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MEMORANDUM
June 24, 2004

TO: File
FROM: Kenneth L. Hastings, Dr. P.H.

SUBJECT: NDA 21-446

I have read the primary and secondary pharmacology/toxicology reviews of the marketing application for
Lyrica (pregabalin} capsules. Specifically, Dr. Jerry Cott wrote the primary review, and consult reviews
were also written by Drs, Edward Fisher, Lois Freed, and Terry Peters. Dr. Danie] Mellon, the
pharmacology/toxicology supervisor in the Division of Anesthetic, Critical Care, and Addiction Drug
Products, wrote an extenstve secondary review in order to consolidate the conclusions of the primary
review team. Drs. Mellon and Cott recommended that this application should not be approved based on
findings i nonclinical studies, Specifically, this recommendation was made based on uncharacterized risk
to diabetic patients, specifically related to findings of dermatopathy in animal toxicology studies. Although
not cited as a reason for recommending non-approval, Dr. Mellon also noted the occurtence of
hemangiosarcomas in life-time bioassays conducted in mice (two strains, both sexes), and that a no effect
level for this finding was not established (there were statistically significant incidences of this tumer at
systemic exposures equivalent to what would be expected m humans at the recommended therapeutic
dose).

Having read the reviews and considered the recommendation for non-approval, [ do not concuz. The
dermatopathy findings are certainly of concern, especially given the indication sought by the sponsor (pain
associated with diabetic peripheral neuropathy, which occurs in a patient population at increased nisk for
developing serious skin lesions). There are two factors that should be taken into consideration, neither of
which should be addressed in the evaluation of nonclinical studies: (1) the apparent lack of an increased
incidence of similar dermatopathy in clinical (rials, and (2) the compelling need for the indication.
Although the hemangiosarcoma findings are also of concern, the potential benefit of this drug outweigh the
risk considerations. I therefore recommend that this application be approved.

I concur with the product label as amended by Dr. Mellon. In addition, I concur with the Phase 4
recormumendations by Drs. Mellon and Cott. 1 also suggest an additional Phase 4 commitment;

The Sponsor should conduct a study for studies) to assess the immunotoxic potential of pregabalin.
Specifically, pulmonary effects were observed in nonclinical studies (lung macrophage accumulation) that
could be taken to indicate that pregabalin has unintended immunosuppressive effects.

/ ) ,;_Zh)t /

enneth L. Hastings, Dr.P.H
Associate Director for Pha
Office of Drug Evaluation [I

cology and Toxicology
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EXECUTIVE SUMMARY

The nonclinical pharmacology and toxicology studies submitted for NDA 21-446 were
reviewed by a total of three primary reviewers. The Primary reviewer of this NDA for
the Division of Anesthetic, Critical Care and Addiction Drug Products was Jerry Cott,
Ph.D. Dr. Cott reviewed the Pharmacology and Toxicology studies pertaining to the
diabetic peripheral neuropathy indication, including the acute and repeat dose toxicology
studies and the genetic toxicology studies. Edward Fisher, Ph.D., was the primary
reviewer for the Division of Neuropharmacological Drug Products. Dr. Fisher reviewed
the reproductive toxicology studies including the Juvenile toxicology studies conducted
for pregabalin. In addition, Dr. Fisher reviewed the first set of carcinogenicity studies
submitted by the Sponsor. Terry Peters, D.V.M., was the primary reviewer for the
second series of carcinogenicity assessments as well as the mechanistic studies submitted
by the Sponsor to characterize the hemangiosarcomas in mice. Dr. Peters (Division of
Anti-Infective Drug Products) was specifically consulted on this NDA due to her
expertise in veterinary pathology. This document serves as the secondary review for
NDA 21-446, and therefore specifically examines the data in light of the indication of
pain associated with diabetic peripheral neuropathy. Overall, Dr. Cott's review indicates
that he does not feel that the NDA is approvable for this indication. Dr. Fisher's review
specifically addresses his recommendations regarding the carcinogenicity concerns and
the effects of pregabalin on reproductive and developmental toxicology. Dr. Fisher
indicated that although the mechanism for hemangiosarcoma formation is plausible, the
present evidence is inadequate to exclude carcinogenic risk associated with pregabalin in
humans. He further notes that this obstacle to approval (hemangiosarcomas) will
ultimately have to be weighed against the evidence of benefit of the drug for the
indications being considered. Dr. Peters' review notes that the Sponsor's "conclusion that
'a clear association between altered respiration, acid-base imbalance, increased platelet
activation, bone marrow and splenic megakaryopoiesis, circulating VEGF and PDGF,
endatheltal cell proliteration and the incidence of hemangiosarcoma was demonstrated in
mice at carcinogenic doses' is not clear from the evidence presented.” Dr. Peters
suggested that the "incidence of hemangiomas and hemangiosarcomas should be
addressed in the label.”

I Recommendations
A. Recommendation on approvability:

From a pure pharmacology toxicology perspective, NDA 21-446 is deemed to be
not approvable due to uncharacterized risk associated with the exposure of
diabetic patients to long-term treatment with pregabalin. I acknowledge that some
of the concerns raised by the non-clinical studies (i.e., denmmatopathy) have not
been detected in the clinical trials to date, and that the patient database
encompasses over 1800 individuals. Although data from human studies provides
some degree of comfort, they do not completely eliminate the concerns that have
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been raised by the nonclinical data. 1 concur with the reviews put forth by Drs.
Jerry Cott, Ed Fisher, Lois Freed and Terry Peters.

B.

a)

b)

c)

d)

C.

Recommendation fer nonclinical studies:

The Sponsor should characterize histologically the skin lesions noted
following pregabalin treatment of rats and monkeys to provide the ability
to distinguish between dermal lesions that are likely to occur in the
diabetic patient population over time from the dermal lesions that are
produced by pregabalin admintistration,

Conduct a drug interaction study in mice to characterize the potential
interaction PPARy agonists with pregabalin. End points should include an
evaluation of the incidence of hemangiosarcomas and proposed
biomarkers proposed by the Sponsor. This study should be completed
with B6C3F1 mice and a diabetic rodent model.

Conduct a 28-day repeat-dose toxicology study in a diabetic rodent model
to characterize the incidence of pregabalin-induced dermal lesions.
Include a recovery group to characterize the time required for recovery
and a non-diabetic control group should be included for COmparisorn.

Conduct a 28-day wound healing study to characterize the effect of
pregabalin in both normal and diabetic animal response.

Recommendations on labeling:

The following labeling was prepared by Dr. Ed Fisher (HFD-120) who reviewed the
reproductive toxicology studies for the pregabalin NDAs. Dr. Fisher also reviewed the
first set of carcinogenicity studies. Dr. Terry Peters reviewed the second set of
carcinogenicity studies and evaluated the additional toxtcology studies the Sponsor
conducted in their attempt to demonstrate species specificity for the hemangiosarcomas
in mice. Dr. Fisher took Dr. Peter's Review into consideration in the preparation of the
carcinogenicity, mutagenicity and impairment of fertility sections of the label. In
addition, Dr. Cott has proposed an Animal Toxicology section of the label to describe the
dermatopathy findings.
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1L Summary of nonclinical findings
A. Brief overview of nonclinical findings:

Pharmacology: Pregabalin is structurally related to the naturally occurring
amino acids L-leucine and y-aminobutyric acid (GARA), as depicted in the
Sponsor’s diagram below:
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Pregabalin L-Leucine GABA

However, pregabalin does not bind to GABA receptors. Pregabalin, like
gabapentin binds to the a;-8 protein, an auxiliary protein associated with high
voltage-gated calcium channels. Evidence suggests that upon binding, pregabalin
reduces but does not completely block the calcium currents.

The pharmacodynamic effects of pregabalin were assessed in models of analgesia
and seizures. These studies provided evidence that pregabalin may be efficacious
iprthe treatment of several pain states, including neuropathic pain syndromes. In

“straptozocin-induced diabetic neuropathic pain model, pregabalin (10 and 30
mg/kg orally) reduced dynamic allodynia. Further positive results were obtained
with models of pain as a result of nerve ligation or chemotherapy as well as for
the treatment of musculoskeletal pain and visceral pain.

Pregabalin was also demonstrated to prevent maximal electroshock-induced tonic
seizures, pentylenetetrazole-induced threshold clonic seizures, and behavioral
seizures in kindled rats. Additional studies suggested that pregabalin would have
utility as an anxiolytic.

Pharmacokinetics: Pregabalin has high oral bioavailability across species (94%
in mice after 50 mg/kg, 83% in rats after 50 mg/kg, 93% in monkey after 10
mg/kg but decreases with increasing dose due to saturable absorption and > 90%
in humans afier a single oral dose of 1 to 300 mg.

Tissue distribution studies provide some indication of potential target organs of
toxicity. ["*C]Pregabalin distribution was determined in mice, rats and monkeys.
Pregabalin is widely distributed in the body following administration and crosses
the blood brain barrier. ['*C] levels in the male B6C3F1 mouse and pregnant
female rat after 10 mg/kg orally were 7-fold higher in the pancreas 1 hour after
dosing than in the blood. Likewise, labeled materials were over 5 times higher in
rat pancreas compared to bloodstream. Radiolabel did not accumulate in the
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pancreas of the monkey. The observation that the mouse and rat pancreas reached
significantly higher concentrations of label suggest that these specles may have a
greater susceptibility to pancreatic toxicity. As gabapentin (Neurontin) produced
pancreatic umors in the rat, the pancreas should be considered a potential target
organ of toxicity in susceptible individuals should drug accumulation occur.

In the monkey model, pregabalin levels in the kidney and epididymis were ~-2-
fold greater than other tissues. 1n the rat, pregabalin produced testicular toxicity
likely contributing to fetotoxicity in the pups. Tissue distribution studies in the
pregnant rat model indicate that the developing fetus is exposed to pregabalin via
the blood stream in addition to via milk. These studies also indicated that the lens
in the eyes of the pups demonstrated higher and longer exposures to the labeled
material than other tissues. Pregabalin/label did not accumulate in the lens of the
mouse, dog or non-pregnant rat. Regardless, the finding of accumulation of label
in the post-natal rat lens is of concern in light of the clear clinical signal for visual
disturbances in a subset of patients taking pregabalin.

Pregabalin does not bind appreciably to mouse, rat, monkey or human plasma
proteins, Pregabalin undergoes minimal metabolism in the mouse, rat or monkey
and unchanged parent compound represents > 90% of labeled material_was
detected in the urine, which is consistent with clinical observations in humans.
The N-methyl metabolite constitutes only 2-3% of urinary radioactivity in mouse
and rat. In contrast, the N-methyl metabolite represents approximately 45% of
orally administered pregabalin in the dog. The N-methyl metabolite was not
detected in the monkey. Greater than or equal to 80% of the ['*C] pregabalin dose
was eliminated in the urine of mouse, rat and dog within the first 24 hours. In the
monkey, 71 - 75% was excreted in the first 24 hours.

Safety pharmacology: Safety pharmacology studies characterized the effects of
pregabalin on the nervous, cardiovascular, respiratory, renal and gastrointestinal
systems. In addition, the non-clinical abuse tiability studies suggested at hest a
weak signal for increased abuse liability. domowytodor

Repeat-dose toxicelogy: Toxicology studies were completed in the rat (4, 13 and
26/52-weeks) and the monkey (4, 13 and 65-69 weeks). The monkey was chosen
as the non-rodent species due to a more similar metabolic profile to humans than
the dog model.

Rats: In the 52-week rat study (with 26-week interim sacrifice), animals were
treated with pregabalin via the diet at doses of 0, 50, 250 and 500 mg/kg/day. The
summary of the 26-week sacrifice and the 52-week sacrifice are reproduced
below: Overall, the Sponsor concluded that no clinically significant effects were
detected following a dose of 50 mg/kg/day for the rat. In the 13-week study, the
AUC g4y at this dose was 188 pghr/ml (combined males and females).




Reviewer: R. Daniel Mellon. Ph.D.

NDA No. 21-446

Results of 26-week interim sacrifice:

Important Findings uc 50 mg/kg 230 300 me’kg
M F M F M F M F
N B 25 25 25 25 2% 25 25
Death or Moribund - - - - - 1 - -
Pyelonephrinis Week 44
Clizical Signs
Unne staining - 1 1 3 1 5 1 15
Tail - Dermat 1 1 — — 2 1 k) 8
Body Weight Gain® (g) D| 503 - — — - % -
Food Consumption® {g) b
Weeks 5-52 Sporadic (Range) 185 - — | 1%-16%** - -
Weeks 5-52 Counsistent (Range) 199 | 136- - - - - 2% 16‘/.“ -
Weeks 12-52 Sporadic (Ranpe) 155 - - — - — 8% -24%**
NWeek26] 10 10 10 10 10 10 10 10
Hematology”
Red Blood Cells (101} Ijsa| 817 895 9.12 - 939 910
Percent of Control %% - aYre - 11%* 11%*
Mean Corpuscular Volume (fL}) D 360 | 373 - - 533 - 538 536
Percent of Control - - 5% - %% 6%**
Platelet Count ($0%1) D]1037| 999 - - 844 844 742 g1t
Percent of Control - - 9% irad 28% 19%**
NWeek 26| 5 5 5 5 5 5 5 5
Bone Marrow?
Total Nucleated Cells (10°ml) - 1.3 - - - 106 - 1.06
Percent of Control D| -- - - 200 - 299
N Week 26} 10 10 10 19 10 10 10 10
Absolute Organ Weights*
Salivary Gland (g) D]09s| 063 - - - 15%%* 33% 19%.%+
Epididymides D| 171 - - - 19%
Histapathology ]
Bone Marrow - Hypocellufar - — - - 3 2 3 4
Urinary Biadder - Edenma - - . - - - 3 1
- Hemorthage - - . - - - 2 -
Salivary Gland — Secretory
Content Decreased wn Acini | — — — - 2 2 8 10
NWeek26| 10 10 0 0 10 10 10 10
Histopachology
Lung — Alveolar Macrophage
Accumlation 2 1 — — 2 — 4 P
** = p<(}. 01 (linear trend within ANOVA);

N = Number of aimals; -- = No noteworthy

significance is based o actual data and not on the percent

; D= Decreased; I = Increased; ns = Not statistically significant.
Group means are shown for controls. Percent differences from control are shown for treated groups. Statistical

differences.

*  Group means are shown followed by percent differences from contro} below, Statistical significance is based cn actual
differences.

data and not on the pervent
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Results of 52-week sacrifice:

Important Findings UC 30 marks 250 mykg 300 mgkg
M F M F M F M F
NWeek32i 15 15 15 13 15 15 15 15
Hematalogy*
Red Blood Cells (10'41) 814 | 813 | 888 | - 900 | 860 8.88 8.63
Red Blood Cells (%) I ORSE | | HRE | @ [ g | Gt
Mesn Corpuscular Vohme (f1) 367 | 576 | M2 | - 527 551 320 345
Mezn Corpuscular Volume (%) D AP | 7%e | PR | % | Suw
Platelet Count (10%/1) 1| 86| 931 | - 52 ] e 124 749
Platelet Count (*¢) D 18%% | . |3 A% | 3ENr 1455
Mean Flatelet Volome (1) bR )] - - 574 - 392 -
Mean Platelet Volume (%) [ - S - e —
NWeek52] 5 3 5 5 3 5 3 3
Bope Marrow?
Total Nocleated Cells (10%femxn) | 75.7 | - - - - - 427 -
Total Nucleated Cells (%) 3] - - - - - pix LA -
NWeek 53] 14 13 14 13 13 14 13 14
Absolute Organ Weights'
Salivary Gland (2 D | 089 | 065 - - - - it A
Epididymides D {145 - -
N Week52{ 13 13 15 13 15 15 15
Histopathology
Bone Mamow — Hypocellutar - - - - 7 3 3 5
Lung -~ Alveolar Macrophage
Accumalaton 3 i 1 i 4 - 7 5
NWeekS2] 15 13 1 1 13 13 13 15
Histopathology
Unnary Bladder - Edema - - - - - - 1 -
- Hemorthage — — — — — - 3 -
NWeek32] 15 13 1 0 15 15 15 15
Histopathology
Salivary Gland — Secretory
Content Decreased in Acini | - — - — — — 5 3
** = p<0.01 (linear trend within ANOVA),
\I Number of animals; — =No noteworthy findings; I = Increased. I = Decreased.
Group means are shown for controls. Percent differences from conivol are shown for treated groups. Statistical
significance 1s based on actual dara and not on the percent differences.
¢ Group means are shown followed by percent differences fiom control below. Statistical significance is based an actual
data and not on the percent differences.
B .
est Possible Copy
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The three pivotal repeat-dose toxicology studies in the Cynomologous monkey
were completed via oral gavage. Treatment duration was for 4, 13 and 52-weeks.

The results of the 13-week monkey study are summarized in Sponsor’s table below:
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The results of the chronic monkey study are summarized below:

Tmportant Findings Ve JE] B 100mgky [ 250700 mg/kg |
M| F M F M E M F M F
N| 3 3 3 3 3 3 3 3 3 k)
Chnical 5i
Tal Dsmapaﬂly 2 - - 2 2 1 - 2 3 3
Tal Amputation - - - - - - - - 1 -
Soft Feces/Diamhea - 1 - 1 1 1 1 1 3 3
Nasal Discharge 1 2 1 - 1 - - 1 2 1
Heart Marmar — Low Grade Pretest
and Throughout Study - - - -- — — — — — 1
NWeek3s| 3 3 3 3 3 3 3 3 3 3
Special Features - Hematology
Antoagphitination — Slight - 1 - 1 - .l 3 2 3
NWeek13]| 3 4 2* 3 3 3 3 3 4 4
Bone Marrow
Total Mggaku}ncytes" 180|208 12016 | 160 | 193 210 18.7 07 9 | 240
N Week 63 M) /Week 65(F)| 3 3 3 3 3 3 3 2 3 »
Bone Marrow
Total Megakaryocytes® 4711901 177 | 193 | 207 ns3 150 | 19,22} 147* | 13,16
Percent of Control % 3% | 4%
NWeek 65| 3 3 3 3 3 3 3 3 3 2
Clinical Signs
Tail Dermatopathy - .- - - - - - - - 1
Spedial Features - Hematology
Platelet Avpregation - Ristocetin (@) | - | - - - - - - - - 1-fold
Plateler Aggregation — Arachidonic
Aad(D)| - | - -- - - - - - -- 1-fold
*  Sigmficantly different fom vehicle control mean at 3% levei by linear trend test wathin one factor analysis of van
N ="Nuniber of anmuls; — = No noteworthy findines; I = Increased.
*  Indinadual dats.
*  Total count'5000 hemstopoietic cells (mean).

Target Organs of Toxicity: Collectively, the rat and monkey toxicology studies
identified several target tissues for toxicity, including the hematological system,
the bone marrow, the vascular system (hemangiosarcomas), the skin
{dermatopathy), the kidneys and the reproductive system.

Dermatopathy: In the 4-week rat studies, dermatological changes on the tail of
the rats were described as consisting of hyperkeratosis, acanthosis, inflammation,
hemorrhage, fibrosis, necrosis, ulcers, scab formation, cellular infiltrates and or
bacteria. This dermatopathy was noted following doses of 250 mg/kg and higher
in rats. In the 13-week monkey study, neutrophilic inflammation and ulceration
of the tail skin was noted which at times was accompanied by hyperkeratosis,
hemorrhage and granulation tissue following doses of 100 and 500 me/kg. In the
52-week monkey study, tail dermatopathies occurred at all doses tested (10, 25,
100, 2507500 or 500 mg/kg) including controls, but there was an increased
incidence at >25 mg/kg. Onset was earliest in animals treated with 500 mg/kg
with lesions appearing during week 2. For almost all animals, tail lesions
resolved before study termination.

Bone Marrow: In the 4-week oral repeat-dose toxicology study in rats, the high

dose of pregabalin decreased bone marrow megakaryocytes in both males and
females (30% and 25%, respectively). A retrospective analysis to evaluate

11
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femoral bonc marrow composition and peripheral blood erythrocyte and piatelct
morphology was completed. As in the rat, total erythroid cells decreased by 24%
in males treated with > 100 mg ke and in both sexes at 300 mg/kyg at week 68,
Monkey's treated with pregabalin for over a year did not exhibit the erythrocyte
and platelet morphological changes.

The standard battery of reproductive toxicology studies were completed,
including Segment 1 studies in rats, Segment 11 studies in rats and rabbits and
Segment {1] studies n rats. Additional studies were undertaken to evaluate the
effects of pregabalin on male fertility, skull development, and fetal survival.
Studies in juvenile rats were completed to support a proposed clinical
development in pediatric populations. These studies were reviewed by Dr. Ed
Fisher (HFD-120).

Male Reproductive System: Under conditions of the assays, pregabalin treatment
had profound effects on the male reproductive system of rats and monkeys. For
any nonclinical development program, the initial assessment of the effects of
pregabalin on the male reproductive system 1s completed via gross and
microscopic examination of the male sex organs from the repeat-dose toxicology
studies. Two pivotal 4-week studies were completed in the rat model. The first
study tested 500, 1250, 2500 and 5000 mg/kg. The second study examined the
effects of 50, 100 and 250 mg/kg. Pregabalin treatment produced clear
histological changes in the epididymis of rats treated for 4 weeks with doses of
=500 mg/kg, including enlargement, hypospermia in tubules, interstitial fibrosis
and menonuclear cell infiltrates. Sperm granulomas were noted in the high-dose
group (5000 mg/kg). In the 13-week rat study, pregabalin doses of 500 mg/kg
and 1250 mg/kg produced decreased epididymal weights (9 and 17%,
respectively). Minimal to mild spermatogenic epithelial degeneration was noted
in three of the animals treated with 1250 mg/kg.

In the repeat-dose toxicology study in the monkeys, examination of the histology
slides revealed evidence of hypospermia of the testes and epididymis associated
with small testes and testicular weights in I monkey treated with 100 mg/kg and 2
monkeys treated with 500 mg/kg bid. In the recovery group, spermatogenic
epithelial degeneration was noted in animals treated with either 50 mg/kg or 100
mg/'kg for 4-weeks. However, there were no alterations in reproductive organ
histopathology at doses up to 500 mg/kg in the 1 year study. In light of these
findings the NOAEL for pregabalin-induced male monkey effects fertility appears
to be 100 mg/kg.

The Sponsor submitted several male rat fertility studies for pregabalin (Segment
I), as the initial study failed to identify a NOAEL value. The first study tested
pregabalin doses of 250, 1250, and 2500 mg/kg by oral gavage for 11 weeks prior
to mating, throughout mating and for up to 6 weeks post-mating. In this study,
the treated males were then bred with untreated females. As indicated in Dr.
Fisher's review, pregabalin doses of > 1250 mg/kg produced "marked

iz




Reviewer: R. Daniel Melion, Ph.D. NDA No. 21-446

reproductive toxictty manifesting as reduced tertility, increased number of days to
mating, decreased sperm counts and motilty, increased abnonnalities in sperm
morphology, decreased implantations, and increased preimplantation loss as well
as general toxicity in the form of clinical signs and decreased BW gain.

The second Male Fertility and Early Embryonic Development study, male rats

were treated with pregabalin (100, 250 or 500 mg/kg) for 11 weeks prior to

mating with untreated females. Pregabalin treatment did not alter copulation or

fertility indices at any dose, nor did it alter maternal reproductive parameters,

including embryonic and fetal survival, litter size, pre- or post-implantation loss

(at day G21). Fetal body weights were decreased, however, following pregabalin
treatment of the males, and malformation indices were increased compared to

control indices (malformation indices were 3/2, 4/3, 5/5 and 11/7 fetuses/litter

with malformations in the control, low-dose, mid-dose and high-dose groups,
respectively). The type of malformations that appear to be increased include anal
atresia, eye defects (anophthalmia, folded retina), and skeletal defects (malformed
thoracic arch, thoracic hemicentra, one less presacral vertebra and fused and

branched ribs). The Sponsor concluded that these results do not demonstrate
male-mediated teratogenicity as there were no matformations that were dose-

related and that all of the findings were similar to historical controls. Dr. Fisher

notes in his review that an increase in total malformations is generally considered

to indicate a teratogenic response. The collective results of the studies, however, .
clearly demonstrate male-mediated developmental toxicity, and are suggestive of o
for male-mediated teratogenicity.

The Female Fertility study indicated that pregabalin treatment disrupted the
female estrus cycle and increased the number of days to mating all doses tested
(=500 mg/kg). At higher doses (>500 mg/kg), pregabalin appears to decrease the
fertility index.

A total of three definitive Segment 11 (Embryo-Fetal Development)

reproductive toxicology studies were completed (mice, rats and rabbits). The

mouse study failed to show evidence of developmental toxicity following doses

up to 2500 mg/kg, however, the study can not be considered to be valid, as it did

not produce clear maternal toxicity. Overall, three different rat studies were
completed to evaluate the potential for pregabalin-induced embryofetal
developmental toxicity. Collectively, the studies provide evidence that pregabalin ... -
may be teratogenic.

Embryofetal development studies were also completed in the rabbit model. Doses
of pregabalin (250, 500 or 1250 mg/kg, gavage) were administered from gestation
day 6 to 20. The incidence of malformations (total number of fetuses/litters with
skeletal malformations) was 0/0, 1/1, 0/0 and 5/4 for the control, low-dose, mid-
dose and high-dose groups, respectively. The Sponsor indicated that these values
were within the historical control range and therefore do not represent evidence of

13
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teratogenicity. Dr. Fisher questions this conclusion in light of the skeletal
changes noted in the rat studies.

Peri- and Post-Natal Development Studies were completed in the rat model,
Rals were dosed with pregabalin at 50, 100, 250, 1250 and 2500 mg/kg. Maternal
toxicity was noted at the high-dose, indicating that the dosing was valid. Under
these conditions, pregabalin administration to pregnant and lactating rats
decreased offspring survival, growth, behavior and reproductive function at doses
of 100 mg/kg and greater (AUC 601 pg-h/ml; 5-fold higher than the human AUC | _——"
at 600 mg/day). Body weight deficits persisted into the post-weaning pertod.
Further, developmental landmarks were delayed at doses of 1250 mg/kg.
Decreased acoustic startle response was seen in pups from dams treated with 250
and 1250 mg/kg when examined at post-natal day 42. Dr. Fisher notes that
similar responses were noted in rats directly treated with pregabalin during the
early postnatal development period in juvenile developmental neurotoxicity
studies. The offspring of the F1 generation were then mated

A series of genetic foxicology studies were completed with negative results,
suggesting that under the conditions tested, pregabalin is neither mutagenic nor
clastogenic in vitro or in vivo.

APPEARS THIS WAY
ON ORIGINAL
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Carcinogenicity: The carcinogenic potential of pregababhin was evaluated in 2-year
mouse and rat bioassays. Although there was no evidence for treatment-related tumors in
rats, two different strains of mice developed hemungiosarcomas. In the first study,
B6C3F1 mice were treated with 200, 1000 or 5000 mg/kg pregabalin in the diet for a
total of 2 years. The dosing for this study was based upon a 13-week dose-range finding
study with the high dose achieving an AUC of at least 25-fold the mean human exposure
(CAC concurred with the protocol). Beginning around week 52, there was an increased
incidence of distended abdomens in males treated with 200 and 1000 mg/kg and females
at all doses. An increase in the incidence of internal palpable masses in the abdomen was
noted in males treated with 1000 and 5000 mg/kg and in femaies treated with 5000
mg/kg. Food consumption and body weight increased in both sexes at all doses. Platelet
counts increased 35 and 33% in males at 1000 and 5000 mg/kg, respectively, and 36%,
32% and 58% in females at 200, 1000 and 5000 mg/kg, respectively. A total of 34 tumor
types were detected in males and 41 tumor types in females. The 6 tumor categories in
each sex that showed a statistical significant positive dose trend are listed in the Sponsor’s
table 27 below:

Table 27.  Tumor Categories With Statistically Significant Peto Test for Dose Trend

Tumer Tyvpe Triend Peto Test Two-Taled
Direction p-Salue

Males
All Tumons : H
Al Mahgnant Tunwws . RN
Adenomit of Advenal Cdand., Cortex {Benipm : TR
Hemangiomas of Bone Martosy, Femuor 1 Baemigng - (12
Interstitiad Codl Tumor of Testay {Bengng - {10130
Hemangosarcoma* - VAT

Females
All Twinors - il
Al Malignant Tumors . i
A Cell Carcipoma of Adrenal Gland, Cortex (Muhunanty : TROAN
Leiomyvoma of Large lntestine, Cocuny (Bemiuny - {173
Adepoma of Mammany Glind (Bengn} . ittt
Hemangiosarcomit® : - fpd

O Mufiple tissoe st
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Table 28. Number of Tumor-Bearing Animals for Fumeor Types With Statistically
Significant Peto Test for Positive-Dose Trend

Sex Tumor Type CLA0M Dose (mgrky)
] 200 1000 3000

M A Tunrs 3 16 48 38
Mo Al Malignast Tumors s 16 30 28
M Adenoma of Adrenal Gland. Cortes (Bemgny {0 0 ] i
M Hemangioma of Bose Mamow. Femr (Benign { 0 0 |
M Intersutial Cell Tumor of Testis {Benigny t 0 {1 !
M__ Hemangosarcoma® e 2 3 19 22
F Al Twmors 44 45 5l 45
F o Al Malignant Tumors, RE 30 40 35
FooooA Cell Carcinont of Adrenal Gland. Cones {Madignant) { { { I
F Leiomyoma of Large Iitestine, Cecum (Benign) ) 0 ) l
Fo Adenoma of Mammary Gland (Benign) | 0 ] 3
F Hemangiosareonae” o 2 7 14 25

Multiple tissue xires

A dose related increase in the incidence of hemangiosarcoma occurred in both sexes at
1000 and 5000 mg/kg. They occurred in multiple tissue, although were most frequently
observed in liver, spleen and bone marrow. Hemanglosarcoma was considered to be
the cause of death in 1, 3, 13 and 13 males and 1,3, 12 and 15 females in the controls and
at 200, 1000 and 5000 mg/kg respectively. The first hemangiosarcoma was diagnosed in
a control female found dead at week 49, suggesting that the development of these tumors
occurred within the first year of treatment in this model. The increase in
hemangiosarcomas in the females treated with 200 mg/kg was not statistically significant;
however, given the overall trend in the results, the results at this dose may be biologically
significant. A retrospective histopathological analysis detected a dose-related increased
inctdence of megakaryocytic hypercellularity in both sexes and total megakaryocytes in
femoral bone marrow (Sponsor’s Table 30 below) at all doses.

Table 30. Tatal Megakarvacvtes in B6CIFI Mouse Bone Marrow

Dose Males Females

(mg'kg) N Count® N Count®
UC 65 4321138 62 4301136
200 63 65842267 66 &0 3¢

1060 64 : E 62

5000 61 63

Table 2.6.7 108, RR "45.03456

N = Nuaber of animals; UC = Untreated control

¢ Significant trend test ar 0.02 (0.005 for quadratic) level of sigmficance,
*  Tetal count- S000 hematopoietic cells: mean T standard eyror.

Hemangiosarcomas were not detected in the rat carcinogenicity studies.
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The Sponsor examined a second strain of mouse, the CD-1 strain, to determine if

the hemangiosarcomas noted in the B6C3F1 mouse were strain-specific. The

results dermonstrated an increase i hemangiosarcomas in CD- 1 mice, although
this strain was not as sensitive to pregabalin-induced tumors as the B6C3F1
mouse. The incidence is summarized n the table below, modified from the

Sponsor’s Tabulated Summary of the study.

Number of Tumors in Al Animals Which Were

Evaluated (without consideration of the causes and

Frequency According to Dese and Sex

relevance)
Biometrical Evaluation: Yes Le 200 mg/kg 1000 mg/kg 000 mg/kg
M F M F M F M F
Number of Animals Evaluated 65 65 65 65 &5 65 65 65
Number of Animals With Neoplastic Lesions 38 46 37 48 31 53 34 47
Number of Animals With Malignant Lesions 26 36 23 39 20 41 26 40
Organ ldentification of the Malig?
Tumor YorN
Bone Marrow Fm | Hemangioma N 0 0 0 0 0 0 0 2
Sarcoma Y 0 0 o o 0 1 0 0
Hemolymphoretic | Hemangiosarcoma’ Y 2 6 5 9 6 10 14§ 13
Histiocytic Sarcoma Y k) 7 1 7 (] 5 1 3
Histiocytoma Fibrous Y 0 2 0 0 ] 0 0 0
Lymphoma Y 5 12 5 i4 3 14 4 12

1 Multiple tissue sites, primarily {tver, spleen, bone marrow and uterus.

To determine if the hemangiosarcomas were reversible, animals were treated for
12 months followed by 12 months of recovery time. As indicated in Sponsor’s
table 67 reproduced below, the incidence of hemangiosarcomas in the 24-month
treatment group was higher than in the 12-month plus recovery group (Stop
Treatment Group). However, the study clearly supports the conclusion that the
B6C2F1 mouse is particularly sensitive to pregabalin-induced hemangiosarcoma

formation.
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Table 67. Frequency and Distribution of Hemangiosarcoma in Female B6C3F1 Mice
Given Pregabalin for 12 or 24 Months

Pregabalm (mg/kg)
Control 50 200 1000
24-Month Treatment Group
Hemangiosarcoma incidence” 4/61 4/61 7/61 15/57
Distribution”
Liver 1 0 3 6
Spleen 3 3 4 7
Bone marrow 0 2 2 2
Hean 0 0 0 2
Stop Treatment Group®
Hemangiosarcoma incidence” 5/60 6/61 5/60 10/564
Distribution”
Liver 3 2 0 3
Spleen 4 3 6
Bone mammow i 4 3 3

able 2.6.7.10F. RR 745-03832
p <0.001
p=0.017
Number of animals with hemangiosarcoma/total aumber of animals
Some animals had hemangiosascoma in more than 1 tissoe
Mice received drug in diet for 12 months and then maintained an additional 12 months on control diet
Prior to RECTOPSY.

nowr -ﬂ;..._q.....}

The Sponsor conducted extensive mechanistic studies to provide evidence that the
hemangiosarcomas are truly species-specific and therefore not of concern for the
proposed clinical indications.

APPEARS THIS way
ON ORIGINAL
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A retrospective examination of the target organs (liver, spleen and bone/bone
marrow) and non target organs (lung, kidney and lymph node) for proliferative
vascular lesions and other non-neoplastic changes was completed. The incidence
of minimal to mild hepatic sinusoidal cell hyperplasia was increased in the 200
and 1000 mg/kg groups with a lower incidence in the 5000 mg/kg treatment
group, possibly due to increased mortality. This hyperplasia likely represents
proliferation of Kupffer and or endothelial cells. There was a dose-related
increase in the incidence of hypercellularity in bone marrow megakaryocytes in
both males and females. Total megakaryocytes in femur bone marrow (sternal if
necessary) increased 52%, 79% and 104% in males and 38%, 66% and 83% in
females treated with 200, 1000 and 5000 mg/kg pregabalin, respectively.
Retrospective analysis of peripheral blood smears detected a dose-related increase
in RBC and platelet morphologic abnormalities. RBC abnormalities were
predominately the presence of schistocytes. Platelet abnormalities were described
as bizarre shape change with numerous pseudopodia, central condensation of
platelet granules, platelet swelling, hypogranulation and the presence of platelet
aggregates undergoing partial to complete degranulation, consistent with platelet
activation. Giant platelets the size of erythrocytes were increased in a dose-
dependent matter, suggesting increased platelet turnover (summarized in the
Sponsor’s table reproduced below).

Table 31. Peripheral Blood Abnormalities in B6C3F1 Mice Given Pregabalin for

2 Years
Dose N Nonupiform Giant Platetets Platelet Schislocytes
(mpkp) Platelet Size (%4) (") Aggrepates (%h) (%)
Male
uc 33 13.1 1.9 1.9 1.9
200 47 12.8 2.1 8.3 21
1000 36 7540 63.9 {39 16.7
5000 17 1¢0.0 100.0 294 412
Female
uc 42 19.0 24 24 24
200 4l 17.1 4.9 7.3 4.9
1000 27 444 222 18.5 1.1
5000 23 91.3 522 104 26.1

Table 2.6,7.10B, RR 743-03714
UC - Untreated conirol.

Similar to the results in the B6C3F1 mouse, peripheral blood abnormalities were
noted in the CD-1 mouse, although overall effects were less than those noted in
the B6C3F1 mouse model (see Sponsor’s table 35 below):
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Tahle 35. Peripheral Blood Abnormalities in CD-1 Mice Given Pregahalin for 2 Years

Dose N Nomumform Guant Platelet
(mgke) Platelet Size (%)  Platelets (%) Aggregates (%) (%)
Male
uc 46 22 22 43 0.0
200 38 0.0 53 79 53
1000 39 10.3 00 5.1 26
5000 39 66.7 46.2 179 103
Female
uC 49 20 20 40 2.0
200 48 16.7 0.0 0.0 £3
1000 &7 355 85 12.8 43
5000 45 200 178 44 i1.1

Table 2.6.7.10C, RR 74503714
N = Number of animats: UC = Untreated control.

The incidence of pulmonary macrophage infiltrates and/or granulomatous
inflammation was increased in drug-treated groups. These lesions were typically
focal/multifocal and minimal to mild in severity. The Sponsor noted that these
types of changes are seen spontaneously in aging mice and there was no
relationship between drug treatment and presence of pulmonary neoplasia.
Further there were no proliferative nonneoplastic findings in the lymph nodes or
kidneys. Examination of the cell types involved in the liver changes was also
completed.

Sponsor's Table 7 below (from the 1/30/2004 submission) summarizes the steps
proposed to lead to hemangiosarcoma formation and provides a comparison
between the mouse, rat, monkey and human platelet and endothelial functions:

Table 7. Species Specificity of Pregabalin-Induced Changes in Parameters
Assoctated With Hemangiosarcoma Formation in Mice

Parameter B6C3FI  CD-t Wistar Monkey Human
Mice Mice Rat

Altered Respiration + ND + ND ND
Acid-Base imbalance + ND - ND H
Increased Platelet Count + + - - -
Altered Platelet Aggregation + + - - -
Altered Platelet Morphotogy + + - - -
Increased Platelet Activation + + - ND -
Increased Circulating PDGF + 2 - ND -
Increased VEGF - Spleen + + - ND ND
Increased VEGF-R2 + ND - - ND
Increased Endothelial Proliferation + A - - ND

+ = Effect; - = No effect; ND = No data.
* No data at relevant doses or time points.,
®  Based onabsence of change in serum bicarbonate in 2 independent clinical trials.
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Based upon the mechanistic studies completed and summarized in the table
above, the Sponsor concluded the following:

Results of investigational studies in mice, rats, monkeys, and humans indicate
that the mode of action responsible for the increased incidence of
hemangiosarcoma in mice is specific to mice. Therefore, the tumor findings in
mice are not relevant to humans, and pregabalin does not represent a
carcinogenic risk to humans.

B. Pharmacologic activity

Pregabalin binds to the a,-8 protein, an auxiliary protein associated with voltage-
gated calcium channels. High voltage-gated calcium channels (P/Q,N,Rand L
types} are composed of four subunits, including o, @8, B and y. The ol subunit
forms the pore of the channel. The other three subunits are calied auxtliary
subunits. Characteristics of auxiliary proteins include: 1) they are present in the
purified channel complex, 2) they direct interaction with the oy pore, (3) they are
capable of directly modulating the biophysical properties and/or trafficking of the
a subunit and (4} they form a stable association with the ay subunit, The cartoon
below depicts the proposed structure of the high voltage calcium channel subunits
with the c:8 subunit shown in yellow (from Arikkath and Campbell, 2003). The
& portion of the protein serves as the membrane anchor, while the o, portion of
the protein interacts with the o) subunit (Arikkath and Campbell, 2003).

APPEARS THIS WAY
ON ORIGINAL
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FAgure 1

Subunit interaction
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Intracellular
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Guanylate kinase-like domain

Curent Cpirion In Kaurobioiagy

Predicted mem brane topofogy., subunit mtemctions and strucharal domais of the ausi fary subunéts of the voltage-gated calcim channeta The
voliage-gatad calcium channels are composed of the pore boamng o, Frbunit and the auxiliary w28, B and ¢ subunits. The ¢ and y subunits
cortain fransmemtbrane domans, wharaas tha  subunt & entinely infracsiiular. Afl threa auxikary mibunits inberact dectly with the e, subunit, with na
known ster-awuxkary subunt nteractions. Each of the mprliary subunits contains unique sruchural domains as shawn

There are at least 4 genetically distinct a8 subunits described (@28-1 through o;8-4),
each with a slightly different tissue distribution. The summary table below was extracted
from Arikkath and Campbeli (2003).

Table 1

The & subunit is heavily glycosylated with different forms that are differentially
glycosylated. This glycosylation is important regarding the function of the protein. The
0.28-1 subunit is the most characterized subunit and has been implicated in the actions of
gabapentin. Further studies indicate that the a;8-2 is also a binding site for gabapentin.

23




Reviewer: R Daniel Mellon, Ph.D. NDA No. 21-446

In contrast, gabapentin does not bind to «:8-3 {Gong et al, 2001). The functional effect
of pregabablin or gabapentin binding to the w6 subunit appears to be dependent on the
model examined. In vitro, pregababiin reduces the release of glutamate, norepinephrine,
serotonin, dopamine, Substance P and CGRP from certain brain nissues. Pregabalin
reduces calcium flux in isolated presynaptic terminals (synaptosomes). Pregabalin-
induced reduction of calcium flux is enhanced in tissues with prior activation of the
neural tissues, i.e., inflamed tissues. Pregabalin does not completely block calcium
channel function or completely reduce neurotransmitter release.

The o;8-1 subunit has been detected in the brain, heart and skeletal muscle. The ot26-2

subunit has been associated with an increase in current amplitude and has been detected
in the lung, testis, brain, heart, pancreas, prostate, skeletal muscle and spinal cord.

APPEARS THIS WAY
ON ORIGINAL
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C. Nonclinical safety issues relevant to clinical use
Hemangiosarcomas:

Both the Sponsor and Review Divisions agree that the findings of an increased incidence
of hemangiosarcomas in both strains of mice are real findings. Based upon the results
from the B6C3F1 mouse study (i.e., the most sensitive species/strain), the exposure
multiples for the proposed 600 mg/day dose in humans is presented in the table below
(modified from Sponsor's Table 5, Nonclinical Overview):

Incidence of Hemagiosarcoma:in:B6C3F1 Mice Given Pregabalin for 2 Year
Dose (mg/kg)

* | LI 200 1000 5000
Males 2 3 1o o
3% 5% 29%
Females ) 5 7 : e
3% H%
Exposure Multipleb (600 mg) 1.]-1.:2 T
Exposure Multiple® (300 mg) 2224

¥ Statistically increased compared to control, p <6.001.

Historical incidence in control B6C3F1 mice: Males: 0%-13%: females: 0%-8%.

a 64-66/sex/group.

b Comparison to mean exposure in humans given the maximum recommended dose of 600 mg/day.
| ¢ Comparison to mean exposure in humans given the maximum recommended dose of 300 mg/day.

Although the incidence in the females treated with 200 mg/kg was not statistically
significant, the response appears to be treatment-related. The exposure multiple at this
dose is approximately equivalent to the human exposure at the maximum recommended
daily dose. If the maximum daily dose were limited to 300 mg/day for this indication, the
exposure ratio is still betow 10. Based upon this analysis, an adequate safety margin for
pregabalin has not been established.

Although the B6C3F1 mouse model is clearly the most sensitive species examined to
date in terms of pregabalin-induced hemangiosarcomas, the Sponsor's position is that this
model ts not the most appropriate species for human risk assessment. This conclusion is
based largely on extensive studies characterizing the effects of pregabalin on cells likely
to be involved in the tumor production. Based upon the results of these studies, the
Sponsor has proposed the following series of etfects as the mostly likely mechanism for
hemangiosarcoma production in mice. The studies submitted in January of 2004
provided evidence that pregabalin treatment of B6C3F1 mice decreased minute volume
without an increase in tidal volume. The Sponsor states that compared to rats and
humans, mice have a higher pO, in arterial blood and lower pO; in venous blood. This is
consistent with the higher metabolic rate in mice than either rats or humans. Mice also
have lower arterial bicarbonate and a broader range for pH than either humans or rats.
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The collective results suggest that pregabalin produces respiratory depression in mice
leading to a relative alkalotic state that is not compensated for. The resulting tissue
hypoxia and chronic relative alkalosis are hypothesized to be the key stimuli ultimately
leading the and increased incidence of hemangiosarcoma in this model.

The Although the Sponsor has conducted extensive studies to characterize the changes in
the tissues described above to delineate the mechanism of the pregabalin-induced
hemangiosarcomas in mice, the studies characterize effects on specific cell populations
thought to contribute to tumor formation, such as the platelets, megakaryocytes and
endothelial cells. Drs. Terry Peters, Edward Fisher, Lois Freed, Jerry Cott and myself
have reviewed these study results. In Dr. Fisher's and Peters' reviews for this NDA, they
clearly note that although a plausible explanation, there remain specific inconsistencies in
the data and thus the hypothesis that has been put forth by the Sponsor is not conclusive.
The proposed mechanism leading to the development of the tumors and the species
specificity is correlative rather than concrete. As such, the incidence of
hemangiosarcomas in mice should be described in the label. The conclusion that these
findings are not related to humans is too strong a conclusion at this point in time.

A second concern related to the mechanism proposed by the Sponsor is the unique tissue
pathology in advanced diabetic patients. Specifically, patients with diabetes have a high
incidence of vascular abnormalities. The clinical presentation of an individual with
diabetes present with unique complications including macrovascular complications (i.c.,
coronary disease, stroke and peripheral vascular disease) and microvascular disease (i.c.,
retinopathy, neuropathy, nephropathy). In addition, diabetic patients without vascular
abnormalities have been shown to have enhanced basal platelet activation and decreased
antioxidant status (Vericel et al., 2004), increased mean platelet volume (Hekimsoy et al.,
2004), elevated fibrinogen levels and megakaryocyte ploidy (Brown et al., 1997). As
such, the diabetic patient population is already sensitive to perturbations in the
vasculature tissues and their platelets appear to be already sensitized similar to those
described in the studies with pregabalin. Further, as the proposed biomarkers for
hemangiosarcomas are commonly noted in diabetic patients, there is no method to predict
impending tumor formation. As such, an additional safety margin of 10 should be placed
on top of the safety margin of 10 set for the extrapolation from animals to humans.

A third concern related to the findings of hemangiosarcomas in mice related to preclinical
carcinogenicity assessment of the peroxisome proliferator-activated receptor {PPAR)
class of compounds in the Division of Metabolic and Endocrine Drug Products. PPARs
are members of a nuclear hormone receptor superfamily. There are three PPAR subtypes
(o, /6 and v). PPARy is expressed in high levels in white adipose tissue, as well as
many other tissues, including macrophages, B and T lymphocytes, epithelial and
endothelial cells expression in the gene expression. Several PPARy agonists have been
approved for the treatment of diabetes due to their ability to sensitize cells to insulin
(Rangwala and Lazar, 2004). The prototype drug, troglitazone, was shown to produce
hemangiosarcomas in the B6C3F1 mouse model (males and females) but not in rats. The
exposure ratio for troglitazone was 15-20 times the maximum daily human dose.
Interestingly, this drug has been withdrawn from the market due to hepatic concerns, the
class of drugs are being evaluated for a variety of conditions. Rosiglitazone and
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ploglitazonce have been approved for human use and do not show hemangiosarcomas.
Two other drugs 1n this class have been tested for carcmogenicity and have demonstrated
hemangiosarcomas in both male and female CD-1 mice. Over all, the DMEDP have 11
total drugs in the PPAR category. Of those, 8/11 display hemangiosarcomas. According
to Dr. El-Hage, the French regulatory authorities held a Diugs Biomedical Research
Expert Panel Meeting in December of 2003 to discuss this issue. As a result of this
meeting, the French have recommended the results of carciogenicity studies for these
compounds be submitted prior to Phase 11 trials of > 6 month duration. This policy has
also been proposed to the ECAC who concurred. As rosiglitazone and pioglitazone are
approved drugs indicated for the type 2 diabetic patient population, the potential for drug
interactions with pregabalin should be examined, with specific emphasis on the
development of vascular abnormalities and hemangiosarcomas.

PPARy agonists play an important role in the immune response by dampening
inflammation and by attenuating macrophage/monocytes synthesis of proinflammatory
cytokines and reduction in B lymphocytes. PPARYy has also been targeted for a malignant
cell database by attenuating macrophages/monocytes synthesis of proinflammatory
cytokines by monocytes/macrophage cell lines. PPARYy agonists have been shown to
have beneficial effects on the vasculature as well by regulating the proliferation and
migration of vascular smooth muscle cells and improving endothelial cell function.
Clinical studies have suggested PPARY produces improvements in blood pressure
regulation of vascular inflammation, development of atherosclerosis (Colhins, 2003).
Recently, the approved PPARY agonist pioglitazonc was shown to suppress the increase
in adhesion molecules CD11b/CD1 8 on MLP-stimulated leukocytes. This suppression
did not block fMLP-induced calcium influx in the leukocytes, sugpesting that the
chemotactic signaling cascade was not altered (Imamoto et al., 2004).

Reproduction and Developmental Toxicology:

The effect of pregabalin on the male and female reproduction and development were
reviewed by Dr. Ed Fisher. Overall, the toxicities noted are not minor. I concur with Dr.
Fisher's assessment that the effects of pregabalin on male fertality are significant and
suggestive of male-mediated developmental toxicity, including teratogenicity. Dr.
Fisher's conclusion is reproduced below (Highlights added):

In animal studies that can be considered adequate for regulatory purposes, pregabalin was
shown to be a selective reproductive and developmental toxicant. Effects included male and
fernale fertility impaimment in rats, teratogenicity in rats and rabbits, embryofetal and pup lethality
in rats, and developmental nervous and reproductive system functional impairment in rats. Most
of these effects are fairly typical for anticonvulsants, but the degree of reproductive impairment (in
both FO and F1) and the high rates of embryofetal and pup mortality are unusual for this class. In
addition, apparent male-mediated developmental toxicity was observed, which is extremely
unusual {possibly because it is rarely examined). This is a poorly understood phenomenon that
remains controversial in the teratology literature (Friedman, Adv Exp Med Biol 518:219-26,2003).
However, until the sponsor is able to refute the findings described in RR 745-03322 (decreased
body weights and increased maiformations in the offspring of treated male rats mated with
untreated females), it seems prudent, from a regulatory standpoint, to report them in labeling
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{they may actually warrant highlighting in some way). The stgnal for in utero teratogenicity was
not especially strong, but was present in two species. The related compound gabapentin was
found to be embryctoxic (increased incidences of visceral varigtions in rats, decreased
embryofetal and pup survival in rats, decreased ossification in mice and rats, increased
postimplantation embryofetal loss in rabbits), but was not teratogenic and did not affect
reproductive performance in animal studies submitted to support its approval. There was little
safely margin in terms of the plasma levels of pregabalin associated with reproductive and
developmental toxicity in animals relative to expected clinical drug levels. NOELs for the most
sensitive endpoints were 100 mg/kg for effects on rat sperm and 50 mg/kg for effects on
growth in rats exposed pre- and postnatally, which produced AUC values of 408 and 241
ug.h/mi, respectively. Expected maximum exposure in humans at the MRD of 600 mg/day
is reportedly 122 ug.hr/ml.

| Exposure Multiples for Selected Reproductive and Dévelopmental Toxicology .

Endpoint.  ~~~ ~ Dose I Endpoint Dose

N . Growth in rats exposed "
Rat Speltm [§ atho[ogynNOI:L | 100 nj:g/kg | pre-natally and postuatally 50 mg{kg
'ég{pésufé Mlulltiple f600 mg) __ 33 _'..._k,__ - T 2
Exposure Multiple (300 mg) 6.6 4

The toxicity described by Dr. Fisher will have to be evaluated in light of the risk
associated with exposure to the drug and the indication being treated. The specific
toxicities noted in the reproductive and developmental toxicology studies are significant
and should be clearly outlined in the labeling.

Dermatopathy:

The changes noted in the tails of monkeys and rats provide a clear signal for the potential
for dermatological pathology in the clinical setting. According to the Sponsor's
summary, "the etiology of the skin lesions remain unknown." However, the Sponsor’s
overall conclusion (Submission dated 1/30/2004) states “From the available data, Pfizer
concludes that the dermatopathy observed in the nonclinical studies does not appear to be
relevant to humans given the low incidence of wound healing abnormatities in the DPN
population and in pregabalin-treated patients across all indications, and does not suggest
a need for special concem in diabetic patients treated with pregabalin.” From the
nonclinical pharmacology and toxicology perspective, I concur with Dr. Cott. I can not
agree with the Sponsor that the lesions are not of concern, especially for the diabetic
patient population.

Clinically, diabetic neuropathy could involve autonomic function thereby leading to
bladder dysfunction, erectile dysfunction, dyspareunia, gastroparesis, enteropathy,
exercise intolerance, postural hypotension and polyradiculopathy among other alterations.
In addition, the neuropathy can produce pain and altered sensory function which can lead
to the loss of protective sensations, altered biomechanics and peripheral vascular disease.
Careful foot care becomes critical to avoid tissue damage that may not heal or uicers,
which may go noticed and ultimately requiring for amputation (Huntley, 1993).
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A common condition of diabetes includes skin manttestations, increased viscosity of
blood due to stiff red blood cell membrancs leading to engorgement of post-capillary
venules and papillary dermis. Dermal manifestations include Diabetic thick skin,
typically in the fingers and hands ranging from pebbled skin to scleroderma-like changes.
Scleroderma of Diabetes histologically presents as a thickened dermis with large
collagen bundles separated by clear spaces. There may be an increase in the number of
mast cells. Diabetics often have a yellow hue to their skin, which may be due to the
deposition of glycosylation end products (Huntley, 1993).

Diabetics have a higher incidence and prevalence of large vessel disease and develop
myocardial infarctions and strokes at a younger age than non-diabetics. Atheroslerosis
may be present in the lower extremities and result in skin atrophy, hair loss, coldness of
the toes, nail dystrophy, pallor upon elevation and mottling on dependence.
Microangiopathy is one the major complications of diabetes mellitus, and can affect the
small blood vessels of the retina and renal vasculature teading to blindness and kidney
failure. Microvascular pathology has also been thought to contribute to diabetic
neuropathy and the “diabetic foot.” Histologically the skin presents with
microaneurysms or hemorrhage, exudates and devascularized areas. In somc cases,
severe microcirculatory problems can lead to gangrene. Functional microangiopathy may
be due to glycosylation of blood components such as hemoglobin, red blood cell
membranes, fibronectin, {ibrinogen, and platelets. The glycosylation of the red blood cell
causes the cell membrane to be less pliable and thereby impedes flow through the
capillaries. Diabetics also have increased concentrations of fibrinogen and capillary
leakage leading to loss of albumin and water. There is an increased tendency for diabetic
platelets to aggregate. Overall there can be an increase in blood or plasma viscosity.

Diabetic dermopathy, or atrophic hyperpigmented macules on the skins is one of the
most common cutaneous manifestations. The etiology of these irregular round or oval,
circumscribed, shallow lesions is not clear. One potential cause has been atrophy of the
tissue following trauma resulting in inflammation in poorly vascularized skin.
Pigmented purpura is a salt and pepper yellow-tan hyperpigmentation of the skin
commonly found in older diabetics. The clinical signs are thought to result from red
blood cell extravasation from superficial vascular tissues. Patients commonly
demonstrate cardiac decompensation and edema in the legs (Huntley, 1993).

Diabetic bullae describes blisters that spontaneously appear on the extremities of
diabetics (typically hands or feet). The lesions are not the resuit of trauma or infection
and tend to heal without treatment. There are three types of blisters noted. Spontaneous
clear, sterile blisters typically heal within 2 to 5 weeks. Histopathologically, the tissue
displays an intraepidermal cleavage without acanthlysis. The second type of diabetic
bullae presents with a lesion that is hemorrhagic and although it does heal, produces
scarring and atrophy. Histologically, the cleavage plane is below the dermoepidermal
junction. The third type of diabetic bullae presents as multiple tender nonscarring blisters
on sun-exposed and deeply tanned skin. Histologically, the cleavage plan occurs at the
lamina lucida (Huntley, 1993).
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3.6 OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: The nonclinical studies conducted to date identify three major areas of
concern: hemangiosarcomas, reproductive and developmental toxicity and dermal
toxicity. Based upon these findings, it does not appear prudent to approve NDA 21-446
due to the significant toxicity noted. As Lyrica® appears to show efficacy for the
treatment of pain associated with diabetic neuropathy, and a clear signal for
dermatological toxicity has not been detected. Regardiess, the risk-benefit analysis must
ultimately determine the approvability of the drug. From a purely non-clinical
pharmacology toxicology perspective, 1 believe that the toxicities associated with the
drug may have significant impact on the health and welfare of diabetic patients. Should
the NDA ultimately be approved, individuals taken the medication should be clearly and

encourage both the physician and the patient to carefully monitor the extremities for any

specifically informed about the results of the animal findings. Further, 1 would strong])ix Cl e Q\

signs of dermal toxicity.
Unresolved toxicology issues (if any):

Hemangiosarcomas: The significance of the mouse hemangiosarcomas to the human
patient population is unknown. The Sponsor has conducted extensive mechanistic studies

in an attempt to demonstrate that the findings in mice are not relevant to humans. These
studies suggest that the mouse model is uniquely sensitive to perturbations in platelet
function which contributes to the generation of these tumors. As diabetic patients are
known to have platelet abnormalities which contribute to diabetic vascular pathology, 1t

is not clear if this patient population will also be more sensitive to the effects of

pregabalin treatment as well. There docs not appear to be a viable biomarker for these
effects, specifically for this patient population. Further studies should be completed to
identify a reliable biomarker for this specific patient population. Finally, as the use of
PPARY agonists is increasing in the treatment of diabetic patients, and this group of drugs -
is also associated with an increase in the incidence of hemangiosarcomas in rodent ot
models, the potential interaction of these two treatments should be charactenized prior to
approval.

Dermatopathy: The significance of the rat and monkey tail lesions to the human
diabetic patient population is unknown. The diabetic patient population, particularly
those with neuropathy, are very sensitive to tissue damage due to their inherent unsteady
gait/proprioception, their decreased sensation to notice bumps bruises or painful skin
abnormalities, their decreased immune function and their decreased wound healing
capabilities. Further histological analysis of the dermal lesions in light of the types of
lesions noted in this patient population may provide an investigator the ability to clearly
distinguish the cause of the lesion. Additionally, wound healing studies should
completed in a diabetic mouse model to characterize the effects of pregabalin in a model
that more closely resembles the physiological status of advanced diabetic patients.
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Recommendations: From a pure non-clinical pharmacology and toxicology perspective,
there are significant concerns with the safety of this drug, particularly in a diabetic patient
population. At this time, | must recommend that NDA 21-446 not be approved for this
patient population.

Suggested labeling: The following recommendations on labeling were extracted from
Dr. Fisher's Review of the Reproductive and Developmental Toxicology Studies and
Carcinogenicity Studies and Dr. Cott's review of the general toxicology data:

RECOMMENDED L ABELING

Carcinogenesis/Mutagenesis/impairment of Fertility

Carcinogenesis

-

. e ———

Impairment of Fertility

Preclinical Data

("

3
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Labor and Delivery: The effects of pregabalin on labor and delivery in pregnant women are
unknown. In the prenatal-postnatal study in rats, pregabalin prolonged gestation and induced
dystocia T 71 times the mean human expasure [AUG{0-24) of
123-pg-heimblat the maximum recommended clinical dose of 600 mg/day) . J

Signatures (optional):
Reviewer Signature  R. Daniel Mellon, Ph.D.

Supervisor Signature ~ Concurrence Yes  No
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EXECUTIVE SUMMARY

Recommendations
Al Recommendation on approvability

This application is not recommended for approval for the indication of diabetic neuropathy
from the pharmacology / toxicology perspective.

B. Recommendation for nonclinical studies

Additional studies should be conducted to determine the mechanism of dermatopathy in
rats and monkeys and the potential relevance to humans.

C. Recommendations on labeling

Modifications of labeling are recommended in the Carcinogenesis, Mutagenesis,
Impairment of Fertility section. Dr. Ed Fisher (HFD-120) revised this section of the
labeling, as he reviewed the reproductive toxicology studies and HFD-120 coordinated the
consult with Dr. Terry Peters to review the hemangiosarcoma mechanism studies. This
reviewer (JC) added an Animal Toxicology section to the label to describe the devetopment
of dermatopathy in rats and monkeys and the possible relationship to human skin
ulceration, particularly in diabetic patients.

Summary of nonclinical findings
A Brief overview of nonclinical findings

Pregabalin is structurally related to y-aminobutyric acid (GABA); however, it is not active
at GABA4, GABAS, or benzodiazepine receptors and it does not alter GABA degradation
or acutely change GABA uptake. Like gabapentin (Neurontin®), pregabalin binds with
high affinity to the 0,-8 auxiliary subunit of voltage-gated calcium channels and has
analgesic and antiseizure activity.

Pregabalin is well absorbed following oral administration. Absolute bioavailability of
pregabalin is high (>80%) in mice and rats at a 50 mg/kg dose and in monkeys at a 10
mg/kg dose. Urine is the principal route of '*C excretion following ["*C)pregabalin
admimstration. In mouse, rat, and dog, > 80% of the [14C] pregabalin PO dose is present in
the 0 to 24-hr urine sample, while >71% to 75% is excreted by monkey during the same
interval. More than 90% of the dose was recovered in 0-96 hour urine in rat and monkey.
Pregabalin undergoes minimal metabolism in mouse, rat, and monkey with unchanged
parent representing the majority (> 90%) of drug-derived material in urine.

[ 4C]Pregal:ualin 1s widely distributed in most tissues and crosses the blood-brain barrier in

mouse, rat, and monkey after PO administration. Afier oral administration, the drug was
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rapidly absorbed n rat and monkey with maximun plasina concentrations achieved within
I'and 2 hours postdose, respectively. Pregabalin elimination half-life (tV2) was 3.4, 3.9,
and 5.8 hours in mouse, rat, and monkey, respectively, following intravenous (1V)
administration of 50, 50, and 25 mg/kg, respectively. Absolute oral bioavailability of
pregabalin was 94%% and 83% in nuce and rats, respectively, at a 50 mg/kg dose. Absolute
PO bioavailability in monkeys was 93% at 10 mg, kg, and reduced at higher doses.
Pregabalin did not bind to mouse, rat, monkey, or human plasma proteins.

The genotoxic potential of pregabalin was evaluated in a series of in vitro and in vivo tests.
Pregabalin was not mutagenic up to 5000 pg/plate in S. typhimurium and E. coli in the
absence and presence of metabolic activation prepared from B6C3F1 or CD-1 mouse or
Wistar rat liver. In mammalian cells in vizro, mutation and structural chromosome
aberration frequency were not increased up to 1600 pg/mL with or without metabolic
activation. Single doses of pregabalin up to 2000 mg/kg to B6C3F! or CD-1 mice and
Wistar rats did not induce unscheduted DNA synthesis in hepatocytes. The micronucleus
frequency was not increased in bone marrow from B6C3F | or CD-1 mice or Wistar rats
given single oral doses of pregabalin up to 2000 mg/ke, Based on negative findings in all
the studies conducted, pregabalin does not exhibit genotoxic or DNA-damaging potential.

B. Pharmacologic activity

Pregabalin is structurally related to the naturally occurring amino acids L-leucine and y-
aminobutyric acid (GABA). However, it is not active at GABA4, GABAg, or
benzodiazepine receptors and it does not alter GABA degradation or acutely change
GABA uptake in brain tissue. Like gabapentin (Neurontin®), pregabalin binds with high
affinity to the u,-6 auxiliary subunit of voltage-gated calcium channels. This subtle
pharmacological alteration conceivably translates into a significant inhibition of neuronal
calcium influx and subsequent calcium-dependent nenrotransmitter release (Dooley et al.,
2002). Analgesic, anxiolytic-like, and anticonvulsant actions of pregabalin are reduced in
mutant mice with defective drug binding to -8 Type | protein. These findings support
the hypothests that the extent of binding of pregabalin to a,-8 protein predicts the degree of
pharmacological activity in vivo. Furthermore, the data with genetically altered mice
suggest that binding at the a;-3 site is a primary mechanism of pregabalin that is necessary
for pharmacological activity in animal models.

Pregabalin potently displaces [* H]gabapentin binding to pig brain membranes in vitro (ICsp
value of 0.037 uM or 0.006 pg/ml.. Binding of [3H]gabapentin to recombinant ;-8
protein is inhibited by pregabalin with K, values of 0.042 uM for Type 1 uz-6 protein
cloned from pig brain and 0.044 uM for Type 2 a,-6 protein cloned from human brain.

C. Nonclinical safety issues relevant to clinical use

Dermatopathy



Shin lestons were seen in repeated-dose toxicology studies in both rats and monkeys. They
are churacterized grossly by a speetrum of lesions ranging (rom erythema to necrosis, and
histolowieally by hyperkeratosts, weanthosis, f[ibrosis, and or necrosis of the tarl. In rats,
the ineidence of lesions began to inerease in ovral repeated-doses studies -2 50 mgykg, with
assoctated AUCG -0 - 247 pghr mi.. Lesions typically appeared within the first 2 weeks
altreatment at higher doses and resolved in most affected animals by Week 7 in the 13-
week study and by Week 4 in the 52-week study. Smalar skin lesions were obsenved in
monkey s m oral repeated-dose studies. Skin alterations were prominent and common at
506 my kg almost exclusively on the tal; one female at S00 mg kg for 4 weeks also had
skin sores on the nndpaws. [n the chronie monkey study, lesions were observed at .- 25
myg kg with plasma pregabalin AUC w2 values - 219 pg-hr'ml.. Tail amputation was
neeessary in 5 of 30 monkeys at > 500 mg'kg. To a lesser extent than in rats, lesions in
altected monkeys sometimes healed prior to study termination Subcutaneous tail
termperiture, used as an indirect measure of tail blood flow in the chronic monkey study,
showed no consistent differences between control and high-dose animals, or between
affected and unaffected ammals within the same group. Pregabaiin at 5% and 7.5% did not
induce contact sensitization (allergic dermatitis) in rats in the local lymph node assay,
suggesting the fack ol'an timmune-mediated mechanism. To date, the etiology of the skin
lesions in rats or monkeys remains unknown. No tail dermatopathy was observed in mice
given repeated oral doses of pregabalin up to 13 kg upto 13 weeks. However, missing
tml tips were observed in mice given up to 5000 mg/kg (AUC o245 0f 3150 pg-hr/mL) in
the BOCIFT but not the CD-1 carcinogenicity study. The relattonship of this lesion in
B6C3FI mice 1o the dermatopathy in rats and maonkeys 1s not clear.

The climical therapeutic dose range of 150 to 600 my/day (3 1o 12 mg/kyg/day based on
body werght of 50 k) yiclds a pregabalin exposure (AUCy.24y 00123 pg-h/ml.). As such,
there 1s only a 2-fold safety margin in rats and monkcys for the dermatological changes.
The more severe dermatopathies (Figures below) involving necrosis (not reversible) occurs
at = 500 my'ky in both rats and monkeys. These doses ure associated with AUC’s of
around 1300 and 1000 pg-hr/mL in rats and monkeys, respectively, and provide a safety
margin of approximately 8 to 10-fold.

Figure: Images of dermatopathies from 4-weck oral rat and 13-week oral monkey
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Carcinogenicity

A total of 4 definttive lifetime carcinogenicity bioassays were performed: 2 in different
strains of mice (B6C3F1 and CD-1) and 2 in Wistar rats. These studies are adequate from
a regulatory standpoint (the initial studies in B6C3F1 mice and Wistar rats were evaluated
by the Exec-CAC). Both mouse studies demonstrate dose-related increases (doses of 200,
1000, and 5000 mg/kg) in hemangiomas and hemangiosarcomas. While the 200 mg/kg
dose was not considered statistically stgnificant, the incidence was greater than controls
and it was on the dose-response curve. At this dose in B6C3F1 mice, AUC exposure is
140 — 153 pg-hr/mL, providing no safety margin for clinical exposures of 123 pg-hr/mL
(Figure below),

Hemangiosarcoma + Hemangioma
Incidence: B,C,F, mice

(reported spontaneous incidence ~ 3 %)
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21-446
Review number: |

Sequence number/date/type of submission: 000
Information to sponsor: Yes (X)No ()
Sponsor and/or agent: Pfizer, Inc.

Manufacturer for drug substance:

Reviewer name:
Division name:

HFD #:
Review completion date:

Drug:
Trade name:
Generic name:
Code name:
Chemical name:
CAS registry number:
Molecular formula/molecular weight:
Structure:
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Drug class: Anticonvulsant

Indication: Neuropathic pain associated with diabetic pertpheral neuropathy

Clinical formulation: The contents of each LYRICA capsule for oral use are 25, 50, 75, 100,
150, 200, 225, or 300 mg pregabalin, lactose monohydrate, cornstarch, and talc. The capsule
shells contain gelatin and titanium dioxide. In addition, the orange capsule shells contain red iron
oxide and the white capsule shells contain sodium lauryl sulfate and colloidal silicon dioxide.

Colloidal silicon dioxide is a manufacturing aid that may or may not be present.

Route of administration; Oral

Proposed use:

Pain associated with diabetic peripheral neuropathy

Disclaimer: Tabular and graphical information are constructed by the reviewer unless ciied

otherwise.

Studies reviewed within this submission:

Pharmacology Studies reviewed - See Appendix I listing. Most pharmacology studies were
reviewed with the initial IND submitted to HFD-120 by T.D. Steele (review attached as Appendix
I1). These studies and reviews were referred to in order to compile the pharmacology section of
the NDA but are usually not referred to individually.

Toxicology Studies: The following toxicology studies were reviewed with the initial IND by T.D.

Steele (Appendix 1I) and are not summarized individually in this NDA:

gg::if Species/Strain T:::?n(;:tra tion [I—)urati; Dose (mg/kg) ﬁﬁ‘;’; .
Single-Dose  [Mouse/B6C3F1 [Gavage 5000 1250-01674
[Foxicity RavWistar  |Gavage 5000 250-01667
Mouse/B6C3F1 [Intravenous 00 250-01678
[Rat/Wistar Intravenous 00 250-01675
Repeat-Dose  [Rat/Wistar Gavage or Diet 2 Weeks [500, 1250, 2500 250-01702
Toxicity onkey/ Gavage 11 Days [Escalating 50-2000 45-02116
Nonpivotal nomolgus Gavage Weeks 100, 500, 1000, 2000 50-01713
Gavage 4 Weeks® 100, 1000, 2000 50-01720
avage 4 Days {500, 750, 1000, 500 BID 45-02268
Supportive TK 764-02188
Rat/Wistar 1V Bolus 17 Days [50, 150, 300 250-01803
V Bolus Weeks K0, 100, 300 50-01812
ISupportive TK [764-03163
Cont Infusion {7 Days , 15,75 mg/kg/he 250-01800
Cont Infusion {2 Weeks (3, 15, 75 mg/kg/hr 250-01818
upportive TK [764-03200
Monkey/ 'V Bolus ¥ Weeks [Escalating 5-400 745-02970

8
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Supportive K

~ kynomolgus [V Bolus | WDays 040200
FYNOMOTgUs iy Bolus | o

;Eoﬁinﬁu}; 0496 Hrs|2, 4, 6, 8 mg kg/hr

743-03033
764-03162
DS0-0180]

Cont Infusion 2 Weeks [2, 4, 6 my/'kg'hr

[250-01817

Supportive TK

764-03198

BID = Twice daily; IV = Intravenous; TK = Toxicokinetics.

petumed to the stock colony.

r Dosing discentinued after a single dose due to death at high doses; surviving animals observed for 1 week and

APPEARS THIS WAY
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Y
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The following toxicology studies are summarized in this NDA. Some of them were reviewed by
T.D. Steele with original IND, are reproduced within, and are indicated as such. Carcinogenicity
and reproduction studies were reviewed by Ed Fisher in HFD-120 (review attached as Appendix
[1). Others studies are new with this NDA. The Carcinogenicity studies regarding the occurrence
and mechanism of hemangiosarcomas were reviewed by Terry Peters, D.V.M., and are attached as
Appendix [V),

Species/Strain

Type of Study Administration | Duration Dose (mg/kg) Report Number
Repeat-Dose Toxicity, Rat'Wistar Diet 4 Weeks | 500, 1250, 2500, 5000 250-01722
Pivotal Diet 4 Weeks 50, 100, 250 250-01730

Diet 13 Weeks 50, 250, 500, 1250 745-02570

Diet 52 Weeks 50, 230, 500 745-02683

Monkey/ Gavage 4 Weeks [23, 30, 100, 560, 500 BID 745-02329

cynomolgus Gavage 13 Weeks 10, 25, 100, 500 745-02345

745-02559

Gavage Chronic® | 0,25, 100, 250/500° 745-02646

Supplemental Report to Chronic Study in Monkeys Bone Marrow Megakaryocytes 745-03746

And Peripheral RRC/Platelet Morphology
enotoxicity S. typhimurium In vitro 312 525000 pg/plate 745-03418
and E. coli (Mouse 59%

S typhimurium | Invitro (Rat §9) 200-3200 ug/plate 745-62035

S typhimurium | Invitro (Rat §9) 312.5-5000 ug/plate 745-03320

E. coli In vitro (Rat 59) 0.996-4980 pe/plate 745-03203

Point Mutation | /n vitro (Rat $9) 1200-1600 pg/mL 745-02308

SCA In vitro (Rat §9) 160-1600 ng/ml 745-02393

Mouse? - UDS Gavage One Dose 745-03455

500, 718, 1510, 2000

Mouse? - MN Gavage One Dose 745-03387
500, 1000, 2000

Rat® - UDS Gavage Ont Dose 745-02209
250, 1000, 2000

Rat® - MN Gavage One Dose 745-02374
500, 1000, 2000

lT\nimals given 10, 25, or 100 mg/kg for 13 weeks then continued at

same doses for an additional 52 weeks (Week

65); some animals given drug for up to 56 wecks due to clinical pathology scheduling (Weeks 65 to 69).

