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Introductory Comments:

Gabapentin encarbil is an oral prodrug of gabapentin. A complete nonclinical
development program was conducted for gabapentin encarbil. This information
was generally complete and adequate; however, a carcinogenicity signal was
identified in rats. Increases in pancreatic acinar cell hyperplasia, adenomas, and
adenomas plus carcinomas were observed in rats. The increases were
statistically significant in males and females at 5000 mg/kg/day. An non-
statistically significant effect could not be ruled out at 2000 mg/kg/day in males.
The dose of 500 mg/kg/day was associated with a plasma AUC in males that
was only about 8 fold the human AUC at the clinical dose of 600 mg/day. There
was inadequate information to establish that these tumors were not relevant to
humans.

In the previous review of this NDA, the pancreatic tumors observed in the rat
were a potential concern. A Complete Response letter was sent to the applicant
on 2/17/10. The letter explained that the margin of exposure for the pancreatic
tumor findings was unacceptable in the setting of RLS. The letter suggested
some ways to address the concern such as demonstrating that the induction of
pancreatic tumors in the rat occurs by a mechanism that does not occur in
humans.

Discussion of new information:

The applicant provided several arguments in their resubmission as to why the
tumor findings are not relevant to the human. They recalculated the exposure
margins and suggested that the actual margin is larger than the 8-fold margin
originally calculated. They also suggested that the pancreatic level of drug may
be higher in rodents than humans, thus providing a larger margin in the pancreas
as compared to the margin calculated with plasma levels of drug. The applicant
also argued that the pancreatic tumors observed in rats are not relevant to
humans based, in part, on the observation that in humans, pancreatic tumors
primarily involve ductal, not acinar, cells.

The pharm/tox reviewer and supervisor have carefully reviewed the new

information provided by the applicant. The data supporting the species
differences in the level of drug in the pancreas was not considered convincing
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because of potential limitations in the data and in the assays used to assess
these levels. The relevance of rat acinar cell tumors to human pancreatic cancer
remains unclear in part because of the uncertainty of the cellular origins of
pancreatic tumors.

In the current submission, the applicant has referred to the Agency's finding of
safety for gabapentin (Neurontin). Carcinogenicity studies with gabapentin
showed the same tumor finding in rats, although only in males. The Agency
considered 1000 mg/kg to be the no-effect dose for the occurrence of carcinoma.
The applicant provided new data assessing the plasma exposure to gabapentin
under conditions similar to those used in the original gabapentin rat
carcinogenicity study in order to bridge to the exposures observed in the
gabapentin enacarbil study. The exposure to gabapentin in the rat at 1000 mg
gabapentin/kg was approximately 25 times higher than the human exposure and
was intermediate between the exposures observed at 500 and 2000 mg
gabapentin enacarbil/kg. This suggests that the NOAEL for the pancreatic tumors
in rats actually occurs at an exposure to gabapentin that is 25-fold higher than
the clinical exposure rather than the 8-fold margin at the 500 mg/kg dose.

Conclusions:

The pharm/tox reviewer and supervisor have conducted a thorough assessment
of the new information provided by the sponsor. Although the mechanism by
which the tumors are induced remains somewhat unclear and cannot be the
basis for considering the tumors irrelevant to humans, the new information does
permit an updated comparison of animal to human exposures at the NOAEL.
This comparison suggests that the NOAEL for pancreatic tumors induced by
gabapentin is approximately 25-fold higher than the human exposure.
Carcinogenicity findings in rodents that occur at exposures greater than 25 times
the human exposure are generally considered of limited human relevance and
the risk:benefit analysis may now support the use of gabapentin enacarbil in
RLS. Therefore, | agree with the division pharm/tox recommendation that the
NDA can be approved from a pharm/tox perspective.

| also agree with the labeling suggestions from the pharm/tox supervisor.
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MEMORANDUM

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

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

Date: April 5, 2011

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

Subject: NDA 22-399 (XP13512, gabapentin enacarbil, HORIZANT™), Amendment
NO0045 (SDN 49), October 6, 2010

Background: the NDA for gabapentin enacarbil (HORIZANT) for treatment of moderate-
to-severe Restless Legs Syndrome received a Complete Response (CR) action (Agency
letter dated February 17, 2010) due to the pancreatic acinar cell tumors observed in the 2-
year carcinogenicity study in rat (cf. Pharmacol ogy/Toxicology Review and Evaluation
NDA 22-399, Terry S. Peters, D.V.M., 2/1/2010; Memorandum, NDA 22-399, Lois M.
Freed, Ph.D., 2/5/2010), and also observed in a 2-year rat carcinogenicity study of
gabapentin (cf. NEURONTIN labeling).

The sponsor (GSK) has submitted a complete response to the Agency’s CR letter in
Amendment N0045 (SDN 49), dated October 6, 2010. In this amendment, the sponsor
has provided the following arguments to address the concern regarding the pancreatic
acinar cell tumors observed in rat:

e The safety margin is greater than that calculated by the Agency, using “Three
independent approaches”.

e “There is a large body of evidence that rat pancreatic acinar cell tumors are not
relevant to human disease.”

e “The epidemiological data do not support a carcinogenic effect of gabapentin in
humans.”

The two nonclinical arguments and the supportive information have been reviewed by
Dr. McKinney (cf. Pharmacology/Toxicology NDA Review and Evaluation, NDA 22-399,
April 5, 2011) and are discussed in this memo. (For detailed discussion of the relevant
data provided in the original NDA submission, see: Pharmacol ogy/Toxicology Review
and Evaluation, 2010 by Terry S. Peters, D.V.M.; Memorandum for NDA 22-399,
February 5, 2010, Lois M. Freed, Ph.D.)
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The original NDA was filed under 505(b)(1); however, the October 6, 2010 resubmission
reclassifies the NDA as a 505(b)(2), with Neurontin as the Reference Listed Drug.
Therefore, information for gabapentin is included in discussions and in labeling
recommendations, as appropriate.

Complete Response (October 6, 2010)

e Safety Margin

The sponsor states that “It is acknowledged that the assessment provided in the [original]
NDA was limited to a comparison of the carcinogenicity data for gabapentin enacarbil
and gabapentin, which were completely consistent with each other, without any detailed
discussion of safety margins.”

[The original versions of labeling proposed by the sponsor (submitted 9/15/2008,
4/7/2009) provided safety margins; as stated in Section 13: “In a 2-year carcinogenicity
study in rats, gabapentin enacarbil was given at doses of 500, 2,000, or 5,000 mg/kg/day
by oral gavage. A significant increase in the incidence of pancreatic acinar adenoma and
carcinoma was found at 2,000 or 5,000 mg/kg/day, which resulted in plasma exposures
approximately @9 times, respectively, the human gabapentin exposure at a
recommended dose of 1,200 mg/day...”]

The sponsor notes agreement with the Agency’s 8-fold safety margin, based on
comparison of blood/plasma AUC (407 pg*hr/mL) at the dose not associated with an
increase in pancreatic acinar cell tumors (LD of 500 mg/kg/day) and the anticipated
plasma AUC (51.4 pg*hr/mL) in humans at the recommended human dose of 600
mg/day. However, the sponsor has now conducted “a more thorough examination” of the
data from the 2-year carcinogenicity study of gabapentin enacarbil in rat and, “using three
independent approaches”, has concluded that “the safety margin for the proposed 600 mg
clinical dose is 25-fold or greater.

Based on this new examination, the sponsor has concluded the following (taken directly
from the sponsor’s submission):
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e The margin of safety for the proposed human exposure compared Lo the gabapentin
enacarbil dose (2000 mg/kg/day) associated with a threshold response (a single
carcinoma) in male rats is 38-fold.

e The margin of safety for the proposed human exposure compared to the gabapentin
enacarbil dose with no carcinomas 1n rats (500 mg/kg/day) 1s >50-fold when
corrected using new data on the species difference in pancreatic accumulation of
gabapentin.

¢ The margin of safety for the proposed human exposure based on data from the
published gabapentin carcinogenicity study at the no-effect dose (1000 mg/kg/day) is
25-fold. The use of these data to calculate the safety margin for gabapentin enacarbil
was discussed with the FDA [NDA 022399, Sequence Number 0042, m1.6.3,
Correspondence Regarding Meetings; Meeting Minutes]. At the suggestion of DA,
GSK has performed an independent toxicokinetic study in the same strain of rats
using the same dosing methodology as the original gabapentin carcinogenicity study.
This study was conducted to support the calculation of the safety margin associated
with the no effect dose level for carcinoma.

e New calculation of safety margin (gabapentin)

Re-calculation of TK parameters: The sponsor provided revised estimates of plasma
AUC data for the 2-year carcinogenicity data of gabapentin enacarbil based on new data
in rat. In the original evaluation, the Agency had based the 8-fold exposure margin on TK
data from the 6-month oral toxicity study in rat since it was considered the most relevant
for estimating exposures achieved in the 2-year study. (Both studies were conducted
using gavage administration.) In that study, TK analysis was conducted using whole
blood. The sponsor conducted new 7- and 14-day dietary studies of gabapentin in rat
(males only). In the 7-day study, TK data were analyzed using both whole blood and
plasma. AUCs for gabapentin based on whole blood data were consistently lower (0.84-
0.85 times) those based on analysis of plasma. The sponsor used these data to convert the
whole blood AUC data from the 3-month (not the 6-month) oral toxicity study in rat to
plasma AUC data. The sponsor chose the 3-month study “...because the 3 month study
had more frequent sampling times...” (In the 6-month study, blood samples were
collected at 1, 2, 4, 6, 10, and 24 hours post dose, whereas in the 3-month study,
collection times were 0.5, 1, 2, 4, 8, 12, and 24 hours post dose.) The sponsor noted that
this was particularly important for estimates of exposure at the LD since the Ty« at that
dose was 0.5 hours. (According to the TK data from the 3- and 6-month rat studies, the
Tmax in males at the HD ranged from 1 to 4 hours.)

The following table summarizes exposure (units of pg*hr/mL) to gabapentin after oral
administration of gabapentin enacarbil in male rats. Plasma data were calculated from
whole blood data as follows: blood AUC/0.85 = plasma AUC.
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DOSE AUC(O—inf) _
STUDY | (ko) BLOOD PLASMA (estimated)
D1 D90 D175 D1 D90 D175
500 393 474 462 558
3-mo 2000 1590 1640 1870 1929
5000 2710 5620 3188 6612
500 382 470 449 553
6-mo 2000 780 1470 918 1729
5000 4170 3230 4906 3800

The sponsor summarized the plasma exposure data for the 3-month gabapentin enacarbil
study in the following table. The sponsor used the following equation to estimate plasma
exposures from TK data collected using whole blood: plasma concentration (Lug/mL) =
0.55 + 1.18 x blood concentration (ug/mL).

Table 8 Steady-State Toxicokinetic Parameters for Gabapentin Enacarbil
Treated Rats
Parameter Gender Gabapentin Toxicokinetics (Plasma Levels)
500 mg/kg/day 2000 mg/kg/day 9000 mg/kg/day

AUCp24 (ng.h/mL) Males 572 1950 6640
Females 544 1830 3870
Combined 558 1890 6250

Crnax (ng/mL) Males 154 299 422
Females 180 296 490
Combined 167 298 456

Key: Bold italics denotes dose level concluded to be carcinogenic.
Italics denotes dose level concluded to be threshold/slight effect level.
Based on correction for blood/plasma concentration differences.

One could argue with the sponsor’s approach for estimating plasma exposure for
gabapentin (i.e., using a conversion method determined only in males and with a different
drug [gabapentin instead of gabapentin enacarbil] and dosing regimen [dietary instead of
gavage]) and with using the 3-month (instead of the 6-month) TK data. However, the
greatest difference is seen at the HD (plasma AUC almost 2-fold higher compared to
blood AUC in the 6-month study), a dose that would not be the basis for establishing a
safety margin since it is clearly an effect dose. At the LD, not clearly associated with an
increase in pancreatic acinar cell tumors, the safety margin based on the new AUC
estimates is =11 (vs 8-fold based on the original estimates).

Safety margin based on new historical control data: According to the sponsor, the
historical control (HC) data for pancreatic acinar cell tumors provided in the original
study report combined incidences for Wistar and Wistar:Han rats from the contract
laboratory ® (4)). Wistar:Han are reported to have a lower spontaneous rate of pancreatic
acinar cell tumors than Wistar (the strain used in rat carcinogenicity study); therefore, the
original HC data underestimated the spontaneous occurrence of pancreatic acinar cell
adenoma and carcinoma. Based on the published incidence tables (compared with the

new % control dataset) for Wistar rat, the sponsor argues that .. .the interpretation
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would almost certainly have been that there was no carcinogenic effect at 2000
mg/kg/day [MD]...”, resulting in a safety margin of 38, rather than 8-11. This is based on
the fact that the sponsor considers the one carcinoma in the MD male to be consistent
with the spontaneous rate, based on the new HC data.

In her review, Dr. McKinney discusses the HC data provided by the sponsor, and notes
that due to the age of the studies (conducted prior to 1996), the lack of details regarding
study methodologies, and, for the A data, the lack of a sufficient number of control
animals, the data are of limited value, particularly for making statistical inferences. Dr.

@@ who provided an expert opinion for the sponsor (Expert Report - D

M.D., Ph.D., August 12, 2010), recommends not making direct comparisons

of tumor incidences from the gabapentin and gabapentin enacarbil carcinogenicity studies
due to evolving differences in spontaneous lesions and responsiveness to “various
stimuli” in test strains over time, noting that “studies with Gabapentin and GE were
performed at markedly different years”. This same reasoning is applicable to the lack of
relevance of the published HC data provided by the sponsor.

As noted by the sponsor, interpretation of the data at the MD “...was very difficult...”
Although the increase in pancreatic acinar cell adenoma and carcinoma was not
statistically significant at the MD, the one carcinoma detected at that dose was fatal and,
according to the Study Pathologist, there was also an increase in the incidence and/or
severity of acinar cell hyperplasia at that dose; no acinar cell carcinoma was detected in
any control animal (male or female) or in the @@ HC data for Wistar rat. In addition, the
MD and HD male groups were sacrificed early (97 and 90 weeks, respectively) due to
increased mortality, possibly lessening the sensitivity for detecting additional
preneoplastic or neoplastic findings in those groups. Taken together, these findings made
it difficult to rule out a potential drug-related effect at the MD (cf. Executive CAC
meeting minutes, 8/5/09). (As noted above, the sponsor’s original proposed labeling
stated that both the MD and HD were associated with increases in acinar cell adenoma
and carcinoma.) Taking into consideration the new HC data, one of the three expert
opinions (Expert Report - @@ M.D., September 2, 2010)
provided by the sponsor concluded that the findings at the MD represented “...the
minimum possible response that could denote a carcinogenic response”; the other experts
concluded that drug-related acinar tumors were evident only at the HD. None of the
experts conducted a review of the original histopathology slides.

Safety margin based on species differences in pancreatic accumulation of gabapentin:
The sponsor conducted two new studies in an attempt to determine whether or not
interspecies differences in tissue uptake and distribution of gabapentin could explain
species differences in sensitivity to gabapentin-induced tumors, and their relevance to
humans. Specifically, the sponsor conducted (1) an in vitro study to assess the
accumulation of gabapentin in pancreatic slices from rat and human and (2) an in vitro
study to assess the expression and localization of gabapentin transporter proteins in
pancreatic slices from mouse, rat, and human. These have been reviewed in detail by Dr.
McKinney.
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e Interspecies differences in gabapentin concentrations in pancreas.

The sponsor argues that previously published studies (Balkenohl M et al. Epilepsia
34:157, 1993; Radulovic LL et al., Drugs Today 31(8):P597-611, 1995a) and the new in
vitro study assessing uptake of tritiated gabapentin into rat and human pancreatic slices
demonstrate a rodent- (or species-) specific uptake of gabapentin.

The Balkenohl et al. (1993) data were published as an abstract; no full publication of
these data could be found. The sponsor provided a copy of the poster presentation.
According to the poster, gabapentin uptake was assessed in vitro in pancreatic tissue from
4 male Wistar Kyoto rats, 2 (1 M, 1 F) long-tailed green (Grivet) monkeys (>12 years
old), and two human organ donors (25 and 52 years of age). Time from tissue collection
to incubation was not stated for any species. After a 45-min incubation period, the
pancreas-to-medium ratios for total radioactivity were 0.076, 0.125, and 1.960 for human,
monkey, and rat tissue, respectively. In an eX vivo experiment in Grivet monkeys (1 M, 2
F) administered gabapentin orally at 50 mg/kg TID over 4 days, the ratio of pancreas-to-
blood concentrations of gabapentin were approximately 1:1 at 4 hours after the last dose.

Radulovic et al. (Radulovic et al., 1995a; Radulovic LL et al. Drug Met Disp 23(4):441-
448, 1995b) reported on the concentrations of gabapentin in mouse (strain unknown),
Sprague-Dawley rat, and cynomolgus monkey pancreas following oral doses of 10, 10,
and 25 mg/kg, respectively. Tissue concentrations of radioactivity were quantitated using
whole body autoradiography (for rat, “classic excision and oxidation technique” was also
used). At up to 4 hours post dose, pancreas-to-blood ratios were ~8-10 in mouse, 5-7 in
rat, and 1 in monkey. By 24 hours post dose, concentrations in the mouse and rat
pancreas were at or below the LLOQ.

In the sponsor’s study, accumulation of tritiated gabapentin was assessed using pancreatic
tissue slices from 4 male Wistar rats and 3 male human organ donors. Incubation Time 0
was within 1 hour of surgical resection of the rat pancreas and within 1 hour of organ
delivery to the laboratory for the human samples. (Time to organ harvest was 1 hr, but
time from organ harvest to delivery was not specified.) The pancreas-to-medium
(radioactivity) ratios at 0-3 hours were 1.85-1.80 for rat and 0.156-0.163 for human. The
sponsor concluded that gabapentin accumulates at significantly higher levels in the
pancreas of rat compared to human.

While these data suggest that gabapentin is distributed to a greater extent in rodent
pancreas than in monkey or human, they are less than definitive. The Balkenohl et al.
(1993) poster provides insufficient information to allow an evaluation, and the data were
never published in full. The Radulovic et al. (1995a, 1995b) studies were conducted in an
unknown strain of mouse and the Sprague-Dawley rat (not used in the carcinogenicity
studies of gabapentin or gabapentin enacarbil) and, for the most part, used a fairly
insensitive method of quantitation. The sponsor’s study used the appropriate rat strain,
but did not assess uptake into mouse pancreas; regarding the human data, the relatively
long delay in tissue preparation could account for, or at least contribute to, the
substantially lower uptake of gabapentin into human tissue. (The use of total radioactivity
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data in the in vivo studies is acceptable since gabapentin is metabolized in vivo only to a
limited extent.)

e Interspecies differences in expression and localization of gabapentin transport
proteins.

The sponsor conducted a study using pancreatic tissue from male Wistar rat, male
Sprague-Dawley rat, male B6C3F1 mouse, and human organ donors (76 year old female,
83 year old female, 44 year old male). Gabapentin transport was assessed in vitro for 29-
43 solute carrier transporters, 6 of which are gabapentin transporters (LAT1/4F2hc,
LAT3, LAT4, OCTNI1, OCTN2, OCT2). (4F2hc is a heavy chain binding partner,
required for trafficking of LATT to the cell surface.) Of these, the LAT1/4F2hc
transporter demonstrated the highest affinity for gabapentin (for the human transporter,
Ky = =200 uM); affinity for other gabapentin transporters was at least 10-fold lower.
Staining for LAT1/4F2hc transporter gene expression in mouse, rat, and human
pancreatic tissue indicated that:

o Staining in human pancreas was primarily observed in islet cells, with lower
amounts detected in acinar cells.

o Staining in Wistar rat pancreas exhibited higher (“striking”) levels in acinar
cells, and lower levels in islet cells.

o Staining patterns for Latl in pancreas of Sprague-Dawley rat and B6C3F1
mouse were similar to those for Wistar rat.

The data for selected transporters were summarized in the following sponsor’s table
(LAT?2 was stated to “not recognize gabapentin”):

Table 12 Comparison of Human and Wistar Rat Expression of SLC
Transporters in Pancreas Normalized to the Housekeeping Gene
GAPDH (1,000,000 copies) [XD2010/00358/00]

Transporter Human Average Rat Average Expressed Ratio Mouse Average
(n=3) (n=4) Rat vs. Human (n=4)
LAT1 31,178 418,796 13.4 505,490
LAT2 18,757 881,669 47.0 1,156,642
LAT3 5,799 7,142 1.2 16,501
LAT4 653 18,910 29.0 59,337
4F2hc 50,943 1435724 28.2 367.889
0CT2 9,305 Ng? 1,172
OCTN1 8,107 5,380 0.7 7136
OCTN2 14,895 26,439 1.8 31,618

Key: a = Not expressed.

Staining patterns for LAT1 and 4F2hc in human and rat pancreas are illustrated in the
following sponsor’s figure:
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Figure 4 Immunofluorescence Staining of LAT1 and 4F2hc in Human and Rat
Pancreas

Red: LAT1 Red: 4F2hc
Green: Glucagon Green: Glucagon

Human

Rat

In human pancreas, LAT1 (red, A) and 4F2hc (red, B) are detected primarily in islets (marked in the center with the
letter i), defined by glucagon-positive alpha cells (green, A-B) around the islet periphery. In rat pancreas, staining for
LAT1 (red, C) and 4F2hc (red, D) was stronger in acinar cells (examples indicated by arrows), and was less intense in
islets (marked in the center with the letter i), identified by glucagon staining (green, C-D). Scale bars: 50 um.

The sponsor states that these new data indicate that gabapentin is unlikely to accumulate
in the pancreas in humans, although acknowledging that “...no data exist on human tissue
distribution of gabapentin in vivo...” The sponsor also acknowledges that gabapentin
accumulates in mouse pancreas, but notes that pancreatic tumors may not have been
observed because (1) “...the gabapentin systemic exposures [and, thus, pancreatic tissue
levels] in the mouse carcinogenicity study were lower than those examined in the rat
gabapentin enacarbil carcinogenicity study and (2) “...the mouse has a much lower
propensity for pancreatic tumor cell formation in the presence of a stimulus...”

Using these data, the sponsor states that “Any safety margin calculated purely on the
basis of systemic exposure would substantially underestimate the true difference in target
tissue exposure, potentially by a factor of >5-fold, thus suggesting a safety margin of >50
at the LD used in the rat carcinogenicity study. However, in summarizing plasma
exposure ratios for pancreatic acinar cell tumors, the sponsor does not increase the safety
margins to take into account interspecies differences in pancreatic tissue uptake
(sponsor’s table, below):
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Table 17 Exposure Ratios for Gabapentin-Related Pancreatic Acinar Cell
Tumors in Rats (Data ordered by AUC)

Gabapentin Enacarbil (Gabapentin
Gabapentin Gabapentin AUC Exposure Ratios Gabapentin | Gabapentin Exposure Ratios**
Enacarbil (pg.n/mL) Dose AUC
Dose Male Female Male Female | (mg/kg/day) | (ug.h/mL) Male
(mg/kg/day)
5000 6640 5870 129X 114X
2000 1950 1830 38X 36X 2000 17800 35X
1000 13000 25X
500 572 544 111X 10.6X 250 515a 10.0X
0 0 0 - - 0 0 -
600 mg 514
clinical

Key: Bold italics denotes clearly carcinogenic. ffalics denotes threshold/slight effect.

Data are ordered by AUC of ~500 pig.h/mL increments.

Toxicokinetic data and clinical data [XP081] are from steady-state plasma levels.

* This margin is slightly higher than the value cited in the complete response letter. This margin was calculated based
on the 3 month rat study and was corrected for blood to plasma concentration differences.

** Data from Radulovic (1995b) are gender combined, while data from 2010N105806_00 are for males only (blood data
converted to plasma).

a = Radulovic, 1995b (combined gender data). b =2010N105806_00.

These data demonstrate greater expression of gabapentin transporters in pancreas of
mouse and rat than in human pancreas. However, the distribution of expression of LAT1
(the transporter with the greatest affinity for gabapentin) was different in rodent and
human; in human pancreas, expression was concentrated in islet cells. As Dr. McKinney
points out, these data suggest that gabapentin may concentrate in islet cells in humans,
possibly to a similar extent as in pancreatic acinar cells in the rodent. Thus, using total
concentrations of gabapentin in the pancreas may not be the most relevant parameter and,
therefore, increasing the safety margin by some factor based on differences in total
concentration may not be warranted. (It is unclear exactly on what the 5-fold factor is
based.)

Overall, the new data on blood/plasma ratios and gabapentin transporters provided by the
sponsor do not, alone, provide a clear basis for adjusting the safety factor for pancreatic
acinar cell tumors. However, the results of the sponsor’s 14-day dietary study of
gabapentin in rat may provide a basis for re-evaluating this issue.

In the 14-day dietary study, doses of 1000 and 2000 mg/kg/day were associated with
plasma AUCs of 1300 and 1780 ng*hr/mL. These exposures were similar to those
reported in a published bridging dietary TK study conducted by the Neurontin sponsor
(Parke-Davis Pharmaceuticals) (Radulovic LL et al. Drugs Today 31(8):P597-611,
1995); plasma AUCs of <1250 and 2050 at 1000 and 2000 mg/kg/day were estimated
from a figure presentation of the data (Figure 4).
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The results of the 2-year dietary carcinogenicity study of gabapentin were published by
Sigler et al. (Sigler RE et al. Toxicology 73-82, 1995). The incidences of pancreatic
acinar cell tumors in this study are summarized in the following table (from
Memorandum, NDA 22-399, Lois M. Freed, Ph.D., 2/5/2010).

FINDING DOSE (mg/kg)
0 250 1000 2000
hyperplasia 21/50 22/50 20/50 23/50
adenoma 7/50 6/50 10/50 16/50
carcinoma 0/50 4/50 3/50 8/50

As evident from the table, there was a dose-related numerical increase in pancreatic
adenoma + carcinoma across treatment groups. It is notable that, although the increase in
carcinoma was not dose-related between 250 and 1000 mg/kg/day, the incidence in LD
and MD groups (as well as at the HD) was greater than in control males; no carcinoma
was reported in control males. One of the publications (Walsh KM, Poteracki J Fund
Appl Toxicol 22:65-72, 1994) cited by the sponsor provided HC data from 10
carcinogenicity studies conducted in Wistar rat between 1980 and 1990. These studies
were conducted by Parke-Davis, and may have included the control data from the 2-year
carcinogenicity study of gabapentin. Therefore, the spontaneous incidence of pancreatic
acinar cell carcinoma reported by Walsh & Poteracki (1994) should be relevant HC data
for the gabapentin study. Walsh & Poteracki (1994) report an incidence of 0.6% (range:
0-2.0). Using the highest HC incidence reported, one carcinoma in 50 male rats or two
carcinoma in 100 male rats might be expected; therefore, the incidence in LD and MD
male groups substantially exceed the reported spontaneous rates.

However, based on Neurontin labeling, the mid-dose (1000 mg/kg/day) was determined
to be the highest dose tested that was not associated with an increase in pancreatic acinar
cell tumors. The labeling states

“A statistically significant increase in the incidence of pancreatic acinar cell
adenomas and carcinomas was found in male rats receiving the high dose; the no-
effect dose for the occurrence of carcinomas was 1000 mg/kg/day.”

Without a better understanding of what informed that decision, the MD is accepted as a
“no-effect” dose for gabapentin.

Using the bridging TK data provided by the sponsor, the 1000 mg/kg/day dose would
provide an ~25-fold safety margin for the 2-year rat carcinogenicity study of gabapentin,
based on plasma exposure. This, then, would be a basis for increasing the safety margin
for gabapentin enacarbil, from 8-10 to =25-fold.

e Relevance of rat pancreatic acinar cell tumorsto human disease

The sponsor has addressed this issue in several ways, one or more of which have been
discussed in relationship to estimates of the safety margin. The sponsor argues that

10
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pancreatic acinar cell tumors in rat are species-specific and not relevant to humans, based
on the following:

o Rat is uniquely sensitive to gabapentin-induced pancreatic acinar cell tumors,
based on greater uptake of gabapentin into the pancreas and the “unusually
high” spontaneous rate of these tumors in rats compared to humans.

o The male rat is particularly sensitive to gabapentin-induced pancreatic acinar
cell tumors due to differential effects of male and female sex hormones.

o “The difficulty in definitively proving a mechanism for gabapentin to
stimulate formation of rat acinar cell tumors.”

o Gabapentin is non-genotoxic.

o “The lack of a general mitogenic effect for gabapentin.”

o Pancreatic acinar cell tumors are spontaneous findings in rat, whereas in
human, the majority of pancreatic tumors are ductal adenocarcinomas.

Each of these will be discussed briefly, except for the lack of a genotoxicity signal for
gabapentin, which has already been demonstrated; it is accepted that gabapentin exerts its
tumorigenic effects through an epigenetic mechanism.

In support, the sponsor conducted one mechanism-of-action study (an in vivo CCK study)
and provided three expert opinions ( b

Unique sensitivity of rat to gabapentin-induced pancreatic acinar cell tumors: The
sponsor argues that the rat, “especially male Wistar rats”, is uniquely sensitive to
gabapentin-induced pancreatic acinar cell tumors, as evidence by “unusually high”
spontaneous rates compared to humans. The sponsor reports spontaneous rates of 3.1-17,
0.4-1.8, 0-0.7, and 0-0.1% in male Wistar rat, male non-Wistar rat, female Wistar and
non-Wistar rat, and male and female mice, respectively. In humans, “pancreatic acinar
cell tumors are exceedingly rare...with an annual age-adjusted incidence of less than 1.17
per million persons, based on an NCI report (SEER Cancer Statistics Review 1975-2006).
Issues regarding the HC data provided by the sponsor to support the increased
spontaneous rates on Wistar vs Wistar-Han have been discussed previously. In addition,
as noted by Dr. McKinney, the relatively high rate reported by the sponsor for male
Wistar rat (mean of 13.3%) was based on an analysis by Poteracki & Walsh (Poteracki J,
Walsh KM Toxicol Sci 45:1-8, 1998). According to that publication, of the 5 studies
(conducted 1990-1995) included in the analysis, one had unusually high incidences of
both pancreatic acinar cell adenoma and carcinoma; if this outlier study were removed
from the analysis, the spontaneous rates in Wistar rat would be similar to those obtained
in a previous publication (Walsh & Poteracki, 1994), i.e., 2.5 and 0.3% for adenoma in
male and female, respectively, and 0.6 and 0% for carcinoma in male and female,
respectively.

While the sponsor did not provide adequate relevant HC data, the available data suggest
that in female Wistar rat, pancreatic acinar cell tumors, particularly carcinoma, are rare.
In concurrent controls, no carcinoma was detected in 60 control males or 60 control
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females; in addition, only 2 adenoma were detected in the 120 control animals (2 males).
Based on these data, the fact that gabapentin enacarbil clearly produced an increase in
pancreatic acinar cell adenoma/carcinoma in female Wistar rat would argue against the
notion that gabapentin enacarbil (gabapentin) induced tumors only in a sensitive species,
i.e., one in which the spontaneous rate of these tumors is high.

Increased sensitivity of the male rat to gabapentin-induced pancreatic acinar cell tumors:
Addressing the lower effect-dose for gabapentin enacarbil in the male rat, the sponsor
argues that the male Wistar rat, compared to the female Wistar rat, has a higher
spontaneous rate of pancreatic acinar cell tumors and, therefore, is inherently more
sensitive to gabapentin-induced pancreatic acinar cell tumors. The sponsor provides two
published references to document differential effects of male and female reproductive
hormones on induction of pancreatic acinar cell tumors (Longnecker DS, Sumi C Int J
Pancreatol 7:159-165, 1990; Sumi C et al. Cancer Res 49:2332-2336, 1989). Sumi et al.
(1989) reported that estradiol and castration inhibited the incidence of acidophilic
atypical acinar cell foci and nodules (AACN, a precursor to pancreatic acinar cell tumors)
induced by azaserine (a direct-acting mutagen) in Fischer rats. In intact animals, the
authors note that the incidence of AACN was significantly higher in males than in
females and that these data are consistent with previous studies of the role of sex
hormones (particularly male sex hormones) on pancreatic acinar cell tumors. These data
suggest that male sex hormone(s) may underlie the higher spontaneous rate of pancreatic
acinar cell tumors and the apparently greater sensitivity to factors inducing these types of
tumors in males. However, as pointed out by both Sumi et al. (1989) and Longnecker &
Sumi (1990), “In epidemiologic studies, the age-adjusted incidence of pancreatic cancers
is higher in males than in females by a factor of about 1.6:1” and “Slightly longer average
survival has been reported in female than in male pancreas cancer patients...” (quotes
from Longnecker & Sumi, 1990). Longnecker et al. (Longnecker DS et al. Yale J Biol
Med 65:457-464, 1992) state that “In rats and mice but not in hamsters, exocrine
carcinomas have a higher incidence in male than in female animals, as is true in the
human.” It is also of note that much of the cited studies regarding sex-related differences
in pancreatic carcinogenesis have been conducted in the rat (cf. Longnecker & Sumi,
1990). Therefore, these data support neither the notion that the pancreatic acinar cell
tumors in male rats are not relevant to human nor an adjustment to the safety margin.

Mechanism of action underlying pancreatic acinar cell tumors: The mechanism by which
gabapentin induces pancreatic acinar cell tumors in rats is unknown. One proposed
mechanism for pancreatic acinar cell tumors resulting from administration of other
compounds (e.g., raw soy flour, casein, corn oil) is compound-induced prolonged
elevations in cholecystokinin (CCK). Since rat pancreas is considered particularly
sensitive to CCK-mediated effects, data demonstrating that gabapentin enacarbil might
induce pancreatic acinar cell tumors by increasing circulating levels of CCK might
mitigate the concern for humans. Dethloff et al. (Dethloff L et al. Toxicol Sci 55:52-29,
2000) stated that an effect of gabapentin on CCK could not be detected in preliminary
studies in Wistar rat (cf. de la Iglesia et al. The Toxicologist 36, 905a, 1997; this citation
could not be found), but noted that ““...assay methodology...may be problematic...”
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The sponsor conducted a pilot study in male Wistar rats. Gabapentin enacarbil was
administered as a single 5000-mg/kg dose (the HD in the carcinogenicity study) by oral
gavage; blood samples were collected up to 120 min post dose. No increase in CCK was
obtained. Neither casein nor corn oil (positive controls), tested at a single dose of 5000
and =~10,000 mg/kg, respectively, demonstrated a substantial increase in CCK; casein
exhibited the greatest response (2.5 fold over baseline), but the mean baseline level in the
casein-treated animals was also lower than in the other groups (including control). Based
on these preliminary findings, the sponsor concluded that it would not be possible to
demonstrate that gabapentin enacarbil increases CCK, “Based on the limitations of the
RIA assay and the small magnitude of the differences...”

Dethloff et al. (2000) also investigated the mitogenic potential of gabapentin in order to
determine whether or not gabapentin was a tumor promoter, increasing the incidence of
pancreatic acinar cell tumors by stimulating cellular proliferation. No evidence of
pancreatic acinar cell proliferation was detected in Wistar rats fed gabapentin (2000
mg/kg; the HD used in the carcinogenicity study) in the diet for up to 274 days; however,
evidence of cellular proliferation was obtained in in vitro studies. The authors concluded
that:

“...its ability to increase intracellular calcium suggests that gabapentin may activate
postreceptor downstream effectors and trigger proliferative signaling pathways. Using
incorporation of *H-thymidine as an indicator of S-phase activity and cell
proliferation, the in vitro data support the notion that gabapentin may stimulate DNA
synthesis in normal pancreatic acinar cells. Concentrations at which gabapentin
stimulated *H-thymidine incorporation in normal acinar cells are comparable to the
plasma concentrations of approximately 110 pg/ml, associated with increased
pancreatic acinar cell tumors in rats...Acting through this mitogenic pathway,
gabapentin may behave as a weak tumor promoter...”

This conclusion is reflected in Neurontin labeling, which notes that “It is not known
whether gabapentin has the ability to increase cell proliferation in other cell types or in
other species, including human.” The sponsor conducted no additional studies to further
investigate the mitogenic potential of gabapentin enacarbil. The sponsor concluded, based
on organ weights and histopathology that there was no evidence of a mitogenic effect in
the chronic toxicity studies of gabapentin enacarbil in rat and monkey. However, cellular
proliferation was not directly assessed in these studies, and the durations of dosing may
not have been sufficient to detect an effect on cellular proliferation if prolonged exposure
is necessary (as suggested by the lack of BrdU incorporation after 274 days of dosing in
the in vivo study).

Therefore, in vitro data suggest that gabapentin acts as a mitogen. The role of
mitogenicity in tumor formation is well recognized (cf. Alberts B et al. Molecular
Biology of the Cell, 4™ edn. New York:Garland Science, 2002; Cohen SM, Ellwein LB
Science 249(4972:1007-1011, 1990; McQueen CA et al. Comprehensive Toxicology, 2™
edn. Vol 14, United Kingdom:Elsevier Ltd., 2010). Based on the limited data available, it
is not possible to definitively characterize gabapentin as a “weak’ mitogen.
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Lack of correspondence between pancreatic acinar cell tumors and human pancreatic
tumors: The sponsor argues that in humans, pancreatic tumors primarily involve ductal,
not acinar, cells, and that, therefore, gabapentin enacarbil-induced acinar cell tumors are
not relevant to humans. Drs. @@ poth address this issue and both
support this view. Certainly, there is sufficient published literature to document the
difference between human and rat in terms of the cellular characteristics of pancreatic
tumors. Dr. @@ notes that pancreatic acinar cell carcinomas account for <1% of
pancreatic neoplasms in humans (Expert Report - iy

However, there is an increasing appreciation of the complexity of the pancreas and the
plasticity of pancreatic tissue, particularly relating to the cellular origins of pancreatic
tumors, which Dr. McKinney discusses in her review. Briefly, the cell of origin for
pancreatic tumors in humans is unknown (Fendrich V et al. Gastroenterol 135:621-631,
2008; Habbe N et al. Proc Natl Acad Sci 105(48):18913-18918, 2008; Pour PM et al.
Mole Cancer 2:13-22, 2003; Stanger BZ, Dor Y Cell Cycle 5(1):43-46, 2006). In the
pancreas, acinar, ductal, and islet cells all arise during embryonic development from the
same progenitor cell. However, according to Stanger & Dor (2006), stem cells have not
yet been successfully isolated from adult pancreas and “...their existence is questioned.”
Processes (dedifferentiation, transdifferentiation, and reprogramming) by which mature
cells can transition to other cell types contribute to regeneration and repair (and possibly
to tumor formation) in various organs, including the pancreas (Jopling C et al. Nat Rev
Mole Cell Biol 12:79-89, 2011). Transdifferentiation is a process in which adult cells
change phenotype with or without regression to an intermediate progenitor-like state. A
number of published studies have investigated the possibility that pancreatic ductal
adenocarcinoma, the pancreatic neoplasm “most feared by the human population”
(Expert Report - . August 12, 2010), may arise by transdifferentiation of other
pancreatic cell types. In in vitro and/or in vivo studies, transdifferentiation of pancreatic
acinar cells into insulin-producing B cells, acinar cells into cells with a duct-like
phenotype, B cells into acinar or ductal cells, ductal to islet cells have been reported.
Indeed, Pour et al. (2003) conclude that “...all pancreatic cells could be considered as a
potential facultative stem cell.” According to Husain & Thrower (Husain S, Thrower E
Curr Opin Gastroenterol 25:466-471, 2009), “Mounting evidence suggests that
pancreatic ductal adenocarcinoma...and its noninvasive precursor lesion known as
pancreatic intraepithelial neoplasia...are the result of acinar cell metaplasia to a ductal
cell form.” However, other investigators have proposed other cell types, e.g., islet cells
(Jamal A-M et al. Cell Death Differentiation 12:702-712, 2005; Pour PM et al., 2003) or
centroacinar cells (Stager & Dor, 2006), as the origin of ductal adenocarcinomas. Habbe
et al. (2008) note that “Because carcinogens can adversely impact multiple cell types in
the pancreas, the lineage fidelity from cell-of-origin to eventual neoplasia is hard to
preserve...” Whether or not effects on acinar cell (or other “progenitor” cell) proliferation
could give rise to, for example, acinar cell tumors in one species and ductal
adenocarcinoma in another is unclear.

(b) (@) . .. .. .
Dr. also points out that an activating mutation in Kras oncogene is prevalent
in pancreatic ductal adenocarcinoma in humans, but not in human acinar carcinoma. It is
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well recognized that mutated Kras is expressed in and contributes to a substantial number
of human tumors, including tumors of the pancreas (De La O J-P et al. Proc Natl Acad
i 105(48):18907-18912; Kranenburg O Biochim Biophys Acta 1756:81-82, 2005).
According to Dr. @@ this suggests that ““...acinar and ductal carcinoma have
different causes and pathways of development”, and that pancreatic acinar cell tumors in
humans have limited (if any) relevance to human. However, as Dr. @@ notes,
human acinar carcinomas do not express mutated Kras; neither does the rat pancreatic
acinar cell tumor. Therefore, the argument that the rat tumors are not relevant to humans
based on presence of mutated Kras does not apply to human acinar carcinomas. In
addition, data for human pancreatic cancer suggest that, although Kras mutations may be
an early event, other signaling pathways may be involved (e.g., Notch); human pancreatic
tumors are polyclonal and are characterized by “a number of genetic alterations” (Pour et
al., 2003).

e Conclusions

To address the pancreatic acinar cell adenoma and carcinoma observed in the lifetime
carcinogenicity study of gabapentin enacarbil (and of gabapentin) in rat, the sponsor
provided limited new data and three expert opinions. Several approaches were used in an
attempt to reduce concern regarding the human relevance of these tumors; two were
nonclinical. The sponsor argued that the safety margin is higher than the 8-fold originally
estimated (based solely on the sponsor’s data) and that the pancreatic acinar cell tumors
in rat are not relevant to human.

In my opinion, the sponsor did not establish the lack of human relevance of the pancreatic
tumors in rat. The sponsor argued for lack of human relevance based on several factors,
including: (1) in rat, the tumors were of pancreatic acinar cells, whereas in human, the
majority of pancreatic tumors are of the ductal type and (2) pancreatic acinar cell tumors
are common (or not uncommon) spontaneous findings in rat, but not in human. Published
studies suggest that the actual cell of origin of pancreatic tumors in animals and human
remains uncertain and that all pancreatic (acinar, ductal, islet) cell types have the
potential to give rise to cells of a different phenotype within the pancreas (e.g., acinar to
ductal, islet to ductal). In this respect, the sponsor’s data demonstrating the greater
presence of a high-affinity gabapentin transporter (LAT1) in human pancreatic islets is of
interest. These data suggest that gabapentin may concentrate in islet cells in humans and
acinar cells in rat. Considering the “remarkable degree of morphogenetic plasticity”
reported for adult human islets (Jamal et al., 2005; also Pour et al., 2003) and the
mitogenic potential of gabapentin, this could potentially lead to pancreatic tumors (of one
or more phenotype) in humans. Dr. @@ (Pettengill OS et al. Am J Path
143(1):292-303, 1993) states that acinar cells comprise ~80% of the pancreas; however,
Pour et al. (2003) suggest that estimates that exocrine cells (acinar, ductal) make up 95%
of the volume of the pancreas may be misleading and that “...it appears that there are as
many islet cells as acinar cells.”

The sponsor argued that the rat (particular the male) is more sensitive than human to
drug-induced pancreatic tumors, based on interspecies differences in the spontaneous
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rates of pancreatic acinar cell tumors and demonstrated responsiveness of rat pancreas to
various agents (e.g., trypsin inhibitors, corn oil, asazerine). However, gabapentin
enacarbil produced a clear tumorigenic effect in female rat and spontaneous incidence
data consistently demonstrate that pancreatic acinar cell tumors are rare in female rats.
According to the three sources of HC data cited by the sponsor, spontaneous rates of such
tumors in Wistar rat range from 0 to 0.6% for adenoma and 0% for carcinoma. The
greater spontaneous incidence rate in male (vs female) Wistar rat has been attributed to
differential effects of sex hormones (protective for female and facilitative for male sex
hormones) on development of pancreatic acinar cell tumors. A similar gender
susceptibility has been reported for humans (estimated to be 1.6-2.0:1, M:F), suggesting
that sex hormones may also affect development of pancreatic tumors in humans.

Pancreatic acinar cell tumors have been produced in rodents treated with genotoxic and
non-genotoxic compounds (e.g., corn oil, raw soy flour, trypsin inhibitors, and
peroxisome proliferators [e.g., clofibrate]), thus, according to the sponsor, demonstrating
an increased sensitivity to induction of pancreatic tumors compared to human. How this
alone mitigates concern for humans is not entirely clear, since interpretable data on the
carcinogenic effect of compounds in humans are difficult to obtain.

A comprehensive review of published studies on these complex issues is beyond the
scope of this memo. However, regardless of whether or not plasticity of pancreatic cells
may affect the relevance of the rat tumor findings to human, published literature does
demonstrate the lack of a full understanding of the processes involved in regeneration and
cellular proliferation within the pancreas. This, in addition to the lack of an understanding
of the mechanism by which gabapentin enacarbil (and gabapentin) induces pancreatic
acinar cell tumors in rat, makes is difficult to dismiss the human relevance of the rat
tumors. For non-genotoxic carcinogens, like gabapentin enacarbil, understanding the
mechanism underlying the tumorigenic process is important when assessing the potential
for human risk (Cohen SM et al. Toxicol Sci 78:181-186, 2004; Naito A et al.
Comprehensive Toxicology, 2™ edn. Vol 14, United Kingdom:Elsevier, Ltd., 2010). For
example, a body of data was collected for certain peroxisome proliferators (PPAR) that
suggested that the formation of pancreatic acinar carcinoma was due to drug-induced
decreases in bile acid synthesis or composition, resulting in increases in CCK secretion
and pancreatic acinar cell proliferation; increases in CCK are not thought to occur at
clinically relevant doses in human. Therefore, for these compounds, mechanistic data
allowed a reassessment of human risk. The sponsor conducted only one mechanistic
(CCK) study, and was not able to demonstrate a mechanism for gabapentin-induced
pancreatic acinar cell tumors in the rat.

Regarding the issue of safety margin, it is my opinion that the data provided by the
sponsor do support increasing the safety margin for the pancreatic acinar cell tumors. In
the carcinogenicity study of gabapentin enacarbil in rat, the mid dose (2000 mg/kg/day) is
arguably a minimum effect dose for pancreatic tumors; however, the low dose (the only
dose not associated with pancreatic tumors) was substantially lower (500 mg/kg/day)
which resulted in an 8-fold safety margin. In the 2-year carcinogenicity study of
gabapentin (Neurontin, the RLD) conducted in rat, the mid dose (1000 mg/kg/day) was
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determined to be a “no-effect” dose. The sponsor provided TK bridging data for
gabapentin at that dose and the HD (2000 mg/kg/day) used in the gabapentin study. The
sponsor’s data were similar to those reported by the Neurontin sponsor. Therefore, the
sponsor’s TK data for gabapentin at 1000 mg/kg/day support an increase in the safety
margin from 8 to =25. Although there is no clear guidance on an acceptable safety margin
for carcinogenicity, a 25-fold margin between plasma exposure (AUC) at the HD used in
a lifetime carcinogenicity study and that in humans at the maximum recommended daily
dose is an acceptable justification for HD selection; this suggests that tumors observed in
animals at plasma exposures beyond 25-fold may be of lesser concern for humans. The
sponsor’s argument that even higher safety margins exist based on pancreatic tissue
levels of gabapentin was not compelling, based on reasons already discussed.

Therefore, from a pharmacology/toxicology standpoint, there is no objection to approval
of the NDA, with appropriate labeling.

e Labeling

The following labeling recommendations use the sponsor’s proposed labeling submitted
on October 6, 2010 as a base, and take into account recommendations for the Pregnancy
section provided by Dr. Ed Fisher (Pharmacologist, DNP) and additional revisions
suggested by the sponsor. Also included, in the Pregnancy and Pediatric sections, is a
brief description of published studies reporting adverse effects of gabapentin on

development (synaptogenesis) mediated by interaction with the 0,0-1 subunit of the
voltage-activated calcium channel (Eroglu C et al. Cell 139:380-392, 2009).

Wording from Neurontin labeling (approved 3/1/2011) is included, as appropriate.
HIGHLIGHTS OF PRESCRIBING INFORMATION
[ No pharmacologic classis stated, since thereis no clear mechanism of action for
gabapentin enacarbil’s efficacy in RLS]
e Pregnancy: based on animal data, may cause fetal harm. (8.1)
FULL PRESCRIBING INFORMATION
5 WARNINGS AND PRECAUTIONS
5.6  Tumorigenic Potential

In an oral carcinogenicity study, gabapentin enacarbil increased the incidence of
pancreatic acinar cell adenoma and carcinoma in male and female rats [ see Nonclinical

Toxicology (13.1)]. The clinical significance of this finding is unknown.

[ Additional clinical wording to be taken from the Neurontin label .
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8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Pregnancy Category C. There are no adequate and well-controlled studies with
HORIZANT in pregnant women. In nonclinical studies in rat and rabbits, administration
of gabapentin enacarbil was developmentally toxic when administered to pregnant
animals at doses and gabapentin exposures greater than those used clinically.
HORIZANT should be used during pregnancy only if the potential benefit justifies the
potential risk to the fetus.

When pregnant rats were administered gabapentin enacarbil (oral doses of 200,
1,000, or 5,000 mg/kg/day) throughout the period of organogenesis, embryo-fetal
mortality was increased at the two highest doses and fetal body weights were decreased at
the high dose. The no-effect dose for embryo-fetal developmental toxicity in rats is
approximately 3 times the recommended human dose (RHD) of 600 mg/day on a body
surface area (mg/m®) basis.

