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Introductory Comments:

The first pharm/tox review of this NDA noted several significant deficiencies in the
nonclinical data. As part of the first approvable letter, the applicant was informed that the
rat carcinogenicity study was inadequate. The sponsor was told that that the study may
not have adequately assessed the tumorigenic potential of rufinamide because of the
excessive body weight effect (the only dose-limiting toxicity) at the mid and high doses.
The original rat study was conducted by administering rufinamide in the diet. The
sponsor was asked to address whether higher exposures could be achieved, without an
excessive effect on body weight, by gavage administration of the drug.

Several other nonclinical studies were noted as inadequate and the sponsor was asked to
repeat the following studies: in vivo micronucleus assay in rat, rat fertility study and
rabbit embryo-fetal development study. The sponsor was also asked to expand the
neurohistopathology and brain morphometry assessments in a juvenile rat study. Finally,
a juvenile dog study was requested using animals of an age that corresponded to the
clinical age range and incorporating bone and brain development endpoints.

Carcinogenicity:

The sponsor conducted a 3-month gavage study in rats which indicated that the dose
limiting toxicity observed in the previous dietary carcinogenicity study could not be
avoided by dosing via the gavage route. The pharmacology and toxicology reviewer and
supervisor therefore concluded that an additional carcinogenicity study by the gavage
route would not be necessary.

Genotoxicity:
The sponsor conducted another in vivo micronucleus assay in rats. This study was
negative for micronucleus formation and was considered acceptable by the reviewer.

Reproductive and Developmental Toxicity:

Fertility:

The sponsor conducted another rat fertility study. This study showed impairment of
fertility. A number of parameters were altered. A NOAEL was not established since some
effects (e.g. increased preimplantation loss) were observed even at the lowest dose (20
mg/kg). Effects included decreased fertility index, conception rate and mating index;



decreased numbers of corpora lutea, implantations, and live embryos; increased
preimplantation loss; and decreased sperm count and motility.

Embryo-fetal development:

The sponsor conducted another rabbit embryo-fetal toxicity study using doses of 30, 200
and 1000 mg/kg. This study showed maternal and fetal toxicity at the high dose of 1000
mg/kg. The original rabbit study showed increased embryofetal toxicity at doses of 200
mg/kg or greater. Effects included increased fetal death, decreased fetal body weight and
increased incidences of fetal visceral and skeletal abnormalities. Considering both
studies, the NOAEL appears to be 30 mg/kg which produced an AUC that was
approximately 0.2 times the AUC in humans taking the maximum recommended human
dose.

Neurohistopathology:
The following paragraph is taken from the primary pharm/tox review of this submission
and refers to the expanded analysis of the juvenile rat study that was requested in the

approvable letter:
Eisai conducted an expanded neuropathological evaluation on the brain sections from control and
high dose animals with special stains for myelin phospholipids and axon fibers (Kliiver Barrera
and Holmes). There were no treatment-related neurchistopathological changes noted in this
evaluation.

The sponsor has also agreed to conduct a juvenile dog study after approval. Conducting
this study after approval was considered acceptable by the reviewer and supervisor
because of the negative results found in the rat.

Conclusions:

The pharm/tox reviewer and supervisor concluded that the sponsor adequately addressed
the nonclinical deficiencies outlined in the approvable letter of 9/15/06. The reviewer and
supervisor provided wording for labeling in their reviews. I concur with the Division
pharm/tox conclusion that this NDA can be approved and I concur with the wording for
labeling as proposed in the supervisory review.
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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration

Division of Neurology Products (HFD-120)
Center for Drug Evaluation and Research

Date: September 2, 2008

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 21-911 (Rufinamide), Complete response to Approvable letter (9/15/06),
received 2/29/08.

The Agency’s Approvable letter (9/15/06) conveyed the following nonclinical comments:

1. We note that the rat carcinogenicity study is inadequate.

As you know, the high dose male and the mid- and high-dose female groups experienced
excessive decreases in body weight relative to controls, resulting in reduced ability to detect
potential carcinogenic effects. We believe that the body weight effect was likely exacerbated by
unpalatability of the feed. Based on estimates of plasma AUCs, we note that the plasma exposures
in the low dose females and the mid-dose males (the groups that did not suffer excessive weight
loss) were not sufficiently greater than those achieved in humans to provide confidence that the
tumorogenic potential of rufinamide has been adequately assessed at clinically relevant exposures.
We further note evidence in your application suggesting that similar doses could be administered
by gavage without the excessive body weight effects observed with dietary administration.

Were we convinced that rufinamide provides a significant clinical benefit, we might be persuaded
that the rat study could be repeated in Phase 4. We do ask that you address the possibility that an
adequate 2-year study in rats could be conducted using gavage dosing. The need for and the timing
of the conduct of a repeat study will depend upon your response to this letter.

2. Several critical nonclinical studies do not conform to current standards and are, therefore,
inadequate: a) the in vivo micronucleus assay in rat did not evaluate the recommended 2000
micronucleated polychromatic erythrocytes per animal, b) the rat fertility study evaluated too few
male animals (12/group) and did not employ 1:1 mating, and c) the rabbit embryofetal
development study did not evaluate a maternally toxic high dose. These studies need to be-
repeated (cf. OECD Guidelines for the Testing of Chemicals, Guideline 474; Guideline for
Industry: Detection of Toxicity to Reproduction for Medicinal Products ICH-S5A).

3. The finding of decreased whole and regional brain weights in the juvenile rat study should be
further investigated, e.g., using expanded neurohistopathology and brain morphometry.

4. The developmental age range studied in juvenile dogs was inadequate. A dog study in which
dosing is initiated at an earlier age (corresponding to the clinical age range) needs to be conducted,
and bone growth and density and brain development (using expanded neurohistopathology) should



be evaluated in addition to the standard toxicity endpoints. There is particular concern regarding
developmental effects on bone and brain based on the bone tumor findings in the mouse
carcinogenicity study and the brain weight effects in the juvenile rat study. You are encouraged to
submit a protocol for review and comment prior to initiation of the study.

These nonclinical issues were discussed in an End of Review meeting with the sponsor,
held on 12/18/06. According to the Agency’s final minutes of that meeting:

The following nonclinical studies were considered necessary for approval: “a
study comparing gavage and dietary administration in rat, a repeat in vivo
micronucleus assay, a fertility and early embryonic development study in rat, an
embryofetal development study in rabbit, and the expanded histopathology
evaluation of juvenile rat brain.”

“If the results of the expanded histopathology evaluation of brain in the juvenile
rat study are negative, the juvenile dog study may be completed as a phase 4
commitment. If there is evidence of neurotoxicity in rat, the juvenile dog study
would need to be completed prior to approval.”

“If the results of the study comparing dietary and gavage administration indicate
that the carcinogenicity study in rat needs to be repeated, it may be completed as a
phase 4 commitment.”

The sponsor’s Complete response (2/29/08) contained the following nonclinical studies:

E2080: Transcellular study of E2080 using MDR1 expressing cells (Report No.
W-20070606).

E2080: A 13-week oral gavage dose range toxicity study in the albino rat (Study
No. 802789).

E2080: Rat micronucleus test (Study No. 961523).

E2080: An oral gavage fertility and early embryonic development study in the rat
(Study No. 901316).

E2080: An oral embryo-fetal development study in the rabbit (Study No. 901317).

E2080: A 10-week oral (gavage) toxicity study of RUF331 in neonatal albino rats.
Final report amendment no. 2 (Study No. 96488).

All (but the in vitro study in MDR1 expressing cells) were reviewed by J. Edward Fisher,
Ph.D. (Pharmacology/Toxicology Review and Evaluation of NDA 21-911, September 2,

2008). Based on his review, Dr. Fisher has concluded that the NDA is approvable from a
pharmacology/toxicology standpoint.

According to Dr. Fisher’s review:
o The data from the 13-week dose range finding oral gavage study in Sprague-

Dawley rats indicate that the body weight effects observed with dietary
administration were due to a drug-related effect on body weight and not an
unpalatable drug-diet admixture. Therefore, body weight effects fairly similar to
those observed in the 2-year dietary carcinogenicity study in rat cannot be
avoided by use of gavage administration, indicating that a 2-year oral gavage



carcinogenicity study would not provide a better assessment of carcinogenic
potential.

* The new genetic toxicology and reproductive toxicology studies (i.e., in vivo
micronucleus in rat, fertility and early embryonic development in rat, embryo-
fetal development study in rabbit) adequately address the deficiencies in the
original studies.

* An expanded neurohistopathology evaluation conducted on brains from control
and high-dose juvenile rats indicated no drug-related findings; therefore, the
Jjuvenile study in dog may be conducted phase 4.

Recommendations
I concur with Dr. Fisher’s conclusions and recommendations. The sponsor needs to
commit to a time line for submission of a study protocol and final study report for a

juvenile study in dog.

Labeling recommendations (taking into account Dr. Fisher’s suggested revisions to the
sponsor’s proposed labeling)

(t)
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TOXICOLOGY

A.

1.

REPEAT-DOSE TOXICITY

E2080: A 13-Week Oral Gavage Dose Range Toxicity Study in the Albino Rat
(Study Number: 802789; conducted by Report dated
2/11/08; GLP)

Methods

Rufinamide (Lot No. 86052401) was administered orally (by gavage) to rats (SD;
10/sex/group) at doses of 0, 200, 600, or 1000 mg/kg for 13 weeks. Additional
rats (4/sex in Groups 2 to 4) were included for TK. The following were evaluated:
mortality, clinical signs, body weight, food consumption, hematology, clinical
chemistry, urinalysis, toxicokinetics, organ weights, and macroscopic and
microscopic pathology.

Results

i Mortality, Clinical signs, Body weight

There were no deaths. Decreased body weight gain and food
consumption were observed at all doses in both sexes (Table 1A.1.1). At
the end of treatment, BW gain was -15, -27 and -31% below C in males
and -18, -29 and -37% below C in females, at the LD, MD, and HD,
respectively. Terminal BWs were -10, -19, and -20% lower in males and -
8, -14, and -17% lower in females, at the respective doses. Decreased
food consumption (up to 23% at termination) was also noted at ail doses,
and correlated with body weight changes. There were no treatment-
related effects on clinical signs, hematology, biochemistry, urinalysis, or
macroscopic pathology.

ii. Pathology

Liver-to-body weight ratios were increased all doses (SS in females;
Table 1A.1.2), and centrilobular hepatocellular hypertrophy was noted in
the liver in all treatment groups (Table IA.1.3). The change was graded
minimal to moderate in severity and correlated with the increased liver-
to-body weight ratio observed. Vacuolation of the pituitary was noted in
most males at the LD and MD, and in all males and in 3/10 females at
the HD. This change did not progress with dose and was graded minimal
in severity in affected females and minimal to moderate in males.

Toxicokinetics (Table 1A.1.4)

Rufinamide was slowly absorbed. Although Cmax was observed as early as 2
hours post dose, it was also observed as late as 24 hours post dose. Absorption
continued for the entire sampling period at all doses. Cmax and AUC(0-tlast) did
not increase appreciably with dose, indicating absorption limitation by the oral
route. Although plasma levels were substantial 24 hours post dose, there was no
accumulation with repeated dosing, further evidence of absorption limitation. No
sex differences were observed.

b(g)



c. Conclusions

Daily oral administration of rufinamide to rats at doses of 200, 600, or 1000
mg/kg for 13 weeks resuited in decreased body weight gain and histopathological
changes associated with enzyme induction (centrilobular hepatocellular
hypertrophy and vacuolation in the pituitary gland) at all doses. There was no
increase in drug exposure with repeated administration or increasing dose levels.

Table IA.1.1
Males
Group 1 - Vehicle ecntrol Group 3 - E2080 600 makg
Group 2 - E2080 280 mpkz Group 4 - E2680 1000 makg
Week
Summary  From: 19 11 12 AbsGam %o Gain
Group  Information To: 1 12 iR ~1to 13 -140 313
i Mean 132 239 50 3937 20809%
5D 359 196 337 $6.20 35976
N 1@ 10 10 10 10
2 Mean 46D 141 8.5 33384 1753558
D 8.7t 423 506 34.58 15612
N 10 10 10 13 12
3 Mean 55D 123 3% 2882 C 157668C
5D 593 533 4.67 4545 27435
N 10 10 ] 19 10
£ Mean 47D 13.7 [ X 2708C 41035C
5D 313 6.43 5.33 3876 21567
N 10 3] 1] 10 190

Sigmificantly different froxm control group {roup 1) valuz A -P<0.05 B-P« 001 C-P< 0001 Duuret)
D-P<905 E-P=O00L F-P<O001 (Duan)

Females
Group 1 - Vehiels control Group 3 - E3080 600 mgkg
Group 2 - E2080 200 mpdke Group 4 - E2080 1000 mgks
Waak
Summary  From: 16 11 12 AbsGain %% Gain
Group  Information To: 11 12 13 14013 -1tol3
i Mean 23 L3 34 1481 101478
SD 6.18 504 372 2829 17.668
N 13 10 10 10 10
2 Mean 4.5 Lo 53 1218 81.562
$D 212 4.74 374 1555 9.537
1 16 10 10 10 18
3 Mean 14 22 1.5 1058E 71.803E
SD 5.23 530 458 1395 2210
N . 13 10 10 0 10
& Iean L&Y 21 30 F29F 62052F
3D 387 6.31 467 B £.694
N it 18 10 19 18

Sigrificantly differant from control group {zroup 1) value: A -P= 003 B-P< 001 C-P< 0001 (Dunnett)
D-P=005 E-P<001 F-P=0.001 (Duny}



Table 1A.1.2

Sex Mfales Females

Orean Dose (mg'kg) 204 500 1000 00 500 Hoo

Pinal Body -8 -1% -12 E -5 -19

Liver (Absolute) -2 -13 -32 11 3 -2
{Relafive fo body) 9 3 ks 23 21 Z1

¥ Changes ape the percent differsnces from means of copoument comzols.
from control group; sefer to the summiary tables for zcmal significance Mol

Values in boid sre signifcantly different

Table 1A.1.3
Sex Males Femalas
OrganFinding Doz {mpks} € 2060 600 060 O 260 £00 1000
No. of amimals Examined. 10 10 D 10 13 16 1d 10
Eiver i
Hapatovellular bypertrophy 0 1¢ 1] 10 1] 3] ig i
Minimal ~ 2 1 { - 3 i i
Shght € 3 8 o - 5 g 4
Moderate - - I 1 - - _ -
Pitzitary
Vacuwolation 1 g 7 10 -0 a 8 3
Minimal 1 4 2 2 - - - 3
Slight - 5 4 & - - - -
Moderate - - i 2 - - - -
Table 1A1.4
Day i
Malas Females
Group ;_]‘};’:& ﬂ@ AUCpaum Cuwd AUCwpamy Couan AU Cmn C Dose 2w’
Mumber (meke) (ugmLl) {ngdmi} Dose Dasze pml) (ppediml) T Doxs
P 200 52026  R72844 2601 43842 40949 752361 - 2047 38118
3 &00 46134 9210242 769 15171 47134 1632299 78.6 1720.5
4 P0G 30816 1067331 506 10673 51333 1114645 513 1114.6
Feel 33 Males
{roup Dosa Lavel Cone AUCs 00y Coaxd AUC gy
Number {mgke) {ngimml) {mgsh/mi) Dose Base
2 200 33373 1101516 2769 35004
3 600 43846 §13233 737 13220
4 1560 56953 13033814 370 13083
Week 13 Females
Group Dose Level Com AUCphaun Cond Al gy’
Number {msks} {nzfml) {ngh/mL} Dase Dose
2 208 50640 914215 2532 45711
3 600 655204 1331871 1087 22198
4 1000 51370 1387081 614 1367.1




GENETIC TOXICOLOGY

E2080: Rat Micronucleus Test (Study No. 961523, conducted by
dated 12/5/07, GLP) -

Rats were given a single dose of vehicle, cyclophosphamide, or rufinamide (500, 1000, or
2000 mg/kg [limit dose]) by oral gavage. Animals were euthanized 24 or 48 hours after
treatment and bone marrow smears were fixed, stained with acridine orange, and
examined by fluorescence microscopy. A total of 2000 immature erythrocytes per animal
were examined for the presence of micronuclei. In addition, the proportion of immature
erythrocytes was assessed for each animal as a measure of potential bone marrow
toxicity

A dose-related reduction in group mean body weight gain was observed over the
treatment period, with body weight gains of 11.0, 7.0, 0.2, and -0.7% for Groups 1 to 4,
respectively. The results are summarized in Table IB.1.1. Animals treated with
rufinamide did not show any statistically significant increases in the number of
micronucleated immature erythrocytes at either sampling time. Individual and group
mean values for animals treated with the vehicle control and test article ali fell within the
historical range for control animals. Cyclophosphamide caused large, highly significant
increases in the frequency of micronucleated immature erythrocytes. Animals treated with
rufinamide did not show any substantial increases in the incidence of micronucleated
‘mature erythrocytes at either sampling time. The incidence of micronucleated mature
erythrocytes for all groups was uniformly low, confirming the absence of micronucleus-
like artifacts. Animals treated with rufinamide showed a significant decrease in the
proportion of immature erythrocytes across dose levels at the 24 hour sampling time,
indicative of bone marrow toxicity; however, no related decrease was seen at the 48-hour
time point and all values were well within the historical control range. Cyclophosphamide
also caused a statistically significant decrease in the proportion of immature erythrocytes.
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Table IB.1.1  Group Mean Micronucleus Results

Sampling Time - 24 Hours
Males
Group 1 - Vehicle coutrol
Group 2 - E2080 300 mgke
Group 3 - E2080 1000 mg'kz

Group 4 - E2080 2000 mekg
Gronp 5 - Cyclophosphamide 20 mgkg

7
Yo

Group IEAIE+MEYA Incidence mie Incidence mme
1 497 24 0.9
2 3835 22 2.9
3 515 18 0.0
4 439 EX( 00
3 442%* 432 9.0

YIEAIE+ME)  Proportion of immature erythrocytes

mig Number of micronucleated cells observed per 2006 immature eryfhrocytes examined.
rnie Number of micronucleatad mature evythrocytes sbeervad {mean value sxpressed per 2000 matre eryfrocytes exsmined, see results for

mdividual zaimals in appendices for actual mumbers of cells examined).

Group 5 significantly different ffom control group (group 1) value: * - P=<0.01 **_P < 0.001 {one-sided probabilities test)
Significant end across dose levels (Groups1to4): A-P=< 0.0l AA-P<0.001 (one-sided probabilities test)
Significant trend across dose onders {Gronps 1 to 4} ©-P<001 $5-P = 0001 fone-sided probabilities test}

I Occasional apparent ervors of 1% may occur due fo rounding of values for presentation in the table,

Sampling Time - 48 Hours

Males
Group § - Vehicle control Gronp 3 - E2082 1000 meks
Group 2 - EX080 300 mgke Group 4 - E2080 2000 mzkg
Group IETEAME) Tncidence mie Incidence nume
i 477 36 80
2 43.6 is 0.8
3 433 1.6 2.0
4 448 22 a8
“IEAIE+ME)  Proportion of immature erythrocytes
mie Nmmber of micromicleated cells observed per 2000 immature erythrocytes examined.
mime Number of mic leated erythrocytes observad {mean value expressed per 2000 mature eryihrocytes examined, see results for

individual sximals in appendices for actual mumbers of cells examined).

Significaut frend across doge levels {Gromps 1 to 4): A-P=0.01 A A-P=0001 {one-sided probabilities test)
Significant rend across dose orders (Groups {tod): &-P=0.01 $$-P =000 (one-sided probabilities test)

T Occastonal zpparent errors of £ 1% may ocour due to rounding of values for ‘presentation i the table.



REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY

E2080. An Oral Gavage Fertility and Early Embryonic Development Study in the Rat
(Study Number: 901316, dated 2/15/08, conducted by T ——T T GLP)

Methods

Rufinamide was administered by oral gavage to male rats (22/group) for 28 days prior to
mating, during the mating period, and until necropsy and to female rats (22/group) for 14
days prior to mating, during the mating period, and until gestation day (GD) 6, at doses of
0 (vehicle control), 20, 60, 200, or 600 mg/kg. All surviving males were euthanized 3
weeks after the end of the mating period and for all surviving females, a pregnancy status
was performed on GD 13 and the uterine contents were examined. The following were
evaluated: mortality, clinical signs, body weights, food consumption, estrous cycles,
parental performance, organ weights, gross pathological evaluations, uterine examination
(corpora lutea, implantations, embryo-fetal deaths including early and late resorptions)
and male reproductive assessments.

Doses were based on a previous fertility study (Study No. 92057; 15, 50, 150 mg/kg), in
which decreased parental BWs (HD males and MD and HD females), decreased fertility
(HD), increased postimplantation loss (MD and HD), and decreased pup survival (MD
‘and HD) and growth (all doses) were observed. The sponsor also referred to the 3-month
rat toxicity study (Test Number: 87-6090; 60, 200, and 600 mg/kg) and the rat
embryofetal development study (Study No. 876147; 20, 100, 300 mg/kg).

Strain: Sprague-Dawley

Drug lot: Lot No: 86052401

Results

i Mortality and Clinical Observations

There was no treatment-related mortality. Clinical signs consisted of dehydration
and thinness at the 2200 mg/kg.

ii. Body Weight (Fiqures IC.1.1-3)

In males, decreased BW gains were observed throughout the treatment period at
the 2 highest doses (48 and 64% below C; terminal BWs 14 and 20% below C).
In females, BW gain was decreased during the pre-mating period at 260 mg/kg
(overall BW loss at 2 highest doses). During the gestational period, female BW
gains were not different among groups but BWs remained lower at the 2 highest
doses (-5.7% and -10.6% below C on GD13).

iil. FO fertility and reproductive parameters

The fertility index and conception rate were decreased somewhat at 2200 mg/kg
and mating index was decreased at the HD (Table 1C.1.1). Numbers of corpora
lutea, implantations, and live embryos were D-D decreased (SS at the 2 highest
doses), and preimplantation loss was increased at all doses (Table 1C.1.2-3).

iv. Necropsy

There were no macroscopic changes and no effects on male reproductive organ
weights. Sperm parameters (sperm count and motility) were decreased at the 2
highest doses (Table IC.1.4; sperm count -16.5% below C at HD).

o



Conclusions

Administration of rufinamide by oral gavage to male SD rats (22/group) for 28 days prior
to mating and during cohabitation and until necropsy and to female rats for 14 days prior
to mating, during the mating period and until gestation Day 6, at doses of 0, 20, 60, 200,
and 600 mg/kg produced clinical signs (dehydration and thinness) and decreased
parental BW gain (males at = 200 mg/kg and in females at = 60 mg/kg); decreased
fertility index (260 mg/kg), conception rate (260 mg/kg) and mating index (HD);
decreased numbers of corpora lutea, implantations, and live embryos (= 200 mg/kg);
increased preimplantation loss (all doses); and decreased sperm count and motility (=
200 mg/kg). Based on these findings, the LOAEL for fertility and early embryonic
development is considered to be 20 mg/kg.

Figurel Group Mean Body Weights - Males
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Group Mean Body Weights - Premating - Females
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Table IC.1.1

Group 1 - Vehicle conirol Gronp 4 - E2080 200 mgkg
Growp 2 - 2080 20 mpkg . ’ Group 5 - E2080 600 mgkz
Group 3 - E2080 60 mgkg
Number Placed for Mating Numb Mean (8D}  Number Females Mating Fertility Conception
Group Mades Females Mating Day to Mating Pregnant Tndex (35) Index (%) Rate (%,
1 22 2 21 25 20 953 a9 952
L3
21
2 2 22 2t 28 21 953 95.5 1000
(L1
21
3 22 n n 29 1 1000 86.4 864
(L2
22
4 22 2 21 29 i3 935 864 90.5
1.5
21
S pel 22 2 29 8 ) 20.9 81.8 50.0
(1.6
2
Significantly different from eentrol group {gronp 1} vakue: 2-P<8.05 b-P=0.01 ¢ - P<.061 (Wilcoxon - day to mating caly}
Significantly differant from control group {group 1) value: * -P< 005 ** P 001 ***_P 20001 (Fisher's)
Table IC.1.2
Summary Total Number of Total Number of Number of Number of
Group Information Corpora Lutea Implantation Sites Live Embryvos Dead Embryvos
1 Mean 178 171 R 16.1 0.1
Sb 21 24 28 0.2
I\ 30 20 20 20
2 Mean 188 16.7 154 0.8
Sp 27 33 36 90
N 2 2 21 2
3 Mesn 168 158 14.8 2.0
193] 28 35 33 00
N : 19 19 19 13
4 Mean 163a 148%b 13.6% 0.1
Sb 24 22 24 03
N 19 19 19 19
5 Mean 44c 133¢ 127c¢ 0.1
5D 23 3 31 02
N 18 18 18 18

Significantly different from control group {group 1) value:a - P= 0.05 b-P =0.01 ¢-P =000 Wilcoxon)
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Table IC.1.3

Supamary Number of Sum of Early Resorptions Pre-Implaniation Post hmplantation
Group Infomnation _Early Resorptions and Pesd Entbrvos Eoss% Loss %
1 Mean te 10 385 5.82
5D 10 10 315 580
N 20 20 0 20
2 Mean £3 13 1178 8.60
D 1.4 14 120 1058
N 21 2t 21 21
3 Mean 08 a8 751 5.19
D 10 10 1298 569
N 19 19 19 19
4 HMean 1t 12 837a 834
sD 09 10 863 6.35
N 19 18 19 19
5 Mean 06 05 829 441
5D 87 98 16.49 541
X 18 18 18 18
Significantly different from control group {group D valuer 2 -P= 003 b-P =001 - P <0.001 (Wilcoxon)
Table IC.1.4
Cauda
Summary Epididymis Spermatozoa Count Percent
Group _Informafion Weight () Per Gram (Millions) Motility
1 Mean 03130 411568 68.0
sp 5.0374 81.709 11.5
N 22 2 20
2 Mean 63263 395.793 707
5D 00333 65.782 10.3
N 22 2 22
3 Mean 03130 396.613 673
sb 5.0303 71.020 122
N 2 22 22
4 Mean 03136 373.535 64.7
5b 6.0470 63.301 14.4
N 22 2 22
5 Mean 23110 343654 B 61.6
SD 6.0332 74.680 16.6
N 22 2 2t

Siguificantly different fiom control group {group 1) value: A -P=0.05 B-P< 00! C-P=0001 (Dumneit)
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E2080: An Oral Embryo-Fetal Development Study in the Rabbit (Study No. 901317,
dated 2/13/08, conducted by ——__GLP)

Methods

Mated female rabbits (22/group) were given oral (gavage) doses of 0, 30, 200, or 1000
mg/kg from GD 7 to 19. Animals were sacrificed on GD 29 and reproductive (corpora
lutea, uterine weight, live and dead fetuses, early and late resorptions) and fetal
parameters (sex, body weight, external, visceral, and skeletal
anomalies/malformations/variations [all fetuses by Staples method]) were evaluated.
Additional animals (5/group) were included for toxicokinetic evaluation (Table IC.2.6).

Strain; NzwW

Drug lot #: Lot No.: 86052401

Results
i Maternai effects

At the HD, 6 main study and 1 TK animal were euthanized between GD 19 and
23, and 1 main study animal was found dead on GD 20. Six of these (including
the one found dead) showed signs of abortion (aborted material found on GDs
17-24). An additional HD doe also aborted. Clinical signs observed in these
and/or in HD animals surviving to term included decreased activity, thinness,
fecal softness, decreased output or absence of feces and feces with mucoid
material. At the MD, clinical signs included fecal softness, or decreased output,
and feces with mucoid material.

BW gains were decreased between GD 7 to 16 at the HD, ie, prior to abortions
(loss of 0.23 Kg compared to a gain of 0.22 Kg in C; Table IC.2.1); however,
corrected BW and BW gains were unaffected (Table IC.2.2).

ii. Fetal evaluations

At term, postimplantation loss was increased (7.42, 6.48, 4.70, and 12.62%) and
fetal BWs were decreased slightly (5%; 42.86, 42.58, 42.60, and 40.90 g in C,
LD, MD, and HD, respectively) at the HD compared to C. The increase in
postimplantation loss was confounded by an increased number of implantations
at the HD compared to C; there was no reduction in number of live fetuses in
litters carried to term.

Malformations were observed in 2 fetuses from 2 HD litters: micrognathia, single
naris, absent incisors, and multiple fusions and anomalies of the skull bones
were observed in fetus No. 4502/4, and omphalocele was observed in fetus No.
4513/3 (Table IC.2.3). The overall incidence of litters (15%) and fetuses (1.9)
with major malformations was within the historical control range (0.0% to 23.5%
of litters and 0.0% to 3.7% of fetuses). Because of the low incidence and lack of
pattern, these observations were not considered to be T-R by the sponsor.

Although the overall incidences (12% to 38% of litters and 2% to 9% of fetuses
affected) of minor visceral anomalies were comparable between groups, the
incidence of retrocaval ureter was increased at the HD (Table IC.2.4).

Incidences of the skeletal variation 13th rib were also increased at the HD (Table
1C.2.5).
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C. Conclusions

Oral (gavage) administration of rufinamide to time-mated female rabbits at doses of 30,
200 and 1000 mg/kg from GD 7 to 19 resulted maternal and developmental toxicity
(abortion, death, clinical signs, and decreased maternal BW gain, decreased fetal BW,
increased postimplantation loss, increased visceral and skeletal abnormalities) at the HD.
Due to abortion and maternal mortality, the number of litters available for evaluation at
the HD (13) was below the generally accepted minimum of 16. The NOAEL was 200
mg/kg in this study.

Figure 1C.2.1

Table IC.2.1
Liroup 1 - VaBck conteel
Groap 2 -E2085 30 mpkg

4 13 16 20 3 26 29
Day of Gestation

——CGraup | - Vehicle confrol —B-Grop 2- EX80 3¢ngkg

~8—Groop 3- RX080 2 nptke —4 Croup4 - X080 1000ngke

Group 3 - EXIEY 200 mpke
Gooug 4 - E2080 1008 neglkg

Day-of Gextation
Swmmry Froma: 3 7 k24 13 8 2 23 26 7
3r3n Information  Foo 7 it 13 1& 0 23 2 2% 15
1 Awan G408 G085 202 157 feRe:3 .68 9.0& 04% 922
5D 9.038 [T 047 J44& Bos: 4933 207 0.082 GOER
¥ 18 % 18 1z i8 13 18 ig iB
2 Jean .06 [EEa] 97 2.67 &08 807 2.06 0.08 917
D 2070 el Rk 0035 R3E 0048 f1Xih Q051 2303
i 18 2.9 k21 i3 IX 18 1 i% B
3 Mexn 8.08 G2 047 fidnd ko] 9.1¢ 9.6& 094 @38
D 9.06% GRS ek ihecd 4038 G044 2071 HE 061 4.:09
w 17 7 17 7 ¥7 17 T 37 iF
4 Wunn 0.07 Q13F LHE LD &7 211 804 <R 92T
5D 2.037 8327 0IE 8117 5,382 2977 1065 D55 23n
k3 26 2 20 B ® 14 13 i3 20

Sagpificantiy diffarsnt Fom comtrel group (arowp 1) valus: A - P2 005 B-Pe 00l C-Peiidl {Tuonesdy
D-PgBLF E-P=001 F-Pu0001 {Dune)
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Table IC.2.2

Group 1 - Vehicle control
Group 2 - EX080 30 mpfkg

Group 3 - E2080 200 mg'kg
Group 4 - E2080 1000 mgkg

Summary Corrected Body Weighis Comected Body Weight Gaius
Group Information Day 29 of Gestati Day 7-25 of Gestation
1 Mean 30206 0.0706
$B 0.2004 01438
N 18 18
2 Mean 30727 Q.0005
B 0.3546 0.1949
N i8 18
3 Mean 29733 0.0420
SD 02027 0.1399
N 15 16
4 Mean 29133 -0.0867
ki 02538 0.1636
N 13 13

Significsutly different from control group {gronp 1) valne: A-P< 005 B-P«0.01 C-P <000 (Dumet)

Table IC.2.3

Group 1 - Vehicle confrol
Group 2 - E2080 30 mgkg

D-P«005 E-P=001 F-?<0.001 {Dunn)

Group 3 - E2080 200 mg/ks
Group 4 - E2080 1000 mg/kg

Group
1 2 3

LE FE LE FE LE FE LE FE
External (EXT) 18 124 18 132 17 130 13 04
Visceral {VIS} 18 124 18 132 17 130 13 104
Skeletal (SKE) 18 124 18 132 17 130 13 104

LA FA A FA Léa FiA LA FiA
Major Malformations {Total) 0 [ g 4 0 0 2 2
Face
Upper jaw reduced (micrognathia}(EXT} 4 0 D g 9 0 i i
Nose: Single naris (EXT) [ [ 0 0 0 0 1 i
Wouth: Incizors absent (EXT) 0 (] D 1] 1] 1] i i
Abdomen
Intestines protruding at umbilicus {omphalocele) (EXT) 0 0 ] [ 0 ] 1 H
Skuil
Multiple fisions and anomalies in skull bones {SKE) 0 i} kv & ] 4] 1 i

L/E = Litters examined ~ L/A = Litters affected
F/E = Fetuses examined  F/A = Fetuses affected

Sipnificantly different from control group (group 1) value: * - P <005 ** P =061 *** - P« 0.001 {Fishers)

15



Table IC.2.4

Group 1 - Vebicle control Group 3 - E2080 200 mg/kg
Group 2 - E2080 30 mpdg Group 4 - E2080 1000 mg/kg
Group
1 2 4
LE FE LE FE LE FE LE FE
Extemal {(EXT) 18 124 i8 132 17 130 13 104
Visceral {VIS) 18 124 8 132 17 130 13 104
Skeletal (SKE} 18 12 i8 132 17 130 13 104
Minor External and Visceral Anomalies (Cont'd) LA Fia I2A FA A T LA F/A
Ureter(s)
Uretex(s) retrocaval (VIS) 0 0 1 i 1 1 3 3%
E/E =Litters examined  L/A = Litters affected
F/E =Fetnses examined F/A = Fetuses affected
Sigaificantly different from control group (group 1) valne: * - P 0.05 ** P 001 *** P 000 (Fishers)
Table IC.2.5
Group | - Vehicle confrol Group 3 - E2080 200 mg/kg
Group 2 - E208¢ 30 mgkg Group 4 - E2080 1000 mgikg
Affected Fetuses/Listers Mean % (8D)
Group
3 3 3 4
Commpon Skeletat Vartants 1119 12.85 1878 6.81
12.83 13.31 235.60 9.23
Unilateral 13th rib {extra’mdimentary)} i8 18 13
3322 43.35 3977 65.12a
Bilateral 13th rib {extra‘radimentary/ 3548 34.19 2942 28.08
osgification center} 18 18 7 13
Ribs - total 13th {unilateral 2nd bilateral) 3441 56.20 4856 71.93
extra‘mdy _\';u, ification cenper 35.53 33.40 3204 2957
18 18 13
S brae { ifed'i plete/semi-bipartite/ 5649 5873 4982 2893
bipartite) 34.06 28383 3895 21.99
i8 18 13
Significantly different from control group (group ) valve: 5 - P<0.05 b-P=0.01 ¢-P=0.001 (Wilcoxon)
Table IC.2.6
Gmup .*Tm;_x szx AUC(Q_mﬂ AUC(Q_%) AUC T Yz R2
Designation {hr) {ng/mlL) (hr*ng/ml)  (br¥ng/mL) {tlast.os) 70 (hr)
2 1 1095091 7259585 7722891 7.16 2.66 0.986
3 4 3194376  429598.68 434852 .34 1.08 3.41 0.978
4 8 4829776 933511.43 NR NR NR NR

* T values represent the niedian rather than the mean.
NR = Not Reported
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1. SUMMARY AND EVALUATION

In the rat carcinogenicity study submitted with the original NDA, rufinamide was administered in
the diet to S-D rats at approximate daily doses of 0, 20, 60 or 200 mg/kg for 97 (males) or 103
(females) weeks. (Due to low survival in controls, all remaining males were sacrificed during week
98. Surviving females were sacrificed as scheduled during week 104.) Effects consisted of
decreased body weight gain (MD & HD; terminal BWs 10 & 29% below controls in males, 21 &
37% below controls in females); decreased mortality (MD & HD); and non-neoplastic microscopic
changes in the liver and kidney. Plasma rufinamide concentrations were generally somewhat
lower in females at the LD and MD but not at the HD. Based on TK from the 13-week dietary
study, the AUC at the HD was approximately 4000 umol.hr/L (human exposure at MRD = 1923
umol.hr/L). Neoplastic findings consisted of increased incidences of thyroid follicular (0/59, 1/60,
10/60, 4/60; statistically significant) and thyroid C-cell adenomas (1/59, 3/60, 6/60, 2/60; not
significant) in males. The incidence of thyroid C-cell carcinoma was increased somewhat in MD
males (1/59, 1/60, 3/60, 0/60; not significant). There was also a possible increase (not significant)
in liver hepatocellular adenomas in MD males (3/59, 2/60, 7/60, 4/60) and HD females (2/60,
1/60, 1/60, 5/60).