* Animals given 250 mg/kg for 13 weeks before dose escalation to 500 mg/kg for an additional 52 weeks (Week 65).
“B6C3F1 and CD-1 strains

Type of Study | Species/Strain Administration Duration Dose (mg/kg) Report #
Carcinogenicity | Mouse/B6C3F1 Diet 2 Weeks 1%, 3%, 5% of Diet” | 250-01721
INonpivotal 4 Weeks 100, 500, 2500 250-01768

13 Weeks 1000, 4000, 8000 250-01744
Carcinogenicity | Mouse/B6C3F1 Diet 104 Weeks 2040, 1000, 5000 745-03275
Pivotal Mouse/CD-| Diet 104 Weeks 200, 1600, 5000 745-03610
Rat/Wistar Diet 104 Weeks (M) 50, 150, 450 745-03274

: (F) 100, 300, 900
Rat/Wistar Diet 104 Weeks (M) 50, 150, 450 745-03808

(F) 1090, 300, 900
Carcinogenicity Supplemental Reports to 104-Week Reevaluation of Nonneoplastic Findings | 745-03454

Study in B6C3F| Mice ) Bone Marrow Megakaryocytes 745-03456 |

10
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Type of Study I Species/Strain T Administration Duration Dose (mg/kg) i Report #
(Carcinogenicity Supplemental Report to 104-Week Bone Marrow Megakaryocytes 745-03692
Study in CD-1 Mice o
@rcinogcnicity Supplemental Report to 104-Week

| Reevaluation of Peripheral Blood | 745-03714

Study in B6C3F1 and CD-1 Mice Maorphology
[Carcinogenicity Mouse/B6C3FY Diet 4 Weeks 200, 1000, 5000 745-03239
Supportive Toxicokinetic Report | 764-03533
oxicokinetic 104 Weeks | Single Time Point Report | 764-03532
Mouse/CD-1 Diet 4 Weeks | 200, 1000, 5000 745-03556

Toxicokinetic Report 764-64020
104 Wecks | Single Time Point Report | 764-04054
Rat/Wistar Diet 4 Weeks (M) 50, 130,450 74503238
(F) 100, 360, 900
Toxicokinetic Report 764-03534
104 Weeks | Single Time Point Report | 764-03486
Rat/Wistar Diet 104 Weeks | Single Time Point Report | 764-03964
C 3

Type of Study ] Species/Strain E\::lministrationr Duration I Dose (mg/kg) Report #

ICarcinogenicity Investigative Studies

\H. hepaticus DNA Tissue from 104 Week Study in B6C3F! Mice 745-03324
Structural Analysis Pregabalin and N-methy! pregabahin queried in 745-03407
C J databases

iGiene Mutations Tissue from 104 Week Study in B6C3F 1 Mice 745-03327
Megakaryopoiesis In vitro in Mouse Bone Marrow Cultures 10, 100, 1000 pg/mL  ]745-03461
Proliferation {r vitro in Mouse Endothelial Cell Cultures 10, 100, 1000 pup/ml. | 745-03462
roliferation In vitro in Mouse Endothelial Cell Cultures 10, 100, 1000 pgfmb  [745-03769
ascular Growth In vitro in Mouse Aortic Ring Cultures 1, 10, 50, 100, 200 pg/ml. | 745-03398
INO Synthase In vitro Mouse Endothelial/Bone Marrow Cultures 1-1600 pg/mL 745-03834
IPlatelet Function In vitro in Mouse and Rat Plasma/WB 10, 160, 500 pg/mL 745-03566
Membrane Binding in vitro in Selected Mouse and Rat Tissues Animals Untreated 745-03740
Platelet Survival Ir vivo in B6C3F1 Mouse 1000 mg/kg 250-01886
Proliferation In vive in B6C3F1 + CD-1 Mouse Endothelial (M) 1000 mg/kg 745-03459
[Exploratory Mouse/B6C3F1 Diet 1-3 Months {F) 1000 745-03460
Proliferation Reevaluation | 745-03835
] Gene Expression (1-3 Mo.) 745—03@1

Exploratory 4-28 Days (F} 1600 745-03428
Exploratory 6-24 Months (F) 50, 200, 1000 745-03657
745-03832

Immunohistochemistry ] 745-03855

[Exploratory | Month {F) 50, 200, 1000 745-03660
Exploratory 1 Month (F) 5000 mg/kg 745-03770
764-04172

Exploratory 6 Days (F) 750 mg/kg. 745-03762
Exploratory CD-1 Diet 3-12 Months {F) 50, 200, 100 745-03659
Exploratory 1-6 Months (M + F) 5000 745-03658
745-03766

xploratory Rat/Wistar Diet 1-18 Months (F) 900 745-03463
745-03763

764-04171

xploratory 1 Month (F) 900 745-03771
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ﬁ;y;e—ofsmdy FSpecies/Strain Administration| Duration Ji— Dose (mg/kg) 1 -ﬁlggal— ’
Reproductive and Rat/Wistar Gavage |__ (My | 250, 1250,2500 745-02339
t?f:v_f:lppmemal L_;,(M)g 50, 100, 250 745-0282%
oxicity G | 500, 1250,2500 745-02261
Suppertive TK 764-02126
Mouse'CD-1 Gavage {F1Ge-G1S 500, 1250, 2500 745-02273
Rat Wistar Gavage | (F)G6-GIT 500, 1250, 2500 745-02271 |
Supportive TK To4-02131
RabbitNZW | Gavage | (F)G6-Gao | 250,500, 1250 74502285
Rat'Wistar | Gavage | (F)G6-L20 |50, 100, 250, 1250, 2500]  745-02628
Juvenile Animals Rat/ Wistar Gavage One Dose' 500, 1250, 2500 745-03151
Single-Dose I
Juvenile Amimals Rat/Wistar Gavage 7 Weeks' 100, 250, 500 745-03294
Pivotal Supportive TK 764-03578
7 Weckst 50, 250, 500 745-03323
530, 100, 250, 500 745-03794
(M+FY 50, 250, 500 745-03267
Supportive TK 764-03579
(B 50, 250, 500 745-03471
ISupportive RavWistar |Gavage Juvenile] 3 Weeks 50, 100, 250, 500 745-03375
IToxicokinetic Supportive TK 764-03888
Gavage Adult 3 Weeks 50, 100, 250, 500 745-03376
a4 L 1 _ Supportive TK 764-03887 |
i‘?;;(;rSTudy Species/Strain:\dmi:ulgt;a_tia'}[)uration Dose (mg/kg) Report #
[Local Tolerance Rabbit/NZW | Iatravenous 5 Days 12 mg/min 745-02886
Human Plasma/Whole Blood Compatibility & In vitro 0.2-10 mg/mlL 745-012893
Human Ervthrocyte Fragility In vitro 4 mg/mL
Antigenicity/Immunotoxicity
Local Lymph Node | RatvWistar |  Topical | 4 Days | 5%, 7.5% 745-03326
'General Toxicity Investigative Studies
Hematology and Rat/Wistar Clavage t4-18 Days 50-1362.5 250-01802
Platelet Function
Platelet Function Rat/Wistar Diet 2 Weeks 500, 1250, 2500 745-03312
Microvascular Rat/Wistar | _Intradermal One Dose 1.59,15.9, 159 745-03317
Permeability ]
Time-Course Mookey/ | Cont Infusion | 96 Hours & mg/ke/hr 250-01888
Dermal Toxicity | cynomelgus Supportive TK 764-03694
Reproductive Toxicity Investigative Studies
Time/Mechanistic | Rat/Wistar Gavage 3-6 Weeks 2500 745-02809
Evaluation of Sperm 745-02994
Sperm Rat/Wistar In vitro 1600, 3200 pg/mL 745-02517
Motility/Morph
Male Embryofetal | RavWistar Gavage {(M)2 100, 250, 500 745-03322
Development Supportive TK 764-03716
Skull Development | Rat/Wistar Gavage {F1G6-G17 50,100,250,500,1250 2500 745-03426
Skull Development | Rat/Wistar Gavage (F)G6-G17 2500 745-03384
Progression
Skull Dev on PN21 | Rat/Wistar Gavage _(F)G6-G17 2500 745-03321 |
Fetal Development | Rat/Wistar Gavage (FY 2500 745-02656
Dose Range-Finding | RabbityNZW Gavage 2 Weeks (M) 250, 750, 1250 745-03325
12
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[—Type of Study ?pccieslSlrain Administration) Duration 1 Dose (mg/kg) Report #
Studies with Impurities
P> 0144550° Rat'Wistar Gavage? 13 Weeks | 0.1,05,25 250-01833
Supportive TK 764-03384
S. yphimurium In vitro 160-5000 pg/plate 745-03197
and £ colt
PD 01478047 Rat/Wistar Gavage! 4 Weeks .5,5,10 250-01787
745-02838
8. nphimurium In vitro 312.5-5000 pg/plate 745-02952 |
and £ coli
PD i 1 Rat/SD» Gavage One Dose 2000 901-00517
Rabbit/NZ W Dermal One Dose 2000 901-00542
Rabbit/NZW Dermal 4 Hours 500 mg 901-00520
Rabbit/NZW Ocular One Dose ~35 mg 901-00508
Guinea Dermal [nduction/ 300 mg 901-00529
Challenge
Pig/Hartley Invitro 33-10000 pg/plate 901-00599
- S, typhimurium
PD L 3 Rat/SD Gavage One Dose 2000 901-00717
Rabbit/NZW Dermal One Dose 2000 901-00718
Rabbit/NZW Demmal 4 Hours 500 mg 901-00719
Rabbit/NZWw Ocular One Dose ~38 mg 901-00720
Giuinea Pig/ Dermal Induction/ 0.5 mL bulk drug 901-00721
Hartley Challenge
S. nyphimurium In vitro 100-5000 pg/plate 901-00660
L I andE coli J . J_ —
Type of Study T T T [Report #
Critical Assessments
Critical Assessment of Pregabalin Rat Carcinogenicity Studies 745-03710
Pregabalin Rodent Carcinogenicity Studies - Critical Assessment and Weight of Evidence 745-03370
Pregabalin Rodent Carcinogenicity Studies — Report on Vascular Neoplastic Findings in Mice 745-03221
Pregabalin Carcinogenicity and Tumor Mechanism Studics - Current Studies 745-03607
Pregabalin Rodent Carcinogenicity and Tumor Mechanism Studies — Current Status 745-03754
Assessment of Rodent Carcinogenicity, Mode of Action of Hemangiosarcoma Formation in Mice, and [745-03856
Human Relevance
Cnritical Assesstment of Skull Bone Findings in the Oral Teratology Study in Rats 745-03337
Critical Assessment of Effects on the Male Reproductive System 250-01790
Evaluation of Pregabalin (CI-1008) Toxicokinetic Data from Male Rat Fertility Studies 764-03029
(Retrospective Study Reviews
Histopathologic Evaluation of Kidney in Rats from 4-, [3-, and 52-Week Studies 45-03280
Histopathologic Evaluation of Eyes in Rats from 13- and 52-Weck Studics 45-03298
Histopathologic Evaluation of Testes in Rats from a 52-Week Study 745-03359
Histopathologic Evaluation of Tissues for Vascular Proliferative Lesions in B6C3F1 Mice and [745-03431
Cynomolgus Monkeys
Retrospective Evaluation of Hepatic Sinusoidal Endothelial Cells in Cynomolgus Monkeys 745-(03828
Chronically Treated with Pregabalin
Retrospective Histopathologic Evaluation of Eyes from Cynomolgus Monkeys Chronically Treated  [745-03852
with Pregabalin |

|
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TReport# ]

Continuous Infusion Study

Histopathologic Review of Skin And Mucous Membranes in Cynomolzus Monkeys from a 2-Week

745-02999 |

Updated Historical Data

|_Updated Historical Control Data for Number of Days to Mating in Wistar Rats

[745-03457

Pharmacokinetic Studies reviewed for this NDA are listed below. While they were reviewed for
the preparation of this NDA they are not necessarily specified by study number:

Type of Study l’l‘est System Administration I Reference #
Absorption
PK and Bioavailability Mouse/B6C3F1 Gavage, [V RR 764-03880
PK and Bioavailability [Rat/Wistar Gavage, [V RR 764-02203%
ase Proportionality IRat/Wistar Gavage RR 764-02204
PK and Bioavailability Monkey/Cynomelgus Gavage, IV RR 764-02299
Intestinal Perfusion [Rat (In situ} In situ perfusion RR 764-03670
Distribution
SD WBA Mouse/BoC3F | Gavage RR 764-03718
5D WBA at'Wistar Gavage RR 764-02227
S0 WBA at/ Wistar Gavage RR 764-021359
SD WBA iMonkey/Cynomolgus Gavage RR 764-02352
Plasma Protein Binding Mouse/B6C3IFI In vitro RR 764-02321
IPlasma Protein Binding Rat, Monkey, Human Invitro RR 764-02316
Distribution into Mitk [Rat {lactating) Gavage RR-MEMO 764-
02291
Red Blood Cell Distribution Mouse/Rat/Monkey/Dog/Human In vitro RR 764-03885
Metabolism
Metabolite 1D in Unne Mouse/B6C3F!L Dietary RR 764-02681
etabolite I} in Urine Mouse/B6C3FL Gavage PSM 60157
Comparative Metabolite ID in Urine pMouse/B6C3F1 and CD-1 Gavage PSM 00272
Metabolite Profiling in Urine Rat/Dog/Mornkey Gavage RR 76402225
Mass Balance Rat/Wistar Gavage RR 764-03127
Metabolite ID in Urine Dog/Beagle Gavage RR 764-02260
Mass Balance Monkey/Cynomolgus Gavape RR 764-03395
Comparative Biotransformation Rat, Dog, Monkey, Human {n virro RR 764-02235
Comparative Biotransformation Rat, Dog, Monkey, Human In vitro RR 764-03070
fr vivo Racemization of Pregabalin Mouse/Rat/Rabbit/Monkey In vivo RR 764-02317
n vive Racemization of PD 0144550 Rat In vive RR 764-03384
Excretion
Mass balance at/Wistar Gavage RR 764-03127
[Mass balance Monkey/ Cynomolgus Gavage RR 764-03395
ther Pharmacokinetic Studics
[Toxicokinetics ouse/B6CIFI1 Diet RR-MEMQ 764-02732
Toxicokinetics Mouse/CD-1 Gavage RR-MEMO 764-02130
Toxicokinetics Rat Gavage or Diet | RR-MEMO 764-02134
[Toxicokinetics Rat/SPF Diet RR-MEMO 764-0225]
Toxicokinetics Rat/Wistar Gavage RR-MEMO 764-02888
[Toxicokinetics Rat/Wistar Gavage RR-MEMO 764-0213!
Toxicokinetics Rat/Wistar Diet RR-MEMO 764-02632
[Toxicokinetics Monkey/Cyrnomolgus Gavage RR-MEMO 764-02740
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Studies_not reviewed within this submission:

All relevant preclinical carcinogenicity data have been reviewed previously and are discussed in
the following documents:

A. Pharmacology/Toxicology (HFD-120) review of initial rat and mouse carcinogenicity studies
B. Statistical review of mouse carcinogenicity studies

C. Exec-CAC evaluation of initial rat and mousc carcinogenicity studies

D. FDA Pharm/Tox consultant's review of carcinogenicity and investigative studies

All Reproductive Toxicology studies were reviewed by Edward Fisher in HFD-120 and arc in a
separate report dated 3/24/04 and included as Appendix 111.

APPEARS THIS WAY
ON ORIGINAL
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2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Pregabalin is structurally related to the naturally oceurring amino acids L-leucine afd y-
amnobutyric acid (GABA). . 'f\\-[’ oH
— 4
07 ]
CO,H O
Pregabalin GABA Leucine

However, it is not active at GABAA, GABAB, or benzodiazepine receptors and it does not alter
GABA degradation nor acutely change GABA uptake in brain tissue. Like gabapentin
(Neurontin®), pregabalin binds with high affinity to the a2-8 auxiliary subunit of voltage-gated
calcium channels. This subtle pharmacological alteration conceivably translates into a significant
inhibition of neuronal calcium influx and subsequent calcium-dependent neurotransmitter release
(Dooley et al,, 2002). Analgesic, anxiolytic-like, and anticonvulsant actions of pregabalin are
reduced in mutant mice with defective drug binding to 2-8 Type 1 protein. These findings
support the hypothesis that the extent of binding of pregabalin to u2-8 protein predicts the degree
of pharmacological activity in vive. Furthermore, the data with genetically altered mice suggest
that binding at the a2-5 site is a primary mechanism of pregabalin that is necessary for
pharmacological activity in animal models.

channel for colonnn

Fig 1B

extracelbular

Bo000K

0
intracel bular
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Pregabalin potently displaces ["H]gabapentin binding to pig brain membranes in vitro (ICsg value
of 0.037 uM or 0.006 pg'ml.. Binding of [iH]gabapentin to recombinant ay-6 protein is inhibited
by pregabalin with K, values of (.042 uM for Type | a;-6 protein cloned from pig brain and 0.044
rM for Type 2 ;-5 protein cloned from human brain. Therefore, pregabalin binds with equal
affinmity to both subtypes of -8 protein, and does not show selectivity.

2.6.2.2 Primary pharmacodynamics

Mechanism of action: Pregabalin is structurally related and aiso pharmacologically related to
gabapentin. A specific binding interaction of [3f1]gabapcntin with 1solated rat brain membranes
has been described and the binding site protein has been isolated using biochemical methods and
identified as identical to the u3-3 protein, an auxiliary part of the multi-protein assembly that
comprises voltage-gated calcium channels. The a;-8 protein is associated with cell membranes in
excitable cells and is found in brain tissue, striated muscle, smooth muscle, and cardiac muscle.
There are at least 3 distinct a,-8 proteins, each coded by separate genes in mammals, but only
Types 1 and 2 have high-affinity binding sites for IEH]gabapentin.

[BH]Gabapentin binding 1o tz-6 proteins is fully displaced by unlabeled gabapentin and other 3-
substituted GABA derivatives structurally related to gabapentin or pregabalin. Scatchard analysis
of [3H]gabapentin binding data to pig brain membranes fit a single binding site (regression
coefticient R = 0.99) with an apparent affinity or Ky value close to 0.1 uM (0.016 pg/mL), and a
density of binding sites or Buay value in neocortex brain tissues of approximately 9 pMol/mg
protein (see table below).

Orgon Svstems  Specsos/Stram Methodof  Concontraion Gender and No per  Xotewarthy Findings GLP Reégort
Evatnted Athmnistration Group o¢ No of Comphianee Ne.
Ohservationy
Bran RatfSpragoe Dawtey tavign W Mo 2 M Daplicae doka { H{Gabropentin labels el S 16 &l No TR0
(Meamteang Vs Yoy oryaks oty scpeabed 2t bruin membrane homogenates: biading was
Homogenate) ast 3 times displaced by peepabatin and desivatives;
1€ for pregsbolin wis spproximacly
EEO M.
Brain Porcme/Domestic In vitrn 0 M0 M  Dupbcate data [*H}Gabapeattin and *H-L-leucine were No Beorn ot
{Membrane in Yilug wicrvals  posnts copemed o ddisplaced By pregabalin with sicilae al, el 2
Homopenaie) least 3 timeés affimily , ICyy vales wag approvimately
LT A
(Nem Resombsinan crpressad virs 10N 10" Min Dypcote data (PifGidbapentin was displacod by No  M0-03602
Homogenate)  porcing or heman pittoing Elogimercals  poants ropeatod st pregabalin with mbiibrioty toncontration
beag 3 Gimes candant {K;) valoes of 42 oM for bpe 1
o138 proweice and 44 aM dor type 2 -5
protete,
{Membeane Rarombinant expressed tn varo 107 Mio 197 M n Duplicat data ["H]Pregabalin bad sahoable binding by, No 14003614
Homogenate)  potcine prodein iBlogintervale  points repesed 3t Scatchard plol analysis with oouifibinn
feast 3 times busseliny conksd (K‘)yg@ip{ﬂnﬁ. -
Brais Mouse/F ] bybrid betweon 1n vitto 316 M 1o Triphcate dafa K,;:r?’l Mgt heoding 1o briis Ne 140030603
{Membeane 1275w g CSTiBlG 63107 Min /8 poinisrcpeated st membraincs was T3 M i wildtyps mics,
Homogonae)  inbeed sirbis loy imicrvals loast 3 tiemes and 227 nk{ i matant sicé deective i
binding of {"Hjpiapeadia 1o ae-d by |, .
Bryia Puccine/Domcatic fn vt 3487 Mo Buphatc doa Aciivity of compowndi. it gaxiely, pain or Ne HO-B576
(Membrane 1214 Min %5 fog  pointy ecpeaed ot seiane Ksls in vivo wag rekited
Hoogenate) ikervals least 3 times s';;n’u‘:lita_,ﬂly 1o poleady for disptaceriod
;B = Equiborium diveoci aon constant for mRor (sl nicd for rOT B Conbintrwiony, K = Faumiem g

20 " CORCHFION slubMing esponse by =k
constat of redioligand {, sdraiion producing roughly 30% saturation of binding).
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APPEARS THIS way
ON ORIGINAL

The [ *H]gabapentin binding site is localized heterogeneously in a number of regions of rat brain,
particularly i dendritic areas of the neocortex, hippocampus, and molecular layer of the
cerebellum. Additional studies show that [3H]gabapentin binding is displaced stereospecifically
by endogenous amino acids (e.g., L-leucine, L-isoleucine, [.-methionine, L-valine, L-
phenylalanine). Conversely, this binding site also is labeled specifically with [JH]L—leucine.
Thus, ["H]L-leucine binding to brain membranes is displaced by either gabapentin or pregabalin.

Requirement of the a,-0 site: Several findings suggest that binding activity of pregabalin at the o,-
d site is required for pharmacological actions. The enantiomer of pregabalin (PD 0144550) is 20-
fold less potent than pregabalin for displacement of [ H]gabapentin binding. PD (144550 also is
less potent than pregabalin for inhibition of glutamate release from rat trigeminal nucleus slices
and inhibition of calcium influx in depolarized rat brain synaptosomes. In vivo, PD 0144550 is
virtually inactive in analgesic, anticonvulsant, and anxiolytic models with rodents. [ vivo activity
of pregabalin derivatives was usually not observed if the IC;s, for [3H]gabapentin binding was
>300 nM. Furthermore, a comparison of 8 different pairs of 3-dimensional isomers (in addition to
pregabalin and PD 0144550) consistently showed activity in vivo only with the isomer that
displaced binding most potently. Results with 84 compounds that are structurally retated to
pregabalin indicate that potent binding activity at the a,-5 site is sufficient to predict
pharmacological activity in vivo (see figure below for correlation with carragecnan thermal
hyperalgesia). Similar correlations were found for anticonvulsant and anxiolytic activity.

APPEARS THIS WAY
ON ORIGINAL
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APPEARS THis W
A
ON ORIGINAL |

Substance P and Glutamate: Substance P increased [’H]glutamate release to 150% of control
levels, and co-application of pregabalin 30 pM (4.8 pg/mL) reduced release back to control levels.
Although the molecular mechanism of the inhibitory action of pregabalin on the release of
glutamate is not known, it appears to require prior activation of second messenger pathways by
activation of Substance P receptors. While it could be relevant for analgesic activity of pregabalin
(via inhibition of voltage gated calcium channels), the concentration required is rather high.

Pregabalin also reduces release of various transmitters. The relevance of this is unclear since large
concentrations are generally required for this action (See table below).

APPEARS THIS way
ON ORIGINAL
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Effects on Substance P: Pregabalin was tested for changes in the release of the neuroactive
peptides, Substance P and calcitonin gene-related peptide (CGRP), from isolated slices of rat
spinal cord. In these studies, neuropeptides were detected with a specific radioimmunoassay, and
release was triggered by application of capsaicin. Pregabalin had no effect on the release of
Substance P or CGRP from tissues taken from rats without prior antigen treatment. However, if
tissues were taken from rats with inflammation produced by prior peripheral injection of Freund’s
Complete Adjuvant, pregabalin reduced release of neuropeptides by approximately 50%.

Effects on Monoamines: Pregabalin (doses to 100 mg/kg IP) did not alter the basal accumulation
of DOPA, but it caused a dose-related decrease in the enhanced accumulation of DOPA resulting
from administration of 3,4-diaminopyridine (DAP) (DAP enhanced DOPA accumulation to
approximately 30% above basal levels). This effect of pregabalin was statistically significant
(compared to vehicle controls) >10 mg/kg 1P. The accumulations of 5-HTP were not significantly
altered by pregabalin, either with or without DAP. These results suggest that pregabalin may
decrease stimulated monoamine turnover in vivo.

System L Amino Acid Transport in Vitro: Gamma-aminobutyric acid cannot cross most membrane

barriers in the body because it mostly exists as the doubly charged form (charged at both the
amine and acid moieties) at physiological pH (see figure below).
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Pregabalin L-Leucine GABA
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Specific transporter proteins have been described that are responsible for transporting
metabolically important amino acids across membrane barriers. Pregabalin was tested for ntual
competition with [PH]L-leucine transport into primary cultures of Chinese hamster ovary (CHO)
cells and rat neocortical neurons. Pregabalin completely blocked the influx of ["H]L-leucine into
CHO cells with an 1Csg of 103 uM (17 pg/mL). Dixon plot analysis of this inhibition indicates
that it is competitive in nature (K; = 86 pM, 14 pg/mL). Furthermore, CHO cells that were
previously loaded with [’H]L-leucine had accelerated efflux of radiolabel in the presence of cold
L-leucine, gabapentin or pregabalin, suggesting that all 3 amino acids share the same transport
system, the system L type of transporter.

An additional study with PH]JGABA in cultured astrocytes showed that pregabalin does not
acutely inhibit or enhance GABA transport at concentrations up to 100 pM (16 pg/mL).

Neurokinin-1 Metabotropic Glutamate Receptors: Antagonists of neurokinin-1 {(NK1) and Group |
metabotropic glutamate receptors (mGIuR) reduce pain-related behaviors in animal models of
analgesia. To investigate whether the antihyperalgesic actions of pregabalin might be caused by
interactions with protein Kinases that are activated by mGIuR receptors, studies were performed
with recombinant cell systems in vitro. Pregabalin treatment of CHO cells expressing
recombinant neurokinin-1 receptors decreased the activation of ELK signal transduction in a
concentration-related manner. Similar results were obtained with activation of transfected
mGluRS5 receptors by a glutamate agonist. The effects of pregabalin were first significant at a
concentration of 50 pM (8 pg/mL) and were approximately maximal with a concentration of 1.25
mM (200 pg/mL). Experiments are underway to further characterize potential upstream or
downstream targets of gabapentin and pregabalin.

Drug activity related to proposed indication:

Dorsal Root Reflex Response in Rat Spinal Cord: (RR 770-00322) Because of its activity on
behavioral responses related to allodynia, pregabalin was tested in anesthetized rats to measure
efferent sensory nerve activity (action potentials propagating from the spinal cord to the periphery)
in response to peripheral mechamcal stimulation. This test system enhances sensory processing in
the dorsal horn of the spinal cord by either paw injection of an immune stimulus (Freund’s
Complete Adjuvant) or by causing neuropathic pain from chronic constriction injury of the sciatic
nerve. Both of these pretreatments cause the development of abnormal efferent activity (dorsal
root reflex) in sensory nerves in response to pain-producing sensory stimuli. Stimulation was
provided by either a pinch to a single toe or by application of calibrated von Frey filaments to the
footpad. Intravenous treatment with pregabalin (3 mg/kg IV) did not alter nerve responses, but
subsequent injection of a higher dose (10 or 30 mg/kg 1V) reduced efferent activity by more than
50% in response to either stimulus. These results suggest that pregabalin reduces abnormal
excitability in sensory nerve fibers that originate in the dorsal horn of the spinal cord, and this
could be related to analgesic-like pharmacological actions.

Rat Model of Surgical Pain: Pregabalin, when given 1 hour before surgery, dose-dependently (3,
10, and 30 mg/kg SC) prevented hyperalgesia and allodynia with respective minimum effective
doses of 3 and 10 mg/kg SC (RR 770-00296).
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Substance P- or NMDA-Induced Hyperalgesia: Substance P and glutamate are co-transmitters
utilized by pain-sensitive afferent neuron terminals in the spinal cord dorsal homn. Intrathecal
injection via implanted catheters of Substance P (30 nmol) or the glutamate agonist N-methyl-D-
aspartale (NMDA, 0.3 nmol) decreased hindpaw withdrawal latency in response to bright light
irradiation. Pretreatment of rats with pregabalin given by intraperitoneal njection (1, 3, 10, 30, or
100 mg/kg 1P, 60 minutes prior to Substance P) or intrathecatly (3, 10, 30, or 100 ng, 15 minutes
prior to Substance P) dose-dependently reduced thermal hyperalgesia (Partridge et al.,
Anesthesiology. 1998 88(1):196-205).

Hyperalgesia After Thermal Injury: Following a mild burn injury to the rat footpad (bumn caused
by application of the footpad to a 52°C hotplate for 45 seconds under halothane anesthesia), rats
respond at a shorter than normal latency to intense light irradiation of the footpad. This heat
hyperalgesia was reduced significantly in rats pretreated with pregabalin given intrathecally (100
or 300 pg/rat) with no change in thermal escape latency measured with the uninjured footpad (RR
770-00304).

Thermal Pain and Hyperalgesia in Rhesus Monkeys: Rhesus monkeys were restrained in a
primate chair and trained to consistently withdraw the tip of their tail from water warmed to an
uncomfortable temperature (50°C). In this model of thermal pain response, prior treatment with
pregabalin (100, 180, or 320 mg/kg PO) significantly delayed withdrawal of the tail and delays
were dose-related (RR 740-03528).

APPEARS THIS way
ON ORIGINAL
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Summary of results of animal models of analgesia are shown in the sponsor’s table below.
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Streprozocin-treated Diabetic Rats: In anesthetized rats, pain-induced motor reflexes were
recorded with a needle electromyograph electrode in the gastrocnemius (catf) muscle (RR 770-
00293). Streptozocin-treated rats develop diabetes and also neuropathic pain (tactile ailodynia).
Intravenous (IV) injection of pregabalin (10, 30, and 100 mg/kg in ascending doses with each rat)
sigmticantly reduced reflex activity at the 2 highest doses in rats that were untreated with
streptozecin. However, in rats with neuropathy from streptozocin-induced diabetes, pain-induced
reflexes were reduced significantly at 3-, 10-, and 30-mg/kg [V doses of pregabalin, with more
than a 50% reduction after the 30-mg/kg dose. These effects of pregabalin in streptozocin-treated
rats were more pronounced than in streptozocin-untreated rats. These results suggest that
pregabalin reduces abnormal excitability in the spinal cord, and this could be related to analgesic-
like pharmacological actions.

Vincristine Model: Pain from cancer can result from the disease itself, or in some cases, from the
chemotherapeutic agents used to treat cancer. In particular, vinca alkaloids such as vincristine can
cause pain syndromes characterized as myalgia, painful burning paresthesias, and also
hyperalgesia and allodynia. This was studied in an animal model in which rats were given
vineristine [V for 14 days with an osmotic minipump. The vincristine treatment caused a stable
tactile allodynia that was measured with von Frey hairs. Pregabalin treatment (80 mg/kg IP, the
only dose tested) reduced allodynia by more than 50% (RR 740-03529).

Nerve Ligation Models: The effect of pregabalin on static and dynamic components of
mechanical hypersensitivity was examined in the rat sciatic nerve chronic constrictive injury
mode! (CCI) and the rat Chung model of neuropathic pain from partial dorsal rhizotomy to the
sciatic nerve. Pregabalin (3 to 30 mg/kg PO) reduced static allodynia significantly in both models
at doses of 10 and 30 mg/kg PO and in CCI at 3 mg/kg PO (RR 770-00294; see sponsor’s figure
below).

APPEARS THIS way
ON ORIGINAL
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APPEARS THIS WAY
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Baseline (BL.) paw withdrawal thresholds were measured in response to von Frey hairs. Loose ligation of
the sciatic nerve with chromic gut sutures (CCI model) or tight ligation of the L5 and L6 dorsal roots (Chung
madel) caused a decrease in the withdrawal threshold compared to the unoperated {(contralateral} side.
Rats given vehicle PO had nerve ligation, but no analgesic drug treatment. Results are expressed as
median threshold force to cause paw withdrawal in 8 to 10 rats per group {vertical bars represent first and
third quartites). Pregabalin treatment (at time = 0) caused dose-related increases in withdrawal threshold,
an analgesicike effect (doses in mg/kg PO). Asterisks, *p <0.05, **p <0.01, ***p <0.001 show significant
difference from vehicle group (Mann-Whitney U-test, error bars denote 25 and 75 percentiles) (RR 770-
00294).

2.6.2.3 Secondary pharmacodynamics
Anticonvulsant effects of pregabalin against tonic extensor seizures in mice and rats from

electroshock are summarized in the table below. Lack of correlation with brain or plasma levels in
rats is shown at the bottom. The significance of this is unclear.

Species Convulsant Dose  Minutes Adter F1sy Rescarch  Relerence
Rouie Dosing’ (mpkp) Report No.

Mouse  Mauximal PO 126 20 740-03090 {6
electroshock (13-300°

Mouse  Maximal AY {20 20 FHI3090 16
clectroshock {13-29)

Mouse  Maximal Y 124 0.63 TH-03172 12
eleciroshock (L33-1.5
{low intensity)

Mouse  Maximal I 120 28 TA-03224 73
clectroshock (20-37)

Rat Maximal PO 240 1.3 740-03224 75
¢lectroshock {{1L8-1.9}

Rat Maximal PO 244 1.5 T40-03081 6y
clectroshock {1.0-2.3)

Rt Muaxinmal v 240 22 740-03081 69
clectroshack (1.2-4.0)

EDy Dose calculaled to protect 30% of bnimals rom seizures: PO = Oral; TV » Intravenots:

L = Infraperitonzal.

EDssvalues were determined at the approximate time of maximal effect afier dosing, based upon
resylts from preliminary experiments.

b . - . e
Nincty-five pereent contidence intervil of EDsgy values given i parentheses.
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2.6.2.4 Safety pharmacology

Neurological etfects:

Spontaneous Locomaotor Activity in Rodents: (RR 740-03472; RR 740-03474) Pregabalin at
relatively high doses (100 and 300 mg/kg PO) in rats sigmificantly reduced locomotor activity,
while lower doses caused no significant changes. [n mice, administration of pregabalin (30 and
300 mg/kg PO) in | study and 300 mg/kg I'V or 1000 mg/kg PO in a second study each appeared
to reduce locomotor activity, but these changes were statistically different from vehicle only at the
300-mg/kg [V and 1000-mg/kg PO doses in the second study.

Ataxia in Rodents: The effects of pregabalin on ataxia was examined via the number of falls from
the wire mesh (compared to vehicle-treated mice) was 2 of 10 with 1000 mg/kg PO and 1 of 10
with 300 mg/kg [V (RR 740-03217). On a rotorod ataxia test, 2 of 8 mice fell with 300 mg/kg [P
and 1 of 8 mice fell with 500 mg/kg IP (RR 740-03224). Thus, in mice, ataxia was seen only at
doses in excess of those used for analgesia or epilepsy.

In rats, the number of falls from the wire mesh (compared to vehicle-treated rats) was significantly
increased with 300 mg/kg PO of pregabalin, but not with 10, 30, or 100 mg/kg PO (RR 740-
03472). On arotorod test, rats pretreated with pregabalin {100 mg/kg SC) fell in a 30% shorter
time than vehicle-treated rats, while lower dosages (1, 10 and 30 mg/kg SC) caused no change in
rotorod time (RR 740-00297). Ataxia assessed by a skilled observer scoring abnormal locomotor
posture (in comparison to vehicle-treated rats) found pregabalin treatiment caused miid locomotor
ataxia in 6/8 rats at 4 hr after dosing (100 mg/kg PO) and in 3/8 rats with 50 mg/kg.
Administration of pregabahn (10, 30 or 100 mg/kg PO) significantly increased the time to cross a
wooden beam, the number of footslips, and the number of falls (RR 740-03224}). Lower doses
were not tested. These results suggest that pregabalin may be associated with reduced locomotor
coordination in rats.

Neurofunctional Evaluation in Rodents:

Rats. While no changes were seen in muscle tone or the hindlimb placing response in rats given
pregabalin at 25, 50, 100, or 125 mg/kg PO, a dose-related increased incidence of abnormal gait
while walking on a flat surface was seen 4 hours postdose at all doses with an EDsg of 61 mg/kg
(RR 740-03224). Righting reflex was assessed in groups of 8 rats given pregabalin at 100, 300, or
1000 mg/kg PO (RR 740-03215). One rat at 100 mg/kg, 3 rats at 300 mg/kg, and all rats at 1000
mg/kg had righting times (from a supine posture) of > | second with an EDsp of 257 mg/kg PO.

Mice. Behavioral and physiologic effects (Irwin test) were monitored 30 minutes postdose in
mice given pregabalin at 100, 300, or 1000 mg/kg PO or 30, 100, or 300 mg/kg [V (RR 740-
03074). Mice were examined for normal pinnal and corneal reflexes, pupillary size, tail pinch
response, catalepsy, body temperature, and ECS seizure protection. Slightly decreased
spontaneous activity at 300 mg/kg IV was the only effect noted.

Ataxia and Incoordination in Squirrel Monkeys: In the Sidman avoidance procedure with squirrel

monkeys the ability of monkeys to climb, grab, and balance on the perch in their home cage was
reduced by pregabalin 30 and 100 mg/kg PO for several hours after dosing (RR 740-03483).
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Pregabalin doses of 3 or 10 mg/kg PO were not associated with imbalance or other signs. These
cffects were dose-related in duration and mild to moderate in severity. Therefore, pregabalin has
moderate sedative-hke activity and reduces motor coordination at these doses.

Sleep in Rats: Pregabalin produced a significant dose-related increase in nonrapid eye movement
sleep (non-REM sleep) when administered to rats just prior to the onset of the light phase of the
light-dark cycle (RR 740-03527). The minimum effective dose for increasing non-REM sleep
during the overall 12-hour period was 10 mg/kg PO. Even at 3 mg/kg PO (see Figure), pregabalin
increased the average length of non-REM sleep episodes and decreased the number of non-REM
sleep episodes. These data suggest that pregabalin treatment caused a consolidation of episodes of
non-REM sleep into a smaller number of episodes, each with a longer duration than normal.
Pregabalin at 30 and 100 mg/kg PO, also significantly decreased the total duration of rapid eye
movement sleep (REM sleep) with little or no effect on the total duration of all sleep. This was
charactenzed by a decrease in the duration of REM sleep episode at 30 mg/kg PO and by
decreases in both episode duration and number of REM sleep episodes at 100 mg/kg PO. None of
the effects of pregabalin carried over into the dark phase of the light-dark cycle (i.e., no drug
effects were observed >12 hours after drug administration). Pregabalin did not affect the latency
to onset of non-REM sleep or the sleep-cycle length.
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Cardiovascular effects: _
Cardiovascular effects were characterized in the rat, dog and monkey models.
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Rats: In conscious catheterized rats, oral administration of ascending doses of pregabalin at 10,
100, and 300 mg/kg did not significantly affect heart rate and blood pressure up to 20 hours
postdose (RR 740-03115).

Potential cardiovascular eftects of intravenous pregabalin were also evaluated in rats (RR 740-
02986). Each animal received vehicle or pregabalin at 15 and 150 mg/kg [V, with 7 days between
trcatments, and served as its own control. Doses were based on an exploratory 7-day IV toxicity
study in rats where the maximum plasma pregabalin concentration (Cpay) at 150 mg/kg was 210
g/mL, approximately 23 times the anticipated human therapeutic concentration of 9 pg/mL with
300 mg BID. Heart rate, blood pressure (mean arterial, systolic, and diastolic), and
electrocardiography (ECG) were measured continuously for 24 hours postdose. No clinical signs
or effects on cardiovascular parameters were noted at 15 mg/kg. At 150 mg/kg, heart rate
increased 9% to 19% within the first 9 hours postdose. Parameters returned to control levels by 11
hours postdose.

Dogs: Arterial blood pressure, heart rate, cardiac output, peripheral resistance, left ventricular
contractility, ECG, and plasma drug concentrations were measured hourly for 6 hours postdose,
and peripheral resistance was calculated in conscious dogs given pregabalin at 50 mg/kg PO (RR
742-00010). Mean plasma concentration | to 6 hours postdose was approximately 100 pg/mL.
No changes in cardiovascular parameters were observed.

Monkeys: Potential cardiovascular effects of pregabalin were evaluated at 10 and 40 mg/kg 1V in
monkeys (RR 745-02988). Doses were based on a 4-week IV toxicity study in monkeys where
plasma pregabalin Cr,, values were approximately 60 and 200 pg/mL at 10 and 40 mg/kg,
respectively. These concentrations are 7 and 23 times the proposed human efficacious therapeutic
plasma concentration of 9 pg/mL (for a 300 mg/day maximum dose). Heart tate, blood pressure
{mean arterial, systolic, and diastolic), and ECG were measured continuously for 24 hours
postdose with a telemetry system. There were no clinical signs and no drug-related cardiovascular
effects at 10 or 40 mg/kg. No separate oral studies were conducted of cardiovascular effects in
monkeys.

Pulmonary effects: Pulmonary airflow and transpulmonary pressure were measured continuously
for 50 minutes in anesthetized dogs given pregabalin intravenously at a curnulative dose of 200
mg/kg at 4 mg/kg/min (RR 760-00073). Total pulmonary resistance, dynamic compliance, tidal
volume, respiratory rate, and minute volume were calculated. Pregabalin did not alter pulmonary
function in anesthetized dogs given a cumulative 1V dose of 200 mg/kg. The effect of oral
pregabalin on pulmonary function in dogs was not evaluated.

Renal effects: Potential renal effects of pregabalin were evaluated in rats (RR 740-02986). Each
animal received vehicle or pregabalin at 15 and 150 mg/kg 1V, with 7 days between treatments,
and served as its own control. Doses were based on an exploratory 7-day IV toxicity study in rats
where the maximum plasma pregabalin concentration (Cpax) at 150 mg/kg was 210 pg/mL,
approximately 23 times the anticipated human efficacious therapeutic concentration of 9 ug/mL
(300 mg/day). Potential renal effects were evaluated by monitoring water consumption and urine
volume for 24 hours postdose. Urinary sodium, potassium, and chloride were analyzed on 24-
hour collection samples. No clinical signs or effects on renal parameters were noted at 15 mg/kg.
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Water consumption increased 29% and urine voluine increased 82% at 150 mg/kg. Since urine
clectrolyte elimination was unattected, the effects of pregabalin on water consumption and urine
volume were not considered an adverse renal effect.

Gastrointestinal effects: Gastric cmptying and intestinal transit time were measured after oral
administration of 30, 100 or 300 mg/kg pregabalin (providing exposure levels of ~ 0.5 — 8 times
the human therapeutic exposure) to rats (RR 6051-00006). Administration of pregabalin 2 hours
prior to testing, decreased the percentage of a gastric meal that was emptied at 15 minutes after
feeding (inhibition of 39% and 64% in comparison to vehicle, respectively). However, pregabalin
at 30 mg/kg PO caused only a 12% (insignificant} decrease in gastric emptying. The decrease in
gastric emptying caused by pregabalin was not reversed by treatment with naloxone (a mu-opiate
antagonist), indicating that reduced gastric emptying was not caused by an opioid receptor-
dependent mechanism. In addition, the weighted mean distance of meal progression into the small
intestine after 15 minutes was not altered by pregabalin at 30 mg/kg PO, but was reduced 14% at
100 mg/kg PO and 38% at 300 mg/kg PO.

Using a difterent procedure with a charcoal meal in rats, the percentage of the length of smali
intestine that contained charcoal (measured 15 minutes after gavage administration of charcoal
and 40 minutes after administration of pregabalin at 10, 30, or 100 mg/kg PO) was not
significantly altered in comparison to administration of vehicle. In contrast, morphine (given 5
mg/kg SC, 30 minutes prior to charcoal) reduced the length of charcoal meal progression by 45%
in this procedure.

Pregabalin at 30 and 100 mg/kg PO significantly increased mean colonic retention time from 5.9
hours (vehicle control) to 8.9 and 16.4 hours, respectively. These results indicale that pregabalin
may reduce both gastric emptying and intestinal motility by a non-opioid receptor mechanism.

Abuse liability: The Sponsor conducted multiple nonclinical studies to examine the potential
abuse liability of pregabalin. The binding profile and mechanism of action of pregabalin is similar
to the unscheduled drug, gabapentin, and is unlike that of any compound currently scheduled in
the United States. Conditioned place preference studies in the rat model failed to suggest that
pregabalin had rewarding properties. Pregabalin also did not maintain 1V self-administration
studies in rhesus monkeys. However, there was some evidence of withdrawal signs in rats upon
cessation of treatment, although this effect was not clearly statistically significant. Overall, the
preclinical data would suggest that pregabalin has a low abuse liability. Regardless, the
Controlled Substances Staff (CSS) was consulted to evaluate the existing abuse liability package.
Based largely upon an increased incidence of reported feelings of "euphoria” in the clinical studies
for Generalized Anxiety Disorder (GAD), CSS concluded that pregabalin should be scheduled.

Other:

2.6.2.5 Pharmacodynamic drug interactions
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No direct animal pharmmacology studies were conducted to address potential pharmacodynamic
drug interactions with pregabalin. However, one indirect study (from RR 740-03224) 1s
summarized here.

Hexobarbital-Induced Sleep Time in Rats: The effect of pregabalin on hexobarbital-induced sleep
was assessed. Rats were given a single dose or 5 daily doses of pregabalin at 1.3 mg/kg PO, a
nonsedative dose, followed 24 hours later by hexobarbital at 100 mg/kg [V. Multiple doses of
pregabalin did not aftect hexobarbital-induced sleep time suggesting that pregabalin did not
induce hepatic metabolism of hexobarbital. A single dose of pregabalin followed by hexobarbital
did increase sleep slightly (16%) suggesting either a pharmacodynamic sedative effect or a
metabolic effect.

2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

The absorption, distribution, metaboltsm, and elimination of pregabalin were investigated in the
species used in pharmacology and/or toxicology studies (mouse, rat, dog, and monkey), using
similar or identical formulations. Dose proportionality and accumulation were assessed using
multiple-dose pregabalin toxicokinetic (TK) data in mouse, rat, rabbit and monkey. The key
findings from these studies are listed below:

+ Pregabalin is well absorbed following oral administration. Absolute oral bioaw;ailability of
pregabalin is high (>80%) in mice and rats at a 50-mg/kg dose and in monkeys at a 10-
mg/kg dose.

 Urine is the principal route of "*C excretion following [*CJpregabalin administration. In
mouse, rat, and dog, > 80% of the absorbed ['*C] pregabalin PO dose is present in the 0 to
24-hr urine sample, while >71% to 75% is excreted by monkey during the same interval.
More than 90% of the orally absorbed label was recovered in 0-96 hour urine in rat and

monkey.

e Pregabalin undergoes minimal metabolism in mouse, rat, and monkey with unchanged
parent representing the majority (> 90%) of drug-derived matenal in urine. A minor
metabolite representing 2% to 3% of the urinary radioactivity in mouse and rat is identified
as the N-methyl metabolite. In monkey, only 1 minor (<1%) unidentified component is
detected in the urine. In dog, however, approximately 45% of the pregabalin dose is
excreted in urine as N-methyl metabolite suggesting greater metabolism in this model,

e No significant inhibition of major cytochrome CYP450 isoforms is observed up to a
pregabalin in vitro concentration of 1 mM. The potential for metabolism related drug-drug

interaction is low at therapeutic concentrations of pregabalin.

¢ In general, pregabalin exposure is dose-proportional up to 2500 mg/kg (oral
gavage/dietary) in mice and rats (except for gravid and lactating rats), and up to 50 mg/kg
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in monkeys (nasogastric intubation). At higher doses, exposure to pregabalin was less
than dose proportional in these species, possibly due to saturation of absorption. In
pregnant rabbits, pregabalin exposure was less than dose proportional from 250 to 1250
myg/kg (oral gavage).

. [14C]Pregabalin 1s widely distributed in most tissues and crosses the hlood-brain barrier
mouse, rat, and monkey after PO administration. Radioequivalents concentrate in the
pancreas of mice and rats, but not in primates. Pregabalin does not bind to mouse, rat,
monkey, or human plasma proteins. [MC]Pregabalin red blood cell (RBC)/plasma partition
coefficients range from 0.69 to 0.80 for all species tested,

Pregabalin is highly soluble (>30 mg/mL}) in aqueous media. After oral (PO) administration, the
drug was rapidly absorbed in rat and monkey with maximum plasma concentrations achieved
within | and 2 hours postdose, respectively. Pregabalin elimination half-life (tY2ywas 3.4, 3.9, and
5.8 hours in mouse, rat, and monkey, respectively, following intravenous (1V) administration.
Absolute PO bioavailability of pregabalin was 94% and 83% in mice and rats, respectively, at a
50-mg/kg dose. Absolute PO bioavailability in monkeys was 93% at 10 mg/kg, and reduced at
higher doses.

Oral dose-proportionality and accumulation were assessed using multiple-dose pregabalin TK
data. In general, pregabalin cxposure was dose-proportional up to 2500 mg/kg in the mouse and
rat, except for gravid and lactating rats, and up to 50 mg/kg in monkey. Exposure was less than
dose-proportional at higher doses in these species. There were no apparent gender differences of
pregabalin toxicokinetics in mouse, rat, or monkey. Pregabalin exposure did not change after
repeated administration to rats for up to 48 weeks or to monkeys for up to 65 weeks. [n pregnant
rabbits, pregabalin exposure was less that dose-proportional from 250 to 1250 mg/kg.

[”C]Pregabalin was widely distributed in most tissues and crossed the blood-brain barrier in
mouse, rat, and monkey after PO administration. Radioequivalents concentrated ~7-fold in the
pancreas of mice and rats compared to plasma levels. This observation was not found in primates.
Pregabalin did not bind to mouse, rat, monkey, or human plasma proteins. ['4C]Pregabalin red
blood cell (RBC)/plasma partition coefficients ranged from 0.69 to 0.80 for all species tested.

Renal excretion was the principal route of elimination following PO administration of
['4C]pregabalin. In mouse, rat and dog, > 80% of the [*Clpregabalin PO dose was present in the
0- to 24-hr urine, while >71% to 75% was excreted by monkey during the same interval. Higher
than 90% of the dose was recovered in 0-96 hour urine in rat and monkey.

Pregabalin underwent minimal metabolism in mouse, rat, and monkey with unchanged parent
representing the majority (>90%) of drug-derived material in urine. A minor metabolite
representing 2% to 3% of the urinary radioactivity in mouse and rat was identified as the N-methyl
metabolite (PD 0155083). In monkey, only one minor (<1%) unidentified component was
detected in the urine. In dog, approximately 45% of the pregabalin dose was excreted in urine as
N-methyl metabolite. Since monkey in vivo metabolic profile was similar to that of human, rat,
and mouse, with unchanged parent representing the majority of drug-derived material in urine,
monkey was used as non-rodent species for pharmacokinetics and safety evaluation.
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In 2- and 4-week rat toxicology studies, a minor induction of hepatic cytochrome P450 1s0zymes,
CYP2B1/2 and CYP2EI. was observed at doses 1230 mg/kg/day with pregabalin AUC .24,
>3300 pg-hr/mL. Enzyme induction 1s not anticipated in humans in the clinical therapeutic dose
range of 150 to 600 mg day (3 to 12 mg/kg/day based on body weight of 50 kg). At those doses,
the maximum pregabalin exposure (AUCg.2y, of 123 pg-hr/mL) is at least 10-fold lower than the

valuc observed at 1250 mg/kg in toxicology studies.

No significant inhibition of human CYP1A2, 2A6, 2C9, 2C19, 2D6, 2E1, or 3A4 was observed in
virro at pregabalin concentrations of 40, 200, and 1000 uM, suggesting low probability for
pregabalin to elicit drug-drug interactions through inhibition of CYP450 isozymes.

2.6.4.2 Methods of Analysis
[see under individual study reviews]

2.6.4.3 Absorption

Pregabalin is highly soluble (-~30 mg/mL) in aqueous media. In rat and monkey, maximum
plasma concentrations following PO gavage administration were achieved by 1 and 2 hours
postdose, respectively. Absolute PO bioavailability of pregabalin was 94% and 83% in mice and
rats, respectively, at a 50-mg/kg dose. Absolute PO bioavailability in monkeys was 93% at 10
mg/kg, and reduced at higher doses. The decrease in bioavailability at higher doses was most
likely due to saturable absorption. Results from studies, using in situ intestinal perfusion or brush-
border membrane vesicles, suggested that multiple amino acid transport systems may be involved
in the small intestinal absorption of pregabalin, and saturation of transporters may have occurred
at high doses. However, no saturation of pregabalin absorption was observed in clinical trials. In
humans, pregabalin exposure was proportional after single (1-300 mg) and repeated oral doses
(75-900 mg/day; see table below).

APPEARS THIS way
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Pregabalin Absorption After a Single Dose
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' gj;cciea: Mouse (B6C3F1) " Rat | \:‘-'s';larj Rat (Wistar) Monkey (Cylk!ill;i;;;;)
Gender (MIF Number of 3Time point (M) SiDose (M) ~ s-6idoss (M) WSexidos (MF)
Feeding Condition - Fed Fased . Fased . . Fasted
Sample {eg, Whole Blpod, . . ) ' S el . .

Plasma, S ) ) Ph'asm.n {heparin} Plasma {hcpgml) KPlef‘nQ: ‘(;hcpunn} - Masma (heparing
Assay LOMSMS HPLC/UY HpLEMY & HPLEAUV
Mean (D) PX Barameters, VO: U e o
Vehidle/Formilation . - O 5% Methylcelllose 0,9% NaCi A% Dcmosu’mw s - Digtitled water
Method o Adminisgation Gavage Gavage . : Gavage Nasag,umcmwbauon
* Pregabalia Dose (mgkg) "%0 50 L 5.8550,100.1%0. . . .0 10,253, 160
Cmax (pgiml) . 510 527029 &l °3’;§§(1§%g§“")1 n 3{3 1).20.55. 51, 40.6(5.0, 47 8(14 T)
max (hours) 025 0802y M. ' 9(04)220 s),zm 2320 4
tiathours) . ND 2HOD2Y S0 o} 4, 9(: 13, 8226 6.0(1.3)
AUCD-29) (g hrml) 48 NI LRS- ND
AUC{M)(;}Q-M{@!J ND 243(2) ) 9'1,;(23), 11!'{43),3‘16(106);400(!63)
T e NaCh t.o% NSCI
% so
18 290(0. E2 i
104 0994(02&7)' ;
34 1509
796 28936}
9% 292¢3%} L
' OO )
2% IO 7‘1%’&8‘%&“““'5‘9’/“
Stady No.: 76403880 76402205 6102209,
§.ocation in i MATS VOiS - Ma1%, VO M &5 Vool

2.6.4.4 Distribution

Tissue distribution studics were conducted in the mouse, rat, and monkey. The volume of
distribution at steady state (Vss) is greater than total body water in mice, rats, and monkeys (1.0,
0.99, und 0.84 Li/kp, respectively), indicating that pregabalin is widely distributed in the body
{from RR 764-02203 and 764-02299). Sce results in table above

Auwtoradiography

In mouse, rat, and monkey, radioactivity was widely distributed at 1 to 4 hours postdose, and
concentrations in maost tissues were equivalent to that in blood. Overall concentrations in mouse
tissues {RR 764-03718) were lower than those found in rats (RR 764-02227165) at equal
[*C]pregabalin PO doses of 10 mg/kg, although the relative distribution pattern was similar.
There was also evidence of biliary excretion in mice demonstrated by presence of activity 1n
gallbladder. [M(_‘]Pregabalin was rapidly eliminated from the body in mouse and rat. At 8 hours
postdose, [MC]pregabalin concentrations in the blood decreased to approximately 10% of the peak
levels in rat. Radioactivity in the blood was undetectable in mouse at 8 hours and in rat at 24
hours postdose, suggesting that there is no minor, slowly eliminated metabolite circulating
systemically. In both mice and rats, [MC] radioactivity was low or undetectable in most of the
tissues at 24 hours postdose. See autoradiography tables from mice below.
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Distribution of ["*C]pregabalin Radioequivalents in Mice

Species: Maovusc (B6CIET)

Gender (M/FVNamber uf Animals: 2 Maslcshime point

Feeding Coadition: Fed

Vebicle/Formulation: 0.9% Saling

Method of Administration: PO

Pregabalia Dose {mig/kg), (pCi): 10 mg/kg, 3 pCi/mouse

Radionuchide: He

Specific Actlvity: 10.8 pCitmg

Meam (0=7) Concentration (ug equivalicats/g)

Sampling Time: | Hour 2 Houss 4 Hours 3 Hours 24 Hours 48 Hours
Vises/Ocpans {WBA)

Adrenal 493 in 0338 BLG ND ND

Biood 400 142 028 BLQ ND ND

Brain 0.92 093 0.35 BLQ ND ND

Browa Fat 24 143 BLQ BLO ND ND

Epididymis 270 194 047 BLGQ ND ND

Fat BLO BLQ BLQ BLQ ND ND

Harderian Gland 319 1.82 024 B8LQ ND ND

Heart 442 2.56 028 BLQ ND NI

Kidney 6.45 4.05 0.49 BLQ ND ND

Liver 4.44 17 0.34 BLQ ND NE

|.umg 163 229 0.23 BLO ND ND

Marmow 3.66 170 BLQ BLQ ND ND

Muscic 440 269 035 BLQ ND ND

Pancreas 30.1 204 1.99 023 ND NE

Preputial 3.47 3113 ND ND ND ND

Salivary 392 2.35 0.32 BLQ MDD ND

Scminal Vesteles 0.52 0.54 0.20 BLQ NI ND

Spleen 4.65 .54 016 BLO ND NI

Testis 3.13 2.8 0.52 BLEO N[ NI

BLQ = Below lims of quantitation { ™ yte equivalents/g)y, N = Nat detected.

From the table above, radioactivity accumulated in the pancreas of mice compared to the blood

levels. Although label was detected at 8 hours in this tissue, levels were below the level of

quantitation by the 24 h time point.
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Distribution of [”C]Pregabalin Radivequivalents in Rats

DBLG = Bolow umit of quamiation

Distribution of [“C]Pregabalin Radioequivalents in Rats (Continued)

Mo (- F) Cooncentrition (ug equivakems p)

Sampling Time: " i Hoar 1 Hours 4 Hours ¥ Heours EHTES 18 Hours

Tisizes (heans (W R A) hY F A F By F M F Af f A r

Pangreas 487 52 e 4 a8 272 441 4K s 447 oul BLO
Pimenl &3 5 sy [T 819 5M 3% 142 Pi7 8lQ BLQ BlQ BLQ
Pituttany 798 T4 (SR 642 67 ta 137 [Jiy] BIQ RIQ BLO BIQ
Prepuical 1l6& 133 93 237 142 208 T3 124 1215 190 017 o3z
Prastire 976 N 967 MNA 6.7 Ny 1.61 NA oo NA uue NA
Sanuan 16§ 111 818 1ms 6.6 627 182 128 BLQ BEQ BLQ BLG
Seminsd Vexiche £40 MA [+ N R &5 N | 8% NA g7 NA BLQ NA
Shin o L340 LU 559 653 113 [ 090 nLiy BLQ BLQ LG
Spiecu 123 12 6 Ris 3 6.75 625 P47 133 BLQ BLQ BLQ Bl
Teans 607 b Y 732 N [0 N a1 NA BLQ N BLQ NA
Thry e 123 12.7 Yue 133 597 588 61 145 BLO BLO  BLQ  BLO
Brain SMem 252 1 85 14 197 25} 2% 119 G Y5 BLL) BLO BLQ BLD
Cerebellum 194 147 115 296 182 27 0 YyE [ BIQ RLOQ BlLO g3L0
Colliculus 114 243 A4 13y 269 EN N 121 10} BLQ BLO BLG BLQ
Corten 158 17 280 293 2467 282 124 1o B3 BLQ BLQ BLQ
Hepprxanipus 231 1.91 2.649 168 2158 268 128 112 BLQ BLQ BLQ BLG
OtEactary ) 175 145 ivE 264 315 P4l 1.1e BLQ) BLG BLG} BLO
Strutim 191 l 60 29 253 249 271 |k 113 BLQ BLQ BLG BLg
Thalamus 30 | 69 29 197 219 300 1.50 120 BLO RL() BLO BLQ

BLQ - Below lunt of quastinaren — iy equvalenmp), XA Notapplicble

As was the case in the mouse model, the radioactivity was greatest in pancreas, kidney and

lacrimal glands of rats. By 48 hours, the radioactivity was largely below the level of qualification.
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Distribution of |"*C|Pregabalin Radioequivalents in Monkeys

Species; Monkey (Cynosc]gw)
Geader (MIFNumber of asival L tomcpoun
Feodimg comdicion: Fasied
VelsicieFormulntion: Kot Avalable
Meihod of Admintvirstion: ad)
Pregabalin Duse (/S (uC Vg 5 mg iy, X185 pCiKg
Rodienuclate: "
Specifie Acsivity: 34 pKCirmg
€ : Eguavalents

_Saspling Tim: 4 Howrs 10 Howry
Frovacs Drgam {WHBA) Alnle Feunule Malc Fewale
Adveval n? 153 i i
Blood 126 82 6.43 49
Hegin 349 467 HE] LA
Cerebelban 15 419 1 65 132
Gray Masice iR0 152 £ 1] 169
Wieite Maticy 147 245 0L 1.24
Fpididymis 1.0 NA 16 NA
Heant 132 185 661 482
Kadney 6.4 0 169 1.6
Lems 16l a9 oR T
Liver 10 193 69 L%
Lung 27 i37 $30 342
Lymph Node R 13 o8 17
Mamow T o 4435 2
Nuscie 139 162 ™ it
Priwtvms Bt.? 7 13 s 3
Priurtony 6.63 10.1 542 11

In contrast to the rodent models, the monkeys do not demonstrate elevated pancreatic drug
concentrations compared to blood levels. In the monkey, however, pregabalin levels were higher
in the kidney following a 24.5-mg/kg ['*C]pregabalin PO dose. This blood levet, however, is
similar to the rat. Also of potential significance, the epididymis also showed a high concentration
of radioactivity in thc monkey.

The cross-species differences of pancreatic distribution have not been fully investigated.

Overall concentrations in mousc tissues were jower than those found in rats at equal
['*C]pregabalin PO doses of 10 mg/kg, although the relative distribution pattern was similar.
There was also evidence of biliary excretion in mice demonstrated by presence of activity in
gallbladder. ['*C]Pregabalin was rapidly climinated from the body in both mouse and rat. At 8
hours postdose, ['*C]pregabalin concentrations in the blood of the mouse decreased to
approximately 10% of the peak levels in rat. Radioactivity in the blood was undetectable in
mouse at 8 hours and in rat at 24 hours postdose, indicating that there is no minor, but slowly
climinated metabolite circulating systcmically. In both mice and rats, ['*C] radioactivity was low
or undetectable in most of the tissues by 24 hours postdose.

In pregnant rats, distribution of ['*C]pregabalin radioequivalents in maternal tissues was
essentially identical to that in nonpregnant rats (sce table below). [''C]Pregabalin
radiocquivalents were able to cross the placental barrier, and were taken up in fetal tissues, While
clevated concentrations were not found in fetal pancreas, fetal lens was the most highly labeled
structure at 1 hour postdosc and at subsequent time points. [MCIPregabalin was also taken up in
maternal lens, but at a considerably lower rate. Access to a vascular lenticular tissue is limited to
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some cxtent by transporters in its vascular supply. Thus it can be specutated that slow uptake of
['*C)pregabalin in adult lens may reflect the presence of specific transporter systems. Incomplete
development of these systems in the fetus could result in the observed rapid uptake and persistence
of the radiocactivity in the fetal lens. Radioequivalents in fetal tissues were detectable at 24 hours
postdose. In addition, appreciablc drug concentrations were detected in the milk of lactating rats,
indicating that neonatal exposure occurred.

Distribution of [14C]Pregabalin Radioequivalents in Pregnant Rats

Speches: Rt (W istar, pregnant)

Gendier (MIFYNuwher of Animah: 2F nmopoent

Feeding (ondition: Fasted

Velidche/Formalation: e Dentrone

Method of Administration: PO

Pregabalin Dose (mgrhet, (pd i) 10 oy le Ottt

Radismuctide: e o
Specific Activity: MHepCimyg Eg

Lean (8-2 ) Concontratson (ps oquivslentip —+

Sampliog Time: t Howr 3 Hhours 4 Hours & Hoary 25 Hours )
Tesmees Organe (M BA) O
Tihood 0% 993 139 i.57 0.04 17
Brain it 1ot k8.3 [ 0.0% ‘6-'
Fetad Beaun N 129 i3 T [ R 10 —
Fetal Lisar T 183 150 01 o O
Fetus i1y 57 ([ ] &2 Q.1 n
Kadncy 179 13 i 196 B4t

i 114 Gy L) 24t [ IS O
Pancagas ui '} EL g X 641 o1t -U
Placoma [ ire O kI ] 4.4 ~
Preputial 15 M2 Eo] 167 1.4

Ameertns Flosd ~EB) 3] \D Y i )

1 ena hik N hib N3 045

S - Notdeectad

['*C]pregabalin radiocquivalents crossed the blood brain barrier and was present in brain of
mouse, ral, and monkey. Although the time to disappearance of quantifiable pregabalin
radiocquivalents in the rat is similar between blood and brain, pharmacokinetic/pharmacodynamic
assessments in rat indicated that there was a negative hysteresis relationship between CNS
concentrations and ¢ffect. As such, there was a lag in both the onset and offset of effect relative to
concentration over time (see figure below). The significance of this finding is unclear.

Appears This Way
On Origindl
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Mean pregabalin concentrations in ptasma, brain tissue, and brain extracellutar
fiuid (ECF) following a 6 mg/kg oral dose of pregabalin to rats
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Protein Binding and Red Blood Cell Distribution: In vitro studies with pregabalin (0.1, 0.5, 1, 2, 5,
10, and 20 pg/mL) were conducted to determine the level of protein binding of the drug to rat,
monkey and human plasma proteins at 37°C. Binding was also determined in mouse plasma at 0.1
and 20 pg/mL under similar conditions. The results indicated that pregabalin concentrations in the
ultrafiltrate were essentially identical to those spiked in plasma indicating little to no binding of
drug to mouse, rat, monkey or human plasma proteins. Thus, potential drug-drug interactions
through displacement of protein-bound drug are unlikely.

In mouse, rat, dog, monkey, and human whole blood, the partitioning of {'4C]pregaba1in between
plasma and RBC did not show any dose dependency with increases in drug concentration. These
data suggest that pregabalin does not become sequestered inside RBC, and support the conclusion
that the drug does not bind to intracellular proteins under the conditions of the assay. RBC/plasma
partition coefficients were 0.80 in mouse, 0.78 in rat, 0.71 in dog, (.79 in monkey, and 0.69 in
human. The pattern and extent of distribution were relatively similar between species.

2.6.4.5 Metabolism

In Vivo Metabolism

Pregabalin undergoes minimal metabolism in mouse, rat, and monkey with unchanged parent
compound representing the majority (=90%) of drug-derived material in urine. This finding is
consistent with observations in humans. A minor metabolite representing 2% to 3% of the urinary
radioactivity in mouse and rat was identified as the N-methyl metabolite (PD 0155083). In dog,
approximately 45% of the pregabalin dose was excreted in urine as N-methyl metabolite. Since
monkey irn vivo metabolic profile was stmilar to that of human, rat, and mouse, with unchanged
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parent representing the majority of drug-derived matenal in urine, the monkey was used as non-
rodent species for pharmacokinetics and safety evaluation.

Pregabalin (the S-enantiomer) did not undergo racemization in vivo. The in vivo racemization of
pregabalin (the S-enantiomer) to P1> 0144550 (the R-enantiomer) was evaluated in plasma
samples from mousc and rat (by diet) and from rabbit and monkey (by gavage) toxicokinetic
studies, using an 1 assay. A single plasma sample/gender/species was
selected for analysis, except for rabbits (pregnant dams only). Plasma pregabalin concentrations
were previously determined and ranged from £ d pg/mL. R-enantiomer {PD 0144550)
concentrations were below the limit of quantitation { — ug/mL) in the samples examined.
Conversion of R-enantiomer (PD 0144550) to pregabalin was not observed in rats after oral doses
of PDD 0144550 at 0.1 to 2.5 mg/ke.

In general, mouse, rat, and monkey in vive metabolic profiles were consistent with those observed
in vitro. Pregabalin is the major component detected in the plasma and primarily eliminated in the
urine unchanged in mouse, rat, and monkey. A minor metabolite representing 2% (mouse)} and
3% (rat} of the urinary radioactivity was identified as the N-inethyl metabolite (PD 0155083). The
N-methy!l metabolite was not detected in monkey. Pregabalin undergoes minimal metabolism in
the monkey with only one minor (<1%) unidentified component detected in the urine.

In dog, approximately 45% of the pregabalin dose was excreted in urine as N-methyl metabolite
(PD 0155083). Three minor polar metabolites (5% each) were also detected in dog urine, but not
identified. The differences in metabolism in dog suggest that it is not a good model for study.

Leeasher (MF) No. of Aeiatals: HoCSF, Mice: = Bel oF p anad { -1 Mae, Waes: M b [LICTYRERE I Maonhera: i85 F Tamaas™ + 9
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In vivo Metabolism of Pregabalin

43

Adod s|qissod jsog




Reviewer: Jerry M. Cott, Ph.D. NDA No. 21-446

In Vitro Metabolism

[MC]Pregabalin was not metabolized in rat, dog, monkey, or human liver cytosolic and
microsomal preparations incubated at 37°C for up to 2 hours. An N-methy] metabolite (PD
0155083) was detected in rat, dog, and human hepatocyte incubates.

The results from rat, monkey and human in vitro and in vivo metabolism studies were consistent,
which indicated that pregabalin undergoes minimal metabolism in those species and provided
Justification for selection of rat and monkey for toxicology studies. The N-methyl derivative was
detected as a minor component in dog hepatocyte incubates, but a major metabolite in dog urine,
suggesting inconsistency of in vitro and in vivo results for this species.

2.6.4.6 Excretion

Urine is the principal route of "*C excretion following ['4C]pregabalin administration. In mouse,
rat, and dog > 80% of a ['*() pregabalin PO dose was present in the 0- to 24-hour urine sample,
while >71% to 75% was excreted by monkey durin g the same interval (see table on previous

page).

Mouse: CD-1 and B6C3F | mice received a single 300-mg/kg PO dose of ["'Clpregabalin after 2
weeks of pregabalin in the diet at 1000 mg/kg/day. Recovery of radioactivity in the 0-24 hr
pooled urine was 98% of dose for B6C3F | mice and 87% of dose for CD-1 mice. Metabolic
profiling of the pooled 0-24 hr urine from B6C3F1 and CD-1 mice showed similar profiles with
one major and several minor components accounting for essentially 100% of the urinary
radioactivity. The major component representing 93% of the urinary radioactivity in both
B6C3F1 (90% of dose) and CD-1 (81% of dose) mice was identified as unchanged pregabalin. A
minor metabolite representing 2% of the urinary radioactivity in both B6C3F1 (2% of dose) and
CD-1 (1% of dose) mice was identified as the N-methyl metabolite of pregabalin. No other single
metabolite accounted for greater than 2% of the urinary radioactivity.