When pregnant rabbits were administered gabapentin enacarbil (oral doses of 200,
500, or 2,500 mg/kg/day) throughout the period of organogenesis, embryo-fetal mortality
was increased and fetal body weights were decreased at the high dose. The no-effect dose
for embryo-fetal developmental toxicity in rabbits (500 mg/kg/day) is approximately
16 times the RHD on a mg/m” basis.

When female rats were administered gabapentin enacarbil (oral doses of 200,
1,000, or 5,000 mg/kg/day throughout the pregnancy and lactation periods, offspring
growth and survival were decreased at the two highest doses. The no-effect dose for pre-
and post-natal developmental toxicity in rats is approximately 3 times the RHD on a
mg/m” basis.

In reproductive and developmental studies of gabapentin, developmental toxicity
was observed at all doses tested. Increased incidences of hydroureter and/or
hydronephrosis were observed in rat offspring following treatment of pregnant animals in
studies of fertility and general reproductive performance, embryo-fetal development, and
peri- and post-natal development. Overall, a no-effect dose was not established. In mice,
treatment of pregnant animals with gabapentin during the period of organogenesis
resulted in delayed fetal skeletal ossification at all but the lowest dose tested. When
pregnant rabbits were treated with gabapentin during the period of organogenesis, an
increase in embryo-fetal mortality was observed at all doses of gabapentin tested.

In a published study, gabapentin (400 mg/kg/day) was administered by
intraperitoneal injection to neonatal mice during the first postnatal week, a period of
synaptogenesis in rodent (corresponding to the last trimester of pregnancy in human).
Gabapentin caused a marked decrease in neuronal synapse formation in brains of intact
mice and abnormal neuronal synapse formation in injured mice. Gabapentin has been
shown in vitro to interfere with activity of the a20 subunit of voltage-activated calcium
channels, a receptor involved in neuronal synaptogenesis. The clinical significance of
these findings is unknown.

8.2 Labor and Delivery
The effect of HORIZANT on labor and delivery is unknown.

8.3 Nursing Mothers
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It is not known whether gabapentin derived from HORIZANT is secreted in
human milk; however, gabapentin is secreted into human milk following oral
administration of gabapentin products. Because of the potential for serious adverse
reactions in nursing infants from HORIZANT, a decision should be made whether to
discontinue nursing or to discontinue the drug, taking into account the importance of the
drug to the mother.

8.4  Pediatric Use
Safety and effectiveness of HORIZANT in pediatric patients have not been
studied.

12 CLINICAL PHARMACOLOGY

12.1  Mechanism of Action

Gabapentin enacarbil is a prodrug of gabapentin and, accordingly, its therapeutic
effects in RLS are attributable to gabapentin.

The precise mechanism by which gabapentin is efficacious in RLS is unknown.
Gabapentin is structurally related to the neurotransmitter gamma-aminobutyric acid
(GABA) but has no effect on GABA binding, uptake, or degradation. Gabapentin
enacarbil and gabapentin have been tested in radioligand binding assays, and neither
exhibited affinity for a number of other common receptor, ion channel, or transporter
proteins.

In vitro studies have shown that gabapentin binds with high affinity to the 029
subunit of voltage-activated calcium channels; however, the relationship of this binding
to the therapeutic effects of gabapentin enacarbil in RLS is unknown.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis: Oral (gavage) carcinogenicity studies were conducted in mice
and rats. In mice, gabapentin enacarbil was tested at doses of 500, 2,000, or
5,000 mg/kg/day for up to 104 weeks. There was no evidence of drug-related
carcinogenicity. The highest dose tested is 40 times the recommended human dose
(RHD) of 600 mg/day, on a body surface area (mg/m?) basis.

In rats, gabapentin enacarbil was tested at doses of 500, 2,000, or
5,000 mg/kg/day for up to 97 weeks in mid-dose males, 90 weeks in high-dose males,
and 104 weeks in females. The plasma exposures (AUC) for gabapentin at these doses
are approximately 10, 38, and 75 times, respectively, that in humans at the RHD.
Increases in the incidence of pancreatic acinar adenoma and carcinoma were found in
mid-dose males and high-dose males and females.

In 2-year dietary carcinogenicity studies of gabapentin, no evidence of drug-
related carcinogenicity was observed in mice treated at doses up to 2,000 mg/kg/day. In
rats, increases in the incidence of pancreatic acinar cell adenoma and carcinoma were
found in male rats receiving the highest dose (2,000 mg/kg), but not at doses of 250 or
1,000 mg/kg/day. At 1,000 mg/kg/day, the plasma AUC for gabapentin is estimated to be
approximately 25 times that in humans at the RHD.

Studies designed to investigate the mechanism of gabapentin-induced pancreatic
carcinogenesis in rats indicate that gabapentin stimulates DNA synthesis in rat pancreatic
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acinar cells invitro and, thus, may be acting as a tumor promoter by enhancing mitogenic
activity. It is not known whether gabapentin has the ability to increase cell proliferation
in other cell types or in other species, including human.

Mutagenesis: Gabapentin enacarbil was negative in in vitro bacterial reverse
mutation (Ames) and in vivo rat micronucleus assays. In an invitro human lymphocyte
assay, there was an increase in the number of chromosomal aberrations with gabapentin
enacarbil. This in vitro response was attributed to acetaldehyde released by hydrolysis of
gabapentin enacarbil during the ®® Acetaldehyde is known to cause
chromosome aberrations in vitro, but is readily metabolized in vivo. The small quantity of
acetaldehyde formed from gabapentin enacarbil in vivo is rapidly cleared by normal
metabolic activity.

Impairment of Fertility: Oral administration of gabapentin enacarbil (doses of 0,
200, 1,000, or 5,000 mg/kg/day) to male and female rats prior to and throughout mating
and continuing in females up to day 7 of gestation resulted in no adverse effects on
fertility. The highest dose tested is approximately 80 times the RHD on a mg/m” basis.
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1  Executive Summary

1.1 Introduction

NDA 22-399 for XP13512 (HORIZANT ER tablets) , originally submitted on September
15, 2008, withdrawn Nov 11 2008, was resubmitted January 9, 2010. A Complete
Response letter was sent on February 17, 2010 and the Complete Response submitted
on October 6, 2010. Gabapentin enacarbil is a prodrug, converted to gabapentin during
absorption from the Gl tract. Gabapentin is approved for treatment of epilepsy and
post-herpetic neuralgia; the sponsor seeks approval of gabapentin enacarbil for

moderate-to-severe Restless Legs Syndrome (RLS).

1.2  Brief Discussion of Nonclinical Findings

Gabapentin enacarbil is associated with proliferative pancreatic acinar cell changes in
male and female Wistar rats. ?“ 1032-048, Feb 2009). Of particular concern are
findings of pancreatic acinar cell adenoma and carcinoma, over concurrent controls, in
mid-dose male and high dose male and female rats exposed to gabapentin enacarbil by
oral gavage in a 104-week carcinogenicity study. The tumor-free low-dose does not

offer an adequate safety margin.

The sponsor has reviewed the original carcinogenicity study, submitted data from in vivo
and in vitro studies of gabapentin enacarbil in rats, mice, and human tissues, and
presented written expert opinions.

1.3 Recommendations

1.3.1 Approvability: If the clinical condition warrants and sufficient benefit is derived,
gabapentin enacarbil should be approved at a per-patient dose not to exceed 600
mg/day.

1.3.2 Additional Non Clinical Recommendations N/A
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2  Drug Information

2.1 Drug
CAS Registry Number: (Optional) 478296-72-9

Generic Name: Gabapentin enacarbil
Code Name: XP131512 (XenoPort, Inc. Identification) and GSK1838262 (GSK ID)

Chemical Name: (+-1-([(a-isobutanoyloxyethoxy)carbonyl]-aminomethyl)-1-
cyclohexane acetic acid

Molecular Formula/Molecular Weight: C16H27NO6/ 329.40 g/mol

Structure or Biochemical Description:
0 0
0 f

2.2 Relevant IND: IND 71352 ®) @

2.3 Drug Formulation : See Non-Clinical Review. 02/01/2010. Source

2.4 Comments on Novel Excipients : See Non-Clinical Review. 02/01/2010.

2.5 Comments on Impurities/Degradants of Concern: See Non-Clinical Review.
02/01/2010.

2.6 Proposed Clinical Population and Dosing Regimen: Moderate-to-severe
Restless Legs Syndrome. The proposed maximum dose is 600 mg/day.

2.7 Regulatory Background

Gabapentin enacarbil is considered a new chemical entity, and a complete series of
nonclinical studies (INDs 71352 @@y were reviewed by Terry S Peters,
DVM. Dr Peters noted a signal for pancreatic tumors in mid and high dose rats in the
lifetime carcinogenicity study. Following a review of the data by the ExeCAC, it was
concluded that “There was an increased incidence of pancreatic acinar cell hyperplasia,
adenomas, and adenomas + carcinomas in males and females at the HD and in MDM”
(cf. Executive CAC meeting minutes, 8/5/09). The tumor signal is of sufficient concern
that a Complete Response action was filed on February 17, 2010. In the Complete
Response letter, the narrow safety margin (8-fold for the plasma levels of gabapentin in
the NOAEL male rat) was considered too low to justify approval of the 600 mg dose for
patients with RLS.
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At a subsequent meeting, the sponsor was asked to show that the rat pancreatic acinar
tumors are not relevant to human health and it was suggested that the sponsor provide
mechanistic data and to rule out a cholecystokinin-mediated effect.

In a Complete Response, October 6, 2010, the sponsor filed a Class 2 Resubmission as
a 505 (b)(2). To address the relevance to human of the pancreatic acinar cell tumors
detected in rat, and in order to establish that there is an adequate margin of safety, the
sponsor submitted their re-review of the original carcinogenicity study, data from new in
vivo and in vitro studies of gabapentin enacarbil in rats, mice, and human tissues,
(Appendix A), and presented written expert opinions. (Appendix B )

Studies Submitted

3.1 Studies Reviewed:

2010N 105963: Pilot study of CCK plasma levels in male Wistar rats after a single dose
of gabapentin enacarbil

2010N 105807: Toxicokinetic study of gabapentin in male Wistar rats given gabapentin
in feed for 14 days: Collection of blood. Determination of Gabapentin concentration in
rat whole blood (K2EDTA) Supernatant by LC-MS method.

2010N 105468: Gabapentin PK Pilot study.

2010N 105806: Toxicokinetic study of gabapentin in male Wistar rats given gabapentin
in feed for 14 days.

2010N 105808 Toxicokinetic study of gabapentin in male Wistar rats given gabapentin
in feed for 14 days. Collection of blood samples.

3.2 Studies Not Reviewed: NA

3.3 Previous Reviews Referenced

Terry S. Peters, DVM- Pharmacology/Toxicology Review and Evaluation, February 1,
2010

Lois M. Freed, Ph.D. Supervisory Pharmacologist, February 5, 2010

Paul C. Brown, Ph.D. Tertiary Pharmacology Review, February 12. 2010

Russell Katz, M.D. Director, Division of Neurology Products, February 15, 2010

4  Pharmacology
4.1 Primary Pharmacology

The pharmacology of gabapentin enacarbil has been thoroughly reviewed by
Terry S Peters, DVM. See Non-Clinical Review. 02/01/2010.

Gabapentin enacarbil (HORIZANT ) is a pro-drug of gabapentin and is hydrolyzed to
gabapentin, isobutyric acid, acetaldehyde, and CO2 during absorption in the Gl tract.
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Gabapentin enacarbil has no detectable pharmacologic activity until it has been
hydrolyzed to gabapentin. Any effects resulting from exposure to gabapentin enacarbil
are considered to be attributable to gabapentin, which is well characterized in the
published literature.

Previous in vivo exposure of rats to *C-labeled gabapentin and gabapentin enacarbil
(PK —R-450-13512, September, 2003) demonstrated that pancreas in the male rat
contained the highest levels of radioactivity 2 hours post-dose. Excretion of gabapentin
enacarbil is primarily renal and by 6 hr post-dose, only kidneys (both genders),
pancreas (males only), pituitary (males only) and carcass (males only) retained
amounts of radioactivity greater than 10 pg equiv/g. Essentially no radiolabel was
present at 24 hrs post-dosing. The majority of the radiolabel was recovered in urine,
primarily in the first 12 hrs.

5.2 Toxicokinetics: Day 14, blood levels of repeat oral daily doses of
XP131512 (Gabapentin enacarbil) and Gabapentin

Dose | Sex | Chax Crmax Tmax Tmax (hr) AUC AUC
Gabapentin | Gabapentin | Gabapentin | Gabapentin | Gabapentin | Gabapentin
Enacarbil Enacarbil Enacarbil

500 |M 139 0.5 457

500 |F 120 0.5 418

1000 | M 59.8 9.0 1090

1000 | F - -—- -—- - -—- -—-

2000 | M 204 79.7 4.0 9.0 2060 1500

2000 | F 175 -—- 0.5 1610

5000 | M 375 4.0 4840

5000 | F 340 4.0 3630

General Toxicology, Carcinogenicity, Pharmacology:

See Pharmacology/Toxicology Review and Evaluation, Dr. Terry S. Peters, February 1,
2010

See Memorandum: Lois M. Freed, Ph.D. Supervisory Pharmacologist, February 5,
2010

Integrated Summary and Safety Evaluation

Gabapentin, although neither mutagenic nor clastogenic, is a weak mitogen and is
positively associated, by an unknown mechanism, with an increased incidence of
pancreatic acinar cell adenoma and carcinoma in male Wistar rats. (Radulovic LL et al
Drugs Today 31(8):P597-611,1995). In the published literature, gabapentin-dosed HDM
had single tumors per pancreas, except in two animals that had two adenomas, and
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female rats were free of tumors. The reported pancreatic acinar cell tumors were
“...considered low grade since they did not invade adjacent tissues, metastasize or
cause the death of any animal...” (Radulovic LL et al., 1995).

In the gabapentin enacarbil study in Wistar rats, adenoma (greater than controls) and
carcinoma were seen in a HD male and in a HD female. Adenoma and one carcinoma
were seen in MD males. The carcinoma were found to be locally invasive (although no
metastases were found) and carcinoma was the cause of death in the MD male.

104 week oral gavage by gabapentin enacarbil in Wistar Rats.
Pancreatic tumor incidence as %.

Males (N=60/dose group) Females (N=60/dose group)
0 500 2000 5000 0 500 2000 | 5000
mg/kg | mg/kg | mg/kg | Mg/kg | mg/kg | mg/kg | mg/kg | Mg/kg
Adenoma | 3.3% 6.7% 6.7% 13.3% |0 0 0 5%
Carcinoma | 0 0 1.7% 1.7% 0 0 0 1.7%
Total 3.3% 6.7% 8.3% 15% 0 0 0 6.7%
Benign+
Malignant

In her Memorandum, Dr. Freed provides the following table:

FINDING MALES FEMALES
0 500 | 2000 [ 5000 0 [ 500 [ 2000 [ 5000
NEOPLASTIC
adenoma 2/60 4/60 | 4/60 | 8/60 | 0/60 | 0/60 | 0/60 | 3/60
carcinoma 0/60 0/60 1/60 1/60 0/60 0/60 0/60 1/60
total 2/60 4/60 | 5/60 | 9/60 | 0/60 | 0/60 | 0/60 | 4/60
NON-NEOPLASTIC

hyperplasia
minimal 8/60 2/60 | 4/60 | 5/60 | 1/60 | 0/60 | 2/60 | 5/60
mild 3/60 6/60 | 7/60 | 12/60 | 0/60 | 0/60 | 1/60 | 5/60
moderate 3/60 1/60 | 3/60 | 3/60 | 0/60 | 1/60 | 1/60 | 4/60
severe 0/60 1/60 | 0/60 | 0/60 | 0/60 | 0/60 | 0/60 | 0/60
total 14/60 | 10/60 | 14/60 | 20/60 | 1/60 | 1/60 | 4/60 | 14/60

Compared to concurrent controls, there is a dose-related increase in pancreatic acinar
cell adenoma and carcinoma and an increase in the severity of hyperplasia in MD male
and HD male and female rats. Carcinoma was described in the study pathologist’s
report as “locally invasive without evidence of distant metastases”; the acinar cell
carcinoma was the cause of death in the affected MD male, but not in the HD male and
female rats. Because of morbidity due to chronic nephropathy (gabapentin is excreted
through the kidney), the HD males were terminated at 90 weeks and the MD males at
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97 weeks. The study was of deemed to be of sufficient length to have accurately
detected proliferative changes.

Pancreatic proliferative changes are rare in male and female Wistar-Han rats and in
female Wistar rats and uncommon in male Wistar rats. Because pancreatic acinar
tumors are rare in female Wistar rats and, in addition to the carcinoma in HDM and
HDF, there is a clear increase in adenoma in both sexes; adenoma and carcinoma in
males and females at 5000 mg/kg (HD) are clearly a drug effect.

At the time of the original study, the contract pathologist’s in-house historic database
combined data from Wistar and Wistar-Han control rats. When assessed for Wistar rats
alone, the database is too small for statistical comparisons, and no carcinoma were
found. Based on larger, published Wistar rat tumor incidence tables from 1994 and
1998, at least one spontaneous pancreatic acinar carcinoma would have been found
within the 240 male rats in the four dose groups. The sponsor concludes that the
carcinoma in a MDM is a spontaneous lesion, within the anticipated range for the strain,
and that the MD of 2000 mg/kg is the NOEL for gabapentin-induced carcinoma.

The same incidence tables are used to argue that adenoma at MD and LD are within
anticipated incidence rates and that the incidence in the concurrent controls is unusually
low. The adenoma incidence in LD and MD males are within the published and in-house
ranges and the sponsor contends that there is no drug-related increase of adenoma in
either the LD or MD males.

Upon review of the concurrent and historic controls, the sponsor concludes the 6.6%
incidence of adenoma in LD and MD males and the carcinoma in one MDM is
spontaneous, rather than a drug effect. The in-house database used to support that
interpretation of concurrent controls is too small to offer statistical inference but,
although no carcinoma were seen, does show an incidence of 6.5% adenoma,.

Pancreatic acinar cell hyperplasia is historically of variable severity and the incidence at
the MD was the same as or less than concurrent controls. The incidence in the HD
males and females is agreed to be due to gabapentin. The sponsor finds the
interpretation of slight increased severity of the MD proliferative lesions to be
“conservative and equivocal and ... largely based on consideration of the published
data with gabapentin, in particular the toxicokinetic data for gabapentin, which has been
published only in a figure and not in tabular form.”

The sponsor concludes that absent an increase in either hyperplasia or adenoma
(above in-house data and published incidence tables), the carcinoma in one MDM is

spontaneous, and “the NOEL for carcinoma is close to 2000 mg/kg/day”, “close to 38-
fold” margin of safety.

Mechanistic studies:
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In a review of the literature, of previously submitted studies, and of the in vivo and in
vitro studies submitted with the Complete Response (see Appendices A and B), the
sponsor argues that the rat pancreas is uniquely exposed to high levels of gabapentin
after oral dosing by gabapentin or gabapentin enacarbil.

The rat pancreas does have uniquely high levels of CCK (cholecystokinin) receptors,
and diet-induced CCK is known to stimulate the growth of normal pancreas in rats and
to selectively stimulate the growth of carcinogen-induced hyperplastic acinar cell
lesions. These proliferative effects are considered to be species-specific to the rat and
are accepted to not have implications for human health. In a pilot study (2010N
105963), rats were administered oral gavage of 5000 mg/kg gabapentin in vehicle, 4000
mg/kg casein in vehicle, or 10 mL/kg corn oil. In measurements out to two hours,
gabapentin did not cause CCK elevations detectably different from vehicle and,
although more than corn oil, substantially less than the positive control (casein). Any
drug-associated pancreatic acinar proliferative changes are thus attributed to some
mechanism other than the cholecystokinin mechanism (de la Iglesia FA, et al,
Toxicologist, 1997;36:178).

Previous in vivo exposure of rats to '*C-labeled gabapentin and gabapentin enacarbil
(PK —R-450-13512, September, 2003) demonstrated that in the male rat, pancreas
contained the highest levels of radioactivity 2 hours post-dose. At 6 hr post-dose,
kidneys (both genders), pancreas (males only), pituitary (males only) and carcass
(males only) retained amounts of radioactivity greater than 10 ug equiv/g. From the
published literature, the sponsor concluded that mice had a similar tissue distribution of
gabapentin but lower blood concentrations, and thus lower absolute tissue levels than
the rat. Also from published literature, the pancreas-to-blood ratio in gabapentin-dosed
primates did not exceed 1:1, indicating no concentration of gabapentin in pancreas.

In experiment 2010N105598 (August, 2010), sections of human and rat pancreas were
exposed in vitro to tritiated gabapentin. The human tissues were harvested 17-21 hours
before sectioning, and the rat tissues harvested on site that day. Exposure was at 37°
C in a perfusion chamber used in publications of similar studies. (Balkenohl et al.,
Epilepsia, 1993; 34: 157). After 3 hours, rat pancreas tissue slices contained 11-fold
greater gabapentin-associated radioactivity than human pancreas tissue slices. This
argues that there is a substantial inter-species difference in accumulation of gabapentin
in human vs rat pancreas.

Gabapentin is a zwitterion and trans-membrane transport requires active transporter
proteins. Study XD2010 was performed to see if there is a species difference in
pancreatic gabapentin transporter protein levels. In XD2010, gabapentin carrier
proteins were determined by injecting cRNA from plasmid-transfected cell lines into
Xenopus laevis oocytes and recording intracellular uptake of gabapentin. The presence
of those gabapentin carrier proteins was determined using real time quantitative PCR
on total RNA isolated from pancreas of human, Wistar rat, Sprague-Dawley rat and
B6C3F1 mouse. By fluorescent immunohistochemistry, the proteins in rodents were
found distributed uniquely in pancreatic exocrine acinar cells. In contrast, the distribution
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in human pancreas was uniquely in endocrine Islet cells. The sponsor contends that
the total mass of acinar cells in pancreas explains the higher concentration of
gabapentin in the rat pancreas.

The sponsor then calculated that at the 500 mg/kg dose (~8 fold safety margin by AUC),
the 11-fold concentration in rat pancreas, attributed to the transport protein expression
in rat acinar cells, would “provide a safety margin of >50-fold, based on at least a 5-fold
higher tissue accumulation ratio in rats” and further that “ Exposure levels of the active
drug in the target organ are the most relevant parameter.”

Expert opinions on the relevance of pancreatic acinar carcinoma to human health
Three experts in rat and pancreatic carcinogenesis offered written opinions on the
relevance of the tumors to human health.

@@ MD concluded that there are “multiple reasons to doubt the
relevance of the acinar cell adenomas and carcinomas seen the toxicologic studies of
gabapentin enacarbil in Wistar rats for human risk assessment.” In a discussion of
pancreatic intraepithelial neoplasia (antecedent to ductal carcinoma) and acinar-to-
ductal metaplasia (ADM), he concluded “in the absence of Kras mutation, acinar cells
do not give rise to ductal adenocarcinomas that is similar to the dominant pancreatic
cancer in humans.”

@@ 'M.D., Ph.D. addressed the comparison of the original gabapentin
carcinogenicity studies and the more recent gabapentin enacarbil carcinogenicity
studies. Dr.. % pointed out that “Because of evolving differences in the strains over
time [and] differences in Purina certified diets, systemic exposure at the different doses
cannot necessarily be used to compare ... the different Gabapentin and Gabapentin
enacarbil carcinogenicity studies.” And he concludes that “The rat model itself with
regard to pancreatic acinar cell carcinogenesis, is not relevant to the human situation. It
is predicted with considerable confidence that no carcinogenic effect will occur in
humans.”

@@ "MD concludes that “ based on the finding of only pancreatic acinar
cell neoplasms in the Gabapentin enacarbil (GEn) rat bioassay, a likely epigenetic mode
of action, and the dose response relationships for this neoplasm relative to human
exposures, | conclude that GEn at the therapeutic dose does not represent a cancer risk
to patients.

The sponsor concludes that” Based on the weight of the evidence, the high safety
margin for carcinomas and the lack of relevance of rat acinar cell tumors to human
cancer indicate an insignificant cancer risk to humans from the proposed human dose of
600 mg gabapentin enacarbil for moderate-to-severe RLS.”

Reviewer Summary:
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Worldwide, pancreatic cancer ranks 13th in incidence but 8th as a cause of cancer
death (Anderson KE, In: Cancer Epidemiology and Prevention. 3rd Ed. 2006). The
most common form of human pancreatic carcinoma has a ductal morphology, is
characterized by Kras mutations, and has long been thought to arise from pancreatic
ducts or ductal stem cells. Recent reports also implicate acinar cells and islet cells as a
possible cell of origin. (Pour PM et al, Mol Cancer, 2: 13, 2003) Pancreatic acinar cell
carcinoma is a rare tumor in humans, and all three experts argue convincingly that rat
tumors of this cell type are unlikely to be predictive of pancreatic ductal tumors in
humans.

The rat susceptibility to pancreatic acinar tumors is sex and strain-related and these
tumors do occur spontaneously, albeit uncommonly, in male Wistar rats. Compound-
induced increases in rare or uncommon spontaneous lesions are difficult to interpret,
and historical control databases are a comparison tool that can aid interpretation if it is
of sufficient size, well defined, with consistent diagnostic nomenclature, and taken from
studies finalized not more than 7 years previous. (Keenan et al., Toxicol Pathol, vol.
37(5): pp. 679-693, 2009).

Dri % points out that changes in strain, husbandry, and diagnostic criteria over time
can preclude comparison between studies separated by many years. The published
incidence tables the sponsor uses to argue the spontaneity of the MDM carcinoma are
not less than 13 years old; this is beyond the two-to-seven years recommended by the
Society of Toxicologic Pathology (Keenan, et al, 2009). The tables are compiled from
studies of undefined dietary regimen, and the authors note that the incidences in the
1998 database are skewed by a 50% incidence of adenoma and 17% incidence of
carcinoma in one particular study. Excluding that study, both publications find an
incidence of ~2.5% for adenoma and ~.5% for carcinoma in male Wistar rats. (The
incidence ranges from 0-10% and 0-2% respectively.) The 1998 incidence tables are
used to argue that the adenoma incidence in the concurrent controls (3.3%) is unusually
low. The in-house database used to support that interpretation of the concurrent
controls is too small to offer statistical comparisons, but the incidence of adenoma is
comparatively high (6.5%).

The combined Wistar-Han+Wistar rat historical control data that aided the initial
interpretation of the carcinogenicity study is inappropriate, and the Wistar-only in-house
control data are too few to predict spontaneous lesions and are not well characterized.
The sponsor argues that the carcinoma in the MD male is an anticipated spontaneous
occurrence and that that dose level should be considered the NOEL for tumor.
Certainly the carcinoma signal at 2000 mg/kg is low (one out of 40 male rats), but the
tumor is locally invasive and was determined to be the cause of death in the rat. The
rats were euthanized at 97 out of 104 days, and other tumors, or more clearly
diagnosed hyperplasia, may have been seen at a later time point.

Concurrent controls remain the single best comparator (Keenan, et al, 2009) and
because of the increase over concurrent controls of carcinoma and adenoma at the mid
dose, the clear no-tumor level is the low-dose of 500 mg/kg. This exposure level does
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not offer sufficient safety margins for human doses at 600 mg/day for treatment of
Restless Legs Syndrome.

The findings of the distribution of gabapentin-carrier proteins are striking. That there are
many more cells able to transport gabapentin across the cell membrane in rat pancreas
than in human is undeniable. There is a smaller, separate, population of islet cells in
the human that expresses similar protein levels. While there are no data to
demonstrate that gabapentin is preferentially taken up by islet cells, the concentrations
of the transporter proteins would indicate that this population could be exposed to levels
of gabapentin similar to that of acinar cells in rodents. As stated in the meeting minutes
(5/18/2010), “Published data suggest that gabapentin may be a mitogen; therefore,
neoplasms could potentially develop in any tissue exposed to sufficient concentrations
of gabapentin.” Further, neuroendocrine islet Beta-cells are capable of
transdifferentiation to ductal cells, ( Pour PM et al, 2003; Jopling C, et al, Nature
Reviews, Molecular Cell Biology, 12:70-89, 2011) and exposure to a mitogen, at levels
that the carrier proteins might allow, is reason for continued concern.

Conclusion:

The sponsor has provided convincing evidence that rat acinar cells have an abundance
of gabapentin carrier proteins (in vitro) and that the rat pancreas does take up high
levels of gabapentin post-oral-dose in vivo.

The sponsor presents adequate evidence that acinar cell tumors are rare in humans
and that the rat acinar cell tumors do not express the genetic, morphologic or
antecedent changes of the more common pancreatic ductal adenocarcinoma in
humans.

Based on the tissue-slice uptake differences between rat and human pancreas, the
sponsor states that “(500 mg/kg/day), must be considered to provide a safety margin of
>50-fold, based on at least a 5-fold higher tissue accumulation ratio in rats.”
Speculatively, the same rationale might well apply to the neuroendocrine cells of the
human pancreas. There are no data to support or discount either possibility, and
neither conclusion is accepted.

In comparison to concurrent controls, the data establish a clear carcinogenic dose at
5000 mg/kg, show a weak carcinogenic effect at the mid dose of 2000 mg/kg in Wistar
rat pancreas and no effect at 500 mg/kg. Comparing to less-than-ideal historic control
incidence data, the sponsor poses that the no-effect dose level for tumor would be
“close to 2000 mg/kg/day” and that the safety margin would be “close to 38-fold”.

The highest no-tumor dose level in the rat is likely somewhere greater than 500 mg/kg
but less than the mid-dose of 2000 mg/kg. The margin of safety at the mid-dose would
be 38-fold, and at the low dose is 8-fold. It is likely that there could well be a tumor-free
dose, providing at least a 25-fold margin of safety, at a level “close to” but less than
2000 mg/kg.

13
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There is a weak, but worrisome, signal for carcinogenicity. The risk is relatively low
however and, if the clinical condition warrants and sufficient benefit is derived, the
proposed dose of not more than 600 mg/day of gabapentin enacarbil should be
approved.

14
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12 Appendix/Attachments

Appendix A.
Review of Nonclinical studies submitted by GlaxoSmithKline in a Complete
Response, dated 10/6/ 2010

1. Pilot Study of CCK Plasma Levels in Male Wistar Rats after a Single
Dose of Gabapentin Enacarbil
Study no.:  2010N105963

Conducting laboratory and location:  XenoPort, Inc

3413410 Central Expressway

Santa Clara, CA 95051-0703

Date of study initiation: 2 Sept 2010
GLP compliance: No
QA statement:  Yes
Drug, lot #, and % purity: ~ Gabapentin enacarbil (GEn XP13512),

Lot No 43. 100.3% w/w
Key Study Findings:
1) The net increase in CCK in the gabapentin enacarbil treatment group over vehicle
control group, as measured by the two laboratories, was 0.6 pM and 2.5 pM, while the
CCK concentrations in the vehicle control group were 4.8 pM and 3.1 pM, respectively
2) Pure corn oil appeared to elicit no more of a response than the vehicle control. CCK
concentrations in the vehicle control groups were higher than baseline blood samples.

15
Reference ID: 2928341



NDA # 22-399

Methods

Deviation from study protocol:

(b) (4)

Doses:

Frequency of dosing:
Route of administration:

Dose volume:
Formulation/Vehicle:

Species/Strain:

Reviewer: LUAnn McKinney

Vehicle, 5000mg/kg gabapentin in vehicle,
4000mg/kg casein in vehicle, corn oil 10mL/kg.
once

Oral gavage

20 mL/kg.

0.5%methylcellulose/0.1%Tween80 in distilled
water

Male Wistar rats

Number/Sex/Group: 15 males/group
Age:
Weight: 252-310 grams
Satellite groups: NA
Unique study design: Parallel analyses at GSK and ® @

Radioimmunoassay kit from Euro-Diagnostica
for measurement of CCK. The assay is reported
to detect concentrations of CCK-8 as low as 0.3
pM

None

GSK:

—4— Vehicle
—i— Gabapenin enacarbil

—&— Casein

—e— Com oil

—&— Vehicle

—— Gabapenin enacarbil

—&— Casein

0 15

30

45 60 75 90
Time (minutes) after Treatment 0 15 30 108 120

L 60 75 90
Time (minutes) after Treatment

The Sponsor concluded that “it is not possible to reproducibly measure subtle change in
plasma CK over and above the CCK levels in the vehicle control group.”

Comment: The experiments appear adequately controlled, the analyses were performed
at separate laboratories. There does not appear to be a CCK mechanism to account for
the pancreatic tumors in Wistar rats fed Gabapentin, nor would there be an expected
CCKincrease in rats fed gabapentin enacarbil.
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2. Expression and Localization of Gabapentin Transporter Proteins in
Human, Rat and Mouse Pancreatic Tissue
Study no.: XD2010/00358/00
Conducting laboratory and location:  Xenoport, Inc, Santa Clara, CA
Date of study initiation: 11 May, 2010
GLP compliance: No
QA statement:  No

1) The purpose of this portion was to identify those proteins that actively transport
gabapentin across cell membranes. Gabapentin transporter uptake studies were
conducted in either transporter-expressing mammalian (HEK) cells or Xenopus laevis
oocytes injected with transporter-encoding cRNA .

Based on transfected Oocytes:

LAT1 forms a heterodimer with the heavy chain 4F2hc, which is required for
LAT1 trafficking to the cell surface.

Oocytes that expressed LAT1/LAT2 and 4F2hc showed a high level of L-
phenylalanine uptake compared to uninjected oocytes, indicating that the transporter is
functionally expressed

LAT1/4F2hc mediated gabapentin uptake was saturable and fitted to the
Michaelis Menten equation (pEC50 = 3.8 £ 0.3).

LAT2/4F2hc did not recognize gabapentin.

Dose-response curves for LAT3 and LAT4 did not saturate.

2) To identify which of those proteins are present in pancreas from the three species,
MRNA expression analysis was performed using real time quantitative PCR on total
RNA isolated from pancreas of human, Wistar rat, Sprague-Dawley rat and B6C3F1
mouse. [Frozen pancreas harvested at no more than one hour post-cardiac arrest, from
a 76 year old female, a 83 year old Caucasian female and a 44 year old male human.
Pancreas from Sprague Dawley and Wistar rats and B6C3F1 mice frozen within 1 hour
of resection.]

Subset of transporter genes were expressed at significantly higher levels (>10-
fold) in rat pancreas compared to human, and also were expressed at high absolute
levels (>10% of GAPDH). This includes LAT1, LAT2, 4F2hc, MCT6, MCT7, PAT1, and
SN2.

A high degree of concordance was observed for gene expression levels
between Wistar and Sprague-Dawley strains, and similar results were obtained when
comparing B6C3F1 mouse transporter gene expression profiles to human.

3) The anatomic location of the transporters in tissue sections was determined by
fluorescence immunohistochemistry.

In both human and rat, the localization pattern of 4F2hc closely resembled that of
LAT1.

Rodents: The Gabapentin transporter proteins LAT1 and 4F2hc, are
overwhelmingly located in acinar cells; none in are in islets.
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Human: The Gabapentin transported proteins LAT1 and 4F2hc, are uniquely in
islet cells; none in acinar cells.
The staining pattern of LAT2 was virtually identical to that of LAT1 and 4F2hc.

The sponsor concluded: “Acinar cells are far more abundant than islet cells in the
pancreas, and taken together this data supports the premise that pancreatic
accumulation of gabapentin from the blood is primarily mediated through active uptake
by the LAT1/4F2hc and Lat1/4F2hc transporters, with the differential expression of
these gene products accounting for the higher concentrations of gabapentin observed in
rodent vs. primate pancreatic tissue.”

Conclusion: Due to the relative mass of acinar vs. islet cells in the mammalian
pancreas, the sponsor presents a reasonable rationale. However, while there are no
data to demonstrate that gabapentin is preferentially taken up by islet cells, the
concentration of the transporter proteins would indicate that this population would be
exposed to levels of gabapentin similar to that of acinar cells in rodents. As stated in
the meeting minutes (5/18/2010), “Published data suggest that gabapentin may be a
mitogen; therefore, neoplasms could potentially develop in any tissue exposed to
sufficient concentrations of gabapentin.”

3. In Vitro Study of Accumulation of Gabapentin in Pancreas Slices of Rat
and Human
Study no.: 2010N105598
Conducting laboratory and location: ~ XenoPort, Inc, Santa Clara, CA
Date of study initiation: 26 August, 2010
GLP compliance: No
QA statement: No

This study repeats the work of Balkenohl et al. (Balkenohl MW, Turck D, Kirste G and
Feuerstein TJ, Species Specific Accumulation of Gabapentin in Male Rat Pancreatic
Tissue Compared to Human and Monkey Pancreas Epilepsia, 1993; 34: 157). The
tissue perfusion apparatus (superfusion chambers) were provided by @@ 3 co-
author of that paper.

Human pancreas was collected within 1 hour of cessation of cardiovascular circulation,
shipped on wet ice and delivered within 17-21 hours of harvest. Rat pancreas was
harvested on site on the day of the study.

4-12 mg vibratome-sectioned slices of pancreas from 4 Wistar male rats and 3
individual male human donors (6 slices per pancreas), were perfused at 37 degrees C
with perfusion medium for 30 minutes, tritiated gabapentin for 45 minutes and perfusion
medium for 30 minutes. Radioactivity was measured at 0 and 3 hours in dpm/mg in the
tissue and the perfusion medium.

In this study, rat pancreas showed an approximately 11-fold higher accumulation of
gabapentin-associated radioactivity compared to humans.
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Figure 2.2: Mean (SEM) relative accumulation of “H-gabapentin radioactivity in rat
and human pancreas slices after in vitro perfusion

Table 6.2. Mean “H Ratio of Human Pancreas Slice/Medium at 0 hour and 3 hours
after Tissue Preparation

. Time Pancreas/medium
Human ID Sample (hr) Mean dpm/mg 31 Ratio
Slice® 160 )
1 - 0 0.156
Medium 1030
Slice* 173
2 - 0 0.161
Medium 1076
Slice* 170
3 - 0 0.153
Medium 1113
Mean 0.156
0 hour data
SEM 0.002
. Time Pancreas/medium
Human ID Sample (i) Mean dpm/mg 3 Ratio
Slice™ 154
1 : 3 0.150
Medium 1030
Slice™ 223
2 - 3 0.208
Medium 1076
Slice” 146
3 : 3 0.131
Medium 1113
Mean” 0.163
3-hour data & 111.
SEM™ 0.023
. Overall Mean 0.160
Combined O-hour and 3-hour data vera ean._
Overall SEM"™ 0.010
*n=6
" n=3; One slice at time 3 hours for Human 3 was considered an outlier and was excluded from the
analysis.
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Table 6.1. Mean *H Ratio of Rat Pancreas Slice/Medium at 0 hour and 3 hours after
Tissue Preparation

Time Mean Pancreas/medium
Rat1D Sample (hr) dpmy/mg 3H Ratio
] Sllc{e'-' 0 1753 165
Medium 1061
Slice* 1356
2 : 0 > 1.33
Medium 1016
Slice* 2
3 : 0 1862 1.77
Medium 1050
Slice* 2857
4 : 0 2.64
Medium 1082
Mean 1.85
0 hour data
SEM 0.280
Time Mean Pancreas/medium
RatID Sample (hr) dpmymg *H Ratio
Slice™ g
1 : 3 1886 1.78
Medimm 1061
Slice* 1763
2 : 3 1.74
Medium 1016
Slice* 83
3 : 3 14 1.41
Medium 1050
Slice* 2467
4 : 3 2.28
Medium 1082
Mean 1.80
3 hour data
SEM 0.179
Overall
) Mean 1.83
Combined 0 hour and 3 hour data .
Overa
5.
SEM 0.154

*n=6.

4. Blood-to-Plasma Ratio of Gabapentin in Mouse Blood
Study no.: 2010N105641
Conducting laboratory and location:  XenoPort, Inc
3413410 Central Expressway
Santa Clara, CA 95051-0703
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:  No 288003702, from A
100% purity

Key Study Findings:

The mean blood-to-plasma ratios of gabapentin were nearly 1.0 in the blood of B6C3F1
mice regardless of the gender.
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Methods: in vitro studies designed to examine the blood to-plasma ratio of
gabapentin in the blood obtained from male and female B6C3F1 mice.

Doses: Gabapentin at 50, 100, 200 and 300 ug/mL was
incubated with blood from both male and
female mice for 30 min or for one hour at 37°C.

Formulation/Vehicle: In PBS at 50 mg/mL

Table 5.1 Blood-to-Plasma Ratio of Gabapentin in the Blood of Male B6C3F1 Mice

Nominal Concentration Mean Blood Mean Plasma
of Gabapentin in the Blood, Concentration Concentration Blood-to-Plasma
Incubation Time (ng/mL) (ug/mL) Ratio
50 pg/mL. 60 min 61 58 1.1
100 pg/mL. 60 min 108 104 1.0
200 pg/mL, 60 min 182 170 1.1
300 pg/mL, 60 min 268 260 1.0
300 pg/mL. 30 min 268 279 1.0

Table 5.2 Blood-to-Plasma Ratio of Gabapentin in the Blood of Female B6C3F1

Mice
Nominal Concentration Mean Blood Mean Plasma
of Gabapentin in the Blood, Concentration Concentration Blood-to-Plasma
Incubation Time (pg/mL) (pg/mL) Ratio
50 pg/ml., 60 min 41 48 0.9
100 pg/mL, 60 min 92 105 0.9
200 pg/mL, 60 min 190 198 1.0
300 pg/mL. 60 min 280 284 1.0
50 pg/mL, 30 min 40 44 0.9
200 pg/mL, 30 min 201 197 1.0
300 pg/mL, 30 min 305 301 1.0

Conclusion: gabapentin freely distributes between erythrocytes and plasma in
the blood of mice.
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Reviewer: LUAnn McKinney

5. Pilot Toxicokinetic Study of Gabapentin in Male Wistar Rats Given

Gabapentin in Feed for 7 Days
Study no.:
Conducting laboratory and location:

Date of study initiation:
GLP compliance:

QA statement:

Drug, lot #, and % purity:

Key Study Findings

2010N105486/ XP100-TK
XenoPort, Inc
3413410 Central Expressway
Santa Clara, CA 95051-0703
August 2010
No
No

Commercial gabapentin from = ©®

purity 100.1% wi/w.

Gabapentin plasma concentrations (ug/mL) = 0.55 + 1.18 x gabapentin blood

concentrations (ug/mL).

Steady state exposure to gabapentin in blood and plasma (based on Cmax and AUC)
was less than proportional to gabapentin dose at the dose levels of 1000 to 2000

mg/kg/day.

Methods

Doses:

Frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Weight:

0. 1000. 2000 mg/kg

Daily

diet

Certified Rodent Chow 5002
Male Wistar Rats

7/ group

194 to 233 g.

Observations and Results

Gabapentin plasma concentrations (ug/mL) = 0.55 + 1.18 x gabapentin blood

concentrations (ug/mL)

Reference ID: 2928341
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Reviewer: LUAnn McKinney

Table 2.1: Mean * SD Toxicokinetic Parameters of Gabapentin in Blood and Plasma
on Day 7 Following Repeated Oral Administration of Gabapentin in Diet for 7 Days

in Male Wistar Rats
. PK Parameters of Gabapentin in Blood
Gabapentin Gabapentin ‘With Dose Correction to
Actual D . V rrecti i
Target Dose (C)lllmDavo;e N No Dose Correction 1000 or 2000 me/kg/day
(mg/kg/day)| 0/kg/day) Conax AUC) Cunax AUC.4
' (pg/mL) | (pg*hr/ml) | (pg/mL) | (pg*hr/ml)
1000 654 + 109 7 485+5.15 | 7484819 |76.1+16.1| 1160+ 150
2000 1810 £273 6 842£11.0 | 1490 +£256 |95.1£20.1 | 1670340
. PK Parameters of Gabapentin in Plasma *
Gabapentin Gabapentin ‘With Dose Correction to
Actual Dos - V rrecti i
Target Dose (c);laDavo;e N No Dose Correction 1000 or 2000 mg/kg/day
(mg/ke/day)| 1o /ko/day) Cunas AUCq Cunas AUC 4
' (ng/mlL) | (pg*hr/ml) | (pg/ml) | (pg*hr/ml)
1000 654 + 109 7 585+8.19 | 883+108 |[91.3+18.0| 1370+ 160
2000 1810 £273 6 | 994+ 123 | 1770+£276 | 112+£223 | 1990+ 405

* Gabapentin concentrations in plasma samples prior to the start of the dark cycle were projected from
blood data (0 hr) using the following equation: gabapentin plasma concentrations (pg/mL) = 0.55 +1.18 x
gabapentin blood concentrations (ug/mL).

Concentrations of gabapentin in plasma reached a maximum between 2 hr and 12 hr
after the start of the dark cycle.

Concentrations of gabapentin in blood reached a maximum between 2 hr and 12 hr
after the start of the dark cycle.

Day 7 - Plasma

120

—(O— 1000 mg/kg/day
—— 2000 mg/kg/day

Gabapentin Concentration in Plasma (ug/mL)

40 4 ‘-
— el
C i
20 L
Dark cycle
0 T T T T T
0 <+ 8 12 16 20 24
Time (hr)

Figure 7.3. Mean (SD) concentration-time profiles of gabapentin in plasma on Day 7
following repeated oral administration of gabapentin in diet for 7 days in male Wistar rats
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Day 7 - Blood
120

—O— 1000 mg/kg/day
—l— 2000 mg/kg/day

100 +

Dark cycle

Gabapentin Concentration in Blood (ug/mL)

Time (hr)

Figure 7.2. Mean (SD) concentration-time profiles of gabapentin in blood on Day 7
following repeated oral administration of gabapentin in diet for 7 days in male Wistar rats

6. Toxicokinetic Study of Gabapentin in Male Wistar Rats Given Gabapentin
in Feed for 14 Days. And collection of blood samples.
Study no.: 2010N105806, 2010N105808_00
Conducting laboratory and location: = ©%
Date of study report:  August 31 2010
GLP compliance: yes
QA statement:  yes
Drug, lot #, and % purity: el

Purity 100.2%.
Key Study Findings:
1) The Cmax values in blood increased in the ratio of 1:1.3 for the dose increase ratio of
1:2,
2) The AUCO-24 values in blood increased in the ratio of 1:1.4 for the dose ratio of 1:2.
3) Steady state exposure to gabapentin in blood was less than proportional to
gabapentin
dose at the dose levels of 1000 to 2000 mg/kg/day.
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Methods
Doses: 0,1000,and 2000 mg/kg Gabapentin
Frequency of dosing: Daily
Route of administration: in diet
Formulation/Vehicle: Lab Diet® Certified Rodent Diet#5002, PMI
Nutrition International, Inc.
Species/Strain: Male Wistar (Crl:WI) rats
Number/Sex/Group: 16, 48 and 48 per groups
Weight: 2611t0319¢g
Unique study design: stored frozen at -50 to -90°C until shipment on
dry ice to XenoPort, Inc. (Santa Clara, CA) for
analysis.

Gabapentin concentrations in plasma were
estimated: gabapentin plasma concentrations
(Mg/mL) = 0.55 + 1.18 x gabapentin blood
concentrations (ug/mL)

Deviation from study protocol: None

Table 6.1. Toxicokinetic Parameters for Gabapentin in Blood and Plasma on Day 14
Following Repeated Oral Administration of Gabapentin in Diet for 14 Days in Male
Wistar Rats

Gabapentin TK Parameters of Gabapentin
Matrix Dose . Cons Tooas AUC)04
(mg/kg/day) | (yo/mL) (hr) (pg*hr/mL)
1000 59.8 9.00 1090
Blood
2000 79.7 9.00 1500
1000 71.1 9.00 1300
Plasma®
2000 94.6 9.00 1780

* Gabapentin plasma concentrations were estimated from blood data using the following plasma to blood
equation: gabapentin plasma concentrations (jLg/mL) = 0.55 + 1.18 x gabapentin blood concentrations
(ng/mL) (XenoPort Study Report XP100-TK).
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Mean Food Consumption Values - MALE

44

42 b3

40

as

36

34

32

Consumption, g/fanimal/day

30

28

22
Study Day

m 0 mg/kglday (Control)
A 1000 mg'kg/day
® 2000 mgfkgfday

7. Toxicokinetic Study of Gabapentin in Male Wistar Rats Given Gabapentin
in Feed for 14 Days: Collection of Blood. Determination of Gabapentin
Concentration in Rat Whole Blood (K2EDTA) Supernatant by LC-MS/MS
Method.
Study no.:  2010N 105807
Conducting laboratory and location:  XenoPort, Inc. (Santa Clara, CA
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

Key Study Findings: This report provides the bio-analytical data and supporting
documentation from analysis of the study samples, together with standard curves
and quality for study Nos 105806 and 105808.

Conclusion: Adequate.
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Appendix B:
Expert Opinion- The relevance of rat pancreatic tumors to human risk

b) (4
1. (b) (4)

1) Acinar cell neoplasm in rats is a result of nongenotoxic effects on the growth of
spontaneously occurring focal hyperplastic acinar cell lesions in the rat pancreas.

2) Gabapentin enacarbil is a very weak promoter of rat pancreatic acinar cell tumors.

3) About 90 per cent of human ductal adenocarcinomas contain mutations of the Kras
gene. Kras mutations are also found in a fraction of Pancreatic Intraepithelial Neoplasia
lesions that increase with the grade (degree of dysplasia) of the lesions.

4) Acinar cell adenomas and carcinomas in rats do not contain Kras mutations in
studies involving both gabapentin-treated rats and rats treated with a genotoxic
carcinogen (azaserine)

Conclusion: The differences in tumor type, involvement of Kras mutation (ductal AdCa,
not acinar), and preneoplastic changes in humans and rats support the view that the
process of tumorigenesis in the rat exocrine pancreas is different than that in human
exocrine pancreas. These observations provide multiple reasons to doubt the relevance
of the acinar cell adenomas and carcinomas seen the toxicologic studies of gabapentin
enacarbil in Wistar rats for human risk assessment.