The MD was considered the MTD based on decreases in body weight gain noted in both sexes
by the end of the study. However, in view of the shortened duration and excessive BW effects,
even at the MD in females (and the resulting reduced sensitivity to detect potential carcinogenic
effects), the validity of the study was considered questionable (see original NDA pharm/tox and
statistical reviews). .

In addition to the problems with the rat carcinogenicity study, several critical studies did not
conform to current standards: a) the in vivo micronucleus assay in rats did not evaluate the
recommended 2000 micronucleated polychromatic erythrocytes per animal, b) the rat fertility
study evaluated too few animals (12/group) and did not employ 1:1 mating, and c) the rabbit
embryofetal development study did not evaluate a maternally toxic high dose. There was also
some concern about a finding of decreased whole and regional brain weights in the juvenile rat
study, and the developmental age range and endpoints studied in juvenile dogs were considered
inadequzte.

The following non-clinical comments were transmitted in the Approvable Letter (dated 9/15/06):

1. We note that the rat carcinogenicity is inadequate. As you know, the high dose male and the
mid- and high-dose female groups experienced excessive decreases in body weight relative to
controls, resulting in reduced ability to detect potential carcinogenic effects. We believe that the
body weight effect was likely exacerbated by unpalatability of the feed. Based on estimates of
plasma AUCs, we note that the plasma exposures in the low dose females and the mid-dose
males (the groups that did not suffer excessive weight loss) were not sufficiently greater than
those achieved in humans to provide confidence that the tumorgenic potential of rufinamide has
been adequately assessed at clinically relevant exposures. We further note evidence in your
application suggesting that similar doses could be administered by gavage without the excessive
body weight effects observed with dietary administration. Were we convinced that rufinamide
provides a significant clinical benefit, we might be persuaded that the rat study be repeated in
Phase 4. We do ask that you address the possibility that an adequate 2-year study in rats couid
- be conducted using gavage dosing. The need for and the timing of the conduct of a repeat study
will depend upon your response to this letter.

2. Several critical non-clinical studies do not confirm to current standards and are, therefore,
inadequate: a) the in vivo micronucleus assay in rat did not evaluate the recommended 2000
micronucleated polychromatic erythrocytes per animal, b) the rat fertility study evaluated too few
male animals (12/group) and did not empioy 1:1 mating and, c) the rabbit embryofetal
development study did not evaluate a maternally toxic high dose. These studies need to be
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repeated (cf. OECD Guidelines for the Testing of Ch'emicals, Guideline 474; Guideline for
industry: Detection of Toxicity to Reproduction for Medicinal Products ICH-S5A).

3. The finding of decreased whole and regional brain weights in the juvenile rat study should be
further investigated, e.g., using expanded neurohistopathology and brain morphometry.

4. The developmental age range studied in juvenile dogs was inadequate. A dog study in which
dosing is initiated at an earlier age (corresponding to the clinical age range) needs to be
conducted, and bone growth and density and brain development (using expanded
neurohistopathology) should be evaluated in addition to the standard toxicity endpoints. There is
particular concern regarding developmental effects on bone and brain based on the bone tumor
findings in the mouse carcinogenicity study and the brain weight effects in the juvenile rat study.
You are encouraged to submit a protocol for review and comment prior to initiation of the study.

Eisai Response:

1. Eisai submitted a recently completed 3-month rat oral gavage dose-ranging study (Study No.
802789) conducted in order to compare BW effects and exposure levels to those seen the dietary
studies. In this study, oral gavage administration of rufinamide (200, 600 or 1000 mg/kg) resulted
in decreased body weight gains (-15, -27 and -31% below C in males and -18, -29 and -37%
below C in females, at LD, MD and HD) and food consumption and changes associated with
hepatic enzyme induction (increase in mean liver/body weight ratios, centrilobular hepatocellular
hypertrophy, and vacuolation of the pituitary). TK showed exposure levels comparable to those
seen with dietary administration at the LD but little or no increase in exposure with increasing
doses (see Table IL.1, below). In the 13-week dietary study (Study No. 82100) with doses of 200,
400, and 600 mg/kg, BW gains were decreased 31, 49, and 51% in males and 25,28, and 32% in
females compared to C at the respective doses. The results indicate that somewhat greater
exposures were achieved with dietary administration at 200 mg/kg, which was the HD in the
carcinogenicity study (doses of 20, 60, and 200 mg/kg in both sexes). The current data indicate
that a gavage dose below 200 mg/kg would be necessary to avoid excessive BW effects, which
would further reduce exposures. While the BW effect is diminished in the gavage study, the
differences are not great in females, where the biggest effect was seen in the carcinogenicity
study (terminal BWs 10 & 29% below C in males, 21 & 37% below C in females, at MD and HD).
This suggests that palatability was not the primary cause of the BW effects seen in the dietary
studies. Taken together, the data do not support the usefulness of repeating the rat
carcinogenicity study.

2. In a repeat in-vivo micronucleus assay (Study No. 961523), which was conducted under
current guidelines, male rats (SD; 5/dose/timepoint) were given 0, 500, 1000, or 2000 mg/kg of
rufinamide by oral gavage and 2000 immature erythrocytes per animal were examined for
micronuclei. The results were negative at all time points: animals treated with rufinamide did not
show any statistically significant increase in the incidence of micronucleated immature
erythrocytes and no significant differences in the proportion of immature erythrocytes were
observed.

In a repeat rat fertility study (Study No. 901316, conducted under the current guidelines),
rufinamide was given by oral gavage to male SD rats (22/group) for 28 days prior to mating and
during cohabitation and until necropsy; and to female rats for 14 days prior to mating, during the
mating period and until gestation Day 6, at doses of 0, 20, 60, 200, and 600 mg/kg. There was no
T-R mortality. Clinical signs (dehydration and thinness) and decreased body weights were seen in
males at = 200 mg/kg and in females at = 60 mg/kg (BW 20% below C in males [terminal] and 15
[premating] and 11% [gestational] below C in females, at HD). A number of effects on
reproductive parameters were seen: decreased fertility index (260 mg/kg), conception rate (260
mg/kg) and mating index (HD); decreased numbers of corpora lutea, implantations, and live
embryos (= 200 mg/kg); increased preimplantation loss (alf doses); and decreased sperm count
and motility (= 200 mg/kg). Based on these findings, the LOAEL for fertility and early embryonic
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development is considered to be 20 mg/kg. This is close to the NOEL in the original Segment |
study (oral doses of 15, 50, or 150 mg/kg given to males and females). In this study, BW was
decreased slightly in HD males on days 28 (7% below C, SS) and 84 (6%, NS) of dosing and in
MD and HD females at the end of the premating period (6 and 7%, respectively, both SS) and in
the HD females at the end of gestation (7% on GD20, S8). The percentage of mated females that
were pregnant on either GD 13 or 21 was decreased at the HD and possibly the MD compared to
C (83.3,91.7,79.2, and 70.8 in C, LD, MD, and HD, respectively). There were no effects on any
examined reproductive parameter derived from females sacrificed on gestational day 13 (only 8-
10 pregnant females evaluated). Thus, the new study revealed additional adverse effects on
fertility.

In the repeated rabbit embryo-fetal study (Study No. 901317), rufinamide was administered by
oral gavage to pregnant rabbits (NZW, 22/group) from GD 7 to 19 at doses of 30, 200 or 1000
mg/kg. Maternal/developmental toxicity (decreased food consumption, BW loss, abortion, and
mortality) was excessive at the HD and resulted in a marginal number of evaluable litters (13) at
this dose. Most of the maternal toxicity was associated with abortion. There was no increase in
abortion in the original study (0, 30, 200, or 700 mg/kg in Chinchilla rabbits), but total resorption
was increased somewhat (1 C, 1 LD, 3HD). It appears that the dose-response for this effect on
the maintenance or progress of pregnancy is steep. As in the original study, increased resorption
and decreased fetal weights were seen at the HD (in surviving litters). However, while abortion
and total resorption were clearly increased, the effect on resorption rate in litters carried to term
was limited, indicating that the embryolethality may not represent a selective effect on the
cohceptus. Malformations were only seen at the HD, where there were 2 malformed fetuses from
2 litters (1 with omphalocele and 1 with skull malformations). There were also increases in a
minor visceral anomaly (retrocaval ureter) and a skeletal variation (13th rib) at the HD. Slight
increases in skeletal malformations were seen at the MD and HD in the original study: 1 C, 2 MD,
and 2 HD fetuses showed absent ossification of pubic bones; and 1 HD fetus had thoracic
scoliosis. Thus, there is no clear evidence of teratogenicity in rabbits based on these 2 studies,
although an effect could have been masked by embryolethality (total litter loss). Various skeletal
minor anomalies were also very slightly increased at the MD (3 fetuses/3 litters) and HD (3/2)
compared to C (2/2) and increases in skeletal variations were seen at these doses in the original
study. The overall impression is of embryofetat toxicity in rabbits at = 200 mg/kg.

3. Eisai conducted an expanded neuropathological evaluation on the brain sections from control
and high dose animals with special stains for myelin phospholipids and axon fibers (Kliiver
Barrera and Holmes). There were no treatment-related neurohistopathological changes noted in
this evaluation.

4. Eisai agreed to conduct an additional dog juvenile study as a post-marketing phase 4
commitment (see the February 7, 2007, signed minutes from the December 18, 2006 meeting).

Table 1.1
Sex Male Female
__Dose(mgkg) 200 400 600 1000 200 400 600 1000

AUC{umolhi/L)
Gavage Dayl 4626 3834 5464 3838 5591 5739

Week 13 3664 3821 4481 3260 4334 4679
Diet Week 2 3724 4442 4433 2918 4081 3724

Week 10 4320 5428 5653 3652 4706 5378
Body weight (% difference from control)
Gavage -6 -17 -19 -7 -14 -17
Diet -23 -38 -38 -15 -16 -19

* gavage study: Study No. 802789 (dose Tevel: 200, 600, 1000 mg/kg). diet study: Study No. 93027 (dose levels: 200, 400. 600
mg'kg)
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. RECOMMENDATIONS

The application can be approved from a pharm/tox standpoint. The sponsor has adequately
addressed all of the preclinical deficiencies identified in the approvable letter. They should
perform an adequate juvenile dog study Phase 4, as previously agreed. The new data indicate
that repeating the rat carcinogenicity study would not be warranted. Labeling recommendations

follow.

Appears This Way
On Original
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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN
SERVICES

Public Health

Service

Food and Drug Administration

Division of Neurology Products (HFD-120)
Center for Drug Evaluation and Research

Date: September 29, 2006

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 21-911 (rufinamide)

Regarding the nonclinical safety data submitted in support of the NDA, a primary
concern is the assessment of the carcinogenic potential of rufinamide. The dietary
carcinogenicity studies and supportive data have been reviewed in detail by Ed Fisher,
Ph.D. (Pharmacology/Toxicology Review and Evaluation, N21-911, 9/26/06). In
addition, these data have been reviewed by the Executive CAC (meeting date: 8/1/06).

Mouse

Dr. Fisher concluded that the 2-year mouse study is adequate by design and conduct and
was positive for carcinogenic potential. Neoplastic findings consisted of an increased
incidence of osteomas and hepatocellular adenomas in males and females (increases in
hepatocellular adenomas in high-dose males and females were not statistically
significant). '

TISSUE FINDING MALES FEMALES

0 40 120 400 0 40 120 | 400
bone osteoma 0/60 | 0/60 | 2/60 | 360" | 0/60 | 2/60 | 1/60 | ¢/607

liver hepatocellularadenoma | 4/59 | 5/59 | 4/59 | 13587 [ 0/59 | 0559 | 157 | 1o59"

hepatocellular carcinoma 8/59 7/59 8/59 14/58 1/59 0/59 1/57 4/59

* . . # . . ..
doses given in mg/kg/day; " statistically significant trend

The ExeCAC concurred with this interpretation.




Rat

Dr. Fisher concluded that the validity of the 2-year rat study (97 wks in males) is an
issue. The study was positive for carcinogenic potential due to significant increases in
thyroid follicular adenomas in males (0/59, 1760, 10/60, 4/60 in C, LD, MD, and HD
groups, respectively). (There was also a non-significant trend for thyroid C-cell
adenomas in males (1/59, 3/60, 6/60, 2/60 in C, LD, MD, and HD groups, respectively).)
However, adverse effects on body weight, the primary drug-related finding, were
excessive in mid-dose females and high-dose males and females, resulting in reduced
sensitivity to detect carcinogenic potential.

[The ExeCAC concurred that the study was positive for thyroid follicular adenomas (with
a non-significant trend for thyroid C-cell adenomas) and noted that the rat study was “less
than adequate” due to the body weight effects.]

It is Dr. Fisher’s opinion that doses similar to those used in the 2-yr dietary study could
be administered by gavage to give similar plasma exposure without the excessive effect

on body weight.

Table: summary of effects on final mean body weight (i.e., decreases relative to controls).

STUDY MALES FEMALES
20 | 60 200 400 | 600 20 60 200 [ 400 600"
2-yr dietary 0 - 21% 37% | L
3-mo dietary aJ - L g 16 16 19
26-wk/1-yr dictary T - 7/8 21732 T
1-mo gavage' 9 . B :
3-mo gavage ﬂ\ - 2 4 1 11 [ 3 8

*doses expressed in mg/kg/day; *26-wk interim sacrifice in 1-yr study; lanother 1-mo gavage study was conducted
only in males at 0 and 600 mg/kg; mean body weight was reduced 14% compared to CM.

Table: summary of effects on overall mean body weight gain (estimated decreases
relative to controls). '

STUDY MALES FEMALES
20 60 200 400 600 20 60 200 400 600"
2-yr dietary 2% |13% | 38% | 1 - 30% = ]
3-mo dietary S T3 49 51 e
26-wk/l-yrdietary’ | 222 | 4/5 [ 3031 || | 15/18
1-mo gavage' 19 24 33 b o0 49 ... s e
3-mo gavage * 1 2 N e 9 12 12 | 30

*doses expressed in mg/kg/day; *26-wk interim sacrifice in 1-yr study; ‘another 1-mo gavage study was conducted only
in males at 0 and 600 mg/kg; mean body weight gain was reduced ~40%.

Plasma AUC data were not available for the rat carcinogenicity study; however, estimates
of AUC based on the plasma concentration data suggest that plasma exposure is similar
with dietary and gavage administration at similar doses. Based on these estimates, it
would appear that the mean plasma AUC in MDM in the carcinogenicity study is similar



to the anticipated human plasma AUC at the maximum recommended clinical dose (3200
mg/day); the plasma AUC in LD animals is ~0.4 times the human plasma AUC.
Therefore, there is no safety margin between the plasma exposure at doses not associated
with excessive body weight effects and the anticipated human plasma exposure.

The data from the 3-month gavage study suggest that the 200-mg/kg dose could be used
successfully in a 2-year study. If so, then the carcinogenic potential of rufinamide could
potentially be adequately tested at plasma exposures (AUC) 2-3 times the anticipated
human plasma AUC. However, the data from the 1-month gavage study demonstrate at
greater body weight effect, and suggest that a high-dose of 200 mg/kg would result in
excessive body weight effects.

Since the data suggest, but do not clearly indicate that a more adequate assessment of
carcinogenic potential could be achieved using gavage dosing, the sponsor should be
asked to address this issue. If a gavage study could provide a better assessment, then a
decision as to whether study would need to be conducted prior to approval or Phase 4
would depend, at least in part, on the robustness of the clinical data.

Other nonclinical issues

In addition to concerns regarding the assessment of carcinogenic potential, Dr. Fisher
noted several other nonclinical deficiencies:

(1) the in vivo micronucleus assay in rat did not include an evaluation of the
recommended number of polychromatic (immature) erythrocytes (PCEs); only 1000
PCEs/animal were examined rather than the recommended 2000 PCEs/animal.

(2) the mating and fertility study in rat was conducted in an inadequate number of
males/group (i.e., 12/group rather than the recommended 16-20/ group) and employed 2:1
rather than the recommended 1:1 mating.

(3) the embryofetal development study in rabbit was not conducted at sufficiently high
doses. The high dose in that study was not associated with dose-limiting toxicity. In
addition, no other data in rabbit were provided to establish that higher doses could not
have been tolerated or achieved.

(4) the study in juvenile dog did not cover the appropriate developmental age range;
dosing was initiated at 4 months of age and continued for 13 weeks. Rufinamide is
intended to treat Lennox-Gastaut and partial seizures in children and adults. Therefore,
dosing should begin at as early an age as feasible and continue through sexual maturity.

Dr. Fisher has recommended that these nonclinical deficiencies be addressed by the
sponsor. I concur, and recommend that the sponsor repeat these studies in a timely
manner, preferably prior to approval.
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L INTRODUCTION AND DRUG HISTORY

NDA number: 21-911
Date of submission: 11/17/05
Sponsor:  Eisai Medical Research

Drug:
Trade name: Inovelon

Generic name: rufinamide

Code names: CGP 33101; RUF 331

Chemical name: 1-[(2,6-Difluorophenyl)methyl]-1H-1,2,3-triazole-4-carboxamide
CAS registry number: 106308-44-5

Molecular formula: C1oHsF2N4O

Molecular weight: 238.2

Structure:
F
N
- N
N N
F \\<
CONH2

Relevant IND: 35,534
Drug class: sodium channel moduiator
Indication: epilepsy

Route of administration: oral (tablets)



I PHARMACOLOGY

A BRIEF SUMMARY

Rufinamide is a triazole derivative, intended for the treatment of partial seizures in adults and adolescents
12 years and older and seizures associated with Lennox-Gastaut syndrome in adults and children. In vitro
studies indicate that rufinamide limits the frequency of firing of sodium-dependent action potentials in rat
and mouse neurons. Rufinamide did not significantly interact with a number of neurotransmitter systems,
including GABA, benzodiazepine, monoaminergic and cholinergic binding sites, NMDA, and other
excitatory amino acid binding sites. In vivo oral rufinamide suppressed MES-induced tonic-clonic seizures
in rodents. No development of tolerance occurred during a 5-day treatment period in mice and rats.
Rufinamide was less potent in antagonizing clonic seizures induced by pentylenetetrazole and other
chemoconvulsant agents. In Rhesus monkeys with chronically recurring partial seizures, rufinamide
reduced seizure frequency. The Pl and safety ratio of rufinamide were comparable to other AEDs.

B. SAFETY PHARMACOLOGY

In a preliminary hERG study in which only 2 cells were evaluated and 1 of those tested a single drug
concentration (Study No. W-20040219), rufinamide (0.1, 1 and 10 pumol/L) inhibited hERG induced tail
currents in 1 cell by 9.7%, 12.1% and 12.1%, respectively. In a second cell, 10 umol/L rufinamide
inhibited tail currents by 6%. The positive control (300 nmol/L E-4031) inhibited tail currents by 80% in the
second cell.

In the pivotal hERG study (Study No. DJNR1037), 100 MM rufinamide (15 min) produced a decrease in
tail current of 35.9% (n=5 cells), but the study was invalid since the vehicle (1% DMSO) inhibited tail
current by an average of 31.6% (n=4 cells). (A reasonable vehicle effect might be a few percent.) The
positive control (100 nmol/L E-4031) decreased the tail current by 87% (n=4 cells). Thus, no definite
conclusions can be drawn from these studies.

In an anesthetized dog study (Study No. 982069), 4 animals (male Beagles) were randomized to
treatment and 2 served as controls. Dogs were anesthetized with sodium pentobarbital. Treated dogs
were injected (iv) once at each escalating dose level (1, 3, and 10 mg/kg) with a 45 minute interval
between each dose. The measurements taken included: arterial blood pressure (systolic, diastolic and
mean); heart rate, electrocardiograms; arterial blood flow: and respiratory parameters (tidal volume,
respiratory rate and minute volume). No clear differences in blood pressure were evident between control
and rufinamide-treated animals. A slight decrease in heart rate (up to 10%) was observed with sequential
administration of rufinimide (Figure 1IB.1). HR was also decreased somewhat in C, so the effect was
thought to be partly attributed to the vehicle (30% PEG 400 in saline). There were no apparent effects on
blood flow in the femoral artery and on P-wave amplitude and duration, or PQ and QRS interval. The QT
interval remained relatively constant throughout the experiment (Table IIB.1; QTc not calculated).
Electrocardiography was also assessed in the chronic toxicity study in dogs (Study No. 89-6305). In this
study, no notable treatment-related effects on heart parameters were observed following daily doses of
up to 200 mg/kg for up to 52 weeks.



Figure lIB.1
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. PHARMACOKINETICS

A BRIEF SUMMARY

The disposition of rufinamide in animals after oral dosing was characterized by a low rate of absorption,
relatively slow clearance, and little or no first pass metabolism. The extent of absorption was variable
across the test species and generally decreased in proportion at high doses. This less than dose
proportional increase in systemic exposure showed no pronounced sex difference. There was no
unexpected accumulation on repeated administration of the same dose. Systemic exposure in young and
mature dogs was similar for the same mg/kg dose. Radioactivity from labeled rufinamide was distributed
throughout the body in rats, and there was no evidence of a peculiar or persistent affinity to specific
organs and tissues. A marked and reversible transfer of rufinamide and/or metabolites to the embryo/fetal
compariment was observed in rats and rabbits. Radiolabel was distinctly taken up into the mammary
glands indicating the compound and/or metabolites could be excreted with the milk. Systemic exposure to
metabolites was low. Based on urinary excretion data, the compound was cleared mainly by metabolism.
The main metabolite in all species including humans was the carboxylic acid, designated CGP 47 292,
formed by hydrolysis of the carboxylamide group, a reaction catalyzed by carboxylesterase(s). Oxidative
metabolism was minor and apparently more pronounced in rodents than in dogs or primates. Rufinamide
weakly induced drug-metabolizing enzymes in rat and mouse liver in a qualitatively similar manner to CBZ
or PB. Rufinamide also weakly induced CYP3A4 in human hepatocytes. The effect was reversible in
mice. In the cynomolgus monkey, crystals were found in the gallbladder following repeated dosing. These
crystals were a metabolite of rufinamide derived from a glutathione adduct. A human radiotracer study
showed that this metabolic pathway is not relevant to man. Serum protein binding of rufinamide in any
species was low (23~35%). Rufinamide showed no significant or very weak capacity to inhibit the activity
of the human P450 enzymes and carboxylesterase(s). Single dose PK parameters are shown in Table
MIA.1 and TK data are shown in Table [lIA.2 (conversion factor for ug.h/ml = 0.24). It should be noted that
the clinical data underestimate human exposure, since they are based on AUCO0-12h. Another
comparison {Table V.1) estimates clinical exposure to parent at the MRD as 1923 umol.h/L.

Appears This Way
On Original



Table IlIA.1

Tabled  Mean pharmacokinetic parameters of rufinamide in plasma of mice, rats, dogs,
baboors, Cynomolgus monkeys and humans following single iv. or oral
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Table IlIA.2
Steady State AUC (umolhr/L}
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Daily Dose Mouse” Rat* Dog? Bakoon* Monkey© oigt Human’
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80 285 260° 18005 21308 1650 22900 1243
106 2422° 2196* 1373
120 '
200 1297 1306° 4320° 3652° 31408 33708 3196t 3060%
go1® 3586%
1640° 1830°
749 857 |
300 2230 2330 3945° 3312°
400 5428° 4706*
500 3883° 3195¢ 5655 5378° 2008 46605
1645 1865
*— in diet

®  in capsules
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® — 13-week toxicity study

£— 13 week toxicity stady in young dogs

¥ 3_month texicity study

& — £2-month toxicity study

¥ — 2-week toxicity study

B.  METABOLISM

In animal studies, rufinamide was extensively metabolized, with less than 10% of the dose recovered
unchanged in the urine in the animal species investigated: <3%, <2% and <4.4% in dogs, baboons, and
cynomolgus monkeys, respectively. The major metabolite in all species investigated was CGP 47292.
This metabolite is formed by hydrolysis of rufinamide, presumably by carboxylesterases, and is inactive.
The comparison of AUC values for parent drug and total radioactivity in plasma of dogs and baboons
given [14C] labeled rufinamide demonstrated a low systemic exposure to metabolites. Parent drug
comprised 66-90% of the AUC of radioactive substances in the dog and 92-97% in the baboon. in
cynomolgus monkeys given a single oral dose of rufinamide (300 mg/kg), the plasma AUC of CGP 47
292 was 3-4% of the AUC of the parent compound. In rats, comparisons of the plasma concentration data
from separate but comparable experiments with [14C]-labeled and unlabeled rufinamide suggests that in
this species exposure to metabolites was also low. When plasma concentrations of rufinamide and CGP
47292, were determined after oral administration of a 270 mg/kg single dose of [14C] rufinamide to
pregnant rats (strain Tif:RAIlf), concentrations of CGP 47292 represented between 3% and 6% of those of
rufinamide. The combined concentrations of rufinamide plus CGP 47292 were similar to those reported
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for total radioactivity. On the basis of its similarity with the rat in [14C] disposition, it seems plausible to
assume the same behavior in the mouse. The plasma concentrations of CGP 47292 in two epileptic
patients given CGP 33101 were 12-17% of parent levels.

Prominent in the urine of mouse and rat (10-40% of urinary radioactivity), but of minor importance in
dogs, Cynomolgus monkeys and baboons (< 5% of urinary radioactivity), was 2,6-difluorobenzoic acid,
CGP 47291, a metabolite formed by oxidative cleavage at the benzylic carbon atom. In a human
radiotracer study this metabolite was found only in possible trace amounts in the urine. The 3-hydroxy-6-
fluoro-2-S-cysteinyl conjugate of rufinamide (Metabolite 1V) was one of the main metabolites in rat bile,
dog bile and mouse urine. This conjugate was presumably formed by hepatic oxidation of the
difluorophenyl ring followed by nucleophilic aromatic substitution of the 6-fluorine atom by giutathione and
subsequent enzymatic degradation of the glutathione moiety in the bile. In human radiotracer study, there
was no spectroscopic evidence for the presence of any similar or related glutathione-derived metabolites
in urine and feces.

Comparison of the metabolism of rufinamide in mice (Figure HIB.1) with that in other species indicates a
common major pathway in all species and particular pathways in some species: 1) CGP 47292 was the
main metabolite in urine of mouse, rat, dog, baboon, rabbit, and humans; 2) CGP 47291 was formed in
substantial amounts in rats and mice only; and 3) cysteine-containing metabolites were observed in
considerable amounts in the urine and feces of mice. Metabolite IV was observed as a major metabolite
in the bile of cynomolgus monkey after chronic treatment. Based on studies in rats and mice, the
mercapturic acid pathway is generally considered to occur as an interorgan process, with the liver as the
primary site for glutathione (GSH) conjugation. The GSH conjugate is transported to the kidney, a
secondary site of metabolism of GSH conjugates. The conjugate is degraded by p-
glutamyltranspeptidase and cysteinyl-glycine-dipeptidase to metabolite IV. Metabolite [V may be excreted
or further acetylated by the n-acetyltransferase to the mercapturic acid conjugate (metabolite V).
Alternatively, the GSH conjugate may be excreted into the bile canaliculus, where essentially the same
GSH conjugate degradation occurs, leading to biliary-fecal excretion of cysteine conjugates.

Figure 1lIB.1
Figure 7 Metabolites identified in the mouse urine and feces
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V. TOXICOLOGY

A. SINGLE-DOSE TOXICITY

1.

CGP 33101: Acute oral tox.icitv study in the rat (Test No. 87-6138; Ciba-Geigy, Basel,
Switzerland; Report dated 10/13/87; GLP)

CGP 33101 (batch No. 800186) was given to rats (Tif:RAIf(SPF); 3/sex/grp) at single oral
doses of 3000 and 5000 mg/kg and animals were observed for a 14-day period after
administration. Mortality occurred at 5000 mg/kg in 1/6 rats, so the LD50 was estimated
to be more than 5000 mg/kg. Animals of both sexes showed similar signs, including
reduced spontaneous activity, ataxia, muscular hypotonia, irregular respiration,
piloerection, cool body, salivation, recumbency, and unkempt fur. In the surviving
animals, body weight gain over the 14-day observation period was not affected.
Autopsies did not reveal any gross organ or tissue changes. It was concluded that "CGP
33 101 given orally is practically non-toxic in rats under these experimental conditions.
The toxic reaction included signs of CNS inhibition."

CGP 33101: Acute exploratory oral toxicity study in beagle dogs (Test No. 87-6120; Ciba-
Geigy, Basel, Switzerland; Report dated 8/20/87; GLP)

CGP 33101 (batch no. 800186) was given at single oral doses of 600 and 2000 mg/kg,
each dose to a single female dog. 600 mg/kg led to slight trembling, 1/2 to 2 hours after
administration. 2000 mg/kg caused emesis, about 3 1/2 hours after administration and at
that time, feces contained amounts of non-absorbed compound. It was concluded that
"600 mg/kg CGP 33 101 is expected to be a suitable high dose in the 10 day oral dose
range finding study in dogs. Special attention must however be paid to the absorption of
CGP 33 101 in the dog."

B. REPEAT-DOSE TOXICITY

1.

CGP 33101: 13-week feeding study in mice (Test No. 92-6060: Ciba-Geigy, Summit, NJ;
Report dated 12/28/93; GLP) .

Methods

CGP 33101 (Lot #800189) was administered orally via the feed to CD-1 mice
(10/sex/group) at target doses of 0, 60, 200 or 600 mg/kg/day for 13 weeks. (The actual
cumulative mean daily doses were 59.9, 198.3 and 592.0 mg/kg for males, and 60.3,
199.4 and 606.6 mg/kg for females, respectively.) Additional mice were placed on the
same dosing regimen for 2 or 11 weeks for TK determinations. Standard clinical
observations body weight, food consumption and organ weight determinations, and
physical/auditory and gross pathological examinations were performed on all animals.
Microscopic examinations were conducted on all gross lesions, on a standard list of
tissues/organs from mice in the C and HD groups and from mice that died prior to
scheduled sacrifice, and on livers and salivary glands from LD and MD mice.
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b.

Results

Dietary

Mortality, clinical signs, body weight

There were no treatment-related mortalities or clinical signs. Body weight effects
were inconsistent (Table IVB.1.1).

Clinical Pathology

SGOT and SGPT were increased in HD males and MD and HD females, and
alkaline phosphatase was increased at the HD in both sexes.

Pathology

Increased liver weight was noted in MD and HD males and in HD females.
Treatment-related microscopic lesions were found in the liver and salivary glands
of treated mice in both sexes (Table IVB.1 .2). The liver changes were seen in
males at the MD or greater and in HD females and consisted of centrilobular
hepatocellular hypertrophy, single cell necrosis, and periportal pigment. The
latter was described as "pale, yellow-green pigment often in periportal areas
within Kupffer's cells, occasional hepatocytes or extracellularly in canaliculi. The
pigment was negative for bile and partially stained for iron and lipofuscin, and its
exact nature was not evident.” In dogs, intra- and extracellular pigment was
identified as bile based on its positive staining for bile with Hall's method and its
negative staining for iron with Perl's method.

Changes in the salivary glands of MD and HD males and HD females were
described as atrophy of the acinar epithelium “characterized by the presence of
decreased numbers of secretory granules and increased amounts of pale,
basophilic cytoplasm that was occasionally vacuolated.” The severity was
minimal in both sexes. The pathogenesis of salivary gland atrophy and its
significance was considered undetermined.

Plasma levels (Table IVB.1.3)

Plasma analyses for rufinamide demonstrated near dose-proportional exposures
that were generally somewhat higher in males than females.

Conclusions

administration of 60, 200, and 600 mg/kg to CD-1 mice for 13 weeks produced

increased enzyme activities (SGOT, SGPT, ALK Phos) and microscopic changes in the
liver and salivary glands, primarily at the MD and HD. These changes were characterized
as centrilobular hepatocellular hypertrophy, single cell necrosis and periportal pigment
and were generally more severe in the males than in the females. Atrophy of the
submandibular salivary glands of males (MD and HD) and females (all doses) was
considered treatment-related but of uncertain toxicological significance. The LD was
considered to be a NOAEL. :
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Table IVB.1.1

CGP 3 : WEEK FEED STUDY 1IN MIC 4183
10.1. Mean body weight change during the dosing period®
Group Males Females.
Dose Bogdy Welght (g) Percent Body Weight (g Percent
(mg/kg) Baseline Week 13  Change® Baseline Week 13  Change®
1 28.0 37.4 29.0 23.5 29.6 26.2
{0)
2 29.1 37.8 30.2 24.1 31.4 30.5
{60) (3.6) (19.7)
3 31.1 40.5 30.6 23.7 28.8 21.5
{200) (11.9) (~16.4)
4 28.7 36.5 23.5 23.6 - 29.8 26.2
(600) (-195.0> {1.6)
Table IVB.1.2
Salient Microscopic Changes of the Liver and Salivary Gland
Mzle Female
Dose mg/kg 0 80 200 600 0 60 200 60D
LIVER
Hepatocellulax
hypexrtrophy 0/10 0716 4/10 10/10 0/10 0/10 0710 7710
Single cell
necrosis 1/10 0710 /10 9710 0/10 0710 0/10 5/10
Periportal
pigment 6/10 ©0/16 0/10 8/10 0710 0/10 0/16 8/10
SALIVARY GLARD
Atrophy 1/10 0710 2710 5/10 0/10 3710 4/10 6710
Degeneration 0710 ©/10 0710 0710 0/10 0710 0710 1/10
Appears This Way -
On Original
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Table IVB.1.3

i 3 les
£ AlC, Cmax, Tmax, Cmin and Tmin data” fox CGP 33101 in samp
zgaﬁgm: take:A itom’mice ;m days 12 and 75 of a Toxicology 13-veek
feeding study (MIN 924183)

Dose AU(':b © Cmax Toax Cmin Tmin
{mg/kg/day) Sex (br(ug/ml)) Cug/ml)  (hr) (ug/ml)  {br)
Day 12

92 6.1 19 1.2 10
8 g 53 3.9 19 BoL® 7
358 18.9 19 8.3 7
2% § 304 20.5 19 4.8 7
728 40.8 13 18.8 ?
60 i:‘ 584 34.8 16 13.4 7
pay 75
<
68 4.5 16 BalL 7
50 g 62 4.1 16 0.8 1
309 15.7 16 9.3 7
20 l; 311 2.1 19 4,0 7
925 50.5 16 25.9 10
6% g 761 40.8 19 22.6 ?