Rat and monkey: Zero- to 96-hr ['*C]pregabalin elimination in rat and monkey are summarized in
the table below. These data suggest that [ 14C]pregabalin is well absorbed following oral
administration. No gender differences in excretion or metabolism were apparent. In the 0-24 hr
urine samples, the major component, representing 84% (rat) and 71% (monkey) of the
administered radioactive dose, was identified as unchanged pregabalin.

Pregabalin Elimination: Mean Recovery of Radioactivity Over 96 Hours Following a Single
[”CjPregabalin PO Dose of 25 mg/kg in Rats and 10 mg/kg in Cynomolgus Monkeys

Elimination Route ]Mean % Recovery of Radioactivity
Rat (mean N=12)

Urine 95% !
Feces 4%, ‘
Total 99%,
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Monkey (mean N=12)
Urine 91.0%
Feces 4.9%
Total - 95.9%

Following [V administration, pregabalin systemic plasma clearance is 10.5, 2.9, and 1.8
mL/min/kg, and elimination half-life is 3.4, 3.9, and 5.8 hours in mouse, rat, and monkey,
respectively.

2.6.4.7 Pharmacokinetic drug interactions

Microsomal Enzyme Activities in Rats:

Rats were given pregabalin at 1.3 or 50 mg/kg PO daily for 7 days (RR 740-03224). Livers were
excised, weighed, and homogenized 24 hours after the last dose. Microsomal protein content and
cytochrome P450, P-nitroanisole O-demethylase, NADPH cytochrome C reductase, and UDP-
glucuronosyltransferase activities were assessed. There were no effects on microsomal protein
content or cytochrome P450. UDP glucuronosyltransferase activity was increased 17% at 1.3
mg/kg but not significantly changed at 50 mg/kg. NADPH cytochrome C reductase activity
decreased 24% at 50 mg/kg. P-nitroanisole O-demethylase activity decreased 22% at 1.3 mg/kg
and 28% at 50 mg/kg.

In 2- and 4-week rat toxicology studies, a minor induction of hepatic cytochrome P450 isozymes,
CYP2B1/2 and CYP2E1, was observed at doses > 1250 mg/kg/day with pregabalin AUC p.24
>3300 pg-hr/mL. Enzyme induction is not anticipated in humans in the clinical therapeutic dose
range of 150 to 600 mg/day (3 to 2 mg/kg/day based on body weight of 50 kg). At those doses,
the maximum pregabalin exposure [AUC q.24) of 123 pg-hr/ml.] is at least 20-fold lower than the
value observed at 1250 mg/kg in toxicology studies. The exposure multiple for the proposed
maximal daily dose in humans of 300 mg/day would therefore be 40-fold lower than the
concentration of drug that produced minor induction liver enzymes.

The potential for pregabalin to inhibit 7 major cytochrome P450 enzymes that mediate drug and
xenobiotic metabolism in humans (CYPIA2, 2A6, 2C9, 2C19, 2D6, 2E1, and 3A4) was
mvestigated using isoform selective marker substrates and human liver microsomal preparations.
No significant inhibition was observed in vitro at pregabalin concentrations of 40, 200, and 1000
uM. These results suggest that a metabolically-based clinical interaction between pregabalin and
other drugs, whose clearance is dependent upon one of the P450 enzymes tested, is highly unlikely
at therapeutic concentrations of pregabalin.
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2.6.4.9 Tables and Figures to Include Comparative TK Summary

The PK data are summarized below.

Mean Pregabalin Pharmacokinetic Parameter Values in Mice, Rats, and Monkeys

Following Single-Dose Administration of Pregabalin

Species/Strain Dose | Route PK Parameters
(M) (mg/kg) Cmax [ tmax [ t4 [AUC,.,] CL Vss | F
Mouse/BeC3FI 50 v - -- 344 79.7 10.5 104 | -
(3/sex/time point) SO{G) PO 510 | 025 -- ND - -~ 194.0
Rat/Wistar 50 v -- -- 3.9 292 290 099 | -
(5/treatment) S0(GY PO 52.7 0.6 2.7 243 -- - | B33
[Rat/Wistar s{(G)y i PO 6.1 0.5 2.9 25.2 - - ND
(5-6/dose) 25(G)} PO 28.4 0.5 4.2 133 -- - ND
50(y| PO 64.8 1.1 4.4 317 - - ND
160 (G)] PO 91.8 1.2 3.1 488 - -- | ND
150 (G)] PO 127 1.2 3.7 686 -- — ND
onkey/Cynomolgus 25 v - -- 5.8 246 1.76 084 | —
(¥/sex/dose) 10{(Gy}| PO 12.3 0.9 5.0 911 -- - | 928
25(G)| PO 20.5 2.2 4.9 171 -- - 1703
S0(G)| PO 40.6 2.3 8.8 376 - - | 76.8
100{G)| PO 47.0 23 6.0 400 -- -~ 1414

Cmax = Maximum observed plasma concentration (pg/mkL)

tmax = Time to reach Cua, (hn)

th, = Apparent terminal elimination half-life {(hr)

AUC = Area under plasma concentration-time curve (pg-he/mL)
CL = Total plasma clearance (mL/min/kg)

Vss = Volume of distribution at steady state (L/kg)

F = Absolute PO bioavailability (%)

G = Dose administered by gavage

ND = Not determined

-- = Not applicable
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2.6.60 TOXICOLOGY

2.6.6.1 Overall Toxicolegy Summary

(eneratl toxicology:

In summary, toxicologic findings after oral dosing of pregabalin included hypoactivity,
hyperactivity, and ataxia in rats at > 1.5 times, 1n rabbits at > 11 times, and in monkeys at > 8
times the mean human exposure (AUCg.24) 0f 123 pg-hr/mL) at the maximum recommended
clinical dose of 600 mg/day. Dermatopathy was observed in rats and monkeys at > 2 times the
mean human exposure at the maximum recommended clinical dose. Decreased platelet count
occurred in rats at > 2 times and nasal discharge/rhinitis occurred in monkeys at > 3 nmes the
mean human exposure at the maximum recommended clinical dose. Note: at a maximum cimnical
dose of 300 mg/day, an AUC .24y of ~ 75 pg-hr/mL would provide a somewhat greater safety
margin.

Figure: Pregabalin Oral Toxicodynamics from Sponsor’s View

Mean Exposure (123 pgehriml)
at the Maximum Recomriended
Chinical Dose

O Rat ® Monker = Rabbit B Mouse

Death ( :
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b
1
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Genetic toxicology:

The genotoxic potential of pregabalin was asscssed in both i vigro and in vivo studies. Pregabalin
was not mutagenic under the conditions of the assays in bacteria using metabolic activation
provided by mouse or rat liver. Pregabalin did not induce point mutations or structural
chromosome aberrations in Chinese hamster ovary cells i vitro. Pregabalin did not induce
unscheduled deoxyribonucleic acid (DNA) synthesis 1n mouse or rat hepatocytes and was not
clastogenic in mouse or rat bone marrow in vivo.

Carcinogenicity: (from Ed Fisher's review)

A dose-dependent increase in the incidence of malignant vascular tumors (hemangiosarcomas)
was observed in two strains of mice (B,C;F, and CD-1) given pregabalin in the diet for 2 years at
doses of 200, 1000, or 5000 mg/kg/day. Plasma pregabalin exposures (based on AUCY} in mice
receiving the lowest dose that increased hemangiosarcoma incidence were approximately equal to
the mean exposure in humans receiving a daily dose of 600 mg. No evidence of carcinogenicity
was seen in two studies in rats (Wistar strain) following oral administration of pregabalin for 2
years at doses of up to 450 (males) and 900 mg/kg/day (females), which were associated with
plasma exposures approximately 14 and 24 times, respectively, human exposure at a daily dose of
600 mg/day. If the maximum daily dose in humans were limited to 300 mg/day, the NOAEL
values provide approximately a 28 fold and 48 fold exposure ratios in males and females,
respectively.  The Sponsor's tables 5 and 6 summarize the data obtained in the B6C3F1 mice.

Table 5, Incidence of Hemangiosarcoma in B6C3F1 Mice Given Pregabalio for
2 Years™

Dose (mg/kg)

Control 200 1000 5000
Males 2 3 [9* 22*
(3%) (5%) (29%) (34%)
Females 2 7 |9+ 25%
(3%) (11%) (29%) (38%)
Exposure Multipie” i1-1.2 5-7 31

¥ Statistically increased compared to control, p <0001,

Historical incidence in contro} B6C3F] mice: Males: 0%-13%; females: (%-8%
* 64-66/sex/group.
Comparison to mean exposure in humans given the maximum recommended dose.
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Table 6.  Platelet and Bone Marrow Megakaryocyte Counts in B6C3F1 Mice Given
Pregabalin for 2 Years®

Dosc ¢mg'kyd

Control 200 1000 5000
Platelet Count (10°/L)
Male TI82 299 (32) 1342 + 226 (46) 1599 + 4667 (35) 1377 +476% (17}
Female 6312203 (4 856 1 21640y 830+ 237 (23 997 £ 267 (20)*

Megakarvocyte Count {(total/5000 hematopoietic cells)
Male 432+ 11.2(65) 658 £ 18.0%%(63) 77.3+19.9%% (64) 88.3+26.3%* (61)
Female  43.04 10.7(62) 601 £203%% (66) 712+ 189%% (623 7891 19.7%* (63)
Sigmficantly difterent from conteol. p - (101,
=¥ Signiticant trend test at p ~1L02 (p ~H.003 for quadratie),
Values represent mean b standard deviation (N).

Reproductive toxicology: (from Ed Fisher review)

In a fertility study in which male rats were administered pregabalin (250, 1250, or 2500 mg/kg)
prior to and during mating, a number of adverse reproductive effects were observed, primarily at
doses > 1250 mg/kg; these included: increased number of days to mating, decreased sperm counts
and motility, increased sperm abnormalities, reduced fertility, increased pretmplantation loss, and
decreased litter size. Decreased sperm motility was also seen at 250 mg/kg. Because a no-effect
dose was not established, a follow-up study was conducted using lower doses {50, 100, or 250
mg/kg). No significant reproductive or other toxic effects were observed in this study. Based on
the finding of decreased sperm motility at the low dose in the original study, the no effect dose for
male reproductive impairment in rats was 100 mg/kg, which was associated with plasma
pregabalin exposures (AUC) approximately 3 times human exposures at the maximum
recommended dose (MRD) of 600 mg/day (this would produce a 6-fold exposure ratio if the
maximum daily dose in humans were limited to 300 mg/day).

In a fertility study in which female rats were given pregabalin (500, 1250, or 2500 mg/kg) prior to
and durtng mating and early gestation (males were not treated), the drug treatment appeared to
disrupt estrous cyclicity during the premating treatment period. In addition, there was an increase
in the number of days to mating, and increased embryonic death were seen at all doses of
pregabalin tested. The low effect dose for female reproductive impairment and embryolethality
was 500 mg/kg (plasma exposure approximately 10 times those in humans receiving the MRD of
600 mg/day or 20 times a maximum human daily dose of 300 mg/day).

Segment II Reproductive Toxicology Studies. Increased incidences of fetal structural
abnormalities and other manifestations of developmental toxicity (lethality, growth retardation,
nervous and reproductive system functional impairment) were observed in the offspring of
animals treated with pregabalin during pregnancy.

When pregnant rats were given pregabalin (500, 1250, or 2500 mg/kg) throughout the period of
organogenesis, incidences of specific skeletal malformations (fusion of the jugal bone and maxilla
and fusion of the nasal bones) were increased at > 1250 mg/kg, and incidences of skeletal
variations and retarded ossification were increased at all doses. Fetal body weights were
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decreased at the highest dose. The low eftect dose tor developmental toxicity in rats was 500
mg/kg, which was associated with a plasma pregabalin exposures (AUC) approximately 17 times
human exposures at the maximum recommended dose [MRD] of 600 mg/day. This low effect
dose provides approximately 34 times the human exposure 1f the maximum daily dose is limited to
300 mg/day.

When pregnant rabbits were given pregabalin (250, 500, or 1250 mg/kg) throughout the period of
organogenesis, total incidences of skeletal malformations, visceral vanations, and ossification
retardation were increased and fetal body weights were decreased at the highest dose. The no
effect dose for developmental toxicity in rabbits was 500 mg/kg (plasma exposures approximately
17 times human exposures at the MRD or 34 times the predicted plasma levels if the maximum
daily dose were limited to 300 mg/day).

Segment [l Reproductive Toxicology. Pregabalin treatment of rats produced reproductive and
developmental effects in the peri- and post-natal periods. In a study in which female rats were
dosed with pregabalin (50, 100, 250, 1250, 2500 mg/kg) throughout gestation and lactation,
offspring growth was reduced at > 100 mg/kg, offspring survival was decreased at > 250 mg/kg,
and offspring neurobehavioral (decreased auditory startle responding) and reproductive function
(decreased fertility, decreased litter size) were impaired at 1250 mg/kg. The effect on offspring
survival was pronounced at doses > 1250 mg/kg, with 100% mortality in high dose litters. The no
effect level for pre- and postnatal development was 50 mg/kg (plasma exposures approximately 2
times human exposures at the MRD of 600 mg/day or 4 times the MRD of 300 mg/day).

Special toxicology:

Dermatopathy

Skin lesions characterized clinically by a spectrum of lesions ranging from erythema to necrosis,
and histopathologically by hyperkeratosis, acanthosis, fibrosis, and/or necrosis of the tail, were
observed in rats given > 50 mg/kg in oral repeated-dose studies, with associated AUCg04) > 241
pg-hr/mL. Lesions typically appeared within the first 2 weeks of treatment at higher doses and
resolved in most affected animals by Week 7 in the 13-week study and by Week 4 in the 52-week
study. Similar skin lesions were observed in monkeys in oral repeated-dose studies, and were
located primanly on the tail in most animals. In the chronic monkey study, lesions were observed
at > 25 mg/kg, with plasma pregabalin AUC .54 values > 219 pg-hr/mL. As in rats, lesions in
affected animals in the chronic monkey study generally resolved prior to study termination.
Subcutaneous tail temperature, used as an indirect measure of tail blood flow in the chronic
mornkey study, showed no consistent differences between control and high-dose animals, or
between affected and unaffected animals within the same group. Pregabalin at 5% and 7.5% did
not induce contact sensitization (allergic dermatitis) in rats in the local lymph node assay. The
etiology of the skin lesions remains unknown. No tail dermatopathy was observed in mice given
repeated oral doses of pregabalin up to 13 g/kg up to 13 weeks. Missing tail tips were observed in
mice given up to 5000 mg/kg (AUCg 24y of 3150 pg-hr/mL) in the B6C3F1 but not the CD-1
carcinogenicity study, however, the relationship of this lesion to dermatopathy in rats and
monkeys 1s unknown.
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The clinical therapeutic dose range of 150 to 600 mg/day (3 to 12 mg/kg/day based on body
weight of 50 kg) vields a maximal pregabalin exposure (AUCp24) of 123 pg-hr/mL in humans.
Therefore this results in a 2-told safety margwn for dermatopathy in humans compared to rats and
monkeys.

2.6.6.2 Single-dose toxicity

All acute studies were reviewed with the original IND by T.D. Steele. They are summarized here.

The acute oral and [V toxicity of pregabalin was assessed in adult mice and rats. All animals were
observed for clinical signs and mortality daily for 14 days, body weights were recorded weekly,
and selected clinical laboratory parameters were measured. All animals were examined for gross
pathologic changes at necropsy and selected tissues were examined histopathologically.

Maximum tolerated doses were > 5000 mg/kg orally and > 300 mg/kg i.v. The Sponsor’s
summary table of acute oral and intravenous toxicology studies is reproduced below:

Appears This Way
On Original
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i

110 mikz|

drug-teeated aninmls,
Devreased body waight in
| treoted female 24 howrs
postdose. Clinieal
biochemical parameters
not atfected. No gross or

histopathelogic ¢hanges.

Species (Straii Rawe Dose [Observation | Siguficant Findings Maximum Report
Animals Sex-Group (Vehicle)  [(mgkgt]  Penod Nonkethal Number
Total [Dose Volume] iavsy Dose ung kg
Oral
Mouse (BGCRET O v( 2or 4 THypoactivity indrag- SO0 256000674
2F 3N - 3F .30 MO 5000 treated males Body
14 {50 ml. kp| weight and clintead

hiochemical pamameters

not affevted. No gross or

histopatholowic changes.
Rat (Wistar Onl Ve Tor {4 [Hypoaetivity, diarrhea, 5000 25001607
2FOAM - 3F (0.5% MOy 5000 and urine staiing in
4 130 ml. k] drug-treated animalbs.

Body weight and

biochemeal parameters

net affected. No gross or

histopathalogic changes,
Intravenous
Mouse (BACAFL) v y¢ Vorl4" [Nocliical signs. 300 250678
2F.AM « 3F (0.9% NaCh e Decreased body weight in
14 HOmb kg drug-teeated females

24 hours postdose.

Chinicat biochemical

parameters nat affected.

No gross oF

histopathalogic changes,
Rat (Wistar) I YO For 14" [Hypoactivity, naild ataxia, 300 23001675
2F, MM~ 3F {0.97. Na('ly 00° and urve staining in

Bl

MC = Methyleellukse: VO = Vehicle control; 1V = Intravenous.
Two fenmales received 3000 ma-kg and were observed for 14 days: 3 aninals por sex received wehicle or
3000 mg kg and were abservad for 38 hours,
Dose solution concentration of 30 mgrml and injection rate of [ ml min resulted in dose rate of Mmg nin.
Highest dose achievable based on solubility and dose valume limitat ions
Two females received 300 mgkg and were observed for 14 days: } aninmls per sex received vehicle or 300 my'kg
and were abserved for 24 hours.
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2.6.6.3 Repeat-dose toxicity

Only the studies considered pivotal are reviewed and are included with the NDA (even if they
were previously reviewed with the IND). This review does not include range-finding and some
non-GLP studies. These studies, and other repeated-dose studies that were reviewed as part of the
original IND by T.D. Steele and are available.

Study title: Four-Week Daily Repeated Dose Oral Toxicity Study of Pregabalin in Rats.

Key study findings:

e Two males and | female at 5000 mg/kg died or were euthanized in moribund condition
during Weeks 3 or 4.

¢ Treatment-related clinical signs were CNS (hypoactivity, ataxia, hyper-reactivity) in all
treated groups of both sexes.

e Urine staining and tail lesions were noted in both sexes at all doses.

e Body weight gain was suppressed by 18%, 26%, 42%, and 60% in males at 500, 1250,
2500, and 5000 mg/kg, respectively, and 34%, 60%, and 70% in females at 1250, 2500,
and 5000 mg/kg, respectively, relative to controls. Food consumption was reduced
throughout the treatment phase at 1250, 2500, and 5000 mg/kg in both sexes.

e Urinary bladder dilatation, and epididymal changes (hypospermia, fibrosis, cellular debris,
mononuclear cell infiltrates) were observed at all doses.

o  Cpax and AUCg.24) values showed no gender difference and were dose proportional
between 500 and 2500 mg/kg, but less than dose proportional at 5000 mg/kg. The average
Comax following 500, 1250, 2500, and 5000 mg/kg was 106, 270, 494, and 799 pg/mL in
males, and 82, 229, 476, and 606 pg/mL in females, respectively. AUCq.24) averaged 1.7,
4.7,9.0, and 14.6 pg-hr/mL in males, and 1.4, 3.8, 8.4, and 11.3 pg-hr/mL in females at
500, 1250, 2500, and 5000 mg/kg, respectively.

e This study did not identify a no-effect dose. Target organs were male reproductive tissues,
thymus, and skin.

Study no.: SP1554
Volume #, and page #: EDR M4,15, V015
Conducting laboratory and location: Wamer-Lambert Canada, Inc., Mississauga, Ont.
Date of study initiation: Apr 12, 1995,
GLP compliance: yes
QA report: yes(x)no{ )
Drug, lot #, and % purity: CI-1008, Lot X1340993, — purity
Methods
Doses: 0, 500, 1250, 5000 mgrkg
Species/strain: L 1 Wistar rat
Number/sex/group or time point (main study): 10/sex/dose
Route, formulation, volume, and infusion rate: In diet, adjusted weekly
Satellite groups: 5/sex/dose for 4-week recovery and

S/sex/dose for TK
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Age:

Unigue study design or methodology (1f any):

microsomal parameters in Weeks 4 and 8.

Observation times and results

Mortality and Clinical Signs: Observed daily; see table.

44 days

Bone marrow samples from 5/sex high
dose and controls examined microscopically, and liver tissue from 5/sex/dose evaluated for

Impurtant Findings Ly i mypky i 2 mg Ay B m:_;."kg SHEH pp kg
A M F M ¥ M F Aj i
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Death or Monibwod [T ) 0 s i ” 3] 0 K i
§ Chshitis of pvelopephritis Weeks 3-44 Weekd
Clinical Signy
Hypoactisty in Week | -] - b i i2 i 13 [ f3 i2
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Urmie Stain Seald to Week 4 - - ! ! 2 3 6 i+ 14 16
Ted) Dermatopathy b Week 4 -- 1 12 1t ] 17 1 19 X

A breakdown of the tail dermatopathy by severity and by sex is found in the following 2 tables:
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Females
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Body weights: Body weight gain was suppressed by 18%, 26%, 42%, and 60% in males at 500,
1250, 2500, and 5000 mg/kg, respectively, and 34%, 60%, and 70% in females at 1250, 2500, and

5000 mg/kg, respectively, relative to controls.

Food consumption: Food consumption was determined weekly and was decreased in males from
1250 mg/kg and above and females at 2500 and 5000 mg/kg. See summary table at end of

section,

Ophthalmoscopy: Ophthalmic examinations on animals designated for toxicologic assessment
conducted pretest and in Weeks 4 and 8; no effects were noted.

EKG: None performed
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Hematology: Pregabalin treatinent produced statistically significant increases in RBC,
hemoglobin, hematocrit, and a sigmficant decrease in platelet counts (table).

_ — I P2,
| Control | 500 mgike | 1250 mg/kg | 2500 mg/kg | 5000 mg/kg Q
MIFIMI[F | M]F M | F M F Lo
= - ~Q
§le matolons X o
Roed Blood Celleqbe™ 14 ] = e | x g N . NN L Bl Ry e}
Porgent of € ombnel -, - tin. - id . S 155 i (g.
Harioghebvig 11 i 143 [ T B bt - jET o paNe .- 15 i -~ d
Boinvia of 4 comtannd e, . we. .. o - e . -l
Famatoarr qd 1% Pl ardd g a3 - Xt .- "Nt .- Fgnr > - 0
Pervemt of G capd T - W . e . e = O
Plantat Ceamte 337 1n D[ 3183 s Joxome | oz | wovrs §osters | wurm | shirs | ow27es TR O
Fotoo et o8 € cnmed 1, Fen 2. 17, A, [ . T O
'

-- no noteworthy findings
Chnical chemiustry: There was a small (4-6%) decrease at week 4 in chlonde concentration in
males at 1250 and 5000 mg/kg and females at 2500 and 5000 mg/kg that were not apparent at
week 8.

In view of the increases in red blood cell parameters in treated animals, differential cell counts
were conducted on randomized blind-coded bone marrow smears from the first 5 surviving
animals 1n high dose (5000 mg/kg) and control groups. Bone marrow smears were prepared for
each animal at termination (moribund or Week 4 or 8) and examined microscopically for the high
dose Group V (5000 mg/kg) and control (Group 1) animals. Bone marrow megakaryocytes
decreased 30% in males and 25% in females at 5000 mg/kg, the only dose evaluated (see table
below).

Total hepatic cytochrome P450 content increased 30% to 107% in both sexes at = 1250 mg/kg.
Aniline hydroxylase increased up to 4-fold, and nitrosodimethylamine N-demethylase increased
up to 2-fold in females at 1250 mg/kg and in both sexes at 2500 and 5000 mg/kg. EROD activity
increased up to 3-fold in males and females at > 1250 mg/kg. PROD activity increased up to 16-
fold in males and up to 30-fold in females at > 1250 mg/kg. Increased amounts of CYP 2B1/2 and
CYP 2E1 were detected by immunoblotting in both sexes at 2500 and 5000 mg/kg correlating with
increases in microsomal enzyme activities. No effects on hepatic microsomal enzymes occurred
at 500 mg/kg. All changes in hematological parameters and hepatic microsomal isoenzymes were
reversible (see table below).

~ Control | 500mg/kg | 1250mg/kg | 2500 mg/kg 5000 mg/kg
M | F |[M] F M ] F M F M F
NWeekd 5 | 5 o] of o o 0 0 5 5
one Marrow

Megakaryocytes” 98.9 | 894 [ — - -- -- -- -- 69.7 67.1
Megakaryocytes (%) -- -- -- - - - 30%*F* | 25%**
D
Liver Bir:'cllemistryb
ICYP Total (mg/g liver) [ 0.50 | 034 [ -- - [30%**] 31%™ [36%** | 59%** | 68%** | 107%**
IAH (nmol/min/mg prot) | 0.06 | 0.10 { -- - - [2-fold**{I-fold**[2-fold**| 4-fold** | 4-fold**
i
NMND {(nmol/min‘mg p)| 0.39 | 0.48 | -- - -~ [1-fold**] 1-fold™ [1-fold**| 1-fold** | 2-fold**
i
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EROD (nmol'nmun/mg p) | 949 { 639 | -- 1- I- |1-fold**{I-fold**(2-fold**| 2-fold** | 3-fold**

1 fold**[fold**

PROD (nmol min/mg p} | 6.84 | 2.45 - - 1- | I-fold™ |4-told**} 7-fold™ [) 6-fold* *[30-fold**

I fold**

[mmunoblot CYP2B1/2) - -- -- -- -- -- I [ l i
CYP2E| - -- -- -- -- -- | | { [

*¥ p--0.01 (hinear trend within ANOVA),

IN = Number of animals; | = Increased; -- = No noteworthy findings; D = Decreased; ns = Not statistically

significant, CYP =Cytochrome P450; AH = Aniline hydroxylase; NMND = Nitrosodimethylamine N-
demethylase; EROD = Ethoxyresorufin O-deethylase; PROD — Pentoxyresorufin O-dealkylase; NA = Not
apphicable,

b Group means are shown [or controls. Percent differences from control are shown for treated groups.
Statistical significance is based on actual data and not on the percent differences.

ic Group mecans are shown followed by percent differences from control below. Statistical significance is based
on actual data and not on the percent differences.

d Group mean number of megakaryocytes from 10 high power fields per animal of sternal bone marrow
isection are shown for controls. Statistical significance is based on actual data and not on the percent
differences.

Unnalysis: There were no treatment-related differences at the end of week 4 or week 8.

Gross pathology: Group-related effects were seen with regard to tail dermatopathy, consisting of
hyperkeratosis, acanthosis, inflammation, hemorrhage, fibrosis, necrosis, ulcers, scab formation,
cellular infiltrates and/or bacteria, was seen in females at 500 mg/kg and in both sexes at > 1250
mg/kg. Tail dermatopathy persisted in females at 1250 mg/kg and in both sexes at 2500 and 5000
mg/kg after the reversal period. Urninary bladder dilatation was noted at necropsy in males at all
doses, and pyelonephritis was observed in | F each at 500 and 1250 mg/kg in Week 4. These
changes, however, did not appear to be dose-related.

Organ weights (specify organs weighed if not in histopathology table): brain, kidney, heart,
adrenal, pituitary, liver, pancreas, prostate, testes, uterus, ovary, epididymides, spleen and thymus.

Statistically significant trends towards reduced renal, cardiac, hepatic, splenic, pancreatic
(decreased 27% in females at 2500 mg/kg and 25% to 48% in both sexes at 5000 mg/kg), thymic,
and brain weights occurred in both males and females during the treatment phase. Adrenal and
pituitary weighis were similarly reduced in both sexes, although these changes were statistically
significant only in the females. Prostate weights in the males (46% at 5000 mg/kg) and uterine
weights in the females were also significantly reduced. These organ weight changes were
consistent with reduced body weights and, except for the pancreatic weights in the females, were
partially or fully reversed by the end of the withdrawal period. Pancreatic weights in the females
were not reversed, although the differences between treated and control groups at the end of the
withdrawal period were not statistically significant. See table below of absolute weights.
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TABLE 3. Summary of Organ Weight Changes

MALES

FEMALES
Parnspeter Treatment Withdrawal Treatment Withdmwal
{Weight) (% controly)* (%> control) (% congroly {5% control)
Beody 6990+ =wu $2-93n=4 741004 95-103
Brain 95-98~" 97-103 93-160* 99-102
Kidoey T2-B4rues G008 83-106** 101-107
Heart 68-GRw** 92-109 T9-104*~ 98-107
Adrenal T1-81 110-134 75-99+ 20-101
Pitaitary 64-82 109-136 45 T3ern 100-127
Liver LS o094 B2- 97w~ 102-107
Paricrens 52-74~ 86-100 T35~ 74-78
Splcea 64-95+~* 104-117 64-95%=+ 97-108
Thymus S1-104m%* 8090 4711~ 121-147
Prostate 54-100* 8893

Tostis ‘oB-112 96-107

Epididymis 89.102 100-107

Wierus 68-97+ 99-130
Ovary 91117 108-117

Rangs of abscluta weights of treatad groups as % of control.

Trend statistically significant s * 5000 mgfkg, ** 2500 mp/kg, *** 1250 mpikg, >~ 500 ma'kp

Histopathology: Adequate Battery: ves (x), no { )»—explain

Peer review:

yes (), no(x)

Epididymal changes, including epididymal enlargement, hypospermia in tubules, and interstitial
fibrosis and mononuclear cell infiltrates, were observed at all doses and the incidence and severity

were increased at 2500 and 5000 mg/kg. An increased incidence of sperm granulomas was seen at
5000 mg/kg (see table below).

Control | 500 mg/kg (1250 mg/kg] 2500 |5000 mg/kg
mpg/ky
M| F M F M F M| F | M F
NWeekd| 10} 10| 10 6 10 8 101 6 10 | 10
Histopatholegy Epididymis
Hypospermia - [NA| 1 NA | 3 [ NA1T 6 {NA]l 7 | NA
Interstitial Fibrosis | - | NA| 4 NA | 7 [ NA{ 8 I|NA] 5 | NA
Infiltrates 1 |NA}| 6 NAJ] 7 | NA|[ 8 |NA] 7 | NA
Mononuclear
Sperm Granuloma Il |NA| 2 NA 1 {NA ] 1 |NA| 3 ] NA
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No drug-related histopathological changes were observed in testes. Prostatic atrophy and/or
attenuation of prostatic epithelium was observed in 7 males at 5000 mg/kg. Single-cell necrosis,
reduced zymogen granules, and/or acinar atrophy was noted in the pancreas in 3 malcs and 2
females at 5000 mg/kg. The incidence and severity of these histopathologic changes were
decreased at the end of the reversal period. Tail dermatopathy, consisting of hyperkeratosis,
acanthosis, inflammation, hemorrhage, fibrosis, necrosis, ulcers, scab formation, cellular infiltrates
and/or bacteria, was seen In females at 500 mg/kg and in both sexes at > 1250 mg/kg. Tail
dermatopathy persisted in females at 1250 mg/kg and in both sexes at 2500 and 5000 mg/kg after
the reversal period.

Important Findings Control {500 mg/kg] 1250 mg/ke 2500 mg/kg 5000 mg/kg
Histopathology (continued) M| F | M F M F M F M F
NWeekd 10} 10]10] 6 10 8 10 & 10 10
IPancreas
Necrosis e - - -- -- -- 3 L
Reduced Zymogen - -1 - - -- -- -- -- 3 1
Acinar Atrophy il R -- -- -- -~ - ! --
Skin {Tail)
Hyperkeratosis e -- 2 I -- 1 6 3
Acanthosis e -- 3 2 2 1 5 4
Inflammation I -- - - 2 -- - --
Hemorrhage e -- 1 -- l - - -
Fibrosts e -~ 3 1 2 -- 5 2
Necrosis - | -1 - - - - -= - 1 2
Ulceration e -- -- - 2 -- — --
Scab Formation -] - | - - -- -- - - 2 1
Infiltrates {mononuclear & - -- - 2 3 2 - 1 3 3
neutrophilic)
| Bacteria - -1 - - -- -~ - - 1 --
? N Week § 5 5 5 2 5 5 5 4 3 4
Histopathology Epididymis
Interstitial Fibrosis - {NA] - | NA -- NA -- NA 1 NA
Infiltrates Mononugclear I [NA] 1 | NA 2 NA - NA -- NA
Sperm Granuloma - | NA} - | NA — NA -- NA 1 NA
Skin (Tail)
Fibrosis el B - - 2 1 1 -- --
Infiltrates (mononuclear & e N -- - -- 2 - 1 1
neutrophilic)
N = Number of animals; - No noteworthy findings; NA = Not applicable.
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Toxicokinetics: Plasma samples obtained for drug concentration analyses 0, 4, 7, and 12 hours
after the initiation of the dark cycle during Week 4 from 3 controls/sex and 6/dose/sex; each drug-
treated animal used for 2 time points (beginning and 7 houss, or 4 and 12 hours after initiation of
the dark cycle; N = 3/time point. A single concentration-time curve was constructed from the
mean of individual plasma drug concentrations at each sampling time. Control animalis were all
below the limits of detection (see table below).

. -

Dosc Sex Plastea CT-1008 (ug/ml) and Cmax AUC0-29)
(mgikg) Sampliag Time {ng/mL) {ug-hr/ml)
(hours after initiation of dark cyclc)
0 '_:- - 7 12 -
500 Maies 243 55.1 95.7 106 106 1650
Females 328 379 R1.9 75.6 8t.9 1370
1250 Males 85.0 172 267 10 210 4650
Females 68.8 132 204 229 219 3TN
2500 Males 246 332 494 436 394 5980
Female 206 252 476 468 476 8410
3000 Males 376 b 731 799 753 799 14600
Females 305 239 602 606 606 11300

Summary: (from original T.D. Steele review)

The most significant toxicological finding in this study was the death of 3 animals following 3-4
weeks of treatment with pregabalin. The deaths were attributed to inflammation/dysfunction of
the urinary system.* In survivors, hypoactivity, ataxia, decreased body weight and food
consumption, and tail dermatopathies were the primary clinical signs of pregabalin treatment.
These findings are consistent with the 2-week study, as were increases in RBC parameters,
decreases in platelets, male reproductive changes, and reductions in spleen, thymus, heart, kidney
and liver weights. Of the non-reproductive tissues which decreased in weight, only the thymus
and pancreas showed notable histopathological changes. Pregabalin markedly induced PROD
(2B1/2) activity. As in the dead animals, some pathologies in the bladder were evident in
pregabalin-treated rats. A "No Effect” level was not established.

* Added note: Urinary bladder dilatation and cystitis or pyelonephritis were seen
histopathologically in these animals.
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Study title: Repeated-Dose Toxicity: 4-Week Oral in Rats - Lower Doses

Key study findings: Rats were given pregabalin at 50, 100, and 250 mg/kg in the diet daily for 4
weeks since effects were seen at all doses in the previous 4-week study, with the following
findings:

e No deaths were observed at any dose.

¢ No clinical signs were observed at 50 or 100 mg/kg.

 Tail dermatopathy was observed at 250 mg/kg throughout the treatment period but not
during the reversal period.

* Body weight and clinical biochemical parameters were not affected. Food consumption
increased 9% to 13% in males and females at 100 and 250 mg/kg. Food consumption was
similar to controls in the reversal period.

¢ Platelet count decreased 14% to 20% in females at 100 mg/kg and in both sexes at 250
mg/kg, but was similar to controls after the reversal period.

* Bone marrow megakaryocyte count was not affected at 250 mg/kg; however, this was the _
only dose evaluated.

» Pancreas weight in males decreased 37% at 100 mg/kg and 44% at 250 mg/kg, and
prostate weight decreased 18% at 100 mg/kg and 23% at 250 mg/kg; these decreases were
reversible.

* No drug-related histopathological changes were noted after the treatment or reversal
periods.

¢ NOAEL = 50 mg/kg (Cax ~11 pg/mL; 180 pg-h/mlL).

Study no.: 1566

Volume #, and page #: EDR M 4,15, V007

Conducting laboratory and location: Warner-Lambert Canada, Inc.,

Mississauga, Ont.

Date of study initiation: 15 Sept. 1994

GLP compliance: yes

QA repeort: yes (x)no ()

Drug, lot #, and % purity: CI-1008, Lot XH340993, purity T i)

Methods
Doses: 0, 50, 100, 250 mg/kg
Species/strain: Wistar rat
Number/sex/group or time point (main study): 10/sex/dose
Route, formulation, volume, and infusion rate: oral in diet
Satellite groups used for toxicokinetics or recovery: 5/sex/dose: 4-week recovery
Age: 6 weeks

Weight (nonrodents only):
Unique study design or methodology (if any):

Observation times and results

Mortality: Observed daily. There were no deaths during the study.
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Chinical signs: Observed daily. No chinical signs were observed at 50 or 100 mg/kg. Tail
dermatopathy was observed at 250 mg/kg throughout the treatment period (see table below) but
not dunng the reversal period.

Important Findings Control 50 mg/kg 100 mg/kg 250 mg/kg
M F M F M F M F
N 18 18 21 21 21 21 21 21
Clinical Signs
Tail dermatopathy to Week -~ -- -- -- -- -- 8 2
4
N Week4 [0 10 10 L 10 10 10 10
Food Consumption® (g) 681 445 - - 9%**  10%™  9%**  13%™
I
Hematology®
Platelet Count (10°/L) 1119 1003 - -- -- 867" 946**  804**
D
Percent of control - - -- 14% 15% 20%
Absolute Organ Weights"
Pancreas (g) 1.30 - -- - 3TV -- 44%** --
D
Prostate (g) 1.26 - -- -- 8%+ -- 230%% --
D

Gross Pathology

Skin (Tail) - Discoloration -- -- - -- -- -- 4 --
- Abnormal - -- -- -- -- - 2 1
Surface
** = p<0.01 {linear trend within ANOVA);
N = Number of animals; -- = No noteworthy findings; [ = Increased; ns = Not statistically significant;

D = Decrease.

b Group means are shown for controls. Percent differences from control are shown for treated groups.
Statistical significance is based on actual data and not on the percent differences.

¢ Group means are shown followed by percent differences from control below. Statistical significance
is based on actual data and not on the percent differences.

Body weights: Determined weekly. There were no treatment-related effects.
Food consumption: Determined weekly. Mean food consumption increased 9% to 13% in males

and females at 100 and 250 mg/kg (see table above). Food consumption was similar to controls in
the reversal period.

Ophthalmoscopy: Ophthalmic examinations on animals designated for toxicologic assessment
conducted pretest and in Weeks 4 and 8. There were no ophthalmic findings.

EKG: Not done

Hematology: At termination (weck 4 or 8). Mean platelet count decreased 14% in females at 100
mg/kg and in both sexes (15 to 20%) at 250 mg/kg (see table above), but was similar to controls
after the reversal period. Bone marrow megakaryocyte count was not affected at 250 mg/kg, the
only dose evaluated.
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Chinical chemistry: At termination (weck 4 or §). There were no treatment-related differences.

Unnalysis: At termination {week 4 or 8). There were no treatment-related differences.

Gross pathology: Treatment-related gross pathologic changes were limited to minimal lesions
(discoloration, abnormal surface) of the skin of the distal tail in 4/10 males and 1/10 females at
250 mg/kg at the end of the 4-week treatment phase. Skin lesions of the distal taif were not
observed in either sex at the end of the 4-week withdrawal period.

Organ weights (specify organs weighed if not in histopathology table): Brain, pituitary, heart,
liver, spleen, thymus, kidney, adrenal, pancreas, prostate, uterus (including cervix), ovary,
epididymis, and testis. Mean pancreas weight in males decreased 37% at 100 mg/kg and 44% at
250 mg/kg, and prostate weight decreased 18% at 100 mg/kg and 23% at 250 mg/kg; these
decreases were not evident in the animals allowed a 1-month recovery period.

Histopathology: Adequate Battery yes (), no {(x)—explain (only tissue identified in previous
study as tarpets) Peer review: yes (), no (x)

Only potential target organs (brain, heart, pancreas, testis, epididymis, prostate seminal vesicle,
bone marrow, and tail), and gross abnormalities from all groups were examined microscopically.
No drug-related histopathological changes were noted after the treatment and reversal periods.

Toxicokinetics: Heparinized blood samples were collected during Week 4 from the last 3 animals
per sex from the control group and from the last 6 animals per sex from each pregabalin treated
group. Control animals were bled 4 hours after initiation of the dark cycle. Three treated animals
per dose group were bled at ( and 7 hours or 4 and 12 hours after initiation of the dark cycle.
Plasma was assayed for pregabalin using a validated T 1 procedure. In
general, there was no apparent gender difference in pregabalm pharmacokmetlcs Increases in
pregabalin Crax and AUC .24y values were dose proportional up to 250 mg/kg.

Toxicokinetic Parameters in Rats Given Pregabalin Daily in the Diet for 4 weeks
Male Female
Dose (mg/kg) Cmax AUC0.249 Cmax AUC.09
30 11.2 181 11.3 172
100 239 360 18.1 325
250 60.2 923 42.7 729

Other: Bone marrow samples from 5/sex high dose and controls examined microscopically in
Weeks 4 and 8. No effects were noted.
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Study title:  Repeated-Dose Toxicity: 13-Week Oral in Rats

Key study findings: Raty were given pregabalin at 50, 250, 500, or 1250 mg/kg 1n the diet daily
for 13 weeks with the following findings:

One female at 250 mg'kg died in Week 12; death was attributed to pyelonephritis. In
addition to this animal, pyelonephritis was observed in | female at 1250 mg/kg.

Unne staining and hypoactivity occurred in females at 1250 mg/kg.

Tail dermatopathy was noted in both sexes at [250 mg/kg and resolved by Week 7 1n
most animals.

Body weight gain at Week 13 decreased 12% at 250 mg/kg, 25% at 500 mg/kg and 44% at
1250 mg/kg in males, and 42% at 1250 mg/kg in females. Food consumption decreased
10% at 250 mg/kg, 17% at 500 mg/kg, and 28% at 1250 mg/kg in males, and 18% at 500
mg/kg and 15% at 1250 mg/kg in females.

RBC count increased 5% to 11% and platelet count decreased 18% to 34% in both sexes
at > 250 mg/kg.

Bone marrow total nucleated cell (FNC) count decreased 29% at 500 mg/kg and 40% at
1250 mg/kg in males, and 22% at 250 mg/kg, 18% at 500 mg/kg, and 32% at 1250 mg/kg
in females.

Serum phosphorus increased 49% in females at 1250 mg/kg.

Organ wetghts of animals at 500 and 1250 mg/kg were decreased secondary to decreased
body weight gain.

Edema and hemorrhage of urinary bladder lamina propria were seen in males at 250
and 1250 mg/kg and in females at 1250 mg/kg

Epithelial hyperplasia of bladder mucosa occurred in both sexes at 1250 mg/kg.

Bone marrow hypocellularity seen histopathologically in males at 500 and 1250 mg/kg
and 1n females at > 250 mg/kg correlated with flow cytometric resulis.

9% and 17% decreases in epididymal weight at 500 and 1250 mg/kg, respectively,
considered treatment-related.

Minimal to mild spermatogenic epithelial degeneration was observed in 3 males at 1250
mg/kg.

Accumulation of alveolar foamy macrophages was observed in both sexes at 500 and
1250 mg/kg; incidence and severity were dose-related.

Target tissues: bladder, skin, blood, bone marrow, male reproductive system, lung.
NOAEL = 50 mg/kg

Study no.: 1994

Volume #, and page #: M4,15 V017

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor
Laboratories, Ann Arbor, Michigan

Date of study initiation: 28-Feb-1995

GLP compliance: ves

QA report: yes (x)no ( )

Drug, lot #, and % purity: pregabalin, Lot XH340993,C T4 active
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Methods
Doses: 50, 250, 500, 1250 mg/kg
Species/strain: Rat/Wistar
Number/sex/group or time point (main study): 10:sex/dose
Route, formulation, volume, and infusion rate: oral in diet
Satellite groups used for toxicokinetics or recovery: no
Age: 7 weeks
Weight (nonrodents only):
Unique study design or methodology (if any): This study was actually an interim sacrifice
for the 52-week study.

Observation times and results

Mortality: Observed daily. One female at 250 mg/kg died in Week 12; death was attributed to
pyelonephritis.

Clinical signs: Observed daily. Urine staining and hypoactivity occurred in females at 1250
mg/kg. Taill dermatopathy was noted in both sexes at 1250 mg/kg and resolved by Week 7 in most
animals. See table next page.

Body wetghts: Determined weekly. There was a dose-related decrease on body weight gain at
Week 13: 12% at 250 mg/kg, 25% at 500 mg/kg and 44% at 1250 mg/kg in males, and 42% at
1250 mg/kg in females. See table next page.

Food consumption: Determined weekly. Food consumption decreased 10% at 250 mg/kg, 17% at
500 mg/kg, and 28% at 1250 mg/kg in males, and 18% at 500 mg/kg and 15% at 1250 mg/kg in
females. See table next page.

Ophthalmoscopy: Ophthalmic examinations conducted pretest on all animals and on animals
designated for toxicologic assessment in Week 13; no effects noted.

EKG: none

Hematology: Mean RBC count increased 5% to 11% and platelet count decreased 18% to 34% in
both sexes at > 250 mg/kg. Mean bone marrow total nucleated cell (TNC) count decreased 29% at
500 mg/kg and 40% at 1250 mg/kg in males, and 22% at 250 mg/kg, 18% at 500 mg/ke, and 32%

at 1250 mg/kg in females. These decreases occurred in all cell types, so no changes were noted in

myeloid:erythroid (M:E) ratio. See table next page.

Clinical chemistry: Mean serum phosphorus was increased in treated females: outside historical
conirol range (49%) at 1250 mg/kg. There were no changes in mates.

Urinalysis: No changes occurred in urinalysis parameters.

Gross pathology: Treatment related gross and histopathological changes were seen urinary
bladder, bone marrow, and lung. Edema and hemorrhage of urinary bladder lamina propria were
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seen in males at 250 and 1250 mg/kg and in females at 1250 mg/kg; epithelial hyperplasia of
bladder mucosa occurred in both sexes at 1250 mg'kg. Sce table below.

Important Findings L Control | 50 mg/kgﬁ 250 mg/kg 500 mg/kg 1250 mg/kg—
M 3 M F M F M F M F
N 10 16 14 10 10 1 10 10 22 22
Death — Pyelonephrius 0 0 0 0 0 i G 0 0 0
Week 12
(Clinical Signs
Urine Staining -- -- - — -- -- - -- — 7
Hypoactivity -- -- - - - -- -- -- - 2
Tail — Dermatopathy -- -- - 1 ] - - ] 17 10
N 10 10 10 10 10 10 10 10 10 10
Body Weight Gain® (g) D] 343 126 - - [ 2%g% -- 25%+ - A44%+ [ 42%
Food Consumption® (g) D[ 196 | 123 | - [ — [10%™ ] = "17%"* | 18%++ |28%++| 15%++
Hematology®
Red Blood Cells (10™/1) P B3R | B23 | — | - | 911+ [899%* | 9.04** [ 8.64%* [9.26++[9.09+*
Percent of Control - -- 9% 9% 8% 5% 1% | 10%
Platelet Count (10%L) Dl 945 {1013 -- -- ) TI2EE D BAG*E | 626 | BI6** {6TIHH {735
Percent of Conirol - -- 18% 18% 34% 19% | 29% | 27%
[Bone Marrow* N 5 5 5 5 5 5 5 5 5 5
Total Nucleated Cells (10%L) D | 1.74 | 148 | -- - LIe** 9 1.24%* | 122+ [ 1.04+%+[1.00++
Percent of Control - - - 22% 29% 18% | 40% | 32%
Clinical Chemistry® N 10 10 10 {1] 10 10 10 10 10 10
Phosphorus (mg/dL) I 83 -- 89 - 10.3 -- 9.8 - | 12.4%+
Percent of Control -~ - - -~ - -- -~ 49%
Histopathology
Pyeloncphritis -- -- -- | - ] -- -- l - - - 1
Urinary Bladder
Edema Lamina Propria -- -- - -- 1 -- -~ -- 2 1
Hemorrhage Lamina Propria - -- - - | -- - - 2 1
Epithelial Hyperplasia Mucosa | - -- -- - - - -- - 2 2
Bone Marrow - Hypocellular -- — -- - -~ i 2 2 3 6
Absolute Organ Weights® N| 10 10 10 10 10
Epididymides D) 1.57 - - QUp* ¥ -— | 17%**
Histopathology N| 10 0 0 i0 10
Tesltis — Spermatogenic Epithelial| — NA -- | NA - NA - NA 3 NA
Degeneration
istopathology N| 10 10 0 0 10 10 10 10 10 10
Lung - Alveolar Foamy -- 1 -- -- -- i 2 2 8 6
Macrophage Accumulation

** p<0.01 (linear trend within ANOVA).
IN = Number of animals; -- = No noteworthy findings; D = Decreased; ns = Not statistically significant; I = Increased,
b Group means are shown for controls. Percent differences from control are shown for treated groups. Statistical
significance is based on actual data and not on the percent differences.
- Group means are shown followed by percent differences from control below. Statistical significance 1s based on
actual data and not on the percent differences.

Organ weights (specify organs weighed if not in histopath table): brain, pituitary, adrenals,
gonads, prostate, epididymides, heart, lung, spleen, thymus, liver, pancreas, submandibular

salivary glands, kidneys were recorded. Absolute organ weights of animals at 500 and 1250
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mg/kg were decreased secondary to decreased body weight gain. The 9% and 17% decreases in
epididymal weight at 500 and 1250 mg/kg, respectively, were initially considered due to decreased

body weight gain, based on subsequent studies in rats, these changes are now considered

treatment-related. See absolute and relative male organ weights below.
0 mgskg 50 mg/ky 250 mg/kyg 500 mg/kg

Bady Wt {(g) 534.8+ 5.54 520,44 4£.26 491.9+ 7.31" 468,11+ 1195

Brain 2,159+ 0.0178  2.157+ 0.0253 2,092+ 0.0273 2.0Bé6+ 0.0244
§/100g BW 0.403+ 0.0060 D0.415+ 0.0D66  O0.426+ 0.0093 0.448+ 0.0123%

Kidney 4.036+ 0.0829 3781+ 0.1047 3.416+ 0.0995% 3 229+ 0.1315+
9/100g 8w 0,752+ D.0140  0.727+ 0.0214  ©.697+ 0.02556 0.4690+« 0.0227
9/9 Brain 1.871+ 0.0433 1.756+ 0.0577 1.633+ 0.0438* 1.547+ 0_0558%

Heart 1.595+ 0, 0462 1.550« 0.0217 1.536+ 0,0445 1.440+ 0.0299*
9/100g BW Q._297+ 00,0089 Q.298+ 0.004% 0.313+ 0.0100 0.308+ 0.00546
§/9 Brain 0.740+ 0.0248& G.719+ 0.0130 J.734+ 0.0198 9.681+ 0.0153

Lung 2.083+ 0.0744  2.037+ D.128B  1.993+« 0.1196  2.086+ 0.0822
g/100g 8W O.387+ 0_013%  0.392+ D 0247  0.403+ D.0244 0.447+ 0.0172
g/g Brain 0.970+ 0.0325 0.941+ 02,0519  0.957+ 0.047% 1.001+ 0.0420

Thyroid-Patra 0.034¢ 0.0017 0.032+ 0.00%8 0.030+ 0.0022 0.0+ 0.0011
9/100g 8Y 0.00&6+ 0.0003% G.006+ 0. 0004 O_006+ 0.0004 0.007+ 0.0003
g9/9 Brain 0,076+ 0,0008  0.015+ §$.0010 0.015+ 0.0011 0.015+ 0.0008

Adrenal 0.072+ 0.0028 0.069+ 0.0052 0.043+ 0.0023 0.0?0+ 0.0042
9/100g BY G.013+ 0.0005 0.013+ 0.0D10 0.01%+ 0.0805 ¢.015+ 0.0A0Y
o/g Brain 0.0%3+ 0.001% 0.032+ D.0D024 0.030+« ¢.0010 G.034+ 0,0020

Pituitary 8.015+ 0.0006 0.013+ 0.0005 C.017+ 0.0004* Q.01+ 0.0008*
g/100g BW 0.003+ O_0001 0.003+ 0.0001 0.002+ 0.0001 6,002+ 0.0001
g/g9 Brain G007+ 0.GOO03  0.006+ 0.0003 0.005+ 0.0002* 0.005+ 0.00D04*

§. Salv. Gld 0,883+ 0.0251 G.845+ 0.0453  0.756+ 0.0586 0,665+ 0.0437*
9/100g BY 0,354+ 0.0052 0.162+ 0.0088 0.154+ G_0131 0.%143+ 0.0%02
2/9 8rain 0.381+ 0.0109 O.360+ 0.0172 0.360+ 0.0243  0.319+ 00214~

tiver 16.297+ 04099 17,144+ 04390 15.669+ 0. 414k  15.07%+ 0.5644
9/106g BW 3.034+ 0.0569 3.296+ G.0B50 3.187+ 0.0775 3.214+ 0.0434
3/9 Brain 7,555+ 0.2067 7.959+ 0.2353 T.490+ 01713 7223+ D.2476

Pancreas 1.682+ Q1092 1.534+ 0.0873 1.417+ 0.0733 1.298+ 0.0824"
g9/1009 BW. C.314+ 0.0208 0.296+ 0.0155 0.288+ 0.0143 0.277+ 0.0148
8/9 Brain 0.7718« 0.0483 B.712+ U.0418 G.&7Te+ 0.0361 0.E21y 00379

Prostate 1.490+ 0.0649  1.461+ 0.0665 1.576r 01116 7.28%+ 0.0862
9/1009 8W 0,277+ 0.0107 0.287+ 0.0128 0.320+ 0.0228 0.27%+ 0.0158
g/9 Beain 0.691+ 0.0311 0.67&6+ 0.0235 0.750+ 0.0475 0.5614+ 0.0418

Texztes 4.005+ 0.1204 3.765+ 0.1009 4,048+ 0.4120 3.787+ 0.09866
8/100g BW  0.747+ 0.0260 0.725+ 0.0238 0.829+ 0.0866 ©.815+ 0.03%4
9/9 Brain 1.355+ 0.0%%6 1.746+ 0.0474 1.952+« 0,210 1.816« 0.04L46

Epididymides 1.567+ 0.0442  1.520+ 0.0300  1.450+ 0.0357 1.427+ 0.0371>
§/1009 84 0.292+ 0.0081 0.292+ 0.0073  0.295+ 0.0078 0.307+ 0.0108
o/ Brain 0.726+ 0.0214  9.705+ 0.01386 0.653+ 0.0%44 0.685+ 8.0208

Spiesn 1.047+ 0.0208  0.949+ 0.0267 0.552+ 0.0354 0.993+ 00433
8/100g BW  0.195+ C.0032  9.186+ 0.0052 4,193+ 0.004& 0.214+ O_D108
979 Brain D.486+ 0.0119  0.450+ 0.0145  0.456> 0.D1BT  D0.476+ 0.0204

Thymas 0.531+ 0.0248  0.450+ 0.B255  0.457+ 0.0397 0.520+ 0.0353
* 5/7100g BU  0.099+ 0.0046 0.087+ D.0OST 0.093+ 0.0082 0.31%+ 0.5048
g/g Brain 0.244+ 0.0115  0.208+ 0.010% 0.220+ 0.0205 0,249+ 0.01%8

For each dose group, values sxpressed are means + standard errors.
*  Mean velue significantly different from control mean at 1% Level by
seentisl trend teat within one-factor sralysis of variance.
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2.049«
0.507+
1.043+

0.030+
0.007+
0.015+

0.085+
0.016+
0.033+

0.010+
0,003+
9.005+

0.651+
0.1462+
0.353+

13 467
3.3356+
5,934+

1. 194+
0.300+
G.608+

1,267+
0.315+
D.5643+

3.706
0.923+
1.871+

1,306+
0.326+
0,664

0.888+
0,222+
¢.450

0.413+
0,103+
0.21%+

12.52~

D.0514~
0.0180%

0. 1023
D.01548
0. 0595

0.0550~
0.0081>
0.0292

0.0981
0.0178»
0.0716

8.0020*
0.000%
0.0011

0.0041
0,0011
D.0031

2.0005™
0.0001
0.0003>

0. OL08*
0.0097
0.0274™

4. 5258~
0.0644
03189~

0. 0729~
D.0215
0.0558*

0.0584
D.0136
0.6335

0.1278
0.0354*
0.0513

0.0758%
0.0213
0.04633

0.0274»
0.0090
0.0167

0.0245
0.0065
a.0152



NDA No. 21-446

Reviewer: Jerry M. Cott, Ph.D.

See absolute and relative female organ weights in the table below:
Study 1994 - females - Week 13 Sac.

0 mg/kg 50 mg/skg 25 mg/kg 50D mg/kg 1250 mg/ks

Body Wt (g) 284.3+  6.37 320.0+ 11.57 302.1+ B.48 273.5+ g8.71 228.9+  B.51*

Brain 1.972+ 0.0329 1955+ 0.0445  1.953+ 0.0292  1.918+ 0.0375  1.89%5+ 0.0404
9/100g BW [.697+ 5.0198  0.617+ 0.0211  D.650+ 0.0158  0.706+ 0.0220 0.837+ 0.0318+*

Kidnaey 2.309+ 0.0848 2,413+ 0.0720 2,162+ D.0845  1.981+ 0.0355% 2.066+ 0.0751+
9/100g #W  O.B%4+ 0.0212 0,758« 0.0205  0.717+ 0.0V40 0,73+ 5.02V0  0.568+ 0.0347
g/g Brain 1.173+ 0.0349 1,236+ 0.0427  1.168+ 0.0317  1,0%6+ 0.0250% 7.093%+ 0.0437*

Heart 1.016+ 0.0575  1.085+ 0.0234  1.059+ 0.0458 D.924+ 0.0244  0.899+ 0.0307*
9/7100g BW 0.356+ 0.4162 0,335+ 0.0098 0.352+ 0.0141 0.339+ 0.0086 0.39%5« 0.0120
9/9 Brain 0.516+ 0.029%  0.545+ 0.011%  0.542+ 0,0215 0,483+ D_DI3R  0.477+ 0.0193

Lung . 1.621+ Q1212 1.691+ 0.0897 1,583+ 0.0765 1,468+ 0.0527 1.621+ 0,1064
§/1009 BW 0.571+ 0.0418  0.530+ D.0249 0.524+ 0.0244 0.539+ 0.0197  0.713+ 0.0483*
§/g Brain 0.824+ 0.0629 (,862+ 0.0389 D.816+ 0.0328 0.768+ D.0322  0.855+ 0.0496

Thyroid-Para 0.028+ 0.0018 0.030+ 0.0019% 0.034+ 0.0029  0.027+ 0.0013  0.028+ 08.0028
g/1%0g BW  0.010+ 00004  ©.010+ 0.0007 0.0+ 0.0009 0.010+ 0.0067 ©.012+ 9.0010
g/g Brain 0.094+ 0.0009 0.015+ 0.0009 O0.017« 0.0015  D.015+ 0.0007 0.015+ 00016

Adrenal G.113+ 0.0064  0.112+ 0.0042 O0.11%+ 0.0050 0.093+ 0.0051* ¢.088+ 0,0030%
9/100g BY  0.040+ 0.0024 0.034+ 0.0019 D037+ 0.0019 0,035+ 0.0029  0.039+ 0.0022
9/9 Brain 0.057+ 0.0033  0.058+ 0.0028 0.057+ 0.0026  0.069+ 0.0035 0.047+ 0.0014*

Pituizary 0.015+ 0.0008 0.015+ 0.0005 0.0%4+ 0.0011 0.0%4+ 0.0085  0.010+ 0.0013*
§/100g BYW 0.005+ 0.0003 0.005+ 0.0003 0,005+ 0.0004 0.005+ 0.0002  0.004+ 0.0005
§/g 8rain 0.008+ 0.0004 0.008+ 6.0003 0,007+ 0.0006 0,007 0.0002 0.005+ 0.0005*

5. salv, Gld 0.655+ 0,069 0841+ D.D5%8 0,518+ 0.0344% 0.463+ 0.0213% 0,434+ 0.6193"
8/100g BU B.23%+ D085 (.205+ D.D147 0,172+ 0.0116  0.172+ 0.0130  0.193+ 0.010%
9/g Brain 0.3353+ 0.0294 0.341+ 0,03556 D.267+ 6.0205 0,243+ §.01466% 0.232+ 0.0129*

Liver 9.213+ 0.2739  9.873+ 0.3854 9.204+ 0.3485  8.315+ 0.1109% 8,082+ 0.2859*
9/900y BW 3.245+ 0.0849  3.7100+ 0.1102  3.049+ 0.0812  3.085+ 0.0976 3.535+ 0.0977
8/9 Brain 4,633+ 01694  5.064+ 0.2271 4. 721+ 0.1852 4.348+ 0.0872  4.272+ 0.1760+%

Pancreas 1.007+ 0,.0850 0,999+ 0.0898  0.956+ 0.0662 0.813+ 00859  0.825+ £,0701
5/100g BW 0.354+ 0.0291  0.312+ 0.0275 0.315¢ 0.0162  0.29% 0.0295  0.36+ 0.0339
9/9 Srain 0.515+ 0.0465 0.518+ 0.0526 0.491¢ 0.0351 D423+ 0.0433 0434+ 0.0342

Uterus 0.329+ 0.0921  0.756+ 0.0779  0.598+ 0.0285 0,603+ 0.0485  0.570+ 0.0513*
§/1009 8w 0.291+ 0.0303 . 0.237+ 0.0247 C.200+ 0.0121 0.2+ 0.0206 0.251+ .0240
9/g Brain 0.421% 0.0464  0.386+ 0.0380 ©0.308+ 0.0182 0.314+ 0.0239 0.301+ 0.0240

Dvary 0.176+ D.0127  0.185+ 0.0159  0.199« 0.0175  0.183+ 0.0167 0.175+ 0.0138
8/100y 8W 0.062¢ 0.0047  0.059+ 0.0053  0.066+ 0.0041 0.059+ 0.0085 0.077+ 0.0059
9/g Brain 0.090+ 0.0072  0.096+ 0.00B5 0.102+ 0.0087 0.097+ 0.0103  0.092¢ 0.0050

Spleen 0.699+ 0.0292 0,684+ 0.0377  0.629» 0.0253  0.567+ 0.0322* 0.535+ 0.0254%
9/100g BW 0.247+ 0.0108  0.213» 0.0082 0.208+ 0.0063 0.208+ 0.G676 0.256+ 0.0123
9/¢ Brain 0.355+ 0.0945  0.350+ 0.0180 0.322+ 0.0108 0.296+ 0.0121* 0.283+ 0.0126*

Thymus 0,465+ 0.0864 0,488+ 0.1241  0.332» 0.0313 0,270+ D.0267% 0.257+ 0.0178¢
/1005 8w 0.161+ 0.0269 0.152+ D.0384 0,109+ 0.0082 ©.099+ 0.0006 0,112+ 0.0052
9/6 Brain 0.240+ 0.0499  0.244+ 0.0567 0.170+ 0.0149 0.141+ 0.0138* 0.136+ 0.0t06*

For each dose group, values expressed are means + standard errors.
* MWean value significantly differant from cantrol tan at 1% feve! by
sequential trend test within one-facter analysis of variance.

68




Reviewer: Jerry M. Cott, Ph.D. , NDA No. 21-446

Histopathology: Adequate Battery: yes (x), no( )} explain

Peer review: ves (), no(x)
Tissues evaluated: brain (optic nerve, optic tract hippocampus, substantia nigra, and lateral
vestibular nucleus), spinal cord, sciatic nerve, pituitary, thyroid, parathyroid, adrenal, pancreas,
liver, tongue, submandibular salivary gland, esophagus. stomach, small intestine, large intestine,
trachea, larynx, tung, heart, thymus, spleen, mesenteric lymph node, eye (6% glutaraldehyde),
Harderian gland, skin, mammary gland, skeletal muscle, bone, bone marrow, kidney, urinary
bladder, testis (Bouin's), epididymis {Bouin's), prostate {(Bouin's), seminal vesicle (Bouin's), ovary,
uterus, vagina, and gross lestons. Tissues from the high-dose groups (Groups 4 and 8) and
controls, tissues from amimals found dead, and tissues with gross lesions were examined
histopathologically.

Minimal to mild spermatogenic epithelial degeneration was observed in 3 males at 1250
mg/kg. Accumulation of alveolar foamy macrophages was observed in both sexes at 500 and
1250 mg/kg; incidence and severity were dose-related. In addition to the animal that died,
pyelonephritis was observed in | female at 1250 mg/kg. Edema and hemorrhage of urinary
bladder lamina propria were seen in males at 250 and 1250 mg/kg and in females at 1250 mg/kg;
epithelial hyperplasia of bladder mucosa occurred in both sexes at 1250 mg/kg.

TABLE 3. Incidence of Pathologic Changes® in Sclected Tissucs After 13-Week
Oral Administration of C1-1008 in Rats
Dose {(mgkg)
lissue/Lesion vV 30 250 200 i250
M ] M I M I RY] F he ] ¥
Kidney: Marked pyelonephrids o 0 0 (] G t o 1 o |

Urinary bladder lamina propria:
minimal to moderate edema and-or

minimal o mild hemorrhage 0 o] o o t 0 0 ] 3 !

minimal to mild mixed cell intilmates 0 0 1] o { o ¢ E1) 3 2
Urinary bladder mucosa:

minimal to moderate hyperplasia 0 0 0 0 0 0 0 t] 2 2
Submandibular salivany gland acini:

minimal to mild seerctory depletion 0} 0 0 - 2 0 K] 3 7 7
Thymus:

minimal 1o mild lymphoid depletion o 1] o ) | 0 0 2 0 3
Femoral bone marrow:

minimal hypoceliularity ) 0 0 o 0 1 2 2 3 6
Testicular spermatogenic epithelium:

minimal to mild degeneration o - - - - - o - 3 -
Lung alveoli:

minimal to macked alvealar

macrophage infifirates o 1 - - [ i 2 2 8 6

2 0= 10 unless noted otherwise.
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Toxicokinetics: Plasma samples obtained for drug concentration analyses 0, 4, 7, and 12 hours
after the initiation of the dark cycle during Wecek 13 from 3/controls/sex and 12/dose/sex; each
drug-treated animal used for | time point; N = 3:/time point. A single curve was constructed from
individual samples for males and females at each sampling time. Animals used for plasma drug
concentrations at 50, 250, and 500 mg/kg not included in total number of test animals. Pregabalin
toxicokinetic parameters increased proportionally to dose, females appeared to have lower levels
than males. See table.

Toxicokinetic Parameters ~-Week 13*
Dose (mg/kg) 50 250 500 1250
M F M I3 M F M ¥
Coax (ug/mL) | 12.7] 89 | 56.8 | 54.0 | 993 | 74.7 | 248 | 258
AUC (ughr/mL)| 228 | 149 | 1210 | 802 | 2270 | 1280 | 5370 | 4040

Other: Bone marrow samples from 5/sex/dose evaluated by flow cytometry in Week 13. Bone
marrow hypocellularity seen histopathologically in males at 500 (-29%) and 1250 (-40%) mg/kg
and in females at > 250 mg/kg (-22 to 32%) correlated with flow cytometric results.

Appears This Way
On Original
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Reviewer: Jerry M. Cott, Ph.D. NDA No, 21-446

Study title:  52-Week Oral Toxicity Study of pregabalin in Male and Female Wistar Rats

Key study findings: Rats were given pregabalin at 50, 250, or 500 mg/kg in the diet daily for 52
weeks Ten animals/sex/group were euthanized at Week 26, and the remaining 15
animals/sex/group were euthanized at Week 52 with the following results:

One female at 250 mg/kg died in Week 44 due to pyelonephritis.

Chinical signs were limited to tail lesions and urine staining,

Tail dermatopathy occurred from Weeks 1 to 4 at 250 and 500 mg/kg with dose-related
incidence.

An increased incidence of urine staining occurred in females 250 and 500 mg'kg. Some
amimals exhibited urine staining for up to 39 weeks and others for only 1 or 2 weeks.
Body weight gain decreased 24% from Weeks 0 to 52 in males at 500 mg/kg; body weight
was unaffected in females. Food consumption decreased up to 16% in males at 250 and
500 mg/kg from Weeks 5 to 52 and up to 24% in females at 500 mg/kg sporadically
throughout the study.

RBC count increased 6% to 11%, and mean corpuscular volume decreased 4% to 8% in
males at all doses and in females at 250 and 500 mg/kg in Weeks 26 and/or 52. Platelet
count decreased 14% to 36% in males at all doses and in females at > 250 mg/kg in Weeks
26 and/or 52. Mean platelet volume (MPV) in males decreased 7% at 250 mg/kg and 11%
at 500 mg/kg at Week 52.

Bone marrow changes at Week 26 included a 29% decrease in TNC count in females at
250 and 500 mg/kg reflecting decreases in myeloid, erythroid, and lymphoid cell lines with
no change in M:E ratio. At Week 52, males at 500 mg/kg had a 44% decrease in TNC and
no change in M:E ratio.

Drug-related gross and/or histopathologic changes were observed in bone marrow, urinary
bladder, submandibular salivary gland, and lung. Bone marrow hypocellularity in both
sexes at 250 and 500 mg/kg in Weeks 26 and 52 correlated with decreased TNC counts.
Minimal to moderate hemorrhage and/or edema in the urinary bladder lamina propria
occurred at 500 mg/kg in both sexes at Week 26 and in males only at Week 52.
Pyelonephritis was observed in 1 female at 500 mg/kg in Week 26 and in 1 female at 50
mg/kg in Week 52.

Mmimal to mild accumulation of macrophages in alveoli occurred with greater incidence
in males at 500 mg/kg at Weeks 26 and 52 with no evidence of lesion progression,
Minimally decreased secretory content in salivary gland acini of males and females at 250
and 500 mg/kg in Week 26 and at 500 mg/kg in Week 52 correlated with 15% to 33%
decreases in salivary gland weight.

A 19% and 13% decrease in epididymal weight at 500 mg/kg at Weeks 26 and 52,
respectively, are now considered treatment-related

Target organs: skin, bladder, kidney, lung, bone marrow, blood, salivary gland

NOAEL = 50 mg/kg

Study ne.: 1994
Volume #, and page #: EDR-M4,15,V0i8
Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor

Laboratories, Ann Arbor, Michigan |
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Reviewer: Jerry M. Cott, Ph.D. NDA No. 21-446

Date of study initiation: 28-Feb-1995

GLP compliance: yes

QA report: yes{x)no( )

Drug, lot #, and % purity: Pregabalin, Lot XH340993, T J4 active
Methods

Doses: 50, 250. 500 mg/kg/day
Species/strain: Rat/Wistar

Number/sex/group or time point (main study): 35/sex/dose
Route, formulation, volume, and infusion rate: oral in diet

Satellite groups used for toxicokinetics or recovery: 10/sex/dose used in 13-week study
Age: 47-49 days

Unique study design or methodology (if any); Ten animals/sex/group were euthanized at
Week 26, and the remaining 15 animals/sex/group were euthanized at Week 52.

Observation times and results

Mortality: Observed daily. One female at 250 mg/kg died in Week 44 due to pyclonephritis.

Dose (mg/kg) o | o 250 500

Sex (M/F) M | FIMI]FIMIJF|M]|F
# of Test Animals 25 [ 25|25 [ 25251250 25 | 25
# Euthanized Week 26 10 J1oJio |l l10]10] 0] 10
# Euthanized Week 52 15 s {isTas s 5] 15| 15
[Death or Moribund | 0 17 o 121121

® deaths not considered drug-—relared

Appears This
On Origingy
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Reviewer: Jerry M. Cott, Ph.D.

NDA No. 21-446

Sponsor’s table of intercurrent deaths:

Animal Sex Dose Week Description Gross Pathology  Histopathology!
(mg/kg) Died Cause of Desth
69017 M 0 33 Monbund sac Hydrothorax Chronic progressive
cardiomyopathy
69041 M 50 51 Moribund sac Ulcerated thoracic  Fibroma
Mmass
63075 M 250 46 Found dead Pulmonary edema  Pulmonary edema
69089 M 250 48 Found dead Kidney mass Malignant
mesenchymal tumor
69121 M 500 32 Found dead Kidney mass/ Malignant
Hemoperitoneur  mesenchymal wumor
69122 M 500 32 Moribund sac Hemothorax Malignant
mesothelioma
69223* F 250 12 Found dead Hydronephrosis  Hydronephrosis with
prelonephritis and
urinary calculi
69244 F 250 44 Found dead Hydronephrosis  Hydronephrosis with
pyelonephritis and
urinary tajouli
69274 F 500 52 Found dead Uterine Hemangiosarcoma
h

*  Results reported previously in 13-week interim report (RR 745-02570).