A Short Review of Acinar to Ductal Metaplasia (ADM) in the Context of Carcinogenesis
in the Pancreas (Dr. ek

1) ADM, but not Pancreatic Intraepithelial Neoplasia (PanIN) and Pancreatic Ductal
Adenocarcinoma (PDA) have been seen in mouse models in which oncogenes other
than Kras (c-myc, TGF-a) are expressed in acinar cells.

2) studies in mouse models suggest the hypothesis that expression of mutant Kras in
human acinar cells might drive an ADM/PanIN/PDA pathway.

3) To date, ADM with progression to ductal adenocarcinoma has occurred only when
mutant Kras is expressed in acinar cells. Several rat acinar cell carcinomas including
the gabapentin-induced acinar cell neoplasms have been assayed for Kras mutation
with negative results. The data reviewed above suggest that in the absence of Kras
mutation, acinar cells do not give rise to ductal adenocarcinomas that is similar to the
dominant pancreatic cancer in humans.

() (4)
2.

1) The presence of a single carcinoma within any group, whether in the controls or at
the high dose or any other dose, is well within historical Controls

2) An increase in incidence of pancreatic acinar cell tumors in male and female Wistar
rats is limited to an increase in adenomas, but not statistically significantly increased.
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3) Because of evolving differences in the strains over time, differences in Purina
certified diets, systemic exposure at the different doses cannot necessarily be used to
compare precise quantitative differences and thresholds between the positive and
negative results in the different Gabapentin and Gabapentin enacarbil carcinogenicity
studies.

4) The threshold for a tumorigenic response may reasonably be higher or lower than
that reported for gabapentin.

5) The rat model itself with regard to pancreatic acinar cell carcinogenesis, is not
relevant to the human situation. It is predicted with considerable confidence that no
carcinogenic effect will occur in humans.

(b) (4)
3.

1) The pathogenesis of gabapentin-induced pancreatic acinar cell neoplasms has not
been elucidated, although direct mitogenesis appears not to be involved. An epigenetic
mechanism is involved in the induction of the acinar cell lesions.

2) Carcinoma is a spontaneous neoplasm which occurs with greater frequency in male
rats than in females.

3) No substance that enhances this tumor type has been associated with neoplasia of
any type in humans, and rat pancreatic acinar cell neoplasm as the sole tumorigenic
effect is considered to be of no or limited significance for human safety.

6) Based on the negative findings at 500 mg/kg GEn, marginal finding at 2000 mg/kg
Gabapentin enacarbil (GEn) and absence of increased carcinomas with 1000 mg/kg
gabapentin it is reasonable to assume that a gabapentin exposure (AUC) of 1290
Mg.h/ml would be non-carcinogenic, whether provided by dosing with gabapentin or
GEn.

7) “In conclusion, based on the finding of only pancreatic acinar cell neoplasms in the
GEn rat bioassay, a likely epigenetic mode of action, and the dose response
relationships for this neoplasm relative to human exposures, | conclude that GEn at the
therapeutic dose does not represent a cancer risk to patients.”
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Tertiary Pharmacology Review

By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and
Toxicology, OND IO

NDA: 22-399

Submission date: 9/16/08; resubmitted 1/9/09

Drug: gabapentin encarbil

Sponsor: GlaxoSmithKline

Indication: Restless Leg Syndrome (RLS)

Reviewing Division: Division of Neurology Products

Introductory Comments:

Gabapentin encarbil is a prodrug of gabapentin. A complete nonclinical
development program was conducted for gabapentin encarbil. The pharm/tox
reviewer and supervisor have determined that this information is generally
complete and adequate. The only significant nonclinical issue of concern is the
carcinogenicity finding in rats.

The applicant completed two-year carcinogenicity studies in mice and rats by
gavage. These studies were reviewed by the division and the Executive
Carcinogenicity Assessment Committee. No drug-related tumors were observed
in the mouse. Increases in pancreatic acinar cell hyperplasia, adenomas, and
adenomas plus carcinomas were observed in rats. The increase was statistically
significant in males at 2000 and 5000 mg/kg/day and in females at 5000
mg/kg/day. The pharm/tox supervisor has noted that an apparent increase in
adenomas was also observed in males at the low dose of 500 mg/kg/day and an
increase in pancreatic acinar cell hyperplasia was noted in females at 2000
mg/kg/day. This may suggest that the NOAEL for neoplastic or preneoplastic
effects is lower than that at which a clear statistical increase in tumors was
observed. The dose of 500 mg/kg/day was associated with an AUC in males that
was only about 8 fold the human AUC at the clinical dose of 600 mg/day.

The supervisory review includes a discussion of the possible relevance of these
tumor findings to humans. Currently, there appears to be inadequate information
to establish that these tumors are not relevant to humans.

Carcinogenicity studies with gabapentin showed the same tumor finding in rats
although only in males. Other differences between the findings with gabapentin
and gabapentin encarbil suggest that the signal may be potentially stronger with
gabapentin encarbil, although such comparisons are difficult to make in any
quantitative way.

Conclusions:

| have discussed this NDA with the division pharm/tox supervisor and agree that
the pancreatic tumors observed in the rat are a potential concern and that
relevance to humans can not be dismissed at this time. | agree that this should



be considered in the risk:benefit analysis. If currently available data from
previous human use of gabapentin or the current risk:benefit analysis do not
support approval then the applicant may be able to support approval by providing
additional clinical data or nonclinical data that explain the relevance of the tumors
to humans. The nonclinical studies mostly likely to be of use would focus on
delineating the mechanism by which gabapentin encarbil induces the tumors in
rats and whether that mechanism is active in humans.
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MEMORANDUM

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

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

Date: February 5, 2010

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

Subject: NDA 22-399 (XP13512, gabapentin enacarbil, HORIZANT®)

NDA 22-399 for XP13512 (HORIZANT™ ER tablets), a novel prodrug of gabapentin for
treatment of moderate-to-severe Restless Leg Syndrome (RLS), was submitted by
GlaxoSmithKline on September 15, 2008. However, the application was withdrawn
(Amendment 000, November 11, 2008) because of electronic (clinical) dataset issues.
The NDA was resubmitted on January 9, 2009 (Amendment 0004), and filed (Agency
letter, 3/13/09); at the time of filing, no “potential review issues” had been identified. The
PUDFA date was originally December 9, 2009; the goal date was extended by 3 months
due to submission of a major amendment during the last 3 months of the review cycle.

Although XP13512 is a prodrug, it is considered a new chemical entity because of the
covalent bond between the gabapentin and cycloxyalkoxycarbamate moieties. The
sponsor conducted a full battery of nonclinical studies to support the NDA (under II}IJ)[()“)
71352;

these studies have been reviewed by Terry S. Peters, D.V.M. (Pharmacology/Toxicology
Review and Evaluation, 2/1/2010). Based on the review, Dr. Peters has concluded that
the NDA “...is approvable from a nonclinical perspective” and recommends no
additional nonclinical studies.

Summary of nonclinical findings

SOLZIRA® ER was developed in order to overcome the pharmacokinetic limitations of
gabapentin (Neurontin; Park Davis [now Pfizer]), i.e., dose-related decreases in oral
bioavailability, and short t;, requiring multiple daily doses. Neurontin is approved for
treatment of epilepsy (children and adults) and postherpetic neuralgia (adults), but not
RLS.

Phar macology: The pharmacological activity of XP13512 responsible for efficacy in
patients with RLS is unknown. XP13412 demonstrated no binding affinity when tested in




a battery of in vitro receptor and ion channel assays at a concentration of 10 uM.
XP13512 was not tested in primary pharmacodynamic studies since, according to the
sponsor, there is no animal model for RLS and since the pharmacological activity of
XP13512 is presumed to reside solely in the gabapentin moiety. Gabapentin is a
structural analog of GABA, but does not appear to interact with GABA receptors or
modify GABA uptake or degradation. The mechanism(s) by which Neurontin exerts
therapeutic effects in the indications for which it is approved is/are unknown.

PK/ADME: XP13512, a racemic mixture of R- and S- isomers, was designed to be stable
in the GI tract and to be actively absorbed following oral dosing. (For quantitation of
circulating levels of XP13512 and gabapentin, methanol was added to blood samples “as
soon as possible after collection (typically within 5 minutes)...” in order to prevent post-
collection hydrolysis of XP13512.)

In an investigative study in Sprague-Dawley rat, XP13512 was shown to be converted to
gabapentin following i.v. and p.o. dosing. The GI and hepatic extraction ratios were
estimated to be =80 and 54%, respectively. Therefore, following oral administration, the
majority of the dose is presumed to be hydrolyzed to gabapentin during transport through
GI tissues, not prior to absorption (sponsor’s table below).

Figure 2.1.  Structure of XP13512 and Hydrolysis to Gabapentin
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Note: Chemical structure of XP13512 (1) and its enzymatic hydrolysis to release gabapentin (2), isobutyric acid,
acetaldehyde, and carbon dioxide. *Denotes a chiral center.

In vitro studies in HEK cells and oocytes indicate involvement of the monocarboxylate
transporter type-1 and the sodium dependent multivitamin transporter in the uptake of
XP13512.

Acute dose studies in rat demonstrated similar conversion of the R-and S- enantiomers of
XP13512 to gabapentin following oral (=58 and 49%, respectively) and intracolonic (14
and 17%, respectively) administration, indicating lack of stereoselective conversion or
absorption. In Sprague-Dawley rat, highest levels of radioactivity following a single oral
dose of '*C-XP13512 were detected in pancreas and kidney in both males and females; at
2-hrs post dose, tissue levels were 5- and 3-fold higher, respectively, than plasma levels.



There appeared to be no selective binding of radioactivity to pigmented tissues following
acute oral dosing in Long-Evans rats. In rats, the primary route of elimination was urine
(>90% of total radioactivity recovered in urine by 12 hours post dose).

In animals and human, XP13512 is hydrolyzed to gabapentin, isobutyric acid,
acetaldehyde, and CO,. There are no major circulating metabolites of gabapentin in
humans; plasma levels of XP13512 are <2% of gabapentin levels at similar doses (cf.
Clinical Pharmacol ogy/Biopharmaceutics Review, NDA 22-399, Ju-Ping Lai, Ph.D.,
8/11/2009). In animals, circulating levels (Cpax, AUC) of XP13512 were <1% of
gabapentin levels in mouse, rat, and rabbit, and <3-8% of gabapentin levels in monkey;
therefore, from a PK/ADME standpoint, these animals are relevant models for predicting
the safety of XP13512 in humans.

Toxicology: the pivotal oral toxicity studies were conducted in B6C3F1 mouse (13-wk
dose-range finding, 2-year carcinogenicity), Wistar rat (acute, 2-, 13-, and 26-week
general toxicity, 2-year carcinogenicity, reproductive and developmental toxicity),
cynomolgus monkey (1-, 2-, 13-, and 39-week general toxicity), and New Zealand White
rabbit (embryo-fetal development).

e Repeat-dosetoxicity studies

Rat: XP13512 was administered by gavage at doses up to 5000 mg/kg/day for up to 26
weeks. CNS (altered motor activity [hypoactivity, hyperactivity]), liver (centrilobular
hypertrophy), and kidney (in males; microscopic changes consistent with oi-globulin
nephropathy, but not confirmed for XP13512) were the apparent target organs. Plasma
exposures achieved in the 26-week study at the HD of 5000 mg/kg were consistent with
extensive hydrolysis of XP13512 to gabapentin. At Week 26, plasma Cyax and AUC for
gabapentin were ~40-50 fold higher in rats than in humans at the sponsor’s MRHD of
1200 mg QD; plasma Cy,.x and AUC for XP13512 were =~150-870 fold higher than in
humans at 1200 mg QD.

Monkey: XP13512 was administered by gavage at doses up to 2000 mg/kg/day for up to
39 weeks; no justification appears to have been provided for high dose selection. No
drug-related findings were observed in the 2-, 13-, or 39-week studies. In shorter term
dose-range finding studies (acute, 7-day) in 1-2/sex/group, emesis and salivation were
observed at 21000 mg/kg/day; in the 7-day study, transient decreases in food
consumption and rbe parameters were observed at 500 and 2000 mg/kg. The NOAEL for
monkey was consistently identified by the sponsor as >2000 mg/kg, even in the short-
term studies; 5000 mg/kg was characterized as the “maximum practical dose”. Based on
these data, it is clear that drug-related toxicity was not fully characterized in the monkey.

In the 39-week study, mean plasma exposures (Week 39) at 2000 mg/kg/day to XP13512
and gabapentin were as follows:



Cmax AUC .24 1) A:H RATIO
DRUG SEX (ng/mL) (ng*hr/mL)

Crnax AUC

M 357+ 78.5 3190 + 769 57 38

gabapentin F 375+57.6 3560 + 536 60 43

total 366 + 66.3 3370 + 660 54 41
M 11.9+4.75 46.9 £ 13.8 661 1803
XP13512 F 15.6 +4.39 61.6 £ 6.30 867 2369
total 13.7 £4.78 543+ 12.8 761 2088

“plasma Cppax and AUC following a single dose of 1200 mg QD (Study XP022) were
6.24 £ 1.55 ug/mL and 83.0 = 21.8 ug*hr/mL, respectively, for gabapentin and
0.018ug/mL and 0.026 £+ 0.018 ug*hr/mL, respectively, for XP13512.

Although the plasma AUC for gabapentin did not reach 50-fold that in humans at the
MRHD of 1200 mg QD (cf. ICH M3(R2) June 2009) and dose-limiting toxicity was not
observed, there is no clear need to repeat the study, taking into considering the extent of
previous human experience with gabapentin and the large safety margins achieved with
XP13512.

The plasma AUCs achieved for gabapentin (and XP13512) in monkeys provides a
sufficient safety margin (>50-fold) compared to that in humans at a clinical dose of 600
mg/day.

e Reproductive and developmental toxicology

The sponsor conducted a full battery of reproductive and developmental toxicology
studies of XP13512. XP13512 was tested at oral doses of 0, 200, 1000, and 5000 mg/kg
in fertility and early embryonic development and embryo-fetal development studies in
Sprague-Dawley rat and at doses of 0, 200, 500, and 2500 mg/kg in New Zealand White
rabbit. These studies were adequate and demonstrated adverse effects on offspring pre-
and post-natal development (e.g., reduced fetal and pup body weight relative to controls,
decreased postnatal survival), but no evidence of teratogenicity. It is, however, somewhat
surprising that no drug-related effects (e.g., delayed skeletal ossification) were evident
upon fetal examination, considering the adverse effect on fetal body weight. XP13512
was report to have minimal, if any, effects on mating and fertility.

To support the NDA for Neurontin, reproductive and developmental toxicity studies were
conducted in CD-1 mouse, Sprague-Dawley rat (fertility and general reproduction),
Tif:F(SPF) rat (embryo-fetal development), and White Russian rabbit (Petrere JA,
Anderson JA. Fund Appl Toxicol 23:585-589, 1994). While no teratogenicity was
detected, fetal effects were detected that were not reported for XP13512. For example,
“...delayed ossification of several bones in the skull, vertebrae, forelimbs, and
hindlimbs” was observed in mice and “...increased incidence of hydroureter and/or
hydronephrosis...” was observed in three separate (fertility and general reproductive
performance, embryo-fetal development, and peri/postnatal) studies in rat (cf. Package
Insert, approved 4/23/09; Petrere & Anderson, 1994). These findings for gabapentin may
need further discussion when labeling is proposed for XP13512.



e Genetic Toxicology

The sponsor conducted a standard battery of genetic toxicology assays on XP13512 (i.e.,
invitro Ames [3 studies], in vitro chromosomal aberration assay in HPL, in vivo
micronucleus assay in rat [oral doses up to 2000 mg/kg]), as well as an in vitro/in vivo
UDS assay in rat primary hepatocytes. XP13512 was negative in all but the in vitro
chromosomal aberration assay (#RD2007/01489/00). In that assay, XP13512 was
positive, both in the absence and presence of metabolic activation.

In study #RD2007/01489/00; XP13512 induced structural aberrations in the initial assay
(3-hr treatment) at concentrations 21500 pg/mL without metabolic activation and at
concentrations =1200 pg/mL with metabolic activation. In a confirmatory assay (3-hr
treatment, with metabolic activation only), XP13512 induced structural aberrations at
concentrations 2500 pg/mL. Clear concentration-related positive responses, with and
without metabolic activation, were observed in the absence of excessive cytotoxicity.

The sponsor attributed the clastogenic response to release of acetaldehyde (demonstrated
to be genotoxic and carcinogenic, cf. Hengstler JG et al. Annu Rev Pharmacol Toxicol
43:485-520, 2003; Lambert B, He SM. Ann NY Acad Sci 534:369-376, 1988) resulting
from the hydrolysis of XP13512 during the incubation period. The sponsor did not
conduct definitive studies to document this possibility (e.g., testing XP13512 invitro in
the presence of aldehyde dehydrogenase). Instead, the sponsor conducted a study to
quantitate the release of gabapentin following incubation of human whole blood cultures
with XP13512 at concentrations of 1500 and 4500 uM (equivalent to 493 and 1480
ug/mL, respectively) over a 3-hour period under the assay conditions used in the in vitro
genotoxicity assay (study #RD2008/00754/00XP020). Acetaldehyde was not measured
directly, but was presumed to be released in equal molar amounts to gabapentin. The
maximum concentrations of acetaldehyde released at 1500 and 4500 pg/mL (after 3 hrs
incubation) were estimated to be similar to those at which increases in structural
aberrations were detected.

Acetaldehyde has been reported to be “...at best only a weak mutagen in the standard
Salmonella plate test...” (Norppa H et al. Cancer Res45:4816-4821, 1985), but Norppa
et al. (1985) note that “The low mutagenicity of acetaldehyde may be related to the poor
sensitivity of the conventional Salmonella strains to cross-linking agents...”, among other
factors. Therefore, it is notable that none of in vitro Ames assays conducted for XP13512
included a tester strain to detect cross-linking mutagens, such as S. typhimurium TA102
or E.coli WP2 pKM101.

According to the sponsor, the positive clastogenicity observed with XP13512 due to
formation of acetaldehyde is not a safety concern for a number of reasons, including the
fact that circulating levels of acetaldehyde in humans following consumption of ethanol
(“A standard alcoholic drink produces about 12.6 g of acetaldehyde.”) are markedly
higher than would result from a 1200-mg/day dose of XP13512. However, the most
compelling argument is that at the doses of XP13512 tested in the 2-year carcinogenicity



study in mouse and rat, the estimated doses of acetaldehyde (13.4% of XP13512) were up
to 500 and 250 times the dose in humans at 600 and 1200 mg/day, respectively, based on
mg/kg, and =40-80 and 20-40 times the dose in humans at 600 and 1200 mg/day,
respectively, based on mg/m?, and the tumor profile was similar to that for gabapentin
which is not converted to acetaldehyde.

To support the NDA for Neurontin, the following genetic toxicology assays were
conducted: in vitro Ames assay, in vitro HGPRT forward mutation assay in CHL cells, in
vitro chromosomal aberration assay in CHL cells, “in vivo chromosomal aberration assay
and in the in vivo micronucleus test in Chinese hamster bone marrow”, in vivo mouse
micronucleus assay, UDS in rat hepatocytes. Gabapentin was negative in all assays in
which it was tested (cf. Package Insert, approved 4/23/09; Radulovic LL et al. Drugs
Today 31(8):P597-611, 1995).

Conclusion: XP13512 was negative in a standard battery of genetic toxicology assays,
except for the in vitro chromosomal aberration assay in human lymphocytes. The sponsor
attributed the clastogenic response to formation of acetaldehyde in the culture medium.
Although the sponsor did not conduct studies to support this position, it is a reasonable
hypothesis, given previous published studies of the genotoxic potential of acetaldehyde.
Exposure to XP13512 and, potentially, to acetaldehyde was higher in the 2-year
carcinogenicity studies in mouse and rat than that anticipated in humans at either 600 or
1200 mg/day. Therefore, the available in vivo data mitigate the concern regarding the in
vitro clastogenic effect of XP13512.

Impurities

(b) (4)

Therefore, these impurities
do not represent a safety concern.

e Carcinogenicity

Mouse: a 2-year carcinogenicity study was conducted at doses of 0, 500, 2000, and 5000
mg/kg/day; XP13512 was administered by gavage at doses up to the maximum feasible
dose. Survival rates were dose-dependently reduced in males compared to control
(survival rates at Wk 105: 83, 70, 63, and 50%, respectively). However, as Dr. Peters
notes, there was a sufficient number of survivors for a sufficient duration to ensure an
adequate study. Survival was not adversely affected in females. No drug-related tumors
were detected (cf. Executive CAC meeting minutes, 8/5/09).



To support the NDA for Neurontin, a 104-week oral (dietary) carcinogenicity study was
conducted in mice at doses of 200, 600, and 2000 mg/kg/day. No tumor findings were
reported (cf. Package Insert, approved 4/23/09).

Rat: a 2-year carcinogenicity study was conducted at doses of 0, 500, 2000, and 5000
mg/kg/day; XP13512 was administered by gavage at doses up to the maximum feasible
dose. There was an increase in mortality in MDM and HDM, resulting in early
termination of those groups (Weeks 97 and 90, respectively). Survival was not affected in
females. The incidence of pancreatic acinar cell hyperplasia and tumors was increased in
males and females; the data are summarized in the following table:

FINDING MALES FEMALES
0 | 500 | 2000 | 5000 0 | 500 | 2000 | 5000
NEOPLASTIC
adenoma 2/60 4/60 | 4/60 | 8/60 | 0/60 | 0/60 | 0/60 | 3/60
carcinoma 0/60 0/60 | 1/60 | 1/60 | 0/60 | 0/60 | 0/60 | 1/60
total 2/60 4/60 | 5/60 | 9/60 | 0/60 | 0/60 | 0/60 | 4/60
NON-NEOPLASTIC
hyperplasia
minimal 8/60 2/60 | 4/60 | 5/60 | 1/60 | 0/60 | 2/60 | 5/60
mild 3/60 6/60 | 7/60 | 12/60 | 0/60 | 0/60 | 1/60 | 5/60
moderate 3/60 1/60 | 3/60 | 3/60 | 0/60 | 1/60 | 1/60 | 4/60
severe 0/60 1/60 | 0/60 | 0/60 | 0/60 | 0/60 | 0/60 | 0/60
total 14/60 | 10/60 | 14/60 | 20/60 | 1/60 | 1/60 | 4/60 | 14/60

According to the Pathologist’s Report (Laura S. Zwick, DVM, DACVP), “...given the
lower survival rate and earlier termination date of males at 2000 and 5000 mg/kg/day
compared to control animals, it is possible that the incidence and severity of acinar cell
hyperplasia and neoplasia would have occurred at an even higher rate at these dose levels
if these males had survived as long as the control males.” The Pathologist’s Report also
noted that the incidence of pancreatic acinar cell adenomas in HDM exceeded the
historical control (HC) range (0-8.3%) for the laboratory. (The sponsor provided no other
information regarding the HC data for tumor incidence.)

Following review of the data by the ExeCAC, it was concluded that “There was an
increased incidence of pancreatic acinar cell hyperplasia, adenomas, and adenomas +
carcinomas in males and females at the HD and in MDM?” (cf. Executive CAC meeting
minutes, 8/5/09). The ExeCAC did not consider the small increase in hyperplasia in mid-
dose females to be drug-related. However, considering the fact that the only finding in
control females was minimal hyperplasia in a single animal and the clear increase in
tumors and hyperplasia at the high dose, one could argue that the increased incidence and
severity of hyperplasia in mid-dose females reflect a drug-related increase in pre-
neoplastic changes at that dose. According to the study pathologist, “The incidence
and/or severity of acinar cell hyperplasia in both sexes at 2000 mg/kg/day were slightly
increased compared to controls, and, although uncertain, these changes may have also
been treatment related.”



TK data were not collected in the 2-year study. Based on the TK data from the 26-week
study (provided in the sponsor’s table below), conducted using the same oral (gavage)
doses, the safety margins between the plasma AUC achieved at the low dose in males and
the mid dose in females (i.e., doses not clearly associated with pancreatic acinar cell
hyperplasia and tumors) and that in humans at the clinical dose of 600 mg/day are ~8 and
30-fold, respectively. The safety margins at the clinical dose of 1200 mg/day are ~4 and
14-fold, respectively. Based on these safety margins, the pancreatic acinar cell findings
should be considered clinically relevant.

Table 4.2 Texicekinetic Parameters for Gabapentin in Blood of Rats After Oral Desing of XP13512 - DAY 175

Group Dese Gender ’ Coax T Tia AUCux AUCg2¢
{(pg/ml) (hr) () (eg*hr/ml) | (ug*hr/ml)
—F 103 1.00 222 317 37
2 5% M 107 1.00 2.59 407 207
ARy I ned Ave | 105 1.00 2.40 362 362
2000 ¥ 211 2.00 2.57 1470 1470
3 | mekgls M 201 1.60 3.81 1470 1470
Y Combined Ave. 206 1.50 3.19 1470 1470
‘ F 320 1.00 447 3020 3020
4 5600 M| .00 ;) 323 3230
Wgke/deY [ ined Ave. 345 2.50 163 3130 3130

[According to the data from clinical trial #XP081, the plasma gabapentin AUC 24 in
humans following multiple oral doses of XP13512 in the fed state was 51.4 pgehr/mL at
600 mg/day and 95.7 ugehr/mL at 1200 mg/day.]

To support the NDA for Neurontin, a 104-week oral (dietary) carcinogenicity study of
gabapentin was conducted in rats at doses of 250, 1000, and 2000 mg/kg/day. “A
statistically significant increase in the incidence of pancreatic acinar cell adenomas and
carcinomas” was reported in HDM (cf. Package Insert, approved 4/23/09). The results of
this study were published by Sigler et al. (Sigler RE et al. Toxicology 98:73-82, 1995);
the reported microscopic findings in pancreatic acinar cells of males are summarized in
the following table:

FINDING DOSE (mg/kg)
0 250 1000 2000
hyperplasia 21/50 22/50 20/50 23/50
adenoma 7/50 6/50 10/50 16/50
carcinoma 0/50 4/50 3/50 8/50

Based on published data (Radulovic LL et al. Drugs Today 31(8):P597-611, 1995; Sigler
RE et al., 1995) and labeling (Package Insert, 4/23/09) for gabapentin, there appear to be
several potential differences between the carcinogenicity findings for gabapentin and
XP13512 in rat:

e Pancreatic acinar cell adenomas and carcinomas were observed in both males and
females with XP13512, whereas these tumors were observed only in males treated
with gabapentin. [It is of note that the spontaneous incidence of pre-neoplastic



and neoplastic changes in pancreatic acinar cells was lower in females than in
males. ]

e A statistically significant increase in the incidence of pancreatic acinar cell
adenomas and carcinomas was observed in XP13512-treated males at the mid and
high doses, but reported only at the high dose in males treated with gabapentin.
[For Neurontin, the ExeCAC and the sponsor concluded that the only drug-related
effect was in high-dose males; however, considering the fact that no carcinomas
were reported in control males, it could be argued (in the absence of relevant
historical control data indicating that the control incidence was spuriously low)
that a drug-related effect was also observed in low and mid-dose males.]

e The pancreatic acinar cell carcinomas detected in XP13512-treated males and
females were described in the study pathologist’s report as “locally invasive
without evidence of distant metastases”; the acinar cell carcinoma was the cause
of death in the affected mid-dose male, but not in the high-dose animals. The
pancreatic acinar cell tumors reported for gabapentin were “...considered low
grade since they did not invade adjacent tissues, metastasize or cause the death of
any animal...” (Radulovic et al., 1995).

e The incidence of pancreatic acinar cell hyperplasia was dose-related in males and
females treated with XP13512, whereas with gabapentin, the incidence of
hyperplasia was similar among groups in males.

These differences, although notable, do not necessarily indicate a fundamental difference
in tumor profile between XP13512 and gabapentin. Rather, the data for XP13512 may
provide additional characterization of the carcinogenic potential of gabapentin. It is
difficult to directly compare the results of these studies, for several reasons. For example,
the method of dosing was different (dietary vs gavage) and a direct comparison of
exposure cannot be made due to the lack of available TK data for the gabapentin study.
Simply based on relative doses of gabapentin (i.e., gabapentin accounts for ~52% of
XP13512 on a weight basis), the doses of XP13512 used in the carcinogenicity study
would correspond to gabapentin doses of 260, 1040, and 2600 mg/kg; however, due to
the reportedly poor absorption of gabapentin administered orally, one cannot assume that
plasma exposures were comparable, even though doses of gabapentin tested in the two
studies were fairly similar. Nonetheless, the 2-year carcinogenicity study of XP13512 in
rats confirms the association between gabapentin and pancreatic acinar adenomas and
carcinomas, and suggests a more aggressive tumor (locally invasive and lethal carcinoma
in one animal) than did the findings for gabapentin (no locally invasive or lethal
carcinoma in any animal). Also, the 2-year study of XP13512 in rat confirms the
observation with gabapentin that the spontaneous incidence of pancreatic acinar cell
tumors is lower in female than in male rats. Therefore, the increase in these tumors in
treated females suggests that XP13512 (and presumably gabapentin) may not simply
exacerbate a spontaneous finding.

A series of investigative studies was conducted for Neurontin in an attempt to identify the
mode of action for the gabapentin-induced pancreatic tumors. Gabapentin is presumed to
exert its effect via an epigenetic mechanism, based on the demonstrated lack of genotoxic
potential in a standard battery of genetic toxicology assays. Other agents associated with



pancreatic acinar cell tumors (e.g., raw soy flour, azaserine) are thought to act by
increasing the sensitivity to CCK, possibly by enhanced expression of CCK receptors in
the rat pancreas. This mode of action could not be demonstrated for gabapentin (cf.
Dethloff L et al. Toxicol Sci 55:52-59, 2000). According to Dethloff et al. (2000), ““...we
were unable to discern changes in CCK concentrations or in CCK receptor populations in
pancreas of gabapentin-treated rats...”, although there appeared to be some question as to
the validity of the methodology used. Dethloff et al (2000) also reported that
““...gabapentin had no mitogenic effects demonstrable in vivo...”, but some evidence of
stimulation of DNA synthesis was obtained in vitro. The authors concluded that
gabapentin might “behave as a weak tumor promoter”, possibly by affecting intracellular
calcium mobilization. While the mode of action has clearly not been established, the in
vitro data suggest that gabapentin might induce pancreatic tumors through a pathway
relevant to all species, including human. Due to the concern raised by the in vitro data,
the following language was added to the Neurontin labeling:

Studies designed to investigate the mechanism of gabapentin-induced pancreatic carcinogenesis
in rats indicate that gabapentin stimulates DNA synthesis in rat pancreatic acinar cells in vitro
and, thus, may be acting as a tumor promoter by enhancing mitogenic activity. It is not known
whether gabapentin has the ability to mcrease cell proliferation in other cell types or in other
species, including humans.

The sponsor did not conduct any mechanistic studies to further investigate the pancreatic
tumor findings, but instead noted the approval of Neurontin. It is clear that “similar”
findings did not preclude approval of gabapentin for postherpetic neuralgia or epilepsy.
How RLS compares with these approved indications is a clinical issue. There are
currently two approved therapies for RLS, Mirapex (pramipexole) and Requip
(ropinirole). According to current labeling, pramipexole was negative in 2-year
carcinogenicity studies in mouse and rat; ropinirole produced significant increases in
testicular Leydig cell adenomas (all doses tested) in male rats and benign uterine
endometrial polyps in female mice at the highest dose tested (10 times the maximum
recommended human dose on a mg/m? basis). One other drug product, Sk

According to the most recent labeling A

Therefore, compared to the approved drug products for
treatment of RLS, the tumor signal for gabapentin and XP13512 appears to be of more
concern, at least from a nonclinical standpoint.

A keyword search of the PDR online identified two drugs approved for treatment of
hypercholesterolemia and hyperlipidemia, Welchol (colesevelam HCI) and Tricor
(fenofibrate), associated with pancreatic acinar cell tumors. Welchol, a bile acid
sequestrant, was tested in 104-week carcinogenicity studies in CD-1 mouse and Sprague-
Dawley rat. No drug-related tumors were reported in mouse. In rat,
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“...a statistically significant increase in the incidence of pancreatic acinar cell
adenoma was seen in male rats at doses >1.2 g/kg/day (approximately 20 times
the maximum human dose, based on body weight, mg/kg) (trend test only)...”
(Package Insert, approved 10/2/09).

Tricor, a lipid regulating agent, was tested in 21- and 18-month carcinogenicity studies in
mouse, and two 24-month carcinogenicity studies and a 117-week carcinogenicity study
in rat. Pancreatic tumors were not reported in mice. In rat studies,

“In the first 24-month study...A statistically significant increase in pancreatic
carcinomas was observed in males at 1 and 6 times the MRHD; an increase in
pancreatic adenomas....was observed at 6 times the MRHD in males. In a second
24-month study in a different strain of rats, doses of 10 and 60 mg/kg/day (0.3
and 2 times the MRHD based on mg/meter” surface area) produced significant
increases in the incidence of pancreatic acinar adenomas in both sexes....”

“A 117-week carcinogenicity study was conducted in rats comparing three drugs:
fenofibrate 10 and 60 mg/kg/day (0.3 and 2 times the MRHD)), clofibrate (400
mg/kg/day; 2 times the human dose), and Gemfibrozil (250 mg/kg/day; 2 times
the human dose) (multiples based on mg/ meter” surface area). Fenofibrate
increased pancreatic acinar adenomas in both sexes. Clofibrate
increased....pancreatic acinar adenomas in males...”

(Other tumor findings were reported; only those related to pancreatic acinar cells
are provided above; Package Insert, approved 11/5/04.)

Welchol produced pancreatic acinar cell adenomas, but no carcinomas, in males at doses
above the maximum human dose. Tricor produced pancreatic carcinomas in one of three
studies; however, the tumor site was not specified. Tricor did produce pancreatic acinar
cell adenomas in males and females in two separate studies, at clinically relevant doses.
Clofibrate was also reported to increase adenomas, but only in males; how the doses
tested compared to clinical doses was not noted. (Clofibrate is no longer marketed in the
U.S.) It is difficult to compare the findings for these drug products without access to the
original data, but it is of note that findings of pancreatic adenomas (and possibly
carcinoma) were reported for two marketed products. How the indications for which they
are approved and the clinical benefit of these products compared with XP13512 is a
clinical issue. Another consideration is the potential mechanism underlying the pancreatic
findings for Welchol and Tricor; no discussion of potential mechanism(s) was provided
in labeling for either drug product. It is unknown if these drugs and XP13512 (and
gabapentin) induce pancreatic tumors through similar or different mechanisms.

Relevance of gabapentin-induced pancreatic tumors to humans has been questioned based
on several considerations, including that the tumor findings appear species specific and
that the rat pancreas may not be an adequate model for human pancreatic cancer. Neither
of these possibilities has been documented; however, it is possible that additional
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nonclinical (including investigative studies) or clinical information may mitigate the
concern regarding these tumors. Gabapentin was approved in 1993 for treatment of
epilepsy and in 2002 for treatment of postherpetic neuralgia; therefore, there is extensive
human experience, much of it involving chronic administration at higher doses or
exposures. Whether or not the clinical benefit and/or the previous human experience,
support approval of XP13512 in light of the potential carcinogenic risk identified in the
rat is a clinical decision. If, after taking these into consideration, concern remains, the
sponsor should be asked to provide additional information to address the carcinogenic
potential of XP13512 and its relevance to humans prior to approval.

Recommendation

As concluded by Dr. Peters, the sponsor has conducted a complete and adequate non-
clinical assessment of XP13512 to support an NDA for the treatment of RLS. There is,
however, concern that the pancreatic acinar cell tumors observed with XP13512, which
confirm the same findings observed with gabapentin, represent a carcinogenic risk to
humans. If the available human experience with gabapentin and/or the anticipated clinical
benefit of XP13512 do not support approval, considering this risk, then the sponsor
should provide additional nonclinical (including investigative studies) or clinical data to
demonstrate a lack of clinical relevance for the pancreatic tumors observed in rat.

Labeling

It is my understanding that labeling is not being considered at this time.
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EXECUTIVE SUMMARY
Recommendations

A. Recommendation on approvability
XP13512 is approvable from a nonclinical perspective.

B. Recommendation for nonclinical studies
Further mechanistic information concerning the positive pancreatic neoplastic
findings in the rat carcinogenicity study would be useful in helping determine
the human risk from HORIZANT®. The pancreatic tumors are similar to
those elicited with gabapentin (tumors were found in female rats with
HORIZANT® but not with gabapentin) but the indication of “Restless Legs
Syndrome” does not warrant the same risk: benefit assessment as epilepsy or
post-herpetic neuralgia.

C. Recommendations on labeling:
Label content as of 10/9/09:
Lines 124- 136:

5.5 Tumorigenic Potential
(b) 4)

The doses administered to rats and mice should be converted to mg/kg/d. The animals’
multiples of exposure are 7 times (500 mg/kg/d dose), 28 times (2000 mg/kg/d dose) or
61 times (5000 mg/kg/d dose) the human exposure at 600 mg/day (AUC steady state:
51.4 pg.h/mL) and 3.8 times (500 mg/kg/d dose), 15.3 times (2000 mg/kg/d dose) or 32.7
times (5000 mg/kg/d dose) the human exposure at 1200 mg/day (AUC steady state: 95.7
ug.h/mL), respectively. The multiples should be “28 or 61 times, respectively, the
human gabapentin exposure at a dose of 600 mg/day.”

Lines 381- 407:
Doses should be converted to mg/kg/d. Exposure margins should be consistent with
Lines 124- 136.

Lines 403- 407: The following statement should be added: Rabbit maternal toxicity was
shown by adverse clinical signs, decreased body weights and premature parturition
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evident in all studies. Embryo-fetal toxicity was found in rat pups at 5000 mg/kg/d and
rabbit kits at 2500 mg/kg/d.

Summary of nonclinical findings
A. Brief overview of nonclinical findings

XP13512 is a pro-drug of gabapentin (a gamma-aminobutyric acid analog) that
the sponsor developed to provide a more reliably available and sustained exposure
than that achieved with gabapentin (marketed as Neurontin® by Pfizer).

In the safety pharmacology studies, single oral doses of XP13512 elicited
hypoactivity, ataxia and decreased muscle tone in rats treated with >250 mg/kg.
These signs were noted within 30 minutes of dosing and were reversed within 24
hrs of dosing. No adverse effects on respiratory parameters were noted in rats at
single oral doses up to 750 mg/kg. In repeated dose oral studies in rats, increased
and/or decreased motor activity was found in males at doses up to 2000 mg/kg/d
but not at 5000 mg/kg/d.

The in vitro hERG assay showed no effects at concentrations <100 uM. Monkeys
treated for up to 39 weeks with oral doses <2000 mg/kg/d did not demonstrate any
significant adverse cardiovascular effects.

Pharmacokinetic studies were performed primarily via the oral route in mice, rats,
rabbits and cynomolgus monkeys. Plasma exposures to XP13512 were low in all
species tested and rapid hydrolysis to gabapentin was measured. Oral
bioavailability to gabapentin was high in rats and monkeys, in contrast to
bioavailability after gabapentin administration where a dose-dependent decreased
bioavailability was determined. In repeated dose studies in mice, rats and
monkeys, Cpax gabapentin values increased proportionally with dose in monkeys
but less than dose-proportionally in mice and rats. Mean AUC values for
gabapentin after administration of XP13512 increased dose-proportionally in all
species. No significant gender-related differences were appreciated.

XP13512 is moderately bound to human serum albumin. The test article appears
to be transported across human Caco-2 cells, indicative of active transport. It does
not appear to be a substrate of human P-glycoprotein but does appear to be a
substrate for monocarboxylate transporter type-1 (MCT-1) and sodium dependent
multivitamin transporter (SMVT) in vitro. In in vitro studies, the test article did
not serve as a substrate or an inhibitor for human cytochrome P450 enzymes.

Distribution of radiolabeled XP13512 in albino and pigmented rats showed
radioactivity at highest levels in the pancreas and kidney at 2 hrs post-dosing and
essentially no radiolabel at 24 hrs post-dosing. The majority of the radiolabel was
recovered in urine, primarily in the first 12 hrs.
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Repeated dose testing via the oral route was performed in several species: up to
26 weeks in albino rats at doses up to 5000 mg/kg/d, up to 39 weeks in
cynomolgus monkeys at doses up to 2000 mg/kg/d. In rats, the doses were 0, 500,
2000 or 5000 mg/kg/d. As in the shorter term rat studies, increased age-related
chronic progressive nephropathy with hyaline droplet formation was noted in all
treated male groups. Reversal was incomplete at the end of the recovery period.
Centrilobular hepatocellular hypertrophy was described in the high dose animals
but was reversed by the end of the 1 month recovery period. No NOAEL for the
histologic renal findings was found in this study, but clinical chemistries and
urinalyses were not affected. Cynomolgus monkeys were treated by oral gavage
with 0, 250, 1000 or 2000 mg/kg/d of XP13512. No adverse effects of treatment
were found in any of the parameters evaluated. The NOEL is determined to be
2000 mg/kg/d. Plasma exposures (AUC) to gabapentin at the highest dose were
3370 pg.h/mL at the end of the 9 month period while exposures to XP13512 were
54.3 pg.h/mL at the same time point (1.6% of the gabapentin level),
demonstrating essentially complete hydrolysis of the test article to gabapentin.
The associated C,.x values were 366 pug/mL and 13.7 pg/mL, respectively.

In the mouse 2-year carcinogenicity study, no increases in any tumor type were
detected. In mice treated with 0, 500, 2000 or 5000 mg/kg/d by oral gavage,
XP13512 treatment caused decreased survival in the mid and high dose males and
increased body weights in the high dose animals. No other significant findings
were appreciated in treated animals except for a modest exacerbation of age-
related axonal/myelin degeneration of the sciatic nerve in the females at 2000
mg/kg/d and both sexes at 5000 mg/kg/d.

In the rat carcinogenicity study, Wistar rats were treated for up to 104 weeks with
0, 500, 2000 or 5000 mg/kg/d of XP13512 in Tween 80 and methylcellulose by
oral gavage. The 2000 and 5000 mg/kg/d males were terminated early (Weeks 97
and 90, respectively) due to exacerbation of chronic progressive nephropathy.
Females were not similarly affected. There was an increased incidence of
pancreatic acinar cell hyperplasia, adenomas and carcinomas in both sexes at
5000 mg/kg/d and in males at 2000 mg/kg/d. The decreased survival and early
termination in the 2000 and 5000 mg/kg/d males may be responsible for a lesser
incidence of both non-neoplastic and neoplastic lesions. Thus, XP13512 is
considered a carcinogen in rats under the conditions of this study.

XP13512 was not genotoxic in multiple Ames assays, the in vivo micronucleus or
the UDS assays. However, it was positive in the in vitro chromosomal aberration
assay in human lymphocytes. The etiology of this finding is reportedly (per
@ b
sponsor) the release of acetaldehyde during the potential
® impurities were found to be genotoxic in the Ames assays, but the
levels in the final product are below the level of concern.

A complete battery of reproductive toxicity testing was conducted in rats and
rabbits and no adverse effects were found on fertility or embryofetal development



Reviewer: Terry S. Peters, D.V.M. NDA: 022399

parameters. Maternal toxicity was shown by adverse clinical signs, decreased
body weights and premature parturition (rabbits only), which were evident in all
species tested. Embryo-fetal toxicity was found in rat pups at 5000 mg/kg/d and
rabbit kits at 2500 mg/kg/d.

XP13512 was not shown to be a skin sensitizer and it was a non-irritant on skin. It
was found to be an ocular irritant.

B. Pharmacologic activity

XP13512 is rapidly and extensively hydrolyzed in vitro and in vivo by non-
specific esterases to gabapentin and its pharmacodynamic activity is attributable
to gabapentin.

Figure 2.1.  Structure of XP13512 and Hydrolysis to Gabapentin

@) @]
LJL oH
O * 0 N
H
/ij\gr \HLOH+“‘

+ CO,

Note: Chemical structure of XP13512 (1) and its enzymatic hydrolysis to release gabapentin (2), isobutyric acid,
acetaldehyde, and carbon dioxide. *Denotes a chiral center.

C. Nonclinical safety issues relevant to clinical use
The primary issues of concern are:

1) XP13512 is primarily excreted in the urine of nonclinical species and
its administration exacerbated age-related chronic progressive
nephropathy.

2) Embryo-fetal toxicity was found in rat pups and rabbit kits

3) Pancreatic hyperplasia, adenoma and carcinoma increased in rats
treated with >2000 mg/kg/d. The plasma exposure (AUC) multiple at
the non-carcinogenic dose is approximately 4.3x the human clinical
exposure. Gabapentin elicited the same tumors in rats at doses
providing exposures of 6.5x the human clinical exposure.

Sponsor table:
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Table 8.1. Gabapentin Exposure Following Oral Administration of XP13512:
Comparative Systemic Exposure in Mice, Rats, Rabbits, Monkeys
and Humans

Study Type Dose of Gabapentin Toxicokinetic Data
Study No. XP13512 AUCe2s Multiple of Cimae? Multiple of
(Report No.) (mg/kg/day) | jug.himL) | Clinical Exposure® | (ug/mL) | Clinical Exposure®
Repeat Dose Studies
Mouse 13 week 500 109 1.4 486 7.79
;:PDE " 2000 591 712 256 410
_ . . 5000 1620 19.5 238 381
RO2008/00324/00
'- " noaEL
, 500 452 557 141 228
el I e 2000 1590 192 252 404
. ) i (NOAEL)
TR 3MN0
(RD2007/101523/00) 5000 5280 837 386 61.9
) 500 J62 436 105 16.8
Ra;{i‘wg’e" 2000 1470 17.7 206 33.0
. Sl S, {NOAEL)
(RD2007/01526100) 5000 3130 T 345 55.3
500 775 534 115 18.4
Mcrk;;g;;’%k 1000 1550 187 231 370
. \ . 2000 2670 322 278 445
TIN50
[RD2007/01524/00) INOAEL)
250 38 38 522 8.37
Monkey 38 week
i S 1000 1600 19.3 211 338
. . . 2000 2860 345 329 527
7I01528/00
(RD:2007/01528/00) INOAEL)
Reproductive and Developmental Studies
200 185 235 555 889
R}?;ELD 1000 ags 119 166 26.6
. ; . {NOAEL)
(RD2008/00144/00) 5000 3310 388 302 484
. 200 an 375 105 16.8
vl 500 944 114 253 405
2500 3040 36.6 303 63.0

(RO2008/00148/00)

(MOAEL)
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22-399

Review number: 1

Sequence number/date/type of submission: N000; 9/15/08; Original NDA
I nformation to sponsor: Yes () No (x)

Sponsor and/or agent: GlaxoSmithKline, Philadelphia, PA
Manufacturer for drug substance:

Reviewer name: Terry S. Peters, D.V.M.

Division name: Neurology Products

Review completion date: 2/1/10

(b) (4)

Drug:

Trade name: HORIZANT®

Generic name: Gabapentin enacarbil

Code name: XP13512 (XenoPort, Inc. identification); GSK 1838262 (GSK
identification)

Chemical name: ((=-1-([(a-isobutanoyloxyethoxy)carbonyl]-aminomethyl)-1-
cyclohexane acetic acid

CAS registry number: 478296-72-9

Molecular formula/molecular weight: C;cH,7NOg; 329.40 g/mol

Structure:

0 0
0 1|-I
Relevant INDSNDASDMFs: ®@ IND 71,352 (current
application): K

Drug class: Novel prodrug of gabapentin

Intended clinical population: Patients with moderate to severe primary Restless Legs
Syndrome

Clinical formulation: Extended release tablets designed to overcome the saturable oral
bioavailability of gabapentin. The prodrug contains A
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Route of administration: Oral

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

Studies reviewed within this submission:

See tabulated summaries below at the end of the pertinent sections

Studies not reviewed within this submission:

1) RD2008/00262: LeadProfilingScreen Data Report as only summary data were
provided2) Validation methods for LC/MS-MS Methods in mouse, rat, rabbit and
monkey blood

3) Single dose toxicity studies in rats and non-human primates as the MTD/MFD doses
identified in these studies were utilized in the repeat-dose toxicity studies
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2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

The sponsor did not conduct any primary pharmacodynamic studies with XP13512. This
product has no detectable pharmacologic activity until it has been hydrolyzed to
gabapentin.

2.6.2.2 Primary pharmacodynamics

Mechanism of action: XP13512 is hydrolyzed to gabapentin by non-specific esterases in
the intestine; therefore, the sponsor did not conduct any primary pharmacodynamic
studies. Gabapentin binds with high affinity to the 626 subunit of voltage-gated calcium
channels in the CNS. The hypothesis is that the therapeutic effects may be mediated by
binding to the subunit eliciting a modulation of neurotransmission and reduction in
excessive neurotransmitter release.

Drug activity related to proposed indication: The etiology of Restless Legs Syndrome is
unknown at this time. No specific mechanism of action is proposed. No animal studies
for Restless Legs Syndrome (RLS) were conducted due to these two factors.

2.6.2.3 Secondary pharmacodynamics

A single secondary pharmacology study (RD2008/00262/00XP091) conducted by ©%

was conducted to assess the potential for XP13512 to
interact with ion channels and specific receptors. Summary data only were provided. It
appears that XP13512 (10 uM) has low affinity for neurotransmitter receptors and did not
bind to any extent to any of the receptors evaluated.

2.6.2.4 Safety pharmacology

Neurological effects:

XP13512: Effects on General Activity and Behaviour in the Rat Following Oral
Administration; Study #RD2007/01533/00XP010 or 2337/001-D6146. This study was
conducted by ®® and was initiated on
6/16/03.

Wistar rats received XP13512 (0 [0.5% methylcellulose, 0.1% Tween 80], 75, 250 or 750
mg/kg) as a single oral dose in 7.5 mL/kg. An Irwin screen was performed at 30, 60, 90,
150 and 300 minutes post-dosing on Day 1.