® perived from the mean concentration data in Appendix, Tables 4 - 6.

b Caleulated for a 24-hour dosing interval by assuming that the
concentration at 25 hr was eguivalent to that at 1 hx.

© Mesn wag belov the quantification limit (0.5 pg/ml).

2. CGP 33101: 3-month oral toxicity study in rats (Test No. 87-6090; Ciba-Geigy, Basel;
Report dated 4/25/89; GLP)

a. Methods

CGP 33101 (Batch No. 800185) was administered to rats (Tif:RAIf) by oral gavage at
doses of 0, 60, 200, or 600 mg/kg. 10/sex/dose were treated for 3 months, and additional
groups of 5/sex were treated with 0, 200, or 600 mg/kg for 3 months with a 1-month
recovery period. No TK was conducted in this study.

Results

i Mortality, Clinical signs, Body weight

There were no deaths. CNS clinical signs, including hyperemia, muscular
hypotonia, decreased activity, and convulsions (described as short, lasting 30-60
sec, in 1 MD and 2 HD males), were observed at the MD and HD. White
particles, presumed to be test material, were observed in the feces of all
rufinamide-treated animals. All clinical signs were shown to be reversible in the
recovery period. Reduced body weight gain and food consumption were
observed in both sexes. At the end of treatment, BW gain was 2, 5 and 17%
below C in M and 9, 12 and 30% below C in F, at the respective doses. BWs
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were 2, 5 and 11% lower in M and 5, 7 and 15% lower in F, respectively. No T-R
hearing or ophthalmologic effects were observed.

Clinical Pathology

A decrease in leucocytes was seen at the HD. Clinical chemistry findings
included increased urea at the MD and HD (Table IVB.2.1). Slight increases in
creatinine levels were also observed in individual animals at these doses. There
were no treatment-related urinalysis findings.

Patholo

Thymus weights were reduced in both sexes and spleen weights were minimally
reduced in the males at the 2 highest doses. T-R histopathological findings were
observed in the liver and pituitary, but not in the thyroid. Pituitary effects were
seen in males at all doses (Tables IVB.2.2 and Table IVB.2.3). Findings
consisted of vacuolation and ballooning of TSH-secreting cells, which were to a
lesser extent also positive for FSH and LH. Pituitary changes showed some
reversibility in the recovery period. In the liver, minimal to slight centrilobular
hypertrophy was seen in MD and HD rats, with males slightly more affected than
females. These findings were reversible.

Pathology report: "Pituitary changes, consisting in vacuolization and ballooning of
TSH-secreting cells (these cells were at a lesser degree also positive for FSH
and LH, but negative for ACTH and prolactin) were observed in male rats only
and at all three dose levels. This finding was present in all males at the end of
treatment, showed a great variability of severity within the dose groups and no
clear dose-dependency. Nevertheless, the mean grading of these findings per
group indicated slightly more pronounced changes in the high and intermediate
than in the low dose group; these pituitary changes showed a tendency towards
reversibility after the follow-up period. Cellular vacuolization of minimal severity
was also noted in the pituitary glands of most control male rats at the end of
treatment and of the follow-up period. Due to the fact that no relevant
pathological lesions and organ weight changes were evident in the thyroids of
treated male rats when compared with controls, this vacuolization/ballooning was
considered to be a treatment-related change of TSH-secreting cells without any
perceptible influence on the thyroid morphology.”

Conclusions

Oral (gavage) administration of rufinamide (0, 60, 200, or 600 mg/kg) to rats produced
pituitary TSH-secreting cell vacuolation and ballooning at all doses in males, and
convulsions, increased BUN and creatinine, and centrilobular hepatocellular hypertrophy
in both sexes at the MD and HD.
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Table IVB.2.1

Relative Incidence of Urea Values 8.00 mmol/l
(1.00 = all anipals)

Dose § 0 mg/kg | 60 mgs/kg | 200 mg/kg | 600 mg/kg
‘Pretest 0 0 0 0
Veek 5 9.03 0.15 0.20 0,33
Wesk 9 ] 0.05 0.23 .57
Veek 13 0.07 0.05 .20 0.13
Veek 1B 14 - [¢] 4]
Table IVB.2.2
PATHOLOGY REPORT - PAGE 3 426
SUMMARY TABLES TEST NO. :  87-6090
TEST ARTICLE : CGP 33 101 PATHOL. NO.: 26090 MIC

TEST SYSTEM
SPONSOR

*
-4
-
4
.
*

RAT, 3 HONTHS, ORAL

CIBA-GRIGY AG

DATE : 15-FEB-89
‘-'——-—_\__

INCIDENCE AND GRADING TABLE OF NON-NEOPLASTIC LESIONS BY ORGAN/GROUD/SEX
STATUS AT NECROPSY: KO
PITUITARY CHANGES IV MALE RATS

— -——.

5EX

| HALE

DOSE GROUP: 01 02 03 04 01 03 04

DRGAN/FINDING NO.AMIMALS: 10 10 1o 10
PITUITARY GLAND NO. EXat.: & 10 10 10
~ VACUOLIZATION,CYTOPL : 7 1 1 10
: PERCENT AFFECTED : 78 100 160 100
AVERAGE GRADING : 1.0 2.1 2.6 2.5

~ BALLOONING DEGBHER. 3 ? 8 8
PERCENT AFFECTED 0 85 80

AVERAGE GRADING : 1.7 2.3 2.1
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Table IVB.2.3

PATHOLOGY REPORT ~ _ ' PAGE s 427
SUMMARY TABLES TEST ¥0. : 87-6090
TEST ARTICLE : €oP 33 101 ' PATHOL. NG.: 26090 HIC
TEST SYSTEM  : RAT, 3 MONTHS, ORAL DATE : 15-FEB-89
SPONSOR ¢+ CIBA-GRIGY AG —

INCIDENCE AND GRADING TABLE OF NON-NEOPLASTIC LESIONS BY ORGAN/GROUP/SEX h(4)
STATUS AT NBCROPSY: Rl

PITUITARY CHARGES IN HALE RATS

SEX H HMALE
DOSE GROUP: 01 02 03 04 01 03 04
ORGAN/FINDING NO, ANIHALS: 5 5 3
PITUITARY GLAND NO. EXAM.: 5 5 5
- VACUOLIZATION,CYTOPL H 4 3 5
FERCENT AFFRCTED : 8¢ &0 100
AVERAGE GRADING : 1.6 1.7 1.4
- BALLOONING DEGENEK. H 2 2
PERCENT AFFECTED : 4G 40
AVERAGE GRADING : 1.¢ 1.0

3. CGP 33101: Pilot 13-week feeding study in rats (Study No. 92100; Ciba-Geigy, Summit,

NJ; Report dated 4/14/93; GLP)

a. Methods
Rufinamide (Lot #800589) was administered in the diet to S-D rats (20/sex/dose) at target
doses of 0, 200, 400, or 600 mg/kg. Actual doses were on target. TK analyses were
performed using samples taken at 3 hour intervals for a 24-hour period during Weeks 2
and 10 of dosing.

b. Results

i. Mortality, clinical signs, body weight

There were no treatment-related deaths during the study. There were D-R
decreases in body weight and body weight gain (approximately 31 to 51% in
males and 25 to 32% in females; Table IVB.3.1), with concomitant reductions in
mean food consumption in both sexes at all dose levels. Polyuria was seen in
males and females at all dose levels, and increased water consumption was
observed at the HD in males and at MD and HD in females.

16



ii. Clinical Pathology

There were no treatment-related hematology findings. Clinical chemistry findings
included minimal increases in serum creatinine values in both sexes at the HD,
and minimal increases in BUN at the MD and HD (Table IVB.3.2). The increases
observed were within the range of values of the concurrent control animals.

iii. Pathology

All organ weight changes were considered to be secondary to body weight
reductions, and no treatment-related macroscopic findings were reported. There
were histopathology findings in the liver and pituitary. In the liver, centrilobular
hepatocellular hypertrophy was seen at all dose levels. Pituitary vacuolation was
observed in all treated males at all dose levels (Table IVB.3.3). The vacuolation
was said to be characterized by swollen cells containing numerous finely
demarcated cytoplasmic vacuoles, with a severity ranging from minimal to
moderate in a non-dose-related fashion. In females, the incidence of minimal to
mild pituitary vacuolation was D-R (1/20, 5/20 and 7/20 at LD, MD, and HD,
respectively). A D-R incidence of renal pelvic mineralization was observed in
males (possible slight increase in HD F).

iv. Plasma levels (Table IVB.3.4)

Although the AUC increased somewhat (less than proportionally) between the LD
and MD, here was no consistent difference between AUCs at the MD and HD. A
similar dose-response profile was observed in Cmax and Cmin values. The
piasma concentration versus time profiles were fairly flat at all dose levels and in
both sexes, with Cmax being generally less than 1.5 times Cmin.

Conclusions

Dietary administration of rufinamide (0, 200, 400, or 600 mg/kg) to rats produced
microscopic findings of centrilobular hepatocellular hypertrophy and vacuolation in the
pituitary gland in both sexes, although more severe in males, and at all doses. There
were increases in serum creatinine in both sexes at the HD and in BUN in males at the
MD and HD. Although there was no associated histopathological changes in renal
glomeruli or tubules, increased incidences of renal pelvic mineralization were seen in
males. Based primarily on dose-related body weight decrements, the high dose for
subsequent chronic feeding studies in rats recommended in the study report was 200
mg/kg.
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Table IVB.3.1

33301 PI -WEEK FEEDING STUD 410

9.3, Mean body weight change durimg the dosing periods

Group Hales Females
Doge Body Weipht (g)  Percent®  Jody Weight (g)  Percent®
{mg/kg} . Baseline Week 13  Change Bagseiine Week 13  Change
1 147.8 606.6 312.6 123.5 306.1 149.6
{0
2 148.0 466, 9% 213 9wk 121.1 258, 1%k 114 4%k
(2D0) {-30.7) {-25.0)
3 1431 AT9.0%% 166,39k . 124.8 257.1%% 106, 8%
(400) {-48.8) (~27.5)
4 152.0 377.5%%  150.1%% 124.3 247.7%% 100, 2%
(600) (~30.9) _ (~32.4)

4These data were tsken directly from the statistical prinmtout for all
surviving animals, with the exception of values presented in paren.
theses.

bYslues in parentheses represent:

Percent gain relstive to control =

p_- waigl

=3 I e 4o3 1
weight gain of

**Statistically significant relative to the control group at p < 0.01.

L E&AD 0T 0
contxrol

Table IVB.3.2

AUNMARY GF STATIZTICAL ANALVSIS

HIHCHEMISTRY
MALT
GLOBUL EM CREAT HUN
LoMIDL ) EHEAOL Y {NGAL Y
GROuS
NG ouse TRY N MEANzSE W MEANLSE N MENHsSE
PEALOR: D&¥ B9 ‘
14 NG/RG 20 18 2,740 O, GHa0, 013 10 19, 2208
2 B MGOKG 2k 19 2,730, % ) 0, gFRal. 2% £ 18.827.0
3 AU mEIEG 20 10 2. B0 B 4, 78450.020° 0 21,928, 70e
4 Ol MGIXBE 2% 19 Z.ead.) R R EEPL M TR L TN
TESY FOR EREND Pz N% % px $.0% e Pe Q.01
EEMELE
GLOBULEN LREAT BUN
(oMLY fMG/OLY NGIOLY
GRS
HEE, OH5EE (n) M NEANYRE ¥ MEAHESE M
PEREOD: DAY B9
10 MG/RG 20 W R.53D.% 0 O, 63Ex90. 018 W 12260
¥ R0 MiGIKG 28 10 248Dk 0 f.84450,.03% LRV 2 Y A |
I 400 MGG ki 1 2.8xD. ¢ bR D OEBESO, 021 W or.Bab9
5 GDD MGIRE 2% 18 2,520 % 12 DT 0, 0 FB TN TR
TEST FOR TREND Bx N§ L2 N ] ps N§
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Table IVB.3.3

Compound-related micrsscopic changes

Dose e iale Female . -

{mg/kg) ] 260 400 600 0 2006 400 500
Hepatocellular
hypeztrophy 0/20 20720 20720 20720  ©/20 3720 . 13720 18/20
PITUITARY -
Vacuolation 0720 19718 20/20 20720 6720 1720 5720 7720
KIDNEY
Pelvie

wineralization (/20 3720 9/20 7720

1/20 1720 0720 2720

Table IVB.3.4
Dose Time Coams AUCpaem Cun
{mg/'kg) {Week) {imol/L) {fumolhe/L} {punolL)
Male Fenuale Male Female Male Female
200 182 149 3724 2018 128 o9
460 2 223 2035 4442 4081 154 143
606 210 174 4433 3724 1534 144
200 223 223 4320 3652 121 89
460 10 256 254 3428 4706 183 160
660 262 258 5635 5378 204 t75

CGP 33101: 26/52-week oral toxicity study (admixture with the diet) in rat (Study 90-6147; /

—— completed 10/14/92; GLP)

a. Methods

Rufinamide (Batch no. 800389) was administered in the diet to S-D rats (42/sex/dose at
LD and HD, 36/sex C and MD) at target doses of 0, 20, 60, or 200 mg/kg. (Actual doses
were close to the target) The first 10/sex/group were sacrificed at Week 26. Twenty
six/sex/group (main study) were treated for 52 weeks. Six/sex/group (recovery) were
maintained for 4 weeks. Six/sex in the LD and HD groups were used for blood level
determinations on Day 1 and Weeks 13, 26 and 53 for assessment of absorption.
Animals were observed for clinical signs, mortality, body weight and food consumption,
ophthalmological examinations (pre-treatment and Weeks 25 and 51), and clinical
pathology (pre-treatment, Weeks 13, 26, 39, 52 and 56). At 26 and 52 weeks and at the
end of the recovery period, animals were sacrificed and organ weights and full
macroscopic and histopathological investigations were performed. TK analyses were
performed using samples taken at 3 hour intervals for a 24-hour period during Weeks 2
and 10 of dosing.
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Results

i Mortality, clinical signs, body weight

There were no treatment-related deaths or clinical signs. Decreased BW gain
was seen primarily at the HD in both sexes (wk 50 BWs 0.3, 4, and 24% below C
in M and 2, 11, 28% below C in F). Comparable reductions in food consumption
were observed. Efficiency of food utilization was similar among groups. There
were no treatment-related ophthalmological findings.

ii. Clinical Pathology

Hematological findings were not considered toxicologically significant, and there
were no treatment-related urinalysis findings. The main clinical chemistry findings
were associated with T4 and TSH. Total and free T4 were increased slightly to
moderately in the MD and HD groups at Weeks 27 and 40 in a few animals, and
at Week 53 in a few females. TSH levels were increased in some MD and HD
males at Weeks 40 and 53, with partial to full reversibility observed.

iii. Pathology (Tables IVB.4.1-2)

There were no treatment-related macroscopic findings throughout the study. At
Week 26, increased liver weights were observed in females at MD and HD and
minimati to slight centrilobular hepatocellular hypertrophy was seen at the HD in
both sexes. T-R increases in the severity of pituitary cell vacuolation was noted in
males at the 2 highest doses. At Week 52, increased liver weights and
centrilobular hepatocellular hypertrophy were seen in both sexes at the MD and
HD. Pituitary vacuolation remained slightly more severe in males at the MD and
HD. In the thyroids, slightly increased incidences and severity of follicular cell
hypertrophy was noted in both sexes at the MD and HD.

iv. Plasma levels (Table IVB.4.3)

Steady-state concentrations of rufinamide did not change significantly during the
study. Concentrations increased less than dose proportionately.

Conclusions

Dietary administration of rufinamide (at 20, 60 and 200 mg/kg/day) to rats for 52 weeks
rats produced centrolobular liver cell hypertrophy and an increased severity of pituitary
cell vacuolation {males), primarily at the MD and HD. The pituitary effect was thought to
represent a treatment-related exacerbation of an existing species specific background
condition. These changes were partially or completely reversible. The LD was considered
to be a NOAEL.
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Table IVB.4.1
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TEST SYSTEM © RAT, 26/%% WEEKS, DIET DATE i 16— SEP &1
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NUMBER OF RNYMALS WITH MICROSCOPIC FINDIMGS BY ORGAN/GROUP/SEK
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'DOSE GROUP: T a B o
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5. CGP 33101: 3 Month Oral (Capsule) Toxicity Study in Dogs (Study No. 87-6091; Ciba-Geigy, UK;

report dated 6/21/88; GLP)

a.

Methods

Beagle dogs (3/sex/dose) were orally dosed with rufinamide (batch 800187) in gelatine
capsules at 0, 60, 200, or 600 mg/kg. There was an additional (1 month) recovery group
of 3/sex at the HD. Observations included mortality, clinical signs, body weights and food
consumption, clinical pathology (all dogs during the pretest period and weeks 5, 9 and
13, and on HD dogs during week 17), ophthalmic and hearing examinations, EKG (all
dogs on 2 occasions during the pretest period and week 13, and HD dogs during week
17), and gross and microscopic pathology (all dogs). TK was performed at the end of the
study.

Results

i. Mortality, Clinical Signs, Body Weight

Two HD females and 1 MD female had severe clinical signs aver a few days,
including lethargy, ataxia, pyrexia, stiff legged gait, reduced body weight, and
food consumption. The 2 HD females had pallor, enlarged lymph nodes and
abdomen, and prostration. One HD and 1 MD female were sacrificed. Since the
clinical signs in the third animal began late in the study, the necropsy was
completed as scheduled. Two HD females had infected scleral vessels and/or
mucous membrane hyperemia during the study. Reduced body weights were
observed in a few animals at all doses. Apart from the severely affected females,
food consumption was reduced in 1 MD maie. The appetite of this animal
reportedly improved following cessation of dosing for 5 days.

ii. Clinical Pathology, EKG, Auditory, and Ophthalmology

Evidence of anemia was seen in MD and HD dogs of both sexes (Table IVB.5.1).
Some reversibility was observed in the males. In 2 HD females with severe
anemia, bone marrow evaluations showed increased levels of blasts,
promyelocytes and early neutrophilic myelocytes, and reductions in mature
neutrophils.

There was a progressive increase throughout the study in ALT in all treated
groups and in alkaline phosphatase in the MD and HD groups (Table IVB.5.2).
During the recovery period, increased ALP activities showed some reversibility,
but ALT activities remained high. The 3 animals with severe signs had reduced
albumin and increased globulin levels. Urinalysis showed no treatment-related
effects.

There were no treatment-related ECG, auditory or ophthalmological findings.

i Pathology (Table IVB.5.3)

The 2 females (1 MD and 1 HD) killed early both showed a range of microscopic
changes consisting of perivascular hypercellularity in both liver and kidneys.
Additional liver changes included eosinophilic hepatocytes, sinusoidal cell
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" hypertrophy, and periacinar canalicular bile plugs. The femoral bone marrow

showed increased cellularity (large cells, possibly monocytes). The HD female
also showed splenic enlargement with decreased lyrnphocytes but generally
increased cellularity (possibly monocytes).

Periacinar canalicular bile was seen in all treated groups, in both sexes, at the
end of the main and recovery periods. in males kidney intracytoplasmic
inclusions (said to be "suggestive of increased metabolism") were present in
varying numbers at all dose levels.

According to the pathology report, "the pathological lesions, when associated
with hematological data, suggested a possible drug-induced autoimmune
reaction.”

iv. Plasma levels (Table IVB.5.4)
There was a less than dose-proportional increase in exposures and only a slight
sex difference (AUCs about 10% higher in females than in males).

Conclusions

Oral (capsule) administration of rufinamide (0, 60, 200, or 600 mg/kg) to dogs for 3

months

produced clinical signs (MD and HD), anemia (MD and HD), increased liver

enzyme activities (all doses), and pathological changes consisting of perivascular
cellularity in the liver and kidney, intracytoplasmic inclusions in the kidney (males),
eosinophilic hepatocytes, sinusoidal cell hypertrophy, periacinar canalicular bile (MD and
HD). After recovery, alkaline phosphatase levels remained elevated and bile was still

present

in the canaliculi. There was no NOAEL.

Table IVB.5.1

GROUP MEANS HAEMATOLOGY BLOOD SAMPLE MALE WEEK I3

DOSE Pro
my /g Group Hb RBE PCV MOV HOH  MCHC  Plate Tioe
CONTROL 1 14.4 6,17 0.401 4% 23 36 267 7.4
&0 2 14.8 6.26 C.802 44 24 37 0 7.4

200 X 14.7 &.11 0802 b6 24 X7 232 - 8.
500 4 13.24 B.53 Q3468 67 24 36 338 7.3
400 B 15,3 4.28 0.81) &5 24 37 301 8.7

GROUP MEANBE HAEMATOLOGY BLOOD SAMPLE FEMALE WEEK 13

DOSBE
mg/rkg

Pro
Group Hb REC PCY MOV MCH MOCHC  Plate Time

15.3 6,40 0,409
2.4 B8 0.400
16.3  6.81 0.44%
4.3 6.08 0.401
10,2 4.37 0.285

%4 37 302 2.1
24 k7.3 278 8.0
24 34 331 a.0
26 p.2.3 299 B.8
23 a5 193 6.8
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Table IVB.5.2
GROUP MEANS CLINICAL CHEMISTRY BLOGD BAMPLE MALE WEEK 13

PORE Total
wglkg Broup Na R Glue Ures ASAT ALAT AP Pret
CONTROL. ) 140.7 4.07 S.686 b.4Z & 43 123 &3.7
&G 2 141.0 3.93 4.72 4.0 35 76 157 &6.3F

el 3 142.3 3.94 S5.59 5.83 7 5O 261 £3.6

00 4 141.1 3.99 H.ez V.11 39 72 299  s4L4

&00 b3 143.2 3.8 S.19 ¥ .50 23 74 33& &53.4

BROUP MEANS CLINICAL CHEMISTRY BLUOD SAMPLE FEMALE WESK 13

DOSE Total
myshg Group Ne K Blue Uras ASAT ALAT AP Prot
CONTROL. % 142.6 4.45 5.%7 B.4%2 a8 51 162 2.9
&0 2 142.4 A% 5.47 7.44 het-3 21 207 2.3

200 3 132.5 4,28 4,66 8.53 ag 7R o218 &7.1
400 ] 141.7 &.04 5.43 &.21 3_ . 81 A03 39.8

&H00 S 144.2 A.06 Z.00 5,17 26 7z 844 bk .4

Table IVB.5.3

Projsct Summary Table
BRURY:  frcidence of KEOPLASTIC and NOR-KERPLASTIC Microscopie Findirgs

FROJECY 16, MO: BAO00H FATES: Terminab Rill
DAYS: 1~ 95 2ER: FALE
Shote Controt 6DMgKg 20089 R s00 L]
HUMEER OF ANTMALS: 3 3 3 [ 3 -
* * » ¥ "
LRIDIOYNIS ¥ #ER 3 3 3 o 3
Interstitial Lymphotytosis 1 9 3 .8 1
£YE 1 #gx 3 3 3 ° 3
BYE 2 #E2 3 3 3 [ 3
FERR/FENORAL BORE MARROW #E 3 3 3 4 3
EALE BLADDLR ¥E2 3 3 3 ] -1
BEARY-Auricie #Ex 3 3 3 [} 3
BEART-Ventricle (Coromeryy ¥ Ex 3 3 3 [ 3
KEART-Vamtricle {Papillary) #8x 3 3 3 [ 3
KEART-Vanteicle (Septun) #Ex 3 3 3 0 3
JLEDe #Ex 3 3 3 & X
JEJLNDN REx 3 3 3 [ 3
KIDREY 1 #ex 3 3 3 ¢ 3
Sub-paivie Lnghotd folticles [} ] ] [} 1
Tubulee Homegenous Cytopiosm ] & ¢ ¢ 3
Perisrturiolar Cellularity [ 4 4 3 1
Tubuter Cytopissuic trelusfons [} ¥ B [} 3
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® ¥ # J ¥
KIUREY 2 #ER 3 3 3 ] 3
Tubilar Rosogencis Lytoplasm ] L o L} 3
Tubutar Cytoplsnic tnetusions ] 3 4 ] 3
LACRIMAL GLAND ¥ fEx 3 3 3 0 3
LACRIMAL GLAND 2 #g2 3 3 3 ¢ 2
EIVER {2 arees) ®Ex 3 3 3 ] 3
Poelacimr Carmlicular Sile [} 3 H [ 2
PROJECY YD, KO: B7DODL FATEST Early KIlL
oAYS: 1+ B8 SEN: FEMALE
CHOKIP2 tontral &gy 200Hp¢y R 500 S0DMEK
HMBER OF AWINALYS: ] a4 1 [ l
® 14 ¥ * ¥
EPIBIDYNIS 2 e O 2 [ o ]
EXE 1 #E O 9 1 [ t
£re 2 #5x 0 s 1 ] 1
FEABAFENIAL BOHE MARROU #5x 0 o 1 9 1
Incressed teliutarity L o 1 ] 1
Bonotyte (13 Inerease L] o 1 q ¥
GALL BLADOER #Ex @ ] 1 9 ¥
HEART~Auricte #Ex © Q 3 o 1
HEART-Ventricte (fororwry) #Ex O L] 1 g t
HEART-Ventricls (Papiilary) #Ex O 0 ] 4 ]
" HEART-Ventricte (Ssprum) £ 0 ] : 3 1
e e o ° E s 1
JERIH T fex 0 0 3 o k]
Mucosal Tongestion ] ] o ° 1
XIOWEY § NEX D ] 1 ] 1
Qtoweralar Lipofdounts ] [} % L] ]
Parfarceriotar Dobiutarity Q [] T ] 1
intaescitial Raeaorrhage ? ] 1 3 [



6.

] ¥ L " *
KIS&EY 2 EL ¥ k3 1 [} b3
Periacteriolar fulialarity k] & k] [:] %
ntersritisl Havporrhage 9 # 1 ] &
ALK, 1EMD 1 #Ex U 4 4 0 t .
LALRIMAE. TEAKD 2 45 B ] ¥ 9 1
LIVER (2 oress) #ex B 8 t L] t
osinophtilic $spatocyres 2 L3 1 d ¥
Ftrumoid-vell Hypertriphy o 2 1 ] t
Parfecirar Conslicutar Bite o ? 1 0 1
Porivescular Fyperceliutarity 1 ° 1 o 1
AUHOS-(2 sres) #Ex B ] 1 ) 1
Flbrous infleametion 14 ] ] q o
_Focal Haemarrhege o ] L] 2 13
Fibrino-purulent Prsasala 1 ] ] 9 1
LTMPHNOGE~Auillary fEx D ] 1 Ld
1ymphocyte Deflelt 7 Cocoma L] L] 1 9 1
AYMEHRTDE -Masanteris. E A ] [} t ki 1
iyhozyte Deticit / Oecens ] t ) 1
LYNPUNCHE-RetropharyTgent sEx O [ t ] t
Sinus Erythrophegia o -] ¥ 3 2
Lymphocyte Deficit 7 Dedess [} [ 1 H] ¥
MAMAARY ARER . fex 0 ] 1 o t

Table IVB.5.4 Plasma concentrations of CGP 33 101 at the end of 3-month oral dog study

CGP 33101: 26/52-Week Oral Repeat-Dose Toxicity in Dog (Study No. 89-6305;, ——

{ Dose 1 Dpog t Cp Cmax  Tmax  AUC(0«24 h) !
todmg/kg) 1 number ! {emol/X) fpmol/f1)  {h} {pmoi.h/1} 1
P 1 12008 {(F) t  2B.7 161 4 2130 !
! ! 2005 {M) 1 7L.0 108 24 1890 i
1 1 ! H
1 200 t 3004 {F) ! 181 224 4 3370 '
1 ! 3605 (M} L 178 186 4 3140 '
1 ! 1 !
1 600 I 4004 {F) 1 143 244 8 4660 1
1 14005 (M) t 154 205 2 4200 '

report dated 4/27/92; GLP)

a.

Methods

Beagle dogs (8/sex/dose) were orally administered (capsule) rufinamide at doses of 0,
20, 60, or 200 mg/kg. Two/sex/dose were sacrificed at Week 26, 4/sex/dose were
sacrificed at Week 52, and another 2/sex/dose were maintained for a 4-week recovery
period. Endpoints included clinical signs, deaths, estimated food consumption, body
weights, ECG, ophthalmoscopy, auditory evaluation, hematology, clinical chemistry,
urinalysis, organ weights, full gross pathology and full histopathology (all animals). TK
was performed on Day 1 and after 6 and 12 months using 2 males and 2 females from
both the LD and HD groups (samples taken pre-dosing and over 24 hours).
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Results

Mortality, Clinical Signs, Body Weight

There were no treatment-related clinical signs and no deaths throughout the
study. Body weight gain of females was slightly reduced in the first 4 weeks at
the HD. Food consumption was not affected by treatment.

Clinical Pathology, EKG, Auditory, and Ophthalmology

There were no treatment-related effects in the ophthalmological and auditory
tests or on ECG recordings. Hematology investigations revealed no significant
findings. Clinical chemistry showed slight to moderate increases in ALP activities
in a few HD animals throughout the treatment period. (This was considered
possibly related to retardation of bile flow due to bile thrombi in these animals.)
Reversibility was evident at the end of the 4-week recovery period. No T-R
effects on total and free T4 and T3 were observed. There were no treatment-
retated urinalysis findings.

Pathology (Table IVB.6.1 and Table IVB.6.2)

There were no T-R effects on organ weight and gross pathology. Histopathology
showed a dose-related incidence and increase in severity of biliary thrombi in
treated animals from all dose groups at Week 26. By Week 52, all treated
animals showed bile thrombi, with severity increasing with dose. Partial
reversibility (reduced severity) was noted after the 4-week recovery period. Dose-
related brown/yellow pigment accumulation in hepatocytes and Kupffer cells was
noted in all treated animals at the MD and HD and in 1 of 2 LD females at Week
26, and in some animals at all doses at Week 52. At the end of the recovery
period, there was an increased incidence and severity at all doses. Using Hall’s
staining technique, the pigments were shown to be at least of partial biliary origin
of all occasions throughout the study, and these deposits were seen in most
treated animals. Using Perl’s techniques, hemosiderin containing pigments were
observed in hepatocytes and Kupffer cells of most animals at Week 52, with
reductions and increases in incidences and severities in hepatocytes and Kupffer
cells, respectively, at the end of the recovery phase. Liver inflammatory reactions
and/or perivasculitis were found in higher incidence and/or severity in treated
animals with biliary thrombi, compared to in the controls. This was considered to
be due to the irritant effect of the biliary accumulation. Reversibility of the liver
inflammatory cell infiltration was not observed at the end of the recovery phase at
any dose level.

Plasma levels (Table IVB.6.3)
There were no significant time or sex-related differences in TK parameters. At

the HD, values in AUC and Cmax did not increase dose-proportionately. Values
for the 2 female dogs were significantly greater than for the male dogs at the HD.
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Conclusions

Oral (capsule) administration of rufinamide (0, 20, 60, or 200 mg/kg) to dogs for up to 1
years produced dose-related blhary thrombi, and accumulation of pigment of biliary origin
or iron containing pigments in the hepatocytes and kupffer cells, associated with
inflammatory cell infiltration and perivasculitis in all treated groups. Partial reversibility of
biliary thrombi was noted after 4 weeks recovery. A slight to moderate increase in
alkaline phosphatase activity was observed at the HD, possibly related to the retardation
of bile flow. This change was found reversible after the 4-week recovery period.