Chnical signs: Observed daily. Physical exams performed monthly. Clinical signs were limited
to tail lesions and urine staiping. Tail dermatopathy occurred from Weeks 1 to 4 at 250 and 500

mg/kg with dose-related incidence. The affected tails appeared normal in all animals by Week 5.

An increased incidence of urine staining occurred in females 250 and 500 mg/kg. Some animals
exhibited urine staining for up to 39 weeks and others for only 1 or 2 weeks. See table below.

Body weights: Determined weekly. Body weight gain decreased 24% from Weeks 0 to 52 in

Food consumption: Determined weekly. Food consumption decreased up to 16% in males at 250

males at 500 mg/kg; body weight was unaffected in females.

and 500 mg/kg from Weeks 5 to 52 and up to 24% in females at 500 mg/kg sporadically

throughout the study.
mportant Findings Control 50 mg/ky 250 mg/kg 500 mg/ky
M F M F M F M F
N 25 25 25 25 25 25 25 25
[Death or Moribund - - - - - 1 -- -
Pyelonephritis Week
44
(Clinical Signs
Urine staining - 1 1 3 1 5 1 15
Tail - Dermatopathy 1 1 -~ - 2 1 6 8
ody Weight Gain® (g) 503 - - - — | 24%** -
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D [ 1
[Food Consumption® (g)
D

Weeks 5-52 Sporadic 185- -- .- 1%0- -- -- -
(Range) o 16%07*

Weeks 3-52 Consistent 199 | 136- -- - - - Yo- -
(Range) 16%**

Weeks 12-52 Sporadic 155 - - - - - 8%-24%**
{Range)
** = p<0.01(linear trend within ANOVAY;
IN = Number of animals; -- = No noteworthy findings; ) = Decreased, I = Increased; ns = Not statistically
significant.
ic Group means are shown for controls. Percent differences frean control are shown for treated groups.
Statistical significance is based on actual data and not on the percent differences.
d Group means are shown followed by percent differences from control below. Statistical significance is
based on actual data and not on the percent differences.

Ophthalmoscopy: Ophthalmic examinations conducted pretest on all animals and at termination.
There were no drug-related ophthalmic findings.

EKG: none performed

Hematology: RBC count increased 6% to 11%, and mean corpuscular volume decreased 4% to
8% in males at all doses and in females at 250 and 500 mg/kg in Weeks 26 and/or 52. Platelet
count decreased 14% to 36% in males at all doses and in females at 250 mg/kg in Weeks 26
and/or 52. Mean platelet volume (MPV) in males decreased 7% at 250 mg/kg and 11% at 500
mg/kg at Week 52. See table below.

Clinical chemistry: No changes occurred in biochemical parameters

Urinalysis: No changes occurred in urinalysts parameters.

Gross pathology: Drug-related gross and/or histopathologic changes were observed in bone
marrow, urinary bladder, submandibular salivary gland, and lung. See table below and next page.

Organ weights: brain, pituitary, adrenals, gonads, prostate, epididymides, heart, lung, spleen,
thymus, liver, pancreas, submandibular salivary glands, kidneys. Although 19% and 13%
decreases in epididymal weight at 500 mg/kg at Weeks 26 and 52, respectively, were not
originally considered treatment-related, subsequent studies suggested that they are. There were no
drug-related effects on spermatogenesis. Several absolute and/or relative organ weights including
kidney, pituitary, and salivary gland were significantly decreased at > 250 mg/kg in the 26-week
phase and at 500 mg/kg in the 52-week phase. No gross or histologic findings correlated with
these organ weight changes, except for histologic changes in salivary glands. No other organ
weight changes were considered toxicologically significant.

52-Week (26-week sac) Rat Primary Findings

Important Findings uC 50 mg/kg 250 mg/kg 500 mg/kg
M F M F M F M F
N Week 26 10 10 10 10 10 10 10 10
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Hemntology?
Red Blood Cells (10" L) 1 844 | 817 [ 8os | - 9.12 - 9.39 9.10
Percent of Control OOyt ¥ - 8% ** -- 11%** [ 11%4%*
Mean Corpuscular Volume (f1) | 56.0 573 -- -- 533 -- 538 53.6
Percent of Control - -- 5% * - 4% 6%**
Platelet Count (109,’1.) 1 1037 999 -- -- 844 844 742 811
Percent of Control -- -- 19%** 16%™ 28%** | 19%**
N Week 26 5 5 3 S 5 5 5 5
Bone Marrow"
Total Nucleated Cells (10%ml.) - B - - -- 1.06 -- 1.06
Percent of Control | -- - -- - 29%** -- 29%**
N Week 26| 10 10 10 10 10 10 10 10
[Absolute Organ Weights .
Salivary Gland (g) | 0.96 0.63 - - -- 15%** | 33%** 119%**
Epididymides | 1.71 -- - -- 19%**
Histopathology
Bone Marrow - Hypocellular -- - - -- 3 2 3 4
Urinary Bladder - Edemna -- - -- - -- - 3 i
- Hemorrhage - -- - -- -- -- 2 -
Salivary Gland — Secretory
Content Decreased in Acini - -- -- -- 2 2 8 10
N Week 2§ 10 10 0 0 10 10 10 10
Histopathology
Lung - Alveolar macrophage 2 1 - - 2 - 4 2

accumulation
** = p<0.01(linear trend within ANOVA);
IN = Number of animals; -- = No noteworthy findings; [J - Decreased; [ = Increased; ns = Not statistically significant.
© Group means are shown for controls. Percent differences from control are shown for treated groups. Statistical
significance is based on actual data and not on the percent differences.
d Group means are shown followed by percent differences from control below. Statistical significance is based on
Ectual data and not on the percent differences.

Histopathology: Adequate Battery: ves (x), no { )—explain

Peer review: ves (), no(x)
Tissues evaluated: brain (optic nerve, optic tract/hippocampus, substantia nigra, and lateral
vestibular nucleus), spinal cord, sciatic nerve, pituitary, thyroid, parathyroid, adrenal, pancreas,
liver, tongue, submandibular salivary gland, esophagus, stomach, small intestine, large intestine,
trachea, larynx, lung, heart, thymus, spleen, mesenteric lymph node, eye (6% glutaraldehyde),
Harderian gland, skin, mammary gland, skeletal muscle, bone, bone marrow, kidney, urinary
bladder, testis (Bouin's), epididymis (Bouin's), prostate (Bouin's), seminal vesicle (Bouin's), ovary,
uterus, vagina, and gross lesions. Tissues from the high-dose groups (Groups 4 and 8) and
controls, tissues from animals found dead, and tissues with gross lesions were examined
histopathologically.

As shown in sponsor’s table below, minimal to moderate hemorrhage and/or edema in the urinary
bladder lamina propria occurred at 500 mg/kg in both sexes at Week 26 and in males only at Week
52. Pyelonephritis was observed in 1 female at 500 mg/kg in Week 26 and in 1 female at 50
mg/kg in Week 52. There was no evidence of progressive hyaline droplet accumulation in male
rats as has been observed with gabapentin.
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In the lung, minimal to mild accumulation of macrophages in alveoli occurred with greater
incidence in males at 500 mg/kg at Weeks 26 and 52 with no evidence of lesion progression.
Mimimally decreased secretory content in salivary gland acini of males and females at 250 and 500
mg/kg in Week 26 and at 500 mg/kg in Week 32 correlated with 15% to 33% decreases in salivary
gland weight. See summary table.

Sponsor’s Summary Table of Pathological Findings from 26 and 52 Weeks:

TABLE 3. Incidence of Pathologic Changes in Selected Tissues A fier 26" and
52*-Week Oral Administration of Cl-1008 in Rats

TissueLesion Dose (mg/kg)
Contyo! 50 250 00
M F M F M F M F
Boge Marrow )
Week 28:
Minimal Hypocell Femur o o 0 1] H 2 3 4
Week 52; )
Minimal Hypocell Femur g 0 Q 0 3 2 3 4 w
Minimal Hypocell Sterman o 0 0 0 3 1 o i V)
Mild Hypocell Femur o o© o 0o a0 o0 1 @
Urinary Bladder -9
Week 26: (o]
Minimal to Mild Mueosal w3
Hyperplasia o 0 0 o o o o 2 @,
Minimal to Mild Ip Edema o o 6 o o o 303 o}
Minimal Ip Hemorrhage 0 0 0 ¢ o ] T 0 o
Waek 52: O
Marked Mucosa) Hyperplasia 6 0 o e 0 I o
Mild lp Edema 0 0 ] 0 0 0 } 0 o)
Minimal Ip Hzmaerhage 0 0 U] 4] 0 1] 4 i} <
Moderace Ip Hemorrhage 0 o 0 ¢ o 0 P
Lung
Week 25:
Minimal to Mild Alveolar
Foamy Mecropbage Infiloate 2 t - - 2 6 4 2
Week 52:
Misimal to Mild Alvenlar
Foarny Macrophage Infikrare 3 H 1 1 4 0 7 5
Submandibular Sultvary Gland
Week 26:
Minimal Secretory Depletion 0 0 ] 1) 2 2 g 10
Week 52-
Minimal Secretory Depletion 0 o o - 6 @ 6 3
Kiduey
Week 26:
Mignimal CPN § 2 o - 4 2 7 4 ,
Mild CPN 2 0 9 - ) (] 2 2
Hewk 52: :
Minimal CPN 2 3 r o 7 b 4 9
Mild CPN 9 t 6 0 5 2 3 13 1
Moderate CFN 2 0 1 0 3 2 4 O
Marked CPN 1 0 {0 0 f L { j
VC = Vehicle control; Hypocel] = hypocellutarity (pancytic); Ip = tamina proprk; CPN = chronic
f sephropathy.
1 = 10, unless aoted otherwise
* u~ 15, unless noted otherwise
‘ n=3
‘a=]
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Toxicokinetics: In Week 48, blood samples werc obtained for plasma drug concentration
determination 12 hours after mitiation of the dark cycle frem 3 rats/sex/dose group to monitor
exposure. See table.

Plasma Concentrations in Rats Given Pregabalin for 52 Weeks
Dose (mg/kg) Male Female
50 10.6 +1.35 10.9 £ 2.57
250 53.0+7.37 49.6 £ 13.5
500 130 £20.0 108 +16.8

Other: Bone marrow samples obtained at terminal sacrifice from 5 animals per group were
cvaluated by flow cytometry. An altemate flow cytometric methodology was used at Week 52.
Bone marrow changes at Week 26 included a 29% decrease in total nucleated cell (TNC) count in
ferales at 250 and 500 mg/kg reflecting decreases in myeloid, erythroid, and lymphoid cell lines
with no change in M:E ratio. At Week 52, males at 500 mg/kg had a 44% decrease in TNC and no

change in M:E ratio.

Appears This Way
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Study title: 4-Week Oral Toxicity Study Of pregabalin in Cynomolgus Monkeys
(taken verbatim from original IND review by Tom Steele except where noted)
Note: seems to have been performed at Parke-Davis in Ann Arbor, Ml

Groups of cynomolgus monkeys (4/gender/dose) were treated by gavage once daily with 25, 50,
100, 500 rog/kg, or twice daily (BID) with 500 mg/kg of C1 (Lot# XH340993 on 0.5%
methylcellulose). BID doses were separated by 4 hrs. Control animals (4/sex) received 0.5%
methylcellulose. (Note: the 25 and 50 mg/kg groups and an additional control group were added
after the completion of the other groups since a NOEL was not established in that dosage range).
At the end of four weeks of treatment, three animals were sacrificed ; the remaining animals was
kept for an additional four-week reversal study. Clinical observations were made daily. Physical
and ophthalmic exams were done pretest and at termination. Blood pressure and ECGs were
recorded pretest, and 2 h postdose during week 4. Hematology, clinical chemistry, and urinalysis
were done at pretest, and weeks 4 and 8. Liver microsome biochemistry, bone marrow analyses,
gross pathology and histopathology were done at termination.

Mortality : '

Monkcy: Dose {#) Cmax JAUC  [Comment

IM898 500 BID (2) -~ died 24 hr after Day 2 dose

Fo14 500 BID (6) 2630 euthanized 4.5 hrs after
Day 3/Dose 2 &

F316 500 BID (2) 1640 died 24 hrs after Day
1/Dose 2

M900 500 BID(44) 2060 cuthanized on Day 23 due

[ to tail sores
[The following refers to M898, F914, F916:

Clinical ; II'Fs  |ataxia, hypoactivity, hypothermia, cyanotic mucous
membranes, no ECG abnormalities, and BP normal until
just prior to death

Histopath : MB98  llymphoid necrosis (spleen, tonsil, lymph nodes)

’ F914  ltymphocytolysis (spleen, tonsil, thymus, lymph nodes);
atrophy of splenic pulp; centrilobular hepatocellular
swelling j
F916  lymphocytolysis (spleen, tonsil, thymus, lymph nodes); '
myocyte vacuolation and necrosis ; centrilobular
hepatocellular swelling

Cause(s) of Death: Uncertain
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Surviving Animals:

Clinical:

1 500BID M ; 1 5300BID F; | 500 F

(generally on Day 1 and 2)

all animals at 500 and 500 (bid) (started day 1 and 4;
continued for duration of study; reversible)

1 OM; | 10OM, 2 100F; 3 500M, 3 500F;

2 500(bidM, 1 500(bid)F

taxia, hypoactivity |

Soft Feces, diarrhea

+

Nasal Discharge (red)

Tail dermatopathies

I S00M, 1 S00F; 2 500(bid)M, t 500(bid)F

Body weight - INo drug-related changes

Ophthalmic Exam - [No drug-related changes

FECG - No drug-reilated changes

BP - {No drug-related changes

Hematology:

No statistically significant changes (P< 0.01). White blood cell counts were
below the reference range in 4 control and 2 25 mg/kg animals. RBC counts were
below reference in 1 500 (bid) animal.

one Marrow:

o statistically significant (p<0.01) drug-related effects were evident.
However, the mean absolute lymphoid cell count in 500(bid) males was
decreased by 60% relative to controls.

Biochem:

Significant reductions (p<0.01) in serum albumin were found in 500 and 500(bid)
males and 500 females; values were below the reference range only in males,
Significant reductions (p<0.01) were also noted in inorganic phosphorus (100 and
500(bid) males) and glucose (50 males), but values were not outside the reference
fange. Some of the more crucial data, LDH measurements in particular, were
difficult to interpret. Almost and all data (including control animal and pretest
measurements) fell above the reference range. Frequently, 4 week data values
appeared to double the pretest measurement, but again this occurred in control and
treated animals. Several AST and ALT mcasurcinents at 4 weeks exceeded the
reference range, also frequently in control animals . Inexplicably, in the individual
data tables, the clinical enzyme (LDH, AST, ALT) determinations that fell outside
the reference range were not marked (#) similarly to other deviating clinical
Imeasurements. Serum creatinine phosphokinase was a notable oversight in the
clinical chemistry detenminations.

Urinalysis

[No significant changes in urine specific gravity or pH. Blood was detected in
several animals including controls.

iver
Microsomes

CI did not induce ethoxyresorufm-O-deethylasc or erthyromycin-N-demethylase
activities.

Organ
(Weight:

Evaluation of organ weight is limited by the small sample size, high variability
among animals, and absence of a historical control range. Notable trends were:

35% in S00(bid)M
42-45% in 500* and SO0(bid)F

Heart:brain increase

Low testis weight 1 100M, 1 500M

Thymus decrease 48% in 500M
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(Gross Path: Heart

Spleen small

Thymus enlarged

Smalt

Testes, smaill

Tail dermatopathy

see histopath table
100F

1 100F, 1 300F
1 500M, 1 300(td)F (reversal)

1 100M, 1 500 M

1 OM, 2 50M, | 500M, 1 500F, 1 500(bid)M

Histopath: Some histopathological changes in the heart accompanied gross path and
organ weight changes:
8.10. TABLE T-10 Significant Heart Changes in Monkeys Treated
With CI-1008"
Traatment Sex Aaimal BE “{wv‘b ];:;W‘::f Gross . . .
Group (mghg) Nuzaber M);o © (o100 o Changes Microscopc Myocardial Chaoges
50 M 927 0.423 31669 ~ Infikorate®
923 0.447 31624 - tnfilraa?
029 0417 23.666 - tnfiftratet
100 M w 040 30.836 - VS 1ad LV Degeoention
500 BID M 899 0418 31278 - -
900 0355 33834 - Infittrate®
100 F 508 0.454 24201 Ealarged  IVS and LV Degeneration
HO%R) 0.405 73158 - IVS Necrosis aud LV Fibroris
300 E o 0.458 27.110 Ealarged  ~
912 0329 79343 RV Focws  Epicandial Fileosis; Myocardium Noreual
$00 BID F 915 0.539 272941 Esliged LV Neorosis
P16 NA NA - IVS Necrusis
SIKR) 0406 22076 - VS Fibrosis

=~ = Wo chunges.

IVES = Imterventricular scptum.
LY = Left weniricle.

R = Roversal snimal.

RV =« Kight veotricle.

NA = Not applicable {00 organ weights taken; el found dead).

i 8w

Samte ai coosrole.

Mmmbm waipuificat are oot inciuded.
M w-iﬁt 1atio (combined control roge), males: (L316-0.3946; fomaler: 03060423
Heartbrain weight ratio (combioed control range), mader: 21.867.32.975; femaler: 17.030-28.348
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Other notable histopath changes were:

Thyroid atrophy 1 1OOF, 1 500{(bid)H (R)
Liver fibrosis 1 25M, 1 100F
Swelling 1 500F
Vacuolation 1 25F, 1 50M, I 50F
Lymph node histiocytosis I 500(bid)F, 1 S00(bid)F (R)
Thymus atrophy I OM, I OF(R}, 1 500M, | 500M(R), 1 500(bid)F(R)
Spleen, atrophy 1 500(bid)F(R)
Epididymis, hypospermia 1 100M, 1 500(bid)M

seminiferous tubules, hypospermia 1 100M, 1 500(bid)M

testes, degeneration 1 100M (R), 1 50M (R)
kidney, atrophy 1 100F
dilatation 1 100F, 1 500(bid)M; ! 500(bid)F, 1 500(bid)M (R);
1 500(bid)F (R)
fibrosis 1 OF, 1 100F, 1 25F(R), 1 100F (R)
adrenal, hyperplasia 1 25F
vacuolation I 25F
abnormal 1 500(bid)F (R)
hypertrophy 1 100M (R)
pancreas, hyperplasia 1 500(bid)M (R}
lung, granuloma 1 25M
Summary: The most significant toxicological finding in this study was lethality in 3 animals

at 500 mg/kg, bid (a fourth animal was euthanized due to tail sores). As in previous studies, the
cause of death was undetermined. Also consistent with previous studies, lymphocytolysis or
lymphotd depletion occurred in the animals that died early in the study. The possible link between
lymphocytolysis and death was not discussed. Clinical signs of ataxia and hypoactivity preceded
death, and was also seen in surviving animals. As in the previous rat and monkey studies, male
reproductive tissues were affected by repeated CI treatment. Also as in rats, the thymus appears to
be a target of CI toxicity in monkeys, although the atrophy noted in this study was equivocal
because of a similar finding in control animals.
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Myocardial degeneration/necrosis was evident at > 100mg/kg. Heart:brain or body weight ratios
appeared elevated at > 50 mg/kg. However, CI did not acutely effect ECG or blood pressure.
The sponsor states that there was no evidence of a drug-induced inflammatory response, which
may indicate myocardial ischemia. However, a high incidence of myocardial tissue infiltration by
lymphocytes and monocytes was evident in most of the animals (including controls) in this study,
which made it difficult to identify a "drug induced" inflammatory response.

The NOAEL in this study was 25 mg/kg.

(J. Cott Note: Pregabalin was found in plasma of 5 control females at day 1 and in 1 at week 4.
Sponsor summary table from NDA submission is added below.)

Important Findings VO 25 mgtkg | OS50 ik | too mpkg | 500 matke
M F M F M F M F M F
N[s s T a3 1T alalaTl =1 ]
Clinical Signas
MNusal Dhscharge 1 - -- - - -- | 2 3 X %
Aaxia en Days 1 or 2 - -- - - - -- - - - ! n
Soft Feces - - - - - - - - 4 1 -t
harrhea - - - - -- - - - 4 3 -
Tak Dermatopathy  Nonhealing - - - - .- - - - ! | O
NWeekd| 6 | o | 3 3 3 | 3 I E EE 3 ‘é‘,‘ )

Organ Weights'
HEeart te ¢ Braing I — fo1e] .. - - - . - U T 22
Gross Pathology

o

o
Heart - Enlarged - - -- - - - .- | - - 0
Q
2

- hypertrophy | eft Ventricle . - . -~ - - - - - |
Histopzthelogy
Heart « [Fepenermtion Lefl Ventricular Wall
and Intenventncular Septum - - - -- - -~ i i - -
- Fibrosys Lelt Vientricle - - - - - - - -- -- 1
Nzl Cavity - Newtrophilic Inflammation -- 2 - - -- - i - 3 3
Tail Txtremitres - Neutrophilic Tnllammaion | -+ -- - -~ -- -- -~ -- 1 2
N Week 8] 2 2 1 | 1 i 1 ; 1 1
Histopathology
Hleart - Necross Inteny entncutar Septum
and Fibrosis el Ventricle - - - - - - - 1 - -
- Fibresis i Apex - 1 - - - - - - - --
- Fibross Left Ventnicle - - - - 1 - - - - -
Nasal Cavity - Nestrophilic Inflammation - .- - - - - - - 1 .-
¥ p-0.01 {lincar trend within ANOVA),
N Number ol amimals: - ¢ No noteworthy ladings: § - {ncreased.

Giroup mean = shown for controls. Percent difference [rom contrel 1s shown for rremed group. Siatistical
significanve is based on actual data and sot on the percent differences.
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Important Findings 500 me ky Comments
3£
M F
N| 4 +
Death or Moribund

Found [ead on Day 2 | | Ataxic and hypoactive 2 hours postdose on Day 1.
Ihed on Day 2 0 1 |Preceded by otaxia. hypuactivity, eyanosis and hypothermia.
Euthanized Moribund on Day 2 0 1 |Preceded by ataxia, hypoactivity, cyanosis and hypothermma.
Futhanized Moribund in Week 4 1 | Due to tail dermatopathy.

N| 2 2

Clinical Signs

Na<al Discharge 2 2
Ataxigon Days | or 2 -- 1
Soft Feees 2 2
Diarthen 2 2 .
Tail Dermatopathy - Nophealing 1 1 d
Tasl .\mputatron -~ 1 ’6
N Weekd] | |
Grass Pathelogy 0
Heat  Cnlarged - I O
Histopathology Nucronis of interventricular septum also noted in the Temale et o e)
lleart - Necrosis Left Ventricle - I |died on Day 2 -,
Nasal Cavity - Neutrophilie
{nflammation 1 I |Changes in nasaf cavity alse noted in male emthamzed in Week 4
Tail - Neutrophilic Inflammation | --
N Week 8] | |
Histepathology
Heart - Fibrosts Inmterventricudar
Sceptum - 1
Nasal Cas ity - Neutrophalic
Intlammation - 1
Tail - Neutrophilic Inflanunation - |
B3 - Dased twice daly with 4 hours between doses: N - Number of animals: - - No noteworthy findimus.

Appears This Way
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Study Title: 52-Week Oral Toxicity Study: 13-Week Interim Report (10, 25, 100, 250, 500
mg/kg/day, gavage) (taken verbatim from original IND review by Tom Steele except where
noted)

Since "equivocal” cardiac effects were observed in the 4-week oral toxicity study, this portion of
the chronic toxicity study evaluated potentially cardiotoxic effects of C1. Cynomolgus monkeys
(3-6/gender/dose) were administered 0, 10, 25, 50, 100, 250 or 500 mg/kg CI (Lot unspecitied) in
0.5% methylcellulose. Resting and ambulatory ECGs and biood pressures were recorded pretest,
prates, and 2 hrs postdose at Weeks 4, 8, and 13. Echocardiograms were recorded pretest and at
Week 13. Serum LDH and CK were determined pretest and at Weeks 1, 2, 3,4, 6, 8 and 13. An
interim sacrifice on animals from the 10, 25, 100 and 500 mg’kg dose groups was conducted at
Week 13 for microscopic examination of hearts.

Mortality: None

Clinical: tail dermatopathy > 25 mg/kg in males, > 100 mg/kg in females
ECG: No significant drug-related effect
BPs: No significant drug-related effect
Echocardiogram Increase aortic diameter at week 13

(100 = 29%, 250 = 19%, 500 = 14%)

BioChem: The LDH and CK data were difficult to interpret. Although the testing appears to
have been conducted at the same facilities as the previous toxicity studies, the reference
range data are substantially different than in previous studies (most all of the LDH data in
this study would exceed the reference range in previous studies). As the data stands, LDH
and CK elevations were sporadic and distributed among all treatment groups. No animals
appeared to have consistently high or progressively higher levels over the course of the
study. Mean levels of total CPK were significantly elevated in 100, 250 and 500 mg/kg
males at Week 13 primarily due to increases in the MM (skeletal muscle) isozyme.

Organ Weights:There were no statistically significant (p<0 .01) differences in organ weights. The
following trends in means were noted:
liver:brain increase 47% in 500M; increase 32% in SO0F
spleen:brain  increase 50% in S00M; increase 50% in 25F, 27% in SO0F

Gross Path: Mean heart weights were not increased by CI. One 100F had mild ventricular
enlargement. Two 25F had enlarged spleens.

Histopath: heart, fibrosis: 1 OM, 1 OF, 1 10M, 2 10F, 1 100M, 1 500M

Lymphocytic or mononuclear cell infiltrates were present in cardiac tissue of most animals.

The ventricular enlargement in the 100F was accompanied by myocyte hypertrophy,
anisokaryosis, karyomegaly, and myofiber disarray, and attributed to spontaneous hypertrophic
cardiomyopathy.

Summary: This study failed to identify drug-induced cardiac abnormalities that may be
associated with the lethal effects of CI. The drug did not acutely alter resting or ambulatory ECGs,
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echocardiograms, or blood pressures. Cardiac fibrosis was found at a similar incidence rate in
control and treated amimals at the end of 13 wecks of treatment.

(Cott note: 3/4 amimals with the worst tail lesions had high blood levels of drug, esp. 2/4 HDM.)

Study title: Chronic Oral Toxicity Study of Pregabalin in Cynomolgus Monkeys
(Note: this 1s a continuation of the same, previous, |3-week study.)

Key study findings: Monkeys were given pregabalin at 10, 25, or 100 mg/kg by gavage daily for
65 to 69 weeks or 250 mg/kg for 13 weeks followed by 500 mg/kg for an additional 52 weeks to
assess chronic toxicity and found:

* Soft feces or diarrhea was observed in all animals at 500 mg/kg throughout the study

* One female at 500 mg/kg was found dead during Week 39; abdominal distension and
pathologic findings were consistent with acute gastric dilatation

* Inanother female at 500 mg/kg, clinical signs of abdominal distension, dyspnea,
hypothermia, and cyanosis in Week 65 were due to colonic dilatation with moribundity
resulting from cardiopulmonary collapse.

¢ Tail dermatopathy occurred at all doses including controls with increased incidence at > 25
mg/kg. Lesions were similar to those seen in the 13-week study. In general, onset was
earliest at 500 mg/kg with lesions initially appearing during Week 2. In all animals except
1 female at 500 mg/kg, tail lesions resolved before study termination.

¢ There were no effects on body weight, food consumption, or ophthalmic parameters.

* No clinically significant effects were noted in resting and ambulatory ECG,
echocardiographic, or blood pressure parameters.

e Chnical laboratory parameters and bleeding time were unaffected.

¢ No differences were noted in semen analyses conducted pretest and at Weeks 13, 40, and
65.

* Slight erythrocyte autoagglutination was present at all doses at Week 35 with a higher
incidence at 100 and 500 mg/kg. Autoagglutination was not present at study termination.

* Platelet aggregation in the presence of ristocetin and/or arachidonic acid was enhanced in
females at 500 mg/kg. (sponsor suggests ADP-induced aggregation is not biologically
relevant in the absence of changes in collagen).

* There were no drug-related organ weight changes or histopathologic findings.

» NOAEL = 10 mg/kg

Study no.: 1992
Volume #, and page #: M4, 15V 022
Conducting laboratory and location: Parke-Davis Pharmaceutical Research

Division of Warner-Lambert Company
Ann Arbor, Michigan

Date of study initiation: 04/03/95
GLP compliance: yes
QA report: yes(x)no( )
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Drug, lot #, and % purity: Pregabalin (PD 144723-0000), Lots: XH340993, XH330993.0 3
and T 7 respectively.

Methods
Doses: 0, 10, 25, 100, 250/500, and 500 mg/kg
Species/strain: wild-caught cynomolgus monkeys from © 3 and

C 1 Primates
Number/sex/group or time point (main study): 3-6/sex/group, control: 7/sex
Route, formulation, volume, and infusion rate: oral gavage, suspended in 0.5%
methylcetlulose in a dose volume of 5 ml/kg

Satellite groups used for toxicokinetics or recovery: main animals used

Age: 3 to 14 years

Weight (nonrodents only): 2.8 to 8.8 kg

Unique study design or methodology (if any): At the end of Week 13, 3 monkeys/sex at
10, 25, and 100 mg/kg, all monkeys at 500 mg/kg, and 4 controls/sex were sacrificed. The
remaining animals continued on study for an additional 52 to 56 weeks, with animals previously
dosed at 250 mg/kg given 500 mg/kg.

Observation times and results

Mortality: Observed daily. One HDF (#1001) was found dead during the Week 39 ambulatory
ECG procedure with a bloated abdomen and prolapsed rectum. Diarrhea was the only significant
clinical sign noted the day prior to death. A second HDF (#1000) developed a gas-distended
abdomen with dyspnea, cyanosis, and hypothermia (body temperature 36.2°C) approximately 24
hours after ambulatory ECG procedures during Week 65 and was subsequently euthanized in
moribund condition.

Clinical signs: Daily. Physicals at ~ 1-month intervals. Tail dermatopathy occurred in 1 LDF, 2
Mand 1 F at 25 mg/kg, | M and 5 F at 100 mg/kg, 3 M and 2 F at 250 mg/kg, and4 M and 3 F at
500 mg/kg. The female (1001) at 250 mg/kg that did not have tail dermatopathy during Weeks 1
to 13 subsequently developed the lesion at 500 mg/kg during Week 18. Tail dermatopathy was
usually characterized by single or multiple erosive lesions often associated with sloughing skin or
crusts. Lesions were most severe in 1 male (971) and | female (1006) at 500 mg/kg whose distal
tails became necrotic and required amputation by Week 10. Lesions appeared initially on the
distal tail and often progressed proximaily, but were otherwise randomly distributed. The onset of
the lesion was generally dose-related ranging from Week 2 at 500 mg/kg to Week 54 at 25 mg/kg.
Except for 1 female at 500 mg/kg (250 mg/kg during Weeks 1 through 13) with tail dermatopathy
during Weeks 8 to 65, tail dermatopathy in animals treated beyond Week 13 resolved before the
end of the study. No drug-related changes occurred in subcutaneous tail temperatures.

Soft feces/diarthea occurred in all animals at 500 mg/kg throughout the study. It occurred
with relatively low incidence in other treated and control groups.

Emesis, generally associated with dosing, occurred mainly in drug-treated groups.
However, weekly frequency was highly variable among individuals within groups and no drug-
related effects occurred with respect to onset, severity, or duration.

Nasal discharge occurred in 1 to 3 animals in most groups, including controls, and was
characterized as bloody, purulent, or serous. Nasal discharge was also noted pretest in some
affected animals. It generally began and ended during Weeks 1 to 13; however, intermittent
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episodes, usually serous, occurred during Weeks 14 to 62 in 1 female control, | female at 100
mg/kg, and 2 males and | female at 500 mg/kg. At Week 27, nasal discharge became bloody and
was assoclated with skin sores at the nostrils in Female 1000 at 500 mg/kg. Staphylococcus
aureus and Corynebacterium species were i1solated from a nasal swab culture taken at that time.

Low-grade heart murmurs were detected pretest in | control female, | female at 10 mgrkg,
I male at 25 mg/kg, 1 female at 100 mg/kg, and 1 female at 250 mg/kg. Split first heart sounds
were ausculted pretest in 1 male at 500 mg/kg. Except for the 250 and 500 mg/kg female (1000)
whose murmur detected pretest was generally audible throughout the study, abnormal heart sounds
were not detected in any animal after Week 13.

Body weights: No drug-related effects occurred in mean weekly body weights.

Food consumption: Reduced daily (visual only) food consumption occurred with relatively equal
incidence in all groups.

Ophthalmoscopy: Pretest, weeks 13, 26, 65. There were no drug-related changes.

EKG:

Methods: BP and resting ECGs at pretest and at Weeks 4, 8, 13, 26, 39, 52, and 65; Holter ECGs
recorded pretest and Weeks 4, 8, 13, 26, 39, and 65. Parameters measured were incidence of
ventricular ectopic complexes (singles, pairs, bigeminy, ventricular tachycardia, R-on-T forms,
morphologies, total incidence, and incidence 2 to 4 hours postdose, approximating tmax) and
supraventricular ectopic complexes, and the presence of second or third degree atrioventricular
block.

Echocardiographic examinations were conducted on anesthetized animals pretest and Weeks 13,
25 or 26, 39, and 65. The following parameters were obtained using M-mode and/or 2-D
echocardiographic functions: left ventricular internal dimension diastole (LVIDd), left ventricular
internal dimension systole (LVIDs), systolic and diastolic left ventricular posterior wall thickness,
systolic and diastolic interventricular septum thickness, E point to septal separation, and aortic
diameter. Fractional shortening (calculated based on LVIDd and LVIDs) measures contractility of
the left ventricle and is a simple measure of left ventricular function.

Results: No differences occurred between treated and control groups in resting and ambulatory
ECG parameters. In ambulatory ECG, the prevalence of ventricular ectopic complexes (total and
approximately 2-4 hours postdose) in treated animals was not different from controls. The range
of abnormal ECG complex types was similar in treated and control groups, was consistent with
pretest findings, and was typical of findings reported in healthy cynomolgus monkeys.

No statistically significant differences occurred between treated and control groups in
echocardiographic parameters except for increases in aortic diameter in 100, 250, and 500 mg/kg
males at Week 13 and increased left ventricular internal dimension (systole) in 500 mg/kg males at
Week 39.

There were no drug-related changes occurred in systolic and diastolic blood pressures.
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Hematology: Pretest and Weeks 4, 8, 13, 26, 39, 32, and 65. Statistically significant differences
between treated and control groups in hematologic parameters were not considered clinically
significant because of their low magnitude, intermittent nature, and/or lack of a dose response.
Anemia and/or thrombocytopenia were noted during Weeks 27 through 32 in Female 1000 at 500
mg/kg.

Marked agglutination of erythrocytes was noted on a peripheral blood smear from Female 1000 at
500 mmg/kg at Week 26. Slight autoagglutination of erythrocytes occurred in at least one animal at
each dose except controls at Week 35, with a higher incidence in animals at 500 mg'kg.
Autoagglutination was not apparent in blood smears at termination (Weeks 65-69). No inhibitory
effects occurred on collagen, ADP, ristocetin, or arachidonic acid-induced platelet aggregation or
ATP secretion. Enhanced aggregation of platelets in the presence of ristocetin and/or arachidonic
acid occurred in females at 500 mg/kg. No drug-related effects occurred in bleeding time.

No clinically significant changes occurred. Female 1000 at 500 mg/kg showed a profoundly
decreased total nucleated cell count at termination. However, histologic review of a sternal
section from this animal revealed normal bone marrow cellularity and cellular distribution. A
sampling error was suggested to account for the decreased total nucleated cell count.

Clinical chemistry: Pretest and Weeks 4, 8, 13, 26, 39, 52, and 65. Statistically significant
differences between treated and control groups were generally considered clinically insignificant
because of their intermittent nature, low magnitude, direction of the change was not relevant, lack
of a dose response, and values that generally remained within historical ranges. Elevated serum
enzymes in Female 1000 at 500 mg/kg at termination were attributed to its moribund condition.

Unnalysis: Pretest and termination. No clinically significant changes occurred

Gross pathology: Complete necropsies were performed. At the 13-week necropsy, the skin of the
tail had sores in several animals at 100 and 500 mg/kg. Histologicatly, inflammatory lesions were
observed containing neutrophils and accompanied by hyperkeratosis, hemorrhage, and granulation
tissue. Tail lesions were treatment-related, but the incidence and severity of inflammation were
not clearly dose related. The axial skeletal muscle of the amputated portion of the tail from a
high-dose female (1006) demonstrated necrosis in addition to ulceration and inflammation of the
overlying epidermis. One control animal had a focal mild ulcer and mixed cell infiltrates noted at
abrasion sites; these changes were less severe than skin changes in animals administered 100 and
500 mg/kg. The lesions appear to have gone away, since animals sacrificed at termination did not
have these tail lesions.

Based on a previous 4-week study with monkeys (RR 745-02329), and 4- and 13-week studies in
rats administered pregabalin (RR 250-01730 and RR 745-02570), the cardiovascular and male
reproductive systems represent potential targets of toxicity. However, in the present study, no
treatment-related changes were observed in heart or aortic tissue at termination. Pathologic
changes noted in myocardial tissues of treated animals at the |3-week sacrifice included
mononuclear cell infiltrates. See table below.
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Histepathology Grouwp Incidence Surmary
wWeek 13 Sacrifice

9.21., Table T-21 (Page 1! of 9)
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No treatment-related changes occurred in the testes; small testes noted grossly were confinmed as
immature histologically.

There were no treatment-related findings in skin or other tissues of animals sacrificed at study
terminatioty. Two females did not survive to study termination. Found dead, Female 1001,
administered 500 mg/kg, had gastric dilation and rupture with septic peritonitis secondary to the
rupture, Female 1000, receiving 500 mg/kg and sacrificed moribund, had abdominal swelling due
to obesity and colonic dilatation with mucus-filled large intestine. Tail eptdermis exhibited
uiceration, hyperkeratosis, and had neutrophil infiltrates.

Organ weights (specify organs weighed if not in histopath table): Brain, pituitary, thyroid,
adrenals, gonads, prostate, uterus, epididymides, heart, lung, spleen, thymus, liver, kidneys, and
mandibular salivary glands were weighed. Rel spleen wt. slightly less in HDM.

Histopathology: Adequate Battery: yes (x), no ( }—explain
Peer review: yes ( ), no(x)

Tissues obtained were: brain, spinal cord, sciatic nerve, pituitary, thyroid, parathyroid, adrenal,
pancreas, liver, gallbladder, tongue, esophagus, stomach, small intestine, large intestine, parotid
salivary gland, mandibular salivary gland, thymus, spleen, tonsil, mesenteric lymph node,
tracheobronchial lymph node, axillary lymph node, trachea, lung, heart, aorta, skin, mammary
gland, costochondral junction, sternebra, skeletal muscle, kidney, urinary bladder, prostate,
seminal vesicle, ovary, uterus, vagina, and gross lesions. There were no drug-related effects.

Sponsor’s Summary:
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Important Findings VO L0 myeka 25 mygkg 100 maky 250500 my kg
M F M F M F M F M
Ni{ 3 3 3 3 3 3 3 3 3 3
Clinical Signs
Tail Denmatopathy 2 - - 2 2 1 - 2 3 3
Tait Amputation -- - - - -- - - - | -
Soft FecesrDiambica -- i - i | t 1 1 3 ki
Nasal Dhscharge 1 2 1 - 1 -- - i 2 1
Heart Murmur — Low Grade Pretest
and Throughout Study -- — -~ -- -- -- — - - 1
N Week 35] 3 3 3 3 3 3 3 3 3 3
Special Features - Hematology
Autoagehutination — Shsht -- -~ | -- 1 - 2 3 2 3
N Week 13] 3 ) 2 3 3 3 3 3 4
Bone Marrow
Total Mcgakaryoeytes® IR0 | 208 | 20,16 160 9.3 21.0 18.7 20.7 20.0 240
N Week 68 (M) /Week 65 (F)| 3 3 3 3 3 3 3 hy 3 »

Bone Marrow

Total l\'icgakar_\'oc)‘tc,\h 070 17.7 § 193 20.7 213 15.0 19,22 1 1487% | 13, 16
Percent of Conteod 1% 32% 24%
N Week65] 3 3 3 3 3 k! 3 3 3 2
Clinical Signs
Tail Dermatopathy - - -- - - - - - - 1
Special Features - Hematology
Platelet Appregation - Ristocetin ()| -- - - - - -- - - - 1-fold
Matelet Appregation — Arachidonic
Acidiy| -~ | - - - - - . — _ 1-fold
* Sigoificantly dilferent from vehicle control mean at 5% level by linear trend test within one factor analysis of variance,
N = Number of antmials: -- = No notewerthy findings: | = Increased.

® Individuat data.
" Total count’3000 hematoporetic cells (mean).
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Toxicokinetics: Heparinized blood samples were collected prior to dosing and 2 hours postdosing
at Weeks 13 and 65. No sex difference was observed in predose or 2-hour postdose plasma
pregabalin concentrations. Mean combined-sex plasma pregabalin concentrations increased with
increasing dose and were comparable between Weeks 13 and 65. (see sponsor’s table and Figure
below).
Table 21. Plasma Concentrations in Monkeys Given Pregabalin
Daily by Gavage for 65 Weeks"

Dose (mg/kg) Male Female
10 12.8+2.57 15.1 £5.00
25 28.2 +2.01 25.0 £ 06.66

100 46.6 + 6.07 34.4 £ 559

500 74.4 +8.97 68.2, 84.2°

Table 2.6.7.7G, RR 764-02740 appended to RR 745-02646.
Samplcs obtained 2 hours postdose in Week 65 at 10, 25, and 100 mg'kg and in
Week 52 at 300 mg/kg { ug'mL): mean £ standard deviation: N = 3,
Individual dara

t2a

) Predoss (Weak 13)

B C brs Postdoss (Week 13)
= 109 - Preduosay (Wenk 65)
g OO 2 hes Posldose iWeek 65)
3
£ an o
£
2
<
2 ga
%]
&
=
3 19
§
E 20 o

a - "
10} 75 109 250

Dose (Mgrhg)

"ANIMAlS fecewed 250 mgikg during Waeks 1-13
and 990 kg duting Waaks 14.65

FIGURE 1. Mean Plasma CI-1008 Concentrations (Combined-Sex)
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Other: To investigate potential hemodynamic changes as a possible cause of the tail lesions that
occurred in monkeys during the 4-week oral toxicity study with pregabalin (RR 745-02329), a
biocompatible temperature transponder was implanted subcutaneously in each monkey’s tail.
Temperature measurements were recorded from all monkeys 3 times during the pretest period, and
from control monkeys and all monkeys at 250 and 500 mg/kg at approximately 2 hours postdose
each day during Weeks 2 through 4.

Semen samples were collected by electroejaculation pretest and approximately at Weeks 13, 40,
and 65 for analysis of ejaculate weight (including coagulum), color, sperm count, sperm motility,
and sperm morphology. Testis volume was determined pretest and at termination by measuring
length and largest diameter of each testis. No statistically significant differences occurred
between groups in testes volume, ejaculate weight, total sperm count per ejaculate, sperm motility
(including progressiveness), and percent normal sperm morphology.
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2.6.6.4 Genetic toxicology (taken verbatim from original review by Tom Steel)

(Mutagenicity studies complied with GGLP.)

Standard Ames Bacterial Mutapenicity

The mutagenicity of pregabalin (0.32 to 3200 pg/plate; Lot R; 3200 = solubility limit) with and
without an 89 fraction from Arochlor-induced rats was evaluated in strains of S. typhimurium:

Test strains:  TA-100, TA-1535 (detect base-pair substitution mutaﬁoné)
TA-98, TA-1537, TA-1538 (detect frameshift mutations)

Vehicle/Negative Control: water

Positive Controls:

TABLE 2. Positive Control Compounds
Strar 59 s
TA-1635 sodiun a2tde, 1 wo/plite -anincanthracens, 2 xgfplate
TA-1537 S-aninoaeridine, 75 ugsplite -amincdnthracensa, 2 pg/plate
TA-1538 Z-nttrof luorens, 1 pg/plate Z-aninpanthracene, 2 pptpiite
Th-98 -nitrofluorene, 1 ug/piate Z-swinoanthracene, 2 p¢/plate
TA-100 todtum aZide, 5 pg/plate -auinoanthracene. ¢ ug/plate

* Kot wiod in the nitiat mutagenicity assay

Historical Revertant Ranges:

TABLE 3. Background Historical Ranges
Strain Revertaat
fanges
Ta-1538 $.50
TA-3537 3.2%
TA-1538 5-40
TA-38 18-75
TA-100 80220
i a
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Initial testing was done with a preincubation method wherein drug was combined with
bacteria and S9 and incubated for 20 min at 37°C before adding agar overlay and plating.
Confirmatory testing was done using the standard plate incorporation method. Triplicate samples
at 5 dosage levels (200, 400, 800, 1600 and 3200 pg/plate) were run in each tester strain in the

absence or presence of S9.
No toxicity to the background lawn occurred at concentrations up to 3200 pg/plate (the

solubility limit) with or without activation in either initial or confirmatory testing.
Positive control values for increases in revertant frequency were within historical control
range. No significant increases in revertant frequency occurred in any strain under any condition.

STUDY 1780. STANDARD AMES BACTERIAL MUTASENICITY ASSAY OF PD L4472

10.4. TABLE T-& Confirmatory Plate Incorporatien Irial
Revartant Fragpuncy®
TA-1534 148-1837 1508 TA-94 T4-10G
59 59 %$3- £3T) $9 85+ 9. 59+ £9- F]
Yehicle Control (Watar) 1.3 1.0 5.0 .7 10.1 18.0 .3 3.3 .0 [ r
PO 144223 {#giptare)
w00 8.4 1090 5.3 [ K] | I 12.0 3.1 5. 0
. . \ . . T 84,3
00 9.3 5.0 t.7 8.0 $.2 12.2 3. 1.4 59.7 0.0
lm .3 9.0 .3 .o .7 7.0 1.3 E2 % 2.0 0.
L 4.3 9.7 3.7 .0 7.3 15.7 5.0 1.0 59.0 51.1
krie &7 8.7 5.6 I ] 10.3 13.} 40.7 0.7 5.3 8.0
Positive Controt Wwl.0e 193.0* @, 102.7* Wi Tt 5303 1416.7* 1730.0 $20.0% 14873
p-valus for Poxitive 0.\ 0277 . . . .
Uivear Stoms 8.552 0.8 .47 D.568 0.376  0.0m 0.742 0.4
p=Yalue for Nagitive 0.29¢ O.e28 0. o.Xs 0. .
oedrersr paut e 0.35) 0.435 0.512 0.4%2 0.2

* Statistically sopnificant; <«0.0% for [ I af
el my_.uu [ positive ceatrsl affect; p <005 Tor poaltive 1hnasr skpe; p D01 Tor segative

® Revertent colany counte) zean of thres dishes

Unscheduled DNA Synthesis in Hepatocytes from Rats Treated with Pregabalin

Hepatocytes were isolated from Wistar rats (3-4/dose/time) treated with pregabalin (250,
1000, 2000 mg/kg, p.o.; Lot XH090393) 2 and 16 hrs after dosing. Positive controls (10 mg/kg
dimethylnitrosamine) were assessed at 2 hrs, and vehicle controls (0.5% methyleellulose) at 16
hrs. Incorporation of [3H]-thymidine was measured by autoradiography in 100 cells per animal.
A positive response was a count of > 5 net grains (total - background) per nucleus, or 20% of cells
in repair.

CI did not induce unscheduled DNA synthesis/repair in rat hepatocytes. Positive and
vehicle control responses were in the historical control range.
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TABLE 2. UDS Summary Data by Treatment Group
Number of Mesn NG* % Crells

Treatment Time (b)) ivads Evaluated B - Ropair®

Vekhicle Coatrel 16 3 0.17 {0.02) )

0.3 % methylesllulose)

Positive Control (DMN) 2 3 15.4» (2.7 91.7

CI-1068 (mg/kg)
250 2 3 0.32 ©.14) 0.3
250 16 3 .32 0.0 4]
1600 2 3 0.45 033 0.3
1006 16 3 0.18 0.03) 0
2000 2 3 0.40 (0.14) Q.3
2000 14 3 0.9 ©.11} ]

SE = Standard esTor.

" *  Net grains/nucleus
b Mean pet grains = 5.
* Significance p <0.05.

In vitro Mutation Assay in Chinese Hamster Ovary Cells

CHO cells were incubated with C1 (1200, 1300, 1400, 1500, 1600 prg/mL; Lot#
XH340993) for 3 hrs in the absence or presence of an S9 fraction from Arochlor-induced rat.
Cells were subsequently cultured for 8 days to allow for expression of mutations in the
hypoxanthine-guanine phosphoribosyl transferase (hprt) locus. Trials were done in duplicate.
Mutants are identified by growth in medium containing 6-thioguanine. Positive controls were
ethyl methanesuifonate (EMS; 800 pg/ ml; no activation) or benzo(a)pyrene (BP; 10 pg/mL; with
activation). Water was the negative control. A result was considered positive if the test
compound produced a reproducible, concentration-related increase in mutant frequency at 2
adjacent concentrations, and a mean mutant frequency of 20 mutant/10° surviving cells above the
negative control frequency.

CI did not inhibit plating efficiency and did not significantly induce hprt mutations with or
without activation according to the established criteria. The positive controls significantly
increased mutants under both activation and non-activation conditions:
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STUDY 1950. In Vitro Mutation Ass2y of CI-1008 in Chinese Hamster Ovary Cells

10.2. TABLE T-2 Mutant Frequency - S9-
Concentrsticn i 3 Mutant
Trial §
Water 10% 100 84 11.6
CI-1008 1200 105 84 11.6
C2-1008 1300 107 B9 6.6
CI-1008 1400 101 75 165
CI1-1008 1500 109 80 8.5
I-1008 1600 98 84 10.1
EMS £00 42 60 395
Contraz pValpe
Positive sontrol - Negative control <0.0001*
Linear dose trend ~ NC aad 5 concentrations 0.54385
Quadratic trend - NC and 5 concentrations 0.5440
Trial 2
Water 10% 100 7 6.7
CI1-1008 1200 02 84 1.7
CI-1008 1300 103 83 22.3
CI-1008 1400 101 15 1.9
CI-1008 1500 105 36 112
CI-1008 1600 168 33 12.4
EMS 800 63 31 1953
Contrast R-Valne
Positive control - Negative control <0.0001*
Linear dose trend - NC and 5 concentrations 0.5455
— Quadratic trend - NC apd 5 concentrations 0.0282
EMS = Fthy] methanesulfonate.

V-4 Baged on 200 cells per plate (10 plawes), expressed a5 & percestage.
percentage

‘v Belative 1 control, &3 a
+ Mutsots per 107 visble cells, mean of duplicsts cultures

fp <0.05 (positive control verms vehicle control or near doss tread), <0.01 (guadratic trend).
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STUDY 1950. InV'mOMuﬁ!donAssaychI-lOOShChimseHmsterovaryCeﬂs

10.3. TABLE T-3 Mutant Frequency - 89+
Treatment Concentration Plating Efficiency* Mutant
- {jog/al.) PE,* ¥E, Frequency*
Trial 1 _
Wiatsr 10% 100 &3 53
CI-1008 1200 126 79 14.4
CI-1008 1300 117 84 11.7
CI1-31008 1400 93 T2 219
C1-1008 1500 102 81 9.9
CI-1008 1600 102 80 8.6
BP 10 74 63 300.8
Contrast p-Valus
Positive control - Negative control <0.0001*
Lincar dose trend - NC and 5 concentrations 0.9591
Quadratic tread - NC and 5 concentrations 0.0352
Trial 2
Water 10% 150 76 5.7
- CI-1008 1200 87 .. i38
Cl-3008 1300 106 T 11.4
CI-1008 1400 87 80 23.8
CI-1008 1500 161 91 5.3
1-1008 1600 108 &3 16.7
BP 10 30 62 338.7
Contrast p-Yalue
Pesitive control - Negative control <0.0001*
Linesr doss trend « NC and § concentrations 0.8356
Quadeatic trend ~ NC xnd 5 comeentrations 0.0023*
BP = Benzo(a)pyrens. '
*  Based on 200 cells per plate (10 plates), cxpressed #s a percentage
b Reistive to negative contral, as a
¢ Mutants per 10° viable cells, mean of duplicats cultares
L J
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Additional Mutagenicity Studies:
Since the initial IND filing, some additional mutagenicity studies have been peformed and
are reviewed here.

Study title: Bacterial Mutagenicity - Mouse Metabolic Activation

Key findings: In the inttial and definitive assays with B6C3F1 or CD-1 metabolic activation,
pregabalin was not cytotoxic to the background lawn and did not increase revertant frequency in
any bacterial strain up to 5000 pg/plate. Under the conditions of this study, pregabalin was not
mutagenic in bacteria in the presence of metabolic activation provided by B6C3F1 or CD-1 mouse
hiver. However, OECD Guidelines and CFSAN Redbook state it is not acceptable to use 2-
aminoanthracene as the sole +S9 positive control. While the sponsor claims to be in accord with
OECD Guidelines, they used 2-aminoanthracene as the sole +S9 positive control. The sponsor
was contacted regarding this and did provide asked the necessary information.

Study no.: Protocol AA2734
Volume #, and page #: M4,15 V023
Conducting laboratory and lecation: Parke-Davis Pharmaceutical Research

Division of Wamer-Lambert Company
Ann Arbor, Michigan

Date of study initiation: 01/16/01

GLP compliance: yes

QA reports: yes (x) no( )

Drug, lot #, and % purity: pregabalin, Lot XH020100 with an active moiety of
Methods

Strains/species/cell line: Bacterial mutagenicity was assessed using metabolic activating systems
provided by B6C3F1 or CD-1 mice treated with Aroclor 1254. Four histidine auxotrophs of 5.
typhimurium TA-98, TA-100, TA-1535 and TA-1537, and a tryptophan auxotroph of E. coli
(WP2uvrA) were exposed to pregabalin.

Doses used in definitive study: Initial and definitive assays were conducted to assess
cytotoxicity and mutagenicity at 312.5, 625, 1250, 2500, and 5000 pg/plate.

Basis of dose selection: This is the highest recommended concentration.

Negative controls: Vehicle - sterile distilled water

Positive controls: 2-Aminoanthracene was used as a positive control for both S9 fractions and for
all bacterial strains. OECD Guidelines and CESAN Redbook state it is not acceptable to use 2-
aminoanthracene as the sole +89 positive control.
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Incubation and sampling times: In the exploratory phase of this study, the preincubation method
did not exhibit advantages over the plate incorporation method. Therefore, the trials were
performed by the plate mcorporation method.

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.):
Negative controls were within reference ranges. Positive control 2-aminoanthracene increased
mean revertant frequency 2- to 23-fold above corresponding negative controls with B6C3F1
metabolic activation, and 1- to 35-fold above corresponding negative controls with CD-1
metabolic activation. OECD Guidelines and CFSAN Redbook state it is not acceptable to use 2-
aminoanthracene as the sole +S9 positive control.

Study outcome: In the initial and definitive assays with B6C3F1 or CD-1 metabolic activation,

pregabalin was not cytotoxic to the background lawn and did not increase revertant frequency in
any bacterial strain up to the maximum concentration tested of 5000 pg/plate.
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Study title: Bacterial Mutagenicity — Additional Rat Metabolic Activation Studyv

Key findings: In the initial and confirmatory assays, no cytotoxicity was obscrved up to 5000
pg/plate in any strain. In both assays, there were no significant increases in mutation frequency
with or without §9. Positive controls sodium azide, 9-aminoacridine, and 2-nitrofluorene
increased mean revertant frequency 7- to 63-fold above comresponding vehicle controls, indicating
valid assay conditions. Therefore, results of the first mutagenicity assay were confirmed, and
pregabalin was not mutagenic in bacteria under the current conditions. However, QECD
Guidelines and CFSAN Redbook state it is not acceplable to use 2-aminoanthracene as the sole
+59 positive control.

Study no.: Protocol # AA2670
Yolume #, and page #: M4, 15 V024
Conducting laboratory and location: Parke-Davis Pharmaceutical Research

Division of Wamer-Lambert Company
Ann Arbor, Michigan

Date of study initiation: 05/15/00

GLP compliance: yes

QA reports: yves (x) no ()

Drug, lot #, and % purity: Pregabalin, Lot XH020100,L 1 parent
Methods

Strains/species/cell line: Mutagenicity was evaluated by exposing 4 strains of S. ryphimurium
(TA-98, TA-100, TA-1535, and TA-1537) to pregabalin with and without S9 from the livers of
rats treated with Aroclor 1254,

Doses used in definitive study: A confirmatory assay was conducted at 312.5, 625, 1250, 2500,
and 5000 pg/plate.

Basis of dose selection: Since the first mutagenicity assay was conducted early in pregabalin
development and the highest concentration tested was 3200 ug/plate, the assay was repeated up to
5000 pg/plate to confirm those results. An initial assay was conducted to assess cytotoxicity and
mutagenicity at 0.5, 1.581, 5, 15.81, 50, 158.1, 500, 1581, and 5000 pg/plate with and without S9.
The highest dose to be tested is 5 mg/plate.

Negative controls: Sterile distilled water served as the negative control.

Positive controls: For trials with metabolic activation, 2-aminoanthracene was used as a positive
control. For trials without metabolic activation, 9-aminoacridine in ethanol and 2-nitrofluorene in
DMSO were used as positive controls for TA-1537 and TA-98, respectively. Sodium azide in
DMSO was used as a positive control in the absence of metabolic activation for TA-100 and TA-
1535.

Incubation and sampling times: A preincubation trial was performed concurrently with the plate
incorporation method using the same concentrations of test atticle. All 4 bacterial strains were
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used in the preincubation trial. In the preincubation method. test article, bacteria, and S9 were
combined and mcubated for 20 minutes at 37°C before adding the agar overlay and plating. After
agar solidification, the plates were incubated at 37°C for 48 to 72 hours.

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.): The
study appears to be valid based on the following assumptions: The —  Counter was used to
count the number of colonies, and revertants and recorded as colonies/plate. Negative controls
were within histonical reference ranges. Revertant frequencies were 13 to 66.5-fold above
respective negative controls for the positive control compounds. OECD Guidelines and CFSAN
Redbook state it is not acceptable to use 2-aminoanthracene as the sole +S9 positive control. The
sponsor was contacted regarding this and did provide asked the necessary information.

Study outcome: In the initial and confirmatory assays, no cytotoxicity was observed up to 5000
ng/plate in any strain. In both assays, there were no significant increases in mutation frequency
with or without S9. Positive cantrols sodium azide, 9-aminoacridine, and 2-nitrofluorene
increased mean revertant frequency 7- to 63-fold above corresponding vehicle controls, indicating
valid assay conditions. Therefore, results of the first mutagenicity assay were confirmed, and
pregabalin was not mutagenic in bacteria under the current conditions.
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Study title: Mutagenicity Test With pregabalin in Escherichia coli WP2uvrA

Key findings: Therc was no cytotoxicity to the background lawn and pregabalin did not increase
the number of revertants/plate in the absence or presence of S9. Under these conditions,
pregabalin was not mutagenic in E. coli.

Study no.: 2477
Volume #, and page #: M4,15 V024
Conducting laboratory and location: L
3
Date of study initiation: 6/10/99
GLP compliance: yes
QA reports: ves(x) no( )
Drug, lot #, and % purity: pregabalin, Lot XH230695, start: = end: —
Methods

Strains/species/cell line: In an additional mutagenicity assay, a tryptophan auxotroph of E. coli,
WP2uvrA able to detect base-pair substitution, was exposed to pregabalin with or without S9.

Doses used in definitive study: Doses tested in the initial and confirmatory assays were 0.996,
3.32,9.96,33.2,99.6, 332, 996, 3320, and 4980 pg/plate.

Basis of dose selection: Maximum recommended is 5 mg/plate.

Negative controls: Vehicle with or without S9 mix.

Positive controls:

Tester Strain S9 Mix Positive Control Conc. per plate
WPZ2uvrA + 2-aminoanthracene 250 pg
WP2uvrA - 4-nitroquinoline-N-oxide 1.0 ug

Incubation and sampling times: Following incubation at 37 + 2°C for 52 + 4 hours, revertant
colonies were counted.

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.): The
study appears to be valid based on: 1) the tester strain culture exhibited a characteristic number of
spontaneous revertants per plate when plated along with the vehicle under selective conditions; 2)
the density of tester strain cultures was greater than or equal to 0.5 x 10 bacteria/mL based on a
target level of turbidity; 3) positive controls 2-aminoanthracene and 4-nitroquinoline-N-oxide
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increased mean revertant frequency >15-fold above corresponding vehicle controls, confirming
assay conditions. However, OECD Guidelines state: “2-Aminoanthracene should not be used as
the sole indicator of the efficacy of the S9-mix. If 2-aminoanthracene is used, each batch of $9
should also be characterized with a mutagen that requires metabolic activation by microsomal
enzymes, €.g., benzo(a)pyrene, dimethylbenzanthracene.” This study with pregabalin used 2-
armoanthracene as the sole agent without specifying how the activity of each batch was

charactenized. The sponsor was contacted regarding this and did provide asked the necessary
information.

Study outcome: In the initial mutagenicity assay, all data were acceptable and no positive
increases were observed in the mean number of revertants per plate with tester strain WP2uvrA in
either the presence or absence of S9 mix. In this experiment, a 2.1-fold increase was observed at
100 pg per plate and a 2.3-fold increase was observed at 3320 ug per plate with tester strain
WP2uvrA in the absence of 89 mix. However, these increases were not dose-responsive and
therefore did not meet the criteria for a positive evaluation.

In the confirmatory assay, all data were acceptable and no positive increases were abserved in the

mean number of revertants per plate with tester strain WP2uvrA in either the presence or absence
of §9 mix,
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Study title: In vitro Structural Chromosome Aberration in Chinese hamster ovary cells

Key findings: In the absence of S9 at 3- or 20-hour exposures, no effects on plating efficiency
(PE) or proliferation index (PI) were observed. In the presence of S9, no effect on PI was
observed although PE decreased 25% at 1600 pg/mL. Pregabalin marginally increased the
percentage of cells with aberrations (6.5%) with S9 at the highest concentration (10 uM; 1600
pg/mL). As this was close to the historical control frequency (up to 6.3%) it was not considered
biologically relevant. Thus, pregabalin was not considered to be clastogenic under the conditions
of this assay. Sponsor’s reviews of this study incorrectly state that no increases in aberration
frequency were seen at any concentration, which is not technically correct. The reviewer agrees
with overall conclusien, however.

Study no.: 1940
Volume #, and page #: M4,15 V024
Conducting laboratory and location: Parke-Davis Pharmaceutical Research

Division of Wamer-Lambert Company
Ann Arbor, Michigan

Date of study initiation: 08/30/94

GLP compliance: yes

QA reports: yes(x) no( )

Drug, lot #, and % purity: Pregabalin Lot XH340993, ™  active content
Methods

Strains/species/cell line:  CHO cells (ovary; Chinese hamster, Cricetulus griseus) were obtained
from T 1

Doses used in definitive study: Concentrations of 160, 300, 500, 900, and 1600 pg/mL were
tested with and without S9 after exposure for 3 hours and concentrations of 160, 300, 500, and 900
pg/mlL were tested without 89 after exposure for 20 hours.

Basts of dose selection: The highest concentration used, 1600 pg/mL, is equal to 10 mM and is
the maximum recommended test concentration for cytogenic studies.

Negative controls: The diluent for the test substance (water) served as the negative control.
Activation phase solvent control included S9 preparation at the level used in the assay.

Positive controls: Mitomycin C (MMC; CAS 50-07-7, MW 334.33) served as the positive control
for the nonactivation portion (S9-) of the SCA assay at 1.0 and 1.25 ug/mkL for the 3-hour
exposure and 0.1 and 0.2 pg/mL for the 20-hour exposure. MMC was dissolved in distilled water.

Cyclophosphamide (CP; CAS 50-18-0, MW 279.1) served as the positive control for the activation
portion (S9+) of the SCA assay at 4 and 8 pg/mL. CP was dissolved in distilled water.
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Incubation and sampling times: After the 3-hour incubation period with drug, cells were rinsed
and incubated an additional 17 hours prior to harvesting. After the 20-hour incubation period,
cells were immediately harvested. Plating efficiency (PE) and aberration frequencies from 200
cells/concentration were analyzed statistically for elevation over the solvent control aberration
frequency and dose response. Cell cycle kinetics also were evaluated using * T i
technique to obtain a proliferation index (PI).

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.): The
study was considered valid for the following reasons: ) the positive controls mitomycin C and
cyclophosphamide increased the incidence of cells with chromosome aberrations > 9-fold above
corresponding solvent controls, confirming assay validity; 2) at least 1 concentration of the
positive control yielded a statistically significant increase in the SCA frequency over the solvent
control frequency at any time point; 3) the PI data indicated that a substantial portion of cells in at
least 3 drug-treated groups had undergone at least | cell division after treatment; 4) at least 3 drug-
treated groups were scorable for at least 1 time point.

Study outcome: In the absence of S9 at 3- or 20-hour exposures, no effects on PE or P were
observed. In the presence of 89, no effect on Pt was observed although PE decreased 25% at 1600
Hg/mL. Pregabalin treatment resulted in a range of 3.0% to 6.5% cells with aberrations compared
to 2.5% in the negative control. The results indicated a significant increase in the mean total
number of aberrations per cell and the percent of cells with aberrations at 1600 pg/mL,
respectively. See table below.

2.6.7.8F  Genatoxicity - In Vitro Structural Chromosome Aberration in PPregabalin
Chinese Hamster Ovary Cells

Test Article Coneentrauant | Relatne Prohiteranen | Relative Plating | Total Abe | Abs Cell o Cells
Inadex Fifcency With Abs
3 Hour Treutnient - 17 Hoar fncubation With 59
Water 1 14H} 10 5 UATAN 2.50
Peegabulin 164 U8 113 fs {10310 300
A0y 17 83.4 13 Hh63 6.0
St 96.{) G4 7 0.033 3.50
QtH) 115 8714 ¥ 14140 4.00.
| &t} Ug.f 254 ! .003% 6.50]
Cyclophosphainide 4 Net Determined FRAL I .365% 24.5%
3 Not Determined 80 04 037 3313

Frshor’s cxact test, ep =0.025),

-test (206123,

Armituge swequential trend e, 1p - 0.05),
ANOVA sequential oend test, tp -0.05}

SEET A P
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This was a marginal effeet just outside of the historical control range for the assay (0%-6.3%) and
it oceurred at the maximum recommended test concentration for cytogenetic studies (10 mM).
Since statistical significance was not observed at 2 conseculive concentrations, the criterion set for
a positive effect to be established for this assay. Therefore, the statistical result for treatment in
the presence of S9 was not considered by te sponsor to have biological significance. This seems a
reasonable conclusion.

Study title: In Vivo Unscheduled DNA Synthesis - Mouse

Pregabalin was not carcinogenic and did not induce unscheduled DNA synthesis (UDS) in
rats. However, the incidence of hemangiosarcoma was increased in pregabalin-treated B6C3F1
muce. This study was designed to evaluate the potential of pregabalin to induce UDS in a species
and strain that developed tumors. In addition, because the carcinogenic potential of pregabalin
was then being evaluated in CD-1 mice (2001) in an ongoing study, UDS was also evaluated in
this strain (it was also carcinogenic in CD-1 ’s).

Key findings: Under the conditions of this assay, pregabalin did not induce unscheduled DNA
synthesis in female B6C3F| or CD-1 mouse hepatocytes at doses of up to the limit of 2000 mg/kg.

Study no.: Protocol AA 2792 RR 745-03455
Volume #, and page #: M4, 15 V024
Conducting laboratory and location: T
1
Date of study initiation- 19-Jun-01
GLP compliance: yes
QA reports: yes (x) no ()
Drug, lot #, and % purity: Pregabalin, Lot # XH020100; purity was stated as
Methods

Strains/species/cell line: Female B6C3F1 and CD-1 Mice

Doses used in definitive study: Mice were gtven a single dose of pregabalin at 500, 718, 1510, or
2000 mg/kg by gavage.

Basis of dose selection: Current ICH and OECD guidelines recommend that the high-dose
selected for the rodent MN assay should produce some toxicity, be conducted at maximum
tolerated dose, or be administered at a limit dose of 2000 mg/kg.

Negative contr;)ls: Vehicle control (VC) given 0.5% methylcellulose at 20 mL/kg.
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Positive controls: Positive control given dimethylnitrosamine in water at 10 mg/kg for 2-4 hour
time points and fast garmet GBC in comn oil at 200 mg/kg for 14-16 hour time points by gavage at
20 mL/kg.

Incubation and sampling times: At approximately 2 to 4 hours and 14 t0 16 hours postdose,
hepatocytes were isolated and incubated with tritiated thymidine.

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.): The
assay was considered vahd for the following reasons: 1) the vehicle control animals had a group
mean NNG that did not exceed the upper limit of the historical reference range and 2) the positive
control groups had a group mean value of > 5 NNG with > 50% of the cells having > 5 NNG.
Cultures were prepared on microscope slides (6 slides/animal) from at least 3 animals/dose group
{6 animals/group from B6C3F1 vehicle and positive control groups). From 2 of the 3 slides (100
cells/animal with the exception of 1 B6C3F 1 animal which only had 10 cells analyzed),
microscopic evaluation determined the net nuclear grain count (NNG), the number of cells in
DNA repair, and the net nuclear grain count of cells in DNA repair.

In B6C3FI mice, the vehicle control mean net grains/nucleus ranged from -2.7 to 0.1, and mean
percentage of cells in repair ranged from 0.2% to 3.7%. Mean net grains/nucleus ranged from
16.7 to 47.1, and mean percentage of cells in repair ranged from 83.5% to 99.8% in B6C3F1
positive controls,

In CD-1 mice, the vehicle control mean net grains/nucleus ranged from -1.5 to 0.2, and mean
percentage of cells in repair ranged from 0.3% to 1.3%. Mean net grains/nucleus ranged from 7.7
to 40.1 and mean percentage of cells in repair ranged from 51.0% to 100% in CD-1 positive
controls.

Study outcome: In B6C3FI mice, mean net grains/nucleus ranged from -3.7 to -0.2, and mean
percentage of cells in repair ranged from 1.0% to 3.0%. In CD-1 mice, mean net grains/nucleus

ranged from -1.8 to 0.3, and mean percentage of cells in repair ranged from 0.7% to 1.3%.

These results indicate that pregabalin did not induce unscheduled DNA synthesis in female
B6C3F1 or CD-1 mice when given orally at up to 2000 mg/kg.
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Study title: /n vive Micronucleus Study in B6C3F1 and CD-1 Mice

Key findings: Pregabalin was not clastogenic in B6C3F | or CD-1 mouse bone marrow in vive.

Study no.: Protocol # AA2657
Volume #, and page #: Md4,15 V024 RR 745-03387
Conducting laboratory and location: Parke-Davis Pharmaceutical Research

Division of Wamer-Lambert Company
Ann Arbor, Michigan

Date of study initiation: 22-Jan-01

GLP compliance: yes

QA reports: ves(x) no{ )

Drug, lot #, and % purity: Pregabalin, XH020100; purity . ——
Methods

Strains/species/cell line: Male and female B6C3F] and CD-1 mice &
]

Doses used in definitive study: 0, 500, 1000, 2000 mg/kg by oral gavage

Basis of dose selection: Current ICH and OECD guidelines recommend that the high-dose
selected for the rodent MN assay should produce some toxicity, be conducted at maximum
tolerated dose, or be administered at a limit dose of 2000 mg/kg, and that multiple-dose levels be
used which cover a range from maximum to little or no toxicity.

B6C3FI Mice = Hypoactivity on the day of dosing in 3 males at 1000 mg/kg and 2 males

at 2000 mg/kg.
CD-1 Mice = Hypoactivity on the day of dosing in 2 males at 1000 mg/kg and 1 female at
500 mg/kg.

The percentage of polychromatic erythrocytes (PCE) to total erythrocytes (TE) was an indicator of
cytotoxicity to the bone marrow and the frequency of micronucleated polychromatic erythrocytes
(MNPCE) assessed clastogenicity.

Negative controls: Vehicle: 0.5% methylcellulose at 10 ml./kg.

Positive controls: Positive control given cyclophosphamide at 60 and 80 mg/kg in distilled water
at 10 mi/kg intraperitoneally.

Incubation and sampling times: 24 and 48 hours postdose.