Results: Treatment at 30 mg/kg of XP13512 did not elicit any significant adverse effects.

10
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With dosing at 250 and 750 mg/kg, hypoactivity, ataxia, hyposensitivity to touch, and
apathy were noted within 60 min (250 mg/kg) or 30 minutes (750 mg/kg) of dosing.
Signs were mild in most animals at 250 mg/kg, with females appearing normal within 6
hrs of dosing. At 750 mg/kg, the signs were more severe and peaked at 90 minutes post-
dosing. No convulsions were reported at any dose, but catalepsy and decreased transfer
arousal were seen in a few high dose animals. All animals had normal behavior by the
next day and no additional adverse signs were recorded.

Cardiovascular effects: No directed cardiovascular safety studies were conducted. The

sponsor assessed the potential for adverse cardiovascular effects in the repeated dose
toxicology study in monkeys.

Effects of XP13512 on Action Potentialsin | solated Canine Cardiac Purkinje
Fibers; Study #030522.DPW or RD2007/01531/00. This study was conducted by
®® and was initiated on 6/12/03.

Three concentrations of test article were evaluated: 2, 20 or 200 ug/mL. No increases in
APDyg or APDy, were found at any dose, but sotalol at 100uM elicited prolonged APDgg

and APDg, without effect on resting membrane potential, action potential or maximal rate
of depolarization.

Sponsor graphic:

~
£ 0—
S—_—
I
E —
3 Control
)
g -50 — 2 and 20 pg/mL XP13512
: L
g - 200 pg/mL XP13512
£ b
S -100—
T ’ | ]
Os 200 ms 400 ms

Time (ms)

Figure 1. Effect of XP13512 on Cardiac Action Potentials.

Superimposed records before (control) and after equilibration (2, 20 and 200 pg/mL
XP13512). Temperature =37 + 1° C, BCL =2 s. Fiber ID: A 07 JK 030613 00.

11
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Effects of XP13512 on Cloned hERG Channels Expressed in Mammalian Célls:;
Study #RD2007/01532/00X POll or 030521.DPW. This study was conducted by
®® and was initiated on 6/17/03. XP13512 was used as Lot

#2892.A.03.2.
XP13512 was tested in HEK293 cells using standardized methodology. Terfenidine at 60
nM was the positive control, and inhibited the hERG current by 82.2%. DMSO served as

the negative control.

Results: Neither 10 nor 100 uM XP13512 had a significant effect on hERG current.

A B
Vehicle Control
100 uM XP13512 2o /

2300+

e If 100H
‘%E Control §§

a0t Control

oH y —
iz o = )
gt %: & S
: e ' T ame | mw £ "M‘J :
Time jms) SwETHE4 Q 1113:"'51 mzm

Figure 1: Sample hERG current traces before and during application of 100 pM
XP13512 and the vehicle control.

Superimposed hERG currents [Current (pA); Time (ms)] were obtained using the voltage
procedure described for measurement of the concentration-response relationship. The
effects of 100 pM XP13512 and the vehicle control on hERG currents are shown in
Panels A and B, respectively. The concentration-response voltage protocol is shown in
the lower section of each panel.

Pulmonary effects:
A Pulmonary Safety Evaluation of XP13512 in the Rat; Study #1032—001 The GLP-
compliant study was conducted by

In this study, 8 male rats were treated by oral gavage with 0 (0.5% methylcellulose), 75,
250 or 750 mg/kg XP13512 at 7.5 mL/kg. In this standardized study, the animals were
monitored for pulmonary effects (respiratory rate, tidal and minute volumes) for an hour
prior to dosing and continuously for 4 hrs post-dosing. Measurements were evaluated in
15 minute segments.

Results: No adverse effects on respiratory parameters were found in rats dosed up to 750
mg/kg with XP13512.

12
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2.6.2.5 Pharmacodynamic drug interactions

No drug-drug interaction studies have been conducted using XP13512.

13
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2.6.3 PHARMACOLOGY TABULATED SUMMARY

NDA: 022399

Table 1. Pharmacology Overview Test Arl
Type of Study Test System Method of Salt GLP Testing Report No.
(Strain) Administration Form Facility (Study No.)
Primary pharmacodynamic studies
Nonea
Secondary pharmacology studies
b) (4
Radioligand binding assay Receptors, ion channels In vitro 512 No Ly RO2008/00252/00
(XP091)
Safety Pharmacology Studies
Effects of general activity and behavior Rat Oral 512 Yes RO2007/01533/00
(Irwin study) (Wistar) \gavage) (XP010)
Pulmonary safety evaluation Rat Oral 512 Yes RD2007/01530/00
(Wistar) (gavage) (XPO18)
hERG assay HEK293 cells In vitro 512 Yes RO2007/0153200
(XP0O11)
Effects on action potential Isclated dog Purkinje In vitro 512 Yes RD2007/01531/00
fibers (XP012)
Key: Testina Facility:
(b) (4)

512 =XP13512
HEK = Human embryonic kidney

3. Although no primary pharmacology studies on XP13512 have been conducted, a discussion of the phamacology of
gabapentin is provided in m2.6.2, Section 2.1 based on information cited in the literature.

Table 2. Safety Pharmacology

Test Article: XP13512

Organ Systems ~ Species  Methodof  Dosest  Nol Noteworthy Findings GLP Report No.
Evaluated (Strain)  Administration  [mglkg)  Group Compliant  {Study No)
Overtcentraland  Rat Ora 75,250,  SMISF  Noeffects werenoted at Tomghg. Thefindngs  Yes  RD2007/01533100

perpheral effects  (Wisar) (gavage) 750 at 250 and 750 mglkg included decreased body (XPO10)
fone, apathy, ataxia and decreased touch
response. Signs wete ohserved within
30 minutes of dosing and complately reversed
within 1 day.
Respiratory Rat Ora 75,200, BM  Noeffects on respiratory function (respirafion Yes  ROZ007I01530100
(Wistar) (gavage) 750 rate, fidal volume and minute volume) af any (XPO16)
tosa.
Effact on HEK293 In vifro ), NA Mo effects on hERG current. Yes  RO2007/01532100
hERGtal current  cells 100 M (XPO11)
Effectonaction  lsolated In vitro 2.0, NA Mo effects on resting membrane potential, acfion Yes  ROZ007/01531/00
patenial dog 200 pglmL potential amplifude, action potential maximum (XPO12)
Purkinje rate of rise or action potential duration at 60% or
fibers 90% repolarization (APD;; and APDy)

Key:

HEK = Human embryonic kidney
NA = Not applicalle.

M= Male; F=Female.

3. Single dose administered.

14
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

The ADME studies for XP13512 were single dose studies. This was considered a
reasonable approach as XP13512 is a prodrug of gabapentin, which has been well
investigated, e.g., in the published literature. In invitro studies in human enterocytes, it
appears that the prodrug is metabolized primarily by carboxylesterase 2 with a minor
contribution by carboxylesterase 1. At all time points evaluated, the levels of gabapentin
in plasma were <100x the levels of XP13512. The prodrug was detected in mice for <45
min post-dosing, in rats for <5 hrs post-dosing and <12 hrs in monkeys. Hydrolysis in the
intestine is expected with oral dosing.

2.6.4.2 Methods of Analysis

Plasma and/or blood was evaluated for gabapentin, XP13512 and gabapentin lactam (a
minor metabolite). Methodologies included protein precipitation followed by HPLC with
LC-MS/MS. Samples were quenched as soon as possible with methanol to diminish the
post-sampling conversion of the pro-drug to gabapentin after sample collection. The
lower limits of quantitation were 0.02- 0.08 pg/mL in rat and monkey blood for
gabapentin and 0.02 pg/mL for XP13512 and gabapentin lactam.

2.6.4.3 Absorption

Oral bioavailability of gabapentin following administration of XP13512 was <86.6%
across the dose range (500- 5000 mg/kg) in rat single dose studies (RD2007/01519/00;
RD2007/01699/00). After i.v. administration, XP13512 was converted to gabapentin
with a ty, of 5 minutes. When XP13512 was administered to monkeys at 174 mg/kg
(capsular formulation), the bioavailability was <76% (RD2007/01476/00). When given as
an oral gavage, the bioavailability was 50.5- 62.9%. This is in contrast to the oral
bioavailability of gabapentin that decreases with increasing doses in rats, mice and
monkeys.

Sponsor’s tables:

15
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Table 3.1. Pharmacokinetics of XP13512 and Gabapentin after Single Oral Administration of XP13512 to Mice, Rats and
Monkeys
Dose ean P.harmacnkinetic Parameters
Species Vehicle No./ Gabapentin XP13512
[Report NO’} mg."kg mg-eq G“}UPb Cax AUChns Fe Conax AUC
XP135122 GP/kg (lg'mL) (lg.h/mL) ) {ug/mL) (g him
192 100 4 323 56.6 ND 0.08 KD
Mouses _ Solution in water 952 500 4 110 N7 ND 1.68 1.99
(RD2007/01472/00) 1923 1000 4 231 618 ND 2.35 458
3846 2000 4\ 271 066 ND 4.83 5.65
192 100 &M 25 102 649 0.19 050
Water 385 200 &M 34.1 190 60.6 0.18 0.95
(RD2007/01471/00) 3846 2000 &M 155 2230 7.2 102 63.8
4482 2320 ™ 201 2073 57.0 13.3 56.9
Suspension in 1% wiv methylcellulose/ 500 260 IMIEF 107 353 86 6= 0.58 1.01
0.1% viv Tween 80 in water 2000 1040 IMIF 157 1330 81.1¢ 0.90 5.16
Rat (RD2007/01518000) 5000 2600 IMIZF 200 2450 70.3¢ 1.97 9.86
Suspension in 0.5% wiv methyicellulose! 500 260 AMAF 964 460 ND 0.801 142
0.1% wiv Tween 80 in water 2000 1040 AMidF 148 2180 ND 0946 108
(RD2007/01688/00) 5000 2600 AM4F 183 2040 N 1.68 118
Suspension in 1% wh methylcelluloss!
0.1% wiv Tween 80 in water 4789 2480 &M 177 2228 5758 1186 586
(RD2007/01471/00)
Hydroxypropyl methylcellulose capsules 174 0.5 4M 60.3 392 76.3 203 47%
(RD2007/01476/00) 174 90.5 4 62.9 356 69.0 1.97 631
Suspension in 0.1% wv Tween B0 in water 500 260 2Mi2F 0.3 79 51.1= 1.81 530
Monkey (RD2007/01520000) 2000 1040 2M2F 281 3130 50.5¢ 17.7 100
Suspension in 0.5% wiv methylcellulose/ 250 130 IMIF T84 551 71.1¢ 5.93 763
0.1% wiv Tween 80 in water 750 391 INISF 143 1370 58.8¢ 7.55 171
(RD2007/01521/00) 2000 1040 MIEE 343 3900 62.9¢ 33.0 138

Key: GF = gabapentin, ND = Not determined; M= Male; F=Female.
a.  52% of molecular weight of XP13512 dose is gabapentin.
b Mumber of animals per time point

c.  Bioavailability relative to infravenous gabapentin at 25 mgfkg in rats and 10 mgikg in monkeys.

d. XP13497 (sodium salt) was administered.

. Bioavailability determingd, separate from cited report, basad on
mean systemic exposurs values on Day 1 of repeat dose toxicity

siudies.
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Table 3a. Pharmacokinetics: Absorption After a Single Dose

Species (strain):

Number of Animals/Gender (M/F):
Feeding Condition:
Vehicle/Formulation:

Method of Administration:
Compound Administerad:

Dose:
Sample:
Assay:

Mouse (CD-1)
28M

Fasted

Water

Oral (gavage)

XP13437 (sodium salf)
192, 962, 1923, 3846 mgfkg (100, 500, 1000, 2000 mg-eq GPlkg)

Plasma

NDA: 022399

Test Article: XP13437 (sodium salt)
Location in CTD: md.2.2.2
Report Ne.: RD2007/01472/00

Liguid chromatography with tandem mass spectroscopy (LC-MS/MS)

Study Neo.: PK-2003-003

Samples gquenched by low temperature prior to processing for plasma

Dose (mg-eq GP
Analyte:
PK Parameters®:

lkg):

Trmax (h)

Ciua (ug/mL)
AUCs.ar (g.himL)
te (h)

100
XP GP
075 025
001 246
ND 529
ND 1.0

GL

025
0.040
0.042

0.6

AP

0.25
0.14
0.05
0.6

500

GP GL XP
0.20 0.5 0.25
133 1.1 0.30
245 0.455 0.21
1.8 03 1.4

1000
GP

0.25
248
294

1.0

GL

0.25
2.03
1.54
0.6

XP

1.0
1.61
1.923

1.8

2000

)
gl

0.50
340
743

0.7

GL

0.5
9.35
111

04

Samples quenched by low temperature and the addition of an esterase inhibiter prior

to processing for plasma

Dose (mg-eq GP
Analyte:
PK Parameters=:

Tkg):

Tmax (h)

Crnax (ng/mL)
AUCq: lg.himL)
tw.(h)

100
AP GP
0.5 05
0.08 323
ND a5k
ND 1.6

GL

0.5
0.032
0.027

0.6

AP

025
168
193
2.1

500

GP GL *P
0.75 025 0.25
110 0.237 2.35
7 0.388 4.38
1.5 1.1 28

1000
GP

0.25
23
618
22

GL

0.25
0.343
0.750

2.5

*P

025

4.83

365

1.2

2000

GP

0.25
2
Got
2.1

GL

0.25
0.509
ND
ND

Key: XP =XP13512;, GP = Gabapentin, GL = Gabapentin lactam; ND = Mot determined.

a.  Mean values (n=4/ime point).

Table 3b. Pharmacokinetics: Absorption After a Single Dose

Species (strain):
Feeding Condition: Fa
Method of Administration:
Sample:

Assay:

Rat (Sprague Dawley)

sted

Infravenous (bolus)
Blood or Plasma
Liguid chromatography with tandem mass spectroscopy (LC-MSIMS)

Test Article: XP13512, gabapentin hydrochlonde, gabapentn lactam
Location in CTD: md.2.2.2

Report No.: RD2007/01471100

Study No.: PK-2003-004

Compound Administered: AP13512 Gabapentin hydrochloride Gabapentin lactam
Number of Animals/Gender (M/F): 1l 6M M
Vehicle/Formulation: 0.1 M phesphate buffer, pH 7.4 Water Water
Dose: 19 malkq (10 mg-eq GPlkq) 25 malka 22 mfkg
Analyte: AP13512 (Gabapentin | Gabapentnlactam |  Gabapentin | Gabapentin lactam | Gabapentin lactam
PK Parameters:

Trnax (h) 05 05

G (g/ml) - 9. 043 - 0.23 .

AUCy (g himL) 175 15.6 151 32 1.3 673

tr.(h) 009 12 25 18 59 28

CL (mL'h) 3260 (blood) - 181 (plasma) - 46.3 (plasma)

Ves (ml) 911 M5 210

MRT (h) 003 - 22 22

F (%) - 992 -

Key: -= Mot agplicable.
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Table 3e. Pharmacokinetics: Absorption After a Single Dose

Species (strain):

Rat (Sprague Dawley)

NDA: 022399

Test Article: XP13512, gabapentin, gabapentin hydrochloride, XP13497 (sodum
salf), AP16654 (calcium salt), XP17614 (S-enantiomer), XP17813 (R-enantiomer)
Location in CTD: md.2.22

Report No.: RO2007/01478/00

Study Ne.: PK-2003-005

Feeding Condition: Fasted
Method of Administration: Intracelonic
Sample: Blood
Assay: Liguid chramatography with fandem mass spectroscapy (LC-MSIMS)
Pharmacokinetic Parameters
Analyte Gabapentin XP13512 Gabapentin lactam
Compﬂuﬂd Vehicle No. of m IKDO_S;E Cra Tra & ACyw P Cre s AUC s [ P AlCow  F*
Adninistered Hales | ™99 Gg;mqﬂugimu W0 ghml) (4 [wgnl () monml) moml) b ) (ghil (%)
Gabapentn C 7 2 085 05 15 13 1% 002 15 21 0 018
Gabapenfn . . . .
hydochore Water & 2% 02 32 21 186 478 T B N . S
¥P13512 B 3 4 B4 03 18 9 BI| e 03 066 ND ND ND ND ND
) A 5 ELO I AT E R L - I T S IV A (V] 0% 08 20 332 g
AP1T . ; ’ ; P
(sodumsa) Water 6 8 BTl 04 § B M3 04 02 018 051 08 23 221 37
XAP1g64
4 ) ( o
(cacum sl B 5 @ B |78 08 14 T d2pon0 05 035 w208 i 28 4
FIEE g e s [es e ot oss o uafow ou om [ om w25 0w 0w
(S-enantomer) ' ' ‘ ' ' ' ' T ' '
VIS g g | e s |1 0o 8 s s fow o2 om | om 04 30 12 2w
{R-enantiomer) ' ' ‘ ' ' ' ' A ' '

Key: - = Not applicatle; ND = Not determined, GP = Gabapentin; A = 1% methylcellulose and 0.1% Tween 80; B = Polyethylene glycol 400; C = Phosphate buffered saline,
* = Bioavailabilty hased on comgarison fo data for iniravenous gabapentin (see m2.8.5, Table 3b)

Table 3h. Pharmacokinetics: Absorption After a Single Dose

Species (strain):
Sample:
Assay:

Method of Administration:

Maonkey (cynomolgus)

Blood

Test Article: XP13312, gabapentin, gabapentin hydrochlcride
Location in CTD: m4.2.22

Report No.: RD2008/00484/00  Study Neo.: PK-2004-007

Liquid chromatography with tandem mass spectroscopy (LC-MS/MS)

Intravenous (beolus)

Pharmacokinetic Parameters

Analyte: Gabapentin
Compound . Dose Feeding Ca te AUCeins CL Vs WRT
Administered Vehicle  No. of Males (mg/kg) Condition (pLg/ml ) (h) (ig himL) (mL/h) {mL}) {h)
Gabapentin Water 3 10 Fasted 219 343 475 21 1050 460
hydrochloridg
Method of Administration: Oral
Pharmacokinetic Parameters
Analyte] Gabapentin XP13512
Compound Formulation No.of Feeding | . D"—an . Coan Tmax te  AUCkm  F Crmax te AUCsw
Administered Males  Condition | ™99 ngg (g/mL) (h) h)  (ughmb) (%) (ngimL) ) jughimL)
(Gabapentin MNeurontin capsules 4 Fasted 158 - 181 3.00 120 129 173
(3 x 100 mg)
Immediate release capsules 3 Fastad 362 183 836 487 446 626 721 147 164 561
XP13512 (2 %350 mg)
Sustained release tables 4 Fastad 284 153 579 6.00 5.07 528 726 0977 343 481
(1800 ma) 4 Fed 262 138 55.1 5.00 471 484 749 0.175 2.16 1.01
Key: - = Mot applicable. GP = Gabapentin.
*=  Bioavailability based on comparison to data for intravencus gabapentin in table above
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Pharmacokinetic parameters were assessed in the repeated dose and reproductive toxicity
studies and the results were consistent with the single dose study results.

2.6.4.4 Distribution

The protein binding of XP13512 in human serum albumin was found to be relatively high
(<87%) over a concentration range of 5- 100 uM. Plasma protein binding of gabapentin is
reportedly low (<3%) in nonclinical models. Tissue distribution studies were conducted
in albino (Sprague-Dawley) and pigmented (Long-Evans) rats using single oral gavage
doses of 50 mg/kg. The highest concentrations were found at 2 hrs post-dosing in the
pancreas and kidney. These findings are consistent with those reported for gabapentin
after a single oral dose of 10 mg/kg. Radiolabeled material in pigmented skin and eyes
declined more slowly than from plasma or other tissues with label <1 pg equivalent by 24
hrs post-dosing. Binding in pigmented rat and albino rat eyes was comparable at 6 hrs
post-dosing (Mean values: 4.36 pg/g and 5.35 pg/g, respectively) and in pigmented and
non-pigmented Long-Evans rat skin (6.51ug/g and 4.96 ng/g, respectively). After doses
<385 mg/kg in rats, XP13497 was found in CSF only at the highest dose but the levels
were <1/100™ of the plasma concentrations at the same time point.

2.6.4.5 Metabolism

Four studies were conducted:
1) RD2007-01473 or PK-2003-002: In vitro M etabolism of the Gabapentin Pro-drug
XP13512 and its Sodium and Calcium Salts (XP13497 and X P16654)

This study was conducted by XenoPort. Porcine pancreatin was used as a surrogate for
secreted enzymes in the small intestine; cultured Caco-2 cells were used to assess
stability in intestinal epithelial cells; rat and human plasma and rat and human liver cell
homogenates were used to assess post-absorption metabolic stability. All analyses were
done using LC/MS/MS methodologies.

Results: All test articles converted to gabapentin (36-43% converted within 1 hr) after
incubation with porcine pancreatin. Caco-2 cells elicited gabapentin (75-87% within 1
hr). No lactam was produced in either assay. Stability in rat and human plasma was quite
different with human plasma at <6% release of gabapentin and rat plasma with <55%
release. Liver homogenates for all 3 entities showed similar releases of gabapentin,
regardless of species of origin. No lactam was found after this incubation.

2) RD2007-01474 or PK-2003-015: Analysis of M etabolitesin Urine of Rats
Following Oral Administration of **C- XP13512

This non-GLP compliant study was conducted by XenoPort. Rat urine (N=3/sex) from
the mass balance study (PK-R450-13512) was analyzed to determine the proportion of
radioactivity due to parent compound (intact prodrug), gabapentin or other metabolites.
The rats were dosed at 50 mg/kg of radiolabeled XP13512 and urine was collected for the
first 24 hrs.
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Results: No intact prodrug was detected in any of the samples but >99% of the
radioactivity was due to gabapentin. Two metabolites (gabapentin-lactam [<0.4%] and a
polar metabolite [<1.1%] were found. Total recovery was >95% primarily within the first
12 hrs post-dosing.

3) RD2008-00263 or XP095: The Role of Human Carboxylesterases-1 and -2 (hCE-1
and hCE-2) in the M etabolism of XP13512

This non-GLP compliant study was conducted by XenoPort. In this study, HEK 293 cells
were used after verifying their specificity with clopidogrel and irinotecan (specific
substrates) and microsomes expressing hCE-1 and hCE-2 were tested using p-
nitrophenylacetate (non-specific substrate).

Results: A 4x increase in metabolism of XP13512 was found in hCE-1 expressing cells
when compared to controls. In microsomes from cells expressing hCE-2, the metabolism
was markedly increased (~20X) when compared to controls. Thus, hCE-2 has very
specific activity towards XP13512 in vitro and is probably responsible for most of the
metabolism within the human intestine.

Sponsor table and graphic:

Table 5.3 Substrate Studies of XP13512 incubated with Expfessed Human
Carboxylesterase- 1 and -2 (hCE-1 and hCE-2)

Enzyme Preparation
Gabapentin hCE-1 '~ hCE-2
Formation Tetracycline- Control Tetracycline- Control
(nmol/mg/min) induced Not induced induced Not Induced
Individual Activity 3.9+ 0.021 1.1 £ 0.057 61 £6.1 3.0+0.12
Mean Specific 2.8 - 38 -
Activity*®

* Corrected for background hydrolysis in control
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Figure 6.1 Rate of Gabapentin Formation from XP13512 incubated with Expressed
Human Carbexylesterase 1 and 2 (hCE-1 and hCE-2) and Their Respective
Controls

Rate of Gabapentin Formation
(nmol/mg/min)
-
(=]
(=]

hCE1etd hCEZ2ctrl hCE2

4) RD2008-00370 or XP092: Evaluation of CYP450 Induction Potential by the
Gabapentin Prodrug XP13512 and Gabapentin

This non-GLP compliant study was conducted by XenoPort. Human hepatocytes induced
with the pro-drug or gabapentin at clinically relevant doses were used to determine in
vitro potential for CYP450 induction.

Results: No significant CYP450 induction was appreciated with XP13512 or gabapentin.
An approximately 16x induction of CYP1A2 was demonstrated with the positive control
agent (omeprazole at 20 uM) and of CYP2B6 (6.9x) and CYP3A4 (12x) for hepatocytes
treated with rifampicin at 20 pM. Thus the positive controls performed as anticipated.

2.6.4.6 Excretion

Most of the radiolabeled XP13512 in rats was found in excreted urine within 12 hrs of
dosing (RD2007/01487/00) with <1% recovered in feces.
Sponsor table:
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Table 13a. Pharmacokinetics: Excretion

Species (Strain):

Gender (M/F)/Number of Animals:
Feeding Condition:
Vehicle/Fermulation:

Method of Administration:

Test Article: XP13512
Location in CTD: md 223
Report No.: RD2007/01487/00

NDA: 022399

Study No.: PK-2003-014

Rat (Sprague Dawley)
IMBF

Fasted

0.1 M phosphate buffer
Oral (gavage)

Compound Administered: XP13312

Duration of Dosing Single

Dose (mglkg): 50

Analyte: =G

Specific Activity: 0.044 uCiimg

Assay: Ligquid scintillation counting (LSC)

Collection Mean Recovery (% of Radioactive Dose) Mean Cumulative Recovery (% of Radioactive Dose) '

Time Point Male Female Male Female
(h) Urine Feces Total Urine Feces Total Urine Feces Total Urine Feces
2 NC NC NG NC NG NC NG NC NG NG HC
& 53.2 NC 53.2 68.1 NG 68.1 7022 NG 70.2 68.2 NG
12 224 0.234 226 24.9 0.350 253 926 0.292 829 93.0 0.350
24 281 0.485 3.30 218 0.373 255 954 0.778 96.2 95.2 0.606
48 0.872 0.132 1.00 0.843 0.058 0.901 96.3 0910 972 96.0 0.664
72 0.337 0.038 0.375 0.146 0.023 0.169 96.6 0.947 975 96.2 0.687
96 0.162 0.015 0.177 0.163 0.007 0.170 96.8 0962 978 9.3 0.694
120 0.074 0.009 0.083 0.087 0.006 0.093 96.9 0.97M 979 96.4 0.699
144 0.035 0.013 0.049 0.0g8 0.003 0.07M 96.9 0.984 97.9 96.5 0.702
168 0.035 0.002 0.037 0.029 0.003 0.032 97.0 0.986 979 96.5 0.706

Subtotal 97.0 0.986 98.2° 95.5 0.706 a7.9° 97.0 0.986 9g.2° 96.5 0.706

Key: NC = Not calculated

4. Includes data for single sample collected at 2 hours

b. Includes that found in the cage washes.

2.6.4.7

Not evaluated

2.6.4.8

Other Pharmacokinetic Studies

Pharmacokinetic drug interactions

Report RD2007/01486/01 described the passive permeability in an artificial membrane
assay. The permeability of XP13512 was pH-dependent while the permeability of

gabapentin was not.

Transepithelial transport was assessed using Caco-2 and canine kidney cell monolayers in
Study RD2007-01486. The results were consistent with an active uptake process. The
transport across Caco-2 cells was not affected by the addition of verapamil (a P-
glycoprotein inhibitor). XP13512 had a uM affinity for the sodium dependent
multivitamin transporter (SMVT) in HEK cells that overexpressed SMVT. This transport
was partially inhibited by the addition of excess biotin (a SMVT substrate) to the

cultures.

2.6.4.9

Discussion and Conclusions

Pharmacokinetic studies were performed primarily via the oral route in mice, rats, rabbits
and cynomolgus monkeys. Exposures to XP13512 were low in all species tested and
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rapid hydrolysis to gabapentin was measured. Oral bioavailability to gabapentin was
high in rats and monkeys in contrast to bioavailability after gabapentin administration
where a dose-dependent decreased bioavailability was determined. In repeated dose
studies in mice, rats and monkeys, Cnax gabapentin values increased proportionally with
dose in monkeys, but less than dose-proportionally in mice and rats. Mean AUC values
for gabapentin after administration of XP13512 increased dose-proportionally in all
species. No significant gender-related differences were appreciated.

XP13512 is moderately bound to human serum albumin. The test article appears to have
a transport-mediated uptake in human Caco-2 cells. It dose not appear to be a substrate of
human P-glycoprotein, but does appear to be a substrate for monocarboxylate transporter
type-1 (MCT-1) and sodium dependent multivitamin transporter (SMVT) in vitro. The
test article does not serve as a substrate or an inhibitor for human cytochrome P450
enzymes.

Distribution of radiolabeled XP13512 in albino and pigmented rats showed radioactivity
at highest levels in the pancreas and kidney at 2 hrs post-dosing and essentially no
radiolabel at 24 hrs post-dosing. The majority of the radiolabel was recovered in urine,
primarily in the first 12 hrs.

2.6.4.10 Tables and figures to include comparative TK summary

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
(Sponsor’s tables)
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NDA:

022399

Table 1. Pharmacokinetics Overview Test Article: )
Type of Study Species Ne./ Methed of Form Dose (mg'kg/day)® Duration of Dosing GLP Testing Report Ne. L
(strain)  Group Administration or Concentration [Sampling Facility (Study Ne.) n
Occasions)
Absorption
Pharmacokinefics ~ Mouse  28M Oral 497 192,962, 1923, 3845 Single No  XP  RD2007/01472/00 n
(CD-1) (gavage) (PK-2003-003)
Toxicokinetics Mouse  30MI30F Oral 512 500,2000, 5000 7 days ves  ©@ poonorioiszzig m
(BBC3IF1) (gavage) (Days 1&7) (XP023)
Toxicokinafics Mouss  38MJ3GF Oral 512 500,2000, 5000 13 weeks Yes RD2008/00324/00  m:
(BBC3F1) (gavage) (Days 1 & 90) (XP024)
Pharmacokinetics Rat 6-TM IV (bolus) GP-HCI 25 Single Ho xP RD2007/0147100  n
(SD) 512 19 (PK-2003-004)
GP-L 22
Oral (gavage) GP-HCI 25, 50, 100, 200
497 192, 385, 3846, 4462
512 4769
654 48
814,815 48
Pharmacokinetics Rat 4-6M IV (bolus) 912 48 Single No XP RD2008/00212/00
(SD) Intrapentoneal (XPOT0)
Oral (gavage)
Pharmacokinetics Rat 3-TM Intracolonic 497, 654, 48 Single No Xp RD2007/01478/00
{SD) (bolus) 512,814, (PK-2003-005)
815
GP, 25
GP-HCI 0 @
Toxicokinafics Rat  5-6Mi5-6F Oral 512 500,2000, 5000 7 days Na RD2007/01519/00  n
{Wistar) (gavage) (Days 1 &7) (XPO02)
Toxicokinetics Rat 8MigF Oral 512 500,2000, 5000 2 weeks Yes RD2007/01659/00  n
{Wistar) (oavaoe) (Davs 1 & 141 (XPOOT
Absorption (continued) o
Tavicokinetics Rat  10MIOF Qral 32 500, 2000, 5000 2 weeks Yes @ RO2007M0152500
(Wistar) (qavage) (Days 1 & 14) (XP036)
Touicokinetics Rat  10MI10F Oral 512 500, 2000, 5000 2 wesks Yes RD200710152%00
(Wistar) (gavage) (Days 1&14) (XP043)
Toxicokinetics Rat  15M1aF Oral 912 500, 2000, 5000 13 weeks Yes RD200710152300
(Wistar) (0avage) (Days 1&490) (XP025)
Touicokinetics Rat  12-18M/ Oral 512 500, 2000, 5000 26 weeks Yes RD200710152600
(Wistar)  12-18F  (gavage) (Days 1 &175) (XP0dg)
4
Toiconeics  Rat 6 Orl 52 0010005000 fda  Yes o RD20S0IND
(D) (gavage) (Days 1&11) (XP032)
Touicokinetics Rabhit JF Oral 82 200,500, 1500, 13 days* Yes RD2008100145/00
(NZW) (stomach tube) 5000 (Days 1&13) (XP033)
Touicokinetics Rabhit JF Oral a2 200,500, 2500 13 days* Yes RD2008/00146/00
{NZW) (stomach tube) (Days 1&13) (XP034)
Pharmacokinetics ~ Monkey — 34M  IV(bolus)  GP-HCI 10 Single No XP  RO2007/01476/00
(cymomolgus) Oral (gavage)  GP-HCI 10,75 (PK-2003-007)
497 19,144
654 144
Oral {capsules) ~ GP 81,89
82 178
497 175,177
694 173
Pharmacokinetics ~ Monkey  34M  IV(bolus)  GP-HCI 10 Single No  XP  RD2008/004a4/00
(eynomolgus Oral (et GP,512R  600mg (PK-2004-007)
2 T00mg
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Absorption (continued)
Pharmacokingtics ~ Monkey — 34M  Oral (fable)
cymomalgus)
Pharmacokinetics ~ Monkey  34M  Intracolonic
(cynomolgus) (bolus)
Toxicokinedics Monkey IMAF Oral
(cymomolqus) (oavage)
Toxicokinedics Monkey IMAF Oral
(cynomalgus) (cavage)
Toxicokinedics Monkey  2M2F  Oral
(cynomalgus) (oavage)
Toxicokinedics Monkey  3M3F  Oral
(cynomolgus) (cavage)
Toxicokingfics Monkey — 4M4F  Oral
(cynomalgus) (cavage)
Toxicokinedics Monkey — eMisF  Oral
cymomalgus) (cavage|
Distribution
Protenbinding ~ Human serum  NA In vitro
albumin
Transport across  Caco-Zcells,  NA In vitro
polarized cells  MOCK cells
Distribution (centinued)
Transport across Ariificial NA In vitro
artificial lipid mambranes
membranes
Transport by
intestinally-expressed
transporters
MCT-1 HEKcels  NA  Inviro
MCT-1 Oocytes
SMVT HEK cells
SMVT Oocytes
SMVT HEK cellsTCN
LAT-1,0CTs  HEK cells
Pgp subsirate  Insect cell
membranes
Pgp substrate  MOCK cells
Pgp inhibition MES cells
Transport by kidnay Oocytes MA In vitro
transporters
Quantitative tissue Rat IMISF Oral
distribution (SD) (gavage)
Quanfitative tissue Rat 24M Oral
distribution {Long Evans) (gavage)
CSF penafration Rat 3-6M QOral

25

9125R

GPHCI
497 512

497

o2

512,497

512, 497

2, GP
512
12, GP
512
912
512, 497
497

512
512, 497
[“CIGP
[“CJ512
[4CJ512

GP-HCI

600 mg

10
19

230,500, 1000,
2000, 3500, 5000

1000, 2000
2000, 5000

300, 2000
250, 750, 2000
500, 1000, 2000

500, 1000, 2000

510100 M

10010 200 uM

50 uM

Up to 10 mM
025to 1 mM
Up to 1 mM
Up to 34 uM
Up to 100 pM
NR
10 M to 10 mi

20, 50, 100 pM
Up o 0.5 mM
=1 mM
50
30

25,100, 200

Single
Single

Single

Single

T days

(Days 148)

2 weeks

(Days 1&14)

13 weeks
(Days 1 & 90)

39 weeks
(Days 1,171 & 262)

NA

NA

hA

NA

NA
Single
Single

Single

NDA: 022399

No

No

N

Yes

No

Yes

Yes

Yes

No

No

Mo

Mo

AP

P

(b) (4)

XP

P

*P

XP

XP
(b) (4)

XP

XP

RO2006/00213/00
(XP090)

RO2007/01475/00
(PK-2003-008)

RO2007/0132000
(XPO03)

RO2007/01636/00
(XP080)

RO2007101520/00
(XPO03)

RD2007101521/00
(XPO08)

RD2007101524/00
(XP026)

RD2007101526/00
(XPO4T)

RO2007/01473/00
(PK-2003-002)

RD200710148a/01
(BIO-2003-003)

RD2007/01486/01
(BI0-2003-003)

RD2007/01486/01
(BI0-2003-003)

RD2007/01486/01
(BI0-2003-003)
RD2007/01487/00
(PK-2003-014)
RD2008/00143/00
(XP-094)
RD2007/01477/00
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Metabolism
Metabolic stability ~ Rat, human NA Invitre 512,497, 5uM NA No XP RD2007/01473/00
plasmalliver 58; o4, 614, (PK-2003-002)
Caco-2 cell 59 815
homogenate;
Pancreatin
Metabolic stability Rat, dog, NA In vitro 497 10 pM NA No XP RD2007/01473/00
monkey, human (PK-2003-002)
plasma &
intestinal, lung,
liver, kidney 59
Role of Human NA In vitro 312 50 pM NA No  XP  RDZ008/00253/00
carboxylesterases (XP093)
Metabolite analysis Rat IMI3F Qral [“Cl12 50 Single Mo XP - RD2007/01474/00
{uring) (D) (gavage) (PK-2003-015)
CYP substrate (lver Human MA In vitro 212 5uM NA Mo XP RD2007/01473/00
59) (PK-2003-002)
CYP induction Human NA In vitro 512 02,220 uM NA Mo XP RD2008/00370/00
(hepatocytes) GP 10,100, 1000 pM (XP092)
CYP inhibition Bacculosomes  NA In vitro 512 Uptod0DpM NA No  XP  RD2007/01473/00
(PK-2003-002)
Excretion
. (b) (4)
Mass Balance Rat MG Ol [C312 )] Single Yes RD2007/01487/00 m4.223
(SD) (gavage) (PK-2003014)
Key: Testina Facilty: _—

2= XP1312.

512-9R = XP13512 Exiended Release.
447 = XP13512 sodium salt

i5d = XP13512 calcium salt

§14= XP13512 S-enanfiomer,
815= XP13512 R-enantiomer.
[“CR12="CxP13012.

(P = Gabapentin.

(GP-HCI = Gatiapentin hydrochloride.
(GP-L = Gabapentin lactam.

[[“C]GP = “C-gabapentin.

M= Male: F=Famale.

IV = Infravenous.

Caca-2 = Human colon cancer callfne-2.
CYP = Cytochrame P50,

HEK = Human eméryonic Kidney.
LAT-1 = Large amino acid ftansporter
MES =MES-5A-DXE,

MDCK = Madin-Darby canine Kidney.
NA =Nat applicable

NR = Not reported.

NZW = New Zealand white.

OCT2 = Qrganic caion transporfer.
Pap = P-glycoprofein.

50 = Sprague Danley.

TCN = Tefracycine.

XP = XenoportInc.

3. Insome reports (2.g., primarly single dose phamacokinefics], the dose s quoted in terms of mg-aq gabapentin/kg. For a dose of XP13512, gabapentin was equivalentto ~52% of
the molecular weight of XP13512 (1.2. 100 mg-eq GPlkg is appraximately equivalent fo 192 mglkg XP13512).

. Days T through 17 post colum.
¢. Days 7 throtgh 19 post coitum.
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology:

Repeated dose testing via the oral route was performed in several species: up to
26 weeks in albino rats at doses up to 5000 mg/kg/d, up to 39 weeks in
cynomolgus monkeys at doses up to 2000 mg/kg/d. In rats, the doses were 0, 500,
2000 or 5000 mg/kg/d. As in the previous, shorter term rat studies, increased age-
related chronic progressive nephropathy with hyaline droplet formation was noted
in all treated male groups. Reversal was incomplete at the end of the recovery
period. Centrilobular hepatocellular hypertrophy was described in the high dose
animals, but was reversed by the end of the 1 month recovery period. No NOAEL
for the histologic renal findings was found in this study but clinical chemistries
and urinalyses were not affected. Cynomolgus monkeys were treated by oral
gavage with 0, 250, 1000 or 2000 mg/kg/d of XP13512. No adverse effects of
treatment were found in any of the parameters evaluated. The NOEL is
determined to be 2000 mg/kg/d. Exposures to gabapentin at the highest dose were
3370 pg.h/mL at the end of the 9 month period while exposures to XP13512 were
54.3 ng.h/mL at the same time point demonstrating extensive hydrolysis of the
test article to gabapentin. The associated Cmax values were 366 ng/mL and 13.7
ug/mkL, respectively.

Genetic toxicology:

XP13512 was not genotoxic in multiple Ames assays, the micronucleus or the
UDS assays. However, it was positive in the chromosomal aberration assay in
human lymphocytes. The etiology of this ﬁndlng was proposed to be the release
of acetaldehyde during the @O 0@ hotential N
impurities were found to be genotoxic in the Ames assays, but the levels in the
final product are below the level of concern.

Carcinogenicity:

27

In the mouse 2-year carcinogenicity study, no increases in any tumor type were
detected. In mice treated with 0, 500, 2000 or 5000 mg/kg/d by oral gavage,
XP13512 treatment caused decreased survival in the mid and high dose males and
increased body weights in the high dose animals. No other significant findings
were appreciated in treated animals except for a modest exacerbation of age-
related axonal/myelin degeneration of the sciatic nerve in the females at 2000
mg/kg/d and both sexes at 5000 mg/kg/d.

In the rat carcinogenicity study, Wistar rats were treated for up to 104 weeks with
0, 500, 2000 or 5000 mg/kg/d of XP13512 in Tween 80 and methylcellulose by
oral gavage. The 2000 and 5000 mg/kg/d males were terminated early (Weeks 97
and 90, respectively) due to exacerbation of chronic progressive nephropathy.
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Females were not similarly affected. There was an increased incidence of
pancreatic acinar cell hyperplasia, adenomas and carcinomas in both sexes at
5000 mg/kg/d and in males at 2000 mg/kg/d. The decreased survival and early
termination in the 2000 and 5000 mg/kg/d males may be responsible for a lesser
incidence of both non-neoplastic and neoplastic lesions. Thus, XP13512 is
considered a carcinogen in rats under the conditions of this study.

Reproductive toxicology:
A complete battery of reproductive toxicity testing was conducted in rats and
rabbits and no adverse effects were found on fertility or embryofetal development
parameters. Maternal toxicity was shown by adverse clinical signs, decreased
body weights and premature parturition (rabbits only) was evident in all studies.
Embryo-fetal toxicity was found in rat pups at 5000 mg/kg/d and rabbit kits at
2500 mg/kg/d.

Special toxicology:
XP13512 was not shown to be a skin sensitizer and it was a non-irritant on skin. It
was found to be an ocular irritant.

2.6.6.2 Single-dose toxicity

Studies were not reviewed as the MTD/MFD was utilized in the repeat-dose toxicity
studies and no additional toxicities were described in the single dose studies.

2.6.6.3 Repeat-dose toxicity

Study title: 2-Week Oral Gavage Toxicity and Toxicokinetic Study with XP13512 in
Cynomolgus Monkeys

Key study findings: Although significant vomition was seen in the 2000 mg/kg/d
females on 7 of 14 days of the study, the sponsor did not consider this to be an adverse
effect and stated the NOAEL to be >2000 mg/kg/d in cynomolgus monkeys. No other
adverse effects were reported.

Study no.: RD2007/01521/00 or 7401-111 or XP008
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 6/3/03

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Lot 2892.A.03.1 at 98.4% purity and Lot 2892.A.03.2 at
97.3% purity

(b) (4)

Methods
Doses: 0 (vehicle), 250, 750 or 2000 mg/kg/d
Species/strain: Cynomolgus monkeys
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Number/sex/group or time point (main study): 3

Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80+
0.5% methylcellulose at 10 mL/kg

Satellite groups used for toxicokinetics or recovery: None

Age: 2-3 years of age

Weight: 2.3- 2.8 kg

Sampling times: Days 1 and 14 at 0 and 1 hr post-dosing

Observations and times:
Mortality and clinical signs: Twice daily
Body weights: Prior to dosing and weekly
Food consumption: Daily
Ophthalmoscopy: Prior to dosing and Day 11
EKG: Prior to dosing and at 0 and 4 hrs post-dosing during Week 2 under ketamine
anesthesia
Hematology: Prior to dosing and Day 14
Clinical chemistry: As for hematology
Urinalysis: As for hematology
Gross pathology: All animals on study
Organ weights: Adrenals, brain, epididymides, heart, kidney, liver with drained
gallbladder, lung, ovary, pituitary, prostate, salivary gland, seminal vesicles, spleen,
testes, thyroid/parathyroids, uterus
Histopathology: Adequate Battery: yes
Peer review: Not specified

Results
Mortality: There were no premature decedents.

Clinical signs: Vomition was the primary adverse effect in females dosed at 2000
mg/kg/d (noted for 7 of 14 days). The sponsor did not consider this to be adverse as it
was “not frequently observed”.

Body weights: Weights were comparable across dose groups and controls.

Food consumption: No adverse effects were reported on consumption.

Ophthalmoscopy: No treatment-engendered lesions were observed.

EKG: All tracings were within normal limits.
Hematology: No significant intergroup differences were conveyed in the study report.

Clinical chemistry: No significant test article-related adverse effects were determined.

Urinalysis: No test article-related effects were discerned.

29



Reviewer: Terry S. Peters, D.V.M. NDA: 022399

Gross pathology: No consistent lesions were described.

Organ weights: No treatment-related adverse effects on organ weights were found.

Histopathology: Adequate Battery: yes
Peer review: Not specified
No consistent adverse, treatment-related lesions were appreciated.

Toxicokinetics: At essentially all sampling times, the levels of gabapentin were very
high when compared to the prodrug levels. Concentrations of gabapentin reached Cmax
within 1.5-8 hrs post-dosing and declined thereafter. Gabapentin exposure increased with
increasing dose, but the absorption may have been delayed at the higher doses as shown
by the AUC of gabapentin having a more dose-proportional relationship than Cmax. No
gender differences were appreciated and no accumulation was evidenced.

Sponsor table:
Table 4.1 Toxicokinetic Data for Gabapentin in Blood After Oral Administration of XP13512 to Monkeys in Study XFO08

Groap | Dese | Day | Gender | Animal | T12 | Tew | Cam Tot Ciw | AUC | AUC, | AUCHq
{milg) fhr) | (he) | {egwl) | (b} | Jbir/onL) (gL g b
R 1 Male | 100331 | 153 150 625 b1 109 480 480 486
09846 | 152 L5 | 61y M DA | 48 405 409

173 | 417 400 k] 4 156 767 a7 TE2

MEAN | 3M | 21 0.7 24 1.49 5l 551 i

ED 037 1 1M 144 0 D93 | 1l 181 197

Female | 100110 | 4.14 1.5 BT 24 197 574 574 584

moly | 393 AL fi. M4 157 411 411 419

mouzs | 3m 40 129 P 0768 fidl 22 625 |

MEAN | 18] 1,83 B2 4 15 bl 536 543

5D 043 029 | 9 0 0598 | 110 110 1

Combined| MEAN | 377 E | 784 M 143 543 543 551

5D 0.3 0er | 217 [} 0707 | 140 140 143

2 250 it Make | 100331 | 37 Lso | 130 M 102 T 646 £52
100048 | 182 150 | 784 M 076 | 4M 434 434

| 109973 | 416 200 | 141 H 274 932 532 548

MEAN | 182 a7 | 7 M 149 871 671 680

50 0.1 029 | 335 0 109 230 250 256

Female | ID0L10 | 419 | 200 | 11 M L4s £93 693 04

0027 | 518 LA | 14 L1 117} 567 567 582

100128 | 373 150 | 137 L} 1.43 800 ROl i}

MEAN | 436 16 | 1z 4 L7 87 87 608

S0 071 029 | 174 0 | 03w L6 114 13

Combined | MEAN | 4,14 167 | 17 M 163 679 679 6E9

0 0.53 026 | 238 i | a7 174 174 177

Dieaplayed vahues wers rausded to three significant figures after caloulation of mean vabees and ratios,
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Table 4.1 {cowtinued) Toxicokinetic Data for Gabapentin in Blood After mﬂamutrm

of XP13512 io Monkeys in Study XPOUS

Gronp | Dose Day | Gender | Anmimal | Ti72 Toa Com Tus C | AUC | AUCy | AUC,u
(mg/kg) {br} ibry | (ueiml) | () | (pglml) L} (. fm,

i 750 1 Mila 100001 B2 2,00 119 M G40 1450 1450 1530

100334 168 2.0 184 4 136 1330 1350 1370

T3] 4.08 4.0 140 4 503 1240 1290 1320

MEAN 419 167 147 24 600 1370 1370 1400
sv | osa | 115 | 3 0| 3w il B | w2

Female | HO06Z 369 100 157 L 446 1500 150 1520

100064 354 .00 I8 4 340 1140 1140 1180

100394 353 400 143 4 304 1330 1330 1340

MEAN | 339 4.00 134 4 166 1320 1320 1340

D 0.09 200 19.7 0 0,723 180 180 183

Combinsd | MEAN 389 3133 143 4 483 1340 1340 1370

a0 (.50 1.53 4.7 L 2.35 137 127 137

1 730 14 Male 100001 556 2,00 185 H 11.8 1780 1TRD 1870

100334 .58 1.5 148 X bl | a4 e 937

100361 4,08 4,00 173 24 4.4 14401 1440 1470

MEAN | 474 1.50 169 24 fid 1380 1380 1430

50 0.76 1.31 189 ] 4.64 434 434 465

Female | [00062 501 100 a7 pL 1.5 1620 {:wil] 1680

T4 37 100 10 FL! iz 1700 1700 1720

o34 | 397 | amp | 157 A4 | 42 | om0 | 1330 | 1.0

MEAN 413 147 198 X 513 1550 1550 1590

5D 069 1.15 163 ] 200 195 195 20

Combined | MEAN 445 2.58 183 4 585 1470 1470 1510

{ i) 071 Lil | 303 [ 315 13 34

Displayed values were ronded to thee spnificant figarss after caloulation of mean values and ratios,
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Table 4.1 {continued) Toxicokinetic Data for Gabapentin in Blood After Oral Administration

of XP13512 to Monkeys in Study XPO0S

Grogp | Dhase Day | Gender | Animal | T12 Tz Corae Tan G | AUCw; | AUCS | AUCHus
(mg/kg) for) | ibr) | (ppol) | (he) | (el Wi e/ g /el )

4 I 1 Male | TODOOR 6.57 40 m M LR 3630 1630 1000

Az | 4.4 00 439 M 13 4250 4230 4450

100350 5.07 .00 182 24 355 4350 435 4654

MEAN | 550 ERE] E 4 .1 4050 4 4360

S0 .54 115 363 0 500 a7 | 4 342

Femmale | 100114 134 a0 202 24 T.ED 237 1570 FA]

Io03EE | M Lo 306 L 133 3370 370 3450

I03sE | 663 400 350 L 44 4040 4080 4480

MEAN | 464 467 18 4 0% 3280 1280 3450

gD .73 .06 802 0 | 180 459 59 12E]]

Comiined | MEAN | 547 .00 343 i3 4 £l 3680 3500

1 4] 154 210 ELY { 15,9 T4 T4l 252

4 o0 14 Male | [O0O0E [ 445 400 525 4 Fi 4380 4550 4720

100323 491 4.00 515 M g 4600 4600 4T

_Iuﬂ}mju 5,76 4.00 402 24 4.1 AT £TH 000

MEAN | 511 400 481 1 | 283 £630 4630 483

i Q.58 0.00 634 0 6.82 74 74 144

' Femzle | 100114 | 400 400 456 L) 145 4160 4160 4240

I0j3E8 [k 100 qan ) 4.8 1340 1340 35

T35 509 400 374 4 226 1740 1740 910

MEAN 517 13 41 M 208 1750 750 3910

18] 121 1.13 1.9 ] 344 411 411 138

Combipsd | MEAM | 414 347 445 4 il 4190 4190 4370

| D 086 .52 14 ] 6,32 553 353 357

Displiyed vahses weere rounded to thres significant figures after caloulntin of mesn values and rasios,

Study title: 2-Week Oral Toxicity Study of XP13512 in Rats

Key study findings: No NOAEL was determined for this 2-week oral toxicity study in
rats at doses of 500, 2000 or 5000 mg/kg/d on the basis of hypoactivity in all treated
animals and increased hyaline droplet formation in the renal epithelium of treated males
at all doses. No other significant findings were appreciated in any of the other parameters
evaluated. This study was neither an MTD nor an MFD study but 5000 mg/kg/d is
generally acceptable as the maximal dose to be administered in toxicology studies.