Table IVB.6.1
PATHOLOGY REPORT PAGE N 1%
. SUMMARY TABLES » PRGIECT: %927 W0
TEST ANTICLE : £GP 335 INE TEST N¥* 89-6305 PATHOL. NG : 25927 WG
TEST S¥STEM : DOG, 256/62 Weeks + & Weeks, DRAL DATE T 16~APR-3f
SPONSOR s CIBA-GEIGY —— b(4)

NUNBER OF AHIMALS WITH MICROSCOPIC FINDINGS HY ORGAN/GROUP/SEX
STRRUS AT MECRORSY: KO

DOSE GROUP Y T A B <
SEX: M i
CRGAR/FINDING NG, ANINALS: L

KORTA NG, EXaM.: 4
= CALCEERCATION 1 1
~ HAENORRHAGE , ADVERT, b3

t 3 % %
~ MOANONUCL. CEL . AGGREG. 2 1
~ CAPILLAR , HAEMORREAGE 1 1 1
~ QEDEMA CROROID PLEX. kS
= VASC, ECTA . CHORG, PLEX 1

~ HAEMORRHAGE MUCDSA 3
- INFLAMMATION 3

— SUBMUCOS. HREMORRHAGE
~ HREMORRH.LYMPH, ¥0D . 1

VER 4
=~ BILIARY THROMRI L

POSITIVE HALL REACT. 3
POSITIVE PERLSHERCT 3
POST, PERLS *REMC . RUP. b
NECATIVE PERLSREACT
NEGATIVE RALL REACT.
HROWN/YEL  PIGN. ACCH,
PERIVASLULITIS
ENFLAM. CEL, INFILTR.
MCHONUCL . CEL . AGGREG .
FOU . HEPATOC , NECRDE .
SINUSOID,DILATATION 1
MICROGRANULGIMA 1
EXCRINAL GLANDS NO, EXAM,: 3 3
- LHTEBRS M0B0.CBL . INF. 2

LR

L Y
N
X

o8 f2 10
e e b2

LN T 2 A A A A )
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LUKGS NO. EXRM,: & 8 L} 4 L] 4
- CHRON . INTERET , PNEUM. 1
= PERIBRONCHIOLITIS 1
= WTELECTASIA

» BONCHUCYK .CEL . AGGREG,
~ PERIVASCULITIS

~ THECKENED PLEURA
PROSTATE

- INTERS.MOND,CEL. INF.
RIMIEYS

« BROWN PIGM.ACC.WUS.
- CALCLIF . TUB.HEN.PAF.
~ CHR.TUB.INTER . NEPHR.
- GRANULOMA

~ WACUOL , TUBUL.EPITH.
EFIDEDYMIDES

-~ OLIGOSPEGMIA

~ WASCULRITIS

FHYROLD o PARATH, &L
PARATHYROID MISSING
THYERFQLL . ADENGMAT .
DEVELOPMENTAL CYST
CY5T, PARATHYROID GL.
INTERS . RONQ . CEL . INF.
CYSTIC POLLICLE(S)
LYMPHOID LELL AGGREG
TATTY INFILTRATION,

B I I S T N S AR

[ A A A

TRACHEA WO, EXAM.: L3 2 £ 4 3 % % 4
— MOBUNUCL.CEL , AGGREG . E 1

R R R R N A R LR L L L R rrsakdencrass
UTERUS HG. EXAM, t 4 & 4 4
- PROCESTRUS 1

- OESTRUS 1 1
- METQESTRUS 3 2 k4 1
=~ ANDESTRUS % 1 1 2

pppears This way
Cn Original
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Table IVB.6.2

FSTHOLOGY REPORT sacs

SUMMARY T&BLES s ‘ . FROJECT: 5927 TCC
TEST ARTIGEE * CGP 33 103 TEST 8° 89-630% BATHOL . NO,: 35827 VLG
TEST SYSTEM : DDG, RO6/5% Weeks + & Weeks, GRAL DATE t 16-APR~9%
HPONSOR i CIBA-GEIGY —— J——

Nljﬂﬁftﬁ OF AYIMALS WITH MICBOSCOPIC FINDINGS BY ORGAM/GROUP/SEX
ZTATUS AY WECROPSY: Ry

PASE GROVP r & B L o4
BEX: M ¥ o ¥ ] ¥ M F
ORGAN/FINDING NG ABIMALS: 2 2 2 2 2 2z % 2
AORTA " NQ. BXAM.: 2 4 z 4 2 2 2 4
~ CALUIFICATION b1 1 1 b3
« MAEMORRHAGE ,ADVENT., b 1
« ARTERIT.VASD WASORUM 1
BT R e TR Y TR R Y
~ HONONUCT, . CBL. AGGREG, : s
~ CHPILLAR . MAEMORRHAGE 1 H
~ OEDEMA CHORCED PLEX, z 1 -4
P T T L PP E Y Lo PR TULPPEIPS R RLECETTERT CLTLTT
- CAPILL.ECTASIA MUCO. 3
~ CYBTIC GLANDS 1
LT Ty CLPLTRPLPTTRPPRRLIERLR
~ BILIABRY THROMBET 2 2 2 2 2 2
~ PORIVIVE HALL REACT, 3 2 2 2 2 by
« POSTPIVE PERLS’ HEACT 1 3 3 12
~ POZL.PEBLE'REAC.KUP, 2 3 3 2
- NEGATIVE PERLS’REACT r . Y ¥ 2 1
— NEGATIVE HALL REACT. 2 z 2 ‘ 1
-~ BROWN/YEL.PIGM.,ACTCS, Z b3 2 2 -3
- GREEN,FIGMENT ACCUM. 2 % t
~ PERIZVASCULITIS i 2 z 2 2 1 b3
- JWPLAM,CEL, INFILTR. z 2 2 2 : 1
- UNICELLULAR NECROSIS h
- MORORULCL , CEL, AOGREG, 1 1 %
= PECROGRANULOMA 2 1 2 1 L
R et e T R T Y
~ PROOESTRUS 2 . :
- HETOESTRUS 1 1
- AMDESTRUS 1
R AT e E T
~ FATTY INFILTRATION 2 4 k3 2 1 L
= LYMPHOID CEL,AGGREG, 1 1
R R I R I R A R R R I I I I R R I I L)
FHYROID + PARATH, GL RO, EXMM.: 2 2 2 2 2 2 2 z
= PARATHYROID MISSING 1 11
~ IHTERFOLL, ADEHNOMAT, ¥ 2 3 2 2 2 2
~ DEVELOFMENTAL CYSY 1 2 1
— CYXST,PARATHBYROIDR GL. 1 1 1 % 1 1 1
- T¥STIC TOLLICLE(S} 1
Table IVB.6.3
Dose ~Time Crax AUCka1m
{mg/kg) {Day) (umobt’L) (umolhi/L)
Male Female Male Female
20 1 41 23 549 310
200 37 97 560 1776
20 182 42 36 549 456
200 60 88 064 1366
20 363 54 29 734 352
200 65 185 001 3580
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7.

CGP 33101 13-Week Oral Toxicity Study in Monkeys (MIN 924143) (Test No. 92-6094,

conducted by Ciba-Geigy, England, report dated, GLP)

a.

Methods

CGP 33101 (0, 35, 100 or 300 mg/kg; suspension in aqueous 3% corn starch) was given
orally via nasogastric intubation or gavage to cynomolgus monkeys (3 or 6/sex/group) for
13 weeks. At the end of the dosing period, 2 or 3/sex from the C and HD groups were
allowed a 4-week recovery period. Clinical observations, body weight and food
consumption, physical/auditory and ophthalmoscopic examinations, ECG (4-6 h after
dosing during weeks 4/5, 13, and recovery), clinical pathology and gross pathological
examinations were performed on all animals. Microscopic examinations were performed
on all gross lesions and on a standard list of tissues from all monkeys that were
necropsied at the end of the dosing period and monkeys that died or were sacrificed prior
to scheduled necropsy. The livers and gallbladders were examined from all recovery
animals. Plasma drug analyses were performed on main study animals during weeks 1
and 12.
Drug Lot: . #800189

Results

AR Mortality, Clinical Signs, Body Weight

There were no deaths considered treatment-related. The death of 1 MD male
{No. 12, found dead on day 18) was attributed to a dosing accident. One HD
male (No. 18) was euthanized for humane reasons on day 68 after recurring
incidences of self-inflicted wounds of increasing severity (clinical observations of
lacerations of the right medial lower leg). Treatment-related pathology findings in
this animal consisted of a gross accumulation of choleliths in the gallbladder.

Treatment-related clinical signs were limited to emesis with and/or without
compound in HD males and MD and HD females, mainly during the first week of
dosing.

There were no apparent T-R changes in body weight or body weight gain.

ii. EKG, Physical/Auditory, and Ophthalmology

Statistically significant decreases in mean QT were observed in males at all
doses on day 28 and at the HD on day 86 compared to C (IVB.7.1). Part of this
change was due to an increase in C, but there appeared to be a possible effect
at the HD. QTc was not calculated, but HR was not significantly changed.

There were no physical/auditory findings considered to be related to treatment.
No statistically significant differences were observed between the mean rectal
temperatures of treated and control groups during the dosing or recovery
periods.

Ophthalmoscopic examinations revealed no ocular changes attributable to
treatment.
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Clinical pathology

There were no clearly treatment-related changes in hematological or clinical
chemistry parameters, although creatinine was increased (SS) in males at all
doses and SGPT and alkaline phosphatase was elevated somewhat in HD
females on day 89 (IVB.7.2). '

Pathology

T-R lesions were found in the gallbladder at the MD and HD (IVB.7.3).
Galibladders were described as containing "pale, yeilow-brown material that
exhibited white, delicate, fan-shaped birefringence under polarized light."
Increased numbers of inflammatory cells composed of an increased proportion of
granulocytes were present in the lamina propria of the gallbladder of the affected
animals. According to the report, "there was no evidence of bile stasis or
epithelial damage in the hepatobiliary system." There was an increase of relative
spleen weight in HD females that was thought to refiect an antigenic stimulus that
was associated with microscopic evidence of lymphoid hyperplasia in two
animals (# 31, # 32) and was not considered to be T-R. Morphological changes
that were not considered T-R included lymphoid depletion of the thymus, oral and
esophageal candidiasis, bacterial colonization of the surface epithelium and
protozoiasis of the large intestine, parasitism and evidence of viral infection.
Animals in all treatment groups had evidence of latent malaria infection, and 2
HD females (31 and 32) had minimal, focal glomerulonephritis that was thought
to be probably related to parasitism.

Plasma levels (IVB.7.4)

Exposure was less than dose-proportional. There were no consistent sex or time
differences.

Conclusions

Oral administration of rufinamide (35, 100 and 300 mg/kg) to cynomolgus
monkeys for 3 months produced choleliths and inflammation in the lamina propria
of the gallbladder at the MD and HD in both sexes. Possible decreases in QT
were observed in males. Following a 4-week recovery period, choleliths were
found only in a single HD female monkey, indicating partial reversibility. The
gallbladder granules were determined to be composed primarily of a cysteine
conjugate of a hydroxylated metabolite. This highly insoluble conjugate was
assumed to have been formed by enzymatic degradation of the corresponding
glutathione conjugate with subsequent precipitation in the bile. Metabolism
studies in humans have produced no evidence that these conjugates are formed
in humans. The LD was considered a NOAEL.
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IVB.7
LGP 33101 13<WEER ORAL TORICITY IN MUNKEYS {(MINOZ4143)
BUMMARY OF STATISTICOAL ANALYSES
EHG

MALE
5 1NREY HR WE PED
{N_RA) {BeM} {SECONDS (avy
GROUP
ny, OOSE {8} ABHINORM  H MEANLSE H  MEANLSE N MEAN:3E

PERTOD: DAY  «33

1 0 MGARG g G/8 #65.9:2 5.5 D.0AD20, 004 0.1220.02
235 MGIRG -] 53 FHE. T2 0.7 0.039:20.003 2.1320.03
3108 MB/RG 3 243 256, T2} §.033+0.003 0,170,903
4 308 BG/RG § 08 Z4a, 22828 O.083=0_ 0462 [N Y (1 34
TEST KGR €9uaLiTy Rz NS P NS Bs M5
PERIOD: DAY &
1 0 MESKG B Br/8 282, 8 %6 D024, 02 U 1220, 02
2 35 NGIKG 3 [s3 ¥58.%2 B.O V03950008 B.1320.03
3100 MGG 3 0s2 2 268 .8 8.0 2 D.63640.00% 2 0.2020_00
8 30 MGIRG L] Gig 264.2¢ 2.7 C.030:3.0640 B, 1 720,93
TEST FGR TREND P N5 #a 45 P NS
PEREOD: BAY B8
10 MGEG -1 iFy 28% .8 ¥.B 0.63228, 062 G.13:0,02
2 3B MGIRG 3 0s3 283,33y 4.9 0.03330,80) B, 1720, 07
3 100 NGIKD 3 Br2 2 280.0s §.0 2 D_G3520.GD% 2 ., 2020 .00
4 300 MEIRG £ 7S 5 26Z.D0x 4.9 S 0.039:20.002 £ 0.2210 .82
FESY FOR THENO Ps N5 Pz NS Ba N5
or MEA 5T T
{SECOHDS3) {DEGREES) 4.3 TH_AY
GROUP ]
", POSE im} H  MEANSE R MEANSE ABNSHOHM ABM /S NORM
PERTOD: DBav ~13
I 0 MGARG & 0.13820.083 38 8122 8 Bi6 fin
2 38 MLIKG 3 0. 14048, 608 I6.VL2RB.7 ars Dr3
3 300 BGRG 3 G.140:20. 008 F3.0s 3.2 B6s3 0r3
4 300 MG/RG B 0,183,004 1},2534,7 B/6 Dr&
TEST KGR EQUALTTY Bz KS B NE
PERAIDND: DAY 28
YD MGANG B G.147:0.0062 L. 022, ¢ 8/6 or6
¥ 3% MG/KG 3 G, 1a0s0G, 000 36.7x19.3 D43 0r3
3 100 MGIRG a Z 0, 10620 000+ ¢ ¥1.02 0.8 D2 o722
4 300 MG/UG B 0. T3040, 002 9.5:36.3 f2¢8 0/8
TEST FOR THEHD * P G.054 P& W5
PERIDE; DAY BE . '
1 0 MGG & 0,14230,.004 50 3218, 0 G416 174
2 95 MLIKG 2 14348, 803 35 Fe16.2 LT E] Bra
3 I8 MGG 3 2 0. 13540, 00% 2 ¥1.82 O.§ 472 0r2
£ 30D MGIRG | H 0.t3020.003 § 37.B232.6 0s8 s 7 8.
TESY ¥OR TREND £ Pz G G4t Bz NS
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IVB.7.2

SUMMARY OF BTATISTICAL ANALYSIS SHANE
BIDCHEMISTRY
WAL E

ALBUEMI GLOBUEL 14 TREAT BsuN

{GM/BLY {EMDLY {RG/OLY ING/DL)
GRIUP
L3>3 DOSE iN) R MEANZSE H MEANSSE K MEAN:SE N MEANLSE
PERIOR: DAY :3:3
I O MGIKG ] 4.23:0.15 3.8:0.1 Toundag b2 £3.627.8
2 35 MLIRG 3 4,.37+%.03 4,5:8.3 1,287:0,0649¢ 25,330, 8
3 10D MG/AG 3 2 4.20:0.20 2 3.7:0.0 2 1.26%:2D.055% 7 39.328.5°%
43N0 WGLRG 6 -6 4,2020.04 5 3¥.B8:0.7 5 1.22210.00s¢ S ¥7.541,2%%

TEST FOR/ TREND P HE P2 NS * P= R.D4D *e Pz Q.00F

SUMMARY OF STATISTICAL ANALYEBIS

BIOCHENISTRY
FEMALE
SGPT Sn0T ALEPH
(/L) CUALY {u/t.3
GROUP , _
Ho . pOSE IN) M BEAN:SE N MEAR:SE N MEAN2SE
PERIOB: DAY B
10 MBSRG 6 §2.2t 4.7 24,81 1.0 275.3: 28.3
2 35 MGJRG 3 57.3: B.8 83,.7:13.5 222 3 53.8
3 iB0 MGAKG 3 58.72 7.5 B9.7¢ 4.8 326,32 20,7
4 300 RGIRG 8 72.72106.5 B6.2: BLF 851,73 48,47
TEST FOR TREND Px NS F= NS + p= B_BI

IVB.7.3

Cholelithiasis at Necropsy

Poge (wg/kg) Msle Female

Texrminal Sacrifice/Early Decedents

[\ 73 0/3

35 v/ 0/3
100 1738 373
300 Lykb 3/3

Recovery Sacrifice

o 0/3 073
3090 0/2 1/3

4212 died on day 18
b#18 sscrificed on day 68
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IVB.7.4

Summary of AUC, Cmax, Tmax and Crrough data for CGP 33101 in sarples of
plasma taken from monkeys on day 78 of a Toxicology 13-veek oral
Toxicity study (MIN 924143)

Doge Animal auc? Crax Tease Ctrough
{mg/kg/day) Number Sex (hr(ug/ml)) (mg/mb)  (hx) {ugiml)
35 7 M 264 16.0 4 4.8
8 114 18.8 8 6.5
9 386 23.4 4 co8.2
Mean 3n 19.4 - 6.4
Std. pev. 61 7 1.8
25 ¥ 252 14.8 8 4ot
26 277 13.4 a8 &.4
27 254 18.2 4 4.9
Mean £ 261 i6.1 - 3.2
Std. Dev. 14 1.8 1.0
100 b L] 577 28.4 12 17.7
. lib 578 8.9 4 18.7
12 — — - —
Average® 577 28.7 18.2
28 1 522 42.3 4 11.5
29 429 24.5 4 &8 10.0
30 618 37.0 8 13.8
Hedn 5 523 34.6 - 12.4
std. Dev. 95 9.1 3.0
300 13 H 939 50.0 12 31.3
14 1050 39.2 12 32.4
15 732 38.8 & 36.1
Heai 340 43.3 - 31.3
5td. Bev. 186 10.2 1.2
31 13 9%5 €0.0 4 31.7
32 695 37.7 4 17.9
33 678 389 ] 16.%
Noan 3 789 45.5 21.9
Std. Dev. 178 12.5 8.5

2 Galculated for a 2é-hour dosing interval by assuming that the
concentration at t » O was equivalent to that at 24 hr.
No sample obtained.
Hean ¢ standard deviation could not be calculated because n = 2.

CGP 33101: 6/12 Month Oral Toxicity Study in Cynomolgus Monkeys (TEST NO. 936082,
conducted by Ciba-Geigy, England, report dated 2/20/95, GLP)

Methods
Rufinamide, batch 800389, was administered orally (gavage) to cynomolgus monkeys as follows:
Group 1 Group 2 Group 3 Group 4
Dose {mgfkg) 0 20 60 200
Volume {mikg) 5 5 5 5
Number of animais 8d+8¢ 84+8¢ 8d4+8%9 83+9% ™
Interim *** 24429 28+2% 2d+2¢% 24439
Main **** 43+49 48+40Q 434+ 49 4544¢Q
Recovery ***** 24+2¢ 23+2¢ 2d+2¢ 26+2¢

* 3% wiv aqueous corn starch suspension .

> 4 000 2 was found dead on day 7 and was replaced with 4 016 €.

**v  Animals scheduled for interim kill were treated for 6 months,

Tt Animals scheduled for main kill were treated for 12 months. . .
t*** Animals scheduled for sacovery kill were treated for 12 months with a 4 week recovery period.
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The following endpoints were evaluated: mortality and clinical signs (daily); body weight and food
consumption (weekly); hearing and ophthalmology (Pre-test, weeks 25, 50 and 55); clinical
chemistry, hematology, and urinalysis (weeks 0, 13, 26, 39, 51 and 56); toxicokinetics (day 1 and
week 52); and organ weights, macroscopic, and microscopic histopathology (all tissues from all
animals).

Results

i. Mortality, Clinical Signs, Body Weight

There were no deaths thought to be related to treatment. One HD female (4000) was
found dead on day 7 (found to have meningitis) and 1 C female (1008) and HD male
(4009) died on days 119 and 179, respectively, following accidental strangulation.

No toxicologically significant clinical signs were observed. Vomiting was observed
occasionally in all groups, including controls. This was generally seen immediately
before, during or in the period immediately after dosing.

No body weight differences were noted between treated and control animals.

ii. Clinical Pathology, EKG, Auditory, and Ophthalmology

No treatment related hearing abnormalities or ophthalmology findings.
There were no treatment related changes in hemaiology.

There was some clinical chemistry evidence of effects on liver and kidney function
(IVB.8.1). Increases in Alk Phos, AST, and ALT were seen in both sexes, primarily at the
MD and HD. Increases in plasma creatinine concentrations were noted in treated animails
at all doses. Urea levels also tended to be increased, although not as consistently. There
was generally evidence of recovery four weeks after dosing cessation, although some
liver enzyme values remained higher. There were no difference in creatinine or urea
values at week 56.

There were no treatment related changes in urinary composition.

iii. Pathology

Liver weights were increased in treated males and females. Kidney weights were dose-
dependently increased in males, and were increased in females, but not D-D. No liver or
kidney weight changes were evident after the recovery period. There were no apparent
T-R changes in thyroid weights.

At necropsy of the interim study animals, various amounts of white granules were
observed in the gall bladder of 3 of the 5 HD monkeys (2 males and 1 female). After 12
months, single dark granules in the gall bladder were observed macroscopically in 2 of
the 7 HD monkeys (1 male, 1 female). After the recovery period, 2 females of the same
dose group showed muitiple white granules in their gall bladders.
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After 12 months (IVB.8.2 and IVB.8.3), minimal hepatocytic hypertrophy in 2 males (one
of these showed biliary granules) and 3 females at the HD, as well as in 1 MD female. No
liver changes were seen in the recovery animals. Pigment deposits in the brain were
seen in 1 male and 1 female from the HD group at the terminal sacrifice, but no brain
lesions were noted in the recovery animals. There were no apparent T-R changes in the
kidney or thyroid.

Plasma levels (IVB.8.4)

Exposure to parent increased with increasing doses, but was less than dose proportional.
Based on the morning pre-dose concentrations, steady-state concentrations might have
been almost reached as soon as 24 h after the first dose. Due to saturation in the
absorption processes, concentration-time profiles at steady-state fluctuated less at the
HD than at the LD. There was no appreciable accumulation upon repeated dosing and no
sex difference.

Conclusions

Administration of rufinamide (20, 60, or 200 mg/kg) to cynomolgus monkeys for up to 1 year
produced effects on the liver and gall bladder at the MD and HD. Increases in Alk Phos, AST, and
ALT were seen in both sexes, primarily at the MD and HD. These changes were associated with
increased liver weight and hepatocytic hypertrophy in 5/7 HD and 1/8 MD animals. The presence
of granules in the bile was seen at the HD and attributed to the metabolism and excretion of
rufinamide as a conjugate which accumulated as concretions of insoluble material. Although there
was no evidence microscopically of cholestatic changes, the increases in plasma alkaline
phosphatase activity may be related to this finding. The LD, which was associated with an AUC
about 1/2 that in humans at the MRD (~1000 umol.h/L), was considered a no adverse effect level.

IVB.8.1

GROUP MEANS CLINICAL CHEMISTRY BLOOD SAMPLE MALE WEEK ot

pOoseE Total
ng/Kg Group Ma K Gluc Urea ASAT ALAT ap Frot
CONTROL ) 13%.% 2,01 3.78 &.24 27 37 1587 73.7
=0 2 120.% 3.91 4.06 &.22 27 331 187 TéE
40 > 140.& 4,18 4.10 &7 Iz &7 1923 T2.%
200 a 140.2 8.20 4.05 &.G& 40 55 2179 77.4
% EA Z % % Ratio
Alb AL A2 5 G A0
CONTROL 1 &35.8 2.7 13.8 &t 13v8 1.78
z0 z $2.3F z.8 16.2 &.4 14.4 1.71
&0 3.7 2.8 14,8 Bl 13.7 1.77
pracls] e S%.3 2.7 1%.4 S.d 16.% 1.49
Aun Abg Abs Abs Als
Aib Al AZ B G
CONTROL 1 47.0' 2.0 10.1 4.5 10.0
20 2 a7.8 2.1 12.3 3.4 1120
&0 3 &4, 8 2.0 10.8 3.7 12,0
200 4 a35.7 2.1 1.9 4.4 3.3
Chal 6 Ca Mg PoOa Lreat
CONTROL. H 2.99 Q.54 2.a7 Q.48 1.94 71
20 2 2.77 0.81 2.3 0.67 1.94 &0
&0 et 2.58 0.87 2-a6 C.b% 1.80 Vi
200 -3 2.68 1.10 2.45 0.6% 1.96 89
[l iy £t Biri
CORYROL. 1 94 10% 1.8
20 2 &6 199 2.1
&0 s 78 109 1.7
200 4a k4 e 1.8
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IVB.8.2

GROUP MEANS CLINICAL CHEMISTRY BLOOD SAMPLE FEMALE MEEK 83
D0SE Total
reg/Ry Group Na K Biuc UUrea ASAT ALAT AP Prot
CONTROL, 1 141.5 .80 5.95 S.92 30 32 8Y2 V4.5
20 =2 141.3 %98 3.87 6&.22 29 T 1265 T4.0
&0 3 189.7 3.01 3.8? 6.47 27 a4z 90 738
200 a4 139.83  £.01 43T 6.14 27 IS ITIR TE.Z
% % % % % Ratio
Alb Al Az ] ] A
CONTROL % 892 2.9 17.9 4.2 15.9 1,48
0 2 58.0 2.9 8.3 a.b 16.2 137
50 3 7.t 3.3 19.5 4.2 15.9 1.50
200 4a 53.7 3.6 21.8 Fo 17.2 3.47
Abs Ay Alw Abs Abs
axp AL Az B )
CONTROL. % a2.0 2.1 13.3 .1 11.8
20 =z 42,8 2.1 13.4 3.4 12.0
&0 3 az.1 2.5 12,4 3.1 11.7
200 a4 20,5 2.7 16.3 2.8 12.9
Chal 6 T Hg rO4 Creat
CONTROL 3.54 .70 2.88 .43 1.41 7%
20 30 0.356 2.40 Q.57 1.60 7@
] .34 1.03 2.48 .67 1.39 81
200 24 2.5% 0.35 z.42 g.54 1.5% 2
GBT £1 Bili
CONTREL. 1 43 109 -3
20 = 60 110 1.9
60 % a7 t1t 1.5
20 4 63 109 .5
Summary Table of Pathological Findings after 6 and 12 Months
Group 1 Group 2 Group 3 Group 4
Control
Dose {mgrkg) 0 20 60 200
Sex (&) 4 e d e S 4 4 ¢
ORGAN/Finding
GALL BLADDER
After & months:
~Sevetal white granules 213 if2”
Alter 12 months:
«Single dark granule 3 174
~Stveral white granules 22
LIVER
Alter 12 months:
~Minimal hypertrophy 148 a3 a4
Legend: * = The 3rd female of this sroup was foand dead on day 7 of the study.

therefore it was excluded from this tabte.

#* = Recovery anirals.

v = 3rd minle found dead on study day 179, data included in interim.
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IVB.8.3
HUMBER OF ANIMALS WITH MICROSCOPIC FINDINGS BY ORGAN/GROUB/SEX
STATUS AT NECROPSY: Ko

MAIN 5TUDY
SEX :
DOSE GROUP:
ORGAN/FINDING NO., ANIMALS :
HEART NO. EXAM.:

- Inf.,Inflamm.Cells

- Arteyitis/Periarter.
LUNGS NO. EXAM.:
- Inf.,Inflamn. Colls

~ Deposition,Pigment

TRACHEA NO. EXAM.: . 4 4 4

-~ Inf., InTlamm.Cell 2 1

-~ FEdema 1
TONGUE NO. EXAM.: 1 4 3 3
‘=~ Inf. . Inflamm.CeTis 1 1 1
-~ Inflammation 1

~ Hyperplasis,Squ.Cal) 1

STOMACH HO. EXAM.: 4 ) 4 3
- Erosion b3

-~ Int. Lysphoid Cells 1 3 3 1
~ Atrophy,Mucosa 3

~ Hemorrhage 1 2
~ Arteritis/Periarter, b3
CECUM NO. EXAM.: 4 A 4 3
-~ Trematodes in Lumen

- Ectopic tis.,splenic 1

COLON NO. EXAM. : 4 L) 4 3
~ Balantidiosis 1 2 3 2 .
- @ranuioma,Parasitic 1 2

~ Arteritis/Pariartar. 1

Appears This Way
On Original
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THYMUS NO. EXAM.: % 4 4 3
- Hyperplasia,lymphoid 1
~ Cyst, Medullary 1 H
SPLEEN o NO. EXAM.: & 4 4 3
- Hyperplasia,lymphoid 1 1 3
- Eosinophil. material 2 X 3
- Inf., Inflamm.Cell 2
« Gongestion 1
)i).(iiLARY LYMPH NODES NO. EXAM.: 4 4 4 3
- Amyloidosis 1 1

« Fibrosis 1

- Hyperplazia,Lymphoid 1 2
-~ Eosinophil. material 1 z
~ Deposition,Pigment 2 3 1

- Histiogytosis,Sinus 1
HESENT. LYMPM RODE NO. EXAM.: 4 4 4 3
- Hyperplasta,lymphoid 1

- Pepositicn,Pigment 1

« Histiocyt.Sin.Retic. 1

« Artevitis/Periarter. 1
STERBUM/MARROW NO. EXAM.: A 4 4 3

- Lymphoid Follicles 1 1 3
FEMUR/MARROW NO. EXAM,: 4 E 4 3

«~ Hypevcellular marvow 2

« Lymphaid follicles 1 Z
KNEE JOINT CAPSULES NO. EXAM.: & a4 3 U
- Arteritis/Periartar. 1
THYROID GLAND NO. EXAM.: & a4 a3 T
- Inf., Lympheid Cells 2 1 1

- Cyst{s} 1
PARATHYROID GLANDS NO. EXAM, 3 3 2 2
- Inf.,Lymphoid Cells 1

THIGH MUSCLE NO. EXAM.: 4 4 4 3
« Inf.,Inflamm.Cells 1
SCIATIC NERVE ND, EXAM.: 4 4 4 3
« Inf.,inflamn.Cells 13

EVES NO. EXAM.: 4 & 4 3
- Inf.,Lymphoid Cells 1

-~ Cataract 4 2 2 3
{ ACRIMAL GLANDS NO. EXAM.: 4 4 4 2
- Iaf.,Lymphoid Lells 1 i 2 1
BRAIN HO. EXAM.: 4 4 4 2
« Edema 1
- Deposition,Pigment 1
- I6f.,Inflamm.Cells b
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1.IVER NG, EXAM, s 4 4 4 3

«~ Hyperiyr.,Hapatocyte 2

~ Inf.,Lymphoid Cells 2 1 1

- Inflanmatory Focus 3 1

= Lipidosis,Tension 1

« Arteritis/Periartsr. 1

GALLBLADDER NO. EXAM.: 4 4 3 3

- Inf.yinflamm.Cells 1

- €aleulus,Biliary 1

SALIVARY GLANDS ND., EXAM.: 4 4 4 3

- Inf...ymphoid Celis 3 3 3 3

- Mineralization 1

KIDNEYS NO. EXAM.: 4 4 4 3

~ Pmytoidesis 1

- Inf.;Lymphoid Cells 2 3 1 2

-~ Edema 3

- Arteritis/Periarter. 1

URINARY BLADDER NO. EXAM.: 4 4 % 3 )

-~ Inflammation 1

TESTES NO. EXAM.: 4 4 4 3 i i
~ Immature 4 3 2 2

EPIDIDYMIDES NO. EXaM.: . '4 4 4 3

~ Immatuye 4 3 2 2

PROSTATE Né. !Z)()%M,v ’ é S 1 g T
- Immatiiyre 2 1 2

- Arteritis/Periarter. 1

SEMINAL VESICLES NO. E;u;m;”a ;I» 4 3 T )
- Immwature 3 3 4 4

Appears This Way
On Original
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NUMBER OF ANIMALS WITH MICROSCOPIC FINDINGS BY ORGAN/GROUP/SEX

STATUS AT NECROPSY: K&

MAIN STUDY

SEX H FEMALE

DOSE GROUVP: 01 02 03 o4
ORGAN/FINDING NGO ANIMALS 3 43 4 4
HEART NO. EXAM.: 3 4 4 4
~ Inf.,Inflamm.Cells 2 2 4 1
~ Epicarditis/Auricle 1
LUNGS NQ. EXAM.: 3 B 4 4
« Adhesion,Fibrous 1
- fibrosis 1
- Emphysema i
- Deposition,Pigment 3 3 & K]
= Cyst 3
STOMACH NO. EXAM.: 3 4 4 4
~ Inf.,lymphoid Celis 2 1 3 1
JEJUNUM NO. EXAM.: 3 4 4 4
- Lymphangiectasia 1
- Arteritis/Periarter. 1
TLEUM NO. EXAM.: 3 4 4 4
« Lymphangfectasia 1
- Arteritis/Periarter. 1
CECUM ND, EXAM.: 3 4 4. 4 )
- Yrematodes in Lumen 1 1
TOLON N, BEXAM.: 3 4 4 a4
- Hemorrhage 1
- Balantidiosis 2 1 3 3
~ Inf,.,Inflamm.Cells 1
- Branuloma,Parasitic 1 2
LIVER NO. EXAM,: 3 4 4 P
- Hypertr. Hepatocyte i 3
~ Inf.,Lymphoid Cells 1 3 3 3
-~ Lipidosis,Tensian 1

Appears This Way
On Griginal
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SALIVARY GLANDS RO. EXAM.: 3 4 4 4
4 4

w Inf.,Lymphoid Cells 1 2
KIDNEYS MO. EXAM.: 3 4 4 4
- Inf.,Lymphoid Cells 2z 2z 4 4
« Arteritis/Periarter. 1
URINARY BLADDER NO. EXAM.: 3 4 4 4
- Inftammation 1
OYARIES NO. EXAM.: 3 4 4 4
- Cyst 2 1 1

-~ Change,PhysioTogical 1
UTERUS NO. EXAM.: 3 4 4 4
- Cycle,Henstruation i 2
VAGINA NO. EXAM.: 3 & 4 4
-~ Inflammation 1
THYMUS HO. EXAM.: 3 4 4 4
~ Atrophy 1 1
SPLEEN NO. EXAM, 3 4 4 4
- Hyperplasia,Lymphoid i 2 1
- Eosinophil. material 2 i 3 2
- Nod.,Fibrosiderotic 1
« Int., Inflamm.Cell 1 1

- Congestion 1
AXILLARY LYMPH NORES NO. EXAM.: 3 4 4 4
- Hyperplasia,iymphoid 1 3
« Eosinophil. material i 2 1
- Inf.,Inflanm.Cell 1
- Hemorrhage 1
« Peposition,Pigment 2 2 1

- Histiocytosis,Sinus H

SL MR
LpeGs
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MESENT. LYMPH NODE NO. EXAM. s 3 4 4 3

~ Hyperplasia, Lymphoid 1 i
- Bosinophil. material 1
~ Inf.,Inflamm.Cell 1
~ Histiocyt.Sin.Retie, 1
- Grantloma X
STERNUM/MARROW NO. EXAM.: 3 4 4 a
~ Hypercellular tarrow i
- Lympheid Follicles 1 1. 1
FEMUR/MARROK NO. EXAM.: 3 4 4 4 ’
- Hypercellular marrow 1 2
- Lymphoid foliicles H 1 2
~ Hemorvhage /Marrow 1
THYROID GLAND NO. EXAM.: 3 a4 a4 "
- Cyst{s) 1
PARATHYROID GLANDS  NO. ExAM.: 3 3 '3 T T tTTTTrrren -
- Inf. Lymphoid Cellz t
THIGH MUSCLE - NO. EXAM.: 3 4 4 & e
-~ Sarcesporidiesis i
=~ Int.,inflamm.Lells 1 1 1
SKIN ' NGO, EXAM.: 3 .- s;”ni;” 4‘ orTnrTrmremene
- Int.,Inflamm.Cell 1
Cne e D e T e Cererairaeea
EYES NO. EXAM. ¢ 3 4 & L2
« Cataract 2 2 1
- Conjunctivitis 1
LACRIMAL GLANDS NG. EXAM.: 3-. -1-:1” 4 3 ----- T T
- Inf.,.Lymphoid Cetls 2 1 2
BRAIN . NO. EXAH.: 3 3 4 4
- Bepesition,Pigment 1
-~ Inf.,Lymphoid Cells 1
IVB.8.4
AUCIO-241) Crnax Ymax”
Sex fasmolehfL) (im0l ] I
Day1 | Weeks2 Day1 | Week52 Day1 | weeks2
Daily dose: 20 mglkg
Maie B92 = 112 1060 + 152 8532 113 827 %74 4 8
Female s 94 00 £ 136 42.F 2 3.4 823 x LD & 5]
Daily dose: 60 mgkp
Maie 1800 & 180 1890 4 420 104 £ 14 106 £ 21 12
Female | 1950+ 275 2290 x 573 15226 121223 8 4
' Daily dose: 200 mg/kg
Male 2960 2 732 3190 = 536 151 ¢ 42 156 = 33 12 8
Female | 2660 + 520 3060 = 476 13128 144 + 25 12 4

*: median,
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GENETIC TOXICOLOGY

Bacterial Mutagenicity Test on CGP_33101 (Report No. SP 787, Dated 10/1/85, Conducted by

Ciba-Geigy, Frankfurt, Germany, non-GLP)

CGP 33101 was tested for mutagenicity with Salmonella typhimurium tester strains TA 100, TA
1537, and TA 98 and with E. coli WP2 uvrA at concentrations from 15.8 to 5000 ug per plate
without S-9 and from 5 to 5000 ug per plate with S-9. Precipitate was seen at doses > 500 ug per
plate. In the absence of S-9 Mix, CGP 33101 was weakly cytotoxic at the highest dose. In the S-9
test no toxicity was seen. No evidence of muta

IVC.1.1). ‘

‘Table IVC.1.1

WITH 5n9 WIX (Cram ltver homagenate of Aroalsr 3lSbetreated rarsy

genicity was observed in this study (Table

Bevertunt colonies per place

Lompound Selvent Suryiving
Lugfplazel {ul OMSCIpisan} fraccton. 1A i0 Th $5357 ¥A 98 A $B4TCTO RP2 wyrA
o hid] 5.0 134 e PSS | LT #] 5 81 n 33
] L] 1.0 be3 151 3335 %8 56 g2 &9 #3 37 s
§ €67 3l 0 9.8 137 150 3 o1’ o« 62 62 65 18 ) 3 8
15,8 10 9.9 7Y 133 2% 3% &2 A LR 3 3
50 53 9.9 118 138 29 33 3% EE L ] 84 &0 38 4
158 54 0.9 P S ] 9 a0 AL (22 58 33 N4
00 § 16 0.2 13 ur 33 3% 48 62 6 % 0N LIS
1536 § 39 5.8 25 113 7’ N & Bl 5F &8 35 2%
3008 $% k2] .9 143 8 o 2% LA ] L3 ] 13 2
10 Ba? 10 4.8 1430 1440 137 146 108 686 708 503 63 183 119
50 Bep j3 1.4 75 28 45 55 57 100 102 385 332 & %
10 2e4a i 9.3 ABEE 42%9 192 197 188 #5480 2610 225D 1330 6858 134#
90 3-4E EL4 1.4 3330 1w 85 35 26 168¢ 2520 1650 1386 b2 11
RITRHT $-9 HIX
Conpepnd Salveat Serviving Revertant calonies per place
{epfrixen) (il DN plaee) . drascien TA 180 TA 1537 A 32 SR uvid
q iD e 102 30% 13 13 2 1 o8
0 3] 1.0 3 PEUNE S I 13 EL w8
15.2 <57 300 W {0 85 105 4 ¥ W 15 LY
30 19 138 [ 3 10 1x 12 3 B 1) 57 &
153 v 183 0 103 0 11 18 1 2, B 8
300 §4 172 1.9 tis 150 2 W 1 32y, 7o .
15849 $¥ 3 Lo (337 113 8 3 2 25 6 6%
5000 8% 25 L2 & ot 3 8 3 o 58 60
1§54 13 1.0 2188 2230 531 822 538 2430 2120 s 159
10 e 19 0.9 | 18200 23009 2% 104 130 i 237 20
15 EHRE it 1.0 13008 19080 % 27 3m 367 552 000 5190

Huvaganicity enpertoests wirh hia~ §,. cyphimucivs veze perforsed as daseribed by Anes et al.