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.): The
study was considered valid for the following reasons: 1) Approximately 100,000 cells were
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analyzed per animal by flow cytometry. 2) Cyclophosphamide (CP) at both doses on both
sampling days decreased the percentage of PCE up to 76% in B6C3F1 mice and up to 69% in CD-
I mice, and increased the percentage of MNPCE up to 4.5-fold in B6C3F1 mice and up to 3.9-fold
in CD-1 mice,

Study outcome: While CP decreased PCE and increased MNPCE, pregabalin was not cytotoxic to
the bone marrow (did not decrease PCE) and did not increase the percentage of MNPCE in either
sex or strain up to 2000 mg/kg after 24 or 48 hours of exposure, except for one group. One
significant (by one measure) increase (0.78%) was seen at the 2000 mg/kg dose at 24 hr in
B6C3F1 males only. A supplemental analysis using nonrank-transformed data disagreed,
indicating no statistical significance. In addition, since this was the first study conducted that
quantified micronucleus formation in mouse bone marrow using flow cytometry, historical control
data were not available for comparison, though concurrent controls were very close ().76%). The
sponsor’s summaries all claim no significant differences were seen , and though the result may not
be clinically meaningful, it is technically inaccurate. In summary, pregabalin was not found to be
clastogenic in B6C3F1 or CD-1 mouse bone marrow in vivo under the conditions of this study.

Appears This Way
On Originatl
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Study title: In vive Micronucleus Stady in Rats

Key findings: [n pregabalin-treated (up to 2000 mg/kg) animals, no biologically significant cffect
on PCE/TE ratio was noted. In addition, pregabalin did not induce a statistically significant
increase in MNPCE frequency 1n either sex at either time point studied. Under the conditions of
this assay, pregabalin was not clastogenic to rat bone marrow in vivo.

Study no.: 1945
Volume #, and page #: M4, 15 V025
Conducting laboratory and location: Parke-Davis Pharmaceutical Research

Division of Warner-Lambert Company
Ann Arbor, Michigan

Date of study initiation: 08/01/94

GLP compliance: yes

QA reports: yes(x) no( )

Drug, lot #, and % purity: Pregabalin, XH340993; purity —

Methods

Strains/species/cell line: Rat/Wistar

Doses used in definitive study: 0, 500, 1000, 2000 mg/kg oral by gavage

Basis of dose selection: Ataxia in all animals given pregabalin, and hypoactivity in 6 males and 5
females at 500 mg/kg and all animals at 1000 and 2000 mg/kg on the day of dosing.

Negative controls: Vehicle: 0.5% methylcellulose at 20 mL/kg

Positive controls: Positive control given cyclophosphamide at 20 mg/kg in distilled water at 10
mL/kg intraperitoneally.

Incubation and sampling times: 24 and 48 hours postdose (24 hours only for positive control)

Results

Study validity (comment on replicates, counting method, criteria for positive results, etc.): The
study was considered valid for the following reasons: 1) Cyclophosphamide produced a slight but
statistically significant decrease in the mean PCE/TE ratios; though still within the historical
control range; 2) in the same animals, the MNPCE frequency increased over 9-fold (combined
sexes) in comparison with vehicle controls.

Study outcome: In pregabalin-treated animals, no biologically significant effect on PCE/TE ratio
was noted. In addition, pregabalin did not induce a statistically significant increase in MNPCE
frequency in either sex at either time point studied. Thus, under the conditions of this study,
pregabalin was not clastogenic.
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2.6.6.5 Carcinogenicity

The Sponsor conduced a total of 4 2-year carcinogenicity bioassays i rodents. Drs. Edward
Fisher and Terry Peters reviewed these studies. As noted in the executive summary, an INcrease in
the incidence of hemagiosarcomas was detected 1n the B6C3F1 mouse and also 1n the CD-1 mouse
models. There were no tumors detected in two different rat studies. Specific details of these
studies can be found in the NDA reviews from Drs. Fisher and Peters.

2.6.6.6 Reproductive and developmental toxicology

The Sponsor conduced a standard battery of reproductive toxicology studies. Dr. Edward Fisher
reviewed these studies. Specific details can be found in the NDA review prepared by Dr. Fisher.

2.6.6.7 Local tolerance

Irritation in Rabbits

Rabbits were given 1-mL injections of formulated pregabalin (20 mg/mL) in 0.9% NaCl into the
lateral auricular vein of the left car for 5 consecutive days. The injection rate was 0.6 mL/min
resulting in a dose rate of 12 mg/min. Animals were observed daily for signs of local irritation
and euthanized 4 hours after dosing on Day 5. Ears were evaluated at necropsy and tissue was
obtained for histopathologic examination.

Injection site discoloration and swelling scores were similar in control and drug-treated animals.
There were no drug-related gross or histopathologic findings. Under the conditions of this study,
pregabalin was not an I'V irritant in rabbits.

In Vitro Compatibility in Human Blood

Formulated pregabalin (20 mg/mL) was tested for compatibility with human plasma and whole
bloodat 0.2,04, 1, 2,4, 6,and 10 mg/mL. Erythrocyte fragility in the presence of pregabalin at
20 mg/mL also was assessed; final concentration in this system was 4 mg/mlL.

No precipitation, coagulation, or hemolysis was noted in plasma or whole blood incubated with
formulated pregabalin at any concentration tested. Pregabalin, at 20 mg/mL in 0.9% NaC(l, had no
effect on erythrocyte fragility. Under the conditions of this study, pregabalin was compatible with
human blood up to 10 mg/mL.
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Species {Strain) Route Dose or Treatment Significant Findings Report
Animals’SexsGroup | (Vehicle) Congcentralion Duration Number
Towl [Druse Rate]

In Vivo
Rabbit (NZW) Intravenous VO 3 Davs No vascular irntation. 743-028%6
SF (1.9 NaCl) 12 mg/min
10 [0.6 ml. min]
In Vitrao"
Human Plasma Compaztibihty 1.2 to 10 mp/mi. | Not applicable | Formulated pregabalin | 745-02893
Human Whole Blood Compatibility | 6.2 to 100 mg'ml. compatible with human
Human Ervthrocyte Frapility + mg'ml. plasma and whole blood
up te 10 mg'ml.. No
effects on erythrocyte
fragility.
NZW  New Zealand White: VO - Vehicle control.
* _Formulated pregabalin contned active drup a1 20 mg/mi. in 10 ml_ sterile 0.9% NaCl.

2.6.6.8 Special toxicology studies

Study title: Chronic Investigative Study of Pregabalin in Female Wistar Rats

Key study findings: Responses of the Wistar rat to pregabalin appear to differ from those
associated with mice. In contrast to the mouse, pregabalin treatment at 900 mg/kg for up to 12
months did not stimulate liver sinusoidal endothelial cell proliferation. Decreased bone marrow
cellularity associated with increased fatty infiltration was observed in the rat as opposed to
increased cellularity in the mouse. Pregabalin had no effect on platelet number, structure, or
function in rat, in contrast to increased platelet count, increased platelet activation, and altered
platelet aggregation in the mouse.

Study no.: Protocol # AA2796
Volume #, and page #: Module M 4,15, V 063
Conducting laboratory and location: Pfizer Global Research & Development
Ann Arbor Laboratories, Ann Arbor, Michigan
Date of study initiation: 08/22/01
GLP compliance: no
QA report: yes { ) no (x)
Drug, lot #, and % purity: Lot: XH020100
Methods
Species/strain: Female Wistar ¢ — (WI)BR) rats:C
!

Unique study design or methodology (if any): To evaluate potential mitogenic effects
relevant to pregabalin-induced hemangiosarcoma, proliferation of liver sinusoidal endothelial
cells, as well as hepatocytes and Kupffer cells, was evaluated in 5 control and 5 pregabalin-treated
rats after 1, 3, 6, and 12 months of treatment (300 mg/kg) by using bromodeoxyuridine (BrdU)
labeling and image analysis techniques. Liver, lung, spleen, and bone marrow from 10 control and
8 treated animals at 1-month sacrifice were examined microscopically and tissues from 10 or 5
animals per group were examined at 3 and 6-month sacrifice, respectively. At l-year, lung and
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liver from 10 animals per group and spleen and bone marrow from 5 animals were examined.
Growth factors with known proliferative influence on endothelium, including vascular endothelial
growth factor (VEGF), platelet-derived growth factor (PDGF), and thrombopoietin (TPO) were
measured in platelet-rich and platelet-poor plasma collected from 3 rats per group after 3, 6, and
12 months of treatment. Basic fibroblast growth factor (bFGF) was assayed in platelet-rich plasma
only, after 3, 6, and 12 months of treatment and in urine after 6 and 12 months.

Conclusion:

Responses of the Wistar rat to pregabalin appear to differ from those associated with mice. In
contrast to the mouse, pregabalin treatment at 900 mg/kg for up to 12 months did not stimulate
liver sinusoidal endothelial cell proliferation. Decreased bone marrow cellularity associated with
increased fatty infiltration was observed in the rat as opposed to increased cellularity in the mouse.
Pregabalin had no effect on platelet number, structure, or function in rat, in contrast to increased
platelet count, mcreased platelet activation, and altered platelet aggregation in the mouse.

Antigenicityllmmuhotoxicity - Local L}mph Node Assay in Rats_Lre ort 745-03326)

Species (strain)

Design

IFindings

[Rat (Wistar)
M
B6

ose: Topical application of vehicle (acetone and
IDMSO), negative control {methyl salicylate), positive
control (oxazolone) or pregabalin at 5% and 7.5% in 75
1L to dorsum of each car daily for 4 consecutive days.
Parameters: Ears examined daily for erythema Local
lymph nodes excised on Day 7 and weighed;
icellularity, ]H-thymidinc incorporation, BrdlJ labeling,
nd phenotypic analysis obtained. Samples of pinna
anmined histopathologically.

No effects on cellularity, *H-thymidine
incorporation, BrdU labeling, or phenotypic
analysis, and no drug-related histopathologic
findings with pregabalin. Oxazolone
increased lymph node weight, cellularity, *H-
thymidine incorporation, BrdU labeling and
percentage of blast cells; moderate to marked
mononuclear cell infiltrates seen

histopathologically.

[Hematologic Parameters and Platelet Function in Rats (report 256-01802)

Species (strain)

esign

Findings

Rat (Wistar)
20-25M
135

ose: Oral doses 0f 0.5% MC (vehicle) or brcgabalin
given 62.5 or 1562.5 mg/kg daily for 14 to 18 days
14 to study platelet kinetics.

bleeding time, PT, aPTT, platelet aggregation,
thromboxane, platelet lifespan, and erythropoietin

measured at designated intervals. Platelets and
megakaryocytes examined ultrastructurally.

50 or 1250 mg/kg daily for 14 days. Additional animals
followed by sulfo-NHS-biotin (label) at 35 mg/kg on Day

Parameters: Hematology and bone marrow parameters,

at  [No deaths. Tail dermatopathy at all
doses; hypoactivity, ataxia, and erythemg
of extremities at 262.5 mg/kg. RBC
count, Hb, and Het increased and platelet
count decreased at 1250 mg/kg. Tail-tip
bleeding time increased at 50 and 1250
mg/kg. No effects on bone marrow
parameters, erythropoietin, platelet
lifespan, thromboxane, PT, aPTT,
platelet aggregation, or morphology.
Mean plasma concentration 4 hours
postdose of 25.7 and 546 pg/mL at 50
land 1250 mg/kg, respectively.

Hematologic Parameters and Platelet Function in Rats (report 745-03312)

Ep_ecies (strain)

indings

[Design
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Rat (Wistar)
FOM + 108
82

Duose: Oral doses of pregabalin in the
drct at 500, 1250, or 2300 mg kg or
untreated dict daily for 14 days.
Parameters: Hematology and bone
marrow parameters, platelet
morphotogy, reticulated platelet. platelet
activation, clot retraction, and platelet
aggregation assays measured at
termunation, template bleeding time
imeasured pretest and at termination.

No deaths. Tail dermatopathy, hypoactivity, red

RBC count increased in males at all doses. Platelet
count decreased at all doses but not significantly.
Stight platelet morphologic abnormalities at all
doses. No eftects on reticulated platelet number,
activaled platelet and clot retraction percentages, or
template bleeding tune. No effects on platelet
megrepation at <1250 mg/kg; mild decrease at 2300

mgkg.

statning of muzzle and/or urine staining at all doses.

|§pecies (Strain) ]Stud__\,_' Design B

Significant Finﬂings

icrovascular Permeability in Rats

iRat {Wistar) ose: Single ID dose of vehicle (§.9% NaCl), No effects on plasma extravasation
3M regabalin at 0.01, 0.1, or 1 mM, and positive control in pregabalin-treated skin sites.
3 histamine) at | mM in 100 pl in the dorsal area. Histamine induced a 46% increase
arameters: Plasma extravasation of '“*I-labeled in plasma extravasation.
[bumin in skin sites measured 60 minutes postdose.
[Time-Course Evaluation of Dermal Toxicity Following Continuous Intravenous Infusion in Monkeys
onkey ose: Continuous [V infusion of vehicle (sterile IPregabalin at 6 mg/kg/hr induced
Kcynomolgus) satine) or pregabalin at 6 mg/kg/hr for up to vascular lesions in the skin.
8M + 8F 96 hours. Histopathologic changes noted at
16 Parameters: Hematology, biochemical and urinalysis 24 hours; gross pathologic changes
parameters including lymphocyte subsetting, direct, noted at 48 hours; and clinical
antiplatelet and antinuciear antibody tests, C3, IgG, changes noted at 72 hours. Vascular
lgM, tgA, C-reactive protein, E-selectin, P-selectin, fesions and edema preceded skin
ICAM-1, VCAM-|, cholinesterase, and sores and were not imimune
cryoglobulins evaluated at 24, 48, 72. and 96 hours. imediated.
Bone marrow cytospin preparations evaluated at
96 hours. Gross and histopathologic examinations at
each time point including ultrastructural and
immunocytochermical evaluation of selected tissues.
Impurities

Toxicity Studies were performed with the significant impurities {(occurring atc

Adof

pregabalin: PD 0144550, the (R)-enantiomer of pregabalin, PD 0147804, a lactam degradation

product in the marketed formulation, and €

1 pregabalin . [

c 7 They were all found to be non-mutagenic under the conditions tested. The studies
are summarized below.

PD 0144550

1

PD 0144550 is the (R)-enantiomer of pregabalin. Racemization of pregabalin does not occur with
storage of bulk drug. The proposed specification limit for the (R)-enantiomer in drug substance, —
o © 3 exceeds the ICH qualification threshold of 0.1%. Therefore, the safety of the (R)-
enantiomer was evaluated in a [3-week study in rats, and genotoxic potential was evaluated in
bacterial mutagenicity and rat micronucleus assays.

Rats were given PD 0144550 at 0.1, 0.5, or 2.5 mg/kg by gavage daily for 13 weeks (RR 250-
01833). With clinical use of pregabalin at 600 mg, the dose of PD 0144550 in a 50 kg human
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would not exceed mg/kg. The low dose approximated the anticipated human exposure, the
high dose was approximately 100 times the anticipated maximum human dose, and the mid dose
evaluated the dose response.

There were no drug-related deaths. Convulsions of <1 minute in duration were noted within
approximately 15 minutes postdose in | female at 2.5 mg/kg during 6 of the last 8 days of dosing.
This female also had a convulsion approximately | hour postdose on the last of dosing after
completion of the ophthalmic examination. No other drug-related clinical signs or effects on body
weight and food consumption were noted. PD 0144550 did not induce any changes in clinicai
laboratory parameters or organ weights. There were no drug-related gross or histopathologic
findings. Plasma PD 0144550 toxicokinetic parameters increased dose proportionally and were
similar between males and temales (RR 764-03384).

PD 0147804
PD 0147804 is a lactam degradation product formed by C, 7 of pregabalin. The proposed
specification limits are — % in drug substance and — !% in drug product, are equal to or

exceed the applicable ICH qualification thresholds of 0.1% and 0.2%, respectively. Subchronic
toxicity was evaluated in a 4-week study in rats, and bacterial mutagenicity and rat micronucleus
assays evaluated genotoxic potential.

Rats were given oral doses of PD 0147804 at 0.5, 5, or 10 mg/kg daily for 4 weeks (RR 250-
01787). With clinical use of pregabalin at 600 mg, the dose of PD 0147804 in a 50 kg human
would not exceed -~ mg/kg. The low dose, 0.5 mg/kg, is approximately 8 times and the high
dose, 10 mg/kg, was approximately 170 times the anticipated maximum human dose. There were
no deaths, clinical signs, or drug-related gross or histopathological findings. Increases in plasma
PD 0147804 kinetic parameters were dose-proportional.

Mutagenicity was evaluated by exposing 4 histidine auxotrophs of S. typhimurium and a
tryptophan auxotroph of £. coli to PD 0147804 with or without 89 from the livers of rats treated
with Aroclor 1254 (RR 745-02952). In the initial and confirmatory assays, cytotoxicity was
observed at 5000 mg/plate in strains TA-1537, TA-1535, TA-98, and TA-100. Positive controls
2-nitrofluorine, sodium azide, 9-aminoacridine, methy! methanesulfonate, and 2-aminoanthracene
increased mean revertant frequency 6- to 38-fold above corresponding vehicle controls, indicating
valid assay conditions. There were no significant increases in revertant frequency in any strain
with or without S9 at any concentration of PD 0147804, Therefore, PD 0147804 was not
mutagenic in bacteria under the conditions of this study.

A micronucleus assay was performed concurrently with the 4-weck study of PD 0147804 in rats.
Rats were given 0.5, 5, or 10 mg/kg by gavage (RR 745-02838). Additional animals were given a
single oral dose of 0.5% MC and served as negative controls or a single IP dose of
cyclophosphamide at 20 mg/kg and served as positive controls. The frequency of MNPCE in
bone marrow was assessed in vehicle- and drug-treated animals 24 hours after the last dose.
Cyclophosphamide induced a significant decrease in PCE in both sexes and an 8-fold increase in
MNPCE frequency in males and a 9- fold increase in MNPCE in females, thus confirming assay
validity. PD (147804 had no effect on the percentage of PCE or MNPCE frequency in either sex
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at any dose. Therefore, under the conditions of this study, PD 0147804 was not clastogenic in rat
bone marrow in vivo.

PDT 1 andPD L 3
Studies were conducted to identify potential occupational safety hazards associated with the
manufacture of pregabalin. PD T 3 the racemic mixture and PD U 3 pregabalin

3 in the synthesis of pregabalin used to resolve the racemic
mixture to the S-enantiomer. Occupational safety studies assessed acute toxicity in rats, acute
dermal toxicity in rabbits, dermal and ocular imtation in rabbits, skin sensitization in guinea pigs,
and bacterial mutagenicity of the racemic mixture and synthesis intermediate.

PD C ]

After oral treatment with 2000 mg/kg in comn oil, no deaths occurred (RR 901-00517). Diarrhea
was noted in 1 male and 2 females on Day | and perinasal staining was observed in 2 males on
Day 2. There were no effects on body weight and no drug-related gross pathologic changes. The
oral lethal dose of PD L. 3 was >2000 mg/kg. After acute dermal application of 2000 mg/kg
in rabbits, and observation for 14 days, no deaths occurred, and there were no clinical signs,
effects on body weight or gross pathologic findings (RR 901-00542). The dermal lethal dose of
PDL 1 was >2000 mg/kg.

Dermal irritation was assessed with 500 mg of PD ¢ T applied to the shaved skin of the
dorsal trunk area of rabbits RR 901-00520. There were no deaths and no effects on body weight.
One animal showed very slight erythema 30 to 60 minutes after patch removal but not at 48 or 72
hours postexposure. No skin reactions were observed in the remaining animals at any time point.
Therefore, the Primary Dermal Irritation index was 0.11, corresponding to a negligible irritant.

Ocular irritation of PD 0140410 was assessed in rabbits (RR 901-00508). Conjunctivitis,
characterized by redness, discharge, and/or swelling, occurred in all animals given PD C Jin
both nonirrigated and irrigated eyes. The conjuctival irritation diminished during the remainder of
the test period and resolved completely in all animals by 48 hours. The maximum mean total
score was 4.67 for each group. No comeal opacity, iritis, or conjunctivitis was observed in the
control eyes. There were no effects on body weight. Based on the ocular evaluation criteria, PD

C 3 1s considered minimally irritating to ocular tissue with or without irrigation.

The skin sensitization potential of PD T J was evaluated in guinea pigs (RR 901-00529).
Positive control animals were given dinitrochlorobenzene (DNCB). Increasing redness was
observed in DNCB-treated animals during the first 5 induction applications prompting reduction
of the dose from 0.1% to 0.05% for the sixth application. Redness was noted in all DNCB-treated
animals after challenge with 0.05% DNCB and the severity score was 2.6 at 24 and 48 hours each.
However, no skin reactions were observed in untreated animals given the challenge application of
DNCB. No dermal reactions were observed in animals treated with PD T 7 in the induction
or after the challenge phase indicating PD T 7 is not a skin sensitizer.

Mutagenicity was evaluated by exposing 5 histidine auxotrophs of S. typhimurium to PD €

with and without metabolic activation from a postmitochondrial supernatant fraction (S9) from the
livers of rats treated with Aroclor 1254 (RR 901-00599). In the initial and confirmatory assays, no
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cytotoxicity was observed up to 10,000 ig/plate in any strain. There were no significant increases
in revertant frequency in any strain with or without S9 at any concentration of PD L }inany
assay. Therefore, PD U 3 was not mutagenic in bacteria under the conditions of this study.

PD T 3

To assess acute toxicity, adult rats were given a single oral dose of PD T 3 at 2000
mg/kg in distilled water and obscrved for 14 days {(RR 901-00717). No deaths occurred.
Piloerection was observed in all animals within 3 minutes postdose. Later on Day 1, hunched
posture, hypoactivity, and unsteadiness were noted in all animals, and ptosis was noted 1n all
females. Also on Day 1, increased salivation was seen in 1 female, and decreased respiratory rate
was present in 1 male. Piloerection persisted through Day 3 in all animals, and no clinical signs
were noted after Day 3. There were no effects on body weight and no gross pathologic changes.
The oral median lethal dose of PD L 3 was »2000 mg/ke.

To assess acute dermal toxicity, 2000 mg/kg of PD L 3 was applied to the shaved skin
of the dorsal trunk area of rabbits (RR 901-00718). A gauze was placed over the treated area for
24 hours then removed. No deaths occurred, and there were no clinical signs. There were no
dermal reactions observed immediately after removal of the gauze 24 hours postdose. Slight
erythema became apparent in 1 male and 2 females on Day 5 resolving by Day 8 or 9 and was also
apparent in } male on Day 9 resolving by Day 14. Desquamation characterized by dryness,
sloughing, or scaling was noted in 3 males and 1 female from Days 5 to 10. Body weight was
unaffected, and there were no gross pathologic changes. The dermal lethal dose of PD ©

. A was >=2000 mg/kg.

To assess a dermal irritation, a single dose of pregabalin P © 3 at 500 mg'kg was
applied to the shaved skin of the dorsal trunk area of rabbits (RR 901-00719) and covered with
gauze for 4 hours. The treated skin was scored for erythema and eschar or edema 60 minutes after
removal of the dressings and 24, 48, and 72 hours postexposure. There were no clinical signs of
toxicity and any erythema or edema in any animal. The mean Primary Dermal Irritation Index of
PD L 1 was 0.

Ocular irritation of PD € 1 was assessed in rabbits (RR 901-00720). Primary ocular
irritation was evaluated 1, 24, 48, and 72 hours and 4, 7, and 14 days posttreatment; cornea, iris,
conjunctiva, and ocular discharge were graded separately. No clinical signs of toxicity were
noted. In animals with nonirrigated eyes, dulling of the cornea was seen in 1 animal 1 hour after
drug instillation, and corneal opacification developed in 2 animals. No iridial inflammation was
observed. A crimson coloration of the conjunctivae accompanied by swelling with partial closure
eversion of the eyelids was seen in all 3 animals. Blanching on the nictating membrane was
present in | animal, and discharge with moistening of the lids and hair adjacent to the lids was
seen in 2 animals. The maximum mean total score for ocular toxicity was 18, and no irritation
was seen by Day 4. In animals with irrigated eyes, no corneal damage, or iridial inflammation
was seen in any animal. Temporary mild conjunctival irritation was present in all 3 animals; the
maximum mean total score for ocular toxicity was 3.3. No irmritation was observed after 48 hours.
PD U 3 was moderately irritating when instilled without irrigation and minimally
irritating with irrigation.
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The skin sensitization potential of PD [ J was evaluated in guinea pigs (RR 901-
00721). No dermal reactions were observed in the test or control group during the induction or
after the challenge phase. PD ( 1 did not induce dermal sensitization in guinea pigs

under the conditions of this study.

Mutagenicity was evaluated by exposing 4 histidine auxotrophs of §. typhimurium and a
tryptophan auxotroph of £. coli to PD € J with and without S9 from the livers of rats
treated with Aroclor 1254 (RR 901-00660). In the initial and confirmatory assays, no cytotoxicity
was observed up to 5000 pg/plate in any strain, There were no significant increases in revertant
frequency in any strain with or without S9 at any concentration of PD [ d Therefore,
PD T 1 was not mutagenic in bacteria under the conditions of this assay.

2.6.6.9 Discussion and Conclusions

In summary, toxicologic findings after oral dosing of pregabalin included hypoactivity,
hyperactivity, and ataxia in rats at > 1.5 times, in rabbits at > | 1 times, and in monkeys at > 8§
times the mean human exposure (AUCp.24) of 123 pg-hr/mL) at the maximum recommended
clinical dose of 600 mg/day. Dermatopathy was observed in rats and monkeys at > 2 times the
mean human exposure at the maximum recommended clinical dose. Decreased platelet count
occurred in rats at > 2 times and nasal discharge/rhinitis occurred in monkeys at > 3 times the
mean human exposure at the maximum recommended clinical dose. Note: at a maximum clinical
dose of 300 mg/day, an AUCg24) of ~ 75 pg-hr/mL would provide a somewhat greater safety
margin.

The genotoxic potential of pregabalin was assessed in both in vitro and in vivo studies. Pregabalin
was not mutagenic under the conditions of the assays in bacteria using metabolic activation
provided by mouse or rat liver. Pregabalin did not induce point mutations or structural
chromosome aberrations in Chinese hamster ovary cells in vitro. Pregabalin did not induce
unscheduled deoxyribonucleic acid (DNA) synthesis in mouse or rat hepatocytes and was not
clastogenic in mouse or rat bone marrow in vivo.

A dose-dependent increase in the incidence of malignant vascular tumors (hemangiosarcomas)
was observed in two strains of mice (BsC3F; and CD-1) given pregabalin in the diet for 2 years at
doses of 200, 1000, or 5000 mg/kg/day. Plasma pregabalin exposures (based on AUC) in mice
receiving the lowest dose that increased hemangiosarcoma incidence were approximately equal to
the mean exposure in humans receiving a daily dose of 600 mg. No evidence of carcinogenicity
was seen in two studies in rats (Wistar strain) following oral administration of pregabalin for 2
years at doses of up to 450 (males) and 900 mg/kg/day (females), which were associated with
plasma exposures approximately 14 and 24 times, respectively, human exposure at a daily dose of
600 mg/day. If the maximum daily dose in humans were limited to 300 mg/day, the NOAEL
values provide approximately a 28 fold and 48 fold exposure ratios in males and females,
respectively.

In a fertility study in which male rats were administered pregabalin (250, 1250, or 2500 mg/kg)

prior to and during mating, a number of adverse reproductive effects were observed, primarily at
doses > 1250 mg/kg; these inchuded: increased number of days to mating, decreased sperm counts
and motility, increased sperm abnormalities, reduced fertility, increased preimplantation loss, and
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decreased hitter sizc. Decreased sperm motility was also seen at 250 mg/kg. Because a no-effect
dose was not established, a follow-up study was conducted using lower doses (50, 100, or 250
mg/kg). No significant reproductive or other toxic effects were observed in this study. Based on
the finding of decreased sperm motility at the low dose in the original study, the no effect dose for
male reproductive impairment m rats was 100 mg/kg, which was associated with piasma
pregabalin exposures (AUC) approximately 3 times human exposures at the maximum
recommended dose (MRD) of 600 mg/day (this would produce a 6-fold exposure ratio if the
maximuin daily dose in humans were limited to 300 mg/day).

In a fertility study in which female rats were given pregabalin (500, 1250, or 2500 mg/kg) prior to
and during mating and early gestation (males were not treated), the drug treatiment appeared to
disrupt estrous cyclicity during the premating treatment period. In addition, there was an increase
in the number of days te mating, and increased embryonic death were seen at all doses of
pregabalin tested. The low effect dose for female reproductive impairment and embryolethality
was 500 mg/kg (plasma exposure approximately 10 times those in humans receiving the MRD of
600 mg/day or 20 times a maximum human daily dose of 300 mg/day).

Segment H Reproductive Toxicology Studies. Increased incidences of fetal structural
abnormalities and other manifestations of developmental toxieity (lethality, growth retardation,
nervous and reproductive system functional impairment) were observed in the offspring of
animals treated with pregabalin during pregnancy.

When pregnant rats were given pregabalin (500, 1250, or 2500 mg/kg) throughout the period of
organogenesis, incidences of specific skeletal malformations (fusion of the jugal bone and maxilla
and fusion of the nasal bones) were increased at > 1250 mg/kg, and incidences of skeletal
variations and retarded ossification were increased at all doses. Fetal body weights were
decreased at the highest dose. The low effect dose for developmental toxicity in rats was 500
mg/kg, which was associated with a plasma pregabalin exposures {AUC) approximately 17 times
human exposures at the maximum recommended dose [MRD] of 600 mg/day. This low effect
dose provides approximately 34 times the human exposure if the maximum daily dose is limited to
300 mg/day.

When pregnant rabbits were given pregabalin (250, 500, or 1250 mg/kg) throughout the period of
organogenesis, total incidences of skeletal malformations, visceral variations, and ossification
retardation were increased and fetal body weights were decreased at the highest dose. The no
effect dose for developmental toxicity in rabbits was 500 mg/kg (plasma exposures approximately
17 times human exposures at the MRD or 34 times the predicted plasma levels if the maximum
daily dose were limited to 300 mg/day). '

Segment III Reproductive Toxicology. Pregabalin treatment of rats produced reproductive and
developmental effects in the peri- and post-natal periods. In a study in which female rats were
dosed with pregabalin (50, 100, 250, 1250, 2500 mg/kg) throughout gestation and lactation,
offspring growth was reduced at > 100 mg/kg, offspring survival was decreased at > 250 mg/kg,
and offspring neurobehavioral (decreased auditory startle respending) and reproductive function
(decreased fertility, decreased litter size) were impaired at 1250 mg/kg. The effect on offspring
survival was pronounced at doses > 250 mg/kg, with 100% mortality in high dose litters. The no
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effect level for pre- and postnatal development was 50 mg/kg (plasma exposures approximately 2
times human exposures at the MRD of 600 mg/day or 4 times the MRD of 300 mg/day).

Skin lesions characterized clinically by a spectrum of lesions ranging from erythema to necrosis,
and histopathologtcally by hyperkeratosis, acanthosis, fibrosis, and/or necrosis of the tail, were
observed in rats given > 50 mg/kg in oral repeated-dose studies, with associated AUCp.24) > 241
pg-hr/mL. Lesions typically appeared within the first 2 weeks of treatment at higher doses and
resolved in most affected animals by Week 7 in the 13-week study and by Week 4 in the 52-week
study. Similar skin lesions were observed in monkeys in oral repeated-dose studies, and were
tocated primarily on the tail in most animals. In the chronic monkey study, lesions were observed
at > 25 mg/kg, with plasma pregabalin AUC 4y values > 219 pg-hr/ml. As in rats, lesions in
affected animals in the chronic monkey study generally resolved prior to study termination.
Subcutaneous tail temperature, used as an indirect measure of tail blood flow in the chronic
monkey study, showed no consistent differences between controf and high-dose animals, or
between affected and unaffected animals within the same group. Pregabalin at 5% and 7.5% did
not induce contact sensitization (ailergic dermatitis) in rats in the local lymph node assay. The
etiology of the skin lesions remains unknown. No tail dermatopathy was observed in mice given
repeated oral doses of pregabalin up to 13 g/kg up to 13 weeks. Missing tail tips were observed in
mice given up to 5000 mg/kg (AUC0.24y of 3150 pg-hr/mL) in the B6C3F1 but not the CD-1
carcinogenicity study, however, the relationship of this lesion to dermatopathy in rats and
monkeys is unknown.

2.6.6.10 Tables and Figures
Sponsor’s non-pivotal studies:
Specics (Stminy Route Daity Treatment Significant Findings No Adverse Report
Animals Nex Group 1 ¥ehicles Dose Damtion Effect Dose | Number
Tatn} | Dose Volume] | (me ke | Withdmweah (mkn)
RAT
Rat i Wistar) Ocal uc 2 Woeds One temale miven None 25001702
M +AF (Dieti 00 1250 oy kg by gavage died
28 1258 i Week 2 attributed ko
2300 pyekenephritis, Hypoactiviry
and ataxio at ol doses by @
Oral VO wavage and 1230 myekp by ®
(0.5 MC 500 dict. Bevreased hody weight : [
{25 mbky) 1230 gain and nondose-rehted )
1500 inreases in RBC count at ull O
Joses by savage andior diet. (7]
Hb and Het mercased g1 ‘9‘
1230 mykg by gavage. g
Decreased platelet count at (]
2330 my kg by gavaee and o
atall doses by diet.
Inflammation of epididyiis %
in males 41 2500 mp kg by 'l
diet. Tail dermatopathy ot all
doses by diet. Drig exposun:
similar by diet ond «a
Rat [Wistar) Botus 1V V0 Tidays  [No deaths, Hypoactivay None | |250-0180% |
M + SF (0.9 NaCl3 50 and’or staxia in bath sexes ot
& (2 mliwin}! 159 ull deses up o Day 5.
360 Deureased body weight gain
in makes at 300 i ke
Decrcased platelet comt in
males 2 300 g kg and in
females at all doses. No
hialastho%’c ﬁndings.
Fat (Wistor) Boluy TV" ¥( T Weeks . Hyperativity Rone 2S0-BIELD |
10M + 10F (0.9% NaCf} 49 and/or ataxia in both sexes at T64-031623
140* {2 mLimin] 160 all doses through Wouk 4.
300 Deereased platelet coont in
both muu all dowes. No
isho ig findi
[MC ==l?rled';y.j:eﬂ:d'c{,m {'JC “ Unu\mcd control, VC = Vehiele contred; RAC = Rc& blood cclls Hb = Hemoglobin;
= a1 " A o ned s
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Sponsor’s non-pivotal studies continued:
Species (Stram ) Route Daily Treatment Significant Findings No Adverse Report
Animals'Sex/Group (Vehicle} Dose Duration Effect Dose | Number
Total {Dosc ¥ olume] (mp'kg) | {Withdmwal) (mg'kg)
Rat {continaed)
Rat {Wistar) Contnuous v 4 Days No deaths. Ataxia m both None 250-01800
IM+7F Infusion’ 3 sexes at 75 mekg;
24 (0.9% NaCl) 15 hypoactivity and/or urine
[4 mL/Ag/hr]® 75 staining on Day 4 in 1 male
at 15 mgfkg'hr and both
sexes at 75 mgfkgshr. No
clinical signs at 3 mp/ketr.
Urinary bladder dilatation in
males ot all doses.
Rat {Wistar) Contnuous vC 2 Weeks Na drup-redated deaths, None 250-01418
10M +10F Infusion® 3 Chromodacryarthea and T64-03200
80 (0.9% NaCl) 15 urine staining at all doscs;
(2-4 n:lL."kg.’hl‘]h 75 catalepsy in males at all
doses; hypouctivity in
females at 215 mg/kg'hr.
Decreased platelet countin
males ot 215 mg/kp'hr.
Foamy macrophage
accumulation in alveolar
lumen and degeneration of
urinary bladder muscularis at
Monkey
Monkey Oral $0-2000 11 Days' |Emesis in the malc st 400 745-02116
{cyromo] gus) (0.5% MC) 100 mg/kg, disrrhea andioc
IM+1F (5 mLikg] soft foces in both scxes at
2 2809 ma’ky, and
hypoactivity in the male at
1250 mg'kg, Body weight,
food consumption,
ophthalmic, blood pressure,
ECG, and clinical laboratory
parametern not affected. No
drug-related gross or
histopsthologic changes
VC Vehicle control; ECG = Eleetrocardio graphic parameters.
Bulk drug at 20 mg/mlL
‘ Formuluted pregabalin contained active drug at 20 mg/mL in 10 mL sterile 0.9% NaCl.
¥ Drug concentrations of 0.75, 3.75, and 1R,75 mg/mL resulted in dose rates of 3, 15, and 75 mpg/r.
o Drug concentrations of 1.5, 7.5, end 18.75 mg/ml resulicd in doss rates of 3, 15, and 75 mgAg/hr,
" Escalating-dose regimen; animals received S0 (Day 1), 100 (Day 2), 200 {Day 3}, 400 (Day 4), B00(Day 8), 1000 (Day 9),
‘ lzsogg_uzmggandzooogggg [Day 11); animals not doscd on Days Sto 2.
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Sponsor’s non-pivotal studies continued:

Species (Stram) Raoute Daly Treatment Sigmificant Findings No Adverse Report
Animalsy'Sex/Group { Vchicle) Dosc Duration Eficct Doac { Numba
Total [Dose Volume] | (mpdg) | (Withdawal) {mgikg)
Moakey (continued
Monkry (0 S%I;JC) I‘E)(O: 2 Weeks One female &t 1000 mekg None 250-017t3
(cynomelgus) . died; death not clearly drug-
IM +2F {5 mlAg] 300 mlated. Soft feoes and/or
18 1000 dirrhea at all dascs;
2000 hypoactivity at 1000 mafkg;
and bloody namal discharge
at 1000 and 2000 mg/kg.
Body weight loss at
1000 mg/kg; deorcased food
consumption at 100,
1000, and 2000 mg/kg.
Decreased RBC count, Hb,
Het, and increased
neutraphils ot 2500 mg'kg
No drug-related gross or
hismpnﬁmlggic changes,
Monkey Ursl Vo 4 Weeks Two males at 1000 mpkg  [Study 250-G61720
(eynomolgus) (0.5% MC) 100 (4 Weeks)  |and 1 animalisex at Temninatod
AM + 4F [10mLAg) 1000 2000 mgy'kg dicd after Prior to
32 2000 I dose. Ataxis andior Completion™
hypoactivity at 1000 and
2000 mgfkg: sicreotypic
behavior at 2000 mgkp.
Food consumption and ECG
not affected. No gress or
histopathologic changes in
ammals that died.
Monkey Oral vi 4 Days" Soft focew'diarrhen at all None 4302268
{cynomolgus) (0.5% MC) 508 doses; ataxia andfor T64-02188
2M + 2F [5 mL/kg] 750 hypoactivity at 1000 my/kg
16° 50“’0" and 500 mgkg BID. One
0BID animal per sex at
100 mg/kg died or was
maribund and cuthanized an
Day 2. Bady weight and
food consumption not
affected. No gross or
histopathologic changes in
amirmals that died. Similar
pregabalin exposore
1000 mg'kg and
500 mp/kg BID.
MC = Methryleellulose; VC = Vehicle control; RBC = Red bload cells; Hb = Hemeglobin; Het = Hematoarit;
ECG = Electrocardiographic parameters; BID = Dosed twice daily.
! Vchicle controls = Lasx,
! Dosc volume = 10 mL/kg a1 2000 mg/kg.
! Animals given 2000 mg/kg retumed to stock colany at complotion of atudy.
% Duosing discontinued after a single dose due to death at high doses; surviving animals observed for 1 week and returned o
the stock calony.
" Due to desth or moribindity, animals given daly doses at 1900 mg/kg for 2 days only.
[°_Ssme animals given 500 and 500 mgAg BID
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Sponsor’s non-pivotal studies continued:

Species [Strain) Routc Daily Treatment Significant Findings No Adveomse Repart
Animala’Sex/Group {Vehicle) Dase Durstion Effect Dose | Number
Total [Dose Volums] | (me/kg) | (Withdmwal) (mg/kg)
IM\‘ME {continued
Moakey Bolus IV" S-400P 17 Days No deatha. No dinical signs | 300 mg/kg | 745-02970
(cynomol gus) (0.9% NaCl) at <300 mp/kg. After
IM+1F [1 mLAg/min}l repeated dosing &t
2 400 mg/kg, hunched posture,
hypoactivity, somnolence,
tremors and epistaxis in the
male, kcal changes inthe
female, and reduced food
consumption bath animals.
Decreased RBC count, Hb,
and Het in both scxes;
compensatory increascd
reticulocyte count in the
femnale. Skin sores around
nostrils and on the foot in the
male.
i'Munkzy Balus [V VC 4 Weeks  [No deaths. Ataxia in both 0 medke | 74503033
(cynomaolgus) (0.9% NaCl} 10 scxcs and tremors and nasal 76403162
3M +3F [1 mL’kg/min]® 40 discharge in males at
24 200 200 mg/kg. Convulsions in
| male at 40 mg/kg on
Day 22 and in 1 female at
200 mg/kg on Day 1,
Decreased RBC count, Hb,
and Het and inereased
reticulocyte count I both
|sexcs at 200 mz'ke.
Monkey Contmuous [3 1 Day' Onc famale gven B me'kp'he None 250-01801
{cynomolgus) Infusion’ 4 4Deys  |for 24 hours died; no signs in
IM+2F (0.9% Na(l) 2 4 Days the male. No signs in the
3 {2 mL/kg/hr}® ] 3 Days female given 2, 4, or
6 mg'kp/hr; tramors in the
male at &l doses not clearly
drug-related. Tail
dermatopathy in both
_ surviving animals,
IV = Intravenous; RBC = Red blood ccll count; Hb = Hemoglobin; Het = Hematocnt; VC = ¥ chide contral.
* Bulk drup at 20 mgimlL
! Formutated pregabalin contained active drug at 20 mg/mL in 10 mL sterile §.9% NaCl.
P Escaltting-dose regimen; animals reccived 5 (Day 13, 10 ({ay 2), 25 (Day 3), 50 (Day 4), 75 (Day 7), 125 (Day 8.
200 (Day 9}, 300 (Day 10), 400 (Day 11), and 400 mg/kg (Days 14-17); animals not desed on Days 3, 6, 12, and 13,
9 Drug concentration of 20 mg/ml. revulted in a dose rate of 20 mg/kg/min.
" Escalaling-dose regimen; animals received 8 (Day 1), 4 (Days 8-11),2 (Days 15-18), and 6 mg'kg (Days 23-25); animals
not dosed on Days 3 t0 7, 12 o 14, and 19 to 22,
" Drug concentrationsof .2, 3, and 4 mg/mL resulted in dose rateg of 2, 4. 6. and & mykeihr.
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Sponsor’s non-pivotal studies continued:

Species (Strain)
Animals/Sex/Group
Total

Route
{Vehicle)
[Dose Volume)

Daily
Dose

(mevkg)

Treatment
Duration
(Withdrawal)

Significant Findings

No Adverse
Effect Dose

{mpke)

Report
Numnber

Monkey (continued
Monkey
{cynomolgus)

IM +3F

24

Continuous
tofusion”
(0.9% NaCl)
(2 mL/kg/hr]

-
[ Il
= - &

2 Weeks

Oue fermale at 6 mp/kg'hr
died and 1 fernale each at

4 and 6 mg/kg/hr were
mertbund and euthanized
after Day 6. Edema,
dermatopathy, and red nasal
discharge at all doses; ataxia
and hypoacuwity at

z4 mgAg/hr, Vascular
lestons in skin localized 10
the extrermbes and oral

muc ous membrane,
subcutaneous edema, and
[esions in the nasoturbinates
at nll doses: changes in
clinical laboratory
parumeters secondary to

pathologic findings.

None

25001817
764-03 198

b
1

VC = Vehicle control.
Bulk drug at 20 mg/mi_
Drug concentrations of |, 2, or 3 mg/mL resulted in dose rates of 2. 4, or & mg/kg'tr.

Species (Strain}
Antmals Sex/Group
Fotal

Route
{Vehicley
[Tose Volume]

Daily
Diwe
{me. ke)

{reatment
Duration

Signtficant Findings

No Adverse-
Effect Dose
tmke)

Repont
Number

Mouse (B6C3F L)
106 -~ 101
300°

Oral
(1ict)

M F

ue e
2174 2607
7538

%152
12685 13607

2 Weeks

No deatlis. Urtne staining and
decreased bady weight gain
av mid aedd high doses
Minimal increases in RBC,
th, and Het 2t mvid and high
dose. NDecreased prostate
weight ot mid and high dose.
Urinary bladder difaiation in
males at all doses. No
histapathalogic changes.

Nane

250-0172¢

Mouse (B6CIFI}
2INM = 21F
132°

Oral
(2iet)

Lic
100
500
2500

4 Wecks

No deaths, clinical signs, of
effects on body weight or
food consumplion
ALC{0-24) increased lingarly
and ranged from 46.8 to
2130 pa he/mi

Toxicokingtic

250-0176%

Mouse (B6CIEL)
10M + 10F
194

Oral
{Dic1)

uc
1000
1000
000

13 Weeks

Sporadic deaths 2t all doses;
not clearly drug-related.
MPV increased at all doses.
In females, increased kidney
weight at 24000 mg'kg:
decreased thymic weight at
8000 mg/kg: mild dilatation
and basophilia of renal
cortical tubules at

ROOO mykg: and increased
vacuolation of adrenal
X-zone at all doses. No
proliferative vascular
changes.

None

250-01744

b
«
d

UC =Untreated control; RBC = Red blood cell; Hb ~ Hemoglobin: Het = Hematocrit: MPV = Mean platelet volume.
Pregabalin given in dietat 1%. 3%, or 5%%; doses estimated based on actual body weight and food consumption.

Two hundred twenty additional animals used for determination of toxicokinetic parumeters (5 controls/sex and 38/dose/sex).
Three animals/sex in control group: all animals used for toxicokinelic analyses,
One hundred fourieen additional animals used for determination of toxicokinetic parameters (3 controtsisex and 18/sex/dose).
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2.6.7 TOXICOLOGY TABULATED SUMMARY

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

Mean Expesure 1123 pgrhr mily
af the Maximum Recommended
Chnical Dase

O Rat & Muonkey® Rabbit B Mouse
Death H | ) ]
t
t
Hypoactivity/Hyperactivity/ Ataxia ; -
Decreased Platelet Count — :
—
Dermatopathy - — —
Nasai Dischargc/Rhinitis
) - . . | — —
Decreased Fetal/Otfspring Weight ©
Decreased Male Fertility =
Prolonged Diestrus/Estrus
Dystocia
Hemangiosarcomas |

10 100 1000 10000 160000

Pregabalin AUC(0-24) (ug-hr/mL)
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Sponsor’s summary table:

Signthcant Ellect Spevies, Nu-FHoct Dose Cowest-Efect Thane
AUCm2h ALUCH-24
Tvpoactivily Ra FTfectaatall doses studied, RINTTIYs O
Hypemcliviy Ataxia Fi3 ug hr ml
Monkew Ly ke SOy kg
= 38N g he il W g1 B ml,
Decreased Platelets Ral Edevts ab all doses studiadl. 50 mgky .
22 whend”
Dermatopathy Ra Eticcts atall doses studiced. 30omuke
241 uphrmly
Monkey [ nye ke 25 muka &0
M1 pe heomb 2194z hewl 0
S
Nasal Discharge: Rhinitis Monkey g kg 100 mekg -
L83 pa hrml A pzheml Od.,
S . L
Developmental Toxicity Rat 1250 mzkp 2500 makg (5/
Devreased Fetal Weight 63Ul go-hr ml M0 p2-hrmb ®
Rabbl 00 oy ke 1250 mgke %
22020 pe b oml. 4750 nghirml, e
Developmental Toxivity Ra 30 ke 100 meky e
Decreased Ofispring Wi M1 ughemls 601 uahrimd.
Alake Fertiliny Rat 230 myp ke 1256 maky
~ 1320 uyg hr ml! 320pphrml
Pralonged Diestrus-Listrus Rat S e kg 1250 mgkg
220 pe b ml, 0 pehrml
Dystowia Rt 250 vz ke 1250 maky
=380 pg hrml” STedpghtml!
Cawwinogenicity - Rat 350 my kg oMo wimgke oF None
No Drug-Related Tumors =17 pg-hrand. = 2960 we bl
Carcinogenicity- Mutise 200 nyzky 1000 mgka
Hemangiosarcomas BoC3Fi =183 pg hrml. 433 ughriml,
Carcinogenicity- Mawise 1030 mg ke 3000 kg
Hemangiosaieomas CD-1 =558 ug hemi. 330pgheml,
Death Rat 50 mpka 230 mukg
=228 ug-hrmi $02 ﬁ}é%hn‘mﬁ‘
Monkey =500 mgky 1000 o 560 BID g ky
24 090 pg hraml PH00 g himt?

» Yalue obtamed lrom a supportive toxicokinelic study by gavage.
Value obtained from a 13.week toxicity study by diet.

© Valuz oblained from a prenatal-postnatal study by gavage.

! Value approximated from the first male fertility and early embryonic development study by wavage.

Individual anirmal value.
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Reviewer summary table:

Number of animals with tumors

Hemangiosarcoma + Hemangioma

Incidence: B;C,F, mice

(reported spontaneous incidence ~ 3 %)

(n=65/sex/dose)
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: Pregabalin is a ligand at gabapentin receptors and has a pharmacologic profile that
is very similar to the prototype for this class, gabapentin. The absorption of pregabalin is less
limited than gabapentin resulting in greater bioavailability. This fact, together with the higher
aftinity for the a;8 receptor, mean that pregabalin is likely to have greater oral potency than
gabapentin. The toxicology of pregabalin in animal studies is much greater than gabapentin,
however. In addition to the dose-related increase in occurrence of angiosarcomas in both B6C3F1
and CD-1 mice, there is a dermatopathy that is very evident in monkeys and rats. This later
toxicity is particularly problematic for the therapeutic indication of diabetic neuropathy, since
these patients are already prone to skin injuries and impaired healing.

Unresolved toxicology issues (if any): The dermatopathy in rats at > 50 mg/kg in oral repeated-
dose studies, with associated AUC(g.24y > 241 pg-hr/ml.. Skin lesions typically appeared within
the first 2 weeks of treatment at higher doses and resolved in most affected animals by Week 7 in
the 13-week study and by Week 4 in the 52-week study. Similar skin lesions were observed in
monkeys in oral repeated-dose studies, and were located primarily on the tail in most animals. In
the chronic monkey study, lesions were observed at > 25 mg/kg, with plasma pregabalin AUCg.,q,
values > 219 pg-hr/mL.

Recommendations: This application is not recommended for approval for the indication of
diabetic neuropathy from the pharmacology / toxicology perspective.

Suggested labeling: (from Ed Fisher review)

Carcinogenesismufagenesis/lmpairment of Fertility

Carcinogenesis

Impairment of Fertility
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Reviewer: Jerry M. Cott, Ph.D. NDA No. 21-446
APPENDIX/ATTACHMENTS .

Appendix 1. Pharmacclogy Studies reviewed for this NDA

PHARMACOLOGY STUDIES 7 ) )

Type of Study Test System ]Administrationf Study No.
2.6.3.1.1.A. Primary Pharmacodynamics Radioligand Binding

Rat brain {membrane homogenate) [BH]gabapcmin radioligand binding In vitro 740-03239
Porcine brain (membrane homogenate) [*H)gabapentin radioligand binding Inviro  |Brown etal.
Recombmant mammalian cells (membrane homogenate) ['H]gabapentin radioligand Invitro 740-03602
binding

Porcine brain (membrane homogenate) [3H]gabapentin radioligand binding Invitro 740-03576
Mutant mouse brain deficient in ['H]gabapentin binding to &8 type | protein In vitro 740-63603
(membrane homogenate) [*H]gabapentin radioligand binding

Correlation between [ H}gabapentin radioligand binding to rat brain membranc Invitro 740-03376
homogenate and in vivo pharmacology of GABA derivatives in rats

Recombinant mammalian cells (membrane homogenate) "H]pregabalin radioligand Invitro 740-03614
binding

2.6.3.1.1.B. Neurotransmitter Release and Turnover

Rat brain tissue slices (trigeminal nuclens) [IH]glutamate release I vitro 770-00311
[Rat brain bissuc slices (neocortex) glutamate release Invitro  |Dooley et al.
Rat brain tissue slices (ncocortex; striatum) ['H]noradrenaline release fnviro 740-03489
Rat brain tissue slices (neocortex; striatum; cerebelium: hippocampus; spinal cord) Invitro 740-03578
{'H]noradrenaline release; ['H]scrotonin release

[V = latravenous; PO = Oral gavage; SC = Subcutancous; [P = Intraperitoneal; ICV = Intracerebroventricular.

[ Denotes GLP study

Fype of Study Test System

iAdministrationlSludl No.

2.6.3.1.1.B. Neurotransmitter Release and Turnover (continued)

Rat brain tissue slices (neocortex) [*H]noradrenaline release in presence of gabapentin In vitro 740-03579

Rat brain L-3, 4-dihydroxyphenylalanine tunover and S-hydroxytriptophan turnover IP 740-03470

Rat brain or monkey brain synaptosome preparation calcium influx (fluorescence Invitro 740-03538

endpeint)

Rat spinal cord tissue slices immunoreactive Substance P or calcitonin gene-related In vitro 740-03537

peptide release

2.6.3.1.1.C. Transporter Activity

Rat brain cells (primary culture) or mammalian ceil line ['H}L-leucine upiake Invitro 761-00007
at brain cells (primary cell culture) "HJGABA transporter location and function Invitro 740-03516

2.6.3.1.1.D. Protein Kinase Activation

(Chinese hamster transformed cell line activation of transcription factor proteins Invitro 761-00006

2.6.3.1.1.E. Electrophysiology

Anesthetized rat dorsal root electrophysiological reflex activity v 770-00322

Anesthetized rat ventral root electrophysiological reflex activity v 770-00326
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’f)*pe OfSt_lidEr' Test S&é_teln B o [Administration Study No.

Anesthetized rat electrophysiofogical seizure activity in hippocampus & evoked potentials Ip 740-03518

2.6.3.1.1L.F. Analgesia

Rat fonnalin footpad test analgesia PO 740-03479

Rat formalin foolpad test analgesia SC 770-00297

Mouse (mutant, deficient in [*H)gabapentin binding) tormatin footpad test analgesia PO 740-03610

Rat carrageenan footpad heat hyperalgesia SC 770-00297

Rat postsurgical footpad heat and tactile allodynia SC 770-00296

Rat intrathecal Substance P-induced footpad thermal hyperalgesia IP, Partridge et
tntrathecal al.

Rat thermal injury-induced footpad thermal hyperalgesia Intrathecal Jun &

Yaksh

Rat ultraviolet irradiation footpad thermal hyperalgesia SC 770-00304

Rhesus monkey tail immersion thermal hyperalgesia from capsaicin PO 740-03528

[Rat diabetes-induced footpad tactile allodynia PO, 770-00295
intrathecal

Rat diabetes-induced footpad tactile allodynia PO, 770-00312
intrathecal

Rat vincristine-induced footpad tactile allodynia Ir 740-03529

Ral sciatic nerve ligation or dorsal root ligation footpad tactile allodynia PO 770-00294

Rat footpad tactile allodynia from prior injection of acidic saline into gastrocnemius muscle PO 740-03589

2.6.3.1.1.G;. Epileptic Seizures

Mouse tonic extensor seizures from maximal electroshock PO 740-03090

Mousc (mutant, deficient in ["H]gabapentin binding) tonic extensor seizures from PO 740-03610

maximal electroshock

MMouse tonic extensor seizures from low-intensity electroshock PO 740-03172

Mouse tonic extensor seizures from maximal electroshock PO (repeated ; 740-03216

‘ dosing)
Rat tonic extensor seizures from maximal electroshock v, PO 740-03081
at tonic extensor seizures from maximal electroshock v, PO 740-03263

Rat tonic extensor seizures from maximal electroshock (estimation of plasma IV, PO 740-03268

concentration)

Rat tonic extensor seizures from maximal electroshock PO (repeated | 740-03108
dosing)

Rat tonic extensor seizures from maximal electroshock (time course and pharmacokinetic PO 740-03225

comparison}

Mouse clonic seizures from pentylenetetrazole PO 740-03214

Mouse clonic seizures from pentylenetetrazole P 740-03224

Mouse clonic seizures from bicuculline PO 740-03224

Mouse clonic seizures from picrotoxin PO 740-03224

Mouse clonic seizures from strychnine PO 740-03224

Rat electrographic and behavioral seizures in kindled rats IP 740-03222

Rat electrographic absence seizures IP 740-03136

DBA/2 inbred mouse strain seizures induced by sound PO 740-03365

DBA/2 inbred mouse strain seizures induced by sound (effect of benzodiazepine PO 740-03551

ntagonist)
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ﬁpe of Study Test System B Route [ Report #

2.6.3.1.1.H. Anxiety Disorders

Mouse tail suspension behavior (anxiolytic/sedative eftects) ) ) PO 740-03464

Mouse (mutant, deficient in ['H]gabapentin binding) tarl suspension behavior PO 740-03610
anxiolytic/sedative effects)

IRat Geller conflict test (anxiolytic activity) 5C 770-01316
Monkey Geller conflict test (anxiolytic activity) PO 740-03526
Rat Vogel conflict test (anxiolytic actvity) PO 740-03464
Rat brain primary cultured neurons; uptake of [SI{]GABA fn vitro 761-00007
Rat Vogel conflict test (anxiolytic activity; effect of benzodiazepine antagonist) PO 740-03551
[Rat elevated X-maze (anxiolytic activity) PO 740-03464
Rat elevated X-maze (anxiolytic activity) SC 770-01316
2.6.3.1.2.A. Secondary Pharmacodynamics Radioligand Binding

Various membrane-bound radioligand binding assays Invitro ] 740-03076
Rat and mouse blood platelet (membrane homogenate) radioligand binding for Invitro | 740-03614
*Hipregabalin

(Rat neocortex brain (membrane homogenate) [3H]‘CGPS4626A radicligand binding In vitro 740-03547
{GADBAg receptors)

Rat neocortex brain {membrane homogenate) {2,3,4-"H(N)}-CP 55,940 radioligand Inviro  1740-03548
binding (Cannabinoid | receptors)

Human recombinant CB1 and CB2 cannabinoid receptors expressed in vitro with In vitro 770-00350
[PH]WIN 55212-2 as radioligand

2.6.3.1.2.B. Neurotransmifter Transporters

Rat brain synaptosomes uptake of ["H]noradrenaline, [* H]dopamine and [ H]serotonin Invitro  1740-035345
Rat brain cultured neurons ["H]JGABA uptake Invitre | 761-00007
2.6.3.1.2.C. Enzyme Assays

Porcine brain glutamic acid decarboxylase enzyme activity Invitro  |Taylor et al,
Rat brain GABA transaminase enzyme activity Invitro | 761-00012
Hurman blood platelet cyclooxygenase | and blood macrophage transformed cell line In vitro 760-00132
cyclooxygenase 2 activity

Mouse J774A.1 macrophage cell line; cyclooxygenase enzyme activity In vitro 760-00132
2.6.3.1.2.D. Secondary Pharmacodynamics -GABA Tissne Content

[Rat isolated optic nerve segments; GABA content Invitro 740-03515
IRat whole forebrain; GABA content Ex vivo Errante &

Petroff,

2.6.3.1.2.E. Electrophysiology

Chinese hamster ovary tumor cells stably transfected with rat brain type {[A sodium Invitro | 740-03220
channels; voltage-clamp electrophysiology of sodium channel currents

Rat primary cultured autonomic ganglion neurons; voltage clamp electrophysiology of Invitro ] 740-03519
sodium and potassium channel currents

Chinese hamster ovary tumor cells stably transfected with rat brain type ILA sodium fnvitro | 740-03519
channels; voltage-clamp electrophysiology of sodium channel currents

Human embryonic kidney tumor cell fine stably transfected with B-class calcium Invitro | 740-03519
channels; voltage-clamp electrophysiology of calcium channel currents

Rat primary cultured neocottex neurons; GABA 4 receptor pharm by voltage-clamp Invitro | 740-03539
Rat hippocampal brain tissue slices; physiology of long-term synaptic potentiation and Invitro | 740-03517
both glutamate-mediated and GABA-mediated synaptic potentials

2.6.3.1.2.F. Other Types of Analgesia

Mouse intraperitoneal acetic acid-induced abdominal constriction analgesia test PO 740-03479

[Rat abdominal constriction responses from colonic distenston following colonic infusion SC, PO |6051-00002,

of trinitrebenzene sulfonic acid
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Type of Study Test System Route Report #
(Rat abdominal constriction responses after systemic administration of lipopolysaccharides [P, PO 6051-00003
and rectal distension

Rat abdominal constriction responses following intracolonic formalin infusion SC,ICV,  16051-00004

[ntrathecal
[Rat abdominal constniction responses following intracolonic glycerol infusion PO 6051-00008
IRat abdominal constniction responses following immobilization stress PO 6(51-00009
(Guinea pig abdominal constriction responses in anesthetized animals following rectal P 6051-00005
istension

2.6.3.1.2.G. Arthritis and Gastric Cytoprotection B

Rat ankle swelling after antigen-induced monoarthritis PO 760-00177
Mouse arthritis rate of onset of symptoms and symplom severity after systemic collagen PO 760-00178
antigen challenge

[Rat gastric mucosal damage (surface area) caused by oral administration of indomethacin PO, 1P, 760-00138
) cisterna magna
2.6.3.1.2.H. Subjective Properties and Physiologic Dependence

Rat operant response with training to discriminate morphine injection SC from salinc SC 770-00297
injection SC

Rhesus monkey operant response with training to discriminate midazotam injection SC PO 740-03524
from saline injection SC

2.6.3.1.2.1. Subjective Properties and Physiologic Dependence (continued)

Rats trained to prefer one chamber over another in response to drug injection PO 770-00314
{conditioned place preference)

[Rat increased locomotor activity from administration of cocaine or amphetamine [p 740-03441
[Rhesus monkey intravenous self administration of pregabaliit in animals trained to self- IV 745-03278
administer pentobarbital

Rhesus monkey intravenous self administration of pregabalin in animals trained to self- v 740-03525
ladminister methohexital

Rats gtven continuous infusion of pregabalin for 12 days and then discontinued to IP 740-03540
determine possible weight loss and behavioral withdrawal signs in comparison to

infusion of pentobarbital

2.6.3.3.A. Safety Pharmacology - Spontaneous Locomotor Activity and Ataxia

Rat spontaneous locomotor activity PO 740-03472
Mouse spontancous locomotor activity PO 740-03472
Mouse spontanecus [ocomotor activity PO, IV 740-03G674
Mouse inverted screen ataxia PO 740-03472
Mouse inverted screen ataxia PO, IV 740-03217
Mouse inverted screen ataxia PO 740-03074
Mouse rotorod ataxia P 740-03224
Rat rotorod ataxia PO 770-00297
Ral ataxia (observation of walking) PO 740-03224
Rat inverted screen ataxia PO 740-03472
Rat bearn walking ataxia PO 770-01317
2.6.3.3.B. Safety Pharmacology - Central Nerveous System

Rat hindlimb placing response PO 740-03224
Rat impaired righting reflex PO 740-03215
Mouse observation for central nervous system signs (modified Irwin test) PO, 1V 740-03074
Mouse observation for central nervous system signs and spontaneous activity v 745-0292%8*
Rat observation for central nervous system signs and spontaneous activity v 745-02928"
Monkey central nervous system signs PO 740-03483
Rat spontaneous sleep PO 740-03527
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Type of Study Test System Route J Report #
2.6.3.3.C. Gastrointestinal System

Ral gastric emptying and intestinal transit time - PO 6051-00006
Rat intestinal transit at a fixed tune after feeding in rals PO 770-00297
Rat colontc transit time PO 605 1-00007
2.6.3.3.D. Cardiovascular System

Rat cardiovascular parameters PO 740-03115
Rat cardiovascular and renal parameters v 745-02986°
Monkey cardiovascular parameters v 745-02588°
Dog cardiovascular parameters PO 742-00010
2.6.3.3.D. Pulmonary System

Dog pulmonary function v I 760-00073
2.6.3.3.E. Changes in Drug Metabolism

[Rat hexobarbital sleeping time PO 740-03224
IActivity of rat hepatic microsomal enzymes ex vivo PO 740-03224
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CARCINOGENICITY

Al relevant preclinical carcinogenicity data have been reviewed previously and are discussed in the following
documents:

A

B.
C.
D
E

Pharmacology/Toxicology review of initial rat and mouse carcinogenicity studies (IND —  Ed
Fisher, HFD-120; dated 12/12/00)

Statistical reviews of carcinogenicity studies (IND -—  Roswitha Kelly, HFD-710; 6/13/03}
Exec-CAC evaluation of initial rat and mouse carcinogenicity studies (IND  —  12/12/00)
Supervisory pharmacologist's memorandum on mouse tumor findings (IND 53,763; Tom Papoian,
HFD-170; 3/19/01}

FDA Pharm/Tox consultant's review of carcinogenicity and investigative studies (NDA 21-446; Terry
Peters, HFD-520; 2/9/04)
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REPRODUCTIVE TOXICITY

ORAL FERTILITY AND EARLY EMBRYONIC DEVELOPMENT STUDY IN MALE RATS WITH
CI-1008 (RR 745-02359, dated 11/95; conducted by Parke-Davis; GLP; Vol. 066)

Methods

Mate rats (25/grp) received 0 (0.5% methyicellulose vehicle), 250, 1250, or 2500 mg/kg by oral
gavage for 11 weeks prior to mating, throughout mating, and for up to 6 weeks after mating. After 11
weeks of treatment, each male was cohabitated with an untreated female until evidence of mating
{sperm positive vaginal smear} had occurred or 19 days had elapsed. Animals were monitored for
clinical signs, body weight, and food consumption, All females bred to treated males underwent
cesarean section on Gestation Days 13, 14, or 15, or 13 days after the end of the mating period, and
maternal term sacrifice parameters were evaluated. Blood was collected from 5 mates/group during
treatment Week 15 for plasma level determination. Ten males/group were sacrificed during Week 15
for evaluation of male reproductive indices, which included (appropriate) histologicai evaluation of
testis and epididymis. Because of observed reproductive effects, the remaining males were assigned
to a recovery phase of the study. Recovery group males were cohabitated for 5 days with 2 untreated
females each week for 9 consecutive weeks for evaluation of reproductive outcome and then
sacrificed during Recovery Week 10 for evaluation of reproductive indices.

Strain: Wistar ™ ‘WI)BR-VAF/Plus]
Drug lot; XH330993

Results

a. Mortality and Clinical Observations
There were no deaths considered treatment-related; however, 2 MD males died (64903 died
during trmt week 1 and was found to have a liver mass; 64921 died during trmt week 13 and
had lung congestion and abnormal color of the heart but no heart histopathology) and 1 C
animal was sacrificed moribund (trmt week 15). T-R clinical signs consisted primarily of
hypoactivity at the MD and HD.

b. Body Weight and Food Consumption
Statistically significant reductions in BW gain occurred during the premating treatment period
in MD (28% compared to C, over 11 week period) and HD (51%) males. There was no effect
during the postmating trmt period. Food consumption was decreased by 6 and 17%
compared to C in these groups during the premating period. Mean BWs were 5, 16, and 30%
below C at the end of the 11 week premating trmt period and 6, 15, and 26% below C at the
end of the total trmt period (week 17) in LD, MD, and HD groups, respectively,

c. Plasma drug levels
Mean 4-hour plasma concentrations of CI-1008 during Treatment Week 15 were 128, 465,
and 669 ug/mL at 250, 1250, and 2500 mg/kg, respectively.

d. Male Reproductive Indices

Decreases in epididymat weights (15 and 24% below C), epididymal sperm counts (28 and
36%), vas deferens sperm motility (43 and 94%), and the percent sperm with normal
morphology (8 and 59%) were seen in MD and HD males after 15 weeks of treatment (Table
A.1). There was also a statistically significant decrease (6%) in sperm motility at the LD. The
overallincidence of detached sperm heads was increased at the MD and HD, and incidences
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of abnormal sperm tails were increased at all doses. None of these effects on reproductive
parameters would be expected due to the decreased body weights alone. There were no
drug-related gross pathological findings (no effect on testes weights}). T-R histological findings
consisted of cell debris in the epididymal tubule lumina (minimal to mild) in MD and HD
males. Testicular degeneration was seenin 1, 2, 2, and 2 animals, and testicular atrophy was
seenin 0, 1, 1, and 3 males, in the C, LD, MD, and HD groups, respectively; but neither
finding was considered T-R. Although the copulation index was comparable between control
and treated groups, the fertility index was decreased at the MD and HD (Table A.2). No
fernale mated to a HD male became pregnant. The group mean number of days to mating
was increased 1 and 2.7 days at the MDD and HD, respectively, compared to C.

e. Maternal term sacrifice parameters

Litters of females mated to males treated with 1250 mg/kg had statistically significantly
reduced numbers of implant sites and live fetuses and increased percent preimplantation foss
{Table A.3).

f. Recovery

During the 10-week recovery period, BW gain was increased at the MD (61%} and HD
(188%), but mean BW was still significantly lower in all groups at the end of that period .
Differences in sperm parameters at the recovery sacrifice were not statistically significant and
not considered biologically significant. No drug-related gross pathological or histological
findings were observed in recovery males. The recovery copulation index was comparable for
all doses for all weeks. The fertility (pregnancy) index was lower for recovery week 1 at the
HD, and the total number of pregnant females was reduced at the MD and HD mg/kg for
week 1 and al the HD for week 2. Mean time to first pregnancy was increased by more than a
week at the HD, and was slightly increased atthe MD (1.0,1.0, 1.2, and 2.1 weeks in C, LD,
MD, and HD, respectively). At the HD only 1 female out of 25 with evidence of a positive
mating was gravid and had a single implant site (live fetus) during week 1. Statistically
significant reductions in the number of impfant sites and increases in percent preimplantation
loss were seen at the MD during weeks 1 and 2 and during weeks 1 through 4 at the HD. By
recovery week 5,all reproductive parameters were comparable to C.

Conclusions

At doses = 1250 mg/kg, administration of pregabalin to mate rats caused marked reproductive toxicity
as indicated by reduced fertility, increased number of days to mating, decreased sperm counts and
motility, increased abnormalities in sperm morphology, decreased implantations, and increased
preimplantation loss as well as general toxicity in the form of clinical signs and decreased BW gain.
There was no no-effect dose for reproductive ioxicity, as decreased sperm motility was also seen at
the LD of 250 mg/kg. The adverse effects on male reproduction and embryonic development
appeared to be reversible,
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Tahble A.2
Reproductive Performance - Troatment Phase
Treatment Vehisle CI-1008
Male Daily Dose (mg/kg} 0 250 1250 2500
Ho. of Pairs Cobabitated 25 15 23 25
Copulation Index (%)™ 100.0 9. 0 1000 100.0
Fertility Index (%)> B4 O 95.8 652 00"
No. of Days fo Mating™? 26 +061 234023 36081 532101
No. With Undetocted Mating 0 0 1 0
"No. Unmated 0 i "] 0
""No. Gravid Z1 23 15 0
. No, Nongravid 4 2* 8 15
No. Total Resorption o 0 0 0
No. With Viable Litters ) 21 23 15 0
i females with positive mating divided by number cobabitated) x 100 i
: sg:ogmnt females divided by number with positive mating) x 100
‘ Smdcmnmofmwwmmbmd
¢ Tochudes 1 pot anima] (64983)
p <0289 (Uilsq 1t 3) for trmd test, ano—tuled
Table A.3
FO Haternal Term Sacrilice Parsmeters - Treatsant Phase u,c
Treatment Yehicle C1-1008
Dose (mg/ig) o B0 YL =00
Tutea b (2 7.7+ 0.4 (13) 16.6 + 0,41 l;)) Mdde LM (. . .
Japlant sites v (M 16.0 + 0.63 3 154+ 0.9 zl 9.4+ 1.60* ( .; .+
Live fetuses » (1 s+ 064 g; 4.7+ 081 (15) 2.0+ L9 ; . &
Bead fetunes b (N 0.0+ 0.00 0.0+ 0.00 15) 0.0+ 090 ’ . . *
Resorptions b {20 1.2+ on :3} 0.7+ 0.3 IR 04+ 016 (. e
Prelapleniation loan (%) » (U 9.54 + 1808 n T.20+ 194 () 1566 + .95 ; E ..
Postimplantation loss (%) & (21 T.53+ 204 (23) 4%+ 1597 (15) 2.8+ 10D . .o

e o
tatlst son of treatuent 0 ela contiro
rend

< 0.0189, differant fros yehicle comtrol for t

test

¢ Althongh fomtles wars wmtrested, lhq are referred to by the Sose growps of the malas with which u.-; cohabl tated
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ORAL FERTILITY AND EARLY EMBRYONIC DEVELOPMENT STUDY IN MALE RATS WITH
LOWER DOSES OF CI-1008 (RR 745-02829, dated 6/10/98, conducted by Parke-Davis; GLP;
Vol. 068)

Summary

Because a no-effect dose was not established in the initial definitive fertility and early embryonic
development study in male rats (RR 745-02359), a follow-up study was conducted using lower doses.
In the original study, male reproductive toxicity in the form decreased sperm motility was seen at the
low dose of 250 mg/kg. In the current study, male Wistar rats (25/grp + 5/grp for TK) were treated with
0 (0.5% methylcellulose), 50, 100, or 250 mg/kg by gavage according to the same protocoi used in the
original study (11 weeks premating, throughout mating, and until necropsy after 15 weeks). There
were no treatment-related deaths. Clinical signs consisted of red fur staining at all doses and
increased red nasal discharge at the HD. For the overall premating treatment period, body weight gain
was decreased 9% at HD compared to C. There were no treatment-related effects on fertility and
copulation indices, number of days to mating, or male reproductive parameters (the decreased sperm
maotility effect observed in the previous study at 250 mg/kg was not reproduced). There were no
treatment-related gross or microscopic pathological findings. There were also no effects on maternal
reproductive parameters, including numbers of corpora lutea and implants, embryonic survival, and
pre- and postimplantation loss, in untreated females mated with treated males. Cmax values were
44.5, 71.5, and 185 ug/mL and AUC(0-24) values were 232, 408, and 1280 ug-hr/mL at LD, MO, and
HD, respectively.