Study no.: 1032-015 or RD2007/01525/00XP038
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 6/29/04

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Batch 3 at 99.5% purity

(b) (4)

Methods
Doses: 0 (vehicle), 500, 2000 or 5000 mg/kg/d
Species/strain: Wistar [Crl: (WI)BR] rats
Number/sex/group or time point (main study): 10
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Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80®
+ 0.5% methylcellulose at 20 mL/kg

Satellite groups used for toxicokinetics or recovery: Not applicable

Age: 7 weeks at study initiation

Weight: 165- 295 gms

Sampling times: TK samples taken on Days 1 and 14 at pre-dose and 1 hr post-
dosing.

Observations and times:
Mortality and clinical signs: Twice daily
Body weights: Weekly
Food consumption: Weekly
Ophthalmoscopy: Prior to study initiation and prior to necropsy
EKG: Not performed
Hematology: At study termination
Clinical chemistry: At study termination
Urinalysis: At study termination
Gross pathology: All animals on study
Organ weights: Brain, adrenals, epididymides, heart, kidneys, liver, lung, pituitary,
prostate, salivary gland, seminal vesicles, spleen, testes, thymus, thyroid/parathyroids,
ovaries, uterus
Histopathology: Adequate Battery: yes for control and high dose only; liver, kidney,
pancreas and gross lesions from other groups
Peer review: Not specified

Results

Mortality: There were several incidental deaths: 1 female at 500 mg/kg/d (#1058); post-
bleeding “accident”), 1/sex at 2000 mg/kg/d (#1022 and 1064; causes of death
undetermined) and 1 male (#11035; gavage accident) at 5000 mg/kg/d.

Clinical signs: A significant dose-related hypoactivity was observed in all treated
animals early in the study (Days 1-3) with recovery by approximately 6 hrs post-dosing.
Decreased activity was noted at weekly observation times in the 2000 and 5000 mg/kg/d
males.

Body weights: No consistent adverse effects of treatment were noted.

Food consumption: Consumption was comparable across groups over the 2 week dosing
period.

Ophthalmoscopy: No treatment-engendered lesions were described.

Hematology: The high dose animals showed mild decreases in red cell parameters
(erythrocyte count, hemoglobin, hematocrit) with increased reticulocyte counts.
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Clinical chemistry: Cholesterol levels were slightly-moderately increased in the mid and
high dose groups.

Urinalysis: No intergroup differences were found.

Gross pathology: No significant treatment-associated gross lesions were detected.

Organ weights: Weights of livers (p<0.01; ~22%) and spleens (p<0.01; ~30%) were
increased in the high dose females, but no histologic correlates were determined.
Therefore, the biological significance of this finding is uncertain.

Histopathology: Increased hyaline droplets were found in the renal tubular epithelium of
treated males and were described as minimal to moderate in severity. The incidence and
severity increased with increasing dose (0, 5 (minimal), 2 (minimal)/7 (mild)/1
(moderate), 4 (mild)/6 (moderate) for the respective dose groups). This finding may be
associated with the 42 p-globulin found in male rats.

Toxicokinetics: XP13512 was rapidly absorbed and converted to gabapentin. Exposures
to gabapentin increased less than dose proportionally with doses up to 2000 mg/kg/d, but
no further increase was noted at the 5000 mg/kg/d dose. Exposures to XP13512 were
low at all doses and <1% of the associated gabapentin dose at both time points at all
doses.

Sponsor tables:
Table 4.3 Mean Toxicokinetic Parameters for XP13512 in Blood of Rats After Oral Dosing of XP13512 - DAY 1

| Group [ Daose N | Gender GCoe | Cime
‘ | (pgml) | (pg/ml)
T | e LS Male | 0 | 0360 |
I A Female |0 0521 |
g BREAY M0 Combined Ave. | 0 0.441
! 5 Male 0 | 126
=
3 ey |4 | Female 007
mPLCRY g Combined Ave. | 0 | .18
5 Male 0 L0928
5 W S, =L {
| 4 mj]?”?dav 5 Female | 0 0057 |
_ SRE 10 [ Combined Ave. | 0 0942 |

Table 4.1 Mean Toxicokinetic Parameters for Gabapentin in Blood of Rats After Oral Dosing of XP13512 - DAY 1

G_mup| Dose | N Gender Conr

‘ Ciw |
|
L ) N (pg/mL) (rg/mL)
g - 2
< fegiday f—m | Pemale | s 24
MG 715 Combined Ave. 0 ER
N 5 Male 0 176
5 | meeday 4| Female | 0|10
I__ BREEAY 79 Combined Ave. 0 | 146 |
5000 5 Male I R .
4 mg'kg/day 3 Female 0 | 149
& S0 | Combined Ave. | 0 I 144 ]
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Table 4.4 Mean Toxicokinetic Parameters for XP13512 in Blood of Rats After Oral Dosing of XP13512 - DAY 14

| Group | Dose | N Gender o T on
[ (J,_;g."mla}l | l:j.lg_)’mL‘}_
| T 5[ Male | 004 | 0380 |
| 2 mg/kglday |— Female | 0018 0.282*

\7___‘_3 _BJ_ } 10| Combined Ave, 0.033 0,336
| 5 Male 0,016 1.82
3 E;EUEJ&- 4 | Female C 0026 173

mg/kg/day ] Combined Ave. | 0.021 1.77

] Male 0.014 .62

* m;ﬂmm 5 | Female 0.005 1.76

* | 10 | Combined Ave. 0.010 1.69

*Data are mean for 4 animals.

Table 4.2 Mean Toxicokinetic Parameters for Gabapentin in Blood of Rats After Oral Dosing of XP13512 - DAY 14

"Group | Doese | N [ Gender i Con Crar
| ] (ng/mL) | (pg/mL)
00 |5 Male 0292 | 933
2 .':k i 5 Female 0.603 : 07.3%
mERBNaY 10 Combined Ave. | 0447 | 962
] 5 Male 5.77 207
3 %E?%a 4 Female 404 | 176
Mg Y T Combined Ave. _4.80 192
o eqnn 5 Male A 266
4 mj,ﬁg?dm B Female |  10.8 265 |
ERGE 710 | Combined Ave. | 142 | 265

*Data are mean for 4 animals,

Study title: 2-Week Oral Toxicity Study of XP13512 in Rats

Key study findings: Wistar rats were treated by oral gavage with 0, 500, 2000 or 5000
mg/kg/d XP13512 for 14 days. Hypo- and/or hyper-activity were noted in all dose
groups. As in other rat studies, increased hyaline droplet formation was appreciated in the
renal tubular epithelium of the mid and high dose males.

Study no.: 1032-038 or RD2007/01529/00XP049
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 12/30/04

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Batch 7 at

Methods

Doses: 0 (vehicle), 500, 2000 or 5000 mg/kg/d

Species/strain: Wistar [Crl: (WI)BR] rats

Number/sex/group or time point (main study): 10

Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80®
+ 0.5% methylcellulose at 20 mL/kg

35



Reviewer: Terry S. Peters, D.V.M. NDA: 022399

Satellite groups used for toxicokinetics or recovery:

Age: 7 weeks of age at study initiation

Weight: 150- 220 gms

Sampling times: TK samples were taken from 5/sex/group/time point on Days 1
and 14 at predose and 1 hrs post-dosing

Observations and times:
Mortality: Twice daily
Clinical signs: Twice daily

Body weights: Weekly
Food consumption: Weekly

Ophthalmoscopy: Prior to study initiation and prior to necropsy
EKG: Not performed
Hematology: At necropsy
Clinical chemistry: At necropsy
Urinalysis: At necropsy
Gross pathology: All study animals
Organ weights: Adrenals, brain, epididymides, ovary, testes, heart, kidney, liver, lung,
pituitary, prostate, salivary gland, seminal vesicles, spleen, thymus, thyroid/parathyroids,
uterus
Histopathology: Adequate Battery: yes for control and high dose only with from
remaining groups
Peer review: Not specified

Results
Mortality: There were no premature decedents.

Clinical signs: Both hypo- and hyper-activity were noted in the low and mid dose groups
but only hypoactivity was observed at the 5000 mg/kg/d dose.

Body weights: No adverse effects of dosing were measured.

Food consumption: No effects of treatment were reported on feed consumption.

Ophthalmoscopy: No treatment-engendered lesions were described.

Hematology: As in other rat studies, slightly decreased red cell parameters were seen at
the 5000 mg/kg/d dose.

Clinical chemistry: Slightly increased cholesterol levels were recorded for the mid and
high dose animals, but this finding is not considered biologically significant in the rodent
at this degree of severity.

Urinalysis: No adverse effects of treatment were determined for urinary parameters.

Gross pathology: There were no treatment-related gross lesions discussed.
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Organ weights: Liver weights were increased in the high dose animals (<17%), but no
histologic correlates were observed. This increase is not considered biologically
meaningful.

Histopathology: Adequate Battery: yes, for control and high dose animals
Peer review: Not specified

As in other rat studies, increased hyaline droplet formation was appreciated in the renal
tubular epithelium in the 2000 and 5000 mg/kg/d males. Although the incidence
increased with increasing dose, the severity did not exceed mild in any animal. The
sponsor suggested that the droplets were composed of the xenobiotic (test article) or its
metabolite bound to alpha-2u-globulin. This is a reasonable conclusion, although the
mechanism was not definitively explored.

Sponsor table:
Summary of Microscopic Observations - MALE

Table 9 - Terminal ] ]
0 mo/kgiday 500 mgfkgiday 2000 mokglday 5000 mgfkgrday
Tissue (Controd)

Observation Severity _ .
Number of Animals Examined 10 10 10 10
eyes (10) (0 (@ (10)

within normal limits 10 0 0 10
eyes, optic nerves 10y {0) (0} (10)

within normal limits 10 0 0 10
harderian glands (10) (0) {0} (10)

within normal limits 10 ] 0 10
heart (10) (0} {a) (10}

within normal limits 10 1] 0 10
kidneys {10) (10) (10} (10)

cyst - minimal 1 i} 0 0

hyaline, droplets, increased il 0 5 ]

- minirmal 0 0 3 5
- mild 0 ] 2 4
hydronephrosis, unilateral 1 1] 1 0
= minimal 0 0 1 0
- mild 1 0 0 0

regeneration, ubular - minimal 3 1 1 6

within nommal limits il 9 3 0
lacrimal glands, exorbital {10) {0) {0) (10)

within nomal limits 10 0 0 10

{ J= Mumber observed

Toxicokinetics: Effective hydrolysis of XP13512 to gabapentin was seen at all doses and
exposure to gabapentin increased with increasing dose in a less than dose-proportional
manner. Little evidence of accumulation was found.
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Sponsor tables:

Table 4.1 Mean Concentrations of Gabapentin in Blood of Rats After Oral Dosing of
XP13512-DAY 1

Gr(-);p Dose N Gender Com ' “Elm..,
| el | (g
5 M 0 64.5
500 S

2 5 F 4} 59.0

me/ke/day I Combined Ave. 0 61.8

2000 5 M 0 138

3 mg/kp/da 5 F 0 137
Y710 | Combined Ave. 0 137 |

5000 5 M 0 174
4| gkgiday | F 0 129

| 10 | Combined Ave. 0 152

Table 4.2 Mean Concentrations of Gabapentin in Blood of Rats After Oral Dosing of
XP13512 - DAY 14

Group Dose N Gender Conr Ci e
_ (ng/mL) | (ug/mL)
500 5 M 0.0936 75.9
2 me/kg/day | F 0.0552 83.8
Y| 10 | Combined Ave. | 0.0744 79.8
5 M 0.367 151
3 m;,]?;%a 5 F 0.462 181
I Y710 | Combined Ave. | 0.415 166
5 M 2.24 173
4 m;ﬁ;‘;a 5 F 119 300
Y 10 | Combined Ave. 1.71 236
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Table 4.3 Mean Concentrations of XP13512 in Blood of Rats After Oral Dosing of
XP13512-DAY 1

Group Dose | N | Gender Conr -C! .
’ (ng/mL) (pg/mL)
. 5 M 0 120 |
2 | gf;(;? v |5 | E 0 0.523
¥ [710_| Combined Ave. 0 0.861
5 M 0 2.03
3 mg‘“;f:gf}a 5 |F 0 .18 |
710 | Combined Ave. 0 1.61
5 M 0 2.63
w:v' 10| Combined Ave. 0 221 |

Table 4.4 Mean Concentrations of XP13512 in Blood of Rats After Oral Dosing of

XP13512 - DAY 14

Group Dl;;(_?-__N 1 -“-EEII-&'EI' C‘] hr C] hr
f (pg/mL) (ng/mL)
wo L5 M 0.428 0.598
2| okelday || 0.149 0.544
Y1710 [Combined Ave. | 0288 |  0.571
| 5 M 0.244 1.47
|
3 m;f;?la 5 |F 0.114* 1.48
*| 10| Combined Ave. | _ 0.186* 1.47
5 M 0.115 1.42
a | ;E:f;a 5 |F 0.0%* 1.69
Y710 | Combined Ave. | _0.0719% 156

“*Data are mean of 4 females and combined average of 9 animals.
**Data are mean of 3 females and combined average of 8 animals,

Study title: 2-Week Oral Gavage Toxicity and Toxicokinetic Study with XP13512 in

Rats

Key study findings: Wistar rats were treated by oral gavage with 0, 500, 2000 or 5000
mg/kg/d for 14 days. Although hypo- and/or hyperactivity was reported with increased
incidence in treated animals, there were no adverse effects on other parameters to include
body weight, feed consumption, hematology, clinical chemistries and gross necropsy.

Increased hyaline droplet formation was observed in treated males at all doses.

Therefore, the NOAEL for this study is determined to be <500 mg/kg/d in males and

5000 mg/kg/d in females.
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Study no.: 7401-110 or RD2007/01699/00XP007
Volumeand page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 6/5/03

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Lot 2892.A.03.1 at 98.4% purity and 2892.A.03.2 at 97.3%
purity

(b) (4)

Methods

Doses: 0 (vehicle), 500, 2000 or 5000 mg/kg/d

Species/strain: Wistar (Crl: (WI)BR) rats

Number/sex/group or time point (main study): 10

Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80®
+ 0.5% methylcellulose

Satellite groups used for toxicokinetics or recovery: 8/sex/dose for TK

Age: 7-8 weeks of age

Weight: 182- 376 gms

Sampling times: TK samples were taken on Days 1 and 14 at 0, 0.5, 1, 2, 4, 8, 12
and 24 hrs post-dosing.

Unique study design or methodology: Neurobehavioral testing was conducted at
1 hr post-dosing on Day 14.

Observations and times:
Mortality: Twice daily
Clinical signs: Twice daily
Body weights: Weekly
Food consumption: Weekly
Ophthalmoscopy: Prior to dosing and Day 14
Hematology: At termination
Clinical chemistry: At termination
Urinalysis: At termination
Gross pathology: All animals on study
Organ weights: Adrenals, brain, epididymides, heart, kidneys, lung, liver, ovaries,
pituitary, prostate, salivary gland, seminal vesicle, spleen, testes, thymus,
thyroid/parathyroids, uterus
Histopathology: Adequate Battery: yes for control and high dose only with liver, kidney,
pancreas and gross lesions evaluated from other dose groups
Peer review: Not specified

Results
Mortality: There were no premature decedents.

Clinical signs: Adverse clinical signs seen at 1 hr post-dosing included hypoactivity,

hyperactivity, recumbency and staining of the hair coat. Hyperactivity was seen in the
low and mid dose animals, while the incidence and severity of hypoactivity increased
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with increasing dose. Although there was pupillary dilatation in the treated animals when
compared to controls, their response to bright light was considered normal. The signs
dissipated by the following mornings’ evaluations.

Sponsor table:

NIMEER OF ANIMALS AFFECTED

SEX: -------MALE------- ------FEHALE------
GROUE : 1 z 3 4 1 2 ) 4
CATEGORY DOZE: 0 500 Z0OD 5000 0 500 2000 5000
KEYWORD
QUALIFIER WUMBER: 10 10 10 10 10 10 10 10
#%% TOP QF LIST #+%
APPEAFANCE
EENT TAIL q i 1] q i i L 0
MALCCCLUS IO q i 1 q 1 i 0 ]
BEHAVIOR
HYFOACTIVE 1 7 3 10 a ] ] B
HYPERACTIVE i 5 7 1 @ 10 1D ]
RECUMBENT
LATERAL q 1 i 1 i i 0 0
STERMAL 0 g a g i g L 2
SENSITIVE TO TOUCH q 1 i ] a i 0 1
DIECHARGE
CLEAR-ORAL q 0 i 1 0 0 0 1
RED -DRAL q 0 i 1 0 0 0 0
EYES
PROTRUDING
EYE-LEFT q i ] q 1 i 0 0
RESPIRATION
AUDIELE a 0 ] 4 0 1 ] 1
SKIN & PELAGE
EROWN HALR COAT
PERINEAL AREA 0 ] ] 1 ] ] ] 0

Body weights: No intergroup differences were discerned.

Food consumption: No treatment-related differences were determined.

Ophthalmoscopy: No treatment-engendered lesions were discovered.

Hematology: No consistent treatment-related adverse effects were described.

Clinical chemistry: There were no significant intergroup, treatment-related effects.

Urinalysis: Although increased urine volume and slightly higher urine pH were found in
mid and high dose males and all treated females, the biological significance of these
findings is uncertain as renal histologic lesions were found only in treated males.

Gross pathology: No consistent treatment-related lesions were described.

Organ weights: Kidney weights were significantly increased (<10%) in the mid and high
dose males. Histologic correlates were found.
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Histopathology: Adequate Battery: yes
Peer review: Not specified
Increased hyaline droplet formation was noted in the renal tubular epithelium of all
treated males.
Sponsor tables:

---MNUMBER -OF-ANIMALSE -AFFETUCT
TAELE INCLUDEE:

SEX=ALL; GROUF=1, 2,3, 4, WEEKS=ALL EEX: =-====-=-MALE-=====- <--c---FEMALE------
DEATH-T; FIHND=ALL ; SUBSET=ALL

GROUP: -1- -2- -3- -4- =-1- -Z- -3Z- -d-

CORGAN AND FINDING DESCRIFTION HUMBER: 10 10 o o 1o 1o 1o 1o

& TOF OF LIST w®
KEIDHEY (KD} .....iueiiuiucaianaiaanasasasansavassssss. HIUMBER ENAMINED: 10 10 10 10 1o p] p] p]

HOT REMARFABLE: 10 1 0 ] 0 5 3 3
- -HYALINE DROFLETE, TUEULAR EFITHELIUM i) a 10 10 ] ] ] ]
- -REGENERATICN, TUBULAR EFITHELITM 1] k] 4 £ 4 i 3 5
=-=-DILATATION, PELVIC i) a ] 1 ] ] ] ]
- -INFLAMHATICN, CHRONIC 1] a jul jul i ] 1 ul
= -MICROCCHCRETICONS, TUEULE i) a ] ] 5 i [ [
--PYELITIZ 1] a jul jul 2z 1 1 1
--HYPERFLAZIA, URCTHELITM i) a ] ] 1 ] 1 1

---HUMBEER-OF-ANIMALS -AFFETL
TAELE INCLUDEE:

SEX-ALL; GROUP-1,2,3 4 ;WEEKS-ALL SEY: -------MALE------- ------FEMALE------
DEATH-T; FIND=ALL ; SUBSET=ALL
GRCUP: -1- -2- -3- -4- -1- -Z- -3-  -4-

ORGAN AND FINDING DESCRIFTIOHN HUMBER: 10 10 10 10 i 1o 10 10

v& TOF OF LIST W+
KIDNEY (KD} .::usiavassassassasasaananassasassasasaacs: NIJMBER EXAMINED: 10 10 10 10 p] bl 10 10

NOT REMARFKABLE: 10 1 0 o 5 k] 3
--HYALINE DROFLETE, TUEULAR EFITHELIUM a 3 10 10 o il o 0
- -REGENERATICN, TUBULAR EFITHELIUM a k] 4 E 4 ] k] 5
--DILATATION, PELVIC a a o 1 o o o 0
--INFLAMHATICN, CTHRONIC ] a o o 3 o L 0
- -MICROCCHCRETICNE | TUEBULE a a o o 5 k] & &
--PYELITIE ] a o o Z L L 1
--HYPERPLAEIA, URCTHELIUM a a o o 1 o 1 1

Toxicokinetics: Effective hydrolysis of XP13512 to gabapentin was evident at all doses.
Gabapentin concentrations in blood of 500 mg/kg/d animals and the 2000 mg/kg/d
females declined after Cmax was reached (in <8 hrs).

The 5000 mg/kg/d dose concentration of gabapentin in blood at 24 hrs was higher than
that found at 12 hrs post-dosing so the sponsor excluded these data from their
calculations. This was done as the sponsor believed that the finding “may indicate an
error in either the sample collection or analysis order”.

Absorption may have been delayed at the 5000 mg/kg/d dose as there was a more linear
relationship to dose on Day 14 than on Day 1. Tmax and t;, increased slightly over the
14 day dosing period, but no evidence of drug accumulation (prodrug, gabapentin or
gabapentin-lactam) was demonstrated.
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Sponsor tables:

43
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Table 4.1 Toxicokinetics of Gabapentin in Blood Following the First and Last Doses
in a 14-Day Repeated Dose Toxicity Study of Oral XP13512 in Rats

Dose Day | Gender Pharmacokinetic Parameters for Gabapentin
(mg/kg) _
Cmax | Tmax | T1/2 [AUC{Hast) | AUC(0-inf)
(pg/ml) | () | (hy) | GebemD) | (uebeiml)

500 1 Male. 79.0 1.00 2.16 497 497 |
Female 114 0.50 2.11 423 423
| Combined 96.4 0.75 2.13 460 460
{500 14 Male 139 0.50 2.16 546 547
Female 120 0.50 2.35 418 418
Combined | 130 0.50 2.25 482 482
2000 1 Male 164 8.00 113 2080 2830
Female 134 2.00 5,13 1410 1480
Combined | 149 5.00 8.23 1740 2160
2000 14 Male 204 4.00 2.44 2060 2060
Female 175 0.50 2.15 1610 1610
Combined | 189 2.25 2.29 1840 1840
5000 1 Male 207 4.00 5117 1790" 2310
Female 172 0.50 527 1370 1770"
- Combined | 189 225 | 519 1580 2040'
5000 14 Male 375 4.00 3.48 4840 4910
Female 340 4.00 3.11 1630 3660

Combined | 357 4.00 3.29 4230 | 4280 |

"Data for 24 hours were excluded from caleulation of pharmacokinetic parameters (see section 2.6).
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Table 4.2 Toxicokinetics of Gabapentin-Lactam in Blood Following the First and
Last Doses in a 14-Day Repeated Dose Toxicity Study of Oral XP13512 in Rais

Dose Day | Gender Pharmacokinetic Parameters for Gabapentin-Lactam
(mg'kg)
Cmax | Tmax | T1/2 | AUC(0-last) | AUC(0-ind)
(pg/mL) | (hr) (hr) | (eeboml) | (sghoml)

500 1 Male 1.70 1.00 5.18 16.5 17.4
Female 2.17 2.00 2.67 18.0 18.1

Combined | 1.93 1.50 3.92 17.3 17.7

500 14 Male 2.26 4.00 4.85 17.7 18.2
Female 2.7 1.00 3.62 19.1 19.3

Combined | 2.48 2.50 424 18.4 18.7

2000 1 Male 420 8.00 10.4 59.5 78.3
Female 3.93 8.00 5.57 65.9 70.6

Combined | 4.07 8.00 7.97 62.7 74.5
2000 14 Male 4.93 4.00 3.61 58.3 503
Female 579 | 4.00 | 5.84 72.6 78.3

Combined | 5.36 4.00 4,72 65.4 68.8

5000 1 Male 6.29 4.00 .68 55.5' 105"
Female 6.11 8.00 ND' 52,9 ND!

Combined |  6.20 6.00 9.68' 5472 105

5000 14 Male 8.43 4.00 3.92 113 115
Female | 9.54 8.00 440 118 123

Combined | 8.99 600 | 4.16 115 119

ND — Not determined due to lack of a defined elimination phase.

"Diata for 24 heurs were excluded from caleulation of pharmacokinetic paramsters (see section 2.6).
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Table 4.3 Toxicokinetics of XP13512 in Blood Following the First and Last Doses in

NDA: 022399

a 14-Day Repeated Dose Toxicity Study of Oral XP13512 in Rats

Dose Day Gender Pharmacokinetic Parameters for XP13512 |
(mglkg)
Cmax | Tmax | T1/2 | AUC(0-ast) | AUC(0-in)
(11g/mL) (hr) (hr) (ughrfml) | (pghe/mL)

500 | 1 Male 0.468 1.00 1.72 1.55 1.61
; Female 0.734 0.50 1.39 1.13 1.37
| Combined | 0.601 0.75 1.56 1.34 1.49
500 14 Male 1.12 0.50 1.09 1.59 1.59
Female 1.47 0.50 1.25 2.03 2.06
| Combined | 1.30 050 | 1.17 1.81 1.82
| 2000 1 Male 0.915 0.50 12.3 10.2 14.1
Female 0.977 0.50 5.65 6.96 7.49
Combined | 0.946 0.50 8.95 8.58 10.8
2000 14 Male 1.36 0.50 1.62 7.82 7.90
Female 3.12 0.50 4,39 8.87 9.28
Combined | 224 0.50 3.01 8.35 §.59
5000 1 Male 1.61 0.50 714" g.91" 14.1"
Female 1.75 0.50 6.28" 6.521 9.62
Combined | 1.68 0.50 6.71" §.22' 11.9'
5000 14 Male 3.05 4.00 1.61 24.3 24.6
Female 2.30 4.00 451 18.3 19.0
Combined 2.67 4.00 4.06 21.3 21.8

"Data for 24 hours were excluded from caleulation of pharmacokinetic parameters (see section 2.6).

Other: Neurobehavioral testing revealed hyperactivity in treated males and hypoactivity
in treated females when compared to controls. Treated animals were also considered
more reactive to handling than the controls. When the animals were evaluated in the open
field test, locomotion was higher in low and mid dose animals when compared to controls
and high dose animals. Dilated pupils were more frequently reported in treated animals
and treated males had a dose-related increase in muscle tone.

Study title: 13-Week Oral Toxicity Study of XP13512 in Rats

Key study findings: Due to the hypoactivity in all XP13512-treated animals with
increased salivation coupled with the centrilobular hypertrophy in the liver at 5000
mg/kg/d and the hyaline droplet and chronic progressive nephropathy in the 2000 and
5000 mg/kg/d males, no NOAEL was determined in this 13-week study in Wistar rats.

Study no.: 1032-009 or RD2007/01523/00
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 6/24/04

(b) (4)
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GLP compliance: Yes

QA report: yes
Drug, lot #, and % purity: Lots 3, 5 at 99.5% purity

Methods

Doses: 0 (vehicle), 500, 2000 or 5000 mg/kg/d

Species/strain: Wistar [Crl: WI)BR] rats

Number/sex/group or time point (main study): 15

Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80®
and 0.5% methylcellulose at 20 mL/kg

Satellite groups used for toxicokinetics or recovery: 15/sex/dose

Age: 8 weeks of age at study initiation

Weight: 163- 280 gms at study initiation

Sampling times: TK samples were taken from the orbital sinus on Days 1 and 90
at pre-dosing, 0.5, 1, 2, 4, 8, 12 and 24 hrs post-dosing (N=3/sex/time point)

Observations and times:
Mortality and clinical signs: Twice daily
Body weights: Weekly
Food consumption: Weekly
Ophthalmoscopy: Prior to dosing and prior to necropsy
EKG: Not performed
Hematology: At terminal necropsy
Clinical chemistry: As for hematology
Urinalysis: As for hematology
Gross pathology: All animals from the main study
Organ weights: Adrenals, brain, ovaries, testes, kidneys, heart, liver, lung, pituitary,
prostate, seminal vesicles, mandibular salivary gland, thymus, spleen,
thyroid/parathyroids, uterus
Histopathology: Adequate Battery: yes for control and high dose animals; liver, kidney
and gross lesions only from other groups
Peer review: Not specified

Results
Mortality: There were no premature decedents other than one high dose male (#1039)
that aspirated the test preparation.

Clinical signs: Hypoactivity was noted in mid and high dose animals with increased
salivation. No other consistent adverse signs were described.

Body weights: Body weights of treated groups were higher than those of controls.

Food consumption: Consumption was higher in treated groups than in controls.

Ophthalmoscopy: No treatment-related ocular lesions were engendered.
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Hematology: No significant intergroup differences were determined.

Clinical chemistry: In the high dose females, cholesterol levels were increased but the
biological significance of this finding is uncertain as it is frequently observed in rats.

Urinalysis: No meaningful intergroup differences were found.

Gross pathology: No consistent gross lesions were seen as attributable to treatment.

Organ weights: Liver weights were moderately increased in mid and high dose animals
(16-36% in males; 10-27% in females). Histologic correlates were found.

Kidney weights were increased in mid dose males and both sexes at the 5000 mg/kg/d
dose. Histologic correlates were found in males at all doses, but no correlates were found

in the females.

Although thyroid weights were increased in mid dose females and both sexes at 5000
mg/kg/d, no histologic correlates were described.

Sponsor table:
Summary of Organ Weight Values - MALE

Table 8 Cont. - Terminal )

0 (rg%ﬂnctgr’ﬁ?y 500 mafkalday 2000 mokg/day S000 mgikg/day

ol

Endpoint ___Mean S0 N Meaan SD N Mean S0 N Mean S0
Kidneys
a 3426 0.236 15 3485 0.485 15 3.896° 0,443 14 4.684" 0.681
KidneysBWt
B - 0.7334 00380 15 0.7181 01056 15 0.7848 0.0642 14 0.9543" 0.0976
Kidneys/Brii
ratio 1.7555 0.1483 15 1.7870 02675 15 2.0158° 0.2220 14 2.5040° 04114
Liver
g 13,217 1.185 15 14,312 1.644 15 15.37a" 1.400 14 18.006" 2161
Liver/BWt
% 2.8249 01384 15 2.9206 02022 15 3.0978° 0.1346 14 36609 0.3019
Liver/Brivt
ratio 6.7670 0.6414 15 7.3347 0.8935 15 7.0481"  0SGROD 14 0.5063"  1.1249
Lung
a 1.822 0.217 15 1.868 0.196 15 1.828 0,173 14 1.943 0.245
Lung/Ewt
% 0.3903 0.0448 15 0.3830 00306 15 0.3690 0.030M 14 0.3861 0.0368
Lung/Brvt
ratio 0.9351 01334 15 0.9584 0.1191 15 0.9468 00927 14 . 1.0367 0.1351

"N - Numter of measures used to calculate mean  *Signiicantly different from control: (p<0.05)
5D - Standard Deviation “Signifigantly different from contral; (p<0.01)
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Summary of Organ Weight Values - FEMALE

Table 8 Cont. Terminal
0 ma/kgiday T 500 mgikglday 2000 myg/kg/da 5000
) {Control) mafkefday malkaliay

Endpoint Maan S0 M Mean <in] N Mean sD N Maan D N

Kidneys

g 2.009 0.138 15 2.064 0.174 15 2.072 0.165 15 2.264" 0.212 15

Kidneys/BIWt

% 0.7619 00829 15 0.7510 0.0336 15 0.7830 0.0453 15 0.8193° 0.0587 15

Kidneys/Briit

ralio 1.1012 0.0858 15 1.1410 0.0885 15 1.1874 01288 15 1.2888" 0.1234 15

Liver -

g 7.573 0778 15 7.980 0.814 15 8.326" o701l 15 9.612" 0797 15

Liver/BWt

Yo 2.8628 0.2192 15 2.9014 01725 15 3.1449° 01998 15 34807° 0.2294 15

Liver/Brivt

ratio 4. 1466 04172 15 44142 0.4549 15 4_7558" 0.3521 15 547120 04584 15

Lung

3 1.376 oosd - 14 1,400 0153 14 1.394 D123 15 1.422 01688 15
© Lung/BWwi

% 0.5198 0.0354 14 0.5091 0.0402 14 0.5268 0.0414 15 0.5145 0.0520 15

Lung/Brivvt .

ralio 0.7530 0.0404 14 0.7740 0073 14 0.7975 0.0805 15 0.8103 0.10a7 15

N - Numbzr of measures used 1o calculate mean “Significantly different from cantral; (p<0.05)
50 - Standard Deviation “Significantly different from contral: (p<0.01)

Histopathology: Adequate Battery: yes
Peer review: Not specified

Minimal to mild centrilobular hepatocyte hypertrophy was appreciated in high dose
animals (8 males, 13 females) and is considered attributable to the test article. The other
male dose groups showed minimal centrilobular hepatocellular vacuolation.

Hyaline droplets were found in renal tubular epithelia in increased incidence in treated
males (9 low dose males and all males at higher doses) and minimal to mild chronic
progressive nephropathy was noted in mid and high dose males.

The premature decedent showed evidence of test article aspiration. Two additional males
and one female from the 5000 mg/kg/d groups also had lesions consistent with aspiration
(hyperplasia of the respiratory epithelium with ulceration, inflammation and hemorrhage)

but had no clinical signs.

Toxicokinetics: Exposure to gabapentin increased with increasing dose. AUC values on
Day 90 were comparable to those on Day 1, but exposures were slightly higher.
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Sponsor tables:
Table 4.1 Toxicokinetic Parameters for Gabapentin in Blood of Rats After Oral Dosing of XP13512 - DAY 1

NDA:

022399

Group Dose Gender Conax Tonax Tin AUCq | AUCnp
(pg/mL) (br) (hr) (br*pg/mL) | (hr*upg/mL)
] 500 F 80.8 0.50 2.50 329 330
' M 74.8 1.00 3.10 391 393
mgkgday | rbmed Ave. | 77.8 0.75 2.80 360 362
2000 F 141 8.00 6.93 1560 1780
6 mg/kg/day M 154 4.00 491 1520 1590
Combined Ave. 147 6.00 5.92 1540 1690
5000 F 167 4.00 11.9 2070 2910
7 me/ke/day M 271 1.00 5.69 2580 2710
Combined Ave, 219 2.50 8.81 2320 2810

Table 4.1 Toxicokinetic Parameters for Gabapentin in Blood of Rats After Oral Dosing of XP13512 - DAY 1

Gi‘l:lllp Dose Geuder cmal Tmnl Tlﬂ { AUC]IS-( ﬁUC[o.a.n I
(pg/mL) (hr) (br) (br*pg/mL) | (hr*pg/mL)
500 F 80.8 0.50 2.50 329 330
5 mg/kg/day M 74.8 1.00 3.10 391 393
Combined Ave. 77.8 0.75 2.80 360 362
2000 F 141 8.00 6.93 1560 1780
6 mg/kg/day M 154 4.00 4.91 1520 1590
Combined Ave. 147 6.00 5.92 1540 1690
5000 F 167 4.00 11.9 2070 2910
7 mg/kg/day M 271 1.00 3.69 2580 ] 2710
Combined Ave, 219 2.50 8.81 2320 | 2810

Table 4.2 Toxicokinetic Parameters for Gabapentin in Blood of Rats After Oral Dosing of XP13512 - DAY 90

Gl‘ﬂll.p Dose Gender Cm an Tin AUCun A.UC{D.";
(pg/mL) (br) (hr) (hr*pg/mL) | (hr*pg/mL)

500 F 152 0.50 320 450 450

5 mg/kg/day M 130 0.50 331 474 474
Combined Ave. 141 0.50 . 3.25 462 462

2000 F 251 1.00 5.00 1540 1540

6 mg/kg/day M 253 2.00 5.27 1640 1640
Combined Ave. 252 1.50 5.13 1590 1590

5000 F 415 2.00 5.78 4960 4960

7 mg/kg/day M 357 2.00 349 5620 5620
Combined Ave. 386 2.00 4.64 5290 5290
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Table 4.3 Toxicokinetic Parameters for XP13512 in Blood of Rats After Oral Dosing of XP13512 -DAY 1

Group Dose Gender Crnax Tomax Tin AUCa AUCqinn

(ug/mL) (br) (br) (br*pg/ml) | (hr*pg/mL)
- F 0,537 050 185 0.767 0841
5 | mgkelday M 0.380 0.50 9.83 13 3.95
Combined Ave, | 0.459 0.50 5.84 0.951 1.89
F 0.665 .00 715 6.00 6.77
6 2000 M 0885 | 2.00 5.35 6.61 6.98
ey | bined Ave. | 0775 | 150 6.25 630 6.87
F 156 0.50 794 101 12.1
7 S000 M 136 2.00 4.20 103 10.5
me/ke/day e hined Ave, | 1.46 125 5.97 102 113

Table 4.4 Toxicokinetic Parameters for XP13512 in Blood of Rats After Oral Dosing of XP13512 - DAY 90

Group

Dose

Gender

Cos Tomax Tin AUCq AUCga4)

(ng/mL) (hr) (hr) (hr¥gg/ml) | (hr*pg/mlL)
500 F 0.988 4.00 ND 302 307
5 | mgkgids M 0.591 0.50 2.46 0.991 124
¥ "Combined Ave. | 0,789 225 2.46 2.46 2.60
2000 F 3.17 0.50 3.1 8.69 8.69
6 | mghgiday M 134 1.00 415 531 531
Combined Ave. 2.25 0.75 3.08 7.00 7.00
5000 F 3.16 2.00 5.10 328 328
7| mghgiay M 176 2.00 2.18 263 263
Combined Ave, 2.46 2.00 3.68 295 255

J
ND ~ Not determined due to insufficient quantifiable data points.
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Gabapentin — DAY 1
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—e— 500 mg/kg/day - Males
-0 500 mg/kg/day - Females
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Figure 5.1 Concenirations of gabapentin in blood of male and female rats following the
first oral dose of XP13512 at 500, 2000, and 5000 mg/kg/day (Day 1).
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Gabapentin — DAY 90
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Figure 5.2 Concentrations of gabapentin in blood of male and female rats following the
last oral dose of XP13512 at 500, 2000, and 5000 mg/kg/day (Day 90).

Study title: 6-Month Oral Toxicity Study of XP13512 in Ratswith a 1-Month
Recovery Period

Key study findings: In this 6-month oral gavage study in Wistar rats, the doses were 0,
500, 2000 or 5000 mg/kg/d. As in the previous shorter term rat studies, increased hyaline
droplet formation was noted in the treated male groups. Reversal was incomplete at the
end of the recovery period. Centrilobular hepatocellular hypertrophy was described in the
high dose animals, but was reversed by the end of the 1 month recovery period. No
NOAEL for the histologic renal findings was found in this study, but clinical chemistries
and urinalyses were not affected.

Study no.: 1032-034 or RD2007/01526/00XP046
Volumeand page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 1/25/05

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Batch 10 at >99% purity

(b) (4)
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Methods

Doses: 0 (vehicle), 500, 2000 or 5000 mg/kg/d

Species/strain: Wistar (Crl: WI) rats

Number/sex/group or time point (main study): 25

Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80®
+ 0.5% methylcellulose at 20 mL/kg

Satellite groups used for toxicokinetics or recovery: 12/sex/group from treated
groups for TK analysis on Day 1 only; 3-5 survivors from main study for recovery

Age: 8 weeks of age at study initiation

Weight: 161- 274 gms

Sampling times: TK samples were taken from satellite animals (N=3/time point)
on Day 1 (pre-dose), 1, 2, 4, 6, 10 and 24 hrs post-dosing and main study animals on Day
175 (N= 18/sex/main study group) at 1, 2, 4, 6, 10 and 24 hrs post-dosing.

Observations and times:
Mortality: Twice daily

Clinical signs: Weekly

Body weights: Weekly
Food consumption: Weekly

Ophthalmoscopy: Prior to dosing and prior to necropsy for main study animals
EKG: Not performed

Hematology: At terminal necropsy and end of recovery period

Clinical chemistry: As for hematology

Urinalysis: As for hematology from cage pan samples

Gross pathology: All study animals

Organ weights: Adrenals, brain, ovaries, testes, kidneys, heart, liver, lung, pituitary,
prostate, seminal vesicles, mandibular salivary gland, thymus, spleen,
thyroid/parathyroids, uterus

Histopathology: Adequate Battery: yes, from control and high dose only; mandibular
salivary gland (all main study animals), liver, and kidney were examined at recovery
necropsy.

Peer review: Not specified

Results

Mortality: Accidental deaths occurred at every dose level (2 male controls, 1 male/2
females from the low dose group, 4 males from the mid dose group, 1 male and 5 females
from the high dose group).

Clinical signs: Hypoactivity was not reported for this study as had been found
consistently in earlier studies. The lack is significant, but no explanation was provided.

Increased salivation with rales and/or audible breathing was observed in several high
dose animals.
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Body weights: Weights were increased in the 5000 mg/kg/d animals when compared to
controls.

Food consumption: Consumption was increased in the 5000 mg/kg/d animals.

Ophthalmoscopy: No treatment-engendered lesions were described.

Hematology: As in the shorter term studies, rbc parameters (hematocrit, hemoglobin)
were slightly decreased in the high dose males. These animals also had slightly increased
neutrophil counts.

Clinical chemistry: No consistent intergroup differences were discussed.

Urinalysis: No treatment-related effects were determined.

Gross pathology: No treatment-attributable gross lesions were described.

Organ weights: Kidney weights were increased in the mid (19%) and high dose males
(44%) when compared to controls and histologic correlates were appreciated. Increased
liver weights were determined in the 5000 mg/kg/d animals of both sexes (36% for
males; 24% for females). Histologic correlates were found. By the end of the recovery
period, absolute kidney weights were 14% higher in 5000 mg/kg/d males compared to
controls. However, increased absolute liver weights were also noted in the 500 mg/kg/d
males and both sexes at 2000 mg/kg/d (17% for males; 8% for females), but no histologic
correlates were found in these groups. By the end of the recovery period, the liver
weights were comparable across groups.

The mandibular salivary glands were decreased in weight in mid and high dose animals,
but the only histologic correlate was slight depletion of the secretory granular ducts.

Histopathology: Adequate Battery: yes
Peer review: Not specified

As in the shorter term rat studies, increased hyaline droplet formation was seen in all
treated males with increased incidence and severity in the mid and high dose groups. At
the end of the recovery period, increased droplets were found in a few 5000 mg/kg/d
males. The location of the droplets and the differences between the males and females
would indicate that 42-p globulin played a role in the droplet formation. No tubular
necrosis was found accompanying the droplets.

For mains study males:
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Sponsor tables:

NDA: 022399

kldneys {2} (20} (1} {20} (4} (18) {1}
hyaling, droplets, increased 0 0 0 19 2 18 1
- minimal 0 0 o] 4 1 1] 0
- il 0 0 i} 15 1 4] o
- moderate 0 0 i} 0 0 18 1
hydronephrosis, unilateral 0 0 1] 0 0 1 o]
- minimal 0 Q 0 0 0 0 0
- rmikd 4] 0 1] 0 0 1 0
hyperplasia, transitional cell - mild 0 Q i] u] 1 [i] 0
mineralization, pelvic 0 0 ] 3 1 1 a
- minimal 0 i 0 3 ] 1 ]
= mild 0 0 0 ] 1 0 Qa
mineralization, tubular - minimal 0 5 il 2 1} 0 i}
nephropathy, chronie progressive 0 1 1 16 1 15 1
- minimal 0 11 1 16 1 14 1
- mild L] 0 0 o 0 1 a
pyelitis - minimal o 0 0 o 0 ] a
within normal limits 2z & 0 0 1 o Q
laerimal glands, exorbital {2} (20} {1} ()] (4} {0} (1}
Infiltraticn, lymphooytic - minimal 0 1 o o [ 0 o
metaplasia, harderian 2 13 1 0 2 0 1
- mminiemal 2 11 i 4] 1 Q 1
- mikd Qa 2 o] [i] 1 Q 4]
DOS - Died or euthanizad on study
SMNC - Scheduled necropsy
{ 1= Mumber obhsaned
For recovery males:
kidneys {3 {4) (3) {4}
hyaling, droplets, increased - minimal 0 Q 1] z
mineralization, pelvic - minimal 0 Q 1 5
minaralizaticn, tubular - mintmal 3 o 0 3
nephropathy, chronic progressive - minimal 2 3 3
within narmal limits i} 1 i] a
For main study females:
kidneys (0 {20} 2y {20} (0} (20) (8 {17
cyst - mild 0 1 0 o o 0 0 0
hyperplasia, transitional cell - minimal ] z ] 0 ] 2 0 1
mineralization, palvic - minimal i] 5] o 3 o] 8 o 4
mineralization, tubular - minimal 1] 10 1 8 o] 11 0 5
- minimal 0 3 0 5 i} i} 1] G

nephropathy, chronic prograssive

DOS - Diad or authanized on study o
SMNG - Scheduled necropsy
{ )= Mumber cbsarved

Minimal centrilobular hepatocyte hypertrophy was seen in both sexes (17/20 males;
14/17 females) at terminal necropsy at 5000 mg/kg/d. No hepatic alterations were

appreciated at the recovery sacrifice.

Toxicokinetics: Hydrolysis of XP13512 to gabapentin was obvious at all dose levels and
exposures increased with increasing dose levels and similar on Days 1 and 175.
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Sponsor table:

Whole Blood Exposure of XP13512 and Gabapentin
After Oral Administration of XP13512 in Rats
]
Pharmacokinetic KE‘ZI 2 Gabapentin XP13512
Parameter .
(mg’kg) | Day1 | Day 175 Day 1 Day 175
500 322 362 1.16 2.22
AUC {pghr/ml) 2000 805 1470 4.18 Q.00
S000 4170 3130 41.2 22.6
500 64.4 105 0.335 0.705
C e (/L) 2000 103 206 0.982 1.81
5000 208 345 2.09 270
. 500 1.00 1.00 1.00 2.50
T (hr) 2000 3.50 1.50 3.30 3.50
5000 3.00 2.50 3.00 3.00
AUC = Area under the concentration vs. time curve (AUCy 5, on Day 1 and AUC 354,
on Day 175)
C,ae = Concentration maximum
T e = Time 0 Cpas.

Study title: 13-Week Oral Toxicity Study of XP13512 in Monkeys

Key study findings: There were no adverse findings in any of the parameters evaluated
in cynomolgus monkeys treated for 13 weeks at doses of 500, 1000 or 2000 mg/kg/d.
The Cmax and AUC values at the 2000 mg/kg/d dose were 278 pg/mL and 2670
pug.h/mL for gabapentin and 15.6 pg/mL and 76.4 pg.h/mL for XP13512. This appears to
have been neither an MTD nor an MFD dose study but compliant with the OECD and
ICH M3 R2 recommendations

Study no.: 1032-008 or RD2007/01524/00XP026

Volume and page#: Electronic submission

Conducting laboratory and location: a
Date of study initiation: 6/25/04

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Batch 5 at 99.6% purity

Methods
Doses: 0 (vehicle), 500, 1000, or 2000 mg/kg/d
Species/strain: Cynomolgus monkeys originally from
Number/sex/group or time point (main study): 4

(b) (4)
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Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80® +
0.5% methylcellulose at 10 mL/kg

Satellite groups used for toxicokinetics or recovery: None

Age: 22- 31 months of age

Weight: 1.78- 2.05 kg for males; 1.74- 2.08 kg for females

Sampling times: TK samples were taken on Days 1 and 90 at 1, 2, 4, 6, 8, 12 and
24 hrs post-dosing

Observations and times:
Mortality: Twice daily
Clinical signs: Twice daily

Body weights: Weekly
Food consumption: “Availability checked twice daily”

Ophthalmoscopy: Prior to dosing and at study termination
EKG: Prior to dosing and at study termination
Hematology: Prior to dosing and at study termination
Clinical chemistry: Prior to dosing and at study termination
Urinalysis: Prior to dosing and at study termination
Gross pathology: All animals on study
Organ weights: Adrenals, brain, ovary, testes, heart, kidneys, liver, lung, salivary gland,
prostate, spleen, thymus, thyroid/parathyroids, uterus
Histopathology: Adequate Battery: yes
Peer review: Not specified

Results

Mortality: There were no premature decedents attributed to the test article. Animal #128
(male, 2000 mg/kg/d) was found dead on D 20 and was determined to have died from a
gavage error. A female from the 500 mg/kg/d group (#113) was found dead on D 32 but
no cause of death was determined.