{rscae, Rew. 33 {3975) J4T~364) with

.

only sininal sodiffcations (sap "Haerials snd Yechods"). Addiztanally an epentde by

b belugeichloropropann oxidy, vay sdded to some incudations (colven headed “TA BHICRO“Y. Bupariventy
were done legousty vith 30 uN prop in the top apwt, The tables show the ounher af Mg‘ oY “_y» reveriaot coloniss of fndie

vidual plaves.

and gt s
with 265 2. £oll M2 gury

1 3KC1 3-Heshylohol

O850: Dinyehyleulfontde; Bal: Benzo(aIpyreae; SeF: Bemeo{e)preena; f-Adg

3

80 Benyo(adpyeime A,5-oxide; MvRge B-Methyl-3'-nitro-frnicrosogusnidine; S5WG: BeBahyl-A*-nisronBmndtrosoguanidtae.
3

50 o 2ednfnozstheacone was ysed.
3 Ratrorcopiestly vielBie preciplestion of cert sespiund e the plates.
[} & precindtuty <18 sLill presest at she esd of the sxperivent,

Appears This Way
On Original
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Salmonella and Escherichia/Liver-Microsome Test (Study no. 926056, conducted by Ciba-Geigy,
Basel, report dated 7/3/92, GLP)

Rufinamide was tested with or without S9 activation. WP2 uvrA was tested at up to 2500 ug/plate
(no cytotoxic effects observed). Strains TA 98, TA 100, TA 1535 and TA 1537 were tested at up
to 5000 ug/piate (no cytotoxic effects observed). No increase in frequencies of mutant colonies
was observed with or without metabolic activation (Tables IVC_2.1a and IVC.2.1b). The positive
controls gave the appropriate responses.

Tables IVC.2.1a
SUMMARY OF THE RESULTS

Experinent without metabolic activstion

Toshk npunber T ORIEDES Expapinent § Original
Taat: substancs ¢ CGP 313 1561 Batoh ¢ ahdyaed
A Tront /BErRLY W T BT W TET TR BERIREY
Bagative control ] 168.7 19,3 14,32 H.3
H
OOR A% 3041 - §
317,5000 ug/plate PoaTz.s 3.7 8.3 8.3
625, 0000 dg/plate i 188.7 8.7 2.3 5.0
L3R 0000 wg/plate } 167 +3 A0 7 103 EL
FEOG. 0000 ng/plate { 1987 1.3 1.3 5.0
SO00. 0000 ag/plate H 166.7 BT 8.7 4.3
i
RBasdtive vonbvals: i
podium szids i 509.7 BgE.0 - ]
2=nitrotlvorens ] e s 197¢.7 e
G-aminpacridine } e o s s 20830
Treatmant/ Sbrain WEZ uvrh
Heantive ooEErot e
QOF 33 101
185, 2800 wg/plate 14,7,
3125000 wysplate 38.2

!
i
}
;
£25.0000 ug/plate % 13.0
|
|
|
|

1250. 0000 wifplate i5.D
2500. 0000 ug/plate 21,3
a-xQo 73,7
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Tables IVC.2.1b

Expariment with metabolic ackivabion

Test number T 2ILDHE Experimant : Qriginal
Tost subzslance @ O8P 33 10% Batch T BODLse
Teaatnant  Bhrain ' Lo TH LB TH 98 Ph ApdY
Hegative control i 180.3 312.0 257 T.0
{
£EP 33 a0 : i
332 .5000 ugiplate i 18%.3 id.0 26.9 5.0
625, 0000 ug/plabe i 180.9 11.% 28.3 £.0
1250, 0000 wy/plats i 1650 3.3 b B 8.7
2500, 0000 ug/plate 1 189.3 13.0 20,7 B.7
5000, 0000 ug/plate i 16643 15,7 113 LN
. |
el b bere prrdea o |
Z=gninoanthraceno 1 2048.3 e RIVB.7 172.3
evelophosphianide ] et 508.0 o e
FFeAtment /BLrain WEE wvrh
Wagalive vonleol f 8.0
i
CHE 33 101s 1
156.2500 ag/plate } 14.7
312.5000 wg/plate i 7.0
525, 0000 wy/plate | 7.0
1250. 0060 wi/plate | 18,7
2B00. 0000 uyplate | 73
]
Positdve senbrola: |
=amincanthracens 6.5 0 &

Chromosome studies on Chinese Hamster Ovary cell line CCL 61 in vitro (test # 896147,
conducted by Ciba-Geigy, Basle, Switzerland, completed 7/25/90, GLP)

Concentrations of 62.5, 125, and 250 ug/ml were tested for chromosome effects in four
experiments: 3 hours treatment with activation and 14 hours recovery time, 3 hours treatment
with activation and 21 hours recovery time, 14 hours treatment without activation, 24 hours
treatment without activation. Two hundred metaphases were examined from vehicle control and
drug groups. At least fifty metaphases each from the appropriate positive controis from the
second experiment (3 hours treatment with activation and 21 hours recovery time) and from the
fourth experiment (24 hours treatment without activation) were analyzed. The highest
concentration (250 ug/mi) suppressed mitotic activity by 8, 46, 30, and 20% in the 4 experiments.

In the original and confirmatory studies, numbers of cells with specific chromosomal aberrations

were similar between treated and controls under all 4 conditions (Table IVC.3.1). The positive
controls (cyclophosphamide and mitomycin-C) produced the expected results.
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Table IVC.3.1

3 hrs Freatment With Activation and 14 brs Recovery

Vekicle Control Rufinamide Rafinsmide Rufioamide
{196 DASS0) 62.5 ug/mL 125 pgrmL 250 paiml
Shof with specific i 05(25) 642 oD 642
Metaphases with:
Chromatid bresks -3} - - -
Iso-chromatid bresks ) - ) -3y
Di, potvrentrics 16 - . N
Tso-chromstid fragmants - - -0 -
9 of metaphases with nospecific sberrations 153013 250y 1{03} £3{0.5)
Metaphases with:
Chromatid gaps 3 S(¥ m i e)]
3 brs Treatment With Activation 2pd 21 hrs Recovery
Vehicle Contvel ¥ i ¢ ;‘?ﬁ? C?m?de
(1% DMSO) 625 ppfml 125 pgimL 288 pgimL " 40 pgrml)y
b of metaplases with specific aberrations 0.52.5) e 15D NNy 384633
Metaphases with:
Chromafid breaks - 16y - 15 35
Iso-chromatid breaks -® - ey -3 sS4y
Chromsatid exchanges - - - - 12043
Di-, polycentrics - - - bX¢3] 1¢3
Ring chromosomes - - 1) -
Chromatid fragments 1 - 2¢3 33 1S
Tio-chromatid fragments - Y ) - -
%3 of mefaphases with unspecific aberrations 3 250.3 35() ¢{0.5) 2@
Metaphase: with:
Chromatid gaps &%) o) T - 1)
Eso-chromatid gaps - () - ~(13 143
14 hrs Treatment Without Activation
Vehicle Conirol Rufinamide i Rafi i
(1% DMS0) 62.5 pgfml. 125 pg'mL 250 ygiml
% of mataphases with specific aberrations a1y 835 0.53} 2015
Mefapbases with:
Chromatid bregks - - - -}
Iso-cbromatid breaks -2 -2 @y -
Cxromstid frsgments - - -§) -
Izo-chvomatid fragments - - (3} {1 -
%% of melaplases with unspecific aberrations 2415} 15403 5 EI8]
Metaphases with:
Chromatid gaps 4(33 3435 3% 8¢
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24 krs Treatment Withoat Activation

Vehicle Conirol Rufi 7 Rafi ik Rufi; Hil Pﬂﬁﬁv! C(tlﬂ!‘nl
Q% DMS0) 625 gL 125 y/ml, 250 ggfmL (’:\g"’“{“’w
1 pgimi)
©b ofmetaphases with specific sberrstions 13 04 055 15(85) 14 (20
Mefaphases with:
Chromatid bresks -y - 163 1 14}
Ysp-chromatid breaks -3 -8y - {5y -(8) 1D
Deletions - - - - 163
Chromatid exchanges 1) - - - {2
Di, polytentrics - - - 1) -
Ring chiromosomes - - - - {3
Chromatid frogments 14} -{1) - i{y -3
Tso-chromatid frsgments 243 - - i) -
46 of mefaphases with anspecific aberrations 3@ 0.5 (8.5) ) 35415 1)
Metaphases with:
Chromatid gaps S8 iy 5{2) 3 Q) L
Fso-chromatid gaps . - . 26 10
- =pifect not obsened
Results in brackets are from confimuatory repeat assay.
Only observdd sbasrstions are inclinded.
4, Point Mutation Test with Chinese Hamster Cells V79 (Test No.: 876202, conducted by Ciba-

Geigy, Basle, report dated 5/17/88, non-GLP)

CGP 33101 was tested for mutagenicity in V79 Chinese hamster cells in vitro. The original and
the confirmatory experiments with and without metabolic activation were performed at
concentrations of 20, 40, 80, 160, 240, 320, and 400 ug/ml. Cells were treated for 21 hours in the
experiment without microsomal activation and for 5 hours in the experiment with microsomal
activation.

In the original and confirmatory experiments without and with metabolic activation, comparison of
the numbers of mutant colonies in the control and treated cultures showed no significant
differences in mutant frequencies (Table IVC.4.1). The positive controls (EMS and DMN)
produced the appropriate responses.

Table IVC.4.1
. . 6-TG resistant Viability clones par
Metabolic Activation Tast Articte Comcentration or clones per dish At Mutaut frequency Factor™*
Dose Leval {HOE'6)
{Adean) {Mean}
Withont N 0.08 56.17 Y
Activation**+ 1" Negative Coutrol - 12 5747 23 -
N 0400 . 4.0
2 Negative Control - 094 S1.00 155 -
Positive Control 53
T A A
mathanesulgnonste} - 3017 3334 i
Rufiasmide — o 1850 45 12
{CGR33 101) “uE 129 5833 276 15
Rufingmide . 313 5217 <50 10
{€6P 33 161 40sszid. 100 75.50 152 18
Rafinamide — 006 55.67 <4.0 10
{CGP 53 t01) et 1% 5740 18.5 1l
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Rofnzmide 500 346 =X [

(CGP 33 101) 163 pgiml. 572 54.67 132 10
Rofnamide na N G0 39,50 <43 19
(CGP 33 101) 20 pgiml. 622 50.83 44 18
Rufingmide e 6.07 3833 <4 19
(CGP 33 101 320 pgml. 500 §7.17 40 19
Rufinamide . 008 633 <48 10
(CGP 33 101) 400 gl 0.00 50.67 4.0 19
With Microsomal 1y, 006 5233 A0
Activation (g vex | Negathve Contol - 617 s6.17 <40 -
. 028 s108 54
and g, - -
*Negative Conmrol 539 4433 83
g"‘*ﬁ‘;{‘;‘;’;‘f“l o . 600 1433 148 370
itz 478 4083 178 183
Rufnzmide — 000 50.00 <40 19
{CGP 33101} oy 006 1717 4.0 10
Fufingmide ) 0:00 6583 <40 18
(€GP 33 101y Hyigimk (31 4133 <40 10
Rufinmiide o1k 5200 40 T
(CGP 3310 80 pziml. 232 5100 44 10
Rufinsmide .00 58,50 %40 10
(€6P 33 101) 160 pgiml 528 : .33 72 11
Rufinsmide 0.00 4533 <42 10
(CGP33 1013 240 ppml. 022 s4.67 41 5
Rufinamide .06 4500 <40 10
{CGP 33 101 320 pgml 0.7 59.67 oyt )
Rufinsmide .00 5007 <40 10
(€GP 33 1601y 0 phl. o1 37.85 g 10

¥ normislized to 2 viras] plating efficiency of 150%
++ - mutent faquency {wesrad) / murant fraquency {control)
*44 - Results of initiak fupper recult) and confinmmatory assays (Sowes result)

Micronucleus Test, Rat (Study No. 896146, conducted by Ciba-Geigy, Basel, dated 7/26/90,
GLP)

In Part | of the study, rats (Tif:RAIf; 8/sex/dose/sampling timepoint) were dosed orally (gavage)
with 0 or 5000 mg/kg. Sampling timepoints were 16 hours, 24 hours, and 48 hours post dosing.
Five animals/sex/dose/timepoint were evaluated. For each animal, 1000 polychromatic
erythrocytes were analyzed for micronuclei. In Part Il of the study, the same strain of rats
(8/sex/dose) were dosed (oral gavage) with 0, 1250, 2500, or 5000 mg/kg. Five animals/sex/dose
were evaluated. A sampling time of 24 hours was used for each dose. Again, 1000 PCEs were
analyzed per animal. In both parts of the study, the positive control (20 mg/kg .ip
cyclophosphamide, 24 hour sampling) was given to 5/sex.

There were no deaths in the study. No clinical evidence of toxicity or TK data were provided. No
inhibition of cell proliferation, as measured by reductions in PCE to NCE ratio compared to C, was
noted. Rufinamide did not increase the frequency of micronucleated PCE , while positive control
groups showed statistically significantly increased frequencies (Table IVC.5.1). However, the
failure to demonstrate exposure or toxicity and to evaluate the ICH recommended 2000
PCEs/animal may require that the study be repeated.
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Table IVC.5.1

Sampling Time Test Article Doze (mglke) Gender sud No. per Gronp Rafio of PCEs to NCEs %% of PUEs with micromaclei
Part1 Negative Control R 5F a3 082
16 ars (veliclz caly) SM 0.3 010

2 . 5 53 0.5 082

CGP 33 101 Rufinamida) 5860 M o 064

Pant1 S s R 5F 0.5 0.06
2 bne Negative Contol {CMC 0.5%) e o3 0o
Positive Control 26 ¥ a6 154G

{Cuciopluosphsmide) = M 6.8 136

LGP33 101 5606 3F Q.4 002

{Rufinamids} M 03 0.6

Part1 . . ) F 0.4 004
i Nezative Controt (CMC .99} a an 080
TGP 33 101 5000 & 6.3 .54

{Rufinsnside} M E 082

Pamt I o " 3F a8 DOH&
oy Negative Control {CMC 0.5%5) - gk 23 500
Positive Contro} . 2 58 23 D40
{Cyclophosphatnide) 24 o2 038

CGP33 103 1250 3F Ly 0.10

{Rufinamids) M 0.9 D62

CGP33 301 3o F 03 054

{Rafinamiide} M 03 0.14

TGP 33 101 " som0 58 03 0.00

{(Rufinsmide} ° M a3 082
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D.

CARCINOGENICITY

1.

CGP 33101: 104-Week Oral Carcinogenicity Study in Mice (Report No.: T/P (US) 96005;

conducted by Ciba-Geigy, Summit, NJ; completed 5/22/96; GLP)

Methods

CGP 33101 (Lot #800889) was administered in the diet to CD-1 mice (60/sex/group) at
daily doses of 0, 40, 120 or 400 mg/kg for 104 weeks. At initiation of dosing, animals
were approximately 6 weeks of age. Clinical observations, body weight and food
consumption determinations, and physical/auditory, palpable mass, and gross and
microscopic pathology examinations were performed on all groups. Ophthalmology
examinations were conducted on control and HD animals. TK analyses were performed
on samples from 10 satellite animals/sex/group.

Dose selection was based on the results of the 13-week dietary study (Study no. 92-
6060), where body weights were decreased at 600 mg/kg, food consumption was

Results

.reduced at 200 mg/kg and higher, and liver toxicity was observed at 200 and 600 mg/kg.

Non-neoplastic (Figures IVD.1.1a and b; Tables IVD.1.1, 1.2, 1.3 and 1.5)

Treatment-related effects consisted of increased survival (HD females);
decreased body weight gain (HD; terminal BW 4% below C in M, 8% below C in
F); increased ALT (all doses), alkaline phosphatase (MD & HD), and AST (HD);
microscopic bone changes consisting of hyperostosis and myelofibrosis (MD &
HD); microscopic hepatic changes, including leukocytic infiltration, hepatocellular
hypertrophy, pigmented macrophages, and foci of cellular alterations (HD); and
microscopic renal/urinary tract changes (primarily in males), consisting of
hydronephrosis (MD & HD) and focal fibrosis, chronic nephropathy, and dilatation
of the ureters and urinary bladder (HD). Systemic exposure to parent drug was
lower in females than in males at the LD and MD, but there was no clear sex
difference at the HD. The AUC at the HD was approximately 2400 pmol.hr/L
(clinical exposure at MRHD = 1923 umol.h/L).

Neopiastic (Table IVD.1.4)

Increased incidences of osteomas (0/60, 0/60, 2/60, 3/60 in M, SS at MD and
HD; 0/60, 2/60, 1/60, 6/60 in F, SS at HD) were seen at all doses. Incidences of
hepatocellular adenomas (4/59, 5/59, 4/59, 13/58 in M, SS at HD:; 0/59, 0/59,
1157, 10/59 in F, SS at HD) and carcinomas (8/59, 7/59, 8/59, 14/58 in M, NS;
1/59, 0/59, 1/57, 4/59 in F, NS) were increased at the HD. The increase in the
incidence of osteomas was considered to have resulted from the activation of a
resident mouse retrovirus by fluoride produced during oxidative metabolism of
CGP 33101. The increase in the incidence of liver tumors was considered related
to hepatic microsomal enzyme induction.
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c. Conclusion

Chronic oral administration of CGP 33101 to mice resulted in increased incidences of
bone osteomas (SS at MD and HD) and liver hepatocellular adenomas (HD) and
carcinomas (HD) in males and females. There was no clear no-effect dose for induction
of osteomas. However, because a low incidence of osteomas was also observed in the
control (1/70 males, 2/70 females) animals from another carcinogenicity study run
concurrently in this facility with mice of same strain and source, the low incidences of
osteoma in the LD and MD animals were not considered to be treatment-related by the
sponsor. The no-effect dose for liver tumors was 120 mg/kg. The study appears valid.

Figure IVD.1.1a
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Figure IVD.1.1b
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Table IVD.1.1

CEP 95101 4wk ol carsinogasicly sty wis MIN 931019
Buirgnaey of mortsity
Sax; Matss Famalag
Brup po.: 1 E3 3 4 k] 2 3 4
Dose frgk): o 40 @ 400 ] 4 128 400
, bouofiee: 80 & & & & 00 60
_Typi of doath. -
Foined doad 20 i5 i 23 1% k] k] -]
Sanrificed moribund 17 1% 14 7 18 i} 14 w
Qe 1 B 4 2 [ 2 2 2
Tarminal saeriice 2z 24 29 w i ] £ 2 A2
Patoand survheal a8 Torminabion sey Ll = bk ] 55 3BL 433 00

Sl issing animels subsemuery kund and sacificed, and animsls seciood o 1o physical sbrommey.

Table IVD.1.2 N
LEP SN0t 1wk orad carcinogenicty siudy in mice WA 825019
Thoan dedy wislght changs dafng he dasing peask?
Bop Mals Fomales
Doe _.ﬁﬁmg.{mﬂm Fooart  __ Bodywon(gy  Pateory
{maikg) 8 Weekt04  changed T DaseBhe  Week 108 | changed
1 280 88 303 24 e 3
o
2 289 08 437 245 3832 828
40} ks ] 7.0y
3 280 -7 i3 28 o571 55.9
{120} 10.3) $5.6)
4 2R2 ara a6 213 318" 483
(460) fgit 18
2T ton data ware taken Sitectsy trom the sttt prsiteut for all Burviving animala.
Byanins in pivsrihanes mpeesent:

"Shafistically slgnticant relative T tho-control group at p < (45,
“Siitically aigritican rakatfva to 1he control group at p < DT,
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Table IVD.1.3

Table 3.2, Summary of compound-related lesions
Males Famales
Group: 1 2 3 4 1 2 3 4
Bona
- fsteoma L] 0 2 3 0 2 1 [
- hyperostosts {borne) 8 122 1w 4 18 12 33 4
~ hyperogtosls {joirt) 1 0 0 4 0 2 2 8
~ hyperostosis (bone and/or joint) 8 12 19 43 15 14 33 44
- myelofibrosis o 1 4 10 3 4 10 ;]
~foci of cell alterations 0 [:4 [¢] 3 1 0 [+ 2
« hepatoceliular adenoma 4 5 5 13 0 0 1. 10
- hepatoceliular carginoma 8 7 8 14 1 o 1 4
- hepatocelukar 8 7 12 38 g 3 6 34
~ pigmented tacrophages 14 14 14 26 23 21 23 45
~ lgtkocytic infitration 17 20 16 12 18 20 24 23
Kingy
- chronic nephropatty 7 3 6 16 17 8 8 12
- fibrosis 0 4 0 18 4 2 ] 8
- hydronsphrosis 6 10 1% 25 4 2 i 4
Ureter
- dilatation 1 3 1 7 1] o ¢ 0
- dilatation 1 12 11 21 4] [+] ] ¢
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Table IVD.1.4

SOMMARY OF PINDING XHCI
NEOPLAST.

DENCES AND STATISTICAL ANALYSIS

e Taed A ]
PESY (2.03)

3¢ HXSTOPATROLOUY
MALES
200Y BXSTEM traEracsssancecsnreseseDOSE GROUDS .- meeervrnaes TEST FOR
OREAN g 40 120 406 oy
FINDING mey fxg wg/kg ng/kg mg/ka P-VALDE
DIUESTIVE SYSTEM )
RECPHAGUS
PAPTELOMA B} . ciiiviiuisaoninrrnnsrarannns o0/%0 1/60 0769 o/s0
: oBS/EXP:  0.00 3.92 oloo 0.00 0.766
UALL BLADDER
ADENOMA {B]..... erravevaaasan eeriiaces,sn OF47 1752 0/49 0447
OBS/EXP:  ©0.00 3.93 ¢.00 0,20 ©.767
LIVER -
HEMANGIOME {8} .. c ivareserironninnn, 8/58 0453 1/59 0758
¢.on 0,00 3.12 0.90 0.52%
HENANGIOSARCOMA fM}....vuvernvninan. 2/59 3759 1/58 6/58
1.40 1,96 8,58 4,00 o.s530
HEPATOCELLULAR ADENOMA IB)..........00.... 4788 5/5e (7113 13/58
OBS/EXP:  0.89 0.74 0,87 217w 0.004%e
LULAR €3 B T &/59 /89 8759 14/58
/EXP: 0,90 LA 0.7 1.77 2,054
PANCRERS
ISLET CBLL ADENOMA IBl.yiocrervavisasssins  0/56 0/60 0/57 1/59
OBS/EXP:  0.06 0.08 0.00 4,54 o.216
SMALL INTESTINS
ADNNOCARCINOMA IMlu..euioisiinnunarn.nne,.,  0J84 1787 0/54 0/%0
- OBS/RXP:  0.00 3,83 0.00 ¢.a0 8,751
MUSCULOSRELETAL SYSTEM |
NE
OSTBOMA [Blivvciniiarnrnrnarrersnessiasses  0f68 0/€0 2/¢0 3/80
OBS/EXP:  ©.04 0,90 1,52 2,35+ 0.034%
OSTEOZARCOMA. IM] cvviivinnarnnnscornasnse,c 0780 0/50 1/60 0/80
OBS/EXP:  0.0D 0,00 EXPEH 0,00 0.532
NERVOUS SYSTRM
BRALK
MERYNGICMA (M]...... PP Gerieiienio..  B/ED o/60 1760 g/s0
OBS/EXP: 0.00 . 3.53 6,00 6.506
REPRODUCTIVE SYSTEM
TESTL -
ABMANGIONA [8]........... [N 8/60 o/sg 0/59 1/6¢
v.00 a.00 0.00 4.38 9,202
INTERSTITIAL-CRLL TOMOR IM)..... 1/80 0/50 /53 1/80
2,14 0.80 6,00 2,47 6.637
SEBINOMA (M}.vieuusniaacnonennnas 1/60 qf60 2/59 a/60
1,42 [ 13 2.1¢ 0.00 0.690
nztsj%u'ron SYSTEN
I)
ADENOCARCINOMA [M)...... s/6a 8/60 10/60 &/60
¢,90 0.87 1.22 0.37 6.359
ADBNOMA {B}ico...... $/60 10/60 s/c0 2/50
ORS/EXP:  2.01 2.85 5.53 0.36 ©.93%
co;mxwrxoas
OSTEOMK OR OSTEOSARCOMA . a/50 ofee 3/60 3j60
o.00 5.00 1.55# 2,01 0.014°
RARDERIAN ALAND
ADBNOMA OR ADENOCARCINOMA ...........4. 9788 4/60 5/60 3/60
3.78 6.75 0.%¢ 0,63 0.95%
LIVER
HEPATOCELLULAR ADENOMA DR CAROINGMA ..,,,. 12/8% 12/59 13/59 27/58
oBS/EXP:  D.7E 075 .73 1.95%~ 0.001%¥
LURG :
ADENOMA OR ADRNOCARCINOMA vvsuvsrvsosna... 12/60 16769 16/60 /60
OBB/EXD: .85 1.25 1,09 0.67 ¢.801

BOTE: THE P-VALUES OR IHE RSPORT ARS ROUNDED 10 THREE DECIMALS.

A * OR *¢ INDICATES A STATISTICAL STGNIPICANCE A% THE

9.65 OR 6.0} LEVEL, RESPECTIVELY. WHEN RECORDED BESIDE A QROUP OBS/EXP THIS RBPLECTS THE COMPARISON WITH CONTROLS.



Table IVD.1.4 (cont.)

Pss+ {2.0%)
SUNHARY COF PINDING INCIDENCES AND STATISTICAL ANALYSIS
REOP! LOGY

1
msrzs HISTOPATHO!

BODY S¥STEM mrsvsacressunstennsenunDDGE GROUES s camnccnnecrunssnnnmen TERT FOR
oRGAN o 49 120 400 TREND
FINDING mytky g/ rg mg /g ng/ky P-VALUR
. F 3
DIGESTIVE SYSTEM
DARGE INTESTINE
POLYE [BE.vscorriueianscusniaensncaranenss 0/55 0/ss 1/88 0/se
CROJEXP: 2.0¢ o.a0 3.86 0,06 8.553
LIVER
HEMANGIOMA B}, vvianerninuvonn . 3459 &/59 1/57 1/59
0.00 0.00 2.12 1.31 0.326
HEMANGIOSARCOMA §M). ... 0vsnvvrsrcnyinoys 1/5% 2/5% 2/57 of53 .
. RS /Xy .87 1.8% 1.8% .00 ©.523
HEPATOCELLULAR ADENOMA [B)} ..._..........,.. 0/59 afss 1/87 10/53
OBS/EXP1 0.00 ) £.38 2,384 D.001en
HEPATOCELLULAR CARCINOMA {Mi.............,. 1/5% /89 1/52 4/59
OBS /EXP: 0.77 9.ap 8,76 1.96 0.083
BARCOMA M) . ussconncnrsnvorncanisanvoanenn 0/53 0/59 o/57 1783
OBS/BXP: 0.00 . 08.00 0.06 .62 0.382
PANCREAS
YSLET CELL ADENOMA (B} .......00evnnn... cen 1/58 o/se 0/56 0/59
OBI/BAP: 4.73 0.600 .00 0.00 1.608
ISLET CBLL CARCINOMA M)................. . 6jss [ 143 1/5¢ : /59
©BS/EXP1 9.00 0,00 4.23 a.00 6,618
STOMACH
PAPILLOMA £B).....iivinnvininniiainecn s 0/57 1/58 a/s57 /57
OBS/EKR: 0.00 4.9} .00 a.80 0.808
Nugc\musxsx..m‘u BYBTEM
CHOBDROMA EBY . o cvsvutinensinnsrsinnnnaonan 0/60 0/60 3/60 8/6g
OBS/EXP: 0,00 0.20 4,18 ¢.00 0.570
NERVE SHEATH TUMOR, BENION [Bl..:v.iv.croee D/6C 0780 0/60 1/60
ORS/BXP: c.0¢0 0.80 0.00 3.74 0.268
OSTEQAMA 18] ....covuinniinoniiiiniiaenan.,s [ 2/s0 i1/88 /60
OBS/BXE: 0.00 0,99 0.45 2.2% B.01e
JOINT
OSTEOMA {BY iiviininavnn cecarouncorcrnnren 0/5¢ D/E0 1/68 6/640
©BS/RXP: 0,00 0.00 +.00 0. 08 6.549
SKELETAL MUBCLE :
HEMANGIOSARCOMA $M).......oioinunrannan, .. /89 o/s0 3/5% 6/60
OBS/BXP: 6.00 0.0 3.6 f. 00 .8527
RHABDOMYOSARCOMA IN) .. \vvuuiniinnnneyaryer 1/60 0/60 /89 /66
OBS/EXP; 4.6% 0.60 2.00 0,00 1.080
COMBINATIONS
ADRENAL GLAND
PHEOUCHROMOCYTONRA, BENIGY OR MALIGNANT .., . /59 3759 2/59 1/60
OBS/EXP: 8.0 2.34 1.38 9.53 v.483
HARDERIAN GLAND
ADENOMA OR ADENOCARCINOMA . ............... 2/51 2/5% §/89 s/50
OBS/EXP: 2.57 ©.5% 1.59 1.19 2.100
LIVER
HEPATOCELLULAR ADENOMA OR CARCINOMA . ..... 1/59 0/59 2/87 14/83
OBS/EXPs 0,29 0.00 °.50 2,270 0,000t

RERRETEARDE R W

HoT#: THE D-VALUSS ON THE REPORY ARE ROUNDED $O THREE DECIMALS. A * OR ** INDIGATES A STATISTICAL SIGHIFPICANCE AT THE
0.05 OR 0.03 LEVEL, RESPECTIVELY. WHEN RECORDED RESIYDE A GROUP ORS/RXD THXS RBPLECTE THE COMPARISON WITH CONTROLS,
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Table IVD.1.5 Plasma rufinamide levels in 2-year mouse carcinogenicity study

Male mice Fermala mice
Dose | Week | Time | Mean sp cv N | Mean sD (2 N
(mg/kg) [} CORC, cone.
(ot} | (umald} | (%) fumold) | umold) | (%)
26 1 128 34 27 S 104 4.7 {7 §
" 450 323 72 8 *
52 1 15.0 4.8 32 5 9.1 828 81 5
11 829 4.13 66 5 4.67 702} 159 5
40 78 1 A2 30 24 § 6.58 3531 54 3
1 235 247 | 105 5 1.43 1.68 § 117 5
104 1 7.1 23 14 4 8.62 8.32 97 4
11 6,08 412 &8 5 M
28 h] 367 121 33 5 28.7 7.6 26 )
11 154 [2:] 4t 5 i
82 1 473 9.7 20 5 30.5 4.7 48 5
1 220 7.7 35 8 644 .14 98 5
120 78 1 517 185 26 5 233 95 40 8
11 166 9.9 59 5 4.28 4685( 85 4
104 1 50.9 2 205 5.4 18 4
11 29.9 1.4 5 3 *
26 1 157 42 2t 51115 21 18 8
1 59.2 222 38 5 58.2 253 44 5
52 1 120 12 10 5 92.4 257 28 5
1t 844 144 22 5 45.1 339 75 5
400 7% ] "2 18 17 5§12 28 23 5
11 €8.8 458 67 5 69.1 63.8 92 5
104 1 753 38.8 53 4 1 117 49 42 5
11 67.2 2 | 124 53 43 4
Values below LOQ (1.03 pmolL) taken 35 0,
To convert into pg/mt., multiply the concentration values by 0.2382.
CV {%) = (SD/mean) x 100.
*r Not d half of the ions at least were balow LOQ.

Appears This Way
On Original
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CGP 33101: 104-Week Oral Carcinogenicity Study in Rats (Report No.: T/P (US) 95035,
Test No.: 92-6046; conducted by Ciba-Geigy, Summit, NJ; issued 9/21/95; GLP)

Methods

CGP 33101 (Lot #800289) was administered in the diet to S-D rats (60/sex/group) at
daily doses of 0, 20, 60 or 200 mg/kg for 97 (males) or 103 (females) weeks (sponsor
says 98 and 104 weeks). Due to low survival in control males, all remaining males were
sacrificed during week 98. Surviving females were sacrificed as scheduled during week
104. Clinical observations, body weight and food consumption determinations, and
physical/auditory and palpable mass examinations were performed on all animals.
Ophthalmology examinations were conducted on control and HD animals. Hematology
and serum biochemistry evaluations were conducted on the first 10 surviving
rats/sex/group. TK analyses were performed on plasma samples from the first 5 surviving
rats/sex/group. Gross and microscopic pathology examinations were conducted on
animals from all groups.

Dose selection was based primarily on body weight effects in the 13-week dietary study
(Study No. 92100) with doses of 200, 400, and 600 mg/kg, where BW gains were
decreased 31, 49, and 51% in males and 25, 28, and 32% in females compared to C. In
the 1-year dietary toxicity study (20, 60 or 200 mg/kg), terminal BWs were 0.3, 4, and
24% below C in M and 2, 11, 28% below C in F at the respective doses.