ORAL FERTILITY AND EARLY EMBRYONIC DEVELOPMENT STUDY IN FEMALE RATS WITH CI-
1008 (RR 745-02261, dated 10/27/94; conducted by Parke-Davis; GLP, Vol. 069)

Methods

Female rats {25/grp + 5/grp TK) received daily doses of 0 (0 .5 % methylcellulose, vehicle), 500, 1250,
or 2500 mg/kg CI-1008 by gavage for 15 days prior to mating with untreated males, and throughout
mating until Gestation Day 7. Fo females were monitored for clinical signs, body weight, and food
consumption throughout the study. Blood was collected from 5/grp approximately 4 hours
posttreatment on premating Day 13 for plasma drug level determinations. Evaluation of Fo
reproductive potential included monitoring of estrous cycles (prior to and throughout mating). Fo
females underwent cesarean section on Gestation Days 13 to 15 and maternal term sacrifice
parameters were evaluated.

Strain: Wistar L. (WI)BR VAF/Plus]
Drug fot: XH330093

Results

a. Mortality and Clinical Observations

There were 2 C deaths attributed to gavage error and 1 HD death during the mating period
for which a cause was not determined. Treatment-related clinical cbservations consisted of
transient hypoactivity on the first day of treatment at the HD; increased urine staining at all
doses; tail and skin sores at the MD and HD; and rough pelage, alopecia, dacryorrhea, and
chromodacryorrhea at the HD,

b. Body Weight and Food Consumption

There were no clearly treatment-related changes in BW gain during the treatment period;
however, BW gain was significantly decreased during the posttreatment period of gestation
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(GDs 8-13) at the MD and HD (68 and 57%). Food consumption was comparable among
groups durnng the treatment period, but was decreased in all treatment groups during the
posttreatment period of gestation (16, 26, and 18%, respectively).

C. Plasma drug leveis

Mean 4-hr plasma concentrations were 269, 559, and 769 ug/mL at the LD, MD, and HD,
respectively.

d. Female Reproductive Parameters

A treatment-related disruption of estrus cyclicity was observed: the number of animals with 4
or more consecutive days of diestrus and 3 or more consecutive days of estrus was
increased at the MD and HD, the number of animals with 2 or more consecutive days of
proestrus was increased at alt doses, and the mean number of estrous cycles completed
during the 15-day premating period was dose-dependently decreased at all doses (Table
C.1). The fertility index was decreased slightly at the MD and HD, and the number of days to
mating was increased at all doses compared to C (Table C.2). Pre- and postimplantation loss
were increased at all doses (Table C.3). (It should be noted that numbers of corpora lutea
were higher in treatment groups compared to C.)

3. Conclusion

Administration to female rats resulted in reproductive toxicity in the form of disrupted estrous cyclicity
during the premating treatment period and an increase in the number of days to mating at all doses
tested (=500 mg/kg). An possible effect on fertility index was also seen at doses 21250 mg/kg, and
embryolethality was indicated by increased pre- and postimpiantation loss at all doses.

Table C.1

Egtrous Cycle

Trestmat Vihiols CL1008

Dt fmgilg) o 06 11% 3500
Profreatmid Facked

Na. of Posvaley® » n 30 »
Ko, of Fassalen with 4 o Mo

Comasimttve Dayy of Tohouiris L] ° 1 ]
Neo. of Pepmles with 3 «r Miore

Comstcwtive Days of Betoin [} L] ] ]

e, of Pusudes with 2 o Mors

Couttctive Days of Lisinstron o [] L] o
Ne. of Fumales with 2 ac Mcre

Crnssouiive Gayrs of Prosmrus [] 4 t 1
Ho. of Betywus Cycles
Camplotwd™ 247 3 o7 L6644 0E28 240 4 O.IK3 104 4 019K
L Tncheles anbinls oy YDA iugreap.

. hmqﬁhﬁl-hpﬁu‘hlnp‘mbhqvhnh‘l&wﬂ—m

mtmrvaning. .
¢ Jucindes wily e smbor of awirons aybes sutplutid S fha paricd for mimale that
otigloind the promuting parindy M —~ Winewp.
: Taididis mimple from Y 2dbysong waill o of mccition stel Aaiusls ot dind ar wers seariiioed up
Fatile with v ating dering p / o mot inclcled,
Tachades. ouly animals taid ovnapletad protvostmes poriod.
. Maes & KB smuotionl spnlptin not dous,
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Table C.2
Fj, Generation Reproductive Performance
Trestmant Vabiclo ' C1-1008
Doss (mg/kg) Q 300 1250 2500
No. of Papales o0 Complats
Cohabitstion Period 23 pil 15 24
Copulstion Index (%)* 100 100 100 100
Partility Index, (%)* 95.7 100 880 575
No. of Days 1 Mating” 1.9 £ 0.19 36 £ 079 3.0 £0356 3.0+ 062
0. with Undstsctad Mating i 0 ¢ 2
No. with Vishle Littews n 25 21 20
& (No. fammlon with positive mating divided by mrmber cohabitated) x 100,
(No. pregeant fomales dvided by ber with positive mating) x 100.
*  Mem 1 SE.
Table C.3
Fo Matormal Ters Buct{fice Parssatsre®
Treataent VYehicle L1a1008. —
Boss (mg/Ny) ] 300 1250 500
lirtea 16.6 ¢ 0.9 5) 13,2 + 0.5 ) 19.2 ¢ 9.57 18.0 ¢ Q.57
ant aliss 16.4 & 0.40 23) 16.9 ¢ 0.8 6.6 £ 8.99 1) 17.84 2 .84
Live fetwses ’ 1573 0.6 1342084 g 1542094 ) 1412 123
hu tetuess 0.0 ¢ 0,00 2} 0.0 % 0,00 0.0 £ 0.00 ) 0.6 4 008
orpt Lone ! 872015 1.4 0.3 ) 133 0.9] 21) 142 0.9
l'rolq’lnulhn tans (R)® 1.4 1 0.67 174370 n! 9.6 3 2,45" 102 s 3870
Postimplentction loes (T)E (1D &)200  {B) 1.3:1% m) 113 s 4.97 21) 198 2 5.6
: -""r“ Lutes - Teplaat st )/ oorpors iwtea) T 100
e 1 il lllr::: - vﬂblo f:!-:l) & iaplant llt“)‘l 100
b 0 OIQ_ diffacent {rem vahicle comtral for trend test . _ L
sy X
szb

Appears Thjs Way
On Origing




ORAL EMBRYO-FETAL DEVELOPMENT STUDY IN MICE WITH CI-1008 (RR 745-02273, dated
11/1/94, conducted by Parke-Davis, GLP, Vol 070)

Methods

Pregnant mice (CD-1; 25/grp) were given doses of 0 (vehicle: 0.5 % methylcellulose), 500, 1250, or
2500 mg/kg by gavage on Gestation Days 6 through 15. Additional animals were dosed for plasma
level determinations on GD 11. Maternal ciinical observations, body weight, and food consumgption
were monitored throughout the study. Cesarean sections were performed on day 18 of gestation and
the following parameters were evaluated: uterine weights; numbers of corpora lutea, implantations,
resorptions, live and dead fetuses; fetal weights; and fetal external, visceral (all fetuses by fresh
dissection), and skeletal (2/3 examined for skeletal malformations and variations including
ossification; head from 1/3 sliced examined, and discarded) structural abnormalities.

Strain: CD-1(C- .CD-1(ICR)BR VAF/PLUS)
Drug lot: XH330993
Resuits
a. No treatment-related clinical signs or deaths occurred during the study. Maternal body weight

gain and food consumption were similar among groups during the overall treatment period.
On GB 11, mean plasma Cmax values were 291, 640, and 1310 ug/mL and AUCs were 706,
1680, and 3790 ug.h/mL at the LD, MD, and HD, respectively. Al term sacrifice, maternal and
litter parameters were comparable among groups.

b. Incidences of fetal abnormalities were comparable between treated and control groups,
although fetal malformation percentages were slightly higher in the HD group (Table D.1).
The specific findings were: in the C group, 1 fetus (32976-7) with cleft face, 1 {32979-10) with
cleft palate, 1 (32967-1) with reduced number of presacrat vertebrae, 1 (32981-5) with
malformed vertebrae, and 2 (329674 and 32987-3) with fused sternebrae; in the MD group, 2
fetuses (33049-10 and 33088-2) with fused sternebrae; and in the HD group, 1 fetus (33129-
5) with exencephaly and diaphragmalic hernia, 3 littermates (33119-4, -10, -11) with
ablepharia, 1 (33119-4) with malformed vertebrae, and 3 fetuses from 2 litters (33120-7, -11
and 33122-8) with fused sternebrae. Ossification retardations appeared to be increased
somewhat in treated groups, but there was not a dose relationship.

Conclusion

When given to pregnant mice throughout organogenesis at doses of up to 2500 mg/kg, pregabalin
did not induce clear maternal or developmental toxicity
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Table D.1

Tocidence of Fetal Malformations and Vasiations

Traatowol Vahicle CE00%
Dows (g/kg) [ 500 1250 2500
Number of Term Fecmas/Liters
With Matlormations® w6 o0 m s
. Paioods Friiaie v Lioar Wib:* .
Fowmal/Visoars! Malimurts 1.1 075 a0 £ 0.00 00 + 0.00 17+ 134
Skalotal Malformetions 224101 0.0 1 0.00 131085 2.6 £ 123
Exwwcnal/Visosa] Varistions 00 + 000 0.0 & 0.00 0.0 & 0.00 0.0 & 0.00
Avatoende Skeletal Vasutioos 1000 2 000 | 100.0 3 0.00 1000 £ 0.00 100,04 0.00
Owificetion Retardations L1 £ 114 213 3237 224130 20+ 1.4
Porcent Litvers With:*
Exsernal/Viscersl Matormetions 9.1 00 00 87
Akalotal Matfrmations ’ n: 0 100 174
Exccaal/Visosral Varistions 0 og 0.0 0.0
 Apwoorie Skuleta] Variath 100.0 100.0 1000 100.0
Qusification Retardecions 46 46 159 L7

T acindes extersal, vissoral, tnd sislecsl paHformations o &l Brs femimm
¥ Muss & SB; watisticel aocrparicoas for tresked vecsus vehicie bortrol.

Appears This Way
On Original
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ORAL TERATOLOGY STUDY OF CI-1008 IN RATS {RR 745-02271, dated 12/16/84, conducted
by Parke-Davis, GLP, Vol 071)

Methods

Assumed pregnant female rats {25/grp) were given oral (gavage) doses of 0 (0.5 methylcellulose),
500, 1250, or 2500 mg/kg on Gestation Days 6 through 17. Dams were monitored for clinical signs,
body weight, and food consumption. On GD 15, blood was obtained from 5/grp for plasma level
determinations. Cesarean sections were performead on day 21 of gestation. The following parameters
were evaluated; numbers of corpora lutea, implantations, resorptions, live and dead fetuses; fetal and
placental weights; and external (all fetuses), visceral (all by fresh dissection; head from 1/3 fixed and
sliced), and skeletal (2/3) fetal structural abnormalities.

Results

a.

Strain:

Wistar [T ‘WI)BR VAF/Plus])

Drug lot #: XH330993

Effects on the dam

There were no T-R deaths. T-R clinical signs noted at all doses included hypoactivity, tait
sores, and urine staining. In addition, chromodacryorrhea and alopecia were seen at the MD
and HD. Food consumption and BW gain were significantly reduced (14 and 26% compared
to C) throughout treatment in HD dams. On GD15, Cmax values were L

ug/ml and AUCs were T_

3 ug.h/mi at the LD, MD, and HD, respectively. At

term sacrifice, no T-R effects were observed on maternal parameters, including corpora lutea,
litter size, and pre- and postimplantation loss.

Fetal evaluations

Fetal body weights were decreased (SS)}in HD litters; mean weights were 5.3, 5.4,
5.3, and 49 gminmales and 5.1, 5.0, 5.1, and 4.6 gm in females in C, LD, MD, and
HD groups, respectively.

Fetal and litter incidences of total skeletal matformations were increased (S5) at the
HD, and fetal incidences of skeletal variations were increased at all doses {SS at MD
and HD; Table E.1). Retarded ossification was also increased sormewhat at all doses
(NS}. There was no clear effect on incidences of external/visceral malformations, but
fetal and litter percentages of externalfvisceral variations were increased at the HD.
Specific externalfvisceral alterations are shown in Table E.2. Three C fetuses were
malformed: 1 (63585-1) with short face, 1 (63592-14) with micrognathia and
micromeiia, and 1 {(63602-11) with fused liver lobes. One LD (63623-3) and 1 MD
{63628-6) fetus had anal atresia and a short, thread-like tail. Another MD fetus
(63647-1) had exencephaly. Encephalocele was observed in 2 HD littermates
(63654-6, 63654-10), and omphalocele was observed in another HD fetus (6367 1-
20}). Due to the low incidence of malformations, none were considered related to
treatment; however, the occurrence of related cranial defects only in MD and HD
fetuses should be noted.

Specific skeletal malformations elevated in treated groups relative to C were
{premature) fusion of the jugal bone and maxilla (MD and HD} and fusion of the
nasal bones (HD; Table E.3). Vanations increased in incidence in treated groups
were (increased) ossification of the middle phalanges and calcaneus, exira well-
formed lumbar ribs, and rudimentary cervical and thoracic ribs. Unossified ventral
tubercle of the atlas was alse found in increased incidences at all doses, and
retarded ossification in cervical centra was seen at the HD. Fetal and litter
percentages of skeletal abnormalities are shown in Table E.4.
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3. Conclusions

When given orally to pregnant rats throughout organogenesis at doses of 500, 1250, or 2500 mg/kg,
pregabalin produced developmental toxicity at all doses and was teratogenic at the MD and HD.

Significant maternal toxicity was seen primarily at the HD.

Table E1
Incidence of Py Fetal Matformations and Variations

Trostmsal Vahicle C11008

Dowe (mg/ty) 0 500 123 2500

Ne. of Fotosss/Litiers With hialihomations® 1in 12 12/ /M1

Parcent Fobmean With*
ExifVine hisliarmmtions 56 £ 499 03 ¢ 031 0.6 & 044 13+ 0.90
Shrietal Maltormetions 0.7 & 331 1240 5714 14.7 £ 437"
Exy/Vies Viristions 04 2 034 0A%£037 03 i019 14 +0.77
Anstomic Sl Varialons MOE &Il 4TI +TS 5593 64" S asm’
Owifioution. Reterdations N5t SN WL 470 X2 ¢ 533 300 % 3.5

Portwnt Listars Wi
ExifVise Matiormations 15.0 56 105 .l
Skabown] Mathorsmtions. - 54 333 a.4”

- BxaVies Vazissions 50 3.8 53 167
Amitcwsic Siceletel Viristio 1 100 100 10
Ouificatioy Rotnodobions 1y k2 .y oy

¥ imchedes swimenel {ws), vissarsl (visc), 4 sloalatel Slormmtions

b Ml + SH; seistion] otanpreisens Sor ivmbid vraes veliicls costrol.
. Girowp wwenn; sitnfiiical comparisons for trested varves vebicls control.
T p <0025 for Wead wet, ou-tded.

“p <mlu-ui-dq-;

Table E.2
Bxternal and Viscezal Findings in F) Fetuscs
Tramtztunt Vohicle C1-1008
Dose (mag'ky) o 500 1250 2500
Fotuses Exemined 14 244 m 261
Lities Examined x s 90 12
Matkormed Fotopew/TLittrs a3 " 22 I
- Nelyec: of Fetwpm/Nubec of Litters Affected”
Ama) Atresia - iy * -
Poos - Shortar than Noroal i - - -
Hesd - Hacephalooske - - - 7
- Breacophaly - - n -
Jaw (Lower) - Microguathia [V N - - -
Liuhe (Fers s Flied) - Misronstia Iy - - -
Liver - Pased Lobes vt - - -
Cupialocels - - - n
* Tail - Theead-Liln - ur Ut* -
Variations
Bl - Hegsstcrm - - 1 -
Xidnoy - Dilaied Palvis - vt - n
- Radoced Papitia snd Dilsted Potvis Ut - - -
Liver - Discclopriion - - - 21
Ureter - Dilted 1] - - i
© b Sopse fetuses Tnchuded bn more thas | categocy.
b Fotaws §3623-3 (900 mg/ky) med S3629-6 (1250 mg/kg); sksletal wvalution revesied
ol ﬂ_!wdﬂﬂ“hhm&.hmduu
o sbecmitite. .
skoletal of oudtiple dull baces, as well as

nh'-hn#-nhﬁkﬁ-.&hﬁ.dmm
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Table E.3
Skeienn) in ¥, Fomyes
Tresklersne Vohicis CI-106%
Dom {mg/g) L) 0 1150 2500
Fotwns Bramioed 180 163 174 131
Littors Enacnitsed 19 I 13 1t
Malfwmed PutmssT i 1 1t 16
. Number of Frimes/Number of Litters Affected™
Mallormations
Limbas (Pore end §Eind, All Booe) - Best vt - - -
Factoral Ghrvils (Seapuls, Clavicle) - Beont n* - - -
Pedvic Girdls {Hza) - Boot v - - -
Ribw -+ Paaed et - - -
Scull - Agumasie - - 1 -
- Fugal Bonw Fosed fo Muxilla v n o4 L
- Malformed Boms(s) 2t - 1" -
- Noasl Bomor Praad - - - 104
Seram - Pused Stomobres'Costal Cartilags v - - -
- Mal#wred i} 1 - - -
Vertobeal Columa - Agunssis of Sacral Vartetras - - 1w -
- Pusion of Thomde Arches ur - - -
- Malformed Lo - [ 3] -
- Oos Less Proamceal vertchon 17 - - -
Voristlons
Digits - Widdla Phalmgre Ovei fad - 1 1 25
Limbe + Caloumous Dusified s e 529 s
Ribe - Wavy " Y. ] 125 n
+ Eutrs Wol-fortwad Lussber - n &3 us
- Rutimeniry Corvicel Lib - " v v
- Budismotury ‘Thomde K W10 I AE AW
Starmes - o Porm 2 "
Varinhmal Colurey - Bxtrs Prasscrl Yertcbose - n - -
Opifiention Returdetions
- vt - - -
Sanll - Usoesifiod Byold Boss ¥* - - -
. 1 2 53 vl
Vinttubwn] Oohuyag - Bl Thermeic Cwatra. vt - 11 [
Coptavre/Cogrer, Thomeh: Contra 42 1 b7 1
- Pigare-$-Shmped Thoreck: Contra - 1 - vl
., Lomber Cogtrs b - - .
Tmossified Veotral Tubsclo of te At 24 a05 sEs
+ Umpwifiod Thimack: Contram nt - - -
- Theuncic Vetwbens Midigoed w* - - -
Clontra Wil - - 1 -
4 Sowns Lacinded ta them L cabagocy.
% [nchudes Pese 373-14; adecend a-d
Fosm DED-11
- Dot obesrved.
Table E.4
%ﬂd Litters with Treatmont-Related
Skeletal
Troatmeat ~ Vaiiche cl-1o0e
Dose 0 0 L]
to maxills
% Potuen L7 0.6 3.7 9.9
% Litters 10.5 56 nz 0.0
Naml bopas fosed
4% Fotosss [+ o 0 55
% Littecs 0 0 0 n

m?dmmmmmw-mm
Skelotal Varistions

Treaiment Vebiche 1008
R e ¢ B2
Ovaliled
% Fotnas ] 0.6 8.0 14.4
% Liiterm 0 56 16.7 33
Calcanons Omifled :
% Fotues ‘ 15.6 16.1 99 2.2
% Littess 6.3 4.4 50.0 333
" % Folmsss 0 1.5 23 6.1
% Litters o 16.7 t1.4 e
Rpdimantary Corvical Rib
% Fotuses [1] 4.2 3.4 1.2
% Litters 0 ni 23 2n2
Padbmmntioy Thomcle Rib
% Fouucs 11.7 2.0 2.6 34.3
% Littors 2.6 2.2 1.9 889
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ORAL EMBRYO-FETAL DEVELOPMENT STUDY OF CI-1008 IN RABBITS (RR 745-02285,
dated 1/12/95, conducted by Parke-Davis, GLP, Vol 072)

Methods

Presumed pregnant female rabbits (24/grp) were given oral (gavage) doses of 0 (vehicle=0.5% CMC),
250, 500, or 1250 mg/kg on days 6 through 20 of gestation. Maternal mortality, clinicaf signs, food
consumption, and body weight were recorded. On GD 14, blood was abtained from 4/grp for plasma
level determinations. Cesarean sections were performed on GD 30 . The following parameters were
evaluated: uterine weights; numbers of corpora lutea, implantations, resorptions, live and dead
fetuses; fetal weights; and external, visceral, and skeletal fetal structural abnarmalities (ail fetuses),

Strain: New Zealand White (Hra:(NZW)SPF)

Drug lot #: XH330993

Results
a. Matemnal effects

One T-R death occurred at the HD (#5996 euthanized moribund with tota! resorption on GD
21) and 1 HD animal (#5991) was euthanized after aborting on GD 20. Clinical signs
occurring in a D-R incidence and severity at all doses included ataxia, hypoactivity, cool to
touch, and reduced feces. BW gain was significantly increased (25-27% compared to C) in all
treated groups during the overall treatment period. Food consumption was not different
among groups. On GD 14, Cmax values were (. 1 ug/mtand AUCs were T

1 ug.h/ml atthe LD, MD, and HD, respectively. Except for the above 2 does
with abortion and total resorption, na other T-R effects on maternal reproductive parameters
(corpora lutea, implants, live and dead fetuses, resorptions} were observed.

b. Developmental effects

i. Fetal body weights were decreased at all doses (but not dose-dependently),
reaching statistical significance in HD males and females (Table F.1).

ii. Total incidences of skeletal maiformations, externalivisceral variations, and
ossification retardation were increased (SS) at the HD (Table F.2). Incidences of
external/visceral malformations were also increased somewhat (NS} at this dose.

iii. Individual fetuses with external/visceral malformations (Table F.3) consisted of 1 C
fetus (5925-3) with galibladder agenesis, 1 dead LD fetus (5945-3) with multiple
malformations, and 4 HD fetus from 3 litters with the following malformations: 1
(5980-2) with a short tail; 1 (5990-1) with an intravenous thrombus; and 2 littermates
{5988-1,5) with agenesis of the gallbladder, 1 of which (5988-5) also had a
diaphragmatic hemia. Visceral variations also increased at the HD included
gallbladder and blood vessel alterations.

iv. Individual fetuses with skeletal malformations (Table F.4)included 1 LD fetus {(5932-
7 with fused ribs and 5 HD fetuses from 4 litters with the following malformations: 2
fetuses (5985-2 and 5988-5) with fused sternebrae; 1 fetus (5895-2) with 1 less
presacral vertebra than normal; 1 (5988-3) with malformed cervical centra; and 1
(5980-2) with agenesis and fusion of caudal vertebrae (also had short tail externaity).
The incidence of unossified digits was alsa increased in HD fetus compared to C.
Various fetal ossification parameters were decreased in treated groups, with
ossification of the olecranon statistically decreased at all doses (Table F.5).
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3. Conclusions

When given orally throughout organogenesis to pregnant rabbits at daily doses of 250, 500, or 1250
mg/kg, pregabalin produced developmental toxicity including teralogenicity at the HD. Although
maternal toxicity at the HD was otherwise limited to clinical signs of pharmacological activity, 2 does
tost their litters at this dose, indicating that dose selection was appropriate.

Table F.1
Fotal Yerw facrifica Paraseiore®
imemdy Vahi o} - Ol 300K
-orrer WY o T oo TT
:ﬂh“{ ll",hﬂ [ 3] {15 100 £ 6.00 (14) 6.0 2 1.2% (18 1062 800 {15} a0
m:.‘( 1ye) 1 45.5:1.712 H 45,1+ 5.18 18) #M.41 6. El 4.1 5.9
Females (1ire) ‘l 54212772 ilg 4.9+ 5.8 1 51.616.72 l;} 51,9+ 537
Macenis Velght {p) 15) 3.854 & .UM 16) 3,358 ¢ 1366 16) 3,953 2 .22 (13) 3.2713 & . 1015
31 13) 6.4 2 1.TX 14y 50.74 £ 1.457 15) 5.1+ 1.69) 15) 49.10 ¢ 1.200
hl“.s [::L) EI‘; 4.2 & 1.307 513 ®.8t s 1.352 slg 0.1 1.7 sls; M 1°

s (B -m stariard arTOr
* p < 0,004, differsat from vehicle comtrol for tremd test

Table F.2
Incidence of Fetal Matformations and Variations
Trwetonet Vehicle ) CH1008 )
Doms (mg/kg) ] 0 50 1250
Humbar of Torm Friaae/Ttes
Wit Malbormasica® " n* o s
Parcent Poimsan par Licswr Wii*
Wlﬁlﬁﬂ— 17 + 167 13+ 1238 0.0 + 0.00 3% %221
Skajona] Malforsston 00 £ 0.00 [LEY3 ] 9.0 +0.00 44 2200
External/Vinseml Varisticns 3114 393127 13 1437 5.3 + 4374+
. Addivils Stalaal Variilins 182150 CERYR ) T+ 78 743 & 545
Owitiontion Raturdaticn 0.0 000 0.0 % 0.00 0.0 + 0.00 334 215+
67 63 3] .0
[T (%] [ X 26.7
[FE 123 5.0 0.0+
- Ansomle Soalatel B 1000 100.0 [0 100.0
. Ovidiouion Rimedefion '~ o 00 . {53
o .

Ty OGS for wand W, vas-wlind.
+ P <0085 tut el e, ope-tmided,

s bl oranr siaciatioad el

u
¥ Gmnbuda | e fotes
.
‘

for trosted versas vehicke cvmtrol
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Table F.3

Trestmont

Do (mpky)

No. Forose'¥Ns. Linan Brmnised

Da W sabtiimta
Eyw + Alduphcis, Uniimtacad

Varlatios:
Callbeddat - Bilebed

= Dssclacation
Lomg - Axygows Lobvs Abasst
Vamal - Loft Curerld Arivlag Srems Tancuslants

gE8s

*  Fatns 5459 (dead); skull ssd dight malf

o

Table F.4

Treatmest Vehicle

Doss (oap/k)

HNo. Fetusss Bxsmined/No. Lines 0/1s

‘Mo, Fetuers IM' ned/No. Littees

Digits - Unossified

16/10

PSI58Y

' §

w1l

* mmz(qud.ﬂ—,mﬁ)
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Yehicle

Table F.5
Boss (mglkg)

Treatment

825 23
SO0 8a
L -+
crom oo
oM He
—
g¥e &%
SZE I
-

EI5 28
o6 <o

335 83
oSS OO
LR Al L )
_—Rg On
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ORAL PRE- AND POSTNATAL DEVELOPMENT STUDY OF Ci-1008 IN RATS (RR 745-02628,
dated 4/17/98, conducted by Parke-Davis, GLP, Vol. 1.72)

Meihods

Pregnant rats (25/group) were treated with 0 {vehicie: 0.5% CMC}), 250, 1250, or 2500 mgikg orally
{gavage) from gestation day 6 through lactation day 20. The dams were allowed to deliver and rear
offspring. Due to excessive offspring mortality at the two highest doses, 2 additional groups of females
received 50 or 100 mg/kg according o the same regimen and an additional concurrent C group was
added. Satellite TK animals (6/grp) were included at each dose level for determination of plasma and
milk concentrations on lactation days 12, 13, or 14. FO mortality, clinical signs, food consumption, and
bedy weight were recorded. F1 offspring were evaluated for survival, growth, physical and behavioral
development, and reproductive performance.

Strain: Wistar C  (WI)BR VAF/Plus))
Drug lot #: XH330893

Results

a. Effects on the dam

i Mortality and clinical observations - There were 2 HD moribund sacrifices (dam #
66020 on GD 21 and 66038 during delivery on GD22) which were considered related
to treatment. T-R clinical signs during the gestational treatment period included
ataxia, bruxism, and tail chewing and/or sores (all doses); hypoactivity (2100): urine
staining, vaginal discharge, and chromodacryorrhea (21250); and dry red material
around the nose (2500). During parturition, dystocia occurred in 1 female each at
1250 and 2500 (65997 and 66026, 1 dead pup removed from the vaginal canal of
each); both completed delivery but had no viable pups. During lactation, T-R clinical
signs were hypoacilivity and urinary stain {z1250) and abnormal matemnal care (not
nesting or nursing; 3 animals at HD).

il Body weight and food gonsumptions - During the overall gestational treatment
period, BW gain was decreased at the HD (31% below C) and food consumption was
decreased at 1250 {8%) and 2500 (21%). There was no clear effect on BW gain
during the lactational period, but food consumption was reduced at 250 (12%) and
1230 (21%). No data were available at 2500 due to euthanasia of all dams after total
litter death.

jii. Parturition and lactation parameters — One C female (with1 live fetus in utero) and 3
HD females (66018 with11 live, 1 dead, 4 resorbed fetuses; 66033 with 9 fetuses, 7
resorptions; 66038 with 6 live, 14 resorbed fetuses) were euthanized on GD 24
because they were unable to deliver (Tabie G.1). An increased number (4) of
females classified as nonpregnant at the HD probably refiects early resorption. One
C female, 1 250 group female, and 16 females each at 1250 and 2500 were
euthanized between postpartum days 0-14 after complete litter death. At the HD, all
litters were lost by postpartum day 2. Statistically significant increases in gestation
duration (0.5 days at HD), number of stillborn and cannibalized pups at birth (21 and
26X at 1250 and 2500), and postimplantation foss {5 and 8X at 1250 and 2500) and
decreases in live pupsfiitter (32 and 56% at 1250 and 2500) and iitter size (21% at
HD) were seen in freated groups (Table G.2).

iv. Drig concentrations - Cmax values were determined tobe L and

Y ug/ml at 50, 100, 250, 1250, and 2500 mg/kg, respectively; AUCs were 241,
601, 1380, 6170, and 8930 ug.h/ml, respectively; and 4-hr milk concentrations were
20.8, 53.1, 187, 438, and 766 ug/ml, respectively.
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b Offspring evaluations

Conclusions

Survival - Pup survival at birth and during the postnatal period until weaning were
severely reduced at 1250 and 2500 (Table G.3). All offspring died in 16/24 litters at
1250 and 16/16 at 2500. Survival at birth and from PND (-4 were also decreased at
250. Survival was decreased during the postweaning period at 1250. No correlations
were apparent between litter death and maternal clinical signs.

Body Weight - Pup weights were decreased in treated litters at birth (5, 13, 23%
compared to C at 250, 1250, and 2500, respectively), PND 4 (10 and 33% at 250
and 1250), and PND 21 (9, 10, and 37% at 100, 250, and 1250). BW gain during
PND 4 -21 was significantly decreased at 2100 (10, 10, 39% at 100, 250, and 2500).
This BW deficit persisted into the postweaning period, with BW gain for the period
PN weeks 3-13 stalistically decreased in males at 1250 (14% compared to C), and
PNW 13 BWs decreased in females at 250 and in males and females at 1250 (3, 16,
and 4%, respectively).

Developmental Landmarks - There were significant delays in the attainment of pre-
and postweaning developmental landmarks at 1250 (approximately 1, 2, and 3 days
for pinna detachment, testes descent, and preputial separation, respectively; Table
G.4).

Offspring Behavior - When behavioral evaluations were performed of F1 animals
{rotorod on PND 28, acoustic startle on PND 42, motor activity on PND 49, shuttle
avoidance during PN Week 9 or 10; same animals used for ail behavioral testing), no
clear effects were observed on rotorod, activity, or avoidance learning, but a
decrease in startle response was seen treated females at 250 and 1250 (Table G.5).
A tendency was also seen in males at these doses. The deficit was considered due
to attenuated reactivity to the acoustic stimulus, rather an effect on hearing or the
motor component of the startle response.

Offspring Reproductive Performance - When F1 offspring were mated, the fertility
index was decreased (Table G.6); numbers of corpora lutea, implants, live fetuses,
and litter size were decreased (39, 72, 71, and 71%, respectively, compared to C);
and preimplantation loss was significantly increased (9X)} at 1250 (Table G.7). Pre-
and postimplantation loss were also increased somewhat at 250 (2X). It could not be
determined whether one or both sexes was responsible for the effects on
reproductive function,

When given orally to female rats throughout pregnancy and factation at daily doses of 50, 100, 250,
1250, 2500 mg/kg, pregabalin produced developmental toxicity at doses 2100 mg/kg. This included
adverse effects on offspring survival, growth, behavior, and reproductive function. The effect on
offspring survival was marked at doses 2 1250 mg/kg, with 100% mortality at the HD. Significant
maternal toxicity was seen at the HD.
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Table G.1

F, Female Status at Parturition

Treatment Vehicle* Cl-100% Vehicte® CI- 1008
Dose (mg/kg) [} 50 100 0 250 1250 2500
No. of Females 235 25 23 25 25 25 28
No. Died/Ewshanatired Prior o

Scheduled Termination® [+] t 1] o 1 1] 5
No. Gravid 235° 4* 14’ bE 258 4 21k
No. Nongravid L] 1 1 ] 4] 1 4
No. With Total Resomption [} a o [ o o o
No. Unable 10 Deliver' 1 [ [ ¢ [] o 3
No. With Visble Litters ar Birth 4 23 23 25 24 2 156
No. Euthanatized Duc to Total

Litter Death 1 o 0 0 1 16 16
*  Concurrem with 30 and 100 mg/ky
®  Concurrent with 256, 1230, and 2500 mg/kg
¢ Excludes dams cythenatized due 1o total litter desth
*  Includes gravid Animal 69917, cuthanatized on Gestation Day 24 duc to inshitity to deliver
*  Includes gravid Animal 69936, found dead on Gestation Day 10
T Includes Anieaal 69967, idcutified ax gravid by Kopf's stain {no fetuses proseat)
: Includes gravid Animal 65975, found dead on Gestation Day 20

locludes gravid Animals 65018, 66033, and 66038, cuthanstized on Gestation Dy 24 duc 10 insbility 1o
deliver; gravid Azimal 66020, euthanatized moribund on Gesiation Day 21. anod Animal 66030, cuthanatized
mofibund during delivery

¥ Euthunatized on Gestation Day 24

Table G.2
F0 Dam Dollvecy Haternal Parawmeters

Jreatsent Vahicls CI-1008
Dose (m/Ng) [ 50 1250 1500
wnr.l.nn of gostati 3 as 21.3 + 0.07 {24} 33.2 » 0.33 I2.4 ¢+ 0.12  {16] 22.% s+  Q.13*

/iitter ncgi h » izs 13.% +  0.30 34 13.2 + 078 £ .5+ 0.68% (16} .1 + .0l
Btll gﬂ“px; s camn b‘ll-ad at birth & 23) 0.2 + 0.10 ‘HE- .7 * ©.22 4.2 » a.89° ’lil $.1 « 8.75%
Litter size a 25 4.1+  8.51 24 138+ 067 (247 13.6+ 0.41 16}  13.2 + 8,47
Iuplant sitew - !:s! 5.1+ D0.50 M) 149 s OIS i5.8 +  D.44  (16] 18.3 « i
Postimplantation lose (%} Y 25 7.8+ L.SE (24 11,8+ 3 N4 IF.3 +  4.2% (18] S8.7 +  G_REe
V_l_iﬁk_ﬂi’a "85 {N] wsib  standaid axrrot
a1 Statisktical cun‘uim of trsatment $roups to wehiols control
* p < 0.0204, diflsrent from vehicle control for crand tast

Table G.3
F, Neonatal Survival®
Trestment Vihicte® Cl-1008 Vebicle® C1-1008
Dase (mgpkg) 0 30 100 o 150 1250 300
At birth 9565294 9961040 9BEL095 9571067 9371204 699% 505% 5i41t 768
Neonstal PALAI6 HOL167 9T807Y 9921065 861 £5.04% 3142722% o
(PN Duys 0 through 4)
Weaning 100 SREEOTS PEOL0T5 STT L2 $IIL 10 56711147 A
(PN Days 4 through 21)

* dewumtwm(%)
meﬂhﬂ)mﬂlﬁﬂmm

€ Concurrent with 150, 1250, snd 2500 mg/kg

4 No das avuitable, ll liters dead
* p <0.0289, differest from concsrront vehicie control for trend test

F, Maturation % Survival (PN Weeks 3 to 13)*

Treatment Vehicle® CI-1008 Vehicie® Ci-1008

Dose (mg/kg) ) 50 100 0 25¢ 1250
Males 100 100 100 9801200 9774227 9NI+714
Females 100 978217 100 100 100 938 + 6.25%
2

Values expressed as mean + standard error; Litter N = 23 for the 50 and 100 mg/kg groups and
their concurrent condrol, and 22 or 23, 7 or 8, #nd 25 for the 250 and 1250 mg/kg groups and their
concurrent control, respectively.

Concwrent with 50 and 100 mg/kg.

Concurrent with 250 and 1250 mg/kg.

p <0,0500, different from vehicle control for trend test.




Table G.4
1 Dovelopmentnl] Landmarks Vld.-y!l
Treatwant Yehicle C1-1008
Dosa (my/kg} [ 150 1250 2500
Bye Opening L3 135) 15.4 ¢+ 0.03 {23 15.7 + Q.11 L ®) 15.% o 0.310 +
I:ot-or #rxuption a 25‘ 11.% + 0.1 {23! 11.5 « a.a1 [1e) 3.7 . a.37 . +
Pinnae Petachaent - 26 3.7 + D.OR a3} 3-8 9:10 13} 1.6 +  0.13 . + .
rcul... Demcent a a5) 22.0 + 6.27 I'J‘ 21.9% » 9.17 ks 23,8 + o, 69" B -+ .
tial ng.n!:lm - 5] 45.3 + B.25 a2 “H.5 0.4 7 480 &+ 0.55* . + -
Ylml a 125) 31.7 + 0.317 {3)) 1.5+ .40 ] 13.% &+ 0.5 ] P .
WO ¢+ NCBOAAId error
a: stltl.'flul atment groups to vehiocle comtrol
4, p « 0.0204, differant Ero‘ el clo control tot trund tcl
Tabie G.5
Acoustic Startle Parameters for F, Males and Females®
Treatment Vehick® C1-1608 Vehicke® Cl-lo0s
Dosc {mg/kg) 0 ) 100 [ 250 1250
Mean » ML
Trials §-37¢
Males 1762 £ 167 1245 £ 108 J628 £ 124 L4\T £ 119 1196 = 10} 1261 & 346
Fepules 1746 1 132 1393 £ 94 1682 % 156 1756 % 193 1343 1 i54 911 1 65°
MIV, PRE Trial 1°
Males TI9 L 122 847 £ 97 T9T 1 47 42108 639 1 102 667 £ 271 @
Females 909 1 33 3532 117 8751138 BGO % 151 698 X 119 455 & 143, @
MIV, PRE Trial 2° d)"
Males 342183 B K 2] 662 1 10} 433 68 435 £ &9 630 & 5% 'o
Frmales 75T LI 2] TAIEI2 THLEIN 414+ 77 ISR+ T 0
MIV, PRE Trial 3¢ t{;“
Males 351268 M9 509 9 4153+ T2 M4 t5 312160 /6
Pemaicy B X 60 STt 26+ 100 64 1 147 5T 92 214194 -
% Response Iahibitien™® @
Mades 9241303332500 SOTE 446 HEE45T 101+ 1175566 1 9.47 O
Females 413 %1103 $3.7£ 3409 4601 700 40251107 443 1 932 5181 477 O
* Values ¢xpressed as mesn + standard ovor; N = 23 or 24 for the 50 and 100 mg/kg groups and 0
thelr oonnwr:nlnonﬂ'ol.lndlﬂorll?orl.md?! for the 250 sad 12350 mg/tg groups and their
conirol, resp .Z.
*  Concurrent with 50 and 100 mﬂl
¢ Concurrem with 250 sed 1230 mpkyg
a Muumum Enput Volup vy, mn ofllx: poup means of the first 3 Noeiso Leovel (NL) trinls.
M vehicle control.
e cm.pmanmvfum-pzwudhmmmmm
$  Calculstod asing the formuls 100 - (MIV specified PRE tial x 100/MIV comesponding WL trial);
values represent 2 mean of the group means.
* p <0.03, different from vohiclo control for tread fest
Table G.6

F) Generalion Reproductive Performurce

Treatment Vehick® C1-1008 Vebice Ci-§003

Do (ma/ka) L] 50 100 ] 50 1250

No. Pakes Cohabited 1) u 3] F) f23 [

Copratation Index (%)* 100 100 957 96.0 100 100

Eeility Index (%3 [TX] 100 s 100 0o 3

Mo. Days w Maling* RTEOTE 221036 ITENM 271050 2E6L0.56 2414

o, Uenatod ] 1] i 1 [ +

No Gravd 21 n Fi} 24 x 5

MNa. Neogravid' b & 2 ) [] H

ta Died o o [ 3 [ [

Na. Euthanatizod Priot e [ 0 [ o 0
to Tom

No. Dunn Witk 1 A 2 0 o b
Undletectet Mating

Ho. Dems With Total [ ° [ 0 1 [
Resorpticn

Po. Dums Delivered Earty ¢ ] [] ] [ [

*  Comcurresl with 50 aad 100 my'ky

¥ Coacurest with 250 ad 1250 gy

*  (Mhmnber feramles with positive muting divided by sunber cobabited) ¥ 100

¢ (Mumiter [rogeeot femmlen. dhidod by olmbor with posittve mating) x 100

*  Mcan & yandan) owor

" Includes uanated fecnaie

.

P 00209, dieent fom vekick coatrol Sr trend kel

22




Table G.7

FL Makernal Tarm Ssirifice Paramsters

Treatueat VYehlole €1-toos @
bose (8g/kg} L] 258 1350 ®

ra lutes T T B B TR VR (R R S 3 e loaas 0,
x-;r:nt sitse . 14) 5.4 +  0.31 12 4.4+ 0.7 IS B 11
Live Cetuses a " 4.4+ 0.52 FE] 3.0+ .03 R A -
Dead fatuses - Fl [ X3 3.0 22' 8.0 » 9.80 o+ .00
Resocptions H 24 oi¥ 4+ 017 {23 1.4+ 018 o+ elog o
Littar sise . [2e} 14.8 + .53 PJI 11.0 « 0.5 3. L.o
rralmplancat jon loss (%) = !zll £.6% + 2.03% 31} 12.0% +  3.442 4+ 15102 73]
Postimpiantation loes (V) & M) 5.8) « 1.086 1232} 13.08 « 4. 499 4« D.D00 (ﬂ-
ViTuin SEprasssk Bd T weda ¥ nEaBuﬁ STCoT 6
'Y l:otll:lell rison of trs groups to vahlels cantrol /
“: p ¢ 0.0177, diflevent from whlulo oontrel for Lrehd Ceat ®

Appears This way
On Origingt
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. SUMMARY AND EVALUATION

CARCINOGENICITY

A total of 4 definitive lifetime carcinogenicity bioassays were performed: 2 in different strains of mice (B6C3F1
and CD-1Y and 2 in Wistar rats. These studies are adequate from a regulatory standpoint (the initial studies in
BGC3F1 mice and Wistar rals were evaluated by the Exec-CAC; minutes dated 12/12/00). Results are
summarized below,

Mouse

Two definitive 2-year carcinagenicity studies were conducted in mice.

B6C3F1

Mice (64-66/sex/group) were given doses of 0, 200, 1000, or 5000 mg/kg in the diet for 2 years. The HD was
expected to produce an AUC 25 limes the human exposure at the maximum therapewtic dose {122 ug.hr/ml;
600 mg/day}. The doses used were those recommended by the Division and CAC. A dose-related decrease
in survival was seen at the MD and HD in both sexes. Overall survival percentages at Week 104 were 88, 80,
62, and 34% in males and 69, 68, 44, and 38% in females from the C, LD, MD, and HD groups, respectively.
Statistically significant increases in BW were seen in males and females from all treatment groups compared
to C (not D-RY; at 104 weeks, the differences from C were 15, 21, and 15% in males and 19, 31, and 19% in
females at the LD, MD, and HD, respectively. D-R increases in average food consumption were also seen in
both sexes at all doses compared to C. An increased incidence of missing tail tips occurred in both sexes at all
doses. At termination, plalelet count was increased 35% and 33% in MD and HD males and 36, 32, and 58%
in LD, MD, and HD females, respectively.

incidences of hemangiosarcomas were dose-dependently increased in treated males and females, reaching
statistical significance (Fisher's exact test) at the MD and HD in both sexes (3.1, 4.7, 29.2, and 34 4% in males
and 3.1, 10.6, 29.7, and 38.5% in females from C, LD, MD, and HD groups, respectively; historical control
range: 0-12% in males, 0-8% in females). These tumor findings correlated with clinical signs (palpable
masses) and macroscopic findings (liver masses and enfarged spleens). Hemangiosarcomas occurred at
multiple sites, but were most frequently found in the liver, spleen, and bone marrow. Hemangiosarcomas were
considered the cause of deathin 1, 3, 13, and 13 males andin 1, 3, 12, and 15 females in the C, LD, MD, and
HD groups, respectively.

AUCs determined in a separate TK study using the same doses were 135, 800, and 3840 ug.h/ml in males
and 148, 598, and 3740 ug.h/ml in females, respectively. Thus, mouse exposures at the LD, which were
associated with increased incidences of hemangiosarcomas, are similar to exposures expected in humans
{mean AUC of 122 ug.hr/ml at MRD of 600 mg/day).

CD-1

Mice (65/sex/group) were given doses of 0, 200, 1000, or 5000 mg/kg/d in the diet for 2 years. The doses were
the same as those used in the previous mouse study. Survival among the male mice was not statistically
different among groups. At study end at week 104, there were about 51, 48, 42, and 43 percent of animals
alive in the C, LD, MD, and HD groups, respectively. Increased mortality (S5 in FDA statistical review) was
seen in HD females and dosing was stopped in this group during week 99. The survival of C, LD, and MD
animals was 43, 46, and 42 percent at week 104. The HD animals had 21 survivors or 32 percent at week 99.
Body weight gains were increased (29-62%) in treated animals compared to C (but not dose—elated), and
statistical significance was reached for all groups. Significantly, there were no drug-related effects on platelet
counts at Week 65/66 or Week 78/79, but platelet counts were increased in treated males (16, 10 and 32%,
respectively; SS at HD) and females (6, 13 and 24%, respectively} at 24 months. Platelet volumes were also
increased (S$S) in all treatment groups in males and in MD and HD females at study termination. MCH was
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increased in HD males and MCV was increased in MD and HD males. The only non-neoplastic finding
reported was an increased incidence and severity of alveolar macrophage infiltration with associated changes
in treated females (primarily HD, but increased severity in MD).

A highly statistically significant increase in the incidence of hemangiosarcoma was seen in pregabalin-treated
male mice. Numbers of tumor-bearing males were 2 (3%), 5 (8%), 6 (9%), and 14 (22%)in C, LD, MD, and HD
groups, respectively (historical control range: 0-12% in males; mean: 1.1%). There was a statistically
significant difference at the HD compared to C in the pair-wise comparison (p< 0.005). Treated females also
had higher incidences of hemangiosarcomas than controls: numbers with tumors were 6 (9%). 9 (14%), 10
(15%), and 13 (20%) in the C, LD, MD, and HD groups, respectively (historical control range: 0-12% in
females; mean: 0.9%). (In the FDA consuitant's review, 2 additional females with hemangiosarcoma were
identified, so that the numbers became 7,9, 10, and 14, respectively.) However, neither the trend (p= 0.0058)
nor the pair-wise comparison quite reached statistical significance. The lack of statistical significance can be
attributed, at least in part, to a higher incidence among female than among male controts (and considerably
higher than the historical controf mean), as well as to the early termination of HD fernales, which rendered
further manifestations of hemangiosarcomas impossible. The FDA statistician considered it possible that the
early termination of the HD females, which did not seem clearly warranted, resulted in a loss of observable
hemangiosarcomas which otherwise might have been statistically significant (see Stat review). But this mouse
siudy was considered valid since a sufficient numbers of animals were exposed sufficiently Jong and the
increased mortality among HD females indicated that this dose was close to the MTD.

No TK analysis was included in this study other than 4 hr plasma concentrations at 104 weeks, which were
14.3,49.7, and 429 pg/mL in males and 11.0, 61.9, and 473 ug/mL in females in the respective dose groups.
In a separate 4-week dietary TK study, AUCs were 110, 550, and 3290 ug.h/mlin LD, MD, and HD mice (no
sex difference). Thus, AUCs were 15 to 25% lower in CD-1 as compared to B6C3F1 mice.

Rat

Two definitive 2-year carcinogenicity studies were conducted in rats.

Wistar Study #1

Rats (65/sex/group) were given 0, 50, 150, and 450 mg/kg (mates) or 0, 100, 300, and 900 mg/kg (fernales) in
the diet for 2 years. The doses used were those recommended by the Division and CAC. They were primarily
based on the results of a 13-week rat study, with the HD considered an estimated MTD. Survival was
increased in HD males and in females from all reatment groups at the end of the study. At week 104, overall
survival was 49, 45, 51, and 65% in males and 54, 74, 82, and 69% in females from the C, LD, MD, and HD
groups, respectively. Overall BW gain was increased at the LD {13 and 30% in M and F, respectively), similar
at the MD, and significantly decreased at the HD {22 and 41% in M and F, respectively), compared to C. BWs
were significantly lower in HD males and femates compared to C throughout the study (mean wis 13 and 24%
below C at termination, in M and F, respectively). Food consumption followed the same pattern (8.9 and 13%
below C in HDM and HDF, respectively, at 104 weeks). At the end of the study, erythrocyte counts were
increased {up to 14%) and MCV, MCH, and platelets were decreased (up to 9, 11, and 20%, respectively) in
treated males and females.

There was no clear evidence of a T-R effect on the frequency of neoplasms in animals that died or were
sacrificed moribund. Two rare tumors showed a positive trend: meningioma of the brain in males and
squamous cell carcinoma of the skin in females. These were seen in 2 HD animals {3%) each and were not
found in other groups. Historical control incidences of these tumor types in Wistar rats have been reported to
range from 0-4%.

AUCs determined in a separate TK study using the same doses were 157, 600, and 1718 ug.h/ml in males
and 306, 944, and 2930 ug.h/ml in females, respectively.

25




Wistar Study #2

Rats {G65/sex/group) were given 0 (untreated controt), 50, 150, or 450 mg/kg {males} or 0, 100, 300, or 900
mg/kg (females) in the diet for 2 years. Doses were the same as those used in a previous 2-year rat study.
Overall survival at Week 104 was 58%, 58%, 71%, and 69% in males and 52%, 55%, 74%, and 51%., in
females from C, LD, MD, and HD groups, respectively. There was no stalistically significant dose trend in
mortality. There were no T-R clinical signs except possibly fur staining. Mean body weights were consistently
lower in HD males and females throughout the study. BW in MD females was aiso somewhat lower during
most of the study, but the difference was only 2% at Week 104. BWs were significantly higher at study
termination in LD males and females. BW gain was decreased 22% in HD males and 40% in HD females over
the course of the study. Food consumption was consistently lower in HD males (1%-19%) and females (2%-
24%). At termination, small, but dose-refated increases in RBCs {5%-18%) and HGB (2%-7%) were seen in
both sexes at all doses. In addition, there was a dose-related decrease in platelet counts in both sexes at all
doses (12%-30%). HD males also had an increased mean white cell count {12%). Keratitis with
neovascularization and paflor of the fundus of the eye was seen in MD and HD males ‘and females upon
ophthalmologic exam. T-R macroscopic findings included opaque/opalescent eyes in MD and HD males and
uterine enlargement and distended uterus in MD and HD femaies. Retinal atrophy and corneal inflammation
were observed with high incidences in MD and HD males and females. An increased incidence of angiectasis
of the adrenal cortex was observed in males at all doses, and there was an increased incidence of atrophy of
the ovary at the HD and increased incidence of uterine dilatation and inflammation at the MD and HD. Atrophy
and degeneration of the testicular germinal epithelium were increased at all doses.

Tumor incidences were similar across groups. Two rare tumor lypes, granular cell tumor of the brain and
schwannoma of the heart were identified as having a positive dose trend by the Peto analysis {0, 0, 0, and 2
males; 0,1, 0, and 3 males, respectively), but the exact-trend test using Haseman's rule detected no
statistically significant positive dose trend for these tumor types. Plasma concentrations were consistent with
the previous study based on single time point determinations.

Mechanism studies

The sponsor conducted a series of investigational studies intended to elucidate the mechanism of pregabalin-
induced hemangiosarcomas in mice in an effort to provide a better basis for assessing their human relevance.
These consist primarity of collections of correlative data in the two mouse strains in which increased
incidences of hemangiosarcoma were found in 2-year studies as well as some corresponding data from rats
(which did not exhibit a tumorigenic response to pregabaiin in lifetime studies), monkeys, and humans.
Endpoints were selected to test the hypothesis, based on an initial observation of increased platetets in mice
treated with pregabalin, that increased proliferation following exposure of endothelial cells to elevated levels of
growth factors resuiting from increased megakaryopoiesis is responsible for hemangiosarcoma formation in
pregabalin-exposed mice. The sponsor suggests that mice differ markedly from other species including
humans in factors that affect endotheliai homeostasis {eg, tissue distribution of hemalopoiesis, background
platelet counts, platelet turnover and activation, and endothelial turnover) and that these differences may
contribute to a higher incidence of spontaneous hemangiosarcoma and a unique sensitivity for developing
increased incidences of hemangiosarcoma when given xenobiotics that alter those factors. The sponsor
atternpted to provide evidence for a progression of events leading to tumors in mice that could be monitored in
other species in order to rule out human risk. The major components of the proposed pathway leading to
hemangiosarcoma in pregabalin-treated mice are: 1) increased platelet activation and/or alterations in platelet
aggregation and morphology consistent with increased activation, 2) increased megakaryopoiesis, 3)
increased circulating and tissue concentrations of endothelial cell growth factors, and 4) increased endothelial
cell proliferation. So, these would have to be seen in mice but not other species. In addition, as stated by the
sponsor, "the temporal relationship between these (platelet and growth factor} changes and increased
endothelial cell proliferation must be consistent with a causal association.” A summary of data provided in
support of this proposed mechanism, organized according to the four components, follows.
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1) According to the sponsor, increased platelet activation, as assessed by flow cytometric evaluation of
increased P-selectin expression on the platelet surface, is a key mechanistic feature thought to be relevant to
increased endothelial cell proliferation. P-selectin is a membranous glycoprotein adhesin present within
platelet alpha granules that is expressed on the platetet surface only after activalion and alpha granule
extrusion of contents, including endothelial growth factors. Platelet activation resuits in conformational
changes in platelet membrane proteins that facilitate binding to endothelium. Thus, according to the sponsor,
demonstration of increased platelet activalion would be consistent with increased binding of platelets to
endothelial cells and platelet granule release. The results for this parameter in investigational studies are
suggestive, at least, of a treatment-related increase in platelet activation, first occurring relatively early in the
course of treatment (Figures 1 and 2), although the data are quite variable and not always consistent within
and between the 2 mouse strains. The magnitude of the increase ranged from 40-60% at 1000 mg/kg in
B6C3F 1 females and from 50-100% at 5800 mg/kg in CD-1 mice, ie, at clearly turmorigenic doses in the 2
species. No consistent effects were observed at 200 mg/kg, a dose associated with a marginal increase in
tumor incidence. Similar changes were not seen in rats; platelet activation was not assessed in moenkeys.

Figure 1
Platelet Activation in Female B6C3FI Mice Given Pregabalin

Values arc mean t standard deviation, N = 4 to 9/group; *significantly different from control, p <0.05. Data from
References 159 (1 Month} and 76 (6,12 Months).
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Pregabalin also induced what was considered abnormal ex vivo platelet aggregation patterns characterized by
defective secondary ADP-dependent aggregation in B6C3F1 mice. These findings were thought to suggest
that piatelet ADP content is depleted, consistent with increased platelet activation and in vivo release of dense
granule content of ADP and alpha granule content of growth factors. Significant decreases in platelet
aggregation endpoint (secondary ADP-dependent aggregation) were observed in female BEC3F1 mice
beginning at 6 months (Figure 3). No significant changes were seen in male or female CD-1 mice given 5000
mg/kg for up to 6 months, but there appeared to be a trend for values to be somewhat lower (Figure 4). No
comparable effect was seen in rats; however, an increase in platelet aggregation was seen after 12 months at
900 mg/kg. There was no apparent effect on this endpoint in monkeys given up to 500 mg/kg for 69 weeks.

Figure 3
Changes in Platetet Aggregation Endpoint (Secondary ADP-Dependent
Aggregation) in Piatelet Rich Plasma of Female B6CIFI Mice Given Pregabalin

Values afe moan + standard deviatioa, N = 3 1o T/group; *significantly difereet fom control, o <005 Daea from
Refezences 159 (1 Month) and 76 (6,12 Moathy).
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Flatelet morphological changes, which were considered by the sponsor to be a surrogate marker of platelat
activation, were also seen in mice, but not in rats or monkeys. Alterations in platelet morphology (nonuniform
platelet size, giant platelets) and increased circulating aggregaltes of degranulated piatelets in peripheral blood
were observed in pregabalin-treated female B6C3F1 and male CD-1 mice at early time poinis, although
sometimes based on very limited sampling (Tables 1 and 2), and seemed to correlate fairly well with tumor
incidence at the end of the 2-year mouse studies {Tables 3 and 4). In contrast, the presence of schistocytes
(rbc fragments), also increased in pregabalin-treated animals, was considered an effect secondary to the
presence of hemangiosarcoma and the resulting intravascular sheer stress in lumor blood vessels, It is difficult
to separate primary form secondary events.

Table 1
Peripbernl Blood Abuormallties in Female B6C3IF1 Mice Given Pregaba
Dose N Nonuniform  Giant Platelets Plaiclet Schistocytes
{mg’kg) Platelet Size (%) (%) Aggregates (%) [+
1 Moath
0 37 0.0 00 0.0 0.0
1300 37 1 34.1 18.9 00
6 Months N
o 9 00 00 B.0 (LX)
{one sample)
S0 10 09 0.0 . 80
(one sample)
200 10 300 60.0 40.0 0.0
1000 10 30.0 100 40.0 0.0
i B 12 Monthy e
0 5 0.0 0.0 00 oo
50 5 20.0 0.0 20.0 0.0
(one sample)
200 5 46.0 40.0 200 oo
1000 5 20.0 80.0 200 0.0
’ 2 Year
0 42 190 24 24 24
200 41 17.1 49 13 49
1000 27 4.4 222 18.5 111
5000 23 913 32.2 34 6.0
References 33, 76, 160
Table 2

Periphersl Blood Abnormaiities tn Male CD-1 Mice Given Pregabalin

Dose N MNonunifost (Giaal Plate]ets (%) Platctet Schistocytes
_(mg/kg) Platelet Size (%) Aggregates (%) (%) ..

1 Moath
Control 5 0.0 a0 0.0 0.0
5000 5 0.0 0.0 60.0 0.0

3 Mouth
Controd 3 a0 00 200 0.0
5000 5 4.0 40.0 60.0 0.0

6 Month
Control 5 0.0 00 20.0 00
5000 3 33 333 133 [+1]

1 Year
Control 46 22 22 43 0.0
200 38 0.0 53 79 53
1000 3% 103 0.0 51 2.6
5000 39 66.7 462 179 103
__ References 13, 96 .
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Table 3

Table 4

Relatignship of Hemangiosarcoma Incidence, Platelet, and Bone Marrow

Changes n BECIFL Mice Given Pregabalin for 2 Yearsy

Fioding Countral Pregabalm {ragdg) _
200 000 3000
Mule
Hemanposrcoma Incidence Ves 364 19/65* 221640
Plrteler Count (1071} 1182 + 299 13421 226 1599 & 4661 |5TT + 4741
N 52 44 35 17
Perpherat Blood Abnormalaties
51 47 6 7
Memuniform Piaelel Size (%) 154 123 15 100
Girant Platclets {%4) iy 21 $19 100
Platalet Aggregates (%} 19 LK1 19 94
Schisocytes (%) iy 21 167 412
Bone Marow Megakaryocyle Count
{per 5000 b ictxc celte) 43irive 65511805 TI3Ir1997 3BIrledy
N 63 63 64 61
Female
Heroangiosarcoma Incadence 2/6% Rl 19/64% 25/65"
Platz=let Count {10%1) 63E £ 200 B556 1 116} 830 & 2374 997 L 267t
N 40 40 I 20
FParipheral Blood Abnomaltties
N 42 41 27 23
Nosumiform Platela Size (%) L+ 17.1 4.4 9113
Giant Platelets (%) 24 49 22.2 322
Platelct Aggregutes (%) 24 73 85 304
Schistocytes (%) 24 49 11 26
Bone Martow Megakaryocyte Count
(per 5000 topoictic ccllz) 301107 GDIF203)  MIrlB9 TROLieN
N 8 66 62 _ 8

Reforonces 11, 22, 33

N = Number of mice.

Sacsically diffestot from controf, “p <0 001, Pp<D 01, }p<0 02 (p<0.005 for quadrancy

Relatiooship of H

coma Incid

¢, Platelet, and Bone Marrow

Changes in CD-1 Mice Given Pregabatin for 2 Years

Finding Conlrol Pregabalin (mg/xz) N
200 1000 3000
Male
Hemangiowroms Icideuce 2/65 563 w55 14/65¢
Platchet Couny (10°71) 1583 £ 630 1809 £ 950 1715 & 759 HMT £ 7604
N 27 25 n n
Pesiphent] Blood Abnocmatitics
N 4% 13 34 ¥
Nomaniform Platels Size (%) 22 [1]:] 103 867
Giant Flatelety (%) 23 53 o0 46.2
Platelet Aggregates (%} 63 19 31 119
Schistocytes (¥} 0.0 53 16 103
Boac Marow Megakaryocyie Count
{per 5000 bematopaictic cells) 614 44411T?  53T12557 78212901
N 59 &1 59 55
Female
Remangiosarcotm ncidence WA 65 10:65 1365
Platelet Count (10°/1) 9582216 1019 + 263 1087 + 438 1186 + 636
2 ] 23 16
Peripheral Blood Aboormalities
N 49 48 47 45
Nomuniform Plaictet Size (%) 0 167 255 20.0
Gannt Platelets (%) 2.0 0.0 8.3 17.8
Plateler Aggregates (%) 40 00 128 LE)
Sehimocyes (%) 9 1.3 43 18]
Bone Mamow
e 4+ 959 9.6t 16 $L2%164 5121177
(pex 3000 bernatoposctic ceils) B4t e 9t t t
57 62 39 34
References 37, 38
N = Number of nrice

* Statirisally diffesest from consrol, p <0008, p<0.01, 1p<0.02 (p<0.00 for quadratic)
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Pregabalin did not affect megakaryopoiesis in vitro in cultures of bone marrow isolated from B6C3F 1 mice, did
not bind with high affinity to platelets. and did not affect platelet function in vitro. Findings from these latter 2
studies indicate that pregabalin-induced changes in platelet function are not directly mediated by aiterations in
calcium homeostasis as a result of the drug's pharmacoiogic activity. Hypoxia and acid-base balance can
reportedly affect platelet count and function, and the sponsor hypothesized that pregabalin induces depression
of respiratory function in mice leading to development of iow-grade hypoxia and acid-base imbalances. Recent
investigative studies in BEC3F 1 mice indicated that pregabalin treatment (5000 mg/kg) induced respiratory
depression (decreased respiratory rate and weight-corrected minute volume), increased pCO2, and increased
venous and arterial pH, without changing oxygen saturation. These changes were seen over the course of 1
month of treatment. (The effect on weight-corrected minute volume was also seen in a chronic study, but there
are no pH data for longer-term treatment.} It was postulated that these changes could alter pHiin platelets as
aresuit of ion exchange effects and resultin an increased level of platefet activation. An experiment conducted
by the sponsor showed that alkalinization of bicod produced an increase in platelet activation in vitro. Although
similar changes in respiration, bicarbonate, and pCQ2 were seen in pregabalin-treated rats, there were no
apparent changes in blood pH. The sponsor stated that BEC3F 1 mice may be uniquely susceptible to hypoxia
based on their hypoxic hypoventilatory phenotype, but this would not explain the tumors in CD-1 mice, which
were not investigated for pregabalin-induced changes in pH. Furthermore, there was no evidence of hypoxia,
which is known to affect platelets, in BEGC3F 1 mice.

2) The sponsor considered an increase in platelet counts to be an early marker of pregabalin-induced
hematological effects, ie, increased megakaryopoiesis. However, while increased platelet counts were seen
after 12 months (i.e., when tumors were starting to appear), there was really no consistent effect on platelet
count at early time points in the investigational studies (Figures 5 and 6), and the magnitude of the changes
was generaily small (30% or less). Megakaryocyte counts tended to be increased at tumorigenic doses in
pregabalin-treated mice at earlier times in the investigational studies, however (Fables 5 and 6). In areversal
study, increased platelet counts seen after 12 months persisted for at least 10 weeks, indicating a reactive
response to a lasting tissue injury or neoplastic changes, rather than a response to hypoxia, as proposed.
Although much was made of an early effect on M:E ratio and megakaryocytes, it is interesting to note that in
the original 13 week study in BEC3F1 mice (RR 250-01744) in which doses up to 8000 mg/kg were given and
relatively large Ns were available, no effects on platelet count or M:E ralio were seen. A non-dose-related
increase in platelet volume in treated animals (up to 20% compared to Cywas reported in that study, however,

Figure 5
Platelet Count in Female BECIF1 Mice Given Pregabalin at up ts 3000 mg/kg
foruptol Years

Yalues arg mrean £ sandard dovistion, N = § to 40+group; * mgnuficantly differeat from ¢ondrol, p <0.05 Data from
Reference 76 (3,6,12 Months) md 31 (2 Year)
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Figure 6
Platelet Connt in CD-1 Mice Given 5000 mg/kg for up to 2 Years

Values are mean + standurd deviatioa, N = 5 to 22, * tigrficantly differeat fom control, p <005 Dats from
References 97 (1,3,6 Monthh and 17 (I Yenr)
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Fable 5
Bone Marrow Megakaryocyte Counts ia Female B6C3IF1 Mice
Study Time Control Pregabalm (mg{'l_(g[
e 50 5000
105 Femur
AA2795 I Mounth  0.02 10042 -- 0091 0.035* -
I Mootk 0.03 + 0.050 - - 0.07 +0.071 -
AAZ787  6Month 007+ 0.048 0.03 L0048 007+0048 0.06 £ 0.052 -
12 Momth 0.051£0.053 00T:0D48 00310079 0.1710.0872* -
2¥ear 00710057 00410059 009:0.075 01810144° -
Per 5000 Hematopeietic Celly
AAZ795  1Month 3611639 - - S50 01" -
IMomth  41.6+568 - - S24%11.19* -
AAZIS  IYer  43D2107 - 6011203% 7121189 7891+ 197"
References 22, 76, 95
Mean 1 standard deviation, N = 5 to 66 aniralv/group
* Significanly diffecent from control, p <0.01
Table 6
Bone Marrow Megakaryocyte Count in CD-1 Mice Glven Pregabalin
Study T Cantro) Pregabalio (mg/kg)
50 200 1000 5000
Mixle
16" Fetnur
AA 9} I Mouth 0,06 £0.0535 - - - 0.08 1 0.084
3 Month 0.00 £ 0.000¢ - - - 102 £ 3045
6 Month 0031 0.050 - - 907 10050
Per 5000 Hematopoketic Cells
AA 2558 2 Yenr 1764 13.4 - HAat119 5374255 TR231290%
Female
{L0"/Femur)

AA 2897 3 Mooth 0.04£0052 00110032 064)+6043 .04+ 0052 -
& Month 002£0042 0001000 00420052 00210063 -
11Mosth 00510053 00J10.048 005£0.071 0.08 +0.06) -

AA 9 I Month 0,08 + 0084 - - - a10+£ 0071
3 Moath 0.01 1 0.045 - - - 0.00 + 0.060
& Month 0.04 10052 - - - 0.12 £0.042¢
Per 5080 Hemstopoketic Celfs
AA 2658 2 Year 2841959 ol 3961165 51.21164° S12#17.7*

References 38, 96, 97
*  Significantly differcnt fiom coutrol, p <0.05
Mean % pandard devistion, N = $ 10 62 animals/grouy
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In the sponsor's most extensive investigational study (RR 745-03832), in which female B6C3F1 mice were
treated for either 12 or 24 months with 0, 50, 200, or 1000 mg/kg, there were no statistically significant
differences in mean platelet counts at any dose in animals treated with pregabalin for 24 months (Tabie 7).
Mean platelet volume (MPV) was statistically significantly increased 13% and 38% at 200 and 1000 mg/kg,
respectively, at week 104. These were the same doses that produced increased hemangiosarcoma incidences
(6.6,6.6,11.5,and 26.3% in C, LD, MD, and HD, respectively). Although platelet aggregates were increased
in alt dose groups, there was no difference between the response at a tumorigenic dose and what was
considered the no-effect dose of 50 mg/kg. Degranulated (abnormal) platelet aggregates were only observed
at 200 and 1000 mg/kg, however. Abnormal platelet morphology was observed in a single animal each at 50
and 200 mg/kg and 8 of 20 animals at 1000 mg/kg. Platelet abnormalities included lack of uniform platelet
size, presence of giant platelets, and platelet hypogranutarity. These platelet abnormalities would be expected
in animals with hemangiosarcomas. incidences of hemangiosarcoma at 24 months were lower in mice that
were removed from pregabalin treatment after 12 months (5/60, 6/61, 5/60, and 10/56 in C, LD, MD, and HD,
respectively), but the incidence at the HD was still increased compared to C and was not statistically different
from that in the HD 24-month treatment group. Therefore, it cannot be concluded that there was significant
reversal of tumor induction following the 12-month treatment period.

Platelet and megakaryocyte counts tended to be decreased or unchanged in rats and monkeys treated with
pregabalin on a subchronic or chronic basis. However, in a chronic investigative study in female rats (0 vs 900
mg/kg) platelet volume was consistently increased (at & [14%), 12 [17%], and 18 months [35%]: SS at all
times) in pregabalin-treated animals.