Clinical signs; Body weights; Food consumption; Ophthalmoscopy; EKG; Hematology;
Clinical chemistry; Urinalysis; Gross pathology; Organ weights: There were no
treatment-attributable adverse effects on any of the parameters assessed.

Histopathology: Adequate Battery: yes
Peer review: Not specified
No treatment-engendered lesions were described.

Toxicokinetics: Exposure to gabapentin increased with increasing doses of XP13512.
Exposures were comparable on Days 1 and 90.
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Sponsor table:

Whole Blood Exposure of XP13512 and Gabapentin

NDA: 022399

After Oral Administration of XP13512 in MonKkeys

XP13512 .
Pharmacokinetic Parameter Dose Gabapentin XP13512
(mg/kg/day) | Day 1 | Day 90 | Day 1 | Day 90

500 [ T7o1 | 775 [ 698 | 108
AUC (pghr/mL) 1000 1790 1550 15.6 22.3
2000 3240 | 2670 76.4 54.4
500 117 115 3.89 513
Chpax (ng/mL) 1000 191 231 5.31 11.8
2000 321 278 | 187 | 136
500 1.50 1.43 1.00 1.14
Timax (hr) 1000 2.50 1.75 1.25 1.00
2000 275 314 1.75 1.14

AUC = Area under the concentration vs. time curve { AUCp.inpy on Day 1 and
f\UC(u 24y 0N Day 90}
Cnax = Concentration maximum
Tmax = Time to Cmax

Table 4.1 Toxicokinetic Parameters for Gabapentin in Blood of Monkeys After Oral Dosing of XP13512 - DAY 1

[ GTUUP i Dose I Gender | N ! Cmnx | Trn“ Tl.'] AUCI;H. AUCW-EU“
' 5 (ng/mL) (hr) (hr) (ug*hr/mL) | (pg*hr/mL)
“_F"Sm F 4 130 | 125 [ 333 826 853
2 ' mekgiday | M | 4 | 104 1.75 3.13 725 729
] | Combined Ave. | 8 | 117 1.50 | 323 775 791
| 1000 P 4 1 191 250 | 328 | 1900 1920
3 ‘miy.k e/day M 4 | 191 2.50 3.38 1640 1660
| * Combined Ave. | 8 191 L 250 3.33 1770 1790
2000 F 4 307 I 2.50 6.96 3080 3380
| me/kg/day M 4 335 300 [ 33 070 3090
, * | Combined Ave. | 8 321 2.75 | 5.14 3070 3240
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NDA: 022399

Table 4.2 Toxicokinetic Parameters for Gabapentin in Blood of Monkeys After Oral Dosing of XP13512 — DAY 90

| Group Dose Gender : N Cona Tmax T\ AUC) AUCpag
= (pg/mL) (hr} (hr) (pg*br/mL} | (pg*hr/mL) |
500 I 3 116 2.00 12 RS 785
| mg/kg/day M i 115 1.0 .22 767 767
. Combined Ave. | 7 115 1.43 318 775 775
[ 1000 F 4 229 1.75 332 1600 1500
3 | me/ka/day M 4 232 1.73 314 1500 1500
| Combined Ave. | 8 231 1.75 3123 1550 1550
2000 F 4 279 4.00 3.35 2810 2810 |
4 mg/kg/day M 3 275 2.00 134 2450 2450 I
Combined Ave, | 7 278 314 3.35 2670 2670 |

Table 4.3 Toxicokinctic Parameters for XP13512 in Blood of Monkeys After Oral Dosing of XP13512 - DAY 1

Gruup Dose Gender i N Conan Ty T | AUCJnsI ﬁUC:ﬂ-inﬂ

(pg/mL) (r) (br) | (pg*hrimL) | (pg*hrimL)
500 F 4 477 1,040 202 §.39 851
2 me/ke/day % 4 3,02 1.0H) 1.20 5.38 5.46
Combined Ave, | & 3.89 1.00 1.61 6.89 6.98
1000 F i 4,73 1.04) 1.73 13.0 13.3
k) me/kg/day Il 4 5.89 1.50 2.23 17.5 17.8
Combined Ave. | & 5.31 1.25 1.99 15.3 L5.6

2000 F 4 14.8 1.75 3.95 55.6 642 |

4 mg/kg/day M : 4 225 1.75 313 76.2 8.6
Combined Ave. | 8 18,7 1.75 3.54 65,9 6.4

Table 4.4 Toxicokinetic Parameters for XP13512 in Blood of Monkeys After Oral Dosing of XP13512 — DAY 20

Dose

| Group Gender N i Cruas T ax T AUCLu AUCq.24

| | (pw/mL) (hr) (hr) | (ug*hrmLl) | (ug*hrimL)
! 500 F 3| 5.98 1.33 0,946 13.7 13.7
! 2 lmga'kgfday _]'v'l 4 449 1.00 1.00 862 8.62
| Combined Ave. | 7 5.13 1.14 0.980 10.8 10.8
' 1000 F 4 11.0 1.00 1.01 236 23.6
3 mg/kg/day M 4 | 12.5 1.00 1.75 210 2110
Combined Ave. | 8 11.8 .00 1.38 22.3 22.3
| 2000 F 4 14,7 1.25 1.57 502 592
4 img-"kg.*'day i 3 16,9 1,00 1,59 48,0 48.0

L | Combined Ave, | 7 15.6 1.14 1.58 4.4 544

59



Reviewer: Terry S. Peters, D.V.M. NDA: 022399

Gabapentin — DAY 1

35H+5 __ e — S . — ———— e
—e— 500 mg/kg/day Males
2.0a5 !ﬁf - 500 mg/kg/day Fermales
~ —w— 1000 mg/kg/day Males
\1\ —--- 1000 mg/kg/day Females
2.5@45 : —a 2000 mg/kg/day Males
\ —0 = 2000 mg/kg/day Females

2045 - ?_ } '-\ . |

1.5e+5 1 W) \_ ‘\\\
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Gabapentin — DAY 90
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Gabapentin Concentration (ng/mL})
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XP13512 - DAY 1

&— 500 mg/kg/day Males
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Study title: 9-Month Oral Toxicity Study of XP13512 in Monkeys with a 6-M onth
Interim Necropsy and a 1-M onth Recovery Period

Key study findings: Cynomolgus monkeys were treated by oral gavage with 0, 250,
1000 or 2000 mg/kg/d of XP13512. No adverse effects of treatment were found in any of
the parameters evaluated. The NOEL is determined to be 2000 mg/kg/d. Exposures to
gabapentin at the highest dose were 3370 pg.h/mL at the end of the 9 month period while
exposures to XP13512 were 54.3 ug.h/mL at the same time point demonstrating
extensive hydrolysis of the test article to gabapentin. The associated Cmax values were
366 ug/mL and 13.7 pg/mL, respectively. In the escalating dose study (Study
RD2007/01520/00; doses: 1000, 2000, 3500 or 5000 mg/kg) in cynomolgus monkeys,
adverse clinical signs at >1000 mg/kg included excessive salivation and vomition
promptly after dosing thus obviating the animals absorbing the entire dose. The two-week
study (RD2007/01521/00; doses: 0, 250, 750 or 2000 mg/kg/d) showed 2/3 of the high
dose females vomited their dose on 7/14 days. While no other toxicities were shown at
2000 mg/kg/d in the 13-week or the 9-month studies, the high dose is consistent with
OECD and ICH M3 R2 guidance. Therefore, this study is considered an adequate
assessment of the toxicity of gabapentin encarbil in cynomolgus monkeys.

Study no.: 1032-032 or RD2007/01528/00XP047
Volumeand page#: Electronic submission
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Conducting laboratory and location: (®) (4)

Date of study initiation: 2/22/05

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Batch 12 at >99.0% purity

Methods

Doses: 0 (vehicle), 250, 1000 or 2000 mg/kg/d

Species/strain: Cynomolgus monkeys of Vietnamese origin

Number/sex/group or time point (main study): 6/sex/group for low and mid
doses, 8/sex/group for control and high doses

Route, formulation, volume, and infusion rate: Oral gavage in 0.1% Tween 80®
+ 0.5% methylcellulose at 10 mL/kg

Satellite groups used for toxicokinetics or recovery: 2/sex/group were euthanized
after 6 mos of dosing and 2/sex/control and high dose groups were maintained for a 1-
month recovery period.

Age: 1 yr, 7mos of age to 3 yrs, 4 mos of age

Weight: 1.67- 2.33 kg

Sampling times: TK samples were taken from 3/sex/group on Dayl and prior to
necropsies at 0 (Day 1 only), 1, 2, 4, 6, 10, and 24 hrs post-dosing

Observations and times:
Mortality: Twice daily
Clinical signs: Twice daily
Body weights: Weekly
Food consumption: Daily checks for availability of feed and water and quantitative
assessments weekly
Ophthalmoscopy: Prior to study initiation and prior to necropsies
EKG: As for ophthalmoscopy at pre-dosing and 1 hr post-dosing
Hematology: As for ophthalmoscopy
Clinical chemistry: As for ophthalmoscopy
Urinalysis: As for ophthalmoscopy
Gross pathology: All animals on study
Histopathology: Adequate Battery: yes
Peer review: Not specified

Results
Mortality: There were no premature decedents.

Clinical signs: There were no treatment-related adverse clinical signs reported.
Body weights: No adverse effects of treatment were found in body weights.

Food consumption: Consumption was comparable across groups.

Ophthalmoscopy: No treatment-engendered lesions were described.
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EKG: No significant differences from baseline were found in any dose group.
Hematology: There were no biologically significant effects of dosing in any dose group.

Clinical chemistry: No dose-dependent differences were found between groups.

Urinalysis: No adverse effects on any urinary parameter were appreciated.

Gross pathology: No treatment-attributable gross lesions were described.

Organ weights: Organ weights were comparable across groups.

Histopathology: Adequate Battery: yes
Peer review: Not specified

There were no consistent adverse effects described in the histologic evaluation.

Toxicokinetics: Conversion of XP13512 to gabapentin was via hydrolysis and occurred
rapidly. Exposures to gabapentin increased with increasing dose and no accumulation
was evident.

Sponsor table:

Whole Blood Exposure of XP13512 and Gabapentin After Oral
Administration of XP13512 in Monkevs
im a 9-Month Toxicity Study
XPi3si2 Gabapentin XP13512
Parameter Dose — — ]
{mg/kg) Day  Monih  Month Day Month  Month
i 6 9 1 b9
250 353 ilo 442 398 3.47 4.42
AUC {(ug he'mLY* 1000 131 1600 1740 26.9 3.6 334
2000 3630 2360 3370 803 6.0 543
250 48.6 52,2 782 1.78 2,27 2.77
C e (HmL)" 1000 146 211 233 806 15.% 13.1
2000 359 3 16 22.3 15.7 13.7
T... (hei® 250 2.50 1.63 1.50 1.00 1.00 1.00
e 1000 2.00 2.00 225 1.04) 1.0 1.25
2000 400 333 317 183 133 183
"abbreviations: AUC = Area under the concentration vs. ime curve [ALUC o p on Day |
and AUC,;, 2y, at Months 6 and 9); C_,, = Concentration maximum; T .= Time to O
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Gabapentin — DAY 1
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Gabapentin — 9 Months
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Sponsor table:
Appendix E (contd.). Toxicokinetic Parameters for XP13512 in Blood of Individual Monkeys After Oral Dosing of XP13512-

9-Month
'Gmup Dose Dl'l.lg Gﬁlﬂiﬁf Amnimal C"M Tm Tlr: AUCH AUC‘(O—M]
(mg/kg/day) {pgml) (hr) (hr) (pg*hr/ml) | (pg*hr/mL)
1 ] XP13512 M 101 0.00 NDy ND 0.00 0.00
102 0.00 NI NI 0.00 0.00
103 0.00 NI ND 0.00 0.00
129 0.00 ND ND 0.00 0.00
130 0.00 ND ND 0.00 0.00
131 0.00 ND ND 000 0.00
MEAN 0.00 ND ND 0.00 0.00
sD 0.00 ND ND 0.00 0.00
F 105 0.00 ND ND 0,00 0.00
106 0,00 NI ND 0.00 0.00
107 0.00 ND ND 0.00 0.00
133 0,00 ND ND 0.00 0.00
134 000 ND ND 0,00 0.00
135 0.00 ND ND 0.00 0.00
MEAN 0.00 ND ND 0.00 0.00
sD 0.00 ND ND 0.00 0.00
Combined MEAN 0.00 ND ND 000 0.00
sD 0.00 ND ND 000 0.00

ND — Mot determined due to lack of quantifiable data points.

Appendix E (continued). Toxicokinetic Parameters for Gabapentin and XP13512 in Blood of Individual Monkeys After Oral

Dosing of XP13512-9-Month

Group Doze Drug Gender Animal Crax T T AUC,, AlC 24
(mg/kg/day) {pg/mL) {hr) (hr) (pe*hrmL) | (pg*hemL)

2 250 Gabapentin M 109 543 2,00 288 353 353

110 99.6 2.00 377 552 552

137 65.1 2.00 341 400 400

138 50.5 2.00 3.25 362 362

MEAN 67.4 2.00 333 417 417

5D 224 0.00 0.369 92.5 92.5

F 112 94.8 1.00 02 465 465

113 69.4 1.00 315 384 384

140 119 1.00 2.69 493 493

141 £1.0 1.00 3,50 529 529

MEAN 91.1 1.00 3109 468 468

SD 21.3 0.00 0.334 6.5 61.5

Combined MEAN 79.2 1.50 3.21 442 442

sD 23.9 0.535 0.350 7.7 7.7
Group Dose Drug Gender Anirral Cru Tos Tz AUC, AUC24
(mg/kep/day) {pg/mL}) (hr) (hr) (pg*hr/mL) | (pg*hrml)

2 250 XP13512 M 109 1.08 1.00 1.09 227 2.44

110 4,78 1.00 ND 6,03 8.52

137 1.69 1.00 0.462 297 299

138 1.71 1.00 1.33 4.11 4.29

MEAN 232 1.00 0.960 384 4.56

sSD 1.67 0.00 0.447 1.64 275

F 112 328 1.00 ND 332 340

113 080T 1.00 ND 0.937 1.20

140 6.97 L.00 1.75 9.2% 9.55

141 1.52 1.00 0.566 2,89 293

MEAN 322 1.00 1.16 4,11 427

5D 270 0.00 0.837 3.60 .64

Combined MEAN 2.77 1.00 1.04 398 442

5D 213 0.00 0.536 2.59 299

ND—Not determined due to lack of quantifiable data points.
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Appendix E (continued). Toxicokinetic Parameters for Gabapentin and XP13512 in Blood of Individual Monkeys After Oral

Appendix E (continued). Toxicokinetic Parameters for Gabapentin and XP13512 in Blood of Individual Monkeys After Or
Dosing of XP13512-9-Month

67

Dosing of XP13512-9-Month
Group Duose Drug Gender Amnimal Crae T Tia AUC, AUC.q
(mg/kgday) (pg/mL) (hr) (br) (pg*he/mL) | (pg*hrml)
3 1000 Gabapentin M 115 189 2.00 313 1190 1190
116 187 2.00 343 1430 1430
143 225 2.00 3123 1950 1950
144 200 200 3.35 1620 1620
MEAN 200 2.00 338 1550 1550
sSD 17.5 0.00 0.133 320 320
F 118 235 2,00 332 1740 1740
119 241 2.00 3.46 1560 1560
146 322 4.00 3.33 2420 2420
147 262 2.00 344 2030 2030
MEAN 265 2.50 1.30 1940 1940
5D 9.7 100 0.0737 375 375
Combined MEAN 233 225 3.34 1740 1740
SD 44.8 0.707 0.113 385 385
Group Dose Drug Gender Animal Conas T Tz AUCy, AU
(mg/kg/day) {pg/mL) (hr) (hr) (pg*hr/ml) | (pe*he/ml)
3 1000 XP13512 M 115 6.87 2.00 ND 17.3 18.6
116 11.2 1.00 0.611 28.2 283
143 15.3 1.00 1.05 26.7 26.9
144 10.7 1.00 1.34 29.4 30.2
MEAN 11.0 1.25 1.00 254 26.0
5D 3.45 0.500 0369 5.51 5.09
F 118 18.7 1.00 0.683 1712 374
119 829 1.00 1.13 14.4 14.7
146 218 2.00 0.888 85.2 B5.7
147 12.3 1.00 1.37 24.8 2539
MEAN 153 1.23 1.02 40.4 40.9
SD 6.11 (.500 0.297 il3 313
Combined MEAN 131 1.25 L.01 329 334
SD 5.12 0.463 0,299 22.3 222

ND- Nat determined due to lack of quantifiable data points.

Group [Dhose Dirug Gender Animal Con T Ty AUC,, AUCq24
(mg'kg/day) {pg/ml) {hr) (hr) (pg*hr/ml) | (pe*hr/'ml)
4 2000 CGabapentin M 121 440 4.00 3143 3710 3710
122 300 2,00 .09 2110 2110
123 339 4.00 4.21 2830 2830
149 447 2.00 190 3860 3860
150 369 4,00 4.70 3990 3990
151 247 4.00 4.93 2640 2640
MEAN 357 333 4.04 3190 3190
sD 785 1.03 0.715 769 769
F 125 349 4.00 1.49 3000 3000
126 335 2,00 4.44 3190 3190
127 468 2.00 3143 4310 4310
153 117 4,00 4.11 3590 3590
154 420 4.00 3.38 4080 4080
155 358 200 4,34 3170 3170
MEAN 375 3.00 3.86 1560 3560
SD 576 110 0.487 536 536
Combined MEAN 366 317 3.95 3370 3370
8D 6.3 1.03 0,590 660 660
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Appendix E (continued). Toxicokinetic Parameters for Gabapentin and XP13512 in Blood of Individual Monkeys After Oral
Dosing of XP13512-9-Month

Group Daosc Drug Gender Animal Corax Tonax Tia AUC,, AUC 0 2y
(mg'kg/day) (pg/ml) (b} (hr) (pg*hriml) | (pg*hr/ml)

4 2000 XP13512 M 121 13.0 200 0.908 444 44.6

122 14.4 1.00 0.484 422 423

123 5.40 1.00 .77 303 116

146 19.0 200 1.34 0.7 733

150 10.8 4.00 341 479 479

151 8.51 2,00 1.90 36.2 199

MEAN 1.9 2,00 1.64 453 469

sD 4.75 1.10 1.02 139 13.8

F 125 1.73 100 161 47.5 56.6

126 18.4 L.00 2.53 537 64.5

127 138.1 1.00 1.25 7.0 58.1

153 19.9 1.00 221 494 518

154 143 400 1.43 65.4 70.0

155 15.1 2,00 1.58 62.4 66.4

MEAN 15.6 1.67 210 359 61.6

sD 4.39 1.21 0.886 709 6.30

Combined MEAN 13.7 1.83 1.87 50.6 5413

SD 4.78 1.11 0.942 11.9 12.8
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2.6.6.4 Genetic toxicology

Study titlee Chromosomal Aberrationsin Cultured Human Peripheral Blood
L ymphocytes

Key findings: XP13512 induced chromosomal aberrations with and without S9
metabolic activation, but elicited neither endoreduplication nor polyploidy.

Study no.: RD2007/01489/00XP013 or 25183-0-4490ECD or 7401-112

Volume and page#: Electronic submission
Conducting laboratory and location:
Date of study initiation: 6/11/03

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: XP13512, HD No. 1562/03-7401 HD Lot No. 2, Lot No
2892.A.03.2 at 97.3% purity

(b) (4)

Methods
Strains/species/cell line: Human whole blood lymphocytes

Doses used in definitive study: 250, 500, 750, 1000, 1250, and 1500 pg/mL with S9;
250, 500, 1000, 1500, 1750 and 2000 pg/mL without S9 activation

Repeat assay with S9: 250, 500, 750, 1000, 1250 and 1500 pg/mL; no repeat assay
performed without S9

Basis of dose selection: Initial assay with a maximal concentration of 3500 pg/mL (24-
3500 pg/mL) using standard methodology; the 412, 588, 840 and 1200 pg/mL cultures
with S9 were evaluated. A significant increase in aberrations was found at 1200 ug/mL,
but neither polyploidy nor endoreduplication was seen. A repeat assay (250- 2000
png/mL) was performed without S9 due to toxicity at 2450 ug/mL. Increased structural
aberrations were noted at 1500- 2000 pg/mL; neither polyploidy nor endoreduplication
was seen.

Negative controls: Culture medium and/or DMSO

Positive controls: Mitomycin C without S9, cyclophosphamide with S9

Incubation and sampling times: Standardized methodology

Results
Study validity: The positive and negative controls performed as anticipated so this study
is considered adequate for regulatory purposes.
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Study outcome: First assay: Without S9 activation, a test article precipitate was found at
2450 and 3500 pg/mL and hemolysis was also appreciated. Cytotoxicity was complete
(essentially 100%) at 3500 pg/mL. Since a <2% decrease in mitotic index was found at
1720 pg/mL and a 99% reduction was found at 2450 pg/mL, the study was repeated. In
the repeat assay, reductions of 0 17, 41, 57 and 100% were found at 1000, 1500, 1750,
2000 and 2500 pg/mL, respectively. A significant increase in aberrations was found at
>1500 pg/mL, with no increases in endoreduplication or polyploidy.

First assay: With S9 activation, precipitation was found at >2450 pg/mL and hemolysis
was appreciated. Cytotoxicity was complete at 3500 pg/mL. A 0% decrease (compared
to controls) in mitotic index was found at 588 pg/mL, but a 52% decrease was seen at
1200 pg/mL and 81% at 1720 pg/mL and 99% reduction at 2450 pg/mL. Increased
chromosomal aberrations were seen at 1200 pug/mL, but no increases in polyploidy or
endoreduplication was found. In the confirmatory assay, reduced mitotic indices were
found at 1250 pg/mL (30%) and 1500 png/mL (45%) and significant increases in
chromosomal aberrations were determined at >250 pg/mL, with no increases in
endoreduplication or polyploidy.
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Sponsor tables:

Tahle 3: Chromosome Aberrations in Human Lymphocytes -
Without Metahalic Activation - approximately 3 Hour Treatment, approximately 22 Hour Harvest

Assay No.: 23183 Tral No.: B2 Date: 07/23/03 Lab No.: CY072203 Test Article: XP13512
£ #
MITOTIC ENDO- # NUMBERS AND PERCENTAGES (%) OF CELLS
INDEX REDUPLI- POLY- JUDGE- SHOWING STRUCTURAL CHROMOSOME ABERRATIONS JTUDGE-
CELLS FEDUC- CATED PLOID MENT Simple _ TOTALS * MENT
SCORED TION® CELLS  (CELLS (+a' | Gaps | pregee chre chre mal = -z [+ 8
CONTROLS
NEGATIVE: BPMI 1640 A 100 0 0 0 0
B 100 0 0 0 0
TOTAL 100 0 0
AVERAGE %o - 1] 0.0 00 0.0
VEHICLE: DMS0 10.0pLimL A 100 0 0 0 0
B 100 0 0 1 0 1
TOTAL 100 1 0 1
AVERAGE %o ] 0o 0.0 0.5 L] 0.5
POSITIVE: MMC 1.00pg/mL A TS 0 0 3 13 & i 21
B 50 0 0 4 16 10 19 21
TOTAL 123 7 iy 18 i 41
AVERAGE % - 0.0 0.0 - 5.6 3.2 144 1.2 336 +
chte: chromand exchange chre: chromosome exchange mah: nmltiple sberrations, greater than 4 aberrations

3 % Mitotic index reduction a5 comparad to the vehicle control. b Siznificantly graster in % polyploidy and % endoreduplicadon than the vehrels conmol, p 2001 ¢-z= #or % of cells with
chromosome aberrations; +g= # or % of cells with chromesome aberrations = # or % of calls with zaps. d Sigmificantly greater in -z then the velicle contrel, p 20.01.
FPMI 1640= culiure medinm DMS0 = Dimethylsul foxide MMC = Mitomycin C

AENODOIT STUY NO. AFVLY

Table 4: Chromosome Aberrations in Human Lymphocytes -
Without Metabolic Activation - approximately 3 Hour Treatment, approximately 22 Hour Harvest

AssayNo. 23183 TnalNo: B2 Date: 07/23/03 Lab No.. CY(072203 Test Article: XP13312

TEST ARTICLE 2i0pgmL Al 0 1 5 4 4 i

B 100 0 0 4 2 2 ]

TOTAL 200 8 ] 6 14
AVERAGE % - 0o 0.5 - 45 30 30 T -

00pgmL Ao 0 0 1 2 2 3

B 100 0 0 2 4 4 6

TOTAL 20 3 ] 6 g
AVERAGE W - 0o 0.0 - 15 30 30 45 -

1000pg/ mL Ao 0 0 1 1 1

B 100 0 0 1 1 1 2 3

TOTAL 200 1 2 1 3 4
AVERAGE % 0 00 0.0 - 0.5 19 05 15 10 -

1500pg/mL AT 0 0 1 g 1 g 10

B 100 0 0 4 18 1 1 19 n

TOTAL 173 5 n 1 1 pt] i
AVERAGE W 17 00 0.0 - 19 154 11 0.6 16.0 153 +

1730 pg/'ml Al 0 0 2 16 1 16 18

B 100 0 0 3 13 13 14

TOTAL 200 5 0 1 n i
AVERAGE % 4] 00 0.0 - 15 145 05 145 160 +

2000pgmL AT 0 0 2 11 2 14 16

B 30 0 0 3 13 2 1 14 17

TOTAL 123 5 2 4 1 pi] 3
AVERAGE % &7 0.0 00 - 40 10.1 1l Lf 14 264 +

chte: chromand exchange chre: chromosome exchange mab: nnltiple sherrations, sreater than 4 aberrations

4% Mitotic index reduction a5 compared to the vehicle control. b Sizuificantly greater in % polyploidy and % endoreduplication than the vebicls conmol, p £0.00 c-g= #or % of cells with
chromosome sbemations; +g= # or % of cells with chromosome sberrations + = or % of calls with zaps. d Significantly greater in -2 than the vebicle coutral, p=01.
BEMI 1640= culnire medinm DM50 = Dimethylanl foxide MMC = Mitomyein C
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SACLUPULL UL LYWL S VLD

Table 6: Chromosome Aherrations in Human Lymphaocytes -
With Metaholic Activation - approximately 3 Hour Treatment, approximately 22 Hour Harvest

Assay No.: 25183 Trial No.: Bl Date: 06/19/03 Lab No.: CY062703 Test Article: XP13512
% #
MITOTIC ENDO- & MUMBERS AND PERCENTAGES (38) OF CELLS
INDEX REDUPLL POLY- JUDGE- HOWING STRUCTURAL CHR.OMOSOME ABERRATIONS TUDGE-
CELLS REDUC- CATED BLOID MENT Siumple TOTALS® | MENT
SCORED TION® CELLS  CEINS  (+-)' | Gaps | Bresks | chee chre 1mab P TR RO
CONTROLS
NEGATIVE: RPMI 1640 A0 0 0 ! 0 1
B 100 0 0 H 1 1 4
TOTAL 200 3 1 1 5
AVERAGE % - 0.0 00 20 05 05 15
VEHICLE: DM30 00pLml A 100 0 0 1 1 1 1
100 0 0 0 0
TOTAL 200 ! 1 2
AVERAGE % 0 00 00 05 05 05 10
POSITIVE:  CP Bougml A 30 0 0 H 9 4 1 2
B 50 0 0 3 5 5 3 20
TOTAL 100 12 3 p 3 &5
AVERAGE % - 0.0 00 - 10 380 ) EET Y B
TEST ARTICLE A2ugml A 10 0 0 0 0
210 0 0 1 0 1
TOTAL 200 1 0 1
AVERAGE % 0 00 00 - 05 00 05 -
BEpgml A 100 0 0 3 3 3 §
B 100 0 0 3 1 1 5
TOTAL 200 7 4 3 1
AVERAGE % 0 0.0 00 - R 20 20 55 -
Mipgml A4 100 0 0 3 1 1 4
B 10 0 0 § 5 § 9
TOTAL 200 9 7 7 13
AVERAGE % & 0.0 00 - 45 15 R 65 -
1200ugml A 50 0 0 5 16 1 17 20
B 50 0 0 3 1 4 16 12
TOTAL 100 10 2 5 3 3
AVERAGE % 8 0.0 00 - 00 280 &0 EETIE U1 B

chte: chromatid exchange chre: chromosome exchange
% Mitotic mdex reduction a5 compared to the vehicle control.

* Significantly greater in % polyploidy and % endoreduplication than the velicle control, p £ 0.01.
f-g=#or Yo of cells with chromosome abemations; ~g= # or % of cells with chromosome aberrations +# or %o of cells with gaps.

# Sigmificantly greater in -g than the vehicle control, p 0.01.
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Table 8: Chromoesome Aberrations in Human Lymphocytes -
With Metaholic Activation - approximately 3 Hour Treatment, approximately 22 Hour Harvest

Assay No.: 25183 Tnal No.: C1 Date: 07/23/03 Lab No.: CY072203 Test Article: XP13512
% #
MITOTIC ENDO- = NUMBERS AND PERCENTAGES (%1 OF CELLS
NDEX REDUPLL- POLY- JUDGE- SHOWING STRUCTURAL CHROMOSOME ABERRATIONS TUDGE-
CELLS EEDUC- CATED PLOID MENT Simple | I 27 MENT
SCORED TION® CEILS CELLS (+b ] Gaps | mpn. chte chre mab 2 =z R
CONTROLS
NEGATIVE: RPMI 1640 A 100 0 1 0
B 100 0 1 0
TOTAL 200 2 0 2
AVERAGE % - 0.0 0.0 10 0.0 Lo
VEHICLE: DMSO 10.0uL/mL A 100 0 [ 1 1 1
B 100 0 ] 0 0
TOTAL 200 1 1 1
AVERAGE % ] 0.0 0.0 0.5 0.5 0.5
POSITIVE: CP 25.0pz/ml A T3 0 0 3 25 2 1 28 29
B 50 0 2 18 2 1 19 20
TOTAL 125 5 43 4 2 47 40
AVERAGE % - 0.0 0.0 40 14 32 16 376 392 -
TEST ARTICLE 250ug/mL A 100 [ 0 3 3 3 [
B 100 0 ] & 2 2 g
TOTAL 200 & 5 12
AVERAGE % - 0.0 0.0 - 45 15 15 7.0
300uz/mL A 100 [ 1 7 10 10 15
B 100 0 ] 7 10 1 10 16
TOTAL 200 14 i) 1 i) 31
AVERAGE % - 0.0 0.5 7.0 lo.0 0s 100 155 +
T50ug/mL A T3 [ 0 3 16 1 17 20
B 73 0 ] 1 12 2 13 14
TOTAL 150 4 28 3 30 34
AVERAGE % - 0.0 0.0 17 15.7 0 0.0 17 +
1000uz/mL A 30 0 0 1 11 11 22
B 50 0 ] 2 13 3 13 16
TOTAL 100 3 34 3 36 g
AVERAGE % 0 0.0 0.0 30 340 a0 360 150 +
1250uz/mL A 30 i 0 4 18 3 12 13
B 50 0 0 2 19 + 1 23 25
TOTAL 100 6 37 7 1 42 48
AVERAGE % 30 0.0 0.0 - 6.0 Ep] 70 10 410 480 +
1300pz/mL A 30 0 0 12 4 11 21
B 50 0 ] 1 12 4 11 2
TOTAL 100 1 3k g 42 43
AVERAGE 9% 45 0.0 0.0 - 1.0 350 30 420 43.0 +
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations

22, Mitotic index reduction as compared to the vehicle control. ® Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p £0.01. *-g= #ar
¥e of cells wath chromosome aberrations; +g= # or ¥ of cells with chromosome aberrations + % or % of cells with gaps.

“ Signuficantly greater i -g than the vehicle contrel, p = 0.01. RPMI 1640 = culture medim DMS0 = Dimethylsulfoxide CP=
Cyclophosphamide

The sponsor conducted Study #RD2008/00754/00XP020 (also PK-2003-016) entitled
“Stability of XP13512 Under the Conditions of the In Vitro Human Lymphocyte
Chromosomal Aberration Assay” to explain the positive chromosomal aberration
findings. Human whole blood preparations were handled identically as in the experiment
described above at doses of 1500 uM and 4500 uM with and without S9. When the
prodrug was hydrolyzed, significant amounts of acetaldehyde were released (1500 uM
dose: 608 uM without S9, 1150 uM with S9; 4500 uM dose: 901 uM without S9, 2730
uM with S9). Acetaldehyde concentrations were measured after the @@ of
3 hrs. A review of the literature provided information that acetaldehyde at >100 uM can
induce chromosomal aberrations in cultured cells. Therefore, this appears to be a
reasonable explanation for this in vitro finding. However, the sponsor did not do
controlled experiments to document this phenomenon with XP13512. Invivo, aldehyde
dehydrogenase rapidly oxidizes acetaldehyde.

Study title: Salmonella- Escherichia Coli/Mammalian-Microsome Rever se
M utation Assay

Key findings: XP13512 did not elicit mutagenicity in any of the bacterial strains tested.
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Study no.: 7401-122 or XP048 or RD2007/01490/00XP049

Volume and page#: Electronic submission

Conducting laboratory and location:

Date of study initiation: 1/27/05

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: Lot XN-001-10 at 99.9% purity

(b) (4)

Methods
Strains/species/cell line: Salmonella typhimurium strains TA98, TA100, TA1535,
TA1537; E. coli strain WP2uvrA

Doses used in definitive study: 33.3, 100, 333, 1000, 3330, and 5000 pg/plate with or
without S9; commercial S9 from male Sprague-Dawley rats was used.

Basis of dose selection: Dose-range finding assays (#7401-113 and 7401-120; data
provided) at 6.67, 10.0, 33.3, 66.7, 100, 333, 667, 1000, 3330, and 5000 pg/plate with no
significant increase in revertants found at any dose with or without S9 added

Negative controls: DMSO

Positive controls:

Table L. Positive Conitrols
Tester Strain S9 Mix | Positive Control Dose (ug/plate)
TAO9R + benzo[alpyrene 2.5
TAQR — 2-nitrofluorene 1.0
TAL100 + 2-aminoanthracene 2.5
TA100 - sodium azide 2.0
TAI535 + 2-aminoanthracene 2.5
TAI535 — sodium azide 2.0
TAL1537 + 2-aminoanthracene 2.5
TA1537 — ICR-191 2.0
WP2uvrA + 2-aminoanthracene 25.0
WP2ur A - d-nitroquinoline-N-oxide 1.0

Incubation and sampling times: Standardized methodology

Results
Study validity: The positive and negative controls performed as anticipated so this study
is considered adequate for regulatory purposes.
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Study outcome: No significant increases in revertants were found at any dose of

XP13512.
Sponsor tables:

Mean Revertants Per Plate with Standard Deviation Back-
ground
Dose/Plate TAGR TALO0 TA1535 TA1537 WP 2uvrA Lawn®
Mean s.D. Mean 5.D. Mean s.D. Mean s.D. Mean s.D.
Microsomes: Rat Liver
Vehicle Control 21 4 O ] 14 1 ] 3 21 [ M
Test Article 333 pe 22 5 OR 3 11 8 5 3 19 5 M
100 pg 20 2 103 15 18 3 6 3 16 5 M
333 e 27 11 oo [ 18 7 11 3 15 5 M
1000 pg 23 1 o4 2 16 1 o 1 20 4 M
3330 pe 22 4 103 11 19 2 o 1 21 5 M
5000 pg 27 [} 105 5 17 2 8 1 23 [ M
Positive Control® 300 55 1800 1201 140 21 142 20 623 108 M
Microsomes: None
Vehicle Control 17 3 BH k] 13 5 6 4 17 7 M
Test Article 333 pe 13 3 o3 12 15 8 4 1 12 3 M
100  pg 18 5 74 8 16 3 2 15 1 M
333 e 10 5 87 5 14 4 8 2 12 3 M
1000 pg 14 1 83 I8 14 i) 4 16 5 N
3330 pe 16 2 83 16 18 7 2 19 2 M
5000 pg 15 2 | 13 12 2 5 2 16 5 M
Positive Control® 421 2 1479 6l 1186 44 1016 148 404 Lt N
* Background Lawn Evaluation Codes:
N =normal R=reduced  O=obscured A = absent P = precipitate
" TAGE benzo[a]pyrens 2.5 ug/plate ¢ TAUH 2-nitrofluorene 1.0 pg/plate
TA100 2-aminoanthracene 2.5 pgiplate TALOO sodinm azide 20 pg/plate
TAIL535 2-aminoanthracene 2.5 pgiplate TAL1535 sodium azide 2.0 pg/plate
TAL1537 2-aminoanthracene 2.5 pgiplate TAT537 ICR-191 20 pg/plate
WP2uvrA  2-aminoanthracene  235.0 pg/plate WP2wvrA  denitroquinoline-N-oxide 1.0 pg/plate

Study title: Salmonella- Escherichia Coli/ Mammalian Microsome Rever se
M utation Assay

Key findings: Under the conditions of this study, XP13512 at doses up to 5000 ug/plate

did not elicit an increased number of revertants with or without metabolic activation.
Thus XP13512 is not considered a mutagen in this study.

Study no.: RD2007/01491/00 or XP029 or 7401-120

Volume and page#: Electronic submission

Conducting laboratory and location:
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Date of study initiation: 8/19/04

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: XN-001-3 at 99.5% purity

Methods
Strains/species/cell line: E. coli TA98, TA100, TA1535 and TA1537 and S
typhimurium WP2uvr A

Doses used in definitive study: 33.3, 100, 333, 1000, 3330, and 5000 pg/plate in
triplicate.

Basis of dose selection: Range-finding assay at 6.67- 5000 ug/plate in strains TA100 and
WP2uvrA

Negative controls: DMSO (vehicle)

Positive controls: Benzo[a]pyrene, 2-nitrofluorene, 2-aminoanthracene, sodium azide, 2-
aminoacridine, ICR-191, and 4-nitroquinoline-N-oxide

Incubation and sampling times: Standardized methodology using commercial S9 from
male Sprague-Dawley rats

Results
Study validity: The positive and negative controls performed as anticipated so this study
is considered valid for regulatory purposes.

Study outcome: No cytotoxicity was appreciated at any dose of XP13512. No increases
in the mean number of revertants were found at any dose, with or without S9 metabolic
activation. Thus, the test article is not considered a mutagen under the conditions of this
study.
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Sponsor table:

NDA: 022399

Mean Revertants Per Plate with Standard Deviation Back-
ground
Dose/Plate TADE TAO0 TALS33 TALS3T WP2ivrA Lawn®
Mezan 5D Mean S Mean SD Mean SD Mean S D
Microsomes: Rat Liver
Vehicle Control 21 6 93 H 13 2 1 2 15 [ N
Test Article 333 pg 22 2 106 20 1z 1 8 5 21 2 ]
100 pg 22 4 a7 2 13 4 4 1 21 | H
333 pe 18 8 94 18 1] 5 10 i 23 4 N
1000 pg 16 1 21 23 8 3 [ 2 20 4 N
3330 pg 28 3 89 14 14 4 5 2 16 2 N
50060 ug 21 5 94 9 11 2 7 5 21 4 M
Positive Control® 412 43 109 99 150 9 191 20 443 -46 N
Microsomes: None
Vehicle Control 10 2 96 12 i4 5 3 0 12 [ M
Test Article 33.3 ug 16 5 89 17 14 3 5 | 16 3 N
100 pg 11 1 81 14 9 i 2 2 18 3 N
333 pg 13 4 13 L] 11 5 f 2 14 5 N
1000 pg 14 3 a6 10 H 4 5 2 17 2 N
3330 pp 13 2 98 10 9 1 5 2 19 1 N
5000 pug 15 4 86 i2 8 3 3 1 18 4 ™
Positive Controf® 258 38 1196 142 & 38 713 14 72 23 N
* Background Lawn Evaluation Codes:
N=normal R =reduced O=obscurcd A=absemt P =precipitatc
*TA9R benzofa]pyrene 2.5 pg/plate © TA9E 2-nitrofluorene 1.0 pgfplate
TALOD 2-amincanthracene 2.5 ugfplate TAI00 sodium azide 2.0 pgfplate
TAL535 Z-aminoanthracene 2.5 pgfplate TAI1335 sodium azide 2.0 pg/plate
TAL537 2-aminoanthracene 2.5 pgfplate TA1537 ICR-191 2.0 pg/plate
WP Z-wminoanthracene  25.0 pefplate WEP2uvrA 4-nitrogquinoline-N-oxide 1.0 pg/plate

Study title: Salmonella- Escherichia Coli/ Mammalian Microsome Rever se
Mutation Assay with A Confirmatory Assay

Key findings: Under the conditions of this study, XP13512 at doses up to 5000 pg/plate
did not elicit an increased number of revertants with or without metabolic activation and
is not considered a mutagen in this study.

Study no.: RD2007/01492/00 or XP014 or 7401-113

Volume and page#: Electronic submission
Conducting laboratory and location:
Date of study initiation: 6/17/03
GLP compliance: Yes
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QA reports: yes
Drug, lot #, and % purity: Lot 2892.A.03.2 at 97.3% purity

Methods
Strains/species/cell line: E. coli TA98, TA100, TA1535 and TA1537 and S
typhimurium WP2uvr A

Doses used in definitive study: 33.3, 100, 333, 1000, 3330, and 5000 pg/plate in
triplicate.

Basis of dose selection: Range-finding assay at 6.67- 5000 ug/plate in strains TA100 and
WP2uvrA

Negative controls: DMSO (vehicle)

Positive controls: Benzo[a]pyrene, 2-nitrofluorene, 2-aminoanthracene, sodium azide, 2-
aminoacridine, ICR-191, and 4-nitroquinoline-N-oxide

Incubation and sampling times: Standardized methodology with commercial S9 from
male Sprague-Dawley rats was used.

Results
Study validity: The positive and negative controls performed as expected. This study is
considered valid for regulatory purposes.

Study outcome: No cytotoxicity was appreciated at any dose of XP13512. No increases
in the mean number of revertants were found at any dose, with or without S9 metabolic
activation. Thus, the test article is not considered a mutagen under the conditions of this
study.

Study title: In vivo Rat Micronucleus Assay with XP13512

Key findings: There were no significant increases in micronucleated PCEs at any dose
or time point evaluated. XP13512 is not a clastogen under the conditions of this study.

Study no.: RD2007/01488/00XP015 or 7401-116

Volume and page#: Electronic submission

Conducting laboratory and location:

Date of study initiation: 7/1/03

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: Lot 2892.A.03.2 at 97.3% purity

(b) (4)
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Methods

Strains/species/cell line: Male Crl:(WI)BR-Wistar rats with 5/group (including positive
control) sacrificed at 24 hrs post-dosing, and 5 from high and vehicle control groups at
48 hrs post-dosing.

Doses used in definitive study: 0 (0.5% methycellulose/0.1% Tween 80), 500, 1000 or
2000 mg/kg

Basis of dose selection: Previously conducted studies in rats

Negative controls: Vehicle

Positive controls: Cyclophosphamide at 60 mg/kg p.o.

Incubation and sampling times: Standardized methodology

Results
Study validity: The positive and negative controls performed as anticipated. This study
is considered adequate for regulatory purposes.

Study outcome: The mid and high dose animals demonstrated increased salivation
immediately post-dosing but no other adverse effects were described.

No significant increases in micronucleated PCEs or decreases in the PCE:NCE ratios
were found when the bone marrows were examined.
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Sponsor table:

Assay No.: 25183
Test Article: XP13512
Date Dosed: 01 July 2003

V.M.

Table 1: Micronucleus Data Summary Table

NDA: 022399

% Micronucleated PCEs

Ratio PCE:NCE

Harvest Mean of 2000 per Animal + S.E. Mean + S.E.
Treatment Dose Time Males Males
Controls

Vehicle Vehicle 24 hr 0.03 £ 0.02 (.83 £ 0.07
48 hr 0.06 + 0.02 081 £ 0.11

Positive CP 60mg/kg 24 hr 1.50 & 0.05% 0.70 + 0.06
Test Article S00me'ke 24 hr 0.06 £ 0.02 1.15 £ 0.11
1000 meske 24 hr 0.06 + 0.03 1.28 + 0.05

2000 mg/kg 24 hr 0.02 =0.02 0.90 + 0.05

48 hr 0.03 + 0.01 1.04 = 0.19

* Significantly greater than the corresponding vehicle control, p < 0.01.
Vehicle = 0.5% methylcellulose and 0.1% Tween 80 in reverse osmosis water

CP = Cyclophosphamide

PCE = Polychromatic erythrocyte
NCE = Normochromatic erythrocyte

Study title: In vivo/in vitro Unscheduled DNA Synthesisin Rat Primary Hepatocyte

Cultures at Two Timepoints

Key findings: Under the conditions of this study, XP13512 is considered negative for
UDS in treated male SD rats at doses <2000 mg/kg.

Study no.: RD2008/00149/00XP062 or 7401-123

Volume and page#: Electronic submission

Conducting laboratory and location:
Date of study initiation: 9/21/05

GLP compliance: Yes
QA reports: yes

Drug, lot #, and % purity: Lot #10 at >99.0% purity
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Methods

Strains/species/cell line: Male Hsd:SD rats’ hepatocytes (N=4 treated rats/ time point
but UDS determined from 3/group) harvested at 2-4 hrs post-dosing and 14-16 hrs post-
dosing

Doses used in definitive study: 0 (0.5% methylcellulose, 0.1% Tween 80), 500, 1000 or
2000 mg/kg in 10 mL/kg

Basis of dose selection: Not stated

Negative controls: Vehicle

Positive controls: N-dimethylnitrosamine (DMN) at 10 mg/kg (1 mL/kg i.p.) for the 2-4
hr harvest and 15 mg/kg for the 14-16 hr harvest

Incubation and sampling times: Standardized methodology

Results
Study validity: The positive and negative controls performed as anticipated so this study
is considered adequate for regulatory purposes.

Study outcome: Slight hypoactivity just prior to perfusion was noted in one 2000 mg/kg
animal (2-4 hr time point) but no other animals were similarly affected.
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Sponsor table:

TABLE 1. SUMMARY OF UDS SLIDE DATA

Mean Mean Net Mean Mean
Nuclear Nuclear Cytoplasmic % Cells with
Dose Time Grains® Grains® Grains® =5 NNG®
Treatment (mgkg) N (hr) +5SD + 5D + 5D +5D
Vehicle Control
0 3 24 Mean 1.68 -0.72 240 0.00
+SD 044 0.36 0.19 0.00
0 3 14-16 Mean 1.64 -0.40 2.04 022
+SD 0.85 0.86 021 039
Positive Control
10 3 24  Mean 1340 11.18 222 9511
+SD 2.08 1.60 0.84 473
15 3  14-16 Mean 077 212 1.65 78.45
+SD 1.67 1.51 0.37 910
Test Article
500 3 2-4  Mean 1.61 -0.84 245 0.00
+SD 0.58 0.19 0.47 0.00
3  14-16 Mean 1.92 -0.54 246 022
+ 5D 024 0.23 0.21 0.39
1000 3 2-4  Mean 1.59 -0.62 221 022
+SD 0.40 0.27 0.23 039
3 14-16 Mean 236 -0.01 2.37 044
+SD 042 0.19 0.32 038
2000 3 2-4  Mean 1.60 -0.73 2.33 0.00
+SD 0.49 0.21 0.50 0.00
3 14-16 Mean 1.93 -0.27 221 0.00
+SD 037 0.33 0.20 0.00
Notes:

# Three animals per dose level were analyzed.
® Average nuclear grain count.
¢ Average of net nuclear grain count with standard deviation (SD) between coverslips.
Net nuclear grains (NNG) = Nuclear grain count - Average cytoplasmic gramn count.
¢ Average of cytoplasmic grain count.
® Average percentage of cells with greater than or equal to 5 net nuclear grains.
Vehicle control article = 0.5% methylcellulose (medmm viscosity, 1500 cps, w/v) and 0.1% Tween 80 (v/v) in reverse
osmosts water, 10 mL/’kg.
Positive control article = Dimethylnitrosamine, 1 mL/'kg.
Test Article =XP13512, 10 mL/kg.
Crteria for a positive response:
2-4 hr timepoint — mean net nuclear grain counts = 2 28 or nuclel contamning = 5 NNG = 10.00%.
14-16 hr timepoint - mean net nuclear gramn counts = 2.60 or nuclel contaming = 5 NNG = 10.22%.
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Genotoxic Impurities:

Study title: @ Reverse Mutation Assay “ Ames Test” Using Salmonella
Typhimurium and Escherichia Coli

Key findings: Under the conditions of this study, B

considered a mutagen.

impurity, is not

Study no.: 0102/0556 or ED2008/00053/00

Volume and page#: Electronic submission

Conducting laboratory and location:

Date of study initiation: 8/1/07

GL P compliance: OECD

QA reports: yes

Drug, lot #, and % purity: Batch 3107 purity not specified; test article also known at
) impurity.

(b) (4)

Methods
Strains/species/cell line: E. coli TA98, TA100, TA1535 and TA1537 and S
typhimurium WP2uvr A

Doses used in definitive study: First assay: 0.5, 1.5, 5, 15, 50, 150, 500 and 1500
pg/plate in triplicate. Second assay: 0.5, 1.5, 5, 15, 50, 150 and 500 pg/plate

Basis of dose selection: Range-finding assay at 0, 0.15, 0.5, 1.5, 5, 15, 50, 150, 500,
1500 and 5000 pg/plate in strains TA100 and WP2uvr A. The bacterial lawns were
markedly reduced at concentrations >500 pg/plate.