Results
i Non-neoplastic (Figures IVD.2.1a and b; Tables IVD.2.1, 2, and 4)

Treatment-related effects consisted of decreased body weight (MD & HD;
terminal BWs 10 & 29% below C in M, 21 & 37% below C in F) and food
consumption (MD and HD); decreased mortality (MD & HD); microscopic hepatic
changes, including centrilobular hepatocellular hypertrophy, and accumulation of
pigmented macrophages, apoptosis and megalocytosis (MD & HD); microscopic
renal alterations consisting of pelvic epithelial hyperplasia (all doses; attributed to
chronic irritation secondary to renal pelvic mineralization); and microscopic
changes thought to be secondary to the decreased body weight or associated
stress, including decreased bone marrow cellularity, thymic atrophy and ovarian
stromal hyperplasia (all doses). Plasma rufinamide concentrations were generally
somewhat lower in females. Based the data from the 13-week study, AUCs at the
HD were approximately 3000 (F) and 4000 (M) umol.hr/L (human exposure at
MRD = 1923 umol.h/L).

ii. Neoplastic (Table 1VD.2.3)

Increased incidences of thyroid follicular (0/59, 1/60, 10/60, 4/60, SS at MD and
HD) and C-cell adenomas (1/59, 3/60, 6/60, 2/60, NS) were found in males. The
incidence of thyroid C-cell carcinoma was also increased slightly in MD males
(1/59, 1/60, 3/60, 0/60, NS). These tumors were considered a result of long-term
TSH stimulation (CGP 33101 previously shown to increase the activity of
thyroxine UDP-glucuronyl transferase in the rat). There were also possible small
increases (NS) in liver hepatocellular adenomas in MD males (3/59, 2/60, 7/60,
4/60) and HD females (2/60, 1/60, 1/60, 5/60), and pituitary adenomas (34/59,
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34/59, 43/60, 38/60) and carcinomas (0, 0, 2, 1) in MD and HD males. In
addition, osteosarcoma was found in 1 HD male. Because of the excessive BW
effect at the HD in both sexes (and even the MD in F), the MD should probably
be considered the relevant group for comparison to C.

Conclusions

Chronic oral administration of CGP 33101 to rats produced an increase in the incidences
of thyroid follicular adenomas and C-cell adenomas/carcinomas in males. The LD
appeared to be a no-effect dose for follicular adenomas. Although the increase in C-cell
adenomas was NS, there was not a clear no-effect dose. There was also a possible
increase (NS) in liver hepatocellular adenomas in MD males and HD females (seen in
mice). The MD was considered the MTD based on decreases in body weight gain noted
in both sexes by the end of the study. However, based on the shortened duration and
excessive BW effects, the validity of the study is questionable (see statistical review).
Based on the results of the 3-month oral gavage study in rats (60, 200, 600 mg/kg), it
appears that higher doses could have been given by that route without producing
comparable BW effects. At the end of treatment in that study, BW gain was 2, 5 and 17%
below C in M and 9, 12 and 30% below C in F, at the respective doses. BWs were 2, 5
and 11% lower in M and 5, 7 and 15% lower in F, respectively.

Figure IVD.2.1a
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Figure IVD.2.1b
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Table IVD.2.2

Koat Sody welght chengs during tiie dosing perfods

Graup &le% Jesales
bese 1 Parennt ; . Pereent
Clig/Rgy xuaiim Uuek 97 mmngs" Bazelina Wesk 104 Chmg‘
b 065 8637 319.2 im.2 583.4 233.3
{0} {00} 10.9)
2 5.8 B47.1 310.5 176,48 584,11 kL&
{203 £-2.8} {B.2)
3 267,7 YR8 234,72 3168.9 458, 0%% 177 b
[ (~13.8) {=292.73
& W38 IR, 4% 205 duw 76,3 365 ok 112, 7%
£200) {-37.8) {328}
s » These data wers taken divaecly Zrom the sconiskisal printout for
#11 surviving aninals.
B~ Values in parentheses represent:

FPoreant chargs selacive to contrnl w

v.aight gain of comtral

waStardstically significant relative to the rauryel grevp ae p o< 0,00,

Table IVD.2.3 psse (2.05)
SUMMARY OF FINDING INCIDRMCES AND STATISTICAL ANALYSIS
NEOPLASTIC nz&mpmuo cGY
MALES
BoDY SysR® LT PR, «e-DOJE oxovrsu- R R L L L E T E s TEST FOR
ORGAW [ 26 200 TREND
P:NDINO ng/hg g /%y mg/kg ng/kg P-VALOR
e me AR AN AL mwneanknman T EE wmazaxx Bewaua - TR,
nmks'ﬂve BYSTRY
umnatom\ B /59 1/60 0/60 0/58
o.80 3.46 0.00 e.00 0.752
HEPATOCELLULAR ADBNOMA [B)................ 3/59 2/60 7/60 4/6a
1.30 0.87 31.56 0.%8 0.523
HEPATOUBLLULAR CARCINOMA (M} 4/59 2/60 3/60 0/60
2.19% a.98 3.3 9.80 ¢.985
A S cvsmnmunanmnna - manunnn
ENDOCRING snmu [eontinued)
ADREMAL (cant.imuﬁ)
Pazocnxosocnom L 8/$9 4/60 3/60 5/60
OBS/EXP:  2.05 6.88 0.54 G.82 0.974
PRECCHROMOCYTOMA (M} ............. Cesrne 2/59 o/s0 0760 1/60
OBS/BXEP 4.322 6.99 0.60 .99 0.934
PARATHYROID
ADENOMA [B3......., et ensenans I 1/82 5756 2757 1/%8
OBB/EXP:  0.88 2.37 9.79 0.38 o.839
RITULTARY
RADEROMA (B}, pars distalia.............. 34/55 34/59 41/60 36/69
“oBsjRAD: 1.08 0.96 1.14 0.86 0.306
CARCINOMA {M], pare distalis.............. 0/59 0/59 2/860 1/60
OBS/EX® 6.00 0.00 2.40 1.07 0.245
TH
C-CBLL ADBHOMA [B)...............,........ 1/89 3fs0 6/60 2/60
ORS/EXD 6.37 1.03 1,90 0,62 0.262
C-CBLL CARCINOMA (M}....................., 1789 1/60 3/80 /60
OB8/BXP; 1,18 0.91 2.33 ¢.00 v.785
FOLLICULRAR ADENGCARCINOMA [M]............. 0/5% 1/80 [ F£1:3 ofs0
OBS/EXP 0.80 4.13 °.00 0.00 6,883
FOLLICULAR ADENOMA [8).,.....,, Srasnesaee a/se 1466 10/60 /60
‘oBS/EXP:  0.80 6.29 2.43¢ 0.89¢ G.0257
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HEHATOPOLBTIC- LYHPHORETICOLAR 575 TEN e
LYMPH HODE

HEMARGIOSARCOMA M} ............... sieesi..  0f58 0/50 0/60 1/60
OBS/EXP: .00 8,00 0.0p 2,68 0,347
SPLRRN
HEMANGIOSARCOBR (M} .. ........u....,....... o759 1760 [ 711] /60
OBS/EXP:  0.00 4.84 ) 0.00 0. 00 0.818
LIPOSARCOMA (Ml e vscerivnrerrennorcrronn, 1/53 8/60 0/60 0/%0
GBS/EXP: 7,31 2.00 6.08 ¢. a0 1.000
YsTEMIC
GRANULOCYTIC LEOKEMIA IM}.......,......... 1/60 o/s0 o/69 /60
oBS/EXE: 4,00 °.00 0,06 2.00 1.000
HISTIOCYTIC SARCOMA Mi................... 2/60 1/60 1/69 (Y1
aBR/EXP: 2038 1.07 2.93 o.00 0.948
LYHPHOMA, MALIGNART IMl................... 0/60 /66 2/69 2/¢60
OBS/BXP:  D.08 5.00 1.89 3.54 8.07¢
TRYNOS
THYMOMA (B)..........cun... Perivraaasiaves  DJST 1/58 0/55 8/%5
OBS/EXP:  0.00 4.00 0,00 0.00 2,758
INTEQUMENTARY SYSTEM
ROBHOCARCINOMA [M).u.evsieninaenna........ 0/83 o/s3 o/ss 1/88
OBI/BXP: 0,00 6.60 6.00 2.8¢ 8.376
......... M
COMBINATIONS {conbinued)
BRAIN
GRARULAR CELL TUMOR, SENIGN OR
PALTONANT v uscinsinsarcennnnna. tesaveai..  O/BY /%0 1/60 o/60
oBs/EXf:  0.00 3014 v.92 0. 00 0.854
LIVER .
HBPATOCELLULAR ADENOMA OR CARCINGMA ...... §/%9 4/60 10/6d 4/60
OBS/EXP:  1.36 0,75 .48 5.53 0.872
MAMMARY GLAND
FIBROADEROMA, OR ADENOCARCINOMA .....,..,. 2/853 0/53 1/55 1/58
oasfexXy: 2,86 oL 00 0.94 e.75 0.859
PANCREAS
IBLET CELL ADENOMA OR CARCIKOMA ....,..... 3/59 B/40 1760 2766
ORS/BXP:  8.95 2.39 0,27 0,52 0943
PITUXTARY
ADBHOMR OR CARCIHONA .........,.0..,,,.... 3458 34759 45/60 19/66
oBS/EXP:  1.0% 0,94 1,38 0.86 0.737
BRIN
PIBROMA OR FIBROSARCOMA ............ eraee 2759 /e 2760 o/s0
OBS/SXP:  1.33 1.83 1,85 ¢.00 0.93%
PAPILLOMA, KERATOACARTHOMA OR
SQUANOUS CBLL CARCINOMA...,,.,......... s.. 4fSD 1/50 0/60 4/60
OBS/EXP:  2.06 0.46 0.00 1.64 0.66%
THYRGID . .
©-CELL ADENOMA OR CARCINOMA .............. 2/59 s/60 $/60 2/60
OBS/EXP:  0.54 1,00 1.97 0.42 0.435
FOLLICULAR ADENOHMA OR ADENOCARCINOMA .... . 0/59% a/%0 10760 4/60
OBS/ERXP:  0.00 0.85 3.27 0.83% B.042*
TOTAL BODY
HEMARGIOMA OR HEMANGIOSARCOMA ....,....,... 0/59 2/60 1/60 3/60
OBS/EXP: 0,00 2.7 0.9% 9,84 8.395
HEMANGIOSARCOMA ... vvvvvuyvranennnn, o, ... 0759 1/60 1/60 1760
OBS/EXP:  0.00 1,49 1.20 i.07 6,323
NERVE SHEATH TUMOR, BENION ............... 0/S$ 1760 0/60 31/89
OBS/BXD: ©.00 2.02 0.00 1.87 8.468
NEBRVE SHEATH TUMOR, BENION OR
TONANT. .. L. cveriaes  QfS9 1/60 0/6¢ . 2/60
OBS/BXP: 0,00 2.40 0,00 2.2 0.251
LTI naw R L Ll LT T TN HEA AR AN W DD

.%101'83 THE P-VALUBS ON THR REPORT ARE ROUNDED TO THREE DECIMALS, A * OR ** INDICATES A STATISTICAL BIGHIFICANCE AT THE
©.05 OR 0.01 LEVEL, RESPECTIVRLY. WHEN RECORDBD BESIBR A GROVP OBS/BXP THIS REFLECTS THE COMPARISON WITH CONTROLS.
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Table IVD.2.3 (cont.)

SUMMARY OF PINDING INCIOBNCRS AND STATISTICAL AHALYSISZ
NgDPL&$TI§ HXS;SPATHOLOO!

Bt smrwas

BopY sysrgw ... mrererrme<DOIR GROUPS-»euscmsvecrenainas o, TEST POR
ORUAR [ 20 £ 200 TREND
FINDING mg/Rg g/ kg m/kq wg/ky P-VALUE
newm
DIOBSTIVE SYSTEM
LIVE
HEMANGIONA IB)..........oioiiiinnnnnn.u... 9/80 9/49 /69 1/60
obs/expe: 0.00 .60 .00 3.58 ©.279
HEPATOCELLULAR ADRNOMA {8)........,....... 2760 1/60 1/60 /50
OBS/EXP: 0.87 o.50 0.41 1,97 0.3237
HEFATOCBLLULAR CARCINOMA [M)..........,... 1/60 o/s0 /50 1/60
OBS/RXY: 1.35 ¢.00 .32 1,31 9.406
PANCREAS
ISLET CBLYL ADENOMA (B]......cc.vvurrreanss 1760 /60 2760 /50
OBS/BXP: 1.44 .60 2.5% ¢.00 9.452
ISLET CRLL CARCINOMA (M. ,...vvesrorin.cn. 3/66 /60 174373 [¥22]
OBS/EXP: 2,10 2.10 v.00 0.00 0.910
SMALL INTRETING
LEBIOMYOSARCOMA M} ......oovevnnnnnnnnnn., o/60 8/50 a/st 2/86
ORS /EXP: 2.00 8.90 .00 3,50+ 8,040
ENDOCRINE SYSTEM
ADRENAL GLAND
CORTICAL ADBNOMA {B)........ocovuvunnnn.y.. 2760 a2/&o 1760 o/59
OBS/EXP: 1,61 1.62 ©.79 o.00 0.924
CORTICAL CARCINOMA {M).............. [T /60 1/60 o/60 1/59
oBS/EXP: 0.0 2.31 o.o00 1.78 9,313
T FRECCARONOTETOMA. TBT + v s v ereeenrsrenn ) 1/80 1/60 2/60 0759
ORS/EXP: 1,14 1,20 1.7% s.00 a.763
PHEOCHROMOCYTOMA {#)............... [ 0/66 0/80 o/60 1/59
0RS/BXP; 6.00 0.0 0.00 3.29 0.304
PARATHYROID
ADENOMA IB) ...\ iiniiiinnrnninnnnnnnn.. .. 3/5% 9/57 2/58 /83
OBS/EXP: 1.05 .00 1.86 8.95 0.163
PITULITARY
ADEROMA [B), pars distalis..........,...,. 49/69 47/60 52/60 50/60
OBE/EXP: 1,08 e.95 1,01 .93 0.831
CARCINGMA {¥], pars dimtalis.............. 1/68 2460 1/68 1/68
OBS/ExP: 8.63 1.28 .53 3.54 0.270
THYROID
C-CBLL ADENOMA IB).......iivivinnninnnanans 4760 4/60 /60 4760
OBS/EXP! 1.10 1.10 0.78 1.03 9,593
C-CELL CARCINOMA IHl .\ uuvivinanirunnnnn.s 1760 b/60 0/60 0/60
OBS/BXP: 4.37 o.00 0.00 b.00 1.000
FOLLICULAR ADENOMA {B).......0convunnnenn 1/60 0/80 1/60 2766
OBS/EXP: 1.15 o.00 0.8s5 1,84 ¢.329
GANGLIONEUROMA {B)....vy.vnrunnn.rannenns. 1/60 . D/50 a/en ¢/60
BS/BXP: 4.60 0. 00 6.00 0.09 1.000
CONBINATIONS
ADRENAL OLAND
CORTICAL ADENOMR {B] OR CARCINOMA M} .. .. 2/60 3/60 1/60 1/5%
OBG/BXP: 1.8 1.9 0.%€ 6.5% o.82¢
PHEOTHROMOCYTOMA, BENION OR MBLYGNANT , .., 1769 1/s0 2760 1/5%
OBS/EXP: [ 0,93 1.48 0.7 ¢.518
BRAIN
ABTROCYTOMA OR OLIGODENDROGLIOMA ..., ..,.. 0/s0 1760 0/60 1760
OBS/BXP: °.00 FISTY 0.00 1.83 0.42¢
LIVER
HEPATOUELLULAR AGENOMA OR CARCINOMA .., ... 3759 1760 2/60 8/60
OBS/EXP: 1,08 0,36 0,63 1,83 0,139
MAMMARY SLAND
ADENOCCARCINGHA OR CARCINOSARCOMA .,....,.. 7/60 20/60 15/50 15/60
LBS/BXP. 0.50 : 158 1.01 9.97 ¢.229
ADENOMA OR PIBROADENOMA ................ .. 37760 28/60 20/60 20/60
OBS/BXP; 1.60 1.17 0.98 -85 1,068
ADENOMA, F1BROADENOMA,
ADBHOCARCINOMA OR CARCINOSARCOMA....,..... 39/60 19/60 37/60 28/60
OBS/EXP: 1233 1.33 0.98 0.53 1000
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X A
GONADAL STROMAL TUMOR [B) OR

SERTOLI-CELL TUMOR {B}.......,..

OBS/EXE:
QONADAL STROMAL, SERTOLI-CELL,
THECAL CRLL, OR YOLK 5AC TUMOR............
OBS/EXP
PANCREAS
3SLET CELL ADENGMA OR CARCINOMA ..,,......
OBS /2XP
PYITUITARY
ADRHOMA OR CARCINOMA .....................
OBS/BXP;
SKIN
PIBRONA OR FIBROSANCOMA ........... Veseses
OBS/EXP:
THYROID
C-CBLL: ADENOMA GR CARCINOMA ..,.,...,..,..
OBS/EXP:
TOTAL BODY
HEBARGIOMA ..v.uvunicnnnononnuisan.s, Lora
: OBS/EXP:

L2 TT T RNt p e e

/69
6.00

5/60
0. 00

2/60
1.71

5060
1.09

2760
1.23

5/60
1.28

1/6¢
1032

HOTE: THRE P-VALUBS ON THE R¥PORT ARE ROUNDED TO THREE DECIMALS. A * OR ** INDT:
.05 OR 0.01 LRVEL, RESPRCTIVELY. WHEN BECORDED BSSIDR A GROUP ORS/EXE THY

Table IVD.2.4 Plasma rufinamide levels in 2-year rat carcinogenicity study (n = 5)

1760
2.30
1/60

1.48

1/50
.86

49/69
0.9%

2768
1.27

4/6p
1.62

o/60
0.00

1759
i.70

2/89
2.4

2/80
1.53

$3/60
1.60

2760
1,09

3760
0.24

1/60
1.34

0/60
¢.00

8/60
0.0o

¢/80
8.80

53/40
8 )
i/s0
0.51

4/%0
6.$7

1/%0
12

0.585

0.588

D.876

8.7990

0.785

0.733

0.434

Pose Week Time Male rats Fernale rats
{mg/kg) ) Mean foind oV Mean sh oV
- cone, cone.
; (umoliL) | (umoll) | (%) | (o) | Gumoll) | (%)
3 286 38 13 207 3.9 19
12 1 211 34 18 1.3 1.8 16
25 25.6 22 9 188 43 23
1 48.2 4.0 8 35.8 9.0 25
20 52 1 355 6.4 17 228 5. 23
25 40.0 4.3 11 240 8.6 28
1 537 8.0 11 33.7. 152 45
78 11 40.1 10.5 26 238 12.9 54
25 477 2.4 13 275 13.§r 48
1 921 7.8 9 722 8.2 25
12 11 66.8 27 4 424 8.1 18
25 811 8.3 10 828 15.0 24
1 134 7 5 161 21 21
&0 52 11 160 10 10 7386 274 37
25 109 13 12 78.1 17.2 22
1 145 49 34 137 28 20
76 11 88.9 322 33 86.9* 35.0 40
25 114 35 H 97 .6* @.7 24
i 180 18 10 181 21 11
12 k! 131 19 15 137 40 29
25 170 13 8 173 2B 18
1 218 18 7 22 60 27
200 52 11 184 9 5 152 56 37
25 224 12 5 202 80 40
1 2580 15 8 27 28 10.
78 11 219 17 8 218 33 18
25 239 22 g 208 92 44
*n=4,
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REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY

CGP 33101: A Fertility and Reproductive Toxicity (Segment 1) Study in Rats (MIN 911018)
(Report 92057, dated 12/7/92, conducted by Ciba-Geigy, Summit, NJ; GLP)

Methods

Rufinamide was administered by oral gavage at doses of 0, 15, 50, or 150 mg/kg to male
(12/group) and female (24/group) rats. Males were treated for 64 days prior to mating, during the
2-week mating period, and for approximately 3 weeks thereafter. Females were treated for 15
days prior to mating and during mating (2:1 ratio for 2 weeks), gestation, and lactation. Pregnant
females were sacrificed either on gestational day 13 (12/group) or postnatal day 21 (12/group).
FO fertility and reproductive parameters were evaluated. F1 observations included: body weight,
mortality, clinical signs, ophthalmological examinations, postnatal developmental parameters
(righting reflex, pinna detachment, ear canal opening, eyes open, Preyer's reflex, papillary reflex
both direct and indirect, testes descent, vaginal opening), and fertility assessment.

Doses were based on the 3-month oral gavage toxicity study in rats (Tif:RAIf) with doses of 60,
200 or 600 mg/kg, in which clinical signs (hypotonia, convulsions, decreased activity) were seen
at the MD or greater and decreased BW gain was seen at all doses (BW gain was 2, 5 and 17%
below C in M and 9, 12 and 30% below C in F at the respective doses). In the rat (Tif:RAIf) Seg I
study (20, 100 or 300 mg/kg) decreased maternal BW gain was seen at all doses (14, 33, and
54% below C during dosing period).

Strain: Sprague-Dawley

Drug lot: Lot No. 800189

Results

i. Mortality and Clinical Observations

There were no mortalities in FO males or females. Treatment-related clinical signs were
limited to salivation at the HD in males.

ii. Body Weight

Body weight was decreased slightly in HD males on days 28 (7% below C, SS) and 84
(6%, NS) of dosing. in females, body weight was reduced slightly in the MD and HD
groups at the end of the premating period (6 and 7%, respectively, both SS) and in the
HD group at the end of gestation (7% on GD20, SS). However, there were no effects on
corrected body weight (body weight minus the total weight of the uterus, ovaries,
placenta and embryos) or body weight gain.

iii. FO fertility and reproductive parameters

The percentage of mated females that were pregnant on either GD 13 or 21 was
decreased at the HD and possibly the MD compared to C (83.3, 91.7, 79.2, and 70.8 in
C, LD, MD, and HD, respectively; C lower than expected). There were no effects on
reproductive parameters in females sacrificed on GD 13 (but only 8-10 pregnant females
evaluated per group). Increases in postimplantation loss and stillbirths and decreased
numbers of viable pups were seen at all doses (SS at HD) in females treated through
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-lactation (Table IVE.1.1). There were no differences among groups in duration of
gestation.

iv. Litter parameters

Reductions in pup survival during postnatal days 0 to 4 were observed at the MD and
HD. The percentages of pups surviving during the postculling periods, PNDs 4 to 21 and
4 to 35, were also decreased, primarily due to effects (SS) in females (Table IVE.1.2).

There were no clinical signs in the F1. There were no apparent effects on the
developmental parameters evaluated (but small Ns). Decreases in pup body weights
were seen in treated pups (Table IVE.1.3). There was no clear effect on F1 fertility, but %
pregnant was reduced slightly in the HD group (11/11, 13/13, 9/9, and 8/9).

v. Necropsy

There were no effects on FO male testes weights. The observation of a mammary tumor
in 1 HD dam (No. 3389) was considered incidental.

3. Conclusions

Treatment of male and female rats with rufinamide (15, 50 or 150 mg/kg) prior to and during
mating, gestation, and lactation resulted in decreased fertility (HD), increased postimplantation
loss and stillbirth (MD and HD), and decreased pup survival (MD and HD) and growth (all doses).
Dose selection was appropriate based on the level of parental toxicity. However, the number of
animals used (12/group) is below the number currently specified in the ICH guidelines, which also
recommend 1:1 mating.

Table IVE.1.1

7.16. - Summary of the reproductive parameters derived from full-texrm parental females
. (Mean 2 Standard Deviation)

Doge Level (mefkazday)
15 50

Parameter Control (0} 150

Wo. pregnant full-term i1 13 9 g
females

No. #mplants 16,00 & 4,34 17,08 & 2.87 16.89 £ 1.9 15.89 £ 2.28
Ho. wisble nieonates 15,36 & 4,12 16.00 * 2,94 16,00 % 1.50 14.22 & 2.64
Neo. stillbirchs 0.06 £ 0.00 0.15 2 0,38 0.22 * 0.87 0.44 % 0.88
% .$tillbixthe 6,00 + 0.00 1,03 * 2,52 111 £ 3.33 - 2.87 £ 5.90
Postimplantation loss .66 & 0,67 1.08 0,95 0,89 + 1,05 1.67 * 1.00%

% Postimplantation loss 3.62 & 3.92 6.34 & 5.88 5.00 £ 5.68 10.80 & 6.58%

*$tatistically different from controls at p £ 0.05. Sae Appendix 8.19.
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Table IVE.1.2
7.19. Summary of Py geperation: survival and sex ratiosd

Dose Lewel (mgfkg/dav) -

Parameter Control
) ()} 15 56 150

Busber of wiable litters 11 13 b 9
Measts 1itter sizge 15.4 15.0 186,06 4.2
{day 9 lactation)
fumber of viable males 92 132 73 62
{day 0)
Rumber of wiable females 77 96 73 66
{day 0} :
Sex ratio day O lactation 5a.4 53.9 49.3 48.4
{% maleg)
Surviesl Indices Smxes
Booled: '

Hesn % pups surviving

days O-4 (precuil} 97.1 00,0 4.5 93, Thb

Mean % pups surviving .
days 4-21 (postcull) 10¢.0 9%.0 o3.6 85.8

Hean % pups surviving .
days 4-35 (posteull) 100.0 99.0 98.6 95.8

- 7.13. Summary of Fy generation: survival and sex ratios® {cont,}

Parasmeter Control
{03} 15 50 150

Surviws] Indices by Jex:

Mean % males surviving 100.0 100.0 95.9% 93.9%%
Days 0-4 (precull)

Mean % males surviving  100,0 98.1 100.0 97,2
Dayx 4-21 (postoull) '

Mean ¥ males surviving
(days %-35 {postcull) 100.0 28.1 100.0 7.2

Mean & females surviving 96.1 100.,0 9.4 93, 7%
Rays O-4 {precull)

Mean ¥ females surviving i00.0 100,0 37.2 94, &%
Dayz 4-21 {posteull}

Mean & females swrviving 100.0 100.0 97.2 94, 4%
Days 4-35 (postoulil)
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Table IVE.1.3

7.2}, Summaxy of Fj goneration: mele body welght (grams)®
(Hean I Standard Error)
Postnatal —Dose_lovel (og/kg/day)
Days Control (0) 15 150
1] 6.50 & 0,12 6.31 % 0,11 6.29 & 0.13 6.47 + 0,13
(1% 1) [£2} (9
4 10.40 % 0.39 9.87 X 0.35 10.04 % 0.42 2.85 % 0,42
(Praculling) (3337 {13) 9) {9)
4 10.38 % 9.39- 9.92 2 0,35 10.08 % 0.42 9.86 £ 0.42
(Posteulling) (11) {13) N (&)
7 17.30 2 0,52 16.51 * 0,47 16.64 * 0.56 15,98 & 0.56
(11} (13) %) (9
14 36.30 £ 0,84 33.5% % 0.76% 33.7% £ 0.91 31.61 % 0,914
(11) {13) (42 (9)
34 59.52 £ 1.49 55.83 £ 1,35 56.36'% 1.62 54,87 + 1,62
{11y 13 (%) 9
28 100.94 t 2.09 96.10 + 1.88 94,36 + 2.26 95.87 + 2.26
(11) 13) [£2] (&)
35 163.29 & 3.37 160.46 + 3,04 161.37 £ 3.65 157.46 & 3,68
1) 13 ) [O)

8¥alues for the means and standard ervors were derived from the Heal,
bitumber in parentheses ( ) equals numbier of litters used in mean,
*statistically d1fferent from control at P < 0.05.

**geatistically differant from cantrol at p <001

¥ analysis. See Appendix 8.19,

7.2%.  Summaxy of Fy generation: Female body weight (grams)a
(Mean % Standard Errex)
Postnatal _ Doge lewel {ng/kefday)
Days Cantrol (O) 15 50 150
0 6.19 + 0.12 3.92 £ .11 5.95 + 0,13 6.19 & 0,13
and @3) O] [
4 10.10 ¥ 0.40 9.33 % 0,36 9.53 + 0,43 9.60 = D44
(Preculling) {i1) {13) [62] {9)
& 10.17 & 0.4 9.40 £ 0,37 9.66 % 0,45 %.63 £ 0.45
(Posteculling) {11) an ¢ {9
; 7 16.94 + 0,51 15.87 £ 0.47 15.66 * 0.56 15.60 % 0,56
{11y (13) £9) 9
14 35,11 20,70 32.21 & D.64%% 31.90 * 0,76%> 31.50 % 0,78%*
{1y 13} (9) (%)
21 $7.56 + 1,27 53,80 £ 3.35 54,13 % 1.38 35.06 + 1,41
1) (13} [ 4} (&)
28 93.59 & 1.72 87.67 & 1.57% 86.17 & 1,8B%% 91.8% % 1.92
(11} a3 )] (%)
35 143.32 2.3 135.18 £ 2,13 38.4% % 2,55 141.76 % 2.61
(11) (13 [£2] 1451

AValues for the mesns and standard errors were derived from the Healy snalysfs. Sse Appendix 5.19.
Plusber 1n parenthesss ( ) equals number of litters wused in mean.
*Statistically aifferent from centrol at p £ 0.05.
**St:acisclcauy different from contrel 4t p £ 0.01
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Developmental Toxicity (Teratogenicity) Study With CGP 33 101 In Rats (Test No. 876147, report
dated 8/30/89, conducted by Ciba-Geigy, Switzerland: GLP)

Methods

Female rats (24/group) received oral (gavage) doses of 0, 20, 100 and 300 mg/kg on gestation
days 6 through 15. Females were sacrificed on GD 21 and reproductive parameters were
recorded (corpora lutea, uterine weight, live and dead fetuses, early and late resorptions,
abortions, etc). Fetuses were examined for sex, external gross findings, body weight, and visceral
(172, Wilson’s) or skeletal (1/2) abnormalities.

Strain: Tif: RAIf(SPF), hybrids of Ril/1 x RII/2

Batch no: LOS 800187

‘Results
i. Effects on the dam

There were no significant clinical signs. Body weight gain was dose-dependently
decreased (14, 33, and 54% compared to C during dosing period) in treated groups
(Table IVE.2.1). Gravid uterine weights were decreased at the HD compared to C (99.6
vs 110.4 g) There were no effects on reproductive parameters and no gross pathological
findings in dams.

ii. Fetal evaluations

Fetal weights were decreased somewhat at the MD and HD (7 and 11% below C;
combined M & F means: 5.5, 5.4, 5.1, and 4.9 g, in respective groups).

There were no apparent treatment-related differences in external or visceral
abnormalities or skeletal malformations. However, incidences of fetal skeletal anomalies
were increased at the MD and HD and skeletal variations were increased at all doses
(Table IVE.2.2). (A classification scheme that included malformations, anomalies, and
variations was defined.)

Irregular ossification of occipital bones (classified as an anomaly) was noted in 2 MD and
1 HD litters. Four of 6 affected MD fetuses were from the same litter (dam no. 69). This
female was shown to have markedly decreased body weight between GD 7 and 11
compared to other animals in the same dose group (sponsor's effort to link effect to
maternal toxicity). The incidence of asymmetrically shaped sternebra 5 (anomaly) was
increased in the MD and HD groups; numbers of affected fetuses were 5 (4 litters) and 11
fetuses (7 litters). Four of the affected fetuses in the HD group were from litter no. 92.
This dam showed markedly reduced body weight between days GD 8 and 11.

Overall incidences of skeletal anomalies (fetalflitter) were 4.3/27%, 4.7/22%, 12/46%, and
12/43%, respectively.

Incidences of several skeletal variants were dose-dependently increased at all doses;

these included reduced ossification of digits and shortened rib 13. The skeletal anomalies
and variants were considered consistent with fetal growth retardation.
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Conclusions

Administration of rufinamide (0, 20, 100, or 300 mg/kg) to pregnant rats during organogenesis
(GDs 6-15) resulted in decreased fetal weights and increased incidences of skeletal anomalies at
the MD and HD and increased skeletal variations at all doses. These doses were also maternally
toxic.

Table IVE.2.1
TABLE 3 < VEAN MATERKAL IXDY-SEIGHT CHANGE OORING GESTATION - GRS

ROP [V R =5V ] w3 R &

CROP N CONTROL, LW OCSE HITERNED. DXSE: HiGH DOSE

DOSE EEVEL o B 20 WX6 100 WG 300 MGG
bAYS 070 & M 3.3 73 2.3 3.0
CE:N 5.5 5.4 5.5 68
N 22 ] F3 =

DAYS & 7011 MM 2.0 B2 16,1 145
5.0, 6.1 3.9 [%4 5.2
N 2 3 - 3

oAYS 11 10 16 sEAR 2.0 58 3. 3L
5.0, 59 8.7 10.5 %.2
' * 2 F:] % z
SAYS 35 70 2t YEAN 7.7 m2 THo TS
8.0, 0.2 9.0 0.4 12,6
» z a3 % a3

DAYS. 470 1 fa] .0 [SE™N (2% 35
5.0, 10.2 0.8 neg 15.4
] & ] 2% <]

BAYS 07021 [ 1740 1950 150,16" FLLRTY
- S B3 6.3 2.9 22
3 F-3 3 % -]

SUHIFICAKTLY DIFFERENE FRIM CXNTRGL: 2 = P<L05; b = POLOT.

Table IVE.2.2
Daily Dose (mziz} B{Control) 28 1080 300
DamsDose 24 . 24 24 24
Drapbrsgmatic hernia
e, Fetus (%%} 1{0.0) EAl Q 0
Na. Bitters (g} 14.5) 4 g [
Pera] pelvic dilatetion
Yo, Fets (95) 0 ¢ ) 1006
Ne. Littars (%43 0 Q g 1643}
Slelefal Mnlformation:
No. Fefuses evaluated 151 %0 196 jors3
‘Redured razal bone
Yo Fetus (55 [ 0 1405 &
No. Eitters (%) 2 & 142) 0
Skeletal Anomalies™:
fregmtar ossification cccipital bone
Ne. Fetus (%) [ Q 6% (3.2) 1905
Mo, Litters G} o 0 2{83) 14.3)
‘Total sheletsl anomsties
o Fetus (%6} 743 32 5] 2 24012
o Litters (35} 627y 5423y 11 26} FC)]
Skelefal Varistions®:
Metatarzal 1 —sbsens ossificaticn
Y. Fems (3%} 3¢1.9) T 45%% (26 56% {32
Na, Litters (%) 344 322 157+ {63) 1%+ {78y
Bipanite carvical veriehen! camvers
e, Fes (35) 21 {13y 22013) 10%(5.3) 294011}
Na. Litters (%) 12{35 14460) §{25) 24% (37
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Shortenad it 13

Ne. Fetus {35} ${5.6} 1700 4154 {33y 7% €35
No: Littars %2} 5{23) 9435 i v} 15%%465)
Zor digit 2 — proxi Mlany: absant
ossification
¥a. Fets (%} 4% 148) 231y 2644 {153
Na. Litters 35} 148 143 TL9) 11 48y
Aznterier digit 4 — proxival phalanx: absent
ossification
e Fems {36} & & 42h THLL0)
N Litters (38} & & 2483 5*(22)
Anterior dizit 5 — procinst phelas: abssnt
ossification
Ne. Fetus {24} 3{1.9% 5{20) 344418 $T4L3Ty
No. Littars %) 319 {17 106 1o+ {70
Anterfor digit 5 — praxinwi phalaoe: poor :
ossificstion
No. Felus (38 2412} 329 ST 16% (5.7}
N Listers (36} 148.5) 3(i3) TR0 ™30
Postericr dizit T — proxiroal phelenx: absent
assification . .
Wi, Fetos %2} 1811} 2716} 89%* (471 1153%* {£6)
Ne. Listers (08} 10 43 1367 20" {83} keiadi ]
Poxterior digit 3 — prowimsi phslane: shsent
ossification:
Kax Fems (05 1063y 482y T2 (38) Q3%+ {33y
“No. Littars (%) T3 B35 165 {67 20%*{87)
Posverior digit 4 — proxi shaant
ossificzgon
Wo. Fems (55} $43.0) 33 (7.8 Tire{ED) G4¥¥ {54y
No. Littars (958 E(30) 234 18 (I5 2044487y
Posterior digit S —proxiasal phalans: shsent
ossificzion
No. Fetus {86} 303 Sgee (33 Th6% (51} 149 (80)
o Listars (38} 1737 20487} 21 (88} 234300

G- Dsy of Gestztion.
*- Fet contrals, group mezre are shiwn. For treated grovps, parcent differences from controls e shown.
. Oly s*mﬁtmtmsulxs presented.