Table 7

Relationship of Hemangiosarcoma Incidence, Platelet, and Bone Marrow
Changes in Female B6C3F1 Mice Given Pregabalin in an Investigational 2-Year

Study :
Finding Contro} Pregabalin {mp/kg)
50 200 1000 )

Hemangiosarcoma Incidence 4761 /61 7i61 15/57+ Gd}f
Platelet Count (10°/L) 834 + 296 927 +200 876 £ 212 989 £ 180 A

N 40 39 35 24 Od‘

t’(‘”

Perpheral Blood Abnormalitics 6/

N 20 2t 20 20 (]
Nomusiform Plateict Size (%) 0.0 43 5 40
Giiant Platelets (%) 0.0 0.0 0.0 40
Platelet Aggregates (%} 20 43 35 50
Schistocytes (%) 48 136 10 15

N=21) N=22)

Bone Mamow Megakaryocyle Count 6,07 £ 0.057 00410059 0091007% 0.1810.144¢
(10%ferour)
N 20 20 20 20

Refercnce 42
N = Number of mice.
*  Statistically different Fom cootrol, p <0.001, $p<0.0] {p<0.005 for quadratic)

3) Pregabalin-treatment did not affect vascular endothelial growth factor (VEGF) concentrations in platelet-rich
or platelet-poor plasma of mice. Concentrations of platelet-derived growth factor (PDGF) in platelet rich
plasma (PRP) were variable, and were generally unchanged or decreased in pregabalin-treated groups.
Although the sponsor claimed that PDGF concentrations in platelet-poor plasma (PPP) were increased in
B6C3F 1 mice after 12 months of treatment (1257 pg/mL in C vs 4882 pg/mL at 1000 mg/kg}, this appears to
have been a random finding (Table 8), and levels were significantly decreased at other times. PDGF
concentrations were increased 47% at 1000 mg/kg after 24 months of treatment (N=20), but given the failure
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to find increases in PDGF at earlier times, it is likely that PDGF secreted from fumors contributed to the
increase at 2 years. Interestingly, in a chronic investigative study in rats (0 and 900 mg/kg}, concentrations of
basic fibroblast growth factor (bFGF) in PRP were 3.3-, 2.9-, 7.1-, and 2.9-fold greater in pregabalin-treated
rats after 3, 6, 12, and 18 months, respectively, a stalistically significant increase (27%)} in PDGF
concentration in PRP was observed in pregabalin-treated rats at 3 months (but not at 6, 12, or 18 months};
and quantifiable levels of PDGF were detected only in pregabalin-treated rats at 3 months (notat6, 12, or 18
months; PDGF was detecled in control platelets at 18 months only).

Table 8. Plasma PDGF Concentrations in Serum of Female BEC3F1 Mice Treated for 2 Years

0 mglkg 50 mgfkg 200 mg/kg 1000 mg/kg

Pit-Derived Growth Factor PRP (pg/mL)

Week 24 4155.19+2817.835 (9) 3768.05+1254.274 (10) 3722.50+1574.462 {(10) 3829.29+1579.895 (10)
Week 51 11987.28+3422.300 (5) 4108.94+ 1547 435" (5) 2745.04+1073.658* (5} 12144.76+4285.382 (5)

Pit-Gerived Growth Factor PPP (pgimL)

Week 24 939.14+ 216.755 (9) 959 .84+ 578.838 (10} 1202.97+ 927 786 (10) 61221+ 224.162* (10}
Week 51 1257.28+ 535.141 (5) 1668.24+ 813.996 (5) 1448.92+ 748.4i0 (5) 4882.08+4966.474 (5)
Week 65 2645.09+ 955.589 (B) 2352 64+ 939 609 (10) 981.36+1458.206"* (10} 1614.98+2067.812** (1)

For each group, values expressed are mean + standard deviation (N)

Immunchistochemistry showed increased VEGF immunostaining in the spleen, which correlated with the
increased splenic extramedullary hematopoiesis and megakaryocyte number in pregabalin-treated CD-1 (after
6 months at 5000 mg/kg) and B6C3F1 (12 months at 1000 mg/kg} mice. This would be expected with an
increase in hematopoietic cells, which are recognized sources of angiogenic growth factors. No effect on
VEGF immunolabeling was seen in the spleen of female CD-1 mice given 1000 mg/kg for 12 months,
however, and there were no increases in immunostaining for VEGF or other growth factors in hepatocytes or
liver endothelial cells. There was a slight trend towards increased VEGF receptor 2 (Fik-1)immunolabeling on
endothelial cells in liver of pregabalin-treated BEC3F1 mice after 12 months of treatment (Table 9). There was
no apparent change in growth factor immunolabeling in rats or monkeys (only Fik-1 examined in monkeys).

Table 9. Incidence of Fik-1 Immunostaining in Liver of Mice

Study Dose Staining Intensity and Confluency
No. {mg/kg) 1a 2 3
2787:12 month 0 2b 6 2
Sacrifice 50 2 7 1
200 3 6 0
1000 1 5 4

a 0: negative staining, 1: minimal, 2: mild, 3: moderate
b 10 animals/group. Immunostaining in less than 10 animals is due to unsuitability of section or loss of
section during staining.



4} Cell proliferation was quantitated by morphometric analysis of cell type-specific bromodeoxyuridine {BrdU)
incorporation. In the initial evaluations of proliferation, the number of proliferating (BrdU-labeled) endothelial
cells was expressed as a function of total nuclei (endothelial cell + hepatocyte + Kupffer cell) per image. Data
generated by this method were quite variable, and endothehal cell proliferation did not consistently appear
related to dose or duration of treatment. In addition, increases in hepatocyte and Kupffer cell proliferation were
frequently seen. Subsequently, given the relative proportions of cells (hepatocytes>>endothelial cells>Kupffer
cells) and the potential confounding effects of any changes in the proportion of these cells, the assessment of
hepatic endothelial cell proliferation was refined so that the number of proliferating endothelial cells was
expressed as a function of total endothelial cells per image. Based on these analyses, pregabalin induced a
stalislically significant increase in hepatic endothelial cell proliferation in BEC3F1 mice given 200 or 1000
mg/kg after 12 months of treatment (Figure 7). However, while not slatistically different from control,
proliferation at the supposed no-effect level of 50 mg/kg was higher than in controls, and similar to that seen at
higher doses. In addition, hepatocyte and Kupffer cell proliferation was atso increased at 200 and 1000 mg/kg
after 12 months. Hepatic endothelial cell proliferation was assessed using the refined method in female CD-1
mice given up to 1000 mg/kg for up to 12 months and in male and female CD-1 mice given 5000 mg/kg for up
to 6 months, and was not increased (Figures 8 and 9). Hepatic endothelial cell proliferation was also not
increased in female Wistar rats given 900 mg/kg, the highest dose evaluated in the carcinogenicity studies, for
up to 18 months.

Figure 7
Hepatic Endothelial Cell Proliferation (Proliferating Endothelial Cells/Total
Endothelial Cells) In Female B4C3IFL Mice Given Pregaballn at op to

1100 mg/'kg
Values me mean & sundard arror, N = 4 to S/group; *significantly different from control, P <005 Data from
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Figure 8

Hepatic EndotheHal Cell Protiferation (Pruliferating Endothelial Cetls/Tots)
Endsthelial Cells) in Femaie CD-1 Mice Given Pregabalin at up to 1000 mg/kp

Values are mean  standard srvot, N = 4 10 S/group. Data fom Releronce 97
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Figure 9

Hepatic Endothella) Ceil Proliferation (Prolifersting Endothellaf Celle/Totel
Endotheliaf Cells} in CD-1 Mice Given Pregabalin st 5000 mig/kg far 6 Months
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OVERALL CARCINOGENICITY CONCLUSIONS

In the inifial 2-year mouse carcinogenicity study in the B6C3F 1 strain, pregabalin administration increased
incidences of hemangiosarcoma at alt doses: incidences were 3.1, 4.7,29.2, and 34.4% in males and 3.1,
10.6, 29.7, and 38.5% in females from C, LD, MD, and HD groups, respectively (SS at MD and HD in both
sexes). According to published data, spontaneous hemangiosarcomas occur with a prevalence of 3.0% in
males and 3.6% in female B6C3F 1 mice (NTP 2002). Plasma drug AUCs were 135, 800, and 3840 ug.h/mlin
males and 148, 598, and 3740 ug.h/ml in females, at doses of 200, 1000, and 5000 mg/kg, respectively.
Thus, mouse exposures at the LD, which were associated with non-statistically significant increased
incidences of hemangiosarcoma, are similar to exposures expecled in humans (122 ug.hr/m! at 600 mg/day).
A second study in CD-1 mice, using the same doses, essentially replicated the previous findings, although the
incidences of hemangiosarcoma were somewhat lower: total incidences were 3, 8.9, and 22% in males and 9,
14,15, and 20% in females from C, LD, MD, and HD groups, respectively (SS in HD males). Exposures were
also lower in CD-1 mice: AUCs were 110, 550, and 3290 ug.h/miin LD, MD, and HD mice, respectively {male
and female combined).

The biological characteristics of vascular neoplasms in mice seem to differ in some respects from those in
humans. In humans, benign and malignant vascular neoplasms are distinct: hemangiomas develop principally
in children and generally regress spontaneously, while hemangiosarcomas usually affect the elderty and are
aggressive malignant tumors with a poor prognosis (Enzinger and Weiss, Soft Tissue Tumors, Mosby, 3rd
edition, 1995). Malignant transformation of benign wvascular tumors in humans is unusual
Hemangiosarcomas are rare in humans, representing less than 1% of all sarcomas. Vascular tumors are also
relatively rare in mice but apparently appear as a morphologic continuum from benign to malignant, with a
similar onset and latency, and occur primarily in the second year of life (Herman et al., Toxicol Sci 68:226-36,
2002). Only hemangiosarcomas were increased by pregabalin, however. According to a recent publication,
chemical-related increased incidences of vascular neoplasms in B6C3F 1 mice have been found in 23 NTP
studies (Abdo et al, Arch Toxicol 77:702-11,2003). Of those, the majority were mutagenic in the Ames test, but
several were not; these included 2-butoxyethanol, chloroprene, and Elmiron, a heparin-like macromalecular
carbohydrate derivative, used clinically in the treatment of interstitial cystitis. A drug-related increased
incidence of hemangiosarcoma appears lo be an uncommon finding in rodent carcinogenicity studies
submitted to the FDA. Based on product labeling, the only drug approved with this finding in recent years was
the antidiabetic agent troglitazone, which was subsequently removed from the market due to hepatotoxicity.
Troglitazone belongs to the group of peroxisome proliferator—activated receptor (PPAR) agonists, a relatively
new class of insulin sensitizers used clinically to treat diabetes. Interestingly, a number of related compounds
currently in development also produced hemangiosarcomas in rodents in preclinical studies submitted to the
Agency. PPAR agonists appear to affect endothelial function independent of their insulin sensitization effects,
and it has been reported that PPAR agonists increase VEGF expression in human vascular smooth muscle
and increase blood VEGF concentrations in patients with diabetes (Wang et al., Circulation 109:r67-r75,2004;
Yamakawa et al., Biochem Biophys Res Commun 271:571 -4, 2000; Emoto et al., Diabetes 50:1166-70,2001 ).

The pathogenesis of hemangiosarcoma in rodents is unknown, although the involvement of sustained local
production of angiogenic factors, such as VEGF, has recently been suggested in some cases of chemical-
induced hemangiosarcoma (Herman et al., Toxicol Sci 68:226-36, 2002: Nyska et al., Toxicol Appl Pharmacol
184:153-64, 2002). Data from the investigationa! studies do not provide strong support for the sponsor's
proposed mechanism of pregabalin-induced hemangiosarcoma in mice. As pointed out by the FDA consultant,
Dr. Terry Peters (review dated 2/9/04), the proposed key drug-related effects are generally too variable and
inconsistent, within and between strains, and their magnitude too small, to allow a conclusion that they
contributed to the tumorigenic response. Furthermore, the data are inadequate to establish a causal linkage
between the proposed early markers of pregabalin-induced preneoplastic changes and the tumors. While
there were group correlations in long-term studies between changes in some hematological parameters and
hemangiosarcoma incidences (correlations for individual animals were not provided), there was no evidence of
a causal relationship. The proposed early markers were never validated, since preneoplastic changes were
not conclusively demonstrated. Thus, while there was some evidence that some of the hematological changes
preceded the identifiable tumors, their temporal relationship to presumed preneoplastic changes is unknown.
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Some if not all of the hematological changes would be expected to accompany tumors. For example,
secondary or reactive thrombocytosis is associated clinically with inflammatory states of either infectious or
noninfectious origin, such as trauma and malignancy. And according to Greaves {Histopathology of Preciinical
Toxicity Studies, Elsevier, 1990), changes in platelet counts in preclinical toxicity studies are most commonly
the resuit of disease or tissue damage repair occurring in other organs. Hyperplasia of the bone marrow
occurs in a variety of reactive states, particularly when there is increased red cell or platelet turnover or
destruction. And it is well known that tumors can stimulate the bone marrow. Hermorrhage, which would be
expected with hemangiosarcoma, is also a known stimulus of thrombocytosis. A megakaryocyte response has
been reported in posthemorrhagic thrombocytosis of mice (Krizsa et al., Acta Haematol 39(2):112-7, 1968).
And as stated in the original mouse B6C3F 1 carcinogenicity study report, extramedullary hematopoiesis was
considered a “secondary response to blood loss that was likely associated with the hemangiosarcoma.”

Activation of platelets normally occurs after vessel injury, but the sponsor slates that there was no
histopathologic evidence of endothelial or other tissue damage in mice given pregabalin. A dermatopathy
characterized primarily by tail lesions was seen in rats and monkeys following oral administration of
pregabalin. Skin lesions in a 2-week iv infusion study in monkeys (RR 250-01817), which were found to be
similar to the lesions in the oral studies, although more extensive, were thought to be secondary to hypoxia
following injury to the vascular endothelium. Missing tail tips were seen in B6C3F1 mice in the first 2-year
study at all doses, but it is unclear how or if these tail lesions relate to those observed in other species. The
sponsor has not proposed direct endothelial injury as a cause of the hemangiosarcomas in mice. Instead, the
sponsor has hypothesized a mechanism involving increased platelet activation occurring in pregabalin-treated
mice in response to respiratory depression and increased blood pH, a response they were able to demonstrate
in vitro. There appears to be no evidence reported in the literature, however, to support a mechanism involving
platelet activation in the induction: of hemangiosarcoma or other tumors. Verheul and Pinedo {Oncologist
3(2):11,1998) have proposed a functional role for platefets in tumof angiogenesis, based on a number of
preclinical and clinical findings, but even this role is controversial (Verheul and Pinedo, Clin Cancer Res
9:3219-21,2003). They and others have shown that platelets stimulate the proliferation of endothelial cells and
endothelial cell tube formation in vitro, that platelets store and transport VEGF, and that patients with soft
tissue sarcomas and other tumors show the presence of platelet activation and elevated levels of VEGF. The
mechanism of angiogenic growth factor release from platelets is not entirely clear, but in vitro experiments
have demonstrated that it is dependent on platelet activation and aggregation. But it is not clear that increasing
platelet numbers or platelet activation per se would be sufficient to promote endothelial cell profiferation
resuiting in tumor formation. /n vitro, a 1000-fold increase in platelet concentration was required to produce
about a 2-fold increase in endothelial cells, and there was no difference between activated and nonactivated
platelets (Verheul et al., Blood 96:4216-21,2000). The promoting effect of platelets on matrigel tube formation
in vitro was also independent of activation, and was thought tainvolve a direcl cell-to-cell interaction between
platelets and the proliferating endothelium, since the platelet release contents (VEGF, etc.} alone had no effect
on tube formation (Pipili-Synetos et al., Br J Pharmacol 125:1252-7,1998). Normally the endothefium produces
autocoids which prevent the adhesion and aggregation of platelets, but it is thought that the tumor
microcirculation may present a thrombogenic environment owing to compromised blood flow and discontinuous
endothelial layers. In addition, under physiological conditions platelet-derived antiangiogenic factors such as
angiostatin appear to serve as a counterbalance to proangiogenic molecules as VEGF, which are both
released from platelets upon activation. Thus a complex interaction between platelet factors and cellular and
extraceliular matrix angiogenesis-regulating molecules at sites of tissue or vascular damage would determine
the net angiogenic signat. The balance is thought to be tipped toward angiogenesis under some incompletely
understood sets of circumstances leading to tumor growth and metastasis (Hanahan and Folkman, Cell
86:353-64,2004). There appears to be no evidence for a primary role of platelets in lumorigenesis, however.

So, even if the data presented were less ambiguous, the proposed mechanism would remain highly
speculative. The sponsor made a considerable effort, but given the current state of knowledge conceming
mechanisms of chemical carcinogenesis, they were facing a daunting task. Short of developing an intervention
strategy that would have conclusively demonstrated the involvement of a specific element in their proposed
pathway (as was recommended by the Agency), it is hard to imagine how they could have succeeded in
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establishing this novel mechanism. While their hypothesis is plausible, other possibilities remain untested. For
example, multiple signal transduction pathways have been implicated in the regulation of angiogenesis and
tumorigenesis, including MAP kinases. A structural analog of pregabalin, the marketed drug gabapentin,
induced pancreatic acinar cell tumors in rats {(see Neurontin labeling for details); and investigative studies have
shown that gabapentin activates MAP kinase, both in pancreatic tissue sections from in vivo rat studies and in
rat primary acinar cells in culture (other cell types were notinvestigated). Potential cellular interactions leading
to gabapentin-induced MAP kinase activation postulated by the sponsor included an effect on calcium
channeis. which is thought to be involved in the pharmacological mechanism of action of gabapentin and
pregabalin. It was suggested that by increasing intracellular calcium gabapentin might trigger proliferative
signaling pathways, thus acting as a tumor promoter (Dethloff et al., Toxicol Sci 55:52-9, 2000). Another
possibility involves the binding of pregabalin to 1,0 subunits of voltage activated calcium channels. An
association of the a,8-2 subunit with tumor pathogenesis has been suggested based on the chromosomal
location of the gene and its expression patterns (Gao et al, J Biol Chem 275:12237-42, 2000).

The sponsor has also argued that because pregabalin produced only one tumor type in a single species and
appears to be non-genotoxic, it is unlikely to represent a risk 1o humans. While it may be true that some
experts in the field consider non-genotoxic, single-species carcinogens of less concern than the genotoxic
multiple-species kind (Tennant, Mutat Res 286:111-18,1993), there is no reason to think that such agenis
should be considered safe. Part of the reason for the lowered risk assessment for single-species, single-site
carcinogens has to do with the recognition that inbred rodent strains, such as those used by NTP in their 2-
year bioassays, "possess an allelic distribution that is uncharacteristic of the type and frequency found in feral
or autbred populations ” (Tennant and Spalding, Environ Health Persp 104(Suppl 5):1095-100,1996). As a
result of inbreeding, rodent lines lose many of the polymorphic alleles found with variable frequencies in
outbred populations and consequently possess a more limited number of specific alleles which are more
uniformly distributed. Two outcomes of this so-called allelic enrichment are thought to be that inbred strains
demonstrate specific pattems of spontaneous tumors and can exhibit strain-specific responses to chemicals
(Ibid.). it is thought that such chemicals may only be modulating the expression of a genetic disease
characteristic of a specific rodent strain and therefore have little effect in other species or strains {except
possibly in certain susceptible individuals). The ability of pregabalin to induce hemangiosarcomas in both the
inbred B6C3F1 and outbred CD-1 strains of mice, then, obviously heightens concern according to this line of
reasoning. However, since the genetic and biochemical bases of strain-specific effects induced by carcinogens
are not well understood and cannot be reliably predicted (Ibid.), this categorization should probably not be
used as a basis for predicting carcinogenic risk to humans. The discounting of nongenotoxic animal
carcinogens seems to derive in large part from the notion that humans would be unlikely lo be exposed
chronically to the high doses of some environmental chemicals necessary to produce tumors in animals.
Clearly, nongenotoxic carcinogens are of concern when tumors are produced in animals at exposures
expected in humans for a chronic-use drug, as is the case with pregabalin.

In conclusion, while the sponsor has propesed a plausible mechanism and one that certainly warrants further
investigation, the present evidence is inadequate to exclude a carcinogenic risk associated with the use of
pregabalin in humans. The preamble to IARC (International Agency for Research on Cancer) Monographs on
the Evaluation of Carcinogenic Risks to Humans highlights the public health view that “in the absence of
adequate data on humans, it is biologically plausible and prudent to regard agents for which there is sufficient
evidence of carcinogenicity in experimental animals as if they presented a carcinogenic risk to humans.”
Sufficient evidence of carcinogenicity in animals is defined in the document as existing when "a causal
relationship has been established between the agent or mixture and an increased incidence of malignant
neoplasms or of an appropriate combination of benign and malignant neoplasms in (a) two or more species of
animals or (b) in two or more independent studies in one species carried out at different times or in different
laboratories or under different protocols.” The findings for pregabalin satisfy these criteria. This preclinical
evidence of carcinogenicity certainly constitutes a significant obstacle to approval, but as always the assumed
carcinogenic risk to humans must be weighed against the evidence of benefit of the drug in the various
indications for which it is being considered.
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REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY

Fertility and Reproductive Performance

Two definitive fertility and early embryonic development studies were conducted in Wistar rats, one in which
only males were dosed (250, 1250, or 2500 mg/Kg) and one in which only females were dosed (600, 1250, or
2500 mg/kg). Dose seleclion was appropriate in males based on clinical signs and BW effects, and in fernales
based on chinical signs and disrupted estrous cyclicity.

Males

A number of adverse reproductive effects were seen in the male fertility study, primarily at doses = 1250
mg/kg; these included: increased number of days to mating, decreased sperm counts and motility, increased
sperm abnormalities, reduced fertility, increased preimplantation loss, and decreased litter size. Marked
decreases in epididymal weights, epididymal sperm counts, and vas deferens sperm motility were seen in the
absence of changes in testicular weight or testicutar sperm count. There was a virtual absence of motility in
sperm collected from the vas deferens and complete lack of fertility at the HD of 2500 mg/kg. Decreased
sperm motility was also seen at the LD of 250 mg/kg (extrapolated AUC: 1320 ug.h/ml; human exposure at
600 mg/day: 122 ug.hr/mi). The adverse male reproductive effects appeared to be reversible, however.
Because a no-effect dose was not established, a follow-up study was conducted using lower doses {50, 100,
or 250 mg/kg). No significant reproductive or other toxic effects were observed in this study.

In general toxicity testing in rats, epididymal enlargement, epididymal tubular hypospermia, and fibrosis and
mononuclear cell infiltrates in the interstitium were observed at 2 500 mg/kg in a 4-week toxicology study (no
testicular changes), and spermatogenic epithelial degeneration of the testis was observed after 13 weeks at
1250 mg/kg. However, no treatment-related effects on spermatogenic epithelia or other reproductive tissues
were reported in rats after 52 weeks at up to 500 mg/kg. In the first 2-year rat carcinogenicity study (50, 150,
and 450 mg/kg), decreased reproductive organ size (ie, gross findings of small testes and seminal vesicles)
and weight and increased incidences of atrophy of the seminiferous tubules and aspermatogenesis in the
testes and aspermia in the epididymides were seen at all doses. In the second rat carcinogenicity study {(same
doses), atrophy and degeneration of the testicular germinal epithelium were increased at all doses. In
monkeys, hypospermia of the testis and epididymis in association with small testes and testicular weights was
found in 1 monkey at 100 mg/kg and 2 monkeys at 500 mg/kg BID and spermatogenic epithelial degeneration
was seen in recovery monkeys at 50 and 100 mg/kg in a 4 week toxicity study. But there were no reported
effects on sperm parameters or reproductive organ histopathology at up to 500 mg/kg in the 1-year monkey
study.

In an investigative study of pregabalin effects on male rat reproductive parameters (RR 745-02809),
administration of 2500 mg/kg for up to 6 weeks produced decreased sperm motility in the cauda epididymis
and vas deferens, decreased cauda epididymal sperm count, and abnormal sperm morphology within 2 to 3
weeks of treatment. The time course of appearance of these effects was thought to indicate an effect on
epididymal sperm maturation. However, the additional observation of decreased sperm count and increased
sperm abnormalities in the caput epididymis after 4 weeks of treatment also suggested a testicular effect,
since sperm produced by the testis are normaily morphologically mature and remain in the caput for only a
short period of time. The effects on sperm parameters were reversed within 4 to 6 weeks after treatment was
discontinued.

Another investigative study of male rat reproductive effects with electron microscopic evaluation (RR 745-
02994) found ultrastructural changes in sperm and luminal contents in the cauda and caput epididymis of rats
receiving 2500 mg/kg for 1 to 6 weeks, but no ultrastructural effects in the testis. Epididymal changes
consisted primarily of multiple mitochondrial defects in the sperm, frayed sperm tails/midpieces, excessive
debris in the lumen, multiple sperm tails in the same membrane, and tailless sperm heads. These changes
correlated with decreased sperm motility and with morphological changes observed in sperm smears (ie,
detached sperm heads, thread-like tail connections, sperm apparently stuck together). It was concluded that
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the nature and location of the sperm abnormalities were consislent with an effect primarily involving sperm
maturation in the epididymis. However, the presence of so-called cytoplasmic lobes in the epididymal lumen
again suggested a possible testicular effect, since these lobes are thought to only come from the testis and it
is unusual for the testis to release cytoplasmic lobes into the epididymis.

In the definitive male fertility study, litters of females mated to males treated with pregabaiin (21250 mg/kg)
had reduced numbers of implant sites and live fetuses and increased percent preimplantation loss, effects
considered evidence of developmentai toxicity in the study report. No fetal examinations were performed at C-
section on GDs 13 to 15, however. In another supplemental study to investigate possible male-mediated
embryo-fetal developmental toxicity (RR 745-03322; not described in detail in this review), male rats were
dosed (100, 250, or 500 mg/kg) for 11 weeks prior to mating with untreated females (N=25). There were no
trealment-related effects on copulation or fertility indices and no effects on matemal reproductive parameters,
including embryofetal survival, litter size, and pre- and postimplantation loss, when litters were evaluated on
GO 21. However, fetal body weights were decreased (5.50, 5.35, 5.25, and 5.26 g in males, and 5.19, 5.09,
4.98, and 5.02 g in females in C, LD, MD, and HD groups, respeclively; statistically significant in MD and HD
males) and malformation incidences were increased in treated groups compared to C (total numbers of
fetuses/liiters with malformations were 3/2, 4/3, 5/5, and 11/7 in respective groups). Malformations that
appeared to be increased in treated groups included external (fetalflitter incidences:; 0/0, 0/0, 2/2, and 1/1in C,
LD, MD, and HD, respectively), skeletal (0/0, 0/0, 3/3, 2/2), and visceral (3/2, 4/3, 2/2, 9/5). The study report
concluded that the results did not meet the criteria for teratogenicity because there were no particular
malformations that appeared to increase with dose and all malformations occurred at a low incidence with
similar frequencies to historical controls. These are not universally accepted criteria for teratogenicity,
however. An increase in tota! malformations is generally considered to indicate a teratogenic response. And,
while it is true that incidences of external and skeletal defects were similar to historical controls, the fetal and
litter incidences of visceral maiformations (primarily CNS defects: exencephaly, anophthalmia, folded retina) at
the HD were not (5.2/21 vs 0.2/2%, respectively). The results of the study are suggestive, at least, of male
mediated developmental toxicity, including teratogenicity.

Females

In the female fertility study, disrupted estrous cyclicity during the premating treatment period and an increase
in the number of days to mating were seen at all doses tested (2500 mg/kg; AUC in females given 500 mg/kg
in 4-week toxicity study: 1370 ug.h/ml). A possible effect on fertility index was also seen at doses 21250
mg/kg. As also seen in the developmental toxicity studies, pregabalin was embryolethal as indicated by
increased pre- and postimplantation loss at all doses.

Embryo-Fetal Development

Definitive ambryofetal development studies were conducted in mice {500, 1250, 2500 ma/kg), rats (500, 1250,
2500 mg/kg), and rabbits (250, 500, 1250 mg/kg). The mouse study was of questionable value, since no
maternal toxicity was observed at the highest dose tested. Dose selection in the rat and rabbit studies was
appropriate, based on the presence of at least minimal maternal toxicity at the high doses.

Mice

Doses of up to 2500 mg/kg (mean maternal AUC: 3790 ug.h/mL) did not induce clear matemal or
developmental toxicity.

Rat
Developmental toxicity was observed at all doses in rats (=500 mg/kg); specifically, fetal body weights were

decreased in HD litters, fetal and litter incidences of skeletal malformations were increased at the MD and HD,
and incidences of skeletal variations and retarded ossification were increased at all doses {SS atMD and HD).
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Cmax values were [~ J ug/m! and AUCs were 2060, 6590, and 9470 ug.h/ml at the LD, MD, and
HD, respectively. While the malformation incidence was reported increased at the MD and HD in the study
report, this was due primarity due to increased findings of fusion of the jugal bone and maxilla and fusion of the
nasal bones. It was later argued that since fusion of the jugal and nasal sutures (specifically: closure of the
suturae zygomaticomaxillaris and nasofrontalis) occurs normally during development, these skull findings
represent advanced ossifications, or variations, rather than malformations.

In a supplemental study of fetal skull effects in rats (RR 745-03426), administration of pregabalin to pregnant
rats on GD 6 through 17 repreduced the previous findings of an increased incidence of fusion of the jugal
suture at 21250 mg/kg (9 and 15X C at 1250 and 2500 mg/kg, respectively) and fusion of the nasal suture at
2500 mg/kg. Light microscopic examination of the sutures did not reveal any abnormalities. Another study on
the progression of skull development in rats following gestational exposure to pregabalin {RR 745-03384)
found that while treatment of dams with 2500 mg/kg pregabalin from GD 6 to 17 produced an increase in the
incidence of closed juga! and nasal sutures from PM {postmating) Days 19 to 26, closed sutures were first
observed in both control and pregabalin-treated animals on PM Day 19 (corresponding to GD 19), and the
incidence of closed sutures increased with the age of the offspring but was still incomplete in most pups from
both the control and treated groups on PM Day 26.

fn another study (RR 745-03321), in which the 21-day-old offspring of dams treated with vehicle or pregabalin
(2500 mg/kg) during gestation were examined, percentages with closure of the jugal suture were 99.6% and
94.9%. respectively, and with closure of the nasal suture were 1.1% and 4.7%. In general this drug-related
increase in closure of the nasal sutures was reportedly not associated with malformation of the skull; however,
matocclusion and an asymmetrically shaped head were cbserved in one treatment group pup on PN Days 19
to 21. The same pup had a corresponding external finding of misshapen head and a skeletai finding of
misshapen left frontal skull and parietal bones. No other remarkable findings were reported upon external and
skeletal evaluation. However, it should be noted that only surviving pups were examined, and that dead,
cannibalized, and missing offspring occurred at a 3-, 4-, and 13-fold higher incidence, respectively, in the
pregabalin-treated group relative to controls. In addition offspring from treated dams were smaller than
controls. Both factors, pup death and growth retardation, complicate the interpretation of these studies.

Seenin the context of a general increase in skeletal variations at all doses in the original rat study (which was
also seen with gabapentin), these alteration in skull ossification should probably be considered evidence of a
teratogenic effect of pregabalin. As stated in the original study report, "Although fusion of these bones would
be expected to occur later in postnatal development, premature closure might result in possible distortion of
bone development and/or potentially impair the growth of soft tissue structures underneath; these fusions were
therefore considered malformations.”

Rabbit

Evidence of developmental toxicity was seen in rabbils (decreased fetal body weight, increased incidences of
malformations, variations, and ossification retardation, abortion and total litter resorption}, at a dose (1250
mg/kg) that was not otherwise very maternally toxic (1 moribund sacrifice associated with total litter resarption
and 1 abortion, but no effect on maternal BW). Although, in the study report, the sponsor did not view the
increased incidence of malformations in the HD group (total number of fetuses/litters with skeletal
malformations was 0/0, 1/1, 0/0, and 5/4, in respective groups) as evidence of teratogenicity because it was
within the historical control range, this conclusion is certainly debatable, particularly in light of the effects on
skeletal development seen in rats. Cmax values were C J ug/mt and AUCs were 1400, 2020,
and 4750 ug.h/mi at the LD, MD, and HD, respectively.

Pre- and Postnatal Development

A standard ICH pre- and postnatal development study was conducted in rats, with an expanded dose range
(50, 100, 250, 1250, 2500 mg/kg). Dose selection was appropriate based on the presence of significant
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maternal toxicity at the HD. When administered to pregnant and lactating rats, pregabalin produced adverse
effects on offspring survival, growth, behavior, and repreductive function at doses 2100 mg/kg (AUC: 601
ug.h/ml; human AUC at 600 mg/day: 122 ug.h/mi). Significant, but not excessive, maternal toxicity in terms of
clinical signs and BW gain reduction was seen at the HD of 2500 mg/kg. However, the moribund sacrifice of 2
HD dams as well as other peripartum observations was probably related to the high rate of (late) embryofetat
death {postimplantation loss increased at =250 mg/kg; 8X C at HD). Pup survival at birth and during the
postnatal period until weaning was markedly reduced at 21250, with all HD offspring dying by PND 3.
Significantly, no correfations were apparent between litter death and maternal clinical signs. Pup weights were
decreased in treated litters at birth and during the lactation period at 2100 mg/kg, and BW deficits persisted
into the postweaning period. There were significant delays in the attainment of pre- and postweaning
developmental landmarks at 1250 mg/kg. A decrease in acoustic startle response was seen in offspring from
the 250 and 1250 mg/kg groups when they were tested on PND 42, ie, after cessation of dosing. This deficit
was considered to be due to atlenuated reactivity to the acoustic stimulus, rather than to an effect on hearing
or the motor component of the startle response. Interestingly, a similar long-term deficit in startle response was
seenin rats directly exposed lo pregabalin during early postnatal development in the juvenile developmental
neurotoxicity studies (RRs 745-03323 and 745-03794, not described in detail in this review). When offspring
from the pre- and postnatat development study were mated, there were a number of effects on reproductive
parameters (decreases in fertility index, numbers of corpora lutea, implants, live fetuses, and litter size and
increased preimplantation loss) at 1250 mg/kg. Since both sexes of offspring were exposed through the dam,
it couid not be determined which was responsible for the effects on reproductive function, However, the
juvenile rat reproductive toxicity studies (RRs 745-03267 and 745-03471, not described in detail in this review)
indicate that reproductive function is impaired in both males and females following early postnatal exposure to
pregabalin. In a follow-up investigative study relating developmental toxicity to stage of exposure {(RR 745-
02656, not described in detail in this review), femmate rats received vehicle or 2500 mg/kg during the
organogenesis, fetal, perinatal, or neonatal period, then were allowed to deliver and rear their offspring
through Lactation Day 10. Results indicated that perinatal mortality was greatest in groups treated during late
gestation. Both in utero and neonatal death were increased in the fetal and perinatal groups, ultimately
resulting in no offspring survival. Neonalal survival was also reduced in the organogenesis and neonatal
period groups, afthough some offspring survived in the majority of the litters. Maternal toxicity occurred in all
groups, but review of individual data did not provide a correfation between maternal toxicity and offspring
death: maternal clinical signs and body weight gain suppression were associated with litters that survived, as
well as those that died. Gestation length was not affected, contrary to the prolongation of gestation in the pre-
and postnatal development study. It was concluded that the potential exists for pregabalin to affect a variety of
functions necessary for perinatai survival.

Appears This Way
On Original
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OVERALL REPRODUCTIVE AND DEVELOPMENTAL TOXICITY CONCLUSIONS

In animai studies that can be considered adequate for regulatory purposes, pregabalin was shown to be a
seleclive reproductive and developmental loxicant. Effects included male and female ferility impairment in
rats, teratogenicity in rats and rabbits, embryofetal and pup lethality in rats, and developmental nervous and
reproduclive system functional impairment in rats. Most of these effects are fairly typical for anticonvulsants,
but the degree of reproductive impairment (in both FO and F1) and the high rates of embryofetal and pup
mortality are unusual for this class. In addition, apparent male-mediated developmental toxicity was observed,
which is extremely unusual {possibly because it is rarely examined). This is a poorly understood phenomenon
that remains controversial in the teratology literature (Friedman, Adv Exp Med Biol 518:219-26,2003).
However, until the sponsor is able to refute the findings described in RR 745-03322 (decreased body weights
and increased malformations in the offspring of treated male rats mated with untreated females), it seems
prudent, from a regulatory standpoint, to report them in labeling (they may actually warrant highlighting in
some way). The signal for in utero teratogenicity was not especially strong, but was present in two species.
The related compound gabapentin was found to be embryotoxic (increased incidences of visceral variations in
rats, decreased embryofetal and pup survival in rats, decreased ossification in mice and rats, increased
postimplantation embryofetal loss in rabbits), but was not teratogenic and did not affect reproductive
performance in animal studies submitted to support its approval. There was little safety margin in terms of the
plasma levels of pregabalin associated with reproductive and developmental toxicity in animals relative to
expected clinical drug fevels. NOELSs for the most sensitive endpoints were 100 mg/kg for effects on rat sperm
and 50 mg/kg for effects on growth in rats exposed pre- and postnatally, which produced AUC values of 408
and 241 ug.h/ml, respectively. Expected maximum exposure in humans at the MRD of 600 mg/day is
reportedly 122 ug.hr/mil.

Pregabalin appears to have a variety of pharmacological actions, any or several of which could play a role in
its reproductive and developmental toxicity. However, the ability of pregabalin to selectively bind to the alpha2-
delta subunit of high-voltage calcium channels is thought lo be particularly important pharmacologically.
Calcium influx through voltage-gated calcium channels orchestrates many key biclogical functions, including
neuronal excitability, neurotransmitter release, and gene expression; and there is also evidence that voitage-
dependent calcium influx is important during development, including neurodevelopment {(Schmid and
Guenther, J Neurosci 19:3486-3494,1999; Kocsis et al., J Neurobiol 25:252-264,1994. In addition, calcium
ions reportedly play a vital role in sperm function during various stages of fertilization, including a prominent
rolein facilitating sperm motility (Ren et al, Nature 413, 603-9, 2001). So given the apparent pharmacological
action of pregabalin on voltage-gated calcium channels, sormne of these effects may not be unexpected, and
there is no reason to think they wouid be species specific. But there were no reported effects on sperm
parameters or reproductive organ histopathology in the 1-year monkey study at doses of up to 500 mg/kg,
which was associated with an AUC of 1040 ug.h/ml. And in a double-blind, placebo-controlled clinical trial in
which 30 healthy subjects were given 600 mg/day for a complete sperm cycle of 3 months, no effect of
pregabalin on the primary outcome measure of sperm motility was found. Although 5 subjects had a reduction
of sperm motility of more than 15%, 2 of these received placebo. There were no apparent effects on
secondary outcome measures of sperm motility, morphology, sperm count, testes and breast measurement,
and laboratory endocrine values (the adequacy of this ciinical study for labeling is being evaluated by Dr. Mark
Hirsch of HFD-580). In all controlled studies combined, adverse events related to sexual dysfunction, which
included impotence, decreased libido, anorgasmia, and abnormal ejaculation, were more common in patients
treated with pregabalin than in those given placebo. However, these are likely to be CNS-mediated effects. So,
white human data are limited, it appears that there may be some safety margin for the male reproductive
effects of pregabalin, presumably as a result of an exposure threshold and possible species differences in
sensitivity. Human data addressing the potential for pregabalin-related female reproductive effects and
developmental toxicity were not available. There are two case reports of gabapentin-exposed infants born with
defects in skull formation: one with cyclopic holoprosencephaly (no nose and one eye)} and one with an
absence of the opening for one ear canal, but no definite conclusions can be drawn about a causal
relationship (Reprotox teratogen information system).
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PATHOLOGY CONSULT for HFD-129 and 170

3.1 INTRODUCTION AND BRUG HISTORY

NDA number: 21-446, 21-723,21-724.C |

Sponsor and/or agent: Parke-Davis Pharmaceutical Research, Ann Arbor, M
Reviewer name: Terry S. Peters, D.V.M.

Division name: Anti-Infective Drug Products

HFD #: 320

Review completion date: 2/9/04

Drug:
Trade name: Lyrica
Generic name: Pregabalin
Code name: CI-1008
Chemical name: (8)-3-(aminomethy!)-5-methylhexanoic acid: S-(+}-3-1sobutyl GABA
Molecular formula/molecular weight: Cgbl;-NO,
Indication: Eptlepsy (ITFD-170) and peripheral diabetic neuropathy. [ J

Studies reviewed within this submission:

1) 2-Year Dietary Carcinogenicity Study of CI-1008 in CD-1 Mice

2} 2-Year Dietary Oncogenicity Study in Rats with CI-1008

3) Retrospective Histopathologic Evaluation of Non-neoplastic Findings in Selected Tissues
from B6C3IF1 Mice Treated with CI-1008 for 2 Years

4) Analysis of Hemangiosarcoma and Liver Samples from the CI-1008 B6C3F1 Mouse
Carcinogenicity Study for the Presence of Heliobacier hepaticus DNA

5) Exploratory Study of Pregabalin on Megakaryocyte Development in Female B6C3F1
Mice

6) Exploratory Study of the In Vitro Effects of Pregabalin on B6C3F1 Mouse Spleen
Endothelial Cell Proliferation

7) Analysis of ["H]Prepabalin Binding and a2+ *Protein Expression in Selected B6C3IF1
Mouse and Wistar Rat Tissue

8} Exploratory 1-Week Investigation of the Effects of Pregabalin on Endotheliai Cell
Factors in Platelet-Depleted B6C3F1 Mice

9) Chronic Investigative Study of Pregabalin in Female Wistar Rats

10) ’H] Pregabalin Does Not Bind to Membrane Proteins of Mouse or Rat Platelets

11) Exploratory Investigation of the Effects of Pregabalin on Endothelial Cell Faciors in
Female CD-1 Mice, Interim Report

12) Exploratory Investigation of the Effects of Pregabalin on Endothelial Cell Factors in
Male and Female CD-1 Mice- Interim Report

13) Exploratory Investigation to the Effects of Pregabalin on Red Cell Factors in Female
B6C3F1 Mice

14) Exploratory Investigation of the Effects of Pregabalin on Red Cell Factors in Female
Wistar Rats

15) Retrospective Evaluation of Hepatic Sinusoidal Endothelial Cells in Cynomolgus
Monkeys Chronically Treated with Pregabalin

1
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16) Chronic Investigative Study of Prepabalin in Female B6C3F1 Mice- Interim Report of
Tumor Analysis, Clinical Pathology and Pulmoenary Function

17) Exploratory Study of the Effects of Pregabalin on Nitric Oxide Synthetase Activity and
Isoenzyme Levels in Cultured Mouse Endothelial and Bone Marrow Cells

18) Reanalysis and Refinement of Quantitation of Hepatic Proliferative Indices

19) lImmunohistochemical and/or Immunofluorescent Evaluation of Growth Factors in
Mice and Rats Given Pregabalin in the Diet for 12 Months

20) Pregabalin: Assessment of Rodent Carcinogenicity, Mode of Action of
Hemangiosarcoma Formatien in Mice and Human Relevance

21) Retrospective Evaluation of Bone Marrow Megakarvocvtes from B6C3F1 Mice and
Wistar Rats

22) Retrospective Evaluation of Bone Marrow Megakaryocytes from CD-1 Mice Treated
with Pregabalin for 2 Years

23) Retrospective Evaluation of Peripheral Blood Morphology in B6C3F1 and CD-1 Mice
Treated with Pregabalin for 2 Years

24} Analysis of p53 and Ras Gene Mutation Freguencies in Hemangiosarcomas from a 2-
Year Carcinogenicity Study of CI-1008 in B6C3F1 Mice

25) Effect of Pregabalin on Endothelial Cell Proliferation in Monolayer Cultures
Exploratory Study of CE-1008 Effects on Vascular Growth of Mouse Aortic Rings

26) Exploratory Study of CI-1008 Effects on the In Vitro Function of Platelets from
Bo6C3F1 Mice, CD-1 Mice and Wistar Rats

27) 1-Month Investigative Study of the Effects of Pregabalin on Platelet Survival in B6C3F1
Mice

28) Exploratory Study of Pregabalin Effects on Endothelial Cell Proliferation and
Apoptosis in B6C3F1 and CD-1 Mice

29) 3-Month Exploratory Study of CI-1008 in Female B6C3F1 Mice

30) Reanalysis and Refinement of Quantitation of Hepatic Proliferative Indices

31) 1 Month Exploratory Time-Course Study of Pregabalin on Endothelial Cell
Proliferation in Female B6C3F1 Mice

32) Exploratory 4-Week Investigation of the Effects of Pregabalin on Endothelial Cell
Proliferation and Platelet Function in B6C3F1 Mice

3.4.5. Carcinogenicity

Study title: 2-Year Dietary Carcinogenicity Study of CI-1008 in CD-1 Mice
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Key study findings: Pregabalin administered to CD-1 mice elicited hemangiomas and
hemangiosarcomas and changes in the myeloid:erythroid ratio in bone marrow Significant
increases in body weight and body weight gains were associated with treatment. The presence of
active compound in the sera of the control animals of both sexes is of concern.

Adequacy of the carcinogenicity study and appropriateness of the test modet: The test model is
appropriate and the carcinogenicity study appears to have been conducted in compliance with the
GLP regulations.

Evaluation of tumor findings: A biologically significant increase in hemangiomas and
hemangiosarcomas was noted in a dose-related fashion in both male and female mice in this
study.

Study no.: RR 745-03610 or 19836 =

Volume #, and page #: 33, page 1

Conducting laboratory and location: L 3
Date of study initiation: 3/30/00

GLP compliance: Yes

QA report: Yes

Drug, lot #, and % purity: Lot #XH020100

CAC concurrence: No

Methods

Doses: 0, 200, 1000 or 5000 mg/kg/d

Basis of dose selection {MTD, MFD, AUC etc.): Previous study in B6C3F] mice

Species/strain: CD-1 £ “D-1®(ICR}BR SPF mice from T J
c |

Number/sex/group (main study): 65

Route, formulation, volume: Dietary administration

Frequency of dosing: Daily

Satellite groups used for toxicokinetics or special groups: None

Age: 8 weeks of age at study initiation.

Animal housing: Individual housing in polycarbonate cages with autoclaved sawdust

Restriction paradigm for dietary restriction studies: Not applicable

Drug stability/homogeneity: Drug was admixed in the powdered ~— maintenance
diet. There was adequate correlation between nominal and achieved dose at all time points tested.

Dual controls employed: No

Interim sacrifices: None

Deviations from original study protocol: High dose females were euthanized during
Week 100,

Observation times

Mortality and clinical signs: Twice daily for morbidity and mortality, once/day for clinical signs
Body weights: Weekly for the first 13 weeks, then monthly

Food consumption: Weekly for the first 13 weeks, then monthly

Ophthalmoscopy: Prior to study initiation and every 6 months thereafter

Hematology: All moribund animals and at study termination. Additional thrombocyte counts
were performed at Week 65/66 and 78/79 with blood taken from the tail vein.

Gross pathology: All animals at sacrifice and all premature decedents

3
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Organ weights All terininal sacrifice anjmals: brain, epididymides, heart, kidneys, liver, ovaries,
g g 3 3
prostate, spleen, testes, and uterus

Histopathology:  Preserved tissues were transterred to € 3 for stide
preparation. All tissues listed were examined from all animals by [ 1 by
Drs. © 3 A peer review was performed by 2 additional pathologists from

Plizer. It is evident from the individual animal huistopathology sheets that there were different
study pathologists for imales and females.

Toxicokinetics: Samples were taken from the orbital sinus at the end of the dosing period from
the first 5 animals/sex/group at approximately 4 hours after the start of the dark cycle (Week 100
for high dose females, Week 104 for all others).

Results

Mortality: No treatment-related significant etfects were reported during the first year on study.
High dose females were terminated during Week 100 due to high mortality. Dietary
administration was stopped for these animals during Week 99. The remaining animals were
treated for the duration specified in the protocol.

% Survival for Mice Treated with CI-1008

o Males Females
[Growp — — T1 " T2 T3 T4 1 2 3 4
'Dose [0~ 1200 q 1000 5000 0 200 [ 1000 [s000
| Week 26 95.4 100 100 985 100 100 100 100
52 o ]938 1938 1923 969 95.4 96.9 95.4 95.4
78 |846_ 846 1769 [80.0 754 80.0 81.5 67.7
99 64.60 1554 44.6 52.3 46.2 56.9 52.3 32.3
103 50.8 477 41.5 43 .1 43.1 46.2 41.5 -

# surviving at
term.sac. |33 3127 |28 28 30 127 21

Clinical signs: Swollen/hard abdomens were found in mid and high dose animals when compared
to controls.

One mid dose female (V11218) was not given feed for 3 days during Week 46, She was
emaciated during Weeks 46-48 but apparently recovered without sequelac.

Body weights: Body weights were increased in treated animals during the first year on study
when compared to controls but no dose-relationship was appreciated. No significant differences
from controls were reported during the second year on study. Overall, body weight gains were
increased for the treated animals 29-62% when compared to controls but not in a dose-related
increment. Statistical significance was reached for all groups.

Food consumption; Feed consumption was * 46% higher in treated animals when compared to
controls, especially for the final year on study.

Ophthalmoscopy: No treatment-related differences from controls were observed.

Hematology: Platelet counts were increased in dosed males (16, 10 and 32%, respectively) and
females (6, 13 and 24%, respectively) at the 24 month evaluation only, and increased platelet
volumes were also reported in all males and mid and high dose female groups.

4
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Myeloproliferative or lymnphoproliterative disorders are not uncommon findings by the end of
carcinogenicity studies. Primary thrombocytosis is an unusual finding and 1s usually reported
when the test article is a hematopoietic growth factor. Reactive of secondary thrombopoiesis may
be secondary 1o catecholamine-induced splenic contraction or generalized bone marrow
stimulation (as in hemolytic anemia), blood loss or other etiologies. While increased platelet
production may be demonstrated as younger, larger platelets, these may cause an increased
platelet volume (MPV), but changes in MPV ace usually inconsistently present. The lifespan of
platelets in circulation is relatively short (~ 5 days in rats and mice) and the platelet production
time from megakaryocytes is also relatively short (4-5 days). In general, increased MPV
indicates marrow responsiveness. Many xenobiotics have been shown to elicit immune-mediated
platelet destruction (Aster in Comprehensive Toxicology, Vol. 4, pp. 263-284, Elsevier Sctence,
Oxford). No clinically significant alterations in coagulation parameters or increases in
thromboembolic events were reported. Thus, the biological significance of these platelet findings
15 uncertain.

MCH was increased (<4%) in high dose males and MCV was increased (* $%) in mid dose males
and all high dose animals. These increases are not considered biologically significant.

Platelet aggregation was decreased by 12 months in the high dose animals. No differences from
controls were appreciated after 6 months of dosing. The alterations noted were characterized by
defective secondary aggregation. This may be due to depleted ADP content and indicative of
increased platelel activation and release of growth factors. Similar alterations were reported in
the B6C3F1 carcinogenicity study at doses of 200 and 1000 mg/kg/d starting after 6 months of
dosing. No comparable findings were found in the rat studies (18 or 24 months) or the monkey
study (69 weeks). While changes in some but not all of the platelet and megakaryocyte
parameters were found in the 200 mg/kg/d animals in both the B6C3F1 and CD-1 mice, there was
an increased incidence of hemangioma/hemangiosarcoma at this dose. At the clearly
carcinogenic 1000 and 5000 mg/kg/d doses, there was good correlation between these effects.
This finding may be supportive of an indirect carcinogenic effect but determining a definitive
species specific mode of action would be extremely difficult. Additionally, in the
“investigational" carcinogenicity study where the animals were treated for 12 or 24 months, an
increased incidence of hemangiosarcomas was reported in both groups in spleen and bone
marrow.

Organ weights: Males: Mean brain/body weight ratios were decreased in the mid and high dose
groups. Absolute and relative liver weights were increased in the same groups. The mean
absolute testes weights were decreased in the high dose males and the relative testes: body weight
ratio and prostate: body weight ratio were decreased in the mid and high dose males.

Females: Increased mean and absolute heart weights were increased in low and mid dose and
relative heart weights were increased in the high dose. An increase in absolute and relative liver
weights was appreciated in all dosed females and an increase in absolute and relative kidneys
weights were found in mid and high dose animals.

Decreased ovarian weights were reported for the mid and high dose females but were correlated
with decreased numbers of ovarian cysts in these animals so are not considered biclogically
significant.

Gross pathology: Gross lesions were generally correlated with the histologic findings.




Reviewer: Terry S. Peters, D. V.M.

NDA: 21446, 21723, 21724

Histopathology: In the pathologist's report tor the inale mice, there is an unusual statement: "A
certain degree of autolysis was considered to be common in mice that died during the study, and
therefore, was not recorded. Autolysis was only recorded if it severely impaired or prevented
microscopic evaluation.” Additionalty, they state that "mahgnant lymphomz, histiocytic sarcoma
and hemangiosarcoma often involved more than one organ in an animal but was counted only
once under "Hemolymphoreticular system." It appears that they ‘split’ “malignant lymphomatous
wnfiltration” from "lymphoid cell infiltration” as whether they determined the infiltration was
"clearly" neoplastic or not. In addition, "infiltration of an organ by histiocylic sarcoma was
termed "histiocytic sarcomatous infiltration”, while hemangiosarcoma was termed
"hemangiosarcoma, multicentric,”

Non-neoplastic: An increased incidence of pulmonic lesions, to include alveolar

macrophage infiltration with associated findings (cholesterol cleft, lymphoid infiltration) was
noted in high dose females.

Neoplastic:

Males o Females .
Group 1 2 3 4 1 2 '3 4
Hemangiosarcoma# | 104 79 72 56 47 69 |48 45
Lung 0 0 0 I/ 1.5+ ]
Liver 1/ 1.5 1577 |4 62 8123 1/15 10 2/ 31 |5 77 |
Spleen VIS V1S 27301 [4/62 1715 |0 2031 [ I/153
Bone marrow | 0 10 1/ 15 8123 1715 [0 0 0
Lymphnode |0 0 /15 10 )
_Skin O |0 O 346 0 0 /15 |0 |
Ovaries i /1.5 10 0 1/ 1.5
Uterus 346 |9 14 (692 |T/107
Total
hemoreticular 2/ 31 (57T 164 9.2 | 14/ 79 9/ 14 {10/ 15 | 14/ 24
hemangiosarcoma - 215
Hemangioma
Liver 0 1/ 1.5 |0 0
Testes 0 0 0 I/ 1.5
Bone marrow 2/ 3.1
Uterus ] I/ 15 (1/15 [0
Taotal
hemangioma and | 2 6 6 14 7 10 11 15
hemangiosarcoma

# Time of first diagnosis in weeks

*Number of animals/% of animals with tumor

From the statistical review by R. Kelly, M.S.:
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92-103 1 | 7
52-103 2 16 8 12 6
FINALKILL104-105 1 2 B “ 5.
FINALKILL 104-105 2 ST

72 1 o P 71 P -
72 2 159 . - 56 |52 5. .
77 1 0 fOF 12
77 2 56 {56 b1 |57

93 1 o b P P
93 2 ks B Wt BT
99 1 b P 0 1

99 2 43 36 B0 {337 .
101 1 0 1 0 n.
101 7 k1 B4 28 o1
[Total 2NN T T (TSR

Table 1 above is incidence tabie for hemangiosarcoma of hemolymphoreticular system
in male mice. First row of each time interval in the number of tumor bearing animals. The
second row is the number of animals without tumor but were at risk (which is the number
of animals that died without that tumor during this interval for incidental tumors and the
number of animals at the beginning of that week for fatal tumors). E.g.: for time interval
53-78 weeks, the percentage of hemangiosarcomas were 0/6 1/7 0/9 and 312, for
control to HD respectively.

Table 2: Male mice, combining hemangiosarcomas with hemangiomas regardless of
tissue:

For the above tables, the p-value from the asymptotic is the more relevant one. However,
results are consistent with either approach, i.e. all are statistically significant.

For Female Mice on Pregabalin

Table 5: Female Mice Detailed Table for Hemangiosarcoma in Hemolymphatic System
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53-78 7 iz 11 o 14
79-99 1 2 0 1 1
70-99 P 16 14 16 20
FINALKILL100-105 1 1 7 6 5
FINALKILL1C0-105 2 29 o 28 |16
45 1 o 0 0 1
45 2 55 63 B5 63
47 1 0 0 1 0
47 2 65 63 |64 2
52 1 0 0.0 1
52 2 50 50 |56 58
65 1 0 0 0 1
655 2 59 57 |56 57
69 1 o 1 0
69 - 2 53 B3 |55 52
77 1 0 P p o
Tr7 7 o 53 . |54 s
81 1 0o . o P
31 o Mg b1 -l u3
00: . ] o ol 1t B
oo P M4 3 -~ B3
92 - 1 0 0
g2 2N k3 31
95 N 0 1
95 12 39 27
101, 1 ~f0" '
101, > 287 0
Total” 6 10" |13

p-value did not reach statistical significance with 0.0122 versus alpha 0.005

Table 6: Female Mice Combined Hemangiosarcoma with Hemangioma Regardless of
Tissue:

In the retrospective "look” into the femoral bone marrow of the mice on study, a significant
change in marrow myeloid:erythroid ratio was described in the pregabalin-treated animals. The
treated animals showed a predominantly erythroid environment compared to the controls that had

ngiam

1

5

a predominantly myeloid environment.

Toxi

cokinetics: In a separate report (RR-MEMO 764-03532), the sponsor presented data to

8

Approach statistical significance with 0.0068 vs. alpha 0.005
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demonstrate that only 2 of 5 sex plasma samples analyzed from control mice (4/10 total tested)
were below the level of quantitation. Reunalysis of the samples confinned the presence of drug
and no analytical explanation was demonstrated. In coatrol males, the values were [

5. g/mL, and in control temales the values were T I. g/mL. Qverall, it
appears that this variability persisted through ali dose groups (high dose male values were [
3+ g/mL; high dose female values were L T+ g/mL). This brings inte question the

validity of the results. The only reasonable conclusion to be drawn from these data is that the
mice were exposed to drug at some level.

The sponsor concluded that there was no carcinogenic effect of administration of CI-1008 in the
diet to CD-1 mice for 2 years. This is not a reasonable conclusion from the data presented in this

submission.

Study title: 2-Year Dietary Oncogenicity Study in Rats with CI-1008

Key study findings: Test compound administration had significant effects on body weight, body
weight gain and minor histopathologic findings. No evidence of carcinogenic activity was seen
in this study in Wistar rats at doses of up to 450 mgskg/d in maies and 900 mg/kg/d in females.

Adequacy of the carcinogenicity study and appropriateness of the test model: The study was
adequate and appropriate.
Evaluatton of tumor findings: No treatment-refated tinors were found.

Study no.: RR 745-03274 or — [16-219 or 2235

Volume #, and page #: 40, page |

Conducting laboratory and location: L 3

Date of study initiation: 7/17/97

GLP compliance: Yes

QA report: yes

Drug, lot #, dnd % purity: Lots # XH411095, XH350995, XH2200399 and XH210398
CAC concurrence: No

Methods
Doses: 0, 50, 150 or 450 mg/kg/d in males, and 0, 100, 300 and 900 mg/kg/d in females
Basis of dose selection (MTD, MFD, AUC ete.):
Species/strain: T (WDBR VAF/Plus® (Wistar) rats
Number/sex/group (main study): 65
Route, formulation, volume: Dietary administration with fresh chow prepared weekly
Frequency of dosing: Daily :
Satellite groups used for toxicokinetics or special groups: None
Age: 8 weeks of age at study initiation
Animal housing: Individually in stainless steel cages with wire mesh floors
Restriction paradigm for dietary restriction studies-
Drug stability/homogeneity: Samples were analyzed weekly during the first 4 weeks on
study and every month thereafter. All samples were within * 11% of theoretical dose.
Dual controls employed: No
Interim sacrifices: None

Observation times
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Mortality: Twice daily

Clinical signs: Twice datly

Body weights: Pre-study, weekly for 13 weeks, monthly thereafter

Food consumption: Weekly

Ophthalmoscopy: Pre-study and at 6 month intervals

Hematology: Erythrocyte and leukocyte counts were taken from survivors at study termination
Histopathology: Peer review: Yes to include livers from all animals and all neoplasms. Al
tissues from all animals were evaluated microscopically. No animals were lost to autolysis. This
is an unusual finding in carcinogenicity studies.

Toxicokinetics: Near the end of the treatment period, blood was collected 7 hrs. into the dark
cycle from the first 5 surviving animals group.

Results

Mortality: Survival was comparable across dose groups.

Group Dose Survivors
{mg/kg/d) ‘
Males Females Males Females

| 0 0 38 14

2 50 - 100 138 36

3 150 o300 46 48

4 | 450 900 145 - 33

Clinical signs: Clinical signs were comparable across groups except for dose-related urogenital
staining in all dosed females. Thin appearances and pallor were reported for high dose males and
temales but obesity was noted in the mid dose animals.

Body weights: High dose animals had significantly reduced body weights throughout the study.

- Mean body weights of males were decreased 13% and females by 24% when compared to
controls at study termination. Mid dose animals’ weights were comparable to controls. Low dose
animals had higher body weights throughout the study when compared to controls.

Food consumption: Feed consumption was decreased in the high dose animals throughout the
study (9% for males, 13% for females). In the low dose animals, consumption was higher at
many time points.

Hematology: No biologically significant treatment-related effects were detailed.

Ophthalmoscopy: Keratitis with neovascularization was noted in mid and high dose males from
mid-study until study termination. In females, the finding was only reported in a few high dose
females at study termination. It is unclear if this is a treatment-related finding but progression to
keratoconjunctivitis sicca was not appreciated so the biological significance is questionable.

Gross pathology: Small testes were reported for ail treated males with no evident dose response.
Dose-related increases in the incidence of dilated/distended uterine horns were reported for the
high dose females.

Organ weights: Significant decreases in epididymal and testicular weights (both relative and
10
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absolute) were reported for the high dose males. All other findings, even when statistically
significant, were related to the decreased lower inean tinal body weights.

In females, a statistically significant increase in uterus’cervix: body welght was found at 900
mg/kg/d. Absclute uterine wetghts were also increased but did not reach statistical significance.
All other findings, even when statistically signtficant, were related to the decreased lower mean
final body weights.

Pituitary weights were decreased for mid and high dose animals of both sexes due primarily to the
decreased incidence of pituttary adenomas and hyperplasia in these groups when compared to
controls.

Histopathology:

Non-neoplastic: Testicular effects to include small testes, decreased relative and absolute
testicular weights correlated with the seminiferous tubular atrophy and aspermatogenesis noted in
high dose males. The sponsor attributed these changes to normal aging changes in rats.

However, the incidence and severity were increased in the high dose males so the normal changes
are considered exacerbated by treatment. The sponsor separately considered unilateral and
bilateral changes so concluded that there was no treatment-related effect. However, the lesions
were usually seen in physiologically compromised animals so it is unclear whether it's a direct
toxic effect or secondary to the physiologic alterations.

Dose group 1 o2 1 3 4
Testis-atrophy- bilateral | 15 R - 7?___36 26
Trace 4 - 6 11 6
Mild 1 o 6 5 2
Moderate 3 R 6 5
Severe 7 L 1T 13 13

Similarly, the bilateral retinal atrophy noted in mid and high dose females is considered an
exacerbation of the normal aging in rats. It was only reported mn the last quarter of the study.

Uterine dilatation was reported in high dose females (11 of moderate severity, 10 of severe
degree), reportedly associated with "intrauterine hemorrhage of unknown origin." Ovarian
atrophy was an associated finding as was active inflammation. There was no evidence of
neoplastic change associated with this finding,

Neoplastic: Although the Peto analysis showed a positive trend for malignant
meningioma in males and squamous ceil carcinoma of the skin in females, the incidence is within
historical range and no dose-relationships were appreciated.

Due to the findings in the mouse carcinogenicity study, the following information for tumors of
the hemolymphoreticular system is provided.

| Sex Male Female
Group 1 2 3 4 1 2 3 4
# exam. 65 65 65 65 65 65 65 65
| Hemangioma 5 2 4 1 1 2 1 0
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Plt_:mangiusarc o ) { 2 | ,,,,,1_%,“ 1 3 0 1 2

Totwlneoplasms {7 13 h ]2 4 2 2 2
-Toxicokinetics: In a separate report (RR-MEMO 764-03486), the sponsor presented data to
demonstrate that only 4 of 5.sex plasma samples analyzed from control mice (6/10 total tested)
were below the level of quantitation. Reanalysis of the samples confirmed the presence of drug
and ro analytical explanation was demonstrated. In the control male with drug above 0, the value
was e+ pmlL, and in control female, the value was ™+ g/mL. Overall, it appears that, as

in the CD-1 mouse study, variability persisted through all dose groups {(high dose male values
were  —~  +g/mL; high dose female values were - rp/mbL).

In yet another scparate report (RR-MEMO 764-03964), the sponsor provided data to support the
conclusion that exposure to pregabalin increased with increasing dose and that exposure in
females was consistently higher than in males. The sponsor concluded that: "Exposures at these
dose levels in males were 1.3, 5 and 14 times the human exposure at the maximum clinical doses
of 600 mg daily ( — g.hr/mL) and in females were 2.5, 8 and 24 times the estimated human
exposure." Given the drug detected in controls and the variability of the results for each dose
group, the only reasonable conclusion is that the animals were exposed to drug at some level.

3.4.8 Special toxicology studies

Study title; Retrospective Histopathologic Evaluation of Non-neoplastic Findings in
Selected Tissues from B&C3IF1 Mice Treated with CI-1008 for 2 Years

Key study findings: Increased extramedullary hematopoiesis and increased thrombopoiesis and
hepatic sinusoidal cell hyperplasia were reported as treatment-related lesions in this study.
However, these findings were reported to be of "limited severity" and no consistent dose-
relationship was appreciated.

Study report no.:. RR-MEMO 745-03454

Conducting laboratery and location: Pfizer Global Research, Ann Arbor, MI

Date of study initiation: "Periods covered 5/22/01- 9/28/01" ‘

GLP compliance: Not necessary

QA reports: No

Drug, lot #, and % purity: CI-1008, Lots XH200399, XH350995, XH411095 and XH210398

Methods: This retrospective "look" at the non-neoplastic findings in selected tissues from the
mouse carcinogenicity study was done to evaluate the changes in hematopoietic cells and the
vasculature. It was done to help select endpoints for further studies with the test compound.

In the original interpretation of the histologic slides, a biologically and statistically significant
increase in the incidence of hemangiomas and hemangiosarcomas was found in the 1000 and
5000 mg/kg/d male and female mice. When they retrospectively looked at the bone marrow
sections from those animals, a dose-related increase in megakaryocytes was noted.

In the current evaluation, the sponsor’s pathologist reevaluated sections of bone marrow, kidney,
liver, lung, lymph node, and spleen from all animals on study.

Resuits:
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Upon re-review of the tissues, the following tables were generated by the sponsor:

Males _ I Femnaley ‘ -
Group |1 2 {3 [+ 1 [2 [3 14|
Megakaryocytic N=61 N=60 N=59 N=53 N=62 N=60 N=52 N=d4§
hypercellularity _
| Minimal 12 18 13 71 2 10 13 17 19
Mild 3 6 8 J25 2 3 8 5
Moderate Lo I s ]9 0 r 2 s
Splenic N=61 N=59 N=58 N=51 N=60 N=62 N=31 N=53
extramedullary
hematopoiesis o ) i
Mild 7 5 ]6 119 7 9 10 13
Moderate 5 3 10 7 7 5 9 7
[ Severe 0 1 4 0 3 4 8 6

N= number of animals evaluated

Their conclusions were that the following were drug-related phenomena:
1) Increased thrombopoiesis
2) Increased extramedullary hematopoiesis
3) Hepatic sinusoidal cell hyperplasia
4) Pulmonary macrophage infiltrates/granulomatous inflammation

They considered these non-neoplastic findings of limited severity. Similar changes were noted in

coatrols but of lesser incidence and/or severity. They stated that these changes are indicative of
“self-limited cellular proliferation” and "indirectly linked to the pathogenesis of
hemangiosarcoma".

While their conclusions are interesting, it would be necessary to do further studies to "prove the
hypothesis”. Additionally, it is a significant concern that these "lesions” were not reported in the
original study report, even though a peer review was reportedly performed.

Study title: Analysis of Hemangiosarcoma and Liver Samples from the CI-1008 B6C3F1
Mouse Carcinogenicity Study for the Presence of Heliobacter hepaticus DNA

Key study findings: None of the samples were positive for the presence of H, hepaticus.

Study no.: RR-MEMO 745-03324
Conducting laboratery and location: Pfizer Global Research & Development, Ann Arbor, Ml
GLP compliance: Not necessary

Methods: This analysis was performed on preserved tissues from the 2 year carcinogenicity
study in B6C3F1 mice. The purpose was to determine if 4. hepaticus was present in the
hemangiosarcomas and/or liver sections from that study. In the literature, there are references to
H. hepaticus as the etiologic agent involved in an increased incidence of hepatic
hemangiosarcomas in mice.

A total of 45 tumor samples were analyzed: 1/sex/control group, 1 low dose female, 4 males and
5 females from the mid dose and 20 males and 13 females from the high dose groups. Of these,
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the majority (40) were hepatic hemangiosarcomas. The remainder were hemangiosarcomas from
other sites that were not expected to contain the microbe,

Tumor cells or hiver samples were dissected from sections by . T ) J
DNA was extracted and the = products were purified. PCR was performed to detect the
presence of H. hepaticus DNA,

Results: None of the samples was positive for the presence of H. hepaticus. This eliminates one
of the hypotheses for A. hepaticus as the etiologic agent for the hepatic hemangiosarcomas in
mice from the 2 year bioassay.,

Study title: Exploratory Study of Pregabalin on Megakaryocyte Development in Female
B6C3F1 Mice

Key study findings: Pregabalin at 1000 « ganl in cultured cells has some inhibttory effect on
cell growth in vitro.

Study no.: RR-MEMO 745-03461 or Protocol # AA3045
Conducting laboratory and loeation: Pfizer Global Research & Development, Ann Arbor, Ml
This study was inittated on 9/4/01

Methods: The sponsor determined that increased megakaryoeytosis in bone marrow and
increased platelet counts seen in the B6C3F1 mouse studies may be "key elements" in the
elicitation of hemangiosarcomas. To prove this hypothesis, they used isolated bone marrow cells
from female B6C3F1 mice.

Doses: 0 (media without pregabalin), 10, 100 and 1000 » g/ml. of pregabalin, lot #XH020100 at
— purity. The 10 » g/ml. dose was calculated to be approximately 6x the minimally effective
concentration in human plasma (1.6 » g/mi. that is the intended clinical target concentration).

Study design: There were 2 phases to this study:

1) Short term bone marrow cultures: Bone marrow cells [stromal cell depleted] (3x 10° cells/mL)
were incubated with 25 ng/ml. thrombopoietin (TPO) and 12.5 ng/mL stem cell factor (SCF) for
5 days to expand the megakaryocyte lineages. The number of megakaryocytes (CD41+) and
DNA content were measured by flow cytometry. The number of total nucleated cells (TNC) was
measured. Cells were then incubated for 5 days with pregabalin.

2) Long term bone marrow cultures: Whole bone marrow cells (5x 1¢° celis/mL) were incubated
for up to 3 weeks with pregabalin. TNCs were measured. The suspension-phase and adhetent-
phase cell portions were determined separately and then combined to evaluate the effects of
pregabalin on megakaryocyte counts and cell ploidy (DNA content) by flow cytometry.

Results: The concentration of pregabalin remained essentially constant throughout the
incubation periods as evidenced by measurement of supernatant media.

1) Short term assay- The CD41+ cells were approximately 21.9% of the total population in
control cultures after 5 days of incubation. The majority of these cells were immature
with DNA content - 4C. There was a statistically significant decrease (13.9% of total
population) in the high dose and the TNC counts were also significantly decreased (10.9
x 10° for controls, 7.3x 10° for high dose). This may suggest an inhibition of growth but
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it occurred only at the highest dose tested.

2) Leng term assay: Incubation of control cultures showed significant increases in TNC that
peaked at 2 weeks and increased numbers of mature megakaryocytes (47% at 48 hrs,
84% at Week 3). Addition ot pregabalin did not increase the megakaryocyte numbers or
maturation of these cells. Dose-related decreases (37-80%) were appreciated 1n TNC but
statistical significance was only reached at the highest dose. The percentage of
megakaryocytes at the end of the 3 weeks was decreased by >50% but did not reach
statistical significance.

Taken together, it appears that pregabalin has an inhibitory effect on cell growth at 1000 » g/ml.
but the biological significance of this finding is uncertain.

Study title; Exploratory Study of the In Vitro Effects of Pregabalin on B6C3F1 Mouse
Spleen Endothelial Cell Proliferation

Key study findings: Direct and/or indirect exposure of splenic endothelial cells to pregabalin did
not elicit in vitro proliferation.

Study no.: RR-MEMO-745-03769 or Protocol AA3033
Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, Ml

Methods: The purpose of this study was to determine if pregabalin had a direct and/or an indirect
effect on spleen endothelial cell (SEC) proliferation.

SEC cultures from female B6C3F 1 mice were prepared and monolayers were grown. After 7-9
days, the cells were removed from the culture ftasks and resuspended. The suspensions were
plated into microtiter plates and allowed to adhere for 18 hrs.

Study design: To measure the potential of a direct effect of pregabalin, the growth medium was
exchanged for medivm supplemented with HC-thymidine, and 0, 1, 10, 50, 100, 500, 750 or 1000
* g/mL pregabalin. This study was duplicated but the amount of fetal calf serum in the medium
was 5x greater. Cuitures were harvested after 72 hours and levels of "*C-thymidine were
measured. There were 4 wells/dose and each dose was repeated 4 times.