Negative controls: Acetone (vehicle)

Positive controls: N-ethyl-N’-nitro-N-nitrosoguanidine, 9-aminoacridine, 4-
nitroquinoline-1-oxide, 2-aminoanthracene, benzo[a]pyrene

Incubation and sampling times: Standardized methodology with commercial S9 from
male Sprague-Dawley rats was used.

Results
Study validity: The positive and negative controls performed as anticipated so this study
is considered adequate for regulatory purposes.

Study outcome: Significant cytotoxicity was found in all strains tested with 500 pg/plate.
No precipitates were seen. No increases in revertants were found at any concentration,
with or without S9 metabolic activation. Under the conditions of this study. ®@ s
not considered a mutagen.

Sponsor tables:
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First assay:

NDA: 022399

Table 2 Test Results: Experiment 1 - Without Metabolic Activation
Test Period From: 01 September 2007 | To: (4 September 2007
With or Test Number of revertants (mean number of colonies per plate)
withour | Sebstance Base~pair substitution type Frameshifl type
SO-M; concentration WP2uvrA-
3 Rt TAL00 TALS35 ol TA98 TAIS37
5] 2 a9l 2@ am| 2 ] ® m
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% 57
_ e ;5 | B an @ § @
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&0 i 26 ’ 103 ' 23 ) 4 )
101 7
0 00| o g awn| 3 09 ®
15 0 a0 SRl G @ ®
L IRt I e . e B
5 2 8
5o® 8 | o o e 1
5 BGn |  hy] 0 na| B g 100 3
79 ] g M| g R B4 3
5
_ w % e Woem| X ey B ow
15 6 a2 Gl w ()] x @ @
1 B 85| g n Sl b
B s € am| ® el 2 @ ¥
50 9 Vw6 (Flwe G O €
05 ] ;o Mgy M o 0 o 4
%S 9V 858 v v
- 150 s | 1y 40 | @s D] v Wl B
168 M gy M| g M| Gsy 45 gy L
v 0T T
oo O o ®| o1 ©
500 ov oot S ov Ofoer OFer O
ov_ M or WO gy 00 gp 00| 4p 0
Posive | roae ENNG ENNG ENNG N00 TAA
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99-Mix N(ugr’platg} 284 can | 15 | 88 os | B0 sy | %6 (756)
o. colonies | 357 So1 | 101 el | 803 ar | M g | 4 g
per plate 401 ) 117 : 657 ' 147 : 933 )
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NDA: 022399

Table 3 Test Results: Experiment 1 — With Metabolic Activation
p
Test Period From: 01 September 2007 | To: 04 September 2007
With or Test Number of revertants {mean number of colonies per plate)
without substance Base-pair substitution type Frameshift type
. concentration WP2uvrA-
so-Mix | “PeE TA100 TA1535 CKM101 TA9S TA1537
99 77
. o W o | Loy | 1B oww| E e | a
woam | 2 e | n ss| o5 1) g, 3s
69 125 29 7
+ 1.5 w7 @Y hooan | e m9| 5 @ | 0o
o9 | 2 o2 | 5o 10| 5o 00| g 9
5 12 18 7
N 5 % O q3 a9 o @2 e @ g ®
w21 | 14 20| 1% mo| ¥ o] g 06
%0 19 a 9
+ 15 o O G ooanf g mel 5 6ol 5 ©
s 12 ] 69 | 1 x| 3 46 . 00
103 136 24 rl
+ 50 o8 O T ) 3 e % e O
T2 | 2 s | 30 29| 50 78 T 00
3] r % 28 ]
+ 150 g (63 :u (10) | g5 @8 | 55 @ | 453 00
2 23 ; PES =S 7 S A X
3BV 2V PV o0V 35S
+ 500 v G| 2y ©® | Ry @O 5y O] s @
av 2.5 4V 5.3 23V 67 BV 1.2 98 26
0T 0T 0T 0T 0T
+ 1500 or @ o @ g @O gp @) 5y O
O 00| 0T 00| 2T 00| g 00| gp 00
Positive Name 2AA 2AA 2AA BP 2AA
controls Concentration 1 2 2 B 2
. { late I
so-Mix | (PR | 550 g1 35T ey | 380 (g | 3T @any| 28 o)
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Second assay:

86

Table 4 Test Results: Experiment 2 — Without Metabolic Activation
| Test Period From: 06 September 2007 | To: 09 September 2007
With o Test Number of revertants {mean number of colonies per plate)
withant substance Base-pair substitution type Frameshift type
. concentration . WP 2uvrA-
59-Mix (ug/plate) TA100 TA1535 BKMI10] TAYS TA1537
9wy | # o 12 ws| B gy | B a9
- 0 64 eowl 2 o | M s | ¥ o | B 3
%9 : 25 : 105 ' 17 ‘ 22 :
9 | B g P oam| M oae| N aw
- 0.5 oo G0 23 G910 e (1 s GV 1 G
87 : 29 ' 114 : 19 : 17 '
7w | 2 | ¥ e B oen| L o
. 1.5 o3 G » QW1 e U0 20 G 13 G
g5 ' 24 ' 110 61 23 ' 15 :
0w | 2 o] 6 aom| B en| ¥ g
T 5 85 2.5 26 3.8 92 12.0 16 5.5 B 51
88 ' 19 ' 104 0 9 ' 15 -
5 wny | 22 @y | M q| % e | I a3y
. 15 g0 S0 2 @1 GO G e G
%6 : 22 : 118 - 18 - 2 :
7 s
o @] 2 en| o oaw] Io@| o 03
i 30 89 1.5 23 2.6 115 15.0 6.6 4.4
87 : 27 : 99 : 16 : 11 :
05 0V 575 v v
7 7
- 150 as GV v *{:39] 858 f,ﬁ]' 7V 353' v )
375 V| ey | ;s T av > av -
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Table 5 Test Results: Experiment 2 — With Metabolic Activation
Test Period From: 06 September 2007 | To: 09 September 2007
. Test MNumber of revertants (mean number of colonies per plate)
With or T — L
without msubsmm}t Base-pair substitution type Frameshift type
So-Mix cen WP2uvrA- .
{ “E,p“mm} TAL00 TA1535 K101 TA98 TA1537
&6 18 162 73 13
+ 0 67 €O o UD| 5 (6O 3 @Y. (09
s LOF| A | = e | 3 46| 1 o
66 9 140 2
+ 1.5 67 B0 46 OD1 1 W 5 QO 9
o 6 40| e mo| Toar| 11 aa
) 11 154 7 18
- 5 63 D1 g5 U1 g U] 53 @] 5 03
o0 2| 13 23| e sl Zoows| ¥ )
65 19 147 %
+ 15 77 U 2 U s @D 5 @ g a0
s 02| 17 25| i 48| Boows| 1% 36
73 13 113
+ 50 66 @1 5 0| p a9 30 el g an
66 M0 | 1o 46| 3 1ea| 26 12| 1B 43
66 10 144 19
+ 150 68 OV g U1 g M50 09 a an
61 & 16 42| 160 60| 35 36| 45 83
28 6V 5BV 7V TS
+ 500 s @D 1 ey Oy My @) 55 ©
_ 95 08 ] 5y 06 ] o5y IBBI ;35| g 32
I'-’as:tu.;e Name 2AA 2AA 2AA BP JAA
controls | tion i 2 2 5 2
M (mg/plate) 372 241 589 709 163
SIMX 1 No, colonies | 511 G| 18 QD[ 6o | sy GD] 50 U139
. perplte | 431 1| qgr 18 | goe 43| 2 e2| 1% 970
Study title: . Reverse Mutation Assay “ Ames Test” Using Salmonella
typhimurium and Escherichia coli
(b) (4)

Key findings: Under the conditions of this study. impurity, is

considered a mutagen.
Study no.: ED2008/000070/00 or 0102/0567

Volume and page#: Electronic submission
Conducting laboratory and location:
Date of study initiation:

GL P compliance: OECD

QA reports: yes

Drug, lot #, and % purity: Batch 15, Purity not specified. The test article is
also known as a impurity.

(b) (4)

(b) (4)
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Methods
Strains/species/cell line: E. coli TA98, TA100, TA1535 and TA1537 and S
typhimurium WP2uvr A

Doses used in definitive study: First assay: 50, 150, 500, 1500 and 5000 pg/plate
Second assay: 150, 500, 1500, 3000 and 5000 pg/plate

Basis of dose selection: Dose-range finding assay at 0, 0.15, 0.5, 1.5, 5, 15, 50, 150, 500,
1500 and 5000 pg/plate using TA 100 and WP2uvrA strains.

Negative controls: DMSO

Positive controls: N-ethyl-N’-nitro-N-nitrosoguanidine, 9-aminoacridine, 4-
nitroquinoline-1-oxide, 2-aminoanthracene, benzo[a]pyrene

Incubation and sampling times: Standardized methodology with commercial S9 from
male Sprague-Dawley rats was used.

Results
Study validity: The positive and negative controls performed as expected so this study is
considered adequate for regulatory purposes.

Study outcome: No cytotoxicity was observed at any concentration tested and no
precipitates were noted. A significant and reproducible increase in revertants was found
in TA 100 with and without S9, TA 98 with S9 and TA 1535 with S9 (expt. 1 only) with
concentrations of 1500- 5000 pg/plate.
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Sponsor tables:

NDA: 022399

Table 2 Test Results: Experiment 1 — Without Metabolic Activation
Test Period From: 09 August 2007 | To: 12 Angust 2007
With or Test Number of revertants (mean number of colonies per plate)
without substance Base-pair substitution type Frameshifi type
SOMi concentration - WPuvrA-
ix (ug/plate) TA100 TA1535 DKMI01 TA98 TAI537
] o e O % | B e[ B gy NG
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- so | e W9 5 @ g 6| Y a2 o
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Wowe| B oem| 2 ey T o] ¢
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contols | " (ugiplate) | 457 m 388 93 976
59-Mix - (450) (268) (543) {105) (819)
- No.colonies | 449 TS71 259 BT 67 Boel 1 U o8 (S
per plate 445 274 563 115 670
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Table 3 Test Results: Experiment 1 — With Metabolic Activation
Test Period From: 09 August 2007 I Tor 12 Augast 2007
With or Test Number of revertants (mean number of colonies per plate)
without |  Substanee Base-pair substitution type Frameshift type
i concentration WP2uvrA-
S Rwinin TAL00 TA1$35 ekt TAOS TAIS37
% g i
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Table 4 Test Results: Experiment 2 — Without Metabolic Activation
Test Period From: 15 August 2007 | To: 18 August 2007
With o Test Number of revertants (mean number of colonies per plate)
without subs‘[atm:: Base-pair substitution type Frameshift type
soMix | e e | TAL00 TA1535 ‘:ﬁﬂ‘;’g’l“ TA98 TA1537
78 28 114 6
. 0 68 0| 33 @) 5 WY ‘;2 (1%) :i (15)
e 1| 3 2.6 e 36 " 9.5 10 32
[73 2 [ 14
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Table 5 Test Results: Experiment 2- With Metabolic Activation
Test Period From: 15 August 2007 [ To: 18 August 2007
Witk or Test quber of revertants (mean number of colonies per plate)
without Sllbstﬂllﬂ? Base-pair substitution type Frameshift type
SO.Mjy | Conceniration WR2uwrA-
(gplte TAI00 TAIS35 pivits TA9R TAIS37
2 % 208 T
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Study title: ®® Reverse Mutation Assay “Ames Test” Using Salmonella

typhimurium and Escherichia coli

Key findings: A significant and reproducible increase in revertants was appreciated with
TA100, TA1535 and WP2uvr A with and without metabolic activation. No significant
increases were found with TA98 or TA1537.

(b) (4)

Under the conditions of this study. impurity, is considered a

mutagen.
Study no.: CD2008/00969/00 or 0102/0618

Volume and page#: Electronic submission
Conducting laboratory and location:
Date of study initiation: 2/26/08
GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity:

also known at

(b) (4)

©@ Batch 209401-194 at 99.6% purity; test article is
R impurity.
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Methods
Strains/species/cell line: E. coli TA98, TA100, TA1535 and TA1537 and S
typhimurium WP2uvr A

Doses used in definitive study: First assay: Salmonella strain: 1.5, 5, 15, 50, 150, 500
and 1500 ug/plate; E. coli: 5, 15, 150, 500, 1500 and 5000 pg/plate
Second assay: Same as in the first assay

Basis of dose selection: Dose-range finding assay at 0, 0.15, 0.5, 1.5, 5, 15, 50, 150, 500,
1500 and 5000 pg/plate using TA 100 and WP2uvr A strains. Decreased bacterial lawns
were found at >500 pg/plate.

Negative controls: DMSO

Positive controls: N-ethyl-N’-nitro-N-nitrosoguanidine, 9-aminoacridine, 4-
nitroquinoline-1-oxide, 2-aminoanthracene, benzo[a]pyrene

Incubation and sampling times: Standardized methodology

Results
Study validity: The positive and negative controls performed adequately so this study is
considered valid for regulatory purposes.

Study outcome: A significant decrease in the bacterial lawn was found in all strains at
>500 pg/plate but the variability was high. No precipitates were seen at any
concentration.

A significant and reproducible increase in revertants was appreciated with TA100,
TA1535 and WP2uvrA with and without metabolic activation. No significant increases
were found with TA98 or TA1537.

(b) (4)-

Under the conditions of this study, is considered a mutagen.

93



Reviewer: Terry S. Peters, D.V.M.

Sponsor tables:
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NDA: 022399

Table 2 Test Results: Experiment 1 — Without Metabolic Activation
Test Period From. 01 March 2008 [ To- 04 March 2008
With Test Murnher of revertanis (mean number of colonies per plaie)
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Table 4 Test Results: Experiment 2 — Without Metabolic Activation
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Table 5 Test Results: Experiment 2 — With Metabolic Activation
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2.6.6.5 Carcinogenicity

Study title:  104-Week Oral Carcinogenicity Study of XP13512in Mice

Key study findings: In mice treated with 0, 500, 2000 or 5000 mg/kg/d by oral gavage,
XP13512 treatment caused decreased survival in the mid and high dose males and
increased body weights in the high dose animals. No other significant findings were
appreciated in treated animals except for a modest exacerbation of age-related
axonal/myelin degeneration of the sciatic nerve in the females at 2000 mg/kg/d and both
sexes at 5000 mg/kg/d.

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

This appears to have been a well conducted study in an appropriate animal model.
Evaluation of tumor findings: There were no increases in any tumor types elicited by
treatment with XP13512.

Study no.: RD2008/00346/00XP050 or 1032-047
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 6/15/05

GLP compliance: Yes

QA report: yes

Drug, lot #, and % purity: Batches 14, 30, 31, 29, 43 and 64 at >98% purity
CAC concurrence: Yes; minutes appended

(b) (4)

Methods

Doses: 0, 500, 2000 or 5000 mg/kg/d

Basis of dose selection: MFD

Species/strain: B6C3F;/Crl mice

Number/sex/group (main study): 60

Route, formulation, volume: Oral gavage in 0.1% v/v Tween®80 and 0.5% w/v
methylcellulose at 20 mL/kg

Frequency of dosing: Daily

Satellite groups used for toxicokinetics or special groups: N/A

Age: Approximately 8 weeks of age at study initiation

Animal housing: Individually during the dosing period

Restriction paradigm for dietary restriction studies: N/A

Drug stability/homogeneity: Dosing solutions were stable and homogeneous

Dual controls employed: No

Interim sacrifices: None

Deviations from original study protocol: None of significance

Observation times

Mortality: Twice daily for the first year and thrice daily thereafter
Clinical signs: Twice daily
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Body weights: Weekly for the first 14 weeks, then every 2 weeks until Week 28, then
every 4 weeks until study termination

Food consumption: Weekly for the first 14 weeks, every 2 weeks for 14 weeks, then
every 4 weeks

Hematology: All premature decedents sacrificed in extremis and at study termination
Histopathology: All groups were examined.

Peer review: yes by an in-house pathologist for all tumors and hyperplastic lesions and
10% of the control and high dose animals. An adequate battery of tissues was examined.
Toxicokinetics: Not evaluated

Results

Mortality: Survival was adversely affected in the 2000 and 5000 mg/kg/d males but
enough animals survived to consider the study valid (Week 78: 92%, 83%, 83% and 83%
for the respective male groups). The decreased survival was more evident towards the
end of the study. Although decreased survival is often noted after Week 78 in mouse
carcinogenicity studies, it appears that treatment with XP13512 statistically significantly
increased mortality in mid and high dose males.

Sponsor table:
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Table 1 Summary of Survival Estimates - MALE
Study Effective Survival
Interval Sample Cumulative Standard
Dosage Level [Weak) Daaths Censonad Size Survival Error

0 mg/kg'day (V' ehicle Control =

1-13 1 0 60.0 1.0000 0.0000
14-26 a 0 59.0 0.9833 0.0165
27-39 1 0 56.0 0.9333 0.0322
40-52 0 0 55.0 0.9167 0.0357
53-65 0 0 55.0 0.9167 0.0357
66-T8 0 0 55.0 0.9167 0.0357
T9-91 1 0 55.0 0.9167 0.0357
92-104 4 0 54.0 0.9000 0.0387
105 1 40 255 0.8333 0.0481
500 ma/ka/day
1-13 1 0 60.0 1.0000 0.0000
14-26 3 0 59.0 0.9833 0.0165
27-39 0 0 56.0 0.9333 0.0322
40-52 1 0 56.0 0.9333 0.0322
53-65 3 0 55.0 0.9167 0.0357
66-T8 2 0 52.0 0.8667 0.0439
79-91 3 0 50.0 0.8333 0.0481
g2-104 5 0 470 0.7833 0.0532
105 0 42 21.0 0.7000 0.0592
2000 ma/kgiday®
1-13 1] 0 60.0 1.0000 0.0000
14-26 0 0 60.0 1.0000 0.0000
27-39 1 0 60.0 1.0000 0.0000
40-52 3 0 59.0 0.9833 0.0165
53-65 4 0 56.0 0.9333 0.0322
66-TH 2 0 52.0 0.8667 0.0439
79-91 5 0 50.0 0.8333 0.0481
92-104 T 0 45.0 0.7500 0.0559
105 1 art 19.5 0.6333 0.0622
5000 malkagiday™
1-13 1 0 60.0 1.0000 0.0000
14-26 1 0 59.0 0.9833 0.0165
27-39 3 0 58.0 0.9667 0.0232
40-52 0 0 55.0 0.9167 0.0357
53-65 3 0 55.0 0.9167 0.0357
66-TH 2 0 52.0 0.8667 0.0439
79-91 11 0 50.0 0.8333 00481
92-104 a9 0 39.0 0.6500 0.0616
105 0 ant 15.0 0.5000 0.0645

“This is the necropsy count

*Statistically significant for overall test at p<0.05
=Significantly different from control; (p=0.05)
ESignificantly different from control; (p=0.01)
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Table 1 Summary of Survival Estimates - FEMALE
Study Effactive Survival
Interval Sample Cumulative Standard
Dosage Level (Week) Deaths Censoned Size Survival Error

0 mg/kg/day {Vehicle Control)

1-13 2 0 60.0 1.0000 0.0000
14-26 0 0 58.0 0.9667 0.0232
27-39 2 1] 58.0 0.9667 0.0232
40-52 1 0 56.0 0.9333 0.0322
53-65 0 0 55.0 0.9167 0.0357
66-78 3 1] 55.0 0.9167 0.0357
T9-01 3 0 52.0 0.8667 0.0439
92104 12 1] 490 0.8167 0.0500
105 1 agt 18.0 0.6167 0.0628
500 mog/kg/day
1-13 1 1] 60.0 1.0000 0.0000
14-26 0 0 549.0 0.8833 0.0165
27-39 1 1] 59.0 0.9833 0.0165
40-52 0 0 58.0 0.9867 0.0232
53-65 0 0 58.0 0.9667 0.0232
66-78 2 1] 58.0 0.9667 0.0232
T9-01 4 0 56.0 0.9333 0.0322
92104 12 1] 52.0 0.8667 0.0439
105 1 agt 20.5 0.6667 0.0609
2000 maikgiday
1-13 1] 1] 60.0 1.0000 0.0000
14-26 1 0 60.0 1.0000 0.0000
27-39 2 0 59.0 0.9833 0.0165
40-52 2 1] 57.0 0.9500 0.0284
53-65 1 0 55.0 0.91867 0.0357
66-78 2 0 54.0 0.9000 0.0387
79-01 a 0 52.0 0.8867 0.0439
92104 i} 0 4890 0.8167 0.0500
105 3 as* 220 0.6833 0.0601
5000 maskgiday
1-13 1] 1] 60.0 1.0000 0.0000
14-26 1 0 60.0 1.0000 0.0000
27-39 4 0 59.0 0.9833 0.0165
40-52 1] 1] 55.0 0.91867 0.0357
53-65 1 0 55.0 0.91867 0.0357
66-78 1 0 54.0 0.9000 0.0387
79-01 L 0 53.0 0.8833 0.0414
92104 i1 0 48.0 0.8000 0.0516
105 0 42* 21.0 0.7000 0.0592

“This is the necropsy count

Clinical signs: No adverse treatment-related clinical signs were observed.
Body weights: Body weights were increased in the high dose animals of both sexes.

Food consumption: No intergroup differences were found.
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NDA: 022399
Summary of Neoplastic Lesions and Table of Tumor-Bearing Animals - MALE

Table 10 Temminal

0 mgfkgiday 500 mgfkgiday 2000 mgfkgiday 5000 imy

[Vehicle Controd)
Tissue Mo, with  Animal  Fate/ Mo, with  Animal  Fate/ Mo, with  Animal Fate/ Mo. with  An
Diagnosis Turmor Mo. Day Tumor M. Day Turmnor Mo. Day Tumor N
lung (80) (50) (80) (50)
carcinoma, hapatocallular,
malignant, sacondary 1 1039 D733 1 1084 S 730 1 1138 D 552 1 1
fibrosarcoma, malignant,
sacondary 1] 1] 2 1166 E&15 1]
1174 D 553

Iymph node, axillary (1) (0) (2) (D)
fibrosarcoma, malignant,
secondary L] 0 1 11686 E 815 0
lymph node, hepatic (0) i1 (2] (4]
Iymph node, inguinal (2) i1 (1) (D)
lymph neode, mandibular (56) (52) (53) (56)
fibrosarcoma, malignant,
secondary [1] 1] 1 1188 E 815 1]
lymph node, mediastinal (0 (1) (0} (1
Iyinph node, mesenterie (58) (56) (53) (59)
lymph node, renal (2} (0} () (0}

Mo. -« Number

S - Schaduled Mecropsy  E - Euthanized in extremis
{) = Total number axaminad

D - Died on Study

There was an increased incidence of pancreatic acinar cell hyperplasia, adenomas and
carcinomas in both sexes at 5000 mg/kg/d and in males at 2000 mg/kg/d. Thus XP13512
is considered a carcinogen in rats under the conditions of this study.

Adequacy of the carcinogenicity study and appropriateness of the test model: Wistar rats
are commonly used for carcinogenicity testing. The study appears to have been
appropriately conducted and the mid and high doses elicited toxicity as well as tumors.

Evaluation of tumor findings: An increased incidence of pancreatic acinar adenomas and
adenocarcinomas were found at 5000 mg/kg/d in both sexes and a trend towards an
increase was also noted in the 2000 mg/kg/d males. Although the 2000 mg/kg/d males
had slightly increased severity of the hyperplasia, there was an increased incidence of
adenomas and a carcinoma was found. The decreased survival and early termination in
the 2000 and 5000 mg/kg/d males may be responsible for a lesser incidence of both non-
neoplastic and neoplastic lesions.

Study no.: RD2008/00347/00 or XP051 or 1032-048
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 6/21/05

(b) (4)
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Summary of Meoplastic Lesions and Table of Tumor-Bearing Animals - FEMALE

Table 10 Temninal
0 mgikg/day 500 mg'kg/day 2000 mg'ka/day 5000 mg/kg/day
(Wehicle Control)
Tissue Mo, with  Animal — Fate/ No. with  Animal — Fate/ Mo, with  Animal  Fatel No. with  Animal  Fate/
Diagnosis Tumar Mo, Dy Tumor Ma. Day Tumaor Ne. Day Tumor Nao. Day
tail (o 1) (1 3
thymus gland (58) (57) (58) (56)
thyroid gland (58) (60) (60) (60)
adenoma, follicular cell, benign,
primary 1 1289 S730 2 1332 D727 1] 1 1505 S 735
1365 5734
tongue (60) (60) (60) (60)
trachea (58) (60) (60) (58)
ureters (60) (59) (57) 571
carcinoma, squamous cell,
malignant, secondary 0 1 1378 D700 0 0
schwannoma, malignant,
sacondary [1] (] 1 1405 D724 [1]
urinary bladder (60) (80) (60) (60)
sarcoma, undifferentiated,
malignant, secondary 1 1307 E 682 (] 0 [1]

S = Scheduled Necropsy E - Euthanized in extremis D - Died on Study
Nao. - Mumbar () - Total numbar examined

Dual controls employed: No

Interim sacrifices: None

Deviations from original study protocol: Group 3 males were dosed through
Week 97; group 4 males through Week 90

Observation times

Mortality: Twice/day for the first year, thrice/day thereafter

Clinical signs: As for mortality

Body weights: Weekly for 14 weeks, every 14 days until Week 28 and monthly
thereafter

Food consumption: As for body weights

Hematology: From all premature decedents and all animals prior to sacrifice
Histopathology: A full tissue battery was examined for animals on study

Peer review: yes by an in-house pathologist for all neoplasms, target tissues

Results
Mortality: Survival was decreased in the mid and high dose animals of both sexes with
males terminated early (Week 90 for high dose, Week 97 for mid dose).

Sponsor table:

103



Reviewer: Terry S. Peters, D.V.M. NDA: 022399

Table 7 Summary of Probable Cause of Death - MALE

0 ma'kalday S00 mafkalday 2000 mgkgiday 000 mg'kg/day
Cauze of Death ("ehicle Conirol)
MNumber of Animals B0 G0 60 &0

Summary of Animal Disposition
accidental death 0
died after dosing ]
died pricr to euthanaszia 2
euthanized in extremis 11 13 11
found dead 26 19 33
terminal necrogsy 21 25 15

AN o00 = 3

—= G

Cause of Death
abdominal mass
aecessory sax gland fumar
accidental injury
lrain fumor
chronic progressive nephropathyuremia
dosing eror
fibrosarcomafibroma
hemangiosarcoma’hemangioma
hemarrhags
hisficcytic sarcoma
inflammaticn/septicemia
intestinal adenocarcinoma
kidney tumor
liposarcoma
|ver tumor
lyrmghoid tumar
nose/oral fumor
pancreas fumor
pituitary tumnar
polyarteritis
schwannomsa

PIED e 0 = 001 = £ L0 = BRI L0 R D
[5]

oo e N -SSR U T o T e Y s I o P s T S [RSSCR o N

[

et D e DD DD DoDDOoD=MNKMNDOOD D
[=N= = R = =R = = s = N = |

Table 7 Summary of Probable Cause of Death - FEMALE

0 ma'kalday 500 mo'kgday 2000 mg/kg/day 5000 mofkgiday
Causge of Death (Wehicle Conirol}

Mumber of Animals B0 B0 &0 ED

Summary of Animal Disposition
died pricr to euthanasia
euthanized in extremis
found dead
terminal necrogsy 4

15 = 13
18 25

LA o -
=l

Cause of Death
adrenal gland tumor
brain funmor
carcinoma
chronic progrezsive nephropathyiuremia
dosing ermor
fibrosarcomalfibroma
hemorrhags
inflammaticn/septicemia
kidney tumor
liposarcoma
liver inflammation/necrosis
lung inflammation/necrosis
lung tumor
Iyrnghoid tumaor
marmmary fumaor
mescthelioma
nose/oral tumor
odontodysplasialperiodontitis
ovanan cysthemarrhags
pituitary tumaor
schwannoma
skin fumor
undetermined

=
Pl D= 00 a2 D0k O 0 a0 a0k = o ad

iy
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Figure 1 Mean Survival Estimate — MALE
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Clinical signs: Increased salivation at the high dose was the only consistent, treatment-
related adverse clinical sign reported. Rales and audible breathing were recorded for the
mid and high dose groups (males: 5, 9, 12 and 27; females: 1, 4, 8, and 38 for the
respective groups) and appear to be consistent with aspiration of the test article.
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Histologic correlates of alveolar histiocytosis and/or chronic inflammation were found in
the mid and high dose males but in all dose groups in females.

Sponsor table:
Selected Microscopic Findings: Lung
Terminal Necropsy
Male and Female
Dose Level (mg/kg/day) 0 S00 2000 5000
Sex M F M F M F M F
Number Examined 60 60 60 60 60 60 60 60
Lung
Histiocytosis, alveolar 25 14 27 24 26 36 39 46
- mimmal 19 8 18 15 18 18 13 17
- mild 4 5 8 7 8 14 19 20
- moderate 1 1 1 2 0 4 i} 9
- severe 1 0 0 0 0 0 1 0
Inflammation, chronic 7 4 6 11 11 18 19 26
- minimal 6 4 2 7 8 6 5 15
- mild 1 0 4 4 3 12 14
- moderate 0 0 0 0 0 0 0 2

Clonic convulsions were noted in all dose groups (males: 7, 24, 4, 1 and females: 4, 12, 6
and 3 for the respective groups). As dose dependency was not seen and the mid and high

dose groups had fewer than the low dose group, it is difficult to attribute the convulsions

to XP13512 treatment. According to the sponsor, the incidences are within the historical

control range for clonic convulsions at the laboratory.

Body weights: Body weights were increased (<7%) in the mid dose males (occasionally
statistically significant) and high dose animals (both sexes: consistently statistically
significant for the first 52 weeks). This finding is not considered toxicologically
significant in this study.
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Figure 2 Mean Body Weight Values — MALE
o
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Food consumption: Consumption was increased in mid dose males and both sexes at the
high dose.

Hematology: No adverse effects of XP13512 were found.

Gross pathology: Enlarged kidneys were described in the mid dose males, especially the
premature decedents (10/45 vs. 4/39). This finding correlated with an increased
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incidence and severity of chronic progressive nephropathy and it was considered the
cause of death in most of the premature decedents.

Histopathology:

Non-neoplastic: Pancreatic acinar cell hyperplasia increased in incidence and
severity with increasing dose. This finding is considered associated with XP13512
treatment as increased neoplasms were found (see table below).

An exacerbation of age-related chronic progressive nephropathy was determined in the
mid and high dose males, especially the premature decedents (see tables below).

Sponsor tables:

Incidence of Deaths Due to CPN/Uremia
Died on Study
Male and Female

Dose Level (mg/kg/day) 0 500 2000 5000
Sex M F M F M F M F
Died on Study 39 15 35 22 45 38 45 38

Chronic Progressive
Nephropathy/Uremia 12 0 9 0 20 1 26 4

Selected Microscopic Findings: Kidneys
Terminal Necropsy
Male and Female

Dose Level (mg/kg/day) 0 S00 2000 5000
Sex M F M F M F M F
Number Examined 60 60 60 60 60 60 60 60
Kidneys
Nephropathy, chronie progressive 57 59 57 54 57 2 57 53

- minimal 4 37 4 39 5 30 4 25

- mild 12 13 21 10 10 17 9 11

- moderate 1 7 12 5 9 2 7 10

- severe 27 2 20 33 3 37 7

Centrilobular and/or midzonal hepatocyte vacuolation was seen in the mid dose males
and high dose animals of both sexes, primarily in the premature decedents and both areas
of distribution were often in the same animals. Although similar lesions were not reported
for the controls, it seems reasonable to relate the usually minimal to mild vacuolar change
to the poor condition of the animals and it is considered related to treatment.
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Selected Microscopic Findings: Liver
Terminal Necropsy
Male and Female

Dose Level (mmg/kg/day) 0 500 2000 5000

Sex M F M F M F M F

Number Examined 60 60 [i1l] 60 60 60 60 60

Liver

WVacuolation, centrilobular 0 0 0 0 4 2 22 8
- minimal 0 0 0 0 0 1 : 4
- mild 0 0 0 0 4 1 14 4
- moderate 0 0 0 0 0 0 5 0

Vacuolation, midzonal 15 3 11 15 27 6 22 22
- minimal 8 2 6 15 20 5 10 21
- mild 6 1 1 0 7 0 9 1
- moderate 0 0 1 0 0 1 3
- SEVEre 1 0 3 0 0 0 1] 0

Neoplastic: Pancreatic acinar cell hyperplasia as well as adenomas/
adenocarcinomas were increased in the 5000 mg/kg/d animals with males more affected
than females. The incidence of adenomas at the high dose exceeded the historical control
range for this laboratory (0- 8.3%). The incidence of these lesions was also increased in
the mid-dose group. No metastases were described in any of the affected animals.
Statistical significance in males was approached with the Fisher’s Exact Test (p=0.095 —
not significant) and the Cochran-Armitage Trend Test (p= 0.02) for combined tumors at
5000 mg/kg/d; for females the Fisher’s Exact Test (not significant) and the Cochran-
Armitage Trend Test (p=0.07) for combined tumors.

Combined Pancreatic L esonsin Rats Treated with XP13512 for Up to 104 Weeks

Males Females
Dose 0 500 2000 5000 0 500 2000 5000
(ma/ka/d)
Hyperplasia, | 11 8 11 17 1 0 3 10
acinar; min-
mild
Mod-severe |3 2 3 3 0 1 1 4
Acinar 2 4 4 8 0 0 0 3
adenoma
Acinar 0 0 1 1 0 0 0 1
carcinoma

Granular cell tumors of the uterus were determined for all dose groups when compared to
controls (1, 3, 3, and 7 for the respective groups). Statistical significance was not reached.
In the 5000 mg/kg/d females, an increased incidence of granular cell tumors of the vagina
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was also appreciated. However all of these tumors were benign. In a recent publication
with a comprehensive evaluation of the reproductive tracts from control females in 9
carcinogenicity studies (Markovits et. al., Vet Path 37: 439-448, 2000), the incidence was
reported at up to 24%. Similar lesions were not found in the female mice. Additionally
decreased stromal polyps were described with increasing dose. The variability of granular
cell tumors (based on literature search) and stromal polyps is usual for uterine findings in
carcinogenicity studies. Both of these lesions are considered incidental to treatment with

XP13512.

Sponsor table:

NDA: 022399

Selected Microscopic Findings: Uterus and Vagina

Terminal Necropsy

Vagina
Granular cell tumor

[ ]
[ ]

[ E]

Female

Dose level (mg/kg/day) 0 500 2000 5000
Sex F F F F
Number examined 60 60 60 60
Uterus
Granular cell tumor 1 3 3 7
Granular cell aggregate

- mild 0 0 0 1
Stromal Polyps 11 8 2 3
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2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic devel opment

Study title: Oral (Gavage) Fertility and General Reproductive Toxicity Study of
XP13512 in Rats

Key study findings: No significant adverse effects of dosing with XP13512 were found
in mating parameters for rats treated with 0, 200, 1000 or 5000 mg/kg/d. Increased
salivation was observed in the mid and high dose animals. Body weights and feed
consumption were adversely affected in the high dose females immediately after the end
of the dosing period (GD 8-10). They also had increased numbers of non-viable feti at
necropsy. Thus, the NOAEL for reproductive toxicity in this rat study is determined to
be 1000 mg/kg/d and the NOAEL for systemic toxicity is 200 mg/kg/d.

Study no.: XP035 or RD2008/00147/00 or OJA00009
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 1/11/05

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: Lot #7 at 99.8% purity

(b) (4)

Methods

Doses: 0 (0.1% Tween® 80 and 0.5% methylcellulose), 200, 1000 or 5000
mg/kg/d

Species/strain: Crl:CD® (SD) IGS VAF/Plus® rats

Number/sex/group: 25

Route, formulation, volume, and infusion rate: Oral gavage at 20 mL/kg; the test
article solution at the mid and high doses was described as “very thick™.

Satellite groups used for toxicokinetics: Not evaluated

Study design: Males were treated for 28 days prior to cohabitation and
throughout the mating period. Females were treated for 15 days prior to cohabitation
through Day 7 of gestation (GD7).

Parameters and endpoints evaluated: Morbidity and mortality, body weights, feed
consumption, estrous cyclicity, gross necropsy, reproductive organ weights, sperm
parameters, C-section parameters (corpora lutea, pregnancy status, implantation sites,
viable embryos, placental appearance)

Results

Mortality: One male in each of the control, mid and high dose groups was found dead.
The mid and high dose males’ deaths were considered gavage accidents. One mid dose
female was euthanized due to ocular damage (Day 1 of cohabitation).
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Clinical signs: Males: No adverse clinical signs were observed at 200 mg/kg/d. The 1000
mg/kg/d animals showed excessive salivation. At the 5000 mg/kg/d dose, excessive
salivation, soft/ liquid feces and poor grooming were described.

Females: No adverse clinical signs were observed at 200 mg/kg/d. The 1000 mg/kg/d
animals showed slightly excessive salivation. At the 5000 mg/kg/d dose, excessive
salivation, rales and poor grooming were described.

Body weight: Males: Treatment-related adverse effects were appreciated at 200 and 5000
mg/kg/d with decreased body weight gains and body weight loss from D 8-15. No
significant adverse effects were found at 1000 mg/kg/d. The significance of the decreases
at D 8-15 is uncertain due to the duration and lack of dose relationship.

Females: From GD 8-10, significant (p<0.01) body weight loss was determined in the
5000 mg/kg/d group. Decreased body weight gains were resultant over the immediate
post-dosing period. No adverse effects were found at the lower doses.
Sponsor table and graphic:

TAELE C5% (EAGE  li: BMATERMAL BADY WELGET CEMGES - GESTATION - SUMMAREY - FEMALE RATS

GROUE L Ll 1Ll 80

ALk (MG G, DA 1 a I (VEELZLE) 2nn Lonn S000
P EEGHANT | | 22 23 22
LHCLUDED IHN ANALY SES H 24 22 o] 22

MATEFRMAL EQDY
WELGET CERNGE (G

ohys O - B MEAMES . D +32.2 £ 10.3 +i0.2 t 7.6 +27.7T 7.9 +27.6 £ 14.2
oaYs B - LD MERNLE D, +8,.6 t 1B +10.0 t 6.2 +8.B £ 7.5 -0.1 & 10.D¥w
bars LD - 13 MEANLES D +1E.4 £ 6.6 +lE.4 £t 6.1 +1E.1 £ &.EF +19.6 t 4.2
orys B - 13 MERNES D +IE.D + 6.2 +21E.4 + 5.0 +2E.0 t 1D.2 +LE8.5 & 1D .Gv
ohyYs O - 13 MEAMES . D +E0L2 144 +5E.5 + 8.0 +85.6 £ 13.7 +H7.1 £ B.Tww

Dars = Dac: OF GESTATLON

[ ] = MUMBEER OF VALUES AVERAMED

a. Dosage occurred on day 1 of study through day 7 of gestation.

b. Excludes values for a rat that did rnot have necropsy observations or pregrancy status recorded.
c. Excludes wvalues for rats that did not have a confirmed mating date.

v4  Sigrificarntly different from the wvehkicle corbrol group value (pSD.D0D10.
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BODY WEIGHTS
FEMALE RATS
Figure 2

O (WEHICLE) MG KSIDAY

—_—

200 MEHSIDAY

—-—

1000 MG HGDAY

WEIGHT (G)
®
&
)

—_—

S000 MG HGDAY

= p={05
= i) (1]

75 —

T T T T T | T T T T T T T T II T T T T T T T T T T T T
1 2 3 4 5 8 T a g9 1 11 12 13 14 15a 0 1 2 3 4 5 8 T a 2 o 1 12 13

DAY OF STUDY DAY OF GESTATION

a. Lasl value recorded before cofabiation.

Food consumption: Males: The 1000 mg/kg/d males had increased intake from D 8-22.
No other differences were measured.

Females: Treatment-related decreased consumption was determined in dosed females
from GD 8-10 compared to controls. However the absolute consumption was consistent
during the entire post-dosing period for the low and mid dose females. Thus, the
decreased consumption is only considered toxicologically significant for the high dose
females.

Sponsor table:

TABLE CE (BAGE 1)@ MATERMAL ABSOLUTE FEED OOMSUMETION VALUES (G/DAY) - GESTATION - SUMMAEY - FEMALE RATS

EATE TESTED L I8 24n 28 258
B REGHANT L] | 22 23 22
LECLUDED 1M AMALY SES = | 22 2o 22

MATERNAL FEED
COMSUMETLON (G /DAY

paYsE D o- B MEAMES (D,

o
[

-
[

w
s
w
-
[

-

[ z1]a [ 15]4
paes B - LD MEANLES (D, 6.8 ¢t 34 4.2 t A0 R R S.lww
DAYs LD - 13 MERNES (D, 25.0 & 2.7 251 ¢t 2.0 4.5 & 2.5
oAYs B - 13 HMEANES (D, 25.B & 2.7 24.7 ¢ 1.4 FC A - 2.5
paYs D o- 13 MEAMES (D, 4.5 ¢ .7 4.2 ¢ 1.4 23T ¢ Z.2

DAYS = DAYE OF GESTATLON

[ 1 = MUMEEE VALUES AVEERGED

a. red on day 1 of stedy thoowgh day 7 of gestation.

b. alues for a rat that did rot have necropsy observations or pregrancy status recorded.
c. values for a rat that did rot have a confimmed mating date.

d. values that were associated with spillage.

2. wvalues that were ircorrectly recorded.

* sigrificantly differenc from the wehicle concrol grovp value (pS0.05).
** Zigrnificantly different from the wehicle control group walue (pS0.0D1).
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Necropsy: No treatment-related observations were recorded.

Fertility parameters: Males and females: No adverse effects in males on mating or
fertility parameters (to include reproductive body weights or sperm parameters) were
discovered.

Sponsor table:

TAELE CLD (PAGE  2): MATING AND FERTILITY, ESTREIUS CYCLING AMD DAYS IM COEABITATLION - SIMMARY - FEMALE EATS

DOEAGE  GROUE L Ly I Ly
DOEAGE  (MG/EGS DAY ja 0 {VEELCLE) on roon SooD

MATLEG OBSERVATIONS

EATE 1M COERBLTAT 1L H I8 I8 I8 5
LHCLUDED 1M AMALY SES H I8 b 2dc I8
Days LM COERBLTAT IOM oA MEAMEE. D, 6t 1 P S i 4.0+ 4 4+ 1
EATE TEAT MATED M k) Z5(100.0) Z4qL00. 0 Z44100.0) 25100, 0)
FEETILITY IMDEX & mSM 247 25 225 M 235 14 22f 25
1% I SE.D) =) G5 E) { BE. D)
EATE WITE COMHF LEMED
MATLEG DATES H I8 I8 23 I8
MATED BY FIEST MALE f
oays 1-7 MiE) Z5{100.0) 24100, 0) Il 81.%) 25100, 0)
MATED BY SECOMD MALE f
bays 15-I1 MiE) [T N ) 0y Do 2 BT (KT N ) ]
EATE PEEGHANT/EATSE 1M
COEARBLTAT L mSM 247 25 225 M 235 14 22f 25
1% I SE.D) =) -1 { BE. D)

red on day 1 of stwdy throwgh day 7 of presumed gestation.

alues for a rat that did rot have necropsy observations or pregrancy status recorded.
cludes wvalues for rat 3164, which was moriburnd sacrificed on day 16 of stwdy.

Emstricted to rats with a confirmed mating date ard rats that did not mate,

Humber of pregrancies/rumber of rats that mated,

Emstricted to rats with a confirmed mating date.

OB Lo

Females: Pregnancy rates were essentially comparable across groups (96%, 91.7%,
95.8% respectively for control, low and mid dose) but lower in the high dose group
(88%). There was an absolute and relative increase in non-viable embryos in the 5000
mg/kg/d females.
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Sponsor tables:

TRELE €12 (PAGE  1): CAESAREMM -SECT LM ING OBEEEVATLONS - SUMMAREY - FEMALE RATE

DOEAGE  GROUE L Il L1 Ly

DOEAGE (MG EGY DAY Ja 0 {VEELCLE) 200 roon SooD
EATE TESTED b 25 4o 24 I8
P EEGHANT Mk 244 S6.D) LN R | 23 G5.B) 22( BE.D)

EATE PREEGHAMT AMD
CAESAREEM -SECT LONED

QM DAY 13 OF GESTATLION b g | 22 23d 22
CORPOEMA LUTER MEAMLS D 16,7 ¢ 2.2 Lé. 0t 2.3 16,5 ¢ z.4 16,7 ¢t z.1
LMELANTAT 1X 5 MEAMLS D 15,8 & 1.7 14.5 ¢t iz 15,6 ¢ 2.2 15,9 ¢t 1.7
VIABLE EMEEYOSR b 163 ips 38 I1E
MEAMES D 15,1 ¢t 1. E 13,8 ¢t id 14.7 ¢ 2.2 14.4 ¢t 2.3
MOy LABLE EMER YOS b 17 15 n il
MEAMES D 0.7 & 1.0 0.7 & b.E 0.9 ¢ 0.8 1.4 t 1L.E
DaMs WITE VIABLE EMBEYOS Mk 240100.0) ZXLo0.0) ZZ{LI00.0) 22{100.0)

DiME WITE ANY MHVIABLE
EMER )5 Mk 11{ d45.E) LI 54.5) L4y &0.%9) Ldg 636

DM WITE ALL MHVIAELE
EMER )5 Mk [T N ) 0y Do [T VN ) Oy 0.

PLACENTAE APPEARED MOEMAL Mk 241000 Z2(L00. 0 20000 2210003

E MONVIAELE

EMEEYOE /LITTER MEAMLS D 4.4 & 6.0 5.6 & E.0 5.6 ¢ 5.4 E.Et 1l.D
a. Dosage occurred on day 1 of stwdy throwgh day 7 of presumed gestation.
b. Excludes walues for rat 3144, whichk did rot have recropsy observations or pregrancy status recorded.
=. Excludes walues for rat 3164, which was moriburnd sacrificed on day 16 of scudy.
d Includes values for rat 3151, whick did rot have a confimmed mating date.

Embryofetal development

Study title: Oral (Gavage) Developmental Toxicity Study of XP13512 in Rats

Key study findings: Pregnant rats were given 0, 200, 1000 or 5000 mg/kg/d of XP13512
by daily oral gavage from Gestation Day 7- 17. Maternal toxicity was appreciated at
>1000 mg/kg/d as evidenced by excessive salivation, decreased body weights and body
weight gains, and decreased feed consumption. Adverse effects were found in the feti
from the high dose dams as shown by decreased fetal body weights. Neither terata nor
malformations were increased by treatment. Therefore, the maternal NOAEL is 200
mg/kg/d and the fetal NOAEL is 1000 mg/kg/d in rats under the conditions of this study.
The AUC and Cmax for the maternal NOAEL were 3210 pg.h/mL and 302 pg/mL,
respectively, on GD 17.

Study no.: OJA00006 or RD2008/00144/00 or XP032
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 1/10/05

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: Lot #7 at 99.8% purity

(b) (4)
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Methods

Doses: 0 (0.1% Tween® 80 + 0.5% methylcellulose), 200, 1000 or 5000 mg/kg/d
These doses were selected from the dose-range finding study (#RD2007/01534/00 or
XP031) where 8 pregnant Crl:CD®(SD) IGS BR VAF/Plus® rats/group were dosed at 0,
200, 500, 1500 or 5000 mg/kg/d. Adverse clinical signs (salivation, poor grooming) were
found in the 5000 mg/kg/d females. Reduced body weight gains and decreased body
weights were found at the high dose. Fetal body weights were decreased at this dose.
Skeletal evaluations (all feti from dams <1500 mg/kg/d) were comparable across doses.

Species/strain: Crl:CD®(SD)IGS BR VAF/Plus® presumably pregnant rats

Number/sex/group: 25

Route, formulation, volume, and infusion rate: Oral gavage at 20 mL/kg

Satellite groups used for toxicokinetics: 6/treated group on Days 7 and 17 at 0.5,
1,2,4,8, 12 and 24 hrs post-dosing (N=3/ time point)

Study design: Presumably pregnant rats were treated from GD 7- 17 daily by oral
gavage. The dams were euthanized on GD 21.

Parameters and endpoints evaluated: Morbidity and mortality, body weights, feed
consumption, TK, gross necropsy, C-section parameters, fetal examinations

Results
Mortality (dams): No test article-related deaths were described. One mid dose female
died on the first day of dosing and was replaced.

Clinical signs (dams): Excessive salivation, primarily during the dosing period, was
observed at 1000 and 5000 mg/kg/d. Poor grooming was described for the 5000 mg/kg/d
dams. This sign persisted throughout the study.

Body weight (dams): No adverse effects were seen at 200 mg/kg/d. During the dosing
period for the 1000 and 5000 mg/kg/d dams and during the post-dosing period for the
5000 mg/kg/d dams, significantly decreased body weights and body weight gains were
measured.
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Sponsor tables:
TARLE 3 |FAGE 1): HATEREAL BODE EEIGATS = STHHAEE

DOEAGE RO I IT TII IT
DOEAGE |HG G IR | A | TERECLE] 200 L0 e
sams msTEn s T P T PR
FRRGINTT u 4 FE1 FEY R
IRCLOED [N ANALTSES u I3 FE1 FEY R

HATERNAL BODE BRIGEAT |G)

il -] HEAEES . . IH.I £ F.I 1333 & §.2 133.7T £ .7 133 & ¥.2

il 7 HEAEES . . 374.2 £ 183 11308 & 122 214.1 £11.8 AT ® & 123

il 1 HEAEES . . 2781 £ 132.7 2771 & 134 173.2 £ 11.2 IEE.T £ LT3

il ¥ HEAEES . . 203.2 £ LE. & 20L.F & LE.A 3768 £ 104 IET.T £ LT.@F
a1 MRS T 2085 £ 1E.A 0:0 & A0 TR0 £ 13.4 2700 & TE.3%
a1l HEAEES . . 2.4 £17.2 2%L.1 & 1a.8 203.% £ 12.1¥ 271 & LE.#F
oy 12 HEAEES . . .4 £ LT.F IFE.F B LEA %% £ 4.0 2044 & LT.0=F
o 13 HEAGES . DL 3.0 £ 160 L £ LE.2 I%E.T £ 14 5F MR £ LT _4F
DEE 14 HEAGES . DL J13.2 £ 1A JE L £ 203 33 % £ 1530 IR0 £ LE_EY
o 13 HEAGES . DL I8 £ 181 I3 £ 1.8 rE.1 £ 187 2R £ LT N
o L HEAGES . DL 0.3 £31.4 H1.E £ 227 JE.3 £ 15 350 .3 £ LE_IV
o 11 HEAGES . DL HI.T £ 2L.E M3 £ 2238 1300 £ 154" L1 £ LE.av

DAYT = DT OF GESTATION

a. Doaage cocoupred oo cays 1 thesugh 17 of gestatica.