NP - no¢ perfosmed

Drumnets Trest *p<0.03, **p <001, Swnsdestsigrificsnee 5 based 1pon sctand data {nos percere differences).
Noteworthy findings: - Nana, + Mild, + Mogarate, -+ Marked.

Developmental Toxicity (Teratogenicity) Study With CGP 33 101 In Rabbits
(Study No.: 876148; report dated 8/30/89, conducted by Ciba-Geigy, Switzerland, GLP)

Methods

Mated females (20/treatment group) were given oral (gavage) doses of 0, 30, 200, or 700 mg/kg
from gestation day 7 to 19. Animals were sacrificed on GD 29 and reproductive (corpora lutea,
uterine weight, live and dead fetuses, early and late resorptions, abortions) and fetal parameters
(sex, body weight, external, visceral, and skeletal anomalies/malformations/variations) were
evaluated. A dose range-finding study in rabbits at doses of up to 600 mg/kg showed no maternal
or developmental effects.

Strain: Chinchilla rabbit

Drug lot #: Batch No.: LOS 800187
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b.

Results

Maternal effects

There were no treatment-related clinical signs or deaths. Body weight gain was only
transiently slightly reduced' at the MD and HD during the first week of dosing (Figure
IVE.3.1). One LD (no. 39) and 1 HD doe (no. 74) aborted on GDs 26 and 16,
respectively, and were sacrificed. Three C (nos. 2, 4 and 15), 1 LD (no. 40), 2 MD (nos.
59 and 60), and 1 HD doe (no. 63) were not pregnant. One C (no. 12), 1 LD (no. 32), and
3 HD does (nos. 64, 77 and 80) showed total resorption. Thus, the numbers of females
with live fetuses on GD 29 were 16, 17, 17 and 15, respectively. At necropsy there were
no T-R macroscopic pathology findings.

Developmental effects

Resorptions and postimplantation loss were increased at HD, and fetal weights were
dose-dependently reduced (Table IVE.3.1).

There were no differences in external and visceral findings.

Skeletal malformations were increased slightly at the MD and HD (Table IVE.3.2): 1
control fetus (no. 6/01), 2 MD fetuses (nos. 50/07 and 54/03), and 2 HD fetuses (nos.
68/01 and 76/07) showed absent ossification of pubic bones; and 1 HD fetus (no. 73/09)
had thoracic scoliosis.

The HD fetus (68/01) with absent ossification of pubic bones also a number of skeletal
anomalies, mainly asymmetrically shaped and fused sternebrae. Fetus no. 68/02 (same
litter) showed asymmetrically shaped sternebra 5. The HD fetus (73/09) with thoracic
scoliosis showed fused, displaced and asymmetrically shaped thoracic vertebral centers,
reduced thoracic vertebral arches, and shortened, displaced ribs. Three MD fetuses (nos.
43/03, 44/07 and 58/03) showed asymmetrically shaped sternebra 5. Thus total skeletal
anomalies were increased slightly at the MD and HD (Table IVE.3.3).

Increases in skeletal variations were also seen at the MD and HD: absent or poor
ossification of bones including metacarpal 1, caudal vertebral centers and some
phalanges at the HD, and increased incidences of shortened 13th rib and absent
ossification of the medial phalanx of anterior digit 5 at the MD and HD.

Appears This Way

On Original
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c. Conclusions
Oral administration of rufinamide (0, 30, 200, or 700 mg/kg) to pregnant rabbits from GD 7 to 19

resulted in decreased fetal weights and increased incidences of skeletal abnormalities, including
malformations, at the MD or greater. These doses produced only minimal maternal toxicity.

Figure IVE.3.1

FIGURE 1 : Mean maternal body wedght during gestation

BRAMS

3700

3600

2700 T T
0 7 13 19 29
DAY P.C.
—— CONTROL ~— L.OW DOSE
~%- INTERMED. DOSE ~B- HIGH DOSE
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Table IVE.3.1

TARE & = SKIWRY OF CESREER SECTION DATA

et Gap o0 2 =P X GROUP &

CROUP RAVE TORTROL W DOSE INTERYED, OOSE Bl osE
DOSE LEVEL T A% 0 WG A0 NN 70 O

Pregrant, Lwad for calculation W \id @ 1w ®
Resorptiansz Gorky N 8 & 7 -3
o, per snimal HEM &5 0.3 B X 14
$.0. P X1 .4 1.2 LR

X of wpl. por orop % &3 5 5.6 .5

X of impl. per anivel M 84 5.6 5.9 9.7
§.0« XS 8.6 7.6 38,3

Regorpticns: Late ] 2 2 4 1
¥o. per anfmal (8 0.3 ea 02 0.6
5.0, 8.3 3 8.6 1.0

% of impl. per sop 3 1.6 15 3.2 &3

X of impl. por aniemd A 28 1.3 33 5.8
LN 82 37 87 0.8

Resoeptions: Tolat » 10 8 il »
o, per anlmal A 0.6 0.4 3.6 20
.0, 1.3 1.4 14 a7

% of Jxpt. por gropr % a1 &9 FX4 28

X of pk, per nimal . 0.2 N a8 2.3 B
5.0, e a8 0.3 3.4

Postisptontution Lees % 16 8 n »
No, per anienl eu [13 ok .6 E£]
8.5, 3 W 14 oy

% of inpl. per grop % 8.1 X B7 23

% fopl. por snimi e s 6.8 9.3 B4
S0, &8 Ex1 03 366

Vighte ¥ale Fetinst N £ & b3 =
L4 & 2 @ 41

fomle Fetises ¥ 9 & & ”

3 52 L 52 ®

Fetal Zody Ueleht (D EAK 83 . .8 . Ws 3.5
BN 458 L] &7 4.5

Male Fenmses YEAR Q0.9 Qo4 =8 ».7
&3, (S 5.0 8.3 5.8

Femsle Felizes: EAR ».5 »a B3 7
8.2, T 5.1 7.5 A4

SIGHFICANILY DIFFERENT FROM CINTROL: @ » P<OL05; b = pb0).

Table IVE.3.2

THAE T3 5 FETAL SIELETAL HALPORMATIONS

o) g GROUP 3 WP 2 &P 3 0P &
GRIP S oL &4 DOSE INTERED, DOSE RIGH 0OSE
DEEE LEVEL Y WAL 36 #Gxs 200 Wirss 700 WA
Littivs Evaluated L] 16 1w 17 -]
Fotuces Evalvatid ] 116 1= 15 w2
PEIVIC GIRUE
ABSENT OSSTFITATION PSS
Fetad Incidence . | 1 4 2 2
S 2.9 0.6 1.7 18
Litter Ireidece L] 1 ¢ 2 2
% 6.3 .0 12 B
NESCELLAMELSS
THRMIE STIRI0SIS
Ferm freidence N 0 L] ] 1
2 0.0 08 0.0 0.3
Hitter Incidace N ] 8 I 1
X 0.0 2.6 ¢.0 6.7
Tolh, FETAL SKELETAL WALFIRMATIONS
fetal Incideres » 1 8 H 3
x a9 4.0 1.7 25
Litter Incidace N b 9 2 3
% &3 0.0 12 il

SUONIEICANTLY DIFFERENE FROM OONTROL: 8 @ P<B.05; b = p<0.01.
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Table IVE.3.3

TAKE 36 : SMURY OF SELETAL WA, JRONLIES, HD
&ae GROOP § RO 2 @ae % LRAP 4
GROP SN CONTAOL. LW DOSE TNFERYED.. OOSE K DOSE
DOSE 1EVEL, 0 MGAB 30 WS 200 #AXG 0 ARG
LUtters Evatlusted * % 7 ? 5
Fetusnes Evaluated * 1 w 113 =
Live L) 1% 1w 1iid 1z
Desd L] 4 a 0 4
FOTAL NN FORMATIONS
feral Incidence ] 1 a 2 3
% 2.9 LA 1.7 a5
Litter Incidmos ® 1 ¢ 2 3
2 &3 X} ” 2
Attested Fetuses/Litter HEARR .04 .00 3B .15
50, 4,97 G.00 RA4E 445
JOTAL ANRRLIES
Fetst incidooe % 2 0 3 3
% 1.8 6.9 2.6 2.5
Litter Incidues ¥ 2 0 3 2
x 13 0.8 18 B
Atfected Fetusansiirter MEMR 1.7% .00 212 24
8B, 485 (% ] 47 5.7
TOTM. VARTATIORS
Fotat Inciduee L] 14 5 15 121
1 00 300 100 %
Litter Incicencs ® 16 ” 7 %
3 o 00 00 1w
Affentod Fetusen/litter HEANR 103.00 0.03 1.0 .22
s 200 .00 6.00 P X4

SIGHIFICANTLY DIFFERERT FROH QRTR(L: 1 = P005; box P.0).
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An Oral Pre- and Postnatal Development Study in Rats (Study No. 997078; report dated 4/6/00;
conducted by Novartis, Summit, NJ; GLP)

Methods

Rufinamide was administered orally (gavage) to female rats (N=25/group) at doses of 0, 5, 30, or
150 mg/kg from GD 6 through PND 20. Females were observed for clinical signs, BW and food
consumption during gestation and lactation. Following parturition, pups were counted, sexed and
weighed, and surviving pups were culled into standard litter sizes on PND 21. All pups were
observed for clinical signs and standard developmental parameters. Selected pups were selected
~ for fertility and/or behavioral evaluations. '

Doses were based on an earlier Segment |1l study in rats in which doses of 15, 50, or 150 mg/kg
were given orally from GD 15 through PND 20 and pup survival during lactation days 0-4 was
decreased at all doses. There were slight decreases in pup weights at the HD and decreases in
maternal body weight gain at all doses (not D-R; 30% at HD during GD15-20). In a modified
Segment |ll study in rats, pregnant rats were given 150 mg/kg from GD 15 through PND 20, and
pups were cross-fostered. A treated group in which litters remained with the dams served as a
positive control. Reduced pup survival and weights were observed in positive control pups and in
pups from treated dams cross-fostered to vehicle-treated dams. There were also reduced number
of live pups at parturition and increased post-implantation loss and stillbirth in the rufinamide-
treated dams. The results of this study indicated an in utero effect.

Strain: Rat/Wistar Hannover, =~ NI(GLX/BRL/HAN)IGS BR

Drug lot #: 800797

Results

i Effects on the dam

Mortality and clinical observations - There were no drug-related mortalities. Clinical signs
were seen only at the HD and consisted of hunched posture, salivation, piloerection, and
cool to touch.

Body weight and food consumptions - Statistically significant reductions in gestational body
weight gain were seen at the HD only for the intervals GD 6 to 9 and 18 to 20 (Table
IVE.4.1). On GD 20, mean BW was 8.5% below C at the HD. Post-partum body weight gain
was similar among groups.

Parturition parameters — There were no clear effects on percent females pregnant, females
surviving delivery, duration of gestation, or implantation sites per litter (Table IVE.4.2).

ii. Offspring evaluations

Survival - Increased numbers of pups found dead during PNDs 1 to 4 and decreases in the -

number surviving to PND 21 were seen at all doses (Table IVE.4.3). Increased stillbirth and
litter loss were also seen at the HD. The LD effect was not considered treatment-related by
the sponsor because it was due to the death of an entire litter (none of the pups had milk in
their stomachs). The MD effect was small.
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Body Weight - Pup weights were decreased at birth and throughout lactation at the MD
and HD (Table IVE.4.4). This deficit persisted in HD offspring, particularly males (PND 91
BW 5% below C), but was eventually made up in females (PND 77 females not different).

Developmental Landmarks - No differences were noted for any of the morphological or
functional parameters investigated (righting reflex, pinna detachment, eye opening,
acoustic startle, pupillary reflex, vaginal opening, and preputial separation evaluated for
the day on which at least 50% of pups in a litter reached criterion, the day on which 100%
reached criterion, and/or the percent litters reaching 100% criterion).

Offspring Behavior - No clear ireatment-related differences were seen in any of the
behavioral tests administered (open field motor activity on days 56-58; passive avoidance
and M-maze learning and memory on days 63 and 70 + 2 days).

Offspring Reproductive Performance - There were no apparent differences in any of the
fertility/reproductive performance parameters (mating, pregnancy rates, number of
corpora lutea and implantation sites, resorptions, percent pre- or postimplantation loss,
viable fetuses, fetal weights). ’

Congclusions

Oral administration of rufinamide (5, 30, or 150 mg/kg) to rats during gestation and lactation resulted
in increased perinatal and early postnatal death and pre- and postnatal growth deficits (BW
reductions) in the offspring. There was no clear no-effect dose for early death.

Table IVE.4.1

Bummary of Gestatien Body Waight Changes (POBCSY)

DOSATR ° H na/ 150w/
______________________ XG/TAY RG/0AX RG/DAY KG/PAY
DAYS 0 %0 3 AN ] 3 [
.0, < 4 4
H 24 2s 3 23
oAYS 3 M & MERN 13 13 122 p}
.8, 3 3 2
N 24 25 23 23
PAYE 6 IO § MEAN 32 ga 9 gan
&2 3
¥ . 1% a5 23 23
DAYS § 0 12 MEAN 15 1% 15 13
2.p. &
. 4 24 25 3 23
DAYS 12 %0 15 MEAR 33 % 14 10
8.D. ¢ 3
F . b3 23 a3
DAYS 15 %0 18 MEAR 36 2% 24 23
2.2, 5 34
" 24 33 23 23
DAYS 1d Ta 28 MERR a3 148 2% LEne
8.0 [ a8 )
N 24 35 21 22

Statistical xey: * w ped.0S *® = pcdt, 0%
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Table IVE.4.2

Summarxy of Titter Data IPLISU)

DOSAGE P M3, M, 30 M/ 150 MG/
AG/DAY KG/DRY RG/DAY XG/DRY
Temales Mated [} 25 25 as 28
Fenales Proguant N 4 25 23 23
] $6.0 10%.0 2.0 52.0
Pemalex furviving Pelivary N 24 28 232 23
- ) i00.8 1900.0 25.7 00,0
Duration of Gastation RN 21.8 21.8 2.7 22.¢0
8.b, 0.3 0.5 6.5 0.5
with Stilidora Pups N 1 1 [ 2
LY 8.2 4.¢ &0 8.9
with all Stillhoxn/Uncertain N L] [3 8 [
. % b4 5.0 8.0 0.0
with ooe or oove Liveborn B 24 25 22 23
* 300.9 186.0 108.0 100.0
with Kntire Liveborn Litter Dying
and/or Missing, Cannibalized, Culled
days ©-4 N 2 X 2 2z
* %.0 4.8 b.8 a7
daya 5-23 N [ ? 9 [}
% 9.4 8.6 .0 0.0
days 0-21 N ] x 4 3
% ¢.0 4.9 G.8 i3.0
Table IVE.4.3
Summary of Litter pata [PLISD)
o/ 30 xo/ 150 Mo/ -
e et e XG/DAY XG/DAY KG/ DAY
Litters Deliverad {total) o 24 25 22 23
Pupe Delivered (fokall 232 EEY Z15 218
MERRY 27 8.7 5.8 3.5
.0, 2.4 2.9 2.3 2.8
Livekora by 231 216
stillborn N 3 H 213 11:
* 0.4 0.5 8.0 1.8
Tneartain o ] 4 ] o
Culled day 21 R o L o 2
Culled {total) b4 £ o
Cannibalized Ed 2 o g g
Hissing n £ 4 5 10
Liveborn, sot cullad N 233 218 215 214
prior to day 2%
&upn byiug, Miseing, and/or Cannibalized
N 4 [} b 3
L 4.0 4.0 8.6 1.4
days L-4 N [ 14ne 3 17
% 0.0 &.5 1.4 7.8
days 5-7 o ¢ 2 3 4
% e.v 0.2 6.5 .0
dsys 3-34 ] 0 [ 3 9
L 0.9 0.8 c.5 8.0
days L5-21 w [ Q 2
£d 9.0 8.0 0.9 Q.5
Pupe Surziving 11 days ¥ 231 2300#%° 10 1524
% 1¢0.0 32,6 7.7 89.7
mpnnn-sm Sites N 248 243 232 231
per Liteas: MEAN 9.3 3.7 i0.5 10.0
8.0 2.4 3.4 2.2 3.8

Statistical kn‘yc * = pek.05  ** = pet.01
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Table IVE.4.4

Sunmary &f Littex Data [enrew]

DOSAGE ] 30 150 ¥/
£H/0AY XG/onx Na/9ax¥ XG/DRY
Live Pups/hitter
y 9 MERN 9.8 8.6 5.8 5.3
8.1, 4 2.3 2.3 a1
day 4 § $.8 2.3 5.8 8.4
8.9, 2.4 3,3 2.3 3.8
day 7 MEAN 9.6 £,68 9.8 8.4
s.b. 2.4 3.2 2.3 3.4
day 4 NEAN 5.8 5.0 3.% 8.4
8.D, 2.4 3.2 2.2 3.8
day 21 - Pre-cullinyg 8.5 8.0 8.8 8.3
- R 8.D. 2.4 3.2 2.2 3.5
day 21 ~ Pest-culling MEAN 9.5 2.0 5.8 2.3
1% N 2.4 3R 2,2 3.3
up Waight/Bitter {(gramas)
day 3 MEAN 5.3 6.1 5.8 5. 64
S.8. 8.5 .5 0,4 9.7
day 4 bEAR 391 18.% 9.5 8.5
g.0. 1.3 2.4 1.3 1.3
day ¢ ; 14.7 18 . 14.1 £2.9%%
§.D. 3.8 2.3 2.8 1.8
day 14 HRRSE 23.1 0.4 27.% 28,540
2.9. 3.3 4.6 3.3 5.2
day 20 MEXN 45.0 44.8 42.3 35.5%%
5.0 5.4 §.8 5.5 s5.5
Ray A KEaN 48,8 48.% 42.2 32, 9we
ﬂJ’ 5.0, 5.4 6.5 5.5 5.9
Bex Ratic - Male Pupus:Total Pups
day & 4 112 112 102 10t
5 48.5 51.% 47 .4 47,2
day 21 4 112 108 184 4
\ 48.5 54.0 48.1 49.¢0

....................................... 0T 9000000905000 05 0 Al e e i W T 7 R 00T 900 0 O R0 8 0 R 20

statistical keys & o pclotl

Appears This Way
On Original

86



A 10-Week Oral (Gavage) Toxicity Study of RUF331 in Neonatal Albino Rats (Study no. 998010,
report dated 9/30/99, conducted by —————or—————""""= GLP)

Methods

Rat pups (12 litters of 4 pups/sex per group) received rufinamide (Lot No. 800797) oral (gavage)
doses of 0, 15, 50, or 150 mg/kg from PND 7 to 21. At weaning on PND 21, each treatment group
was divided into 4 subgroups (A, B, C and D) consisting of 10 pups/sex for continued dosing for
up to a total of 10 weeks. The subgroups were designated as follows:

Duration of . Recovery  Number of animals
Subgroup Dosing Investigations Pariod Males - Females
A 10weeks  Body weight and food intake, None 40 40

ephthalmoscapy, aboratery

bl
necropsy at tha end of dosing,
higtopethology
8 10weeks  Bady weight and food intake, bahavioral ~4 waels 40 40
testing, taboratory inveetigstions,
necropsy at the end of the recovery
perind, histopathology

[od 2 weeks Body weight and food Intake, behavioral ~ 10 weeks AD 40
testing, necropsy atthe end of the
recovery period

D 2 waeks Toxicokinetic bieeds, necropsy at the end Nong 40 40
of dosiny

Observations included mortality, clinical observations, body weights and food consumption, reflex
development (negative geotaxis, auditory startle, air righting; assessed daily until all pups in the
litter had a positive response or up to PND 21), sexual maturation (vaginal opening, preputial
separation), ophthalmology (subgroups A and B), functional observational battery (subgroups B
and C), motor activity (subgroups B and C during Weeks 4, 7 and 10; subgroup B during the
recovery period Week 12), auditory startle habituation (subgroups B and C once during Weeks 4,
7 and 10; subgroup B during the recovery period Week 12; 4-minute acclimation period and then
the startle response measured in 50 identical trials at a sound level of 120 dBA with an 8-second
intertrial interval), Cincinnati water maze (during weeks 10 and 11 for Subgroup C or weeks 12
and 13 for Subgroup B), clinical pathology (subgroups A and B), complete gross pathology
(subgroup A, B, C and D on completion of the treatment/recovery period), and microscopic
examination of selected tissues (subgroup A and B at the end of the treatment and recovery
periods). Dose selection was based on findings in a range-finding study (0, 20, 60, 200, and 600
mg/kg) in which mortality was increased at the HD (although .not clearly T-R) and BW gain
reductions were seen at 2200 mg/kg (primarily during the early pre-weaning phase).

Strain: Sprague-Dawley CD~=~~CD(SD)IGS BR]

Drug Lot #: 800797
b(4)

Results

i. Mortality, clinical signs, and body weight

Although several pups in the control and treated groups died, these were not considered
drug-related. Clinical signs were limited to decreased activity for the first few days of
dosing at the HD. Pup body weights were significantly decreased in the HD group (16%
on PND 21, Table IVE.5.1). Reflex development was unaffected by treatment.
Postweaning, no mortality or overt clinical signs were observed, but body weights and
food consumption were reduced somewhat at the HD (Wk 11 BWs 9 and 13% below C in

87

b(4)



Subgroup A males and females). Sexual maturation was not clearly affected, although
preputial separation appeared to be delayed very slightly at the HD (NS; Table IVE.5.2).
No ocular changes were observed that were considered related to treatment.

Clinical pathology

Hematology - In subgroup A, MPV was significantly reduced in MD and HD females. in
subgroup B, WBCs were significantly reduced in HD males and HD females showed a
significant decrease in RBCs. These differences were not considered to be toxicologically
significant.

Clinical chemistry - In subgroup A, BUN was significantly increased in HD females.

Urinalysis - There were no clear differences among groups.

Pathology

Organ weights and Macroscopic - At the end of treatment, brain weights were dose-
dependently decreased in males and females (Table IVE.5.3-6). Following fixation, whole
brain and regional (cerebrum) weights were significantly reduced in MD and HD males
and females. Thymus weights (abs and rel) tended to be decreased but not as
consistently. Absolute but not relative kidney weights were significantly reduced in HD
females. Liver and spleen weights were significantly increased. No gross pathological
findings attributed to treatment were observed.

Microscopic - Histopathologically, centrilobular hepatocellular hypertrophy was noted in
HD males after 10 weeks of treatment (Table IVE.5.7). At this time there was also an
increased incidence of cytoplasmic vacuolation in the pituitary in MD and HD males. The
liver hypertrophy was not seen after the 4 week recovery period, but the pituitary changes
were still present at a lower severity.

Behavioral evaluation

Motor activity - In subgroup C at week 10, HD females showed a significant decrease in
total activity counts (Table IVE.5.8). However, there were no apparent differences among
treatment groups in subgroup B at week 12.

Auditory startle habituation - In subgroup B, HD females showed significant increases in
maximum startle amplitude at week 4, but there were no clear or consistent changes in
startle at week 12. In subgroup C, maximum startle was significantly increased in HD
males at week 4, maximum and average startle were significantly increased in HD
females at week 10, and HD males showed a significant decrease in time to maximum
startle at week 10.

Cincinnati maze - In subgroup B, there were no significant differences between the
control and treated groups on paths A or B. In subgroup C, the number of errors to swim
path B on trial 5 was significantly increased in HD males.
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e. Toxicokinetics

The toxicokinetics results are shown in Table IVE.5.9. Both AUC and Cmax values
increased in a less than dose proportional manner. No clear sex differences were
observed. AUCs after 2 and 10 weeks of treatment were somewhat lower than exposures
after a single dose.

c. Conclusions

Oral gavage administration of rufinamide (15, 50, or 150 mg/kg) to young rats for 10 weeks
starting on PND 7 resulted in clinical signs (decreased activity) and decreased pup body weights
pre- and postweaning at the HD. There were no T-R deaths and no clearly T-R neurobehavioral
changes. It should be noted, however, that group sizes (N=10/sex/grp) were small for
neurobehavioral testing. Terminal evaluations indicated D-R reductions in brain weights (whole
and regional; SS at MD and HD; terminal and recovery) and histopathological findings in the liver
(HD) and pituitary (MD and HD). The liver and pituitary findings were also seen in adults at similar
exposures; thus, there was no apparent age-related difference in sensitivity. Based on these
results, the LD was considered to be a no-effect level.

Table IVE.5.1

TABLE NO. 1.3 GROUP LITTER MEAN (8.D.) POP BODY WEIGRTS (&) PROJBCT WO :36488

TOTA ~ PHASE I - PREWEANING

DAY POST PARTUM

DAY DAY DAY DAY DAY pay

4 7 1t 14 17 2%
GROUP 1 - VERICLE CONTROL 10,3 16.3 26.% 5.5 44.5 51.9

1.04 1.78 2.64 3,12 4.18 4.53
GROvP 2 - FUP3IL 10,7 A7.3 27.4 35,3 42.7 55.5
15 mg/kg/dey 336 2.0% 2.04 3.9% 4.8% 6.09
GROUP 3 - FUR3IL .7 17.¢ 26.9 34,6 41.6 54.1
50 myg/kg/dsy .59 3.52 .56 3.48 3.84 4,74
GROUP 4 - PURIAL 5.8 15.8 24.6 31,8 * 35,1 A 487
158 mg/kg/day 1.20 1.84 2.63 3.14 3.85 £.23

SIGNIRPICANTLY DIFFERENY FROM CONTROL {GHOUE 1) VALUB: * P<D.D5 *% p«).01l (DUNRETT'S)
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Table IVE.5.2

TABLE NO. 1.11

CGROUP MEAN (8.D.} PREPUTIAL SEPARATION

PHASE I ~ SUBGROUP B

PROJECT NO 96488

DAY OF

GROUF 1 ~ VEBICLE CUNTROL 42.6

1.35
SROUR 2 - ROVIZL 43.2
15 mg/kg/day 1.32
GROUF 3 - ROFIIL 42,9
50 mg/kg/day 1.10
GROUP 4 - RUF33L 46,1
150 mg/kg/day 2.02

Table IVE.5.3a

TABLE NO. 3.3 GRODP MEAW {2,D,) RELATIVE ORGAN WEIGHTS (0%} PROJROT MO :96488

(HELATIVE 10 BRAIN WEIGH?)

PHASE I - BUBGROUP A

WEBK 11 - MALES
BRALH
wRranr
@ LIVER SPLEEM HEART
GROUP 1 -~ VEBICLE CONTROL 2.18% 590.660 40,188 £7.952
L0459 48.5078 32,5273 8.7338
2 - ROF33L 2.123 571.427 40.333 £5.732
15 mg/kg/isy L0572 £3,7517 58287 7.2297
GROUP 3 - RUP3IZL 2.044 2% 616,232 39.446 5,445
50 mg/kg/iay L1053 12,1021 4,8824 5.1547
GroUR 4 - BUF3I3L 2.059 ¢ 504,921 35,708 62,969
150 ng/kglday L0757 93,6297 1.3950 4.5300

SIGNIFICAITLY DIFPRRENT FROM CONTROL

(GROUP 1} VALUE: * $<0.05 #*¢ P<d,0L {DUNNEFT'S)

PROS- PITY-
GONADS TATE ITARY TEYVIOS
GROUP 1 - VEHILLE CONTROL 158,923 42,432 553 31,306
27,5843 7.3187 L068% 6.0843
GRODP 2 - KUF3IL 185,477 46,160 578 27.345
33 wy/Ry/iay 9.0415 €.7358 0742 3.3824
GROUP 3 - RURIAL 177.238 48,130 508 23.248 *¢
50 mg/kg/iay 16.6752 5.8569 L0837 4.9398
BROUP 4 - RUPSAL 186,695 ¢ 48,403 547 22,836 o
150 mg/kg'day 26.4013 11,0186 L0477 3.2737

STCNIRICANELY DIPPERENT FROM CONTRON (GROUP 1} VALUE: * P<0.05 #% P<G.0L {DIMVKETT * 8}
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Table IVE.5.3b

TABLE NoO. 3.3 GROUR MERH (8.D.) RELATIVE ORGAN WRIGHTS (0%)
{RELATIVE

TO BRATN WEIGHT)

PEASE I - SUBGROUP A
WEES 11 -~ PEMALES

PROJBCT MO :96438

BRATY
HETGHRY
{6} LLVER BRIEEN HEART
GROUP 1 - VERICRE CONTEOL 1.877 356.541 26.41% 49,3190
. 0551 45,7788 3.3302 5.2093
GROUP 2 ~ RUKIZL ’ 1.862 385,625 27.891 47.238
15 wg/kgltey «1128 35,3042 4.3348 5.6690
GROUP 3 - RUPFIZ 1.883 359.585 28.470 46.763
50 mg/kg/lay L1006 46,4721 4,6907 6.9924
SROUP 4 ~ RUFIIL i.863 368.054 28,829 46.533
150 ng/kg,day L0744 47.5705 33,3448 5.3478

SIGNIFICANCLY DIFEERENT FROM CONTROL {GROUF 1} VALUR: * P<0.05 (DURMETY'S)

Table IVE.5.4a
TABLE WO, 3.3 GROUD MEAN {8.0.) RELATIVE ORUAW WEIQHTS {0%) PROJECT WO 196488
(RRLATIVE TO BRAIN WEIGAT)
PHASE I - SUDOROUP B
WEEX 15 - MALES
BRAIN
WEIGHT ¢
@) LIVER synLEN HEART
GROUP 1 - VEHICLE CONTROL 2.259 £43.788 42,252 77.766
: 0825 120.3677 $.7293 8,0093
GROUP 2 - RUP3IL 2.203 583,805 42,191 75.75%
15 ma/kg/iay 4903 454438 £.808% 8.0514
GROUR ¥ =« ROF3NL 2,157 ¢ £20.896 42.438 76.047
50 mey/kg/iay © L1239 75,1738 4.8022 5.7537
GROUP 4 - RUFIZL 2.088 ** £11.972 41.447 19.666
150 og/kg/day L0887 50,8071 4.9743 11,1699

SI:GNIPICMTLY DIPFERENT FROM BONTkOl- {GROUP 1} VALUE: * P<0.05
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Table IVE.5.4b

TARLE ND.3.3 BROUP MEAW (8.D.) RELATIVE ORGAN WEXGHTE (G%) PROJRCT HO 196488
{RELATIVE TO BRAIN WEIGHT}

PHASE T - guRGROUP B

HERR 15 ~ PEMALES
BRAYH
WEIGEY
16} LIVER SPLEEN HEART
GROTP 1 - YREICLE CORTROL 2.070 344.17% 27.0%7 %$2.434
LO074Y 42,0257 1.5645 6.0994
GROUF 2 - RUFI3L 2.03% 353,092 27.834 $2.483
15 we/kgllay . 2020 26.8200 3.3280 5.5445
GROUP 3 -~ RUP33L 1.983 363,200 29.026 53.339
50 mg/kgltay 8111 36.7307 1.4569 6.8388
QRoUP 4 - RUR3I3L - X.828 ax 360,473 36.881 & 53.711
150 mg/kg'day 0646 36.4434 3.6497 5.8259

SIGNIFICAMLY DIFFRRENT FROM CONTROL {GROUF 1) VALUE:

Table IVE.5.5a

* pe0.O5

% 220,01 {DUNNETT'S)

TABLE NO. 3.4 GROUP MEAN (8.D.) TERMINAL BODY WEIGHTS AND PROJECT RO 96488
BRAIN WRIGH?S (@)

PHASE @ - SUBGROUP A
HREE 11 - MALES

TERKENAL
BODY
wEIoHRY BRAIN MEDULLA
ig) HEIGHT CEREBELLUM CEREBRUM ABD PONE
GROUE 1 - YERICLE COMTRONL 430.2 2,458 .342 1.803 .263
25.58 .0780 .D239 «0515 31355
GROUF 2 - RDP3I3L 416.3 2.398 .343 1.744 .257
15 my/kyldny 43.88 0803 .D184 L0548 L8228
GROUP 3 - RUF32L 435.7 2.289 .337 X.678 ** 243
20 mg/kasiay 43.92 <2484 D222 © 0988 Q295
GROUR 4 « RUPIZL - 391,2 2.348 * +341 1.720 % J248
150 mg/kg.day 32.717 L0618 L0174 L0523 .DAas
SICKIFICANILY DIFFERENT FROM CONTROL {GROUP 1} VALUE: * P<0.0% % p<g,01 [DUMRETT'S)
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Table IVE.5.5b

TABLE NO, 3.4 GROUP MEAN {$.1.} TERMINAL BODY WBIGHTS AND PROJECT NO 135488
BRAIN WEIGHTS {(G) :

PHAEE I ~ SUBGROUPD A
WEEK 11 - FEMALES

TERMINAL
BODY
WEreHY BRAIN . MEDULLA
(G} WEXIGHY CEREBELLUN CERBBRUN AND PONS
GROUP 1 ~ VEHICLR CONTROL 248.4 2.254 -318 1.657 -239
22.03% D489 D182 D559 »03.66
GROUP 2 ~ RUY33L 243.6 2.223 331 1.625 »232
15 img/kg/iay 29.13 -1228 0238 . 0850 LOE23
GROUR 3 - RUR33) 230.¢ 2,120 * 296 1.58:2* 27
50 mg/kg/iay 23,58 +3314 VG263 0847 - 0205
GROUS 4 - ROF331 215.4 * 2.29% ** L3303 1.549 * 2258
15¢ mg/kgday 25.48 D778 .0428 .075%3 - 0328

SI'GNIFICMTI&; DIFFPERENT FROM COMTROL (GROUP 1) VALUE: * P<0, 08 *% pP<0.0% {(DUNNETI'S)