To measure the potential indirect effect of pregabalin on SEC proliferation, 5 female B6C3F !
mice were fed diet containing 0, 200, 1000 or 5000 mg/kg pregabalin for 2 weeks. The animals
were euthanized, serum samples taken and SEC cultures were created as above. On the day of
the experiment, '*C-thymidine and 2.5% serum from the treated animals was added to the
medium, Cultures were incubated for 72 hours and radioactivity was quantitated. As above, 4
wells/experiment and 4 repetitions were performed.

Results: Increasing the fetal calf serum concentration to 20% elicited a 2x increase in SEC when
compared to controls, thus validating the procedures.

In the direct action portion of the study, neither biologically nor statistically significant
differences from controls were appreciated at any dose tested.

In the indirect portion of the study, neither biolagically nor statistically significant differences
from controls were appreciated at any dose tested.
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Study title: Analysis ofL‘HIPregabnlin Binding and u2+ *Protein Expression in Selected
BoC3F1 Mouse and Wistar Rat Tissues

Key study findings: No high affinity binding of pregabalin was found to rat bone marrow,
mouse bone marrow, or mouse SEC cells.

Study no.: RR-MEMO-745-03740
Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, Mi

Methods: This study was perforimed to determine tf pregabalin interacts directly with mouse or
rat membrane proteins for endothelial cell tumor development. The tissues were taken from male
and female B6C3FI mice and male Wistar rats. Blood samples were taken from the same
animals, Plasma was separated from the blood samples as were platelets. The platelets were
pelleted and frozen until the membranes were fractionated (for binding assays) or lysates {for
Western blot analysis).

e

[JH]Pregabalin binding assay: A L J Assay U 7 was used on the bone marrow
membrane preparations from mice and rats and SEC membranes. Competition binding was
carried out on the rat membranes using a fixed concentration of radivactive pregabalin competed
by 7 concentrations of unlabeled pregabalin from 0.001 1o 10 » M.

l
L

Results: Pregabalin binds to 02+ «1 cell membranes with high affinity with results consistent with
a single binding site.

In the competitive binding assay, there was no specific binding of [*H]pregabalin to rat bone
mamrow. Specific binding to positive control porcine a2+ »1 exceeded 90% of total binding. In
the mouse bone marrow and SEC pellets, no specific binding was noted across the dose range
tested but nonspecific binding was increased * 125x at the highest dose tested.

Thus, no high affinity binding of pregabalin was found to rat bone marrow, mouse bone marrow,
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or moeuse SEC cells,

Study title: Exploratory 1-Week Investisation of the Effects of Pregabalin on Endothelial
Cell Factors in Platelet-Depleted B6C3F1 Mice

Key study findings: While statistically significant increases in platelet activation were reported
in the non-platelet depleted animals when compared to appropriate controls, no biclogical
significance can be attributed to this 1solated finding.

Study no.: RR 745-03762 or Protocol AA2990
Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, Ml

Methods: The purpose of this study was to determine the effects of pregabalin on endothelial
cell proliferation and platelet activation after | week of treatment in the diet with a "carcinogenic
dose” of pregabalin in platelet-depleted B6C3F | mice.

Doses: Diet control/non-platelet depleted vehicle control, diet control/platelet depleted vehicle
control, 750 mg/kg pregabalin/non-platelet depleted vehicle control and 750 mg/kg
pregabalin/platelet depleted animals. The intended dose was 1000 mg/kg but the actual intake
provided only 750 mg/kg/d as a dose.

Study design: On Day -1 as well as Days 2, 4 and 6, all platelet depleted animals were
administered 0.1 mL of neuraminidase in 1% normal female B6C3F1 mouse serum by i.p.
injection to ensure platelet depletion. Non-platelet depleted animals were administered 0.1 mL
sterile saline in 1% normal female B6C3F1 mouse serum on the same days.

Animals were observed for clinical signs, body weight, and feed consumption. Blood samples
were taken on Day -2, Day | prior to drug exposure and on Day 7 for platelet counts. Samples
were taken from the "pedal vein”. On Day -1 and Day 3, samples were taken for evaluation of
platelet activation. On Day 3, osmotic pumps containing BrdU were implanted subcutaneously.
On Day 7, all animals were perfused with physiologic saline. Necropsies were performed and
liver samples were collected. Routine histopathology was performed. The first 5 livers/group
were assessed for proliferation of endothelial cells, Kupffer cells, and hepatocytes by
morphometry for BrdU specific incorporation and a BrdU labeling index.

Results:

No significant difterences from controls were appreciated in clinical signs, body weight or feed
consumption. Mean body weight gains were increased in the pregabalin-treated animals. The
actual drug intake was approximately 75% of the intended dose (1000 mg/kg).

On Day 1, platelet counts in depleted animals were decreased ~86% when compared to non-
platelet depleted controls.

Mean platelet activation was 26% in non-platelet depleted, pregabalin-treated animals when
compared to non-platelet depleted controls on Day 3. This was a statistically significant increase
but it was of questionable biological significance. In the platelet depleted animals, platelet
activation could not be evaluated.

In the platelet depleted controls and the pregabalin-treated animals, there was a significant mean
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increased in platelet microparticles.

Mean hepatic endothelial cell proliferation was increased 15%0 (not statistically significant) in the
non-platelet depleted pregabalin-treated mice, and by 31% {statistically significant) in the
platelet-depleted pregabalin-treated mice when each was comnpared to their appropriate controls.
Additionally, mean hepatic endothelial cell proliferation in platelet-depleted, dictary controls was
increased 11% when compared to non-platelet depleted dietary controls and increased
proliteration by 28% was found in platelet depleted pregabalin animals when compared to non-
platelet depleted pregabalin animals.

Mean hepatocyte proliferation was increased 1n non-platelet depleted and platelet depleted
pregabalin-treated animals when compared to respective dietary controls. However, no
significant histologic alterations were appreciated in the B6C3F] carcinogenicity studies so the
biological signtficance of these findings is undetermined at this point,

No significant drug-related effects were appreciated on Kupffer cells, gross necropsy findings or
histologic alterations in livers of pregabalin-treated animals, regardless of platelet status.

Study title: Chronic Investigative Study of Pregabalin in Female Wistar Rats

Key study findings: Pregabalin did not elicit hepatic endothelial cell proliferation,
megakaryopoiesis, or effects on platelet structure or function in Wistar rats treated for up to 18
menths in the diet.

Study no.: RR-MEMO 745-03463 and RR745-03763

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 8/22/01 to 2/17/03" and "8/22/01 to 8/18/02"

GLP compliance: Exploratory study so not required

Drug, lot #, and % purity: Lot XH020100

Doses: 0 or 900 mg/kg/d in the diet "to coincide with the maximum dose used in the previous rat
carcinogenicity study”.

Study design: Sixty female Wistar rats/group were given 0 or 900 mg/kg/d of pregabalin
admixed in the diet for up to 18 months.

Four days prior to necropsy, 10 rats/group (months 1 and 3) or five control and 5 treated rats were
implanted with osmotic pumps were evaluated via BrdU labeling at 6, 12 and 18 months of
treatment to determine mitogenic effects potentiatly relevant to hemangiosarcoma induction by
pregabalin. This was done by evaluating proliferation of liver sinusoidal endothelial cells,
hepatocytes and Kupffer cells.

To determine the potential effect of pregabalin on specific growth factors (vascular endotheliat
[VEGF], platelet derived [PDGF] and thrombopoietin [TPOY)), these factors were measured in
platelet-rich and/or platelet-poor plasma from 10 rats/group after 3 months and 18 months.
VEGF exerts biological effect by binding to tyrosine kinase receptors; Flk-1 is expressed on
endothelial cells, and bFGF is an angiogenic factor expressed on platelets, white blood cells,
stromal cells in several tissues and on megakaryocytes.
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Additionally, platelet samples were tuken from 3 group during Month 2 for ultrastructural
analysis. Platelet aggregation studies were conducted on whole blood and platelet rich plasma
from S/group after | month of dosing and i platelet rich plasma only after 6, 12 and 18 months
on study. Platelet counts were determuned at the same time points. P-selectin (a measure of
platelet activation) was evaluated in plasma from 5-group after 6, 12 and 18 months on study.
Bone marrow from S'group was evaluated by tlow cytometry at the same times.

"Cursory gross necropsies” were performed at designated time points and liver, lung, spleen, and
bone marrow were examined histotogically from |0 control and 8 treated animals after | month
and 10 or 5/group after 3 and 6 months, respectively. After 12 months, lung and liver were
exanuned from 10/group and spleen and bone marrow were evaluated from S/group.

Results: Clinical signs to include urine staining, fecal changes (primarily reduced/absent feces),
tail injuries and reduced body weight (29% less than controls) were appreciated in the pregabalin-
treated animals. One control and 3 treated animals were euthanized in moribund condition.

During the first 12 months on study, pregabalin elicited decreased bone marrow cellularity {all
cell lines}). By the end of the study, the bone marrows were comparable across groups, probably
due to age-related hypocellularity. Increased fatty infiltrate into the bone marrow correlated with
the hypocellularity. Total nucleated counts were 40% and 36% less than controls at 6 and 12
months, respectively, but by 18 months, the counts were comparable to controls.

At the 18 month evaluation, increased ( 17%) red cell parameters {counts, hemoglobin, and
hematocrit) were noted in the treated animals. No differences from controls were noted at earlier
evaluations. Hlowever, mean reticulocyte counts were decreased 19% and 35% at the 12 and 18
month time points, respectively.

While piatelet counts did not differ between the groups, mean platelet volume was increased up to
14%, 17% and 35% by the 6, 12 and 18 month evaluations, respectively. No biologically relevant
effects of pregabalin were found in platelet ultrastructure, platelet activation or platelet
aggregation.

No significant treatment-related effects were found in endothelial cell, hepatocyte or Kupffer cell
labeling or in VEGF, PDGF or TPQ or in 8-hydroxydeoxyguanosine concentration (marker of
oxidative stress) in pregabalin-treated rats when compared to controls.

The sponsor contends that the homeostatic relationship between platelets, endothelial cells,
platelet derived cytokines and growth factors indicates a causal link between the platelet effects
and the incidence of hemangiosarcomas in mice. While the mouse carcinogenicity study
demonstrated increased mean hepatocyte proliferation in non-platelet depleted and platelet
depleted pregabalin-treated animals when compared to respective dietary controls, no significant
hepatic histologic alterations were appreciated in the B6C3F1 carcinogenicity studies so the
biological significance of these findings is undetermined at this point. In the Wistar rat, no
effects were appreciated on endothelial cell proliferation or hemangiosarcoma elicitation.
Therefore, they conclude that the responses of the Wistar rat are distinct from those in B6C3F1
mice. While the conclusions are reasonable, given the lack of significant hepatic lesions seen in
the mice, the biological significance of the findings remains to be clarified as does the choice of
the appropriate species to make the extrapolation to humans.
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The sponsor also contends that "induced cell proliteration is universally accepted as the common
denominator in epigenetic carcinogenesis in rodents, regardless of target tissue." While generally
this 1s a true statement, the increased hepatocyte proliferation seen in the mouse studies did not
result in histologically altered tissues. Thus, it is unclear whether the endothelial proliferation
and the hepatoeyte proliferation seen in the mouse studies identified by BrdU labeling and not
histologic alteration are directly related to the development of hemangiosarcomas.

Study title: ’H] Pregabalin Does Not Bind to Membrane Proteins of Mouse or Rat Platelefs

Key study findings: High affinity binding of tritiated pregabalin to the ;-+ #| cell membrane did
not cccur. Low affinity binding has not been ruled out.

Study no.: RR 740-03614
Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: 8/1/03

Study destgn: The purpose of this study was to determine if tritiated pregabalin directly binds to
membrane proteins of mice or rats with high affinity. Pregabalin binds specifically to a-+ +1 (Ki=
42 nM) and a,-+ *2 (Ki= 44 nM) receptor subunits of calcium channels, according to the sponsor's
analysis. They also state that pregabalin does not bind to GABA, or GABA p2A TECEPLOTS In
vitro.

Platelets from male and female B6C3F 1 mice (samples pooled) and male Wistar rats were
collected and pelleted, then frozen until membrane fractionation for binding assays. Once the
membrane fractionation process was completed, a [ 3 Assay S was
performed using C ) . J  Membranes from HEK cells expressing a,-
*+1 ¢cDNA were used for the competitive inhibition. Seven concentrations of unlabeled
pregabalin (0.001-10 « M) were tested. Tritiated pregabalin at 60 nM was used to saturate
binding sites. Samples were run in triplicate experiments.

Results: No specific binding of the tritiated pregabalin was noted to either species' platelets at
competitive pregabalin levels up to 10 » M. However, the tritiated pregabalin was highly bound
to recombinant o,-+»1 cell membranes..

Unfortunately, the low level of tritiated pregabalin in the study did not aliow for evaluation of
low affinity binding. Therefore, the sponsor performed saturation binding and Scatchard plot
analysis using platelet membranes from mice to evaluate the potential. They did not detect
specific binding at any concentration from 5-2500 nM of the tritiated product tested. This does
not rule out the presence of a low affinity binding interaction between the drug and platelets.

Using the HEK cells to validate the variability of the ligand, specific binding of tritiated
pregabalin to porcine ap-= ¢l protein was examined. Specific binding was >90%. The saturation
binding experiment correlated with a single exponential, consistent with a single binding site. The
sponsor suggests that since the dissociation constant is similar to that of tritiated gabapentin that
they bind to the same recombinant porcine ay-* #i cell membranes.

Study title: Exploratory Investigation of the Effects of Pregabalin on Endothelial Cell

Factors in Female CD-1 Mice, Interim Report
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Key study findings: Due to the vanabtity seen in the data and the inconsistent tindings at 6
months, no definitive conclusions can be reached concering the significance of the data when
extrapolated to humans. Growth factor analyses were wconsistent and no consistent dose
relationship was found. No biologically signiticant differences from controls were noted in any
of the dose groups with respect to endothelial cell proliferation.

Study no.: RR-MEMO- 745-03659

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 4/1:02 to 4/4:03"

GLP compliance: Not required

Drug, lot #, and % purity; XH020100

Study design: The objective of this study was Lo compare the effects of dictary administration of
pregabalin to female CD-1 mice to female B6C3F1 mice with respect to endothelial cell factors.

150 female CD-1 mice were assigned to groups recetving 0 (control diet only), 50, 200 or 1000
mg/kg/d for 3, 6 or 12 months. At 12 months, all surviving animals were changed to contro] diet
to evaluate potential reversibility of the drug-induced changes. This report addresses only the 12
month data. They include information from 10 animals/groupitime point and include hematology
parameters, effects on bone marrow by evaluation of cytospin stides, growth factor concentrations
in platelet-rich and platelet-poor plasma (VEGF, PDGF and TPO) as well as histotogic evaluation
of liver, lung, spleen and bone marrow from scheduled euthanasias and premature decedents at
the 3 and 6 month time points. Kidneys from these animals were collected to serve as a "negative
control” for the labeling portion of the study.

As in previous studies, 4 days prior to euthanasia, 5 unimals/group were implanied with osmotic
pumps and administered BrdU to measure endothelial cell proliferation. Liver samples from
these animals were embedded and stained immunohtstologically with rabbit anti-BrdU antibody
and rat anti-mouse F4/80 Macrophage. Proliferation indices were generated as the # of positive
cells/ total # of cells of the same type.

Platelet aggregation was measured in 5 animals/time point using ADP as the agonist in platelet-
rich plasma. Platelet activation was evaluated from 5 animals/group at the 3 month time point by
flow cytometry to measure the number of platelets showing surface P-selectin. However, the
sponsor reports that these data were too variable (controls too high) and did not report the results.
For the Week 17 evaluation, 7 animals were tested and at the 6 and 12 month time points, 6-7
animals were evaluated.

Results: Six premature decedents were reported and 9 animals were sacrificed moribund. The
sponsor did not attribute any of these deaths to treatment-related effects.

Mean body weights and body weight gains were increased in the treated animals in a dose-related
fashion at each time point.

Mean platelet volumes were increased in the high dose animals only at 6 and 12 months but the 6-
10% increases are not considered biologically significant by this reviewer. No significant
differences from controls were appreciated with respect to platelet counts, red cell counts,
hemoglobin, or platelet morphology.
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However, platelet aggregation was markedly decreased in the high dose animals (58% at 3
months and 47% at 12 months) in the high dose group. No differences from controls were noted
at 6 months. Due to the variability seen in the data and the inconsistent findings at 6 months, no
defimtive conclusions can be reached concerning the significance of the data when extrapolated
to humans,

Growth factor analyses were inconsistent and no consistent dose relattonship was found.

A significant decrease in myeloid to erythroid ratio was found in the high dose antimals but
remained within reference range. The erythroid cell lines were increased and there was no
apprectable increase in the myeloid lines. Total erythrotd cells were increased at the high dose.

No biologicaily significant differences from controls were noted in any of the dose groups with
respect to endothelial cell proliferation.

No gross pathologic findings were related to drug treatment in any of the premature decedents or
any animal enthanized by the 6 month time point.

In non-BrdU-treated animals, no evident drug-related histopathologic lesions were found at the 3
month titne point.

[ncreased fatty change was reported in femoral marrow (1710 in control and 50 mg/kg/d groups,
2710 in the 200 mg/kg/d, and 5/10 in the 1000 mg/kg/d group). This is probably related to the
obesity and the 16% wetght gain over controls noted in the high dose group. By 6 months, 2/10
and 7/10 for the mid and high dose groups, respectively, reported increased fatty change. While
increased pigmented macrophages were noted in bone marrow at 6 months, no increased severity
of the finding was reported so the biological significance is uncertain given the myeloid changes
and potential for the "brown pigment” to be iron stores.

Pregabalin elicited similar changes in B6C3F1 and CD-1 mice strains with respect to decreased
myeloid:erythroid ratios. Neither changes in red cell parameters nor megakaryocytes were seen
in the CD-1 mice, while significant increases were found in the B6C3F1 mice, The B6C3F1 mice
also showed slight alterations in platelet morphology and "abnormal" aggregation but the
biological significance is uncertain.

The sponsor contends that pregabalin at 1000 mg/kg/d is carcinogenic in B6C3F1 mice and
elicited hepatic endothelial cell proliferation but that this dose was not carcinogenic in CD-1
mice. This conclusion is not supported by the data.

Study title: Exploratory Investigation of the Effects of Pregabalin on Endothelial Celi
Factors in Male and Female CD-1 Mice- Interim Report

Key study findings: The increased megakaryocytes and decreased myeloid:erythroid ratios were
due to drug administration but the biological significance of these mild changes is uncertain.

Study ne.: RR 745-03766 and RR-MEMO 745-03658§

Conducting laboratory and location; Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 6/17/02- 12/12/02"

GLP compliance: Not required

22



Reviewer: Terry S. Peters, D.V.M. NDA: 21446, 21723, 21724

Drug, lot #, and % purity: XH020100

Methods: The purpose of this study was to determine the etfects of dietary pregabalin on
endothelial cell factors in male and female CD-1 mice after ¢xposure to drug for [, 3, or 6 months
at 5000 mg/kg/d (dose that elicited statistically significant wmors in the carcinogenicity study}.

Doses: 0 or 5000 mg/'kg/d

Study design: 60 CD-1 mice/sex were administered pregabalin in the diet for |, 3 or 6 months.
At each of the time points, 20 mice/sex were divided into groups of 5 each and evaluated for one
of the following:

1) Proliferation subgroup (hepatic endothelial cell proliferation)- At 4 days prior to scheduled
euthanasia, the first 5/group were implanted with osmotic pumps contatning BrdU to evaluate
effects on cell proliferation. Only data from the | month time potnt are included in this report.
2) Platelet activation subgroup

3) Platelet aggregation subgroup

4) Hematology subgroup (hematology, growth tactors, bone marrow composition,
histopathology)

At the 6 month time point, an additional 9 or 10 animals were evaluated for #2 and 3 above.

Animals were evaluated for body weights, clinical signs and feed consumption. For the platelet
aggregation portion, samples were collected in citrate and ADP was used as the agonist. Samples
for hemaiology and evaluation of growth factors, and bone marrow were collected in EDTA .
Platelet activation samples were collected in heparin for analysis by flow cytometry for P-selectin
eXpression.

Results: Body weights were increased in treated animals when compared fo centrols by 25% in
males and 44% in females at 3 months and 9% in males, 16% in females after 6 months on study.
Feed consumption was similarly increased.

Males showed slight increases in circulating red cell parameters and decreases in relative
reticulocytes.

Increases in mean platelet volume (9-18%) were seen in both sexes at all time points, Platelet
counts were only increased in females at the end of the study (* 14%). This is not considered a
biologically significant increase. The megakaryocytes were increased in the females at 6 months
but not at other time points.

At all time points, statistically significant decreases in the myeloid:erythroid ratio (~ 45%) were
discussed. This difference was due to decreased relative percentages of myeloid cells.
Erythrophages were present in a few animals after 3 months but in * ¥0% by 6 months.

Growth factors (VEGF, PDGF or TPO) in circulation did not show consistent changes. An
increased incidence of abnormal platelet aggregation was found in drug treated animals. Platelet
activation was increased at ! and 3 months in males and 1| month in females. No differences from
controls were enumerated at the 6 month sampling.

No treatment-related effects were appreciated in the proliferative indices.
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In the bone marrow , ncreased megakaryocytes were reported at all time points and at 6 months,
the macrophages were ncreased 13x in females and 1x in males. In the spieen, extramedullary
hematopoiesis and increased megakaryocytes were noted. [ncreased VEGF was seen in the
spleen, supporting the histologic findings. However, in the vast majority of the animatls, the
histologic findings were listed as minimal to mild.

The sponsor concluded that this study shows that "Pregabalin treatment effected changes in
peripheral blood, bone marrow and platelet function in CD-1 mice that are considered potential

tactors reiated in endothelial cell proliferation.” While this conclusion is perhaps valid, the lack
of increase 1 icidence and/or severity of the findings make the biologic significance uncertain.

Study title: Exploratory Investigation to the Effects of Prepabalin on Red Cell Factors in
Female B6C3F1 Mice

Key study findings: Myeloid:erythroid ratios were decreased (decrease in the absolute number
of myeloid cells and an increase in absolute erythroid cells) as in previous studies and
macrophages in marrow were increased. Respiratory parameters were affected by pregabalin
treatment which may be partially responsible for the changes in red cell parameters (increased
numbers of mature red cetls in marrow and spleen) noted.

Study ne.: RR 743-03770

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 11/18/02 to 4/14/03"

G:LP compliance: Not required

Drug, lot #, and % purity: XH020100

Methods: The purpose of this study was to determine the short-term effect on B6C3F1 of
pregabalin on erythrocyte parameters in blood, bone marrow and spleen, signs of endothelial cell
proliferation and the numbers of macrophages in bone marrow.

Doses: 0 (groups 1 and 4) or 5000 mg/kg/d (groups 2 and 5) for 1 month. Thirty additional
animals were given 2 i.p. injections (48 hours apart) of phenylhydrazine {(groups 3 and 6) to serve
as positive controls for accelerated erythropoiesis. The serum from these animals was
inadvertently thawed so 10 additional animals were added to serve as the positive controls.

Study design: Female B6C3F1 mice were treated with pregabalin and/ or pregabalin and
phenylhydrazine for [ month and animals were evaluated for clinical signs, body weight, spienic
weights (groups 1 and 2 only), feed consumption, hematology, bone marrow differentials, growth
factors (bFGF [basic fibroblast growth factor], EPO {erythropoietin], IL-3), clinical chemistries,
lactic acid, soluble P-selectin, E-selectin, reactive 0Xygen specles, total iron binding capacity, and
routine histopathology on liver, lung, spieen, and bone marrow. 8-hydroxydeoxyguanosine was
measured to determine DNA adduct formation. Serum bicarbonate quantitation was added in the
Amendment VII as the sponsor noted "increased serum bicarbonate values observed in another
on-going pregabalin study in rats."

Plethysmography was performed on 10 unrestrained mice/group. Pulmonary function was
evaluated for | hour on Days 2, 3, 8, 9, 25 and 26 and for 2 hours on Days 15 and 16. To this
reviewer's knowledge, respiratory parameters have not been previously measured in animals
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treated with pregabalin.

Samples were taken from groups 1 and 2 on Days 2, 3, 8, 15 and 29 and groups 4 and 5 on Days
2,8, 15 and 29, Phenylhydrazine samples were taken on Day 4. Spleens were taken from the last
5 annmalsi/group from groups 1-3.

Results: Interestingly, there were a total of 10 amendments to this study protocol after study
initiation.

Neither increased drug-related mortality nor morbidity was observed. Body weights for treated
amimals were, as in other studies, increased (+ B%) when compared to controls. Feed
consumption was correlatively increased.

No changes in reticulocytes were reported and erythrocyte morphology was comparable across
groups. Shght increases in rbe counts, hemoglobin and hematocrit were appreciated in treated
animals early in the study but the increases were minimal by the end of the study.

Platelet counts increased by 12% by Day 29 and mean platelet volume was also increased (*15%
over controls). White cell counts were significantly increased at all time points, reaching a peak
on Day 8. The increases were due primarily to neutrophils.

The myecloid:erythroid ratios were mildly decreased within 24 hours of study initiation with
ranges of 0.91- 1.01 in pregabalin-treated mice and 1.2- 2.2 in controls. This was due to a
decrease in the absolute number of myeloid cells and an increase in absolute erythroid cells. No
increase was appreciated in the number of proliferating myeloid celis. The increases and
decreases did not change significantly with the longer duration of dosing. Additionally, acridine
orange staining of marrow showed an increased PCE (polychromatic erythrocytes): NCE
(nonnucleated polychromatic erythrocytes) ratio due to an accurnulation of mature erythrocytes in
the marrow of pregabalin-treated animals. Similar findings were found in the spieen with total
erythrocytes increased 53%, 3%, 19%, 19% and 46% compared to controls on Days 2, 3, 8, 15
and 29, respectively. While there appears to be an increase, the 3% and 19% increases are not
biologically significant and call into question the overall validity of the finding.

Flow cytometry of marrow did not reveal histograms with discernible populations so
macrophages in marrow were only evaluated histologically. Macrophages in the bone marrow
increased after 14 days of dosing and were 7x higher than controls by the end of the study.
Erythrophages were present at all time points in several animals from the treated groups and only
! control.

No treatment-related effects were seen on growth factors, scluble P-selectin, E-selectin or
oxidative radicals as measured by osmotic fragility. No Heinz bodies were found and serum iron,
transferring and iron binding were comparable across groups.

Respiratory parameters were significantly decreased in the pregabalin-treated animals at all time
points. Tidal volumes showed an increase in all groups when respiratory rates were increased and
decreases when the rates were decreased. Corresponding increases in sodium bicarbonate and
decreases in sodium chloride were consistent with a physiclogic response to pH changes due to
respiratory challenge. Increased erythropoiesis may be part of that physiologic response.
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Study title: Exploratory Investigation of the E ffects of Pregabalin on Red Cell Factors in
Female Wistar Rats

Key study findings: Plasma basic tibroblast growth tactor (bFGF) levels were increased during
the study but not in a time-related fashion. Platelet and megakaryocyte numbers were decreased
in pregabalin-treated animals but the normal variability in these parameters is quite large.

Study no.; RR 745-0377]

Conducting laboratory and location: Ptizer Global Research & Development, Ann Arbor, M
GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Methods: The objective of this study was to determine if short-term administration of pregabalin
to Wistar rats would affect red cell parameters in target tissues (spleen, bone marrow or
peripheral bload), soluble markers of erythropotesis, macrophages in bone marrow or red cell
membranes (reactive oxygen species, osmotic fragility or Hetnz body formation).
Histopathologic cvaluation of tissues was not performed as per Amendment 11I: "There were no
findings in microscopic evaluation of cytocentrifuge preparations of rat bone marrow in either
drug-treated or controf animals in this study. Additionally, since histopathology has previously
been assessed in liver, spleen and bone marrow at this dose and approximate exposure time,
histopathologic examination of tissues in this study has been cancelled.” This was an unusual
decision as the sponsor reports megakaryocyte effects of pregabalin exposure that reached
statistical significance,

Doses: 0 or 900 mg/kg/d in the diet for up to | month.

Study design: Forty female Wistar rats/group were treated and 10/group were sacrificed on Days
2,8, 15 and 29. Positive controls (administered 50 mg/kg phenylhydrazine i.p. x2) were used to
determine effects on hemolysis-induced accelerated erythropoiesis. In all other respects, this
study was similar in design and conduct to the study in B6C3F1 mice described above. Urinalyses
were performed only on Day 29.

Results: No drug-related mortalities or clinical signs were reported.  Mean body weights of
pregabalin-treated animals were significantly reduced when compared to controls (+ 13% by Day
29). Mean body weight gains were comparably reduced. This is unusual as in other species
tested, pregabalin-treated animals showed increased weights and weight gains. Feed
consumption was comparable across groups.

Slight, statistically significant increases in red cell parameters were noted by Day 2 but were not
biologically significant (4- 11%). Relative and absolute reticulocyte counts were decreased by
Day 8 (36% and 42%, respectively) but given the normal variability in this parameter, the
biological significance is unclear. No difference in proliferating myeloid celi lines was found.

Plateiet counts were statistically decreased {* 27%) at all time points but given the huge normal
variability in this parameter, the biological significance is probably nil. Megakaryocyte counts
were significantly decreased (66%) in treated animals by Day 29. Given the large variability in
these counts, the biological significance of this finding is also questionable.

No peripheral leukocyte effects of pregabalin treatment were appreciated.
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Total nucleated cell counts in bone marrow were statistically significantly affected/decreased at
Day 8 and increased at Day 29 in pregabalin-treated animals, but remained within historical
control values so are not considered consistently affected by treatment. Thus, no biological
significance is assigned to the finding. Erythroid numbers were comparable across the groups.
Additionally, no effect was found on the polychromatic erythrocyte: normochromic erythrocyte
ratio in bone marrow or spleen. Bilirubin, osmotic fragility, reactive oxygen species, Heinz body
tormation and lactic acid levels were not affected by pregabalin. No effect on §-
hydroxydeoxyguanosine levels in the liver was reported for pregabalin in Wistar rats. No effect
on erythropoietin levels was discovered.

Plasma basic fibroblast growth factor levels (bFGF) were increased during the study but not in a
time-related fashion.

Serum bicarbonate fevels were increased in pregabalin-treated animals early in the study but by
Day 29 were comparable across groups.

Study title: Retrospective Evaluation of Hepatic Sinusoidal Endothelial Cells in
Cynomolgus Monkeys Chronically Treated with Pregabalin

Key study findings: No significant effects of pregabalin treatment were apprectated in staining
of hepatic sinusoidal endothelial cells when compared (o controls.

Study no.. RR-MEMO- 745-038238

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
GLP compliance: Not required

Drug, lot #, and % purity: XH330993 and XFH340993

Study design: The cynomolgus monkeys (3-6/group) in this study were given pregabalin in 0.5%
methylcellulose at 0 (vehicle controls), 10, 25, 100, 250 or 500 mg/kg by oral gavage once/day
for 13 weeks. This study has been reviewed previously (IND — | Subinission date: 12/1/95).

At the end of the 13 week dosing period, 3 monkeys/sex/all groups except all 500 mg/kg/d
animals were euthanized. The remaining animals were treated for an additional year with the 250
mg/kg/d animals given 500 mg/kg/d.

Liver sections were taken from the surviving 500 mg/kg/d animals (3 males, 1 female) and
controls for immunohistochemical staining £

i A Slides were evaluated for antibody signal and color-
coded images were collected at 1* M intervals, Ten projection composite images were collected
from each liver section.

No BrdU labeling was performed.

Results: Composite images showed no significant differences from controls at any of the dose
levels. Variability within sections and within animals was significant.

Study title: Chronic Investigative Study of Pregabalin in Female B6C3F1 Mice- Interim
Report of Tumor Analysis, Clinical Pathology and Pulmonary Function
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Key study findings: Hemangiosarcoma incidence was increased in the 200 and 1000 mg/ka/d
animals treated for 24 months and the 1000 mg/kg/d animals treated for 12 months and untreated
for the remainder of the study.

Study no.: RR-MEMO 745-03832 and RR-MEMO 745-03637

Conducting laboratory and location: Pfizer Globa!l Research & Development, Ann Arbor, Ml
Date of study initiation: "Periods covered: 7:2:01 to 7/18:03"

GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Doses: 0 {conirol diet), 50, 200 or 1000 mg/kg:d for 24 months or 12 months followed by a 12
month recovery/reversibility period. The doses were selected to cotncide with the low and nud
doses of the prior carcinegenicity study in this strain and the 50 mg/kg/d group was added to
“explore a potential no-effect dose™.

Study design: Female B6C3FY mice (56-61/group) were treated as described above in the diet.
During Week 95, 10 animals from the control and high dose groups were evaluated for
pulmenary function via unrestrained whole body pletltysmographs fitted with flow transducers.
Function was measured for 60 minutes.

After 24 months on study, all animals were euthanized and complete necropsies were performed.
Routine hematologic parameters were evaluated as were growth factors (VEGE, PDGF, bFGF)
from 5 animals/group at 6 and 12 months and 20 animals/group treated for 24 months.
Erythrocyte and platelet morphologies were examined on blood smears and bone marrow
differentials were determined from cytocentrifuged preparations from 19-21 animals/group.
Analysis was done by flow cytometry. Endothelial cell proliferation was examined in 3
mice/group after 6 and 12 months of dosing and in S/group after 10 weeks of recovery afier 6
mouths of dosing via BrdU label administered through an implanted osmotic pump.

‘Histopathology was performed on spleen, heart, liver, skin and bone marrow {target tissues in
previously reviewed BOC3F1 carcinogenicity study). The tissues were evaluated for proliferative
vascular changes and angicctasis. Peer review was done on these tissue samples.

Results:

Body weight gain and feed consumption increased in treated animals for the first 12 months.
After 4 weeks of the reversibility period, the treated animals' body weights were comparable to
controls.

Pulmonary function: No significant differences from controls were appreciated in respiratory rate,
minute volume or tidal volume. Mean weighted minute volume was decreased in treated animals
at both 5 minutes and 60 minutes. These results are consistent with the prior study in young
B6C3F] mice treated for 1 month with pregabalin. Whether the respiratory depression is
centrally mediated or not has not been determined.

Hematologic parameters: Lots of variability was seen in these parameters, as expected in a 2 year
rodent carcinogenicity study. Increased numbers of schistocytes (fragmented erythrocytes) were
found in the 1000 mg/kg/d for 24 months group. In the reversibility animals, these changes were
reduced. After 12 months, in the reversibility animals, no effects on red cell parameters were
appreciated,
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Mean platelet volume and degranuiated platelet aggregates were increased for the 200 and 1000
mgkg:d for 24 month animals with increased platelet aggregates at all doses and at the earlier
time points bul the mereases were noi statistically significant. In the reversibility animals, the
mean platelet volume remained elevated in the 1000 mgikg/d group but counts and platelet
activation were comparable across groups.

When treated for 6 or 12 months, no significant effects on PDGF or VEGF were noted in treated
animals. In animals treated for 24 months, serum PDGF wus increased at the high dose when
compared to controls but no significant differences were noted in bFGF or VEGF. There was no
apparent correlation between specific animals with tumors and animals with high levels of growth
factors.

Bone marrow from animals treated for 12 or 24 months showed decreased total nucleated cells
and decreased myeloid: erythroid ratios. However, the amount of change was minimal and
consistent with normal aging changes in mice. Total myeloid cells were decreased while
erythroid cells were increased. Therefore, the pregabalin-treated animals maintained a profile
more ordinarily seen in young animals. Interestingly, the effect on M:E ratio were reversed
within 10 weeks of the recovery period after 6 months of dosing.

Numbers of macrophages were increased 2-4 x at the 200 and 1000 mg/kg/d doses.
Megakaryocyte numbers were increased by only 1.6x. This finding was reversed during the early
recovery period.

The numbers of erythrophages were increased in a dose-dependent fashion (15% for controls and
low dose, 30% for mid dose and 60% for high dose) but these are an occasional finding in
normal, untreated mice. Similarly, increases in "intact blood vessels” were reported (10% from
control and high dose, 40% from mid dose and 75% from high dose) from bone marrow flushes.
This is an unusual finding from flushes and the ¢tiology is not clear. It may be due to an increased
number of vessels in treated animals and/or a change in the marrow architecture that enabled the
vessels to be flushed out. No further investigation of the finding was performed by the sponsor.

In the reversibility animals, no significant differences from controls were appreciated in the
treated animals. No increase in megakaryocytes was found. No increase in blood vessels in

marrow was determined in the treated animals. Thus,

Tumor findings: An increased incidence in hemangiosarcomas was reported in the high dose
animals, both from the main study and the reversibility animals.

Hemangiosarcoma Incidence in Female B6C3F1 Mice Treated with Pregabalin

Bose (mg/kp/d) | 0 50 ‘ 200 1000
Main study (24 | 4/61 4/61 T/61 15/57*
months of rx) B
Liver 1 0 3 6
Spleen 3 3 4 7
Bone marrow 0 2 2 2
Heart 0 ¢] 0 2

[ Reversibility 5/60 6/61 5/60 10/56**
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._L_nvef _ 3 - 2 -
Spleen 2 4 3 6
| Bone marrow - 14 ) 13 >

* p<0.001; ** p=0.017

Although the 200 mgkg/d main study animals did not reach statistical significance in the
increased numbers of hemangiosarcomas, it supports the conclusion that the findings are real and
that pregabalin elicits hemangiosarcomas in mice. As only limited tissues were evaluated and
only "vascular tumors” were enumerated, it is not clear whether hemangiomas were also part of
the determinations. Additionally the reversibility animals showed a slightly lower incidence of
hemangiosarcomas but the difference was neither statistically nor brologically significant. There
was a lessening of hematologic effects (schustocytes, degranulated platelets, etc.) but not an
climination of those effects. The sponsor suggested that the lack of increased hemangiosarcomas
in the liver might be due to "Pregabalin-induced changes (postulated growth factor stimulation of
hepatic endothelial proliferation as a result of persistent increases in platelet activation) resulting,
in the increased incidence of hemangiosarcoma in liver at 24 months are reversible.” Since the
incidence was increased in 2 target tissues, the data do not seem to support their conclusion.

Study title: Exploratory Study of the Effects of Pregabalin on Nitric Oxide Synthetase
Activity and Iseenzyme Levels in Cultured Mouse Endothelial and Bone Marrow Cells

Key study findings: Increased eNOS was detected in pregabalin-treated bone marrow cells at 2-
3x control levels. However, a consistent concentration-response relationship was not
demonstrated.

Study no.:. RR-MEMO 745-03834

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: “Periods covered: 8/30/01 to 3/19/02"

GIL.P compliance: Not required

Drug, lot #, and % purity: XH230695

Study design: Splenic endothelial cells and bone marrow cells were isolated from female
B6C3F1 mice. The cells were exposed in vitro to 0, 10, 100 or 1000 g/mL of pregabalin.
Endothelial cells were exposed for 24-48 hours and bone marrow cells were exposed for 48 hours
and 1, 2 or 3 weeks. The sponsor stated that the 1000 * g/ml. level was ~100x and the 10 » g/mL
level was approximately equivalent to the targeted human maximal therapeutic plasma
concentration.

NOS levels were determined for nNOS(neuronal origin), eNOS (endothelial origin) and
INOS(inducible) protein. Once the preliminary evaluations of nitric oxide synthase (NOS) levels
were done via Western blot analysis, additional pregabalin concentrations of 1, 3,30 and 300

* g/mL were added to the bone marrow cultures to help characterize the concentration-response
relationship.

Results: Neither nNOS nor iNOS were detected in lysates from control or pregabalin-treated
endothelial or bone marrow cells. Levels of eNOS were comparable at 24 and 48 hour time
points in endothelial cells. Increased eNOS was detected in pregabalin-treated bone marrow cells
at 2-3x control levels. However, a consistent concentration-response relationship was not
demonstrated.
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Study fitle: Reanalysis and Refinement of Quantitation of Hepatic Proliferative indices

Key study findings: No biologically significant information was derived in this study.

Study no.: RR-NEMO 745-03835

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 72,01 10 9.3:03"

GLP compliance. Not required

Drug, lot # and % purity: XH020100

Study design: Ths study was simply a reanalysis of the previously reported (#2787, 2795 and
2935) studies using BrdU incorporation to determine cell proliferation indices. Here the sponsor
reports the number of proliferating endothelial cells expressed as a function of total endothelial
cells/image.

Results: Using this T 3 process, the sponsor concluded that there were significantly
increased numbers of proliferating hepatic endothelial cells at [ month of dosing in 1 of 2 studies
at 1000 mg/kg/d and at 12 months of dosing at 200 and 1000 mg/kg/d.

Study title: Immunohistochemical and/or Immunofluorescent Evaluation of Growth
Factors in Mice and Rats Given Pregabalin in the Diet for 12 Months

Key study findings: B6C3F | mice treated for 1 year with pregabalin had increased VEGF
expression in spleen and femaoral bone marrow when compared to controls. Similar expression
was not seen in the rats,

Study no.. RR-MEMO 745-03855

Conducting laboratory and lecation: Pfizer Global Research & Development, Ann Arbor, MI
Date ef study initiation: "Periods covered: 6/25/01 to 9/8/03"

GLP compliance: Not required

Drug, lot #, and % purity: XH330993 and XH340993

Study design: The purpose of this study was to determine if 12 month dosing with pregabalin
altered expression of VEGF, bFGF and vascular endothelial growth factor receptor 2 (Flk-1) in
liver, spleen, and bone marrow of mice and rats.

Tissues evaluated were from previously reviewed studies (RR 745-03770, -03763, -03771 and
AA2787, AA2892). Immunohistochemistry was performed on liver (VEGF, bFGF), and bone
marrow (bFGF) from mice and rats. Confocal microscopy was performed on 8+ m thick sections
of ltver from mice and rats after ! year on pregabalin.

Results: Increased VEGF staining was described in the spleens of mice treated with 1000 or
5000 mg/kg/d for 1 or 6 months but no increased staining was noted in bone marrow or liver and
no bFGF staining was noted in any of the tissues.

After 12 months of-dosing, increased VEGF staining was found at 50, 200 and 1000 mg/kg/d and
intensity increased somewhat with increasing dose. The staining was primarily in hematopoietic
cells in the red pulp of the spleen. Increased mtensity staining was found in the femoral bone
marrow of all treated animals but the staining was less intense than in the spleen.
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No mncreased VEGF stamning was found in the spleen or bone marrow of CD-1 mice or the liver
of B6C3F ] mice treated at 1000 mg/kg/d when compared to controls. Macrophages from these
animals in bone marrow did take up the bFGF stain but an increase was also seen in spleen of
mice treated with 50 my:kg d and not the higher doses. This calls into question the significance
ot these tindmgs.

No increases in VEGFE, bFGF or Flk-1} staining were found in treated rat livers, spleens or bone
MArrows.

Study title: Pregabalin: Assessment of Rodent Carcinogenicity, Mode of Action of
Hemangiosarcoma Formation in Mice and Human Relevance

Study no.; RR 745-03856

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: Not specified

GLP compliance: Not required

This summary of the sponsor's interpretations of the carcinogenicity and mechanistic data
cssentially says that pregabalin is a single species, single twmor type, epigenetic mouse
carcinogen. They believe that the exposure of endothelial cells to increased levels of growth
fuctors as a result of increased megakaryocyte production and increased platelet activation is the
"most plausible” mode of action of endothelial cell proliferation in mice. They suggest that the
interactions of platelet factors, platelet aggregation changes, growth factors, and endothelial cell
proliferation have been shown to elicit hemangiosarcoma formation in mice and the findings are
‘consistent with a "causal association”. However, hemangiosarcomas were elicited in B6C3F1
mice and CD-1 mice, even though the changes in the parameters above were more variable but
less severe overall. The sponsor contends that "In a species given pregabalin that does not have
similar alterations (in platelets, growth factors, etc.), no endothelial proliferation or
hemangiosarcoma formation would be expected.” This would seem to be a very large "leap of
faith" given the epigenetic nature of the elicitation of this neoplasm.

Species Specificity of Pregabalin-Induced Changes in Parameters Potentially Associated
with Hemangiosarcoma Formation in Mice

Parameter

B6C3IF1
mice

CD-1
mice

Wistar

Monkey

Human

rat

* «platelet count

Altered platelet aggregation

Altered platelet morphology

* *platelet activation

ND

Megakaryocyte proliferation

Endothelial proliferation

ND

Increased circulating PDGF

The sponsor suggests that the decreased platelet aggregation seen in female B6C3F1 mice was
characterized by "defective secondary ADP-dependent aggregation" While this may be true, and
the platelet aggregation effects were only seen in mice, it is difficult to assign a causative

relationship to hemangioma/hemangiosarcoma.
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When constdering the megakaryocyte proliferative effect of pregabalin weatment, it is difficult to
determine the mechanism responsible for the eftect. No effect of pregabatin was noted in virro on
bone marrow cultures from B6C3F1 mice, it did not bind with high affinity to platelets and there
was no effect on platelet function in vitro. Thus, there may be an indirect mechanism but it is
impossible to determine that such a mechanism would be species specific.

The issue of circulating growth factors s an interesting one. While increased PDGF was found in
platelet rich plasma in the female B6C3F1 mice given 1000 mg/kg/d for 12 and 24 mounths, no
changes were reported in CD-1 mice at the same dose for 12 months or 5000 mg'ka/d for 6
months. Additionally, increased platelet counts were seen in some doses and sonie time points
where no increases in PDGF were found.  In the 12/24 month dosing study in B6C3F1 mice, no
significant effects on PDGF or VEGF were noted in treated animals. In animals treated for 24
months, serum PDGF was increased at the high dose when compared to controls but no
significant differences were noted in bFGF or VEGE. There was no apparent correlation between
specific animals with tumors and animals with high levels of growth factors. Unfortunately, these
parameters were not always evaluated from the same animals but given the increased tumors in
both strains of mice in multiple studies, it weakens their argument that the circulating growth
factors were causative for tumor production. Another consideration is that humans normally
preduce significantly more PDGF and VEGF than do mice or rats and the platelet and red cell
lifespans in humans are longer than in mice.

The hypoxia elicited in the B6C3IF1 mice by pregabalin is potentially an exacerbation of the
normal hypoventilation due to small lung volume (from the C57Bl/6 progenitor) and low
ventilatory responses (from the C3H progenitor). This may contribute to the high endothelial cell
proliferation reported here but this phenomenon does not help {0 explain the increased incidence
of hemangiomas/hemangiosarcomas in the CD-1 mice which has a very different phenotype and
background.

Study title: Retrospective Evaluation of Bone Marrow Megakaryocytes from B6C3F1 Mice
and Wistar Rats

Key study findings: Increased megakaryocytes at all stages of development were found in
B6C3F1 mouse femoral bone marrow. Decreased megakaryocytes at all stages of development
were found in Wistar rat femoral bone marrow.

Study no.: RR-MEMO 745-03456

Ceonducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI[~
Date of study initiation: "Periods covered: 2/9/01 to 4/30/01"

GLP compliance: Not required

Drug, lot #, and % purity: XH200399, XH350995, XH411095, XH210398

Study design: This report covers a retrospective "look™ at the femoral bone marrow sections from
B6C3F1 mice treated at 200, 1000 and 5000 mg/kg/d and Wistar rats treated at 50, 150 and 450
mg/kg/d (males) or 100, 300 and 900 mg/kg/d (females). Quantitative megakaryocyte number
and morphology are discussed. Elements examined included megakaryocyte stages, cytoplasm
and nuclei.

Results: Male and female mice had significant increases in the numbers of megakaryocytes of all
stages and increased total megakaryocytes (52-104% in males, 40-80% in females). Male rats

33




Reviewer: Terry S, Peters, D.V.M. NDA: 21446, 21723, 21724

Lad » 87% decrease in early megakaryocyies and * 24% decrease in total megakaryocytes.
Female rats had 27% fewer late megakaryocytes. These findings are consistent with the
peripheral blood findings in these species.

Study title: Retrospective Evaluation of Bone Marrow Mepakaryocytes from CD-1 Mice
Treated with Prepabalin for 2 Years

Key study findings: The myeloid:erythroid ratio was significantly altered in the treated animals.
In controls, the myeloid cell lines were predominant and in the pregabalin-treated animals, the
erythroed cell lines predominated. These findings are indicative of a treatment-related
phenomenon but the significance ts uncertain.

Study no.. RR-MEMO 745-03692

Conducting laberatory and location: Pfizer Global Rescarch & Development, Ann Arbor, Ml
Date of study initiation: "Penods covered: 4/13/00 to 4/16,02"

GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Study design: This report covers a retrospective "look" at the femoral bone marrow sections from
CD-1 mice treated at 200, 1000 and 5000 mg/kg/d. Quantitative megakaryocyte number and
morphology are discussed. Elements examined included megakaryocyte stages, cyloplasm and
nuclei.

Results: Increased numbers of total megakaryocytes were reported for male (18-108%) and
female (39-80%) mice in a dose-refated fashion. Increases were 18-43% in males {dose related
increases) and 39-80% in females (non-dose related increases). In the B6C3F1 mice, some level
of Increase was also reported in the control animals. Early stages of megakaryocyte production
(megakaryoblasts, numbers of megakaryocyte nuclei) were decreased, unlike the findings in the
Bo6C3F! mice. ltis difficult to understand how the total numbers increased but the normal
progression from stage-to-stage was not present.

Of interest is the finding of increased numbers of mitotic figures in megakaryocytes of
pregabalin-treated CD-1 males (3-22%) and females (10-28%). The significance of this finding is
uncertain, but brings into question the possibility of arrested maturation of the megakaryocyte
line.

The myeloid:erythroid ratio was significantly aitered in the treated animals. In controls, the
myeloid cell lines were predominant and in the pregabalin-treated animals, the erythroid cell linegs
predominated. Additionally, increased numbers of pigment-laden macrophages (hemocyanin,
hemosiderin and erythrophages) were reported in a dose-related fashion. These findings were not
reported in the original study report for this carcinogenicity study. The sponsor proposes an
interaction between the increased incidence of bone marrow macrophages and erythroid
predominance seen in these mice and they suggest that erythropoietin may be a contributing
entity as well. They also suggest that the microenvironment in mouse bone marrow is
significantly different than that found in human bone marrow, thus adding to their "weight of the
evidence" approach and conclusion that the carcinogenic potential of pregabalin is species
specific and not extrapolatable to humans. While it is accepted that rats and humans undergo
fatty replacement of marrow with age and mice do not, the change in the microenvironment
described above suggests that the "normal” aging effects are altered with pregabalin dosing. This
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makes their conclusions more questionable as the "usual” did not cceur in this study.

Study title: Retrospective Evaluation of Peripheral Blood Morphology in B6C3F1 and CD-
1 Mice Treated with Pregabalin for 2 Years

Key study findings: As many of the mice were premature decedents and no smears were made
from them, no correlation between the incidence of abnormal red cells and
hemangioma/hemangiosarcoma was determinable.

Study no.. RR-MEMO 745-03714

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, Ml
Date of study initiation: "Periods covered: 9/24/97 to 4/16/02"

GLP compliance: Not required

Drug, lot #, and % purity: XH200399, XH350995, XH411095, XH210398, XH020100

Study design: This report covers a reanalysis of the peripheral blood schistocytes and platelet
(uniformity, size, granularity and aggregation) morphologies from the carcinogenicity studies in
B6C3F1 and CD-1 mice previously described. Some of the smears (<5%) were uninterpretable
due to poor staining quality or leukemic conditions in the animals.

Results: In the B6C3F] mice: Schistocytes were increased in a dose-dependent fashion (1.9-
41.2% in males and 2.4- 26.1% in females for the respective groups). However, there were a
farge number of animals that were premature decedents so in the mid and high dose groups, the
sponsor was unable to make a direct comparison between the incidences of schistocytes and
hemangiosarcomas.

Giant platelets and abnormalities (bizarre shape, swelling, hypogranulation) in platelets were
appreciated in the animals in a dose-dependent manner. These changes might be entirely
attributable to the presence of altered endothelial cells in animals with hemangiosarcomas or
other effects directly or indirectly related to treatment with pregabalin.

In the CD-1 mice: Similar alterations in platelets and red cells were discovered but the incidence
of these changes, as well as the incidence of hemangiosarcomas, was less but still biologically
significant.

Study title: Analysis of p53 and Ras Gene Mutation Frequencies in Hemangiosarcomas
from a 2-Year Carcinogenicity Study of CI-1008 in B6C3F1 Mice

Key study findings: No significant p53 or Ha or Ki-rus oncogene rmutations were found in the
hemangiosarcomas.

Study no.: RR-MEMO 745-03327

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 11/1/99 to 8/14/00"

GLP compliance: Not required

Study design: Hemangiosarcoma sections were taken from all animals determined to have the
tumors on routine histopathologic evaluation. These samples were processed by T.
3 for mutation analysis. DNA was extracted from the samples and lysates were

35



Reviewer: Terry S. Peters, D.V .M. NDA: 21446,21723, 21724

prepared by primer extension preamplification and punitied. Aliquots of these products were
analyzed for Ha and Ki-ras oncogenes and p33 suppressor gene by PCR and DNA sequencing.

Results: Analyzable DNA sequences were found in 84% of the tumors tor each of the 8 loc
evaluated and 1097174 tumors had definitive sequencing tor all 8 loci.

No Ha- or Ki- ras mutations were detected. Fourteen p3>3+ tumors were found and 12 of them
{7% of total hemangiosarcomas) had mutational inactivation of the p33. This low incidence did
not allow the frequencies to contribute to a mechanistic discussion of hemangiosarcoma
development in the B6C3F1 mouse. The sponsor contends that, since hurman hemangiosarcomas
have ~50% ras and/or p53 mutations, the mouse is a pour predictor of human health risk for
development of hemangiosarcomas. While this is an inferesting premise, the fact remains that
~50% of human hemangtosarcomas are negative for ras and/or P33 mutations.

Study title: Effect of Pregabalin on Endothelial Cell Proliferation in Monolayer Cultures

Key study findings: Pregabalin did not increase endothelial cell proliferation in splenic
monolayers.

Study no.: RR-MEMO 745-03462

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, M1
GLP compliance: Not required

Brug, lot #, and % purity: XH020100

Study design: This study was conducted to detenmine if pregabalin had an effect on endothelial
cell monolayers from B6C3F1 female spleens.

Results: The addition of pregabalin to the cultures did not induce increased proliferation when
compared to controls.

Study title: Exploratory Study of CI-1008 Effects on Vascular Growth of Mouse Aortic
Rings

Study no.: RR 745-03398

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 5/11/00 to 11/21/00"

GLP compliance: Not required

Drug, lot #, and % purity: Not specified

Study design: Sections of aortic ring from male B6C3F1 mice were prepared into cultures and
preincubated for 4 days prior to drug addition into the media. Doses tested were 1, 10, 50, 100
and 200 « g/mL and fetal bovine serum was used as the positive control.

Results: Pregabalin did not elicit a significant increase in vascular growth when compared to
controls but addition of fetal bovine serum increased the growth* 20%.

Study title: Exploratory Study of CI-1008 Effects on the In Vitro Function of Platelets from
B6C3F1 Mice, CD-1 Mice and Wistar Rats
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Key study findings: No significant platelet functional altcrations were attributed to pregabalin
exposure.

Study no.. RR 745-03566

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, M
Date of study initiation: "Periods covered: 8/16/01 to 1171201

GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Study design: Female B6C3FIL and CD-1 mice, and Wistar rats' platelets were examined in vitro
after incubation with 0, 10, 100 or 500 « g/mL of pregabalin. Exposure times were from 10
minutes to 2 heurs. Effects on platelet function were examined.

Results: There were no significant effects of pregabalin exposure on platelet function. Some
species differences were noted, i.e. rats showed more degenerative changes than mice and CD-1
mice had more rapid adhesion to glass surfaces but baseline parameters differed slightly with
respect to bFGF (nearly undetectable in mice) and PDGF and thrombopoietin (higher in mice).

Study title: 1-Month Investigative Study of the Effects of Pregabalin on Platelet Survival in
B6C3F1 Mice

Key study findings: No effect on platelet survival was seen at any time point.

Study no.: RR 250-01886

Condueting laboratory and location: T J
Date of study initiation: "Periods covered: 6/12/02 to 7/13/02"

GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Study design: Pregabalin was administered to 25 female B6C3IF | mice for 28-32 days at 1000
mg/kg/d in the diet. On Day 27, a label for cell surface glycoproteins § A was
given i.v. to all animals on study. At 24, 48, 72, 96 and 120 hours after this, 5/group were
cuthanized and platelet rich plasma was prepared from their blood. A flourochrome was added to
aid in flow cytometry and determining the fluorescent platelets/time point.

Results: No effect on platelet survival was seen at any time point.

Study title: Exploratory Study of Pregabalin Effects on Endothelial Cell Proliferation and
Apoptosis in B6C3IF1 and CD-1 Mice

Key study findings: B6C3F1 mice showed proliferative effects of pregabalin on hepatic
endothelial cells in | month of dietary dosing while CD-1 mice showed less proliferative effect
than the controls.

Study no.: RR 745-03459

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 7/31/00 to 4/26/02"

GLP compliance: Not required

Drug, lot #, and % purity: XH230695
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Study design: 20 male BOC3F1 and CD-1 mice were given 0 or 1000 mg/kg/d pregabalin in the
diet. Four days prior to euthanasia, the animals (15/group) were implanted with osmotic pumps
with BrdU. The livers were perfused in situ and liver, spleen, and bone marrow were collected.
Five anunals/fixation method (formalin, Zamboni's fixative or cryosectioning) were evaluated.

Results: No biologically significant clinical signs or body weight effects were appreciated.
Pregabalin did not appear to have an effect on apoptosis in the liver when compared to controls
but the levets of apaptosts found were extremely low overall {+ ©.2 1%).

Nonendothelial cell proliferation was ~70% greater at the initial time point in the pregabalin-
treated B6C3F 1 mice (morphologic criteria only) when compared to the CD-1 mice and
endothelial proliferation was 38% greater than in controls (morphologic and histochemical
evaluation). Hepatocyte and Kupfter cell proliferation were not affected by pregabalin dosing.

In the CD-1 mice, nonendothelial cell proliferation was decreased {37%) when compared to
controls but this is not considered biologically significant. Endothelial cell proliferation in these
mice was less (32%) than controls and Kupffer celt proliferation was decreased. Hepatocytes
were not affected.

The importance of the findings in this study is questionable as both strains of mice developed
hemangiosarcomas in response to pregabalin exposure.

Study title: 3-Month Exploratory Study of CI-1008 in Female B6C3IF1 Mice

Key study findings: No consistent growth factor increases were found in this study. Endothelial
cell and Kupffer cell proliferation were found at the 3 month evaluation.

Study no.: RR 745-03460 .
Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 7/17/01 to 10/19/01"

GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Doses: 0 or 1000 mg/kg/d in the diet

Study design: 60 female B6C3F1 mice/group were treated. Standard parameters (clinical signs,
body weights, etc.) were evaluated as were VEGF, PDGF , TPO and bFGF and bone marrow.
Platelet rich plasma was obtained at 1 and 3 months to look at platelet uitrastructure and
reticulated platelets. Ten animals/group were implanted with osmotic pumps containing BrdU 4
days prior to euthanasia to evalvated cell proliferation in liver endothelial cells, hepatocytes and
Kupffer cells. Urine bFGF was examined at 1, 2 and 3 months. Histopathologic examination was
limited to liver, lung, spleen and bone marrow at 1 and 3 months.

Results: No treatment-related effects were noted on clinical signs, montality, platelet counts or
reticulated platelets. Body weights, body weight gains and feed consumption of treated animals

were significantly higher than controls.

Slightly increased (3-8%) red cell counts, hemoglobin and hematocrit were reported for treated
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animals. As in other studies, bone marrow erythroid cells were increased in treated animals (36%
at I moenth, 48%4 at 3 months) but this tinding was due to both increased numbers of prohiferating
and mature red cells.

While they reported a 3509 increase in megakaryocytes in cytospin preparations at 1 month, the
3 month finding was ot a modest increase that was not biologically significant. The sponsor
described an increase in megakaryocytes in histopathologic sections of bone marrow but this
ncrease 15 not considered biologically significant. VEGF levels were increased at | month but
were comparable to controls by 3 months. PDGF decreased at | month and increased at 3
months. The inconsistencies in these factors make the significance questionable and this finding
15 consistent with findings from other studies.

Giant platelets were increased in treated animals after | month on study and platelet
hypogranulanty was also scen in the same group. These findings are consistent with the platelet
aggregation seen in most of the treated animals at 1 and 3 month time points.

In platelet rich plasma, rapid platelet disaggregation was seen in treated animals and an increase
in P-selectin levels was reported for the treated animals at 3 months.

Endothelial cell proliferation in the liver, as measured by BrdU staining, was significantly
increased at both time points tested but no increased staining was reported for either hepatocytes
or Kupffer cells (I month time point only). By 3 months, Kuptfer cell proliferation was ~300%
increased in treated mice. While this is an interesting finding, none of the other studies looking at
this parameter found signiticant increases.

Study title: Reanalysis and Refinement of Quantitation of Hepatic Proliferative Indices

Key study findings: Inconsistencies and lack of similar findings across studies make this
information of questionable significance.

Study no.: RR-MEMO 745-03435

Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, M
GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Study design: This report describes the reanalysis of liver cell proliferation from the exploratory
studies in B6C3F 1 mice (I month, 3 month and chronic study). *

Results:

1) Study AA2787: The reanalysis demonstrated "significant” increases in endothelial cell
proliferation, hepatocytes and Kupffer cells at 200 and 1000 mg/keg/d at 12 months. However,
total hepatocytes were decreased by 12 months. The initial analysis showed endothelial cell
proliferation at 200 mg/kg at 6 months and 200 and 1000 mg/kg/d at 12 months, hepatocyte
proliferation only at 12 months (200 mg/kg/d) and Kupffer cell proliferation at 12 months (200
and 1000 mg/kg/d).

2) Study AA2795: The original analysis showed significant increases in endothelial cell
proliferation at I and 3 months and increased Kupffer cells at 3 months. The reanalysis |
demonstrated increased endothelial cells at 1 month and 3 months, increased total endothelial
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cells at 3 months and increased proliterating and decreased total numbers of hepatocytes at 3
months. No effects on Kupffer cells were noted.

3) Study 2935: The original analysis showed no effects on any of the parameters. The reanalysis
described significant proliferation of Kupffer cells and decreased total hepatocytes and no effects
on endothelial cells,

Overall the results of these reanalyses show how inexact and inconsistent the findings trom these
studies are.

Study title: 1 Month Exploratory Time-Course Study of Pregabalin on Endothelial Cell
Proliferation in Female B6C3F1 Mice

Key study findings: Inconsistencies and lack of similar findings across studies make this
information of questionable significance.

Study no.: RR 745-03428

Conducting laboratory and location: Pfizer Global Rescarch & Development, Ann Arbor, Mi
GLP compliance: Not required

Drug, lot #, and % purity: XH020100

Study design: Female B6C3F1 mice were given 0 or 1000 mg'kg/d of dietary pregabalin.
Interim sacrifices on ten animals/group were performed at 4, 7, 14 and 28 days of dosing. Four
days prior to each euthanasia time point, osmotic pumps with BrdU were implanted in 5
animals/group. Livers only were examined histologically. The five animals/group that were not
unplanted were used to evaluate PDGF, VEGF, platelet counts and eNOS protein.

Results: As in other studies, the mean body weights and body weight gains were increased in the
pregabalin-treated animals.

Endothelial cell proliferation was increased by 90% on Day 4 in treated animals. At the later time
points, the percentage of proliferating cells decreased (15% on Day 28). Increased hepatocyte
proliferation was reported on Days 4, 14 and 28 but not on Day 7. However, the variability
within the control animals was very high, making conclusive decisions about the biological
significance impossible.

As with other studies in B6C3F1 mice, the VEGF and PDGF levels did not show any effect of
treatment. Mean platelet counts did not differ significantly from controls. No eNOS protein was
detected in bone marrow lysates.

No histopathologic treatment-related findings were described.

Study title: Exploratory 4-Week Investigation of the Effects of Pregabalin on Endothelial
Cell Preliferation and Platelet Function in B6C3F1 Mice

Key study findings: Inconsistencies and lack of similar findings across studies make this
information of questionable significance.

Study no.: RR 745-03660
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Conducting laboratory and location: Pfizer Global Research & Development, Ann Arbor, MI
Date of study initiation: "Periods covered: 6/10/02 to 7/9:02"

GLP compliance: The sponsor conssdered this to be an exploratory study so not reguired.
Drug, lot #, and % purity: XH02G100

Doses: 0, 50, 200 or 1000 mg/kg d by dietary admixture to temale B6C3F{ mice (18-29/group).
Study design: The study was conducted to further determine effects of pregabalin on platelet
function, growth factors and endothelial cell proliferation. Five-six mice/group were evaluated
for cach of the parameters. "Cursory gross necropsies” were performed and livers were taken
from the "Platelet Activation” subgroup and examined histologically.

Results: Body weights and body weight gains, as well as teed consumption, were increased as in
all other B6C3F1 studies. High dose animals showed an increase in the P-selectin staining when
compared to controls. Platelet aggregation was not sustained in the treated animals, as in
previously reviewed studies. However, in this study, hepatic endothelial cell proliferation was
comparable across groups.

Study title: Pregabalin: Mode of Action of Hemangiosarcoma Formation and
Pathophysiology of Platelet Changes in Mice

Key study findings:

Study no.: RR-MEMO 745-03923

Conducting laboratory and location: Pfizer Global Research & Devetopment, Ann Arbor, M1
Date of study initiation: Not specified

GLP compliance: Not required

The purpose of this report was to summarize the information collected as of the date of this memo
(1/29/04) as to the sponsor's proposed mechanism of tumor formation in B6C3F1 mice. They
also present results from additional studies demonstrating the functional "consequences” of
pregabalin-induced alterations to respiration in rats and mice. There is also a discussion of the
effects of pregabalin on acid-base balance and platelet function. The sponser considered the
effects to be a "key element in hemangiosarcoma formation in mice."

Results: In this summary, there is a statement that suggests that mice differ markedly in factors
that affect endothelial homeostasis: tissue distribution of hematopoiesis, increased platelet counts,
increased platelet turnover and activation and an increased rate of endothelial turnover. They
contend that these differences "between mice and other species including humans may contribute
to the higher incidence of spontaneous hemangiosarcoma in mice. These predisposing factors also
may cause mice to be uniquely sensitive and develop increased incidences of hemangiosarcoma
when given xenobiotics that alter those factors." While all of these premises may be correct, it
does not negate the fact that both B6C3F1 and CD-1 mice showed an increased incidence of
hemangioma/hemangiosarcoma when treated with pregabalin for 12 or 24 months. Increased cell
proliferation may potentiate spontaneous mutations or select clonal growth of spontaneously
initiated cells. Unfortunately, endothelial cell proliferation in target tissues for
hemangioma/hemangiosarcoma was not a constant or consistent finding in the mechanistic
studies.

Jn vitro work did not support the mechanistic premise proposed by the sponsor in that pregabalin
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did not aftect megakaryocytes in bone marrow cuitures or bind to platelets or affect platelet
function. In histopathologic evaluations of endothelial or other tissues, no significant evidence
was shown for activation of the coagulation cascade or inflammation in any tissues.

The sponsor proposes that the effect of pregabalin on respiration and acid-base balance in mice
leads to the changes in platelet function which they consider essential in the pathophystology of
these effects. Given the differences in metabolic rate and normally high variability in mice for
pO;, pCO;, pH and bicarbonate when compared to other species, it is unclear how this explains
the pathophysiologic basis for hemangiosarcoma from pregabalin administration.

3.6 OVERAELL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

Pregabalin administered to CD-1 mice elicited hemangiomus and hemangiosarcomas and changes
in the myeloid:erythroid ratio in bone marrow. Significant increases in body weight and body
weight gains were associated with treatment. The presence of active compound in the sera of the
conltrol animals of both sexes is of concemn.

Table 2: Male mice, combining hemangiosarcomas with hemangiomas regardless of
tissuc:

For the above table, the p-value from the asymptotic is the more relevant one. However,
results are consistent with either approach, t.c. all are statistically significant.

Table 6: Female Mice Combined Hemangiosarcoma with Hemangioma Regardless of
Tissue:

mangioma 1 g9

Approach statistical significance with 0.0068 vs. alpha 0.005

Wistar rats did not show any increased incidence attributable to pregabalin of any tumor type.

While persistent increases in platelet activation (P-selectin expression) were reported in female
B6C3F 1 mice treated with 1000 mg/kg/d for up to 12 months (last time point tested) of dosing,
no consistent effects were noted at 200 mg/kg/d where increased tumors were also found.
Increased activation at 1000 mg/kg/d was reversible 4 weeks after stop dosing, but in the 12
month reversibility animals, an increased incidence of hemangiosarcoma was still found. In CD-
I mice treated for 6 months at 5000 mg/kg/d, no consistent increases in platelet activation were
appreciated. However, there was a definite increase in hemangiosarcoma incidence in these
animals. Thus, it does not appear that this mechanistic basis for tumor formation is supported by
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the data.

Platelet aggregation was decreased at 200 and 1000 mg/kg/d in B6C3F1 mice and at 1000
mg/kgid in CD-1 mice by 6 months of dosing. No changes in platelet aggregation were noted
after 6 months of dosing at 5000 mgike:d in the CD-1 mice. No changes were reported in rats at
900 mg/kg/d for 18 inonths or monkeys at 500 mg/kg/d for 69 weeks. Thus, the platelet
aggregation effects appear to be unique to the mouse.

Increased megakaryocyte counts in bone marrow and increased platelet counts in blood were
found only in mice. However, these changes were not reported in the original study reports and
on reanalysis were generally considered mild in severity.

Of interest is the finding of increased PDGF in platelet poor plasma from B6C3F 1 female mice at
1000 mg/kg/d at 12 and 24 months. Similar increases were not reported for CD-1 female mice
treated for the same time. No VEGF increases were reported at these doses or times. This makes
this mechanistic explanation somewhat useless as both strains of mrice had increased
hemangioma/hemangiosarcoma incidences. Rats do not show increases in PDGR or VEGF. In
mice, VEGF labeling was increased in spleen and bone marrow and increased VEGF receptor 2
labeling in livers. Whether this proximate mediator of endotheliat cell proliferation is significant
in the formation of hemangioma/hemangiosarcoma remains to be seen. The sponsor suggests that
monitoring these platelet function indices (platelet activation, aggregation, morphology) and that
doing so might serve as "peripheral biomarkers in the process responsible for the increased
incidence of hemangiosarcoma in mice." As these markers are inconsistent and not necessarily
correlated to the tumors, it would not seem to provide the non-invasive biomarker to monitor
human risk from pregabalin.

The sponsor proposes that the effect of pregabalin on respiration and acid-base balance in mice
leads to the changes in platelet function which they consider essential in the pathophysiology of
these effects. Given the differences in metabolic rate and normaily high variability in mice for
POy, pCO,, pH, oxygen saturation and bicarbonate when compared to other species, it is unclear
how this explains the pathophysiologic basis for hemangiosarcoma from pregabalin
administration. Additionally, the B6C3F1 mice did not demonstrate the "expected” changes to the
relative metabolic alkalosis (respiratory tract compensatory effects, epithelial effects in nasal
cavity and respiratory tract, fibrosis, emphysema, loss of cells, increased inflammation,
proliferation of endothelial cells in the lung, in addition to effects on renal tubules, etc.) that one
would expect with a persistently impaired oxygen delivery to tissues. In a similar study in rats
given 900 mg/kg/d for 30 days, bicarbonate, pO,, and pCQ, values in controls were comparable to
humans but pregabalin administration elicited increased arterial and venous bicarbonate and
pCO; as in the mice. Decreased oxygen saturation was reported in treated rats. The pH was not
affected by pregabalin administration.

An indirect mechanism has been proposed for the platelet changes as pregabalin did not bind with
high affinity to platelets from any species tested. The sponsor suggests that in vifro experiments
“confirm” that changes in pH elicited by bicarbonate are "consistent with and sufficient to
account for pregabalin-induced effects on platelet activation in vivo." However, a decreased
secondary platelet aggregation response was not seen in the mouse platelets used for this
experiment.

The sponsor's conclusion that "a clear association between altered respiration, acid-base
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imbalance, increased platelet activation, bone marrow and splenic megakaryopoiesis, circulating
VEGE and PDGF, endothelial cell proliferation and the incidence of hemangiosarcoma was
demonstrated in mice at carcinogenic doses” is not clear trom the evidence presented.

Suggested labeling: The tnereased incidence of hemangiomas and hemangiosarcomas should be
addressed in the label,
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