat dose 1dentified n the 28-day roxicology
study, winck s considered as MTD for the é-mo wansgenic study. Accordingly, doses recommended were 23, 30
and 125 mgfkg. Urethan is an acceptable posthive control provided it mduces tumors at a rate consistent with the
published literatsre and e historical walues for the performing laboratory. The commirtee aiso reconunended that
sponsor conduct histopathelogical exapunarions of alk tissues treated with milnacipran and nrethane,

Dawid Jacohson-Kram, Ph.
Chair, Executive CAC

o

Division File, IND 63,736 DAARP
Dan Mellon/Team Leader!DAARP
A. MukherjeesReviewer! DAARP
Jane DeanPAEDy
ASeifried’ OND IO
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NDA Number: 22-256

1131/08

PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR A
' NEW NDA/BLA

Drug Name: Milnacipran

On jnitial overview of the NDA/BLA application for RTF:

Applicant: Cypress (Forest) Stamp Date: 18-Dec-2007
NDA/BLA Type: 505(b)(1)

Filable

Content Parameter

Yes

No

Comment

1 {Is the pharmacology/toxicology section
organized in accord with current regulations
and gnidelines for format and content in a
manner to allow substantive review to
begin? '

2 ({Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?

3 |Is the pharmacology/toxicology section
legible so that substantive review can
begin?

4 |Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?

5 |If the formulation to be marketed is .
different from the formulation used in the
toxicology studies, have studies by the
appropriate route been conducted with
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).

6 |Does the route of administration used in the
" |lanimal studies appear to be the same as the
intended human exposure route? If not, has
the applicant submitted a rationale to justify
the alternative route?

7 |Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?

8 [Has the applicant submitted all special
studies/data requested by the Division
during pre-submission discussions?

Not applicable. Sponsor did not have a
preNDA meeting with PharmTox

9 |Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR A
NEW NDA/BLA

Content Parameter Yes| No Comment

in either mg/m” or comparative
serum/plasma levels) and in accordance
with 201.57?

10 [Have any impurity — etc. issues been
addressed? (New toxicity studies may not | x
be needed.)

1

—

Has the applicant addressed any abuse

potential issues in the submission? ~ | — (Thisisa CSSissue.

12 |if this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been -~ | -- {Not applicable.
submitted? ‘

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? _ Yes

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons
and provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

None at this time.

Asoke Mukherjee and Beth Bolan

Reviewing Pharmacologist ‘ Date
Dan Mellon
Team Leader/Supervisor : Date

Pharmacology Toxicology Filing Checklist for NDA 22-256



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

R. Daniel Mellon
1/31/2008 12:06:28 PM
PHARMACOLOGIST