Table IVE.5.6a
TABLE KRG, 3.4 GROUP ¥EAM {S.D.) TERMINAL BODY NEIGHTS AND PROJEQT ND 96438
BRAIN WEIGHTS (@)
PHARE T - SURGROUP B
WEEK 15 - MALESB
TERMINAL
BOBY
WREIGHY BRALY WMEDTLEA
{3} WREIGAT CEREBELLIN CEREBRIUN AND PONS
GROUP I - VEHIULE CORTROL 532.0 2.49% 2355 1.828 274
%8.28 0878 0164 JOELL 147
GROUP I ~ RUR33L 486.5 2.455 .3;18 1.793 269
15 mg/Rg/day 37.35 L1305 X .0238 @856 0138
GROUP 3 - RUF33L 503.7 2,398 =341 1,730 287
50 mg/kg/iay 44,57 .1361 Q366 0858 0255
GROLP 4 - RURE3IIL 479.5 2.372 +33¢ 1,713 * . 255
150 mg/kgiday 41.62 3084 L0178 08 0239

SYCRIFICAFPLY DIFFERENT FROM CORTHOL (GROUP 1) VALUB: * P2¢.0% % p<0.01 {DUNNETT'S)
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Table IVE.5.6b

TAELE NO.13.4

GROUP NEAR {(5.D.) TERMINAZL BODY WEIGHTS AND

BRAIH WEIGHTS {4)

PHARSE X - SUBGROUP 2
WEEK 15 - PEMALES

PROJBCT NO 296488

TERMINAT,
BODY .
WEIGET BRAIN MEDULIA
=) WEIGHT CEREBELLUM  CERESRUM  AND PONS
GROUP 1 - VERICLE CONTROL 275,58 2,321 L3131 3.695 247
29.38 0875 0183 L0584 0207
GHOUP 2 - RUF3IL 275.8 2.264 .319 3,659 247
15 mg/kg/iay 31,13 L1153 0292 L0759 D127
QROUP 3 - RUFS3L 80,4 2.201 * .30 1.617 L339
50 mg/kg/iay 15,75 L1331 R TEE L1068 L0178
ROUL 4 - RUF331 365.3 2.166 ** .303 1.578 ** 233
?sgu:g/xgcny 20.02 L0887 0218 L0601 0138
* PeD.BS  ** P20.0L (DUNNEYT®S)

SIGNEFICAYPLY DIPFERENT FROM CONTROL {GROUP 1} VALUE:

Table IVE.5.7

TABLE NO.: 3,7

FROVECT 8O.:

INCIDEWCE OF ANIMALS WETH MICROSCORLC FINDINGS BY CREAH/GROUR/SEYX
PUAIE: T « SUBGHOUE &

6498

MALE
LASE GROYE DRESTLNATION 1 2 3 4
WAGRR OT ANIMALS LXANINED ¢ 10 1 0
HIRVE SCIATIC f=0 3¢ 10 - - 19
PAHCREAS EXAATN: 15 - - b
~ Hemsirioge 1 - - i
=« {nflasmnation - - - 1
;;&?RYRQW GLAREE EXAMING 5 pt: 7T & i
FITDITRERY EXPATI 10 i 16 b
» Vacuoleticn b3 3 3 3
FROSTATE EXpMarit: 1% - - b3

- infilteation: mononucisar osll -
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Table IVE.5.8

TABLR MO, 1.13 GRODY MEAN ACTIVITY COUNTS FRO
FHASR & - SUBGROUP € ¢ FEMALES
WREK 190
.......... . “iﬁii‘.}i?------.-«.u.,..-aiaa;.i_--_-"w&ié;’;-s.----_-a-.-.-&86;;.----.-.._.--aia‘;;-;.--.,.--
NO. VRETCLE RUFIax RUFI3 RURPIIL
e ) CONTROL 15 mglkg/c'iay 30 mg/kgfday i5¢ ng/kg/day
x HEAN 158.5 150.7 132.4 140.4
8.0 35.6 32.? S 27.8 17,9
® S 10 10 10
a BRAN 134.7 93.8 85.2 $8.0
8.D, 21,3 39.2 3.3 26.3
H 10 10 ie 19
3 MEAN 86.0 £6.% 39.1 52.2
3.0 28.3 368.4 33.5 38.0
N 1 10 19
4 HEAW 78.0 26.8 43.5 33.3
8.D. 41.1 37.0 34,8 34.7
" pE0 19 10 10
5 HRAR 65.0 26,3 - 45.3 25.%
3.D, 43.0 27.0 5.9 4.0
N ig a0 e 10
3 HEAN 48.9 21.6 38.5 13.7
B8.D. 33.4 211 24.3 34.12
w 10 b o 10
TOAY, HEAN 541.1 398,90 397.8 361.1 +
a.p 168, 4 163.0 123.8 100.%
N 10 10 18 30

ek W £ B ok e e 0 e 0 T . 0 b e e e B M e e on

SIGNIFICANTLY DIFFERENT ?ROM CONTROL {GROUP 1} YALUE: + P<0.05 ( T-TES?}, TOTAL

Table IVE.5.9
Tabla 7.9, Mean { 8F) toxicokinetic parametars of RUFI3T alter oral {gavage)
) adminiztration of RUFA31 to neonatal rats [Studyd $98010)

Dose | Sex Binghdum Week T Waek 4
' i) ¢ ' ah} yrghimly mw,.,g ;

= - 334'935 R hmﬁ' ?ng > g

£14450 sore
make 242855 12267 8 1 1iasde 1E530 2 134585 13023 3

Fomale | 2ane ot I 21447
83966 35330 8 | 20e7ES  2em2 4 | 46004 a0Ms 4

= Mate A1ITAE #1428 213475
Fomaln | B42500 00834 3 | M8MID  MES 2 | ATTT 331 4

B 4 514238 45454
&3 Fitiod TORSEE L 48059 8 Lib > el] 48347 4 Mﬂﬁ £4063 *

- 18025 128862 87515 :

sis | Ti2580  sm0s B | TaT:  sesm 4 | ssuve sa0W 2

Fems iy e SVEETA
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CGP 33101: 13-Week Oral (Capsule) Toxicity Study In Young Dogs (MIN 951058) (Report No.:
T/P (US) 95004, dated 3/28/96, conducted by Ciba-Geigy, Summit, NJ, GLP)

Methods

Rufinamide (Lot #800889) was administered orally (capsule) to beagle dogs (3 or 6/sex/group) at
doses of 0, 1, 5, or 200 mg/kg for 13 weeks. At the end of the dosing period, 3/sex from the
control and HD groups were allowed a 4-week recovery period. At initiation of dosing, dogs were
approximately 4 months of age. Endpoints included: clinical observations, body weight and food
consumption, clinical pathology (hematology, clinical chemistry, and urinalysis), auditory and
ophthalmoscopic examinations (weeks -2, 7, and 13), ECG evaluations {4-6 hr after dosing during
weeks -1, 5, 9, 12, and 17), gross pathology and organ weights, and microscopic examinations
(standard list of tissues/organs from all animals at the end of the dosing period and on liver and
gross lesions from animals sacrificed after recovery period). Samples for TK analyses were
collected from 3 dogs/sex/group. Dose selection was based on the results of a 2-week study in
young dogs (0, 6, 200, and 600 mg/kg) in which yellow-brown pigment deposits in the liver were
seen at all doses.

Results

i Mortality and Clinical signs

There were no deaths. Treatment-related clinical signs were limited to vomiting and
various fecal changes, found primarily at the HD. Feces with apparent compound,
indicating incomplete absorption, were observed in all HD animals throughout the
treatment period, and isolated occurrences were noted in both sexes at the LD and MD.
Vomit with apparent compound was sporadically observed in the majority of HD animals.

ii. Body weight
There were no treatment-related changes in body weights.

jii. Electrocardiographic examinations

There were no EKG abnormalities considered T-R. Animal nos. 30 (MD female) and 32
(HD female) had what was called occasional second-degree A-V block during weeks 5
and 9, respectively, but these were considered incidental by the sponsor because of "the
absence of a dose- and/or time-relationship or increase in incidence.”

iv. Ophthaimology

Ophthalmoscopic examinations did not indicate any ocular changes attributable to
treatment.
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vi.

vii,

Clinical pathology

Increases in ALT were seen in HD animals during dosing, particularly in 1 male
and 1 female (nos. 17 and 34) in which values were up 5X predose values
(Table IVE.6.1). Transaminase activity remained elevated during the recovery
period. Creatinine and BUN also tended to be increased (<2X) in HD dogs.

Hematology and urinalysis parameters were not clearly affected by treatment at
all dose levels.

Anatomic pathology Tables IVE.6.2-3

There were no treatment-related organ weight alterations or gross pathology
findings.

Microscopic changes were seen in the livers of all HD animals, including those in
the recovery group. These consisted primarily of pigment deposits of unknown
composition (minimal to moderate) which, according to the pathology report,
were found centrilobularly within hepatocytes or bile canaliculi, but were also
present in midzonal regions. The pigment was described as medium to dark
brown in color, partially birefringent under polarized light, and not staining for bile
or iron. One male and 1 female (nos. 17 and 34, above) sacrificed after the
recovery period also exhibited minimal amounts of a coarsely granular, dark
brown pigment within the Kupffer cells that stained partially for lipofuscin. The
majority of HD females, from both the terminal sacrifice and recovery groups,
also exhibited what was described as a primarily neutrophilic focal infiltrate that
either surrounded the intrahepatic bile ducts or was perivascular. Despite the
clinical chemistry findings, there were no apparent microscopic changes in the

_kidney.

Toxicokinetics Tables IVE.6.4-5

Plasma concentrations of rufinamide increased in a D-R but less than dose-
proportional manner over the dose range studied. No significant differences in
systemic exposure were observed between sexes following 2 weeks of treatment
at the LD and MD. After 11 weeks of dosing, no differences were observed
between sexes in the LD dose group, but systemic exposure appeared to be
higher in females than in males at the MD. At the HD, non-steady-state plasma
profiles were obtained, presumably due to dosing and/or absorption irregularities
(unexplained, significance unclear); at both 2 and 11 weeks, concentrations
before dosing were markedly higher than at 24 h post-dosing. Therefore, Cmax
and AUC values could not be accurately determined.

Conclusions

When rufinamide (1, 5, or 200 mg/kg) was administered orally to young dogs for 13
weeks beginning at 4 months of age, clinical chemistry and histopathological evidence of
hepatotoxicity was seen, primarily at the HD, at both the terminal and recovery sacrifices.
Microscopic liver findings in HD animals consisted of pigment deposits of unknown
composition in hepatocytes, bile canaliculi, and Kupffer cells and neutrophilic infiltrates
around intrahepatic bile ducts or blood vessels (females).
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Table IVE.6.4 AUC(0-24h) (umol.h/L) in young dogs treated with rufinamide for 13 weeks

Dose {morkg) Week 2 Wesk 11
Malgs Females Mates females
t 158286 - 184+ 1.6 187295 206+39
5 BB.2 2487 8631165 58.3% 7114 105 £ 21
Table IVE.6.5
Table B: CGP 33101 plasma concentrations in treated animals
{Dosse: 200 mo/kg)
13-week oral toxicity study in young dogs.
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V. SUMMARY AND EVALUATION

General toxicology

Important findings in general toxicology studies provided in support of this application are shown
in Table V.1 (note: NOAEL incorrect for monkeys). In rats, the most prominent effect was on the
pituitary gland, and this resulted in the drug being placed on hold earlier in its development.
Subsequent information suggesting a plausible mechanism involving thyroid suppression and
indicating that the effect was specific to rats was considered adequate to allow clinical
development to proceed (P/T review dated 9/15/95). There has apparently been no evidence of a
disruption of thyroid or pituitary function in humans (adequacy of clinical monitoring needs to be
established). The sponsor has also provided arguments that the cholestasis and biliary thrombus
formation seen in dogs and the formation of choleliths in the gallbladder of monkeys are species
specific effects, primarily based on metabolism data. Putative mechanisms for drug-induced
cholestasis in humans include those involving the parent drug or a normal metabolite, a relatively
rare metabolite, or an immunological reaction. So, while the clinical data in the NDA do not
indicate that these effects were present in humans, the potential for such effects in some
susceptible individuals may exist (evidence of possible drug-induced immune reaction was noted
in 3-month dog study).

Table V.1

Table2 Notable changes found in the pivotal repeat-dose foxicity studies and drug
exposure (Study Nos. 96-6147, 80-6305, 636082, 93027).

Speci - . Dose Ca® AUC@”‘} g
pecies Noteworthy findings (mekg) {uumolL) {umothrT)
Male | Female | Male | Femnle
Noge (NOAEL) 20 NP NP NP NP
Reduced body weight gain and
food consumption. Liver: increased
(relative) weight and centrifobular > 5 5
Rats hepatocelinlar hypertrophy. 200 223 23 4320 | 3652

Pituitary: vacuolation. Thyroid: 23 B % a9

follicular hypertrophy. Increased
T4

Liver: bilary thrombi and

brown'vellow pigment 20 4 kil 34 352

Dogs accumilation = {6.6) 0.3) 04 (0.2)
] 65 185 991 3586

— e o 0
None (NOAEL) 60 @y (1'_'3) ©.9) 21 2

Cynomolgus | Increased AST and ALP. Tiver:

monkeys increased weight and minimal 200 156 144 3150 | 3060
heptatoceliular hypertrophyy. Gall {1L.§) (15 [¢%)) (1.6
bladder: granules {choleliths)

Human®* 07 1923

NP =not performed

Ratios to human Cyy and exposure levels are presented in the parentheses.

**Human Cu and exposure fevels are shown as means of ten healthy subjects observed af steady state at
a dose of 3200 mg/day {given as 1600 mg b.i.d) in Study No. AGD1-001. AUCyp.wy was multiplied by
2 to obtain AUCp2qw; . ’

Mouse

In the 13-week study in mice (CD-1; 10/sex/group), dietary administration of 60, 200, and 600
mg/kg for 13 weeks produced increased enzyme activities (SGOT, SGPT, ALK Phos) and
microscopic changes in the liver and salivary glands, primarily at the MD and HD. These changes
were characterized as centrilobular hepatocellular hypertrophy, single cell necrosis and periportal
pigment and were generally more severe in the males than in the females. The pigment did not
stain for bile and only partially stained for iron and lipofuscin. The LD was considered to be a
NOAEL.
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Table V.2

Table3 Rufinamide exposure in mouse {(Study No. 930411
Dose Cr® AUCpum™ Corin™
{mg/kg) {pmolL) {pmothrL) {pmol/L)
Male Female Male Female Male Female
60 19 17 285 260 ND 3
200 66 93 1297 1306 39 i7
600 212 i7l 3883 3195 o 95

* = at end of dosing peried
= ot detected

Rats

Oral (gavage) administration of rufinamide (0, 60, 200, or 600 mg/kg) to rats (Tif:RAIf,
10/sex/group) for 3 months produced pituitary TSH-secreting cell vacuolation and ballooning at all
doses in males, and convulsions (transient in 1/10 MD and 2/10 HD males), increased BUN and
creatinine, and centrilobular hepatoceliular hypertrophy in both sexes at the MD and HD. White
particles, presumed to be test material, were observed in the feces of all rufinamide-treated
animais, indicating poor absorption.

Dietary administration of rufinamide (0, 200, 400, or 600 mg/kg) to rats (S-D; 20/sex/group) for 3-
months produced microscopic findings of centrilobular hepatoceliular hypertrophy and vacuolation
in the pituitary gland in both sexes (more severe in males) at all doses. Pituitary vacuolation was
observed in all males at all doses. The vacuolation was described as being characterized by
swollen cells containing numerous finely demarcated cytoplasmic vacuoles. The severity ranged
from minimal to moderate in a non-dose-related fashion. In females, minimal to mild pituitary
vacuolation was D-R (0/20, 1/20, 5/20 and 7/20). Other findings included polyuria at all doses and
increased water consumption at the MD and HD. There were also increases in serum creatinine
in both sexes at the HD and in BUN in males at the MD and HD. Although there were no
associated histopathological changes in renal glomeruli or tubules, an increased incidence of
renal pelvic mineralization was seen in males at the MD and HD. The dose recommended in the
study report for the chronic rat studies, based primarily on the body weight effects in this study,
was 200 mg/kg

Table V.3
Tabled Rufinamide exposure in rat (Study No. 93027).
Dose TFime Lo AUCp 21 Cuain
(mng’kg) {(Week) (umold) {umolhr/l) {pmol/Ly
Male Female Male Female Male Female

200 182 149 3724 2018 128 [
400 2 223 205 4442 4081 154 143
600 216 17 4433 3724 154 144
260 223 223 4320 3652 121 80
460 10 256 254 5428 4706 183 160
600 262 258 5653 5378 204 175

Dietary administration of rufinamide (20, 60 and 200 mg/kg) to rats (S-D; 26/sex/grp) for 52
weeks rats produced centrilobular liver cell hypertrophy and an increased severity of pituitary cell
vacuolation (males), primarily at the MD and HD. Slightly increased incidences and severity of
thyroid follicular cell hypertrophy were also seen in both sexes at the MD and HD. Because of the
high background incidence seen in this study, the pituitary effect was thought to represent a
treatment-related exacerbation of an existing species specific condition. These changes were
partially or completely reversible. Total and free T4 were increased slightly to moderately at the
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MD and HD at Weeks 27, 40, and 53 in a few animals. TSH levels were increased in some MD
and HD males at Weeks 40 and 53, with partial to full reversibility observed. The LD was
considered to be a NOAEL

Dogs

Oral (capsule) administration of rufinamide (0, 60, 200, or 600 mg/kg) to dogs (Beagle;
3/sex/dose) for 3 months produced clinical signs (MD and HD), anemia (MD and HD), increased
liver enzyme activities (all doses), and pathological changes consisting of perivascular cellularity
in the liver and kidney, intracytoplasmic inclusions in the kidney (males), eosinophilic
hepatocytes, sinusoidal cell hypertrophy, and periacinar canalicular bile (MD and HD). After
recovery, alkaline phosphatase levels were still increased, and bile was still present in the
canaliculi. According to the pathology report, "the pathological lesions, when associated with
hematological data, suggested a possible drug-induced autoimmune reaction." There was no
NOAEL.

Oral (capsule) administration of rufinamide (0, 20, 60, or 200 mg/kg) to dogs (Beagle; 8/sex/dose)
for up to 1 year produced dose-related biliary thrombi and accumulation of pigment (of biliary
origin or iron containing) in hepatocytes and Kupffer cells, which was associated with
inflammatory cell infiltration and perivasculitis, in all treated groups. Partial reversibility of biliary
thrombi was noted after 4 weeks recovery. A slight to moderate increase in alkaline phosphatase
activity was observed at the HD, thought to be possibly related to the retardation of bile flow.
There was evidence of reversibility for this effect after 4-weeks. No effects on total and free T4
and T3 were seen in this study.

Table V.4
Table 3 Rufinamide exposure in dog (Study No. R 50/1001}.
Dose Time Cos AUC{Q.24 £y
{mg/kg) {Day) (jermnd/L) {pmothi/L)
kdale Female Male Female
20 1 41 23 540 316
280 37 o7 560 1776
20 182 42 38 349 436
280 60 88 964 1366
20 363 34 20 734 332
260 65 185 251 3580
Monkeys

Oral administration of rufinamide (35, 100, or 300 mg/kg) to cynomolgus monkeys (3/sex/dose)
for 13 weeks produced choleliths and inflammation in the lamina propria of the gallbladder at the
MD and HD in both sexes. Possible decreases in QT were observed in males. After a four week
recovery period, choleliths were only found in 1 HD female, indicating partial reversibility. The
gallbladder granules were determined to be composed primarily of a cysteine conjugate of a
hydroxylated metabolite. This insoluble conjugate was thought to have been formed by enzymatic
degradation of the corresponding glutathione conjugate with subsequent precipitation in the bile.
Metabolism studies in humans have not indicated that such conjugates are formed in humans.
The LD was considered a NOAEL.

Administration of rufinamide (20, 60, or 200 mg/kg) to cynomolgus monkeys for 1 year produced
effects on the liver and gall bladder at the MD and HD. Increases in Alk Phos, AST, and ALT
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were seen in both sexes, primarily at the MD and HD. These changes were associated with
increased liver weight and hepatocytic hypertrophy. The presence of granules in the bile was
seen at the HD and attributed to the metabolism and excretion of rufinamide as a conjugate which
accumulated as concretions of insoluble material. Although there was no microscopic evidence of
cholestatic changes, the increased alkaline phosphatase activity was thought to be related to this
finding. The LD, which was associated with an AUC about 1/2 that in humans at the MRD (~1000
vs 2000 umol.h/L), was considered a NOAEL.

Table V.5
Table4 _Rufinmmide exposure in monkey (Siudy No. BPK 1995/020).
Dosge Time . Cmgx AUC(\)_}; 1
{mgrkg) o (ol {pmothr/1)
hiale Female Male Female
20 55 4G - 802 {04
80 Dayl 104 115 1866 1958
2006 151 131 2060 2660
20 &3 62 1060 1010
&0 Week 52 105 121 1688 2200
200 156 144 3188 3068

Genetic toxicology

Rufinamide was negative in vitro in the Ames test, a mammalian cell forward mutation study
(Chinese Hamster Cells V79), and a mammalian chromosome aberration study (Chinese
Hamster Ovary). An in vivo rat micronucleus assay did not indicate any effect of rufinamide, but
the study failed to demonstrate exposure or toxicity at the highest dose tested (5000 mg/kg) and
only evaluated 1000 cells/animal. .

Reproductive and developmental toxicology

When male and female rats (S-D) were treated with 15, 50, or 150 mg/kg (by oral gavage) prior to
and during mating, gestation, and lactation, effects consisted of decreased fertility (HD),
increased postimplantation loss and stillbirths (MD and HD), and decreased pup survival (MD and
HD) and growth (all doses). Dose selection was appropriate based on the level of parental
toxicity. However, this study should be considered inadequate based on the small numbers
evaluated (12/sex/group) and the 2:1 mating ratio employed. It is possible that the reproductive
effects seen with rufinamide are related to the triazole structure, since several azole antifungals
which have been shown to have effects on steroid metabolism have also demonstrated -
reproductive toxicity in animals (Waller et al, Contraception 41:411-417,1990), although there was
no clear evidence of such sex steroid effects of rufinamide in general toxicity testing.

In the rat embryofetal development study, oral (gavage) administration of rufinamide (0, 20, 100,
or 300 mg/kg) to pregnant rats (Tif:RAIf) during organogenesis (GDs 6-15) resulted in decreased
fetal weights and increased incidences of skeletal anomalies at the MD or greater and increased
skeletal variations at all doses. These doses were also maternally toxic, probably excessively so
at the HD, based on BW effects (BW gain 54% below C during treatment period). Structurally
related azole antifungals, such as fluconazole, have been reported to have teratogenic effects in
animals and possibly humans, including skeletal and, specifically, digit effects (Lopez-Rangel and
Van Allen, Birth Defects Research Part A, 73:919-923, 2005).

In the rabbit embryofetal development study, oral (gavage) administration of rufinamide (0, 30,
200, or 700 mg/kg) to pregnant rabbits during organogenesis (GD 7 to 19) resulted in decreased
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fetal weights and increased incidences of skeletal abnormalities, including malformations, at the
MD or greater. While the effect was fairly modest, these doses produced no significant maternal
toxicity. Because adequate maternal toxicity was not shown at the HD, this study should be
repeated.

In the rat pre- and postnatal development study, oral (gavage) administration of rufinamide (5, 30,
or 150 mg/kg) to rats during gestation and lactation (GD 6~PND 20) resulted in reduced fetal growth,
early postnatal death, and pre- and postnatal BW reductions in the offspring. There was no clear no-
effect dose for early death, although the sponsor questioned the LD and MD effects. A mouse study
conducted with oral (gavage) doses of 50, 150, and 500 mg/kg given from GD15-PND 20 did not
show a comparable effect on pup viability (small increase in stillbirth at MD and HD, but only a slight
decrease in PND 0-4 survival at HD), but no maternal toxicity was evident at the doses tested and no
plasma level data were provided. Additional rat pre- and postnatal studies with cross-fostering were
conducted with rufinamide and indicated an in utero effect (P/T review dated 9/15/95).

A juvenile rat study was conducted with oral (gavage) doses of 15, 50, or 150 mg/kg given for 10
weeks starting on PND 7. Clinical signs (decreased activity) and decreased pup body weights
were seen at the HD. There were no T-R deaths and no clearly T-R neurobehavioral changes. It
should be noted, however, that group sizes (N=10/sex/grp) were less than what is generally
considered adequate for neurobehavioral testing. Terminal evaluations indicated D-R reductions
in brain weights (total and regional; persisting into the recovery period) and histopathological
findings in the liver and pituitary (similar to adult) at the MD and HD. Based on these results, the
LD was considered to be a NOAEL. The effect on brain weight at doses that did not appreciably
alter BW is of considerable concern and should be described in labeling and further investigated,
eg, with extended neurohistopatholgy and brain morphometry.

When doses of 1, 5, or 200 mg/kg were administered orally (capsules) to young dogs for 13
weeks beginning at 4 months of age, clinical chemistry and histopathological evidence of
hepatotoxicity was seen, primarily at the HD. Pigment deposits of unknown composition wére
present in the livers of all HD animals at the terminal and recovery sacrifices. HD females also
had neutrophilic infiltrates around intrahepatic bile ducts or blood vessels. These findings appear
to be similar to those seen in adults and, based on dose, do not indicate increased sensitivity in
dogs of this age (although there were irregularities in TK). However, the developmental age range
studied in dogs is limited and inadequate for the clinical population. A request for a dog study that
covers early postnatal development and includes bone measurements and thorough brain
histopathology should be considered.

Carcinogenicity

Mouse

In the mouse study, rufinamide was administered in the diet to CD-1 mice at approximate daily
doses of 40, 120 or 400 mg/kg for 103 weeks. Effects consisted of increased survival (HD
females); decreased body weight gain (HD; terminal BW 4% below control in males, 8% below
~control in females); increased liver enzymes (all doses); and non-neoplastic microscopic bone,
liver, kidney and urinary tract changes. Systemic exposure to parent drug was lower in females
than in males at the LD and MD, but there was no clear sex difference at the HD. Based on data
from the 13-week study, the AUC at the HD was approximately 2400 pmol.hr/L (human exposure
at MRD = 1923 umol.hr/L).

The main neoplastic findings were increased incidences of osteomas (benign neoplasms of the
bone; reportedly <1% background incidence in CD-1 mice) at all doses (0/60, 0/60, 2/60, 3/60 in
males, statistically significant; 0/60, 2/60, 1/60, 6/60 in females, statistically significant) and of
hepatocellular adenomas (4/59, 5/59, 4/59, 13/58 in males, statistically significant; 0/59, 0/59,
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1/67, 10/59 in females, statistically significant) and carcinomas (8/59, 7/59, 8/59, 14/58 in males,
not significant; 1/59, 0/59, 1/57, 4/59 in females, not significant) at the HD.

According to the pathology report, osteomas had the following characteristics: diameter ranging
from 0.1 to 1 cm; no associated clinical signs or effects on mortality; multiple osteomas in 7/14
osteoma-bearing mice; periosteal origin as indicated by location; and most common locations in
the skull and pelvis. These features were thought to be consistent with virus-induced osteomas,
as distinct from chemically-induced bone tumors which were said to tend to be malignant and
affect the medullary cavity near the ends of long bones. It was reported that similar osteomas
were observed in control and treated animals from another carcinogenicity study run concurrently
in the same facility with mice of the same strain and source (data not provided). Electron
microscopic examination of selected osteomas from the rufinamide study showed variable
numbers of retroviral (based on morphology) particles associated with osteoblasts, osteocytes,
and endothelial cells from the tumor masses. These virus particles were not found in bone from
controls without gross lesions. The viral particles were said to be morphologically the same as
those reported by Maurer et al. (Regul Toxicol Pharmacol, 18:154-68,1993) in a carcinogenicity
study of sodium fluoride in CD-1 mice conducted by Proctor and Gamble in which osteomas were
increased. This suggested to the sponsor that a retrovirus may have played a role in the
development of the bone tumors observed with rufinamide. A non-neoplastic bone lesion
(hyperostosis) increased in the rufinamide study was also observed in the P&G study. (However,
the finding of increased myelofibrosis in the rufinamide study was not reported in the P&G study).
Fluoride has a strong affinity for bone and has been shown to stimulate proliferation of
osteoblasts. It was postulated that in the present study, the increased incidences of osteomas
resulted from a combined action of mouse retrovirus and fiuoride released by oxidative
metabolism of rufinamide. No evidence was found for oxidative metabolism of rufinamide to
monofiuorinated products in humans. According to the sponsor, retroviruses are not known to
play a role in the formation of human bone tumors (but are suspected according to Nilsson and
Stanton, IARC Sci Publ 111:681-729, 1994). Based on this information, the rufinamide-induced
increase in bone tumors in mice was not considered clinically relevant by the sponsor.

While the proposed mechanism is theoretically plausible, it is not well-established and the
evidence for its operation in either study is too circumstantial at this point to rule out clinical
relevance. While viruses are considered a well-established cause of osteoma in mice (Nilsson
and Stanton, ibid.), the role they may have played in the P&G study and their apparent interaction
with fluoride in that study are not understood. The retrovirus particles seen by EM were not
identified in either the P&G or rufinamide study. In addition, viral particles were found in controls
with osteomas as well as in both control and treated mice without bone tumors in the P&G
fluoride study, and a variety of tooth changes associated with fluoride toxicity were seen in the
treated mice, while none of these was found in the rufinamide study. It is also not clear how the
doses of fluoride compare in the 2 studies. In the P&G study, incidences of osteoma were
increased primarily at the high dose of 25 mg NaF/kg (associated with about 25% incidence of
osteoma). Urine fluoride concentrations at that dose were reported to be approximately 50 and 10
ug/ml in males and females at the end of the study, but no details of how the urine was collected
are given in the paper (presumably aspirated from bladder at sacrifice). In a PK study in which the
same doses of rufinamide as in the carcinogenicity study were given for 14 days and fluoride was
measured in 24 hr urine samples collected at the end of dosing, fluoride concentrations averaged
approximately 6 ug/ml at the HD of 400 mg/kg rufinamide. Another possible mechanism for bone
tumor induction could involve an effect on steroidogenesis. Estrogenic compounds have been
shown to induce osteomas in mice, and triazole antifungals structurally related to rufinamide are
known to have effects on mammalian steroid metabolism (Zarn et al., Environmental Health
Perspectives 111:255-261, 2003).
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Rat

In the rat study, rufinamide was administered in the diet to S-D rats at approximate daily doses of
0, 20, 60 or 200 mg/kg for 97 (males) or 103 (females) weeks. (Due to low survival in controls, all
remaining males were sacrificed during week 98. Surviving females were sacrificed as scheduled
during week 104.) Effects consisted of decreased body weight gain (MD & HD; terminal BWs 10
& 29% below controls in males, 21 & 37% below controls in females); decreased mortality (MD &
HD); and non-neoplastic microscopic changes in the liver and kidney. Plasma rufinamide
concentrations were generally somewhat lower in females at the LD and MD but not at the HD.
Based on TK from the 13-week dietary study, the AUC at the HD was approximately 4000
umol.hr/L (human exposure at MRD = 1923 umol.hr/L).

Neoplastic findings consisted of increased incidences of thyroid follicular (0/59, 1/60, 10/60, 4/60;
statistically significant) and thyroid C-cell adenomas (1/569, 3/60, 6/60, 2/60; not significant) in
males. The incidence of thyroid C-cell carcinoma was increased somewhat in MD males (1/59,
1/60, 3/60, 0/60; not significant). There was also a possible increase (not significant) in liver
hepatocellular adenomas in MD males (3/59, 2/60, 7/60, 4/60) and HD females (2/60, 1/60, 1/60,
5/60).

The MD was considered the MTD based on decreases in body weight gain noted in both sexes
by the end of the study. However, in view of the shortened duration and excessive BW effects,
even at the MD in females (and the resulting reduced sensitivity to detect potential carcinogenic
effects), the validity of the study is questionable (see statistical review). Since estimated plasma
exposures in the groups that did not have excessive weight loss were similar to or below those
anticipated in humans, the tumorigenic potentiai of rufinamide has not been adequately assessed
at clinically relevant exposures. Based on the results of the 3-month oral gavage study in rats (60,
200, 600 mg/kg), it appears that higher doses could have been given by that route without
producing comparable BW effects. At the end of treatment in that study, BW gain was 2, 5 and
17% below C in M and 9, 12 and 30% below C in F, at the respective doses. BWs were 2, 5 and
11% lower in M and 5, 7 and 15% lower in F, respectively. While no TK data were collected in the
3-month gavage study, oral gavage TK data is available from the juvenile rat study. Comparing
AUCs at 10 weeks, which should be comparable to adult data, with those from the 13 week
dietary study, it appears as if exposures are similar at similar doses (ie, 811 and 953 ug.h/ml in
males and females at 150 mg/kg by oral gavage vs 1029 and 870 ug.h/ml in males in females at
200 mg/kg in the diet). The body weight effects in the juvenile study are not as useful for
comparison, since most of the effect was seen in the preweaning period, but at the end of the 10
week study, BWs were about 10% below controls at the HD of 150 mg/kg.

Thyroid follicular cell tumors in rats have typically been dismissed as not relevant to humans.
According to Greaves (Histopathology of Preclinical Toxicology Studies, Elsevier, 1990), "on the
basis of comparisons of thyroid follicular cell tumor development in laboratory animals following
derangement of thyroid and pituitary homeostasis and epidemiological data relating to thyroid
neoplasm development in human populations, it has been suggested that humans are less
sensitive than commonly used animal models to the tumor-inducing effects of long-term
derangement of thyroid status." However, this does not appear to apply to C-cell tumors, which
were also increased in rufinamide-treated rats. In fact, as pointed out by Greaves (ibid.),
radioactive iodine, which induces follicular cell tumors in rats, reduced incidences of C-cell
tumors. Investigative studies by the sponsor indicating a direct effect of rufinamide on the thyroid
in addition to an effect on thyroid hormone metabolism suggest the possibility of a direct
tumorigenic effect unrelated to the effect on thyroid function. This, as well as the finding of
osteosarcoma in a HD male provide some additional support for recommending that the study be
repeated.
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VI. RECOMMENDATIONS

The application is approvable from a pharm/tox standpoint. The sponsor should address the
following deficiencies:

1) Because of the excessive reductions in body weight seen in the HD male and MD and HD
female groups, and the resulting decreased sensitivity to detect carcinogenic potential, the rat
carcinogenicity study is considered inadequate. Based on the results of the 3-month oral gavage
study in rats, it appears that higher doses could have been given by that route without producing
comparable BW effects. Therefore, it is recommended that the sponsor conduct a 2-year
carcinogenicity study in rats by oral gavage at appropriate (based on MTD) doses.

2) Several critical studies do not conform to current standards and are, therefore, inadequate: a)
the in vivo micronucleus assay in rats did not evaluate the recommended 2000 micronucleated
polychromatic erythrocytes per animal, b) the rat fertility study evaluated too few animals
{(12/group) and did not employ 1:1 mating, and c) the rabbit embryofetal development study did
not evaluate a maternally toxic high dose. These studies need to be repeated.

3) The finding of decreased whole and regional brain weights in the juvenile rat study should be
further investigated, e.g., using expanded neurohistopatholgy and brain morphometry.

4) The developmental age range studied in juvenile dogs was inadequate. A dog study in which
dosing is initiated at an earlier age (corresponding to the clinical age range) should be conducted,
and endpoints of particular concern, such as bone growth and brain development should be
included (in addition to the standard toxicity endpoints).
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