B. Eeclucas waluss for cdan 333220 the littar coosistas of 11 sarly ressrpbicas.
f Sugnificastly diffarsat from bhe wahicle cootrsl group valuas |p5!1.lH-| -

®F Sumificantly ciffersat fron the rabicle cootrel group walus |p".i'l:|l.l:|l'l.| -
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TAELE 2 (PARGE 2): MATERNAL BODY WEIGHTS - SUMMARY

FREGHANT H 29 15 15 29
INCLUDED IN ANALYSES ] 23k 15 15 24

MATERNAL BODY WEIGHT (G)

DAY 14 MEAMLE.D, Ahe,2 1 23,4 LTy 29,5 293,94 & 15.7* 32,7 1 1, 20
DAY 1% MEAMLE.D, A LE 1 248 deE.4 & 25,2 JE1.4 & 14,6 3.3 & 1% @4*+*
DRY 20 MEAMLE. D, dHE,E & 2E.7 82,0 & 2&.4 376,59 & 18,8 A57.6 & 20, G
DAY 21 MEAMLE.D. 417 .5 1 21,2 q12.% & 11.% qi1.4% ¢ 224 AHq.2 1 25,10

DAY = DAY OF GESTATION

a Dosage oocurred on days 7 theough 17 of gestation,

k., Excludas valuas for dam JH23; thae litter conslsted of 11 @arly rasorpblons,

*  Slgnificantly diffarant from the vahlols contrsl Jroup valua (ps
wa Blgunificantly diffarant from the vahilcles control group valua (psd. 0

MATERNAL BODY WEIGHTS
Figure 1
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Food consumption (dams): As for body weights, no adverse effects were seen at 200
mg/kg/d. At the mid dose, decreased consumption was determined for the post-dosing
period. The high dose dams had decreased consumption throughout the study period.

TAELE & {(FAGE 1): MATERNAL ABSEOLUTE FEED OONEIMETION VALUEE (G/DAY) - EUMMARY

I
{VERICLE)
H 2 2 2 2
FREGHANT H 24 a3 a5 29
INCLUDED IN AMALYEES o 230 23 23 24
MATERNAL FEED CONEMPTION (G/DRY)
pAYE 0 - 1 MERNLIE. D, 42,8 % 2.% 23,1 1 2.3 23,4 1 1.5 23,51 2.9
[ 23]
DRYE =11 MERNLIE. D, 4.0 1 2.6 4.8 1 4.1 1.8 % 4.0 15,45 1 q ame
| 24] =
DAYE 10 - 12 MERNLIE. D, dE,1 1 2.4 4%.8 % 3.2 dE.4 1 n.4 23,0 1% :.2
DRYE 12 - 1% MERNLIE D, 5.3 % 2.1 4.2 1 4.1 2501 2.8 23,0 1 1.1
DARYE 153 - 18 MEANIE. D, 45,8 & 5.0 dE.1 1 1.4 6.6 1L 2.5 2.8
DRYE T - 18 MERNLIE D, 2.4 1 2.1 2501 1 2.8 2n.4 1 1.5 2. 8%
DRYE 1H - 21 MERNLIE. D, 28,3 % 2.4 dE.4 1 2,24 23,1 % q.gus 2. 8%
[ 22]« [ 23] [ 24]
DRYE =21 MERNLIE D, dE.1 1 2.2 25,3 % 2.6 28 .8 % 1.5 22.7 % 2.1
[ &2] [ 23]« [ 24]
DRYE 0 = 21 MERNIE. D, 25,0 2 2.2 9.7 1 2.4 249.% 1 1.4 22,7 % i L
[ 22] [ 23]« [ 24]

DAYE = DAY E OF GEETATION

| | = MIMEER OF VALUEE AVERRGED

a. ays 7 through 17 of gestation,
b.

r asscciated with spillage.
3 vy diffarent from the wehicle control group valus (pS0, 08
Eignificantly 4iffeorent from the wehicle contrsl group walus (psl,01) .

Toxicokinetics: Exposures to gabapentin increased with increasing doses and some
accumulation was found with AUCs slightly higher on GD 17. Very low levels of
XP13512 were found at any of the time points.

Sponsor table:
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NDA: 022399

Whole Blood Exposure of XP13512 and Gabapentin after Oral Administration of XP13512 in

Pregnant Rats

Pharmacokinetic XP13512 Gabapentin XP13512
Dosage
Parameter ks/dav - —
(mghkgiday) [ D7 [ DG 17 DG 7 DG 17
e
| o J. A
‘hr/mL)
(pghr/mL) 5000 310" 3310 26.9* 319
200 444 555 0.595 0.758
Conax (pg/mL) 1000 130 166 139 154
5000 226 302 1.86 12.8
200 1.00 1.00 0500 0500
Toee (1) 1000 1.00 1.00 0500 0500
5000 400 800 400 0500

AUC = Area under the concentration vs. time curve (AUCq ipgniny on DG 7 and AUC 54 on

DG 17)

Cpa= Concentration maximum; Ty, = Time 0 Cpgy.

*AUC ey since AUC pinfinigy Was probably artifactually high.

Terminal and necroscopic evaluations: Neither gross necropsy nor C-section parameters

were adversely affected by treatment with XP13512. Pregnancy rates were comparable
across groups (96%, 100%, 100% and 96%, respectively). One control dam had only
resorbed feti and her information was not utilized in the summary tables.

Offspring: Decreased fetal weights, both male and total, were decreased for the high
dose feti. In the mid and high dose groups, the percentages, but not the actual number, of
dead or resorbed feti were significantly increased. No other adverse effects of dosing
were found and fetal ossification sites were comparable across groups.

Sponsor table:
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TRELE H {(PAGE 1): LITTER OEEERVATIONE (CAESAREAN-DELIVERED FETUEEE) - EUMMARY

DOEAGE GROUF I II III Iv
DOEAGE (MG EGSDAY A I WEHICLE) 200 1000 =D

LITTERE WITE ONE OR

MORE LIVE FETUEES N 21 2% 23 24
IMELANTATI O MEANLIE ., D. 14.% 1 1.8 1.4 1 1.6 1.2 1 1.7 14.7 1 2.4
LIVE FETUEES N 115 1el EL ] C¥3:

MEANLIE., D 13,0 1 1. 14 1 2.4 14 2.d 13,0 2
LIVE MALE FETUEEE =3 1&4 151 1 178

% LIVE MALE
FETUSES/ LITTER MEANLE, D, qB,.2 1 14,1 =d. B 13,9 L Y nun, b 13,8

LIVE FETAL EIDY WEIGETE

{GRAMEY 'LITTER MEANLIE . D. L O L L S T | I i L2 1 0,41 q.8%1 ¢+ [, ler

MALE FETUSES MEANLE, D. b I R ¥ i .48 & U,30 I O T )

FEMALE FETUSES MEANLIE. D. 8,03 + 0,38 L.0q o 032 L) B S e 4. .80+ 0.40
| 24]m

¥ DEAD OF FREEEQREED
CONCEFTUEEE /LITTER MEANLIE ., D. 1.1 1 1.1 BB 11,4 7.5+ 18.5% E.1 1 G5, 2%

a, Dosaga onodays 1 through 17 of gestation,
b, Litter 3RLE had no femala fatuses.
* Eignificantly 4ifferent from the wehicle control group wvalus (pS0.05).

Study title: Oral (Stomach Tube) Developmental Toxicity Study of XP13512 in
Rabbits

Key study findings: XP13512 was administered daily to presumably pregnant rabbits at
0, 200, 500 or 2500 mg/kg/d. Maternal toxicity as evidenced by poor grooming and
scant/soft/liquid feces in addition to hypoactivity and ataxia were observed at 2500
mg/kg/d. Individual rabbits from this dose group also lost their righting reflex. Decreased
feed consumption and body weight losses were reported in the mid and high dose does.
Premature delivery and/or abortion attributable to dosing (adverse clinical signs,
decreased feed consumption and body weight loss were seen prior to the events) were
noted in the high dose group.

Under the conditions of this embryo-fetal study in rabbits, the maternal NOAEL is
determined to be 200 mg/kg/d and the fetal NOAEL is 2500 mg/kg/d (highest dose
tested). The AUC and Cmax at the maternal NOAEL were 311 pg.h/mL and 105pug/mL,
respectively, on GD 19.

Study no.: OJA00008 or RD2008/00146/00 or XP034
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 1/31/05

GLP compliance: Yes

QA reports: yes

(b) (4)
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Drug, lot #, and % purity: Lot #7 at 99.8% purity

Methods

Doses: 0 (0.1% Tween® 80 + 0.5% methylcellulose), 200, 500 or 2500 mg/kg/d
These doses were selected from the dose-range finding study (#RD2008/00145/00 or
XP033) where 5 pregnant Hra: (NZW)SPF rabbits/group were dosed at 0, 200, 500, 1500
or 5000 mg/kg/d. Adverse clinical signs (hypoactivity, ataxia, poor grooming) were
found at >500 mg/kg/d and soft/liquid feces were found additionally in the 5000 mg/kg/d
females. Reduced body weight gains and decreased body weights were found at the 1500
and 5000 mg/kg/d dose. Fetal body weights were decreased at 5000 mg/kg/d. Skeletal
evaluations (all feti from dams <1500 mg/kg/d) were comparable across doses.

Species/strain: Hra: (NZW)SPF time-mated rabbits

Number/sex/group: 20

Route, formulation, volume, and infusion rate: Via stomach tube at 20 mL/kg

Satellite groups used for toxicokinetics: 3/group euthanized on GD 20 after the
last samples were taken

Study design: Does were treated from GD 7-19. On GD 29, the survivors were
euthanized and examined.

Parameters and endpoints evaluated: Morbidity and mortality, body weight, feed
consumption, TK (Days 7 and 19 at 0.5, 1, 2, 4, 8, 12 and 24 hrs post-dosing) from the
satellite animals, gross necropsy, C-section parameters, fetal parameters

Results

Mortality (dams): Main study: Gavage accidents accounted for premature deaths of 2
controls (#408, GD 12 and #420, GD 10) 1 at 200 mg/kg/d (#424, GD 10) and 1 at 2500
mg/kg/d (#477, GD 16).

TK study: One high dose dam (#489) was found dead on GD10 after showing ataxia on
GD 7 and 8, hypoactivity on GD 9. Her death was attributed to a gavage accident.

Clinical signs (dams): Main study: No adverse effects were appreciated at 200 mg/kg/d.
At the high dose, poor grooming and scant/soft/liquid feces in addition to hypoactivity (9
does) and ataxia (7 does) were observed. An individual rabbit from this dose group also
lost their righting reflex.

Abortions were observed in 1 control (#415, GD 22), 1 mid dose (#444, GD 27) and 2
high dose (#462, GD 25; #469, GD 27 [probable gavage accident]) animals after the end
of the dosing period. These animals were sacrificed after they aborted. One of the high
dose dam’s abortions was attributed to an earlier gavage error based on the necropsy
findings. There was one premature delivery on GD 29 from the high dose (#471). This
doe had previously been ataxic and hypoactive, had scant feces and an unkempt coat.
Both the abortion and the premature delivery in the high dose animals were considered to
be due to treatment with XP13512 as they’d shown decreased feed consumption and
body weight loss from GD 7-9 as well as adverse clinical signs (scant feces beginning on
GD 14, unkempt coat) prior to their abortions/ deliveries. Two of these animals had
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tricobezoars in their stomachs at necropsy which may have contributed to their adverse
clinical presentation.

TK study: According to the sponsor, clinical signs similar to those noted in the main
study does were observed in the TK does as well.

Body weight and food consumption (dams): No adverse effects on feed consumption
were found at the low dose. Decreased consumption and body weight loss were noted in
the 500 mg/kg/d does on GD 20-24. In the 2500 mg/kg/d group, decreased consumption
was reported during the entire study and body weight losses occurred from GD 13-24.

Sponsor table and figure:

MATERNAL BODY WEIGHTS

Figure 1
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TRHELE & ([(PRAGE 1): MATERMAL BOOY MEIGHTS = SUMMARY

DASRGE GROUP 1 11 T11 1w
DOSAGE [MGAKGADEY & [ VENT CLE} 200 500 TR0
RARRITS TESTED ] 0 Fdi] 0 0
1P G AT ] 0 id 0 0
MATERNAL BOOY WEIGHT (KRG}
oxY 0 MERMSE.0. .08 2 0.3% .06 2 D.35 .88 2 0.20 E.0E 2 D.54
ORY T MERMSE.0. 4.05 2 0.52 4.08 2 D20 405 2 0.7 4.00 2 .53
ORY ] MERM=E 0. .06 = 0.51 4.080 = D.ZB .00 = O.2B 4.98 = D37
ORY g HERMES. 1. .06 £ 0.33 4.90 % D.20 .00 £ O.28 4.04 = D37
oRY 10 HERMES. 1. H.07 = 0.54 4.00 £ D30 .00 £ O.28 4.94 = D35
oRY 11 MERMES. 0. .00 = D.Z0 4.00 2 D. 30 .08 = 0.2T 4.18 = D.3T
Y]]
oRY 1 HERMES. 1. .11 £ 0.3 4.90 % D.30 .00 £ O.20 4.98 = D.36
| 19] kB
oRY 13 HERMES. 1. .04 £ 0.33 4.91 £ D.30 .11 £ O.28 4.20 = D.38
| 1B)E
oY 14 MERMSE.0. 407 =2 0.34 4.3% 2 0. 51 4.04 2 0.28 4.0 2 D.ET
| 1E)b | 18)b
ony IS5 MERMSE.0. 4.08 2 0.35 4.35 =2 D. 53 4.4T 2 0.28 4.3 2 D.ET
| 1E)b | 18)b
oy 16 MERMSE.0. 420 2 0.52 4.47 =2 D. 53 4.18 2 0.20 4.08 2 D57
| 18] = | 1E]E
oeyY AT HERMES. 1. .21 £ 0.3 4.98 = D.34 .15 = O.20 4.18 = D37
| 18] B | 18]E | 185
oaY I8 MERMSE.0. 423 2 0.30 4.08 2 D.34 f.20 2 0.30 4.06 2 D57
| 1&)k | 18)b [ i8)b
ony 19 MERMSE.0. d.24 2 0,31 4.08 2 0,34 f.20 2 020 4.06 2 D.40
| 18] B | 18]E | 185
oRY 30 HERMES. 1. H.26 £ 0.30 4.20 £ D.34 .20 £ O.530 4.96 = D.30
| 18] B | 18]E | 185
oY 21 HERMES. 1. H.2T £ G.52 4.0 % D.35 .06 £ 0.3 4.1 = D.38
| 18]k | 18]E | 19)8
DAY = DRY OF GESTAT I0M
| ] = MUMEER OF VALUES AVERRGED
&. Damages assurced on days T throogh 10 of gantatian.
B. Exzludas valuae for rabbits that abarted ar ware found desd.
TRELE &S (PAGE 1]: MATERNAL BODY WEIGHT CHANGES - SIMMARY
DOSRGE GROUD 1 11 111 v
DOSAGE (MG/KG/DAYla {VEHICLE} 200 500 2500
FAEEITS TESTED " 20 20 20 20
FREGKANT i 20 149 20 20
MATERKAL BODY WEIGHT CHANGE (KG)
prRYs 0O = 7 MERK:E.D. +0.08 £ 0.048 +0.12 £ 0.07 40,07 £ 0.09 +0.12 £ 0.07
DAYS 7 = 10 MEAN:E.D. +0.02 % 0.07 +0.01 ¢ 0.0% 40.04 = 0,06 +0.0% & 0.10
DRYS 10 = 13 MERK:E.D. +0.03 2 0.05% 40,02 £ 0.07 40,02 £ 0004 +0.068 £ 0.07
[ 18]k
DRYS 13 = 1& MERK:E.D. 40,06 2 0,05 40,07 £ 0.05% 40,07 £ 0004 =0.01 + 0.0d==
[ 181b [ 18)b
DRYS 1& = 20 MERK:E.D. 40.08 £ 0.07 “0.04 £ 0.07 40,02 % 004 =0.04 + 0. 08==
[ 18]k [ 18]k [ 1%]b
oRYS 7 = 20 MERK:E.D. +0.18 % 0.0% +0.13 £ 0.13 +0.15 + 0.048 0,07 + 0.20
[ 18]k [ 18]k | 1%k
DRYS 20 - 24 MEAN:S.D. 40,08 2 0,08 “0.08 = 0.08 =0.03 2 0.11=~= =0.0% £ 0.0a=*
[ 17 [ 18]k [ 19]b
DRYS 24 = 29 MERK:E.D. 40,07 2 0.10 40,10 £ 0.07 40,11 + 009 +0.0% £ 0.13
[ 17k [ 18]k [ 19k [ 17k
DRYS 20 - 2% MERN£S.D. +0.15 £ 0.11 +0.16 = 0.11 40.08 2 0.13 =0.03 £ 0.15=*
[ 17k [ 18]k [ 19k [ 17k
DARYS 7 = 29 MEAN+E.D. +0.32 % 0.12 +0.2% £ 0.18 40.24 = 0.18 +0.09%9 + 0.23==
[ 17k [ 18]k [ 19k [ 17k
DRYS 0 - 2% MERN£S.D. 4040 % 0.15 Al 40 = 0.1% 40,30 2 0,20 #0.21 £ 0.28=
[ 17k [ 18]k [ 19k [ 17k

DAYE = DAYE OF GESTATION

| ] = NUMBER OF VALUES AVERRGED

a. Dosage occurred on days 7 through 1% of gestation.

b. Excludes wvalues for rabbits that aborted, prematurely delivered or were found dead.
=+ gignificantly different from the wehicle control group walue (ps0.01).
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TK study: According to the sponsor, maternal consumption and body weight effects were
comparable to those in the main study.

Toxicokinetics: Exposure to gabapentin increased with increasing doses but, unlike the
rat study, exposures were slightly lower on GD 19 compared to GD 7. Exposures to
XP13512 were consistently low although slightly higher on GD 19 than on GD 7.
Sponsor table:

Whole Blood Exposure of XP13512 and Gabapentin after Oral Administration of
XP13512 in Pregnant Rabbits

XP13512 _ .
Pharmacokinetic Parameter Dosage Gabapentin XP13512
(mg/kg/day) 37 DG 19 37 DG 19
200 357 311 0.970 .40
AUC (pgrhr/mL) 500 1 000 044 0.963 .57
2500 4930 3040 2.69 3.31
200 94.8 105 0.194 0.126
Conax (Mg/mL) 500 195 253 0.303 0.255
2500 392 393 0.857 0.879
200 0.500 0.500 0.500 0.500
T (hr) 500 0.500 0.667 0.500 0.500
2500 .33 2.50 0.500 0.500

AUC= Area under the concentration vs. time curve [AUC g iy 0on DG 7 and AUC .24, 0n DG 19]
Cmex = Concentration maximum
Tia = Time to Cops

Terminal and necroscopic evaluations: No gross necropsy lesions were found that were
attributable to treatment. Pregnancy rates were comparable across groups with C-section
data provided for 17, 18, 19 and 16 does found pregnant at necropsy and the results were
comparable across the control, low and mid dose groups. Fetal body weights were
reduced in females and there was a decrease in implantations and live fetuses from the
high dose group.

Sponsor table:
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TRELE & (PARGE 1}: LITTER CESERVATIONS (CAESAREAN-DELIVEREED FETUSES) - SUMMARY

DOSAGE GROUF I 11 111 v
DOSAGE (MG/EG/DAYla 0 {VEHICLE } 200 S00 2500
LITTERS WITH ONE OR
MORE LIVE FETUSES il 17 18 15 16
IMPLANTATIONS MERN:S.D. $.8 & 1.9 G0 2 2.6 8.9 & 2.9 7.8+ 2.2
LIVE FETUSES W 162 159 160 121

MEAKS.D. 9.5 % 2.3 4.8 % 2.4 8.4 % 2.5 7.6 % 2.2
LIVE MALE FETUSES il a3 74 86 54
% LIVE MALE
FETUSES/LITTER MEAK:S. 0. 51.3 & 10.4 46.5 = 20.6 53.6 & 23.3 47.8 + 18.48
LIVE FETAL BODY WEIGHTS
(GRAMS] /LITTER MEAK:S. O, 43.35 £ 3.30 44.64 = 5.41 43.74 & 6.85 0. 60 £ 7,26
MALE FETUSES MERN:E.D. 43.36 & 3.99 44.82 + 5.20 44.19 +  7.49 42.22 &+ 8.62
[ 171k
FEMALE FETUSES MERN:E.D. 43.76 & 3.8% 44.43 & 5.81 42.40 £ .17 37.93 &£ B.53%
[ 17 e
% RESCREED
CORCEPTUSES /LITTER MERN:E.D. 4.1 ¢+ 12.2 1.9 £ 5.4 4.8 £+ 7.7 4.4 ¢+ 8.5

| = KUMBEE OF VALUES AVERAGED
Dogage occurred on daya 7 throwgh 1% of gestation.
r 428 had no male fetuses.
r 441 and 452 had n male feruses.
= Significantly different from the vehicle control group wvalue (pE0.05).

Offspring: No significant increases in either malformations or variations were found in
any dose group when compared to controls. Fetal ossification sites were comparable
across dose groups. Decreased body weights of the female feti (N=2) from Doe #461 in
the 2500 mg/kg/d group but not in the single male from the litter. These values were
excluded from the litter calculations.

Sponsor table:
TAELE 10 (PAGE 1): FETAL ALTERATIONS = SUMMARY

DOSAGE GROUP I II III I
DOSAGE (MG/KG/DAY)a I (VEHICLE] 200 500 2500
LITTERE EVALUATED K 17 18 1% 18
FETUSES EVALUATED K 182 15% 160 121

LIVE 1 162 15% 160 121

LITTERES WITH FETUSES WITH
ARY ALTERATION OBEEREVED W) &l 35.3) 111 #1.1}) 11 57.%) 100 &2.5)

FETUSES WITH ANY ALTERATION
OBREERVED Wik} 14( #d.8} 174 10,71 211 13.1) 14( 11.8)

% FETUSES WITH ANY
ALTERATION/ LITTER MEAKZE. DL 11.6 + 24.8 .0 ¢+ %.9 15.2 ¢+ 16.3 12.5 4+ 11.8

a. Dosage occurred on days 7 through 19 of gestation.

Prenatal and postnatal development

Study title: Oral (Gavage) Developmental and Perinatal/ Postnatal Reproduction
Toxicity Study of XP13512 in Rats, | ncluding a Postnatal Behavior al/ Functional
Evaluation
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Key study findings: Pregnant CD rats were treated with XP13512 at 0, 200, 1000 or
5000 mg/kg/d from GD 7- LD 20. As in previously reviewed studies, adverse effects on
clinical signs, body weights and feed consumption were seen at >1000 mg/kg/d. Viability
and fetal growth were adversely affected at the same doses. No effects on the
reproductive capacity or outcome of the pregnancies of the F1 generation were seen at
any dose. The NOAEL for maternal effects is determined to be 200 mg/kg/d and the
reproductive NOEL is 5000 mg/kg/d.

Study no.: OJA00010 or RD2008/00148/00 or XP036
Volume and page#: Electronic submission
Conducting laboratory and location:

Date of study initiation: 4/3/05

GLP compliance: Yes

QA reports: yes

Drug, lot #, and % purity: Lot #7 at 99.8% purity

(b) (4)

M ethods

Doses: 0 (0.1% Tween® 80 + 0.5% methylcellulose), 200, 1000, or 5000
mg/kg/d

Species/strain: Crl: CD(SD) rats

Number/sex/group: 25 presumably pregnant rats

Route, formulation, volume, and infusion rate: Oral gavage at 20 mL/kg

Satellite groups used for toxicokinetics: None

Study design: The dams were treated from GD 7- Lactation Day (LD) 20 or if not
pregnant, GD7 -24. Untreated F1 pups selected for breeding were bred at approximately
90 days of age. Males were euthanized and females were continued until C-section on
GD 21. Their feti were examined.

Parameters and endpoints evaluated: Morbidity and mortality, clinical signs,
body weights, feed consumption, parturition, litter parameters, pup viability, maternal
behavior, gross necropsy of dams on LD 21 as well as pups not selected for reproduction;
F1 pups: Clinical observations, body weights, feed consumption, sexual maturation,
learning and memory (Day 24: utilized a passive avoidance apparatus with dark and light
compartments; Day 70: a water-filled M-maze was used to measure overt coordination,
swimming ability as well as learning and memory), C-section parameters, fetal
parameters

Results

Fo in-life: One control female (#8120) had dystocia on GD 23 (3 late resorptions, 11
early resorptions) and was sacrificed. One high dose female (#8196) experienced a
gavage accident and was sacrificed on LD 20; a perforated esophagus was detected at
necropsy.
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No adverse clinical effects were reported in the 200 mg/kg/d group during gestation or
lactation. The 1000 mg/kg/d dams showed decreased body weight gains from GD 7-10
but no effect on feed consumption was appreciated. During the lactation period, these
dams had body weight loss and decreased consumption early on and lower body weights
during the entire period and some dams evidenced excessive salivation. Dams from the
5000 mg/kg/d group had body weight loss early in the dosing period and had continued to
demonstrate decreased feed consumption and body weight decrements during gestation
and lactation as well as excessive salivation and unkempt coats.

Sponsor table:
TARLE B4 |FAGE 1}: HATEREEAL RODY WEIGET CRARGES ESTATIONE STHHAET Fo GESFATION FRALLE FATS

DOSAGE GROTF I
DOSAGE | R G DA | e 2 | TERDCLE]

FATS TRSTED =
PRI = 24 24

FATEFSAL BODE
WELDEED CEAEGE. |G

WEsS © 1 FEAEES D L N #3T.4 £ B3 FHEE_E E BB +}E_.L £ 3B
IATES 1 L FEAEES D #1322 & LT BLEI. 4 & 4.0 MID.F £ Z_1%¢ - I - O LU
mYs 1o 12 FEAEES T #1400 & L@ #1200 £ 4D L2 4 %

ES 12 1% FEAEES D #1223 F 20 - B BIL.L £ T2 B2L.2 & B4
ES 13 1 FEAEES D #IT.2 & B4 #IE.T £ S0 FEE.L E B4

MES 18 Fis FEAEES D #2700 & LOL4 BIT.2 & Sk IE.E E B.D *2E.0 £ B3
IATES 1 Fis FEAEES D FLLE._3E 12T PLUL_3E 14 E BILL.TE 1LR.0O #E0.T £ 232
s © Fis FEAEES D BLEA_FE LT.4 PLAE.TE LE_E FISD_3E 221 +LTE_BE 2% 0w

DATS = DATS OF GESTATION
L Iopage coourresd on day T of gawrtation throogh day 30 of lactation.
¥F  Swgmaficastly diffearsst from the wvabicle comtrol groos walos [pRS 0L .

Pregnancy rates (24, 24, 25 and 25 dams were pregnant in the respective dose groups)
and gestation lengths were toxicologically comparable across groups. Although the
duration of gestation was increased in the high dose dams, the duration (22 or 23 days)
was within the historical control range for the testing laboratory. Thus, the rates are
considered to be comparable across groups. Unkempt coats were observed in the high
dose pups (9 litters), presumably due to poor maternal caretaking. Pup weights were
decreased on LD 7 in the 1000 and 5000 mg/kg/d groups and for the remainder of the
lactation period for the high dose pups (sponsor’s table below). Pup mortality was
increased in the high dose group (3, 5, 5 and 20 pups for the respective dose groups).
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TRELE Ell

(FRAGE 1):

HATURAL DELIVERY QESERVATIONS - 5

UMMARY - Fl GENERATION

NDA: 022399

FEMARLE FATEH

S RSIIGHED TO

1
(VEHICLE)

111
1044

I

HATURAL DELIVERY 1 5 15 15 25
FREGHANT H 24 14 15 25
DELIVERED A LITTER -8y 24¢1040.40%
DURATION OF GESTATION bk MEANMS . D. 0.5 22.7 % 0.5 22.9 % 0.3
IMFLANTATION SITES 1 332 48 158

FER LDELIVERED LITTER MEANLE . D 14.4 & 2.0 14.5 & 2.1 14.3 & 2.3
DAME WITH ETILLECEY FUFE M%) 10 4.3} i 1.7} 2{ H.0) il 12.0)
DAME WITH X3 LIVEESRN FUFS ag{ a.4;) ai i a{ a.¢
GESTATICH INDEX < ] 95.8 0a.a

HSNH r3s 24

DAME WITH ALL PUPS DY ING
POESTFARTTM

DRYS 1-4

DA

a. Dosage cocurzed on day 7 of geastation through day

28 laztation,

k., Calmulatad as the tima {(in days) elapsed batwean confirmad mating farkitrarily dafined as day 0) and tha tima (in days)
tha first pup was dalivarad,
=, Mumbar of rats with liva pring/numdar of pragnant ratsa,
4 HBignificantly diffarant from the wahicla controel geoup value (S0, 017,
TABLE B12 (PAGE 1): LITTER OBSERVATIONS (NATURALLY DELIVERED PUPS) - SUMMARY - F1 GENERATION LITTERS
DOSAGE GROUP I 11 111 v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 200 1000 5000
DELIVERED LITTERS WITH
ONE OR MORE LIVEBORN PUPS N 23 24 25 25
PUPS DELIVERED (TOTAL) N 308 326 347 333
MEANtS.D. 13.4 &+ 2.3 13.6 £ 2.1 13.9+ 2.4 13.3+ 2.5
LIVEBORN MEAN+S.D. 13.2 + 2.1 13.3 =+ 2.1 13.8 + 2.2 13.1 + 2.5
N(%) 304( 98.7) 320( 98.2) 343( 98.8) 328( 98.5)
STILLBORN MEAN+S.D. 0.2 % 0.8 0.2 £ 0.6 0.1 = 0.4 0.2 % 0.8
N(%) 4( 1.3 6( 1.8) 4( 1.2) 5( 1.9)
PUPS FOUND DEAD OR PRESUMED CANNIBALIZED
DAY 1 N/N (%) 1/304( 0.3) 2/320( 0.6) 2/344( 0.8) 4/328( 1.2)
DAYS 2- 4 N/N (%) 1/303( 0.3) 5/318( 1.6) 3/342( 0.9) 19/324( 5.9)**
DAYS 5- 7 N/N (%) 0/302( 0.0) 3/312( 1.0)b 1/339( 0.3) 3/305( 1.0)
DAYS 8-14 N/N (%) 2/302( 0.7) 2/309( 0.6) 8/338( 2.4)** 1/302( 0.3)
DAYS 15-21 N/N(%) 0/300( 0.0) 0/307( 0.0) 0/330( 0.0) 9/288( 3.1)**c
VIABILITY INDEX d % 99.3 97.8 98.5 93.0
N/N 302/304 313/320 339/344 305/328**
LACTATION INDEX e % 99.3 98.4b 97.3 95.5¢
N/N 300/302 307/312b 330/339* 279/292**c

DAY (S) = DAY(S) POSTPARTUM

a. Dosage occurred on day 7 of gestation through day 20 of lactation.
b. Excludes values for one pup from litter 8132, which had an accidental death.
c. Excludes values for pups that were sacrificed due to moribund sacrifice of dam.
d. Number of live pups on day 4 postpartum/number of liveborn pups on day 1 postpartum.
e. Number of live pups on day 21 postpartum/number of live pups on day 4 postpartum.
* Significantly different from the vehicle control group value (ps0.05).
** Significantly different from the vehicle control group value (p<0.01).
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TABLE B12 (PAGE 3):

LITTER OBSERVATIONS (NATURALLY DELIVERED PUPS)

NDA: 022399

- SUMMARY - F1 GENERATION LITTERS

DOSAGE GROUP T 11 111 v
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 200 1000 5000
DELIVERED LITTERS WITH
ONE OR MORE LIVEBORN PUPS N 23 24 25 25
LIVE LITTER SIZE AT WEIGHING
pay 1 MEAN#S.D. 13.2 + 2.1 13.2 + 2.0 13.7 + 2.2 13.0 + 2.5
paY 4 MEAN+S.D. 13.1 + 2.1 13.0 + 1.8 13.6 + 2.2 12.2 + 2.8
pay 7 MEAN#S.D. 13.1 + 2.1 12.9 + 2.1 13.5 + 2.2 12.1 + 2.6
DAY 14 MEAN+S.D. 13.0 + 2.1 12.8 + 2.2 13.2 + 2.1 12.0 + 2.6
pay 21 MEAN#S.D. 13.0 + 2.1 12.8 + 2.2 13.0 + 3.1 11.6 + 2.8
[ 24]b [ 24]c
PUP WEIGHT/LITTER (GRAMS)
paY 1 MEAN#S.D. 6.6 £ 0.5 6.4 = 0.5 6.5 + 0.3 6.0 £ 0.6%*
pay 4 MEAN#S.D. 9.2 + 0.9 8.8 + 1.1 8.9 + 0.7 8.0 + 1.2%*
paY 7 MEAN+S.D. 13.3 + 1.5 12.4 + 1.8 12.2 + 1.5% 11.4 + 1.8%*
DAY 14 MEANS.D. 25.3 £ 4.0 24.8 + 3.6 23.4 + 3.7 21.5 = 4.2%*
DAY 21 MEAN+3.D. 39.4 + 6.5 39.5 + 5.6 37.0 + 5.3 35.1 + 6.2+
[ 24]1b [ 24]c
DAY = DAY POSTPARTUM

[ ] = NUMBER OF VALUES AVERAGED
a.
b. Excludes values for litters 8153
c. Excludes values for litter 8196;
* Significantly different from the
** Significantly different from the

Dosage occurred on day 7 of gestation through day 20 of lactation.

and 8154; litters were combined on day 21 postpartum.

pups were sacrificed on day 20 postpartum due to moribund sacrifice of dam.
vehicle control group value (p<0.05).

vehicle control group value (ps0.01).

TARLE BL4 |PAGE 1): ERCROFSY OBSERVATIONS STHHART FlL GEERFATION FOFPS
HATEFREAL DOSAGEE GROTF
HATEFSAL DOSAGE |HE NG DAY | a O | W ERICLE]
LITTFS EVALTDATED = - a4 = =
TOTAL FOPS STILLEBORS
OF, FOOED DEAD b, o = T 12 ] =3

STILLRCRE = q E 3

FOED DEAT = 3 L L

ATIDEETAL DEATE = = B = =

B HILE ©F STOHACE o IR P 1 FI -1 3 ES.S) ) 444}
FOFS SACRIFICED AND ERCFOPSIED OF DAY 30 OF 21 FOSTFMRTTH o

= 3 2 o e
= e IET 280 it
AFFRMFED EOFFAL
LITTar [BCIDENCE =i
FOF [ECIDEECE Eix)
. copage coocarred oo day T of gastatics throogh day 20 of lactatice.
B smE im which copmlats macrommiary wmre parforgssd. Conmlats macrosmiar wars mot parformsd oo pome im whiok
Lazatioe praclioctes swalomtios

=. PFefer to the iodividoal pop climdcal chesrrmaticoe tabls |Tabls BR%] for sstercal clicical chesrraticoe confirmed at cecroomy.
d. Salyeizs restricted to popr found dead acd cecropmiscd.
- for coa pop that did sot bars pressccs or abmsccs of milk stomach recorded.

for twe pome
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F, generation results

One low dose male pup was found dead on Day 3 post-weaning with his death attributed
to “failure to thrive” post-weaning. . No other male deaths were noted in the F1
generation during the post-weaning period. Two HDF,; were found dead (sponsor’s table
below); only one death was considered drug-related by the sponsor.

TARLE C% [FAEE L1): ECROFST ORSERTATIOMES STHHAET FL SEEFATION FEFRALE FATS

HATERSAL DOSAGEE GROTF I
HATERSAL DOcSAGE  |HG WG DT | o W ERICLE]

FATS EEAFICESD a =
HORTELITY =
FOTED DEAD = =
HOFIRTED SACRIFICED = L4
AFFRAEED EOFRHAL = et |
A Fefar to the iocdiwicdoal climicoal ohmesrwvaticoos table [Tables C2F|) for sctermal chmscraticos confirmsd at cecrogmy.
. Fat FETT wam Fousd dead on day 57 poarbwsamimeg.
= Fat FEF} war foumd dead oo day & portwsaniog.
-] Fat FELY war moribosd macrificsd oo day 1 porbweasing.

Fo necropsy: No adverse lesions attributable to treatment with XP13512 were found at
necropsy in any group. In males, testis and epididymis weights were similar among
groups.

F, physical development: Development was comparable across dose groups. Dose-
dependent decreased body weights were determined for all male dose groups and
decreased body weight gains were noted at >1000 mg/kg/d (males only at 1000 mg/kg/d
but both sexes at 5000 mg/kg/d). Body weights of females were not affected by treatment
except at the high dose. Overall, feed consumption in treated animals was comparable to
or higher than controls.

Unkempt coats were observed in the high dose pups (9 litters), presumably due to poor
maternal caretaking. Pup weights were decreased on LD 7 in the 1000 and 5000 mg/kg/d
groups and for the remainder of the lactation period for the high dose pups. Pup mortality
was increased in the high dose group (3, 5, 5 and 20 pups for the respective dose groups).

Sponsor table and figure:
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TARLE CI |PAGE 1L):= TESTES AND EFIDIDYTHIDES WEIGETS AED FATIOS (%) OF TESTES M9D EFIDIDEMIDES WEIGETS TO

STHAAET FL GEEFATION FHALE FATS

HATERELL DOSAGE SFOTF

FATEFSAL DOSMGE |FEE DAY = CLE] riae
FATS TESTED = 25 e 25 e
[ECLODED [H ANALYISES = = d4a = e
TEFHINAL RODT WEDEET HEEEES D B2 2 E 4% 2 SEE.T £ LT 2250 E EL_L®® 22T_4 £ =h_o=w
EFLIDODTHIDES FALIRED FEEEES D L.ED E L.24 £ 48 £
EFIDIIETHIDES FAIFED |4 HESEES.D. o.IEE £ S.TEF £ O.00E O 380 £ o008 D30T £ 0036
TESTES FAIRED FEREES D J.EL £ 0 S 32T E 03B 244 = 0 _ 28
=1 [-]
TESTES FAIRED (%) FEEEES D Sk £ O.OTE DLESD £ OO C.ESE £ O.OBEF
L=
A&LL ERIGETS NEFE FECORDED [E GRAHS [GE) .- FATTOS (6] = |OFGEE WELEET/TIFHIEAL BODE ERIGET] X LO0.
[ I = BOFEEF. OF WALDES AWVEFRAGD
A moloday raluear for rat B4, which war fouomd desd oo day 1 portesa
B ey raluaw for rat BEL whach Pad aboormal orpase |weicht aftectas) .
=. Feclodas valuss for rates ® amd WS o Which Rad tha tastes damaoed |wespht affected) o
LA ! sficantly diffareant from tha webicls cootrol groos ralus [ELO.05)
EE Sigmaficantly differsst from the webicle cootrol groos walos (S0 0010 .
TRELE <% (PRGE 1): BODY WELGET CEAMGES - PRECOEAEITATION - SIMMARY - F1 GEMEREATION FEMALE EATS
MATEFMAL DOEAGE SROUE 1 L1 111 v
MATERMAL DOQEAGE (MG SRGDRT ) L (VEEIZLE) 200 1oon SO0D
FATE TEETEDR N 25 25 25 25
INELUNDED LM ANMALYEES N 2da 25 25 Zda
EODY WELGET CERNMGE (G)
pprE L - B MEMNLE. [ +13.1 1 5.2 +3.6 1 5.0 +12.5 & 1.6 +10.4 L d4.D%
pprE B - 1S MEMNLE. [ +41.% 1 5B +421.5 1 5.5 +42.4 L 1B +1E.2 L+ 5.5%%
paYs LS - 22 MEANLE. [ +0.5 t 4.5 +3B.7+ 5.2 +A0.7 £ 5.0 +15.3 ¢+ E.1
paYs 22 - 1% MEANLE. [ +16.2 & 6.1 +2B.6 £ 5.2 +26.5 £ &0 +26.0 & BB
DaYs 2% - 16 MEANLE. [ +23.4 £ 4.2 +22.6 1+ E.7 +24.2 + 6.6 +22.8 £ 5.3
DaYE 36 - 43 MEMLE. [ +20.1 £ 5.7 +15. 8+ T.D +16.2 + 5.5 +1E.5 + 7.4
parYs 43 - B0 MEANLE. [ +17.% ¢+ 7.6 +17.5 ¢ 5.1 +1EB.0+ E.2 +15.7 + 6.4
DaYs S0 - 57 MEANLE. [ +11.2 + &6 +7.2 10 130 +E.E L 6.1 +5.1 t BB
[ 23]la
parYs BT - 64 MEMLE. [ +9.8 & 5.3 +131.4 & 12.0 +10.8 £ £.5 +10.2 £ E.5
[ 23]la
paxYsE 64 - Tlb MEMLE. [ +11.2 & 6.7 +11.4 + 7.0 B0 T.6 +5.3 0+ 7.4
[ 2i]la
pars 1 - Tlb MEMLE. [ +236.4 & 20,8 +236.2 + 20.2 +230 .8 £ 21.3 +220.6 £ 27,6
[ 2i]la
Ly 1 -
FEECOEABLTAT ION o MEMNLE. [ +243.0 ¢ 21,7 +21421.6 ¢ 318 +2135.1 L 22,7 +225.7 & 27.1
[ 23]la

LY (5] = DAY (S) POSTWEANMING

[ ] = MMEER OF VALUES AVERAGED

a. Excludes valves for rats that were found dead or moribund sacri ficed.

b. Because body weight values were mecorded at weekly intervals, based on sach rat's day postweaning, day 71 postweaning was
the last day on which the youngest rats had a body weight value recorded before cohabitation.

=. Precohabitation body weights were recorded on the day cohabitation began for the Fl generation rats; at that time these rats
were 51 to 57 days of age.

* Zigrificantly different from the vehicles control group value (pob.DE) .

*v  Zigrificantly different from the vehicle control group values (psD.0L) .
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TAELE <10 (BAGE 1) : MATEFMAL BODY WEIGETS - GESTATION - SUMMARY - Fl1 GENEEATION FEMALE EATS

MATERMAL DOSAGE GROUP [ v
MATERMA L DOEAGE 1000

EATE TEETEDR

FEERANT n 1% 24 22
MATEFRMAL BODY WELGET (G
Ly o MEAMLE. [, BT, &+ 26.4 280,.2 £ 29,0 + 2.3 2E0.4 £ 25 1w%
L 7 MERNLE. [, L 7.7 L 3.5 DLl L 15,6 297.6 £ 29 5%
vy 1o MEAMLE. [, t 24,7 3208 + 3ID.8 2.1 + 2.5 INT.L & ID.Eww
by 14 MERNLE. . 3373 4 24,8 AEL.E L 4.2 4.0 L 20.7 BB L 31.2w%
oy 17 MEAMTE DL 391.2 £ 2613 2.1 + IR .6 TR+ 210 IG0.0 £ 32 _Dww

[Fh g

MEMMLE.
LAY = DAY OF GEETAT LON
vdes values for rats that were found dead or moribund sacrificed before gestation.
des values for rat %645, which did not have a confimmed mating date.
* Sigrificantly different from the vehicle control group valus (peD. 0L .

TAELE CE (PAGE 1): BOLDY WELGETE - PEECOEABLTATION - SIBMMARY - F1 GEMEREATLION FEMALE EATE

MATERIL L DOSAGE i 1
MATERILL DOSAGE (MG JKG LY ) L IVEHICLE)
FEiTE TESTELDR M 25
EOLY WELGET (4G
Y 1 MEAMES. . 12.2 £ 5.6 42.3 ¢+ 7.0 qn.l 4.6 36.1 &+ GgAw
Y B MEAMES. . T75.5 &+ 8.1 TE.8 & 103 Tr.E £ B.D GG & 10.0%w
[ 2d]a [ 24]a
DAy 1% MEAMES. . 11B.4 & 13,2 11%.4 ¢ 13.2 1150 v EBE.1 1051 & 14, 38w
[ 2d]a
ay 22 MEAMES. . 1%8.% &+ 13,6 15B.1 + 14.7 155.7 + 9.8
[ 2d]a
Day 29 MEAMES. . 1ES.1 &+ 14.6 IBE.T &+ 17.1 182 .2 + 12.5
[ 2d]a
pay 36 MEAMES. . 2HB.5 + 16.4 aps. 1+ 19.9 ME.4 £ 13.3
[ 2d]a
Day 43 MEAMES. . 22B.6 £ 17.7 2251 + 4.6 225.6 + 16.8
[ 2d]a
Day 50 MEAMES. . 246.5 + 15, B 246.6 + A0 .0 243.5% + 1B .8
[ 2d]a
oy 57 MEARMES. . 2577 + 18.4 253.8 + 20.0 252 .1 + 19.8 2k
[ 2d]la 2
Day G4 MEARMES. . 2ET.6 & 15,0 267.2 & A .6 S+ 0.8 25 gww
[ 2d]la a
pay  Tln MEARMES. . 2TR.B + 21.4 278.6 + 31 .8 270 .8 £ 20.3 29 gk
[ 2d]la a
FEECOEAEBL TAT IO o MERNLE. . JES. 4 + 22,4 JE4.% & 355 2751 ¢ 21,6 29 [ww
[ 2d]a [ 23]a

LAY = DAY POSTWEARNLE

[ 1 = MIMEER OF VALUES AVERAGED
a. sdes valves for rats that were found dead or moribund sacrificed.
b. e body weight values were recorded at weekly intervals, based on sach rat's day postweaning, day 71 postweaning was

the last day on which the youngest rats had a body weight value recorded before cohabitation.

o. Precohabitation body weights were recorded on the day cokabitation begarn for the F1 gereration rats; at that time these rats
were 93 to 97 days of age.

v#  Bigrificartly different from the vehicle contral group valuee (p=0. 013 .
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BODY WEIGHTS
F1 GENERATION MALE RATS

Figure 2
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Sponsor table:
TAELE C14 (FRGE 1):!: SENAL MATTRATION - SIMMARY - F1 GENERATION RATS

MATERNAL DOSAGE CROUP 1 1T I11 I
MATERNAL DOSACE MGE/KG/DAY) I {VEHICLE) 2040 10404 5004
MALE RATS H 15 dda 15 15
FREFUTIAL
SEFABATION & MEANIS.D. 45,8 1 2.3 qe.2 & 2.8 49.% 4+ 2.0 47.1 4+ 2.1
FEMALE PBATS ] 24a 25 25 24a
VASINAL FATENCY o MEANLIS.D. 1.2 ¢ 1.k 1.2+ Ik 33,8 & 1.5 ]| HE 2.2

a. Exucludas valuas for rats that wers found dead oF moeribund sacrificed,
L., Avarage day postpartum that the prapuce was chaservad to Da saparated,
. Rvarage day pestpartum that tha wagina was obsarwd o ba patant,

F, behavioral evaluation: No adverse effects of treatment were found on learning,
memory or response inhibition as tested in the passive avoidance or water maze testing.

F, reproduction: No adverse effects of treatment were found at any dose and mating and
fertility were comparable across groups. C-section and litter parameters were not
adversely affected at any dose.

Sponsor tables:
TRELE C21 (FAGE 1): MATING AND FERTILITY - SUBMMARY - F1 CENERATION MALE HRATS

MATERNAL DOSAGE CGROUF I 11 I11 v
MATERNAL DOSAGE (4G RG/DAY) 0 (VEHICLE) 200 1044 5004
BATI IN COHREITATION L1 24a 24n 5 2ia
CRYS I COHREITATION d.a BEANLIS.D. 114 248 3 2,84 1.8 .04 1.0
BATI THAT MATED & M) 21¢ 87.5) 220 95,8
FERTILITY INDEX &9 HOW 17/

(L} i B1.0)

BATS WITH CONFIRMED
MATING [ATES ] 21 23 5 22

MATED WITH FEMALE h
LAYE 1-7 Hiv) 15¢ 80,5 23(100.0% 249 e, M
DAYE B-14 N 20 5.5 ag 0.0y 10 4.0

RATHE FREGHANT/RATI IN
COHAEITATION 17724
£ 70.8) i1

a. Excludas valuas for rats that werd not assignad to cohabitation dus to ne awmilabla famala rat,

e

. Excludes valuas for rat 9542, which was found dead on day 3 postwaaning.

£. Excludes valua for rat 9 which did mot have a confirmed mating data.

d. Rastrictad to rats with a nfirmad maring darta and rats that did not mata,

a. Ingludes enly ong mating for aach mala @at,

T, Numbar of pregnancias/numbar of rats that matad.

g. Includes enly ona praquancy for @ach rat that impregnated mora than one femala rat.
h. Rastricead to rars with a confiemad mating data,

-

+ Significantly diffarant from tha wehicle contrel group valua (pS0.01).
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BRMARY - F1 CENERATION FEMALE FATS

1 I1I
(VEHICLE) 1044
HATS IN COHABITATION H da
ODRYS IN COHREITATION & BEANLS.D. 4.8 1 5.2

HATZ THAT MATED

FERTILITY INDEX o

HATS WITH CONFIRMED
MATING [ATEZ ] 24 4 5 23

MATED BY FIRST MALE &
244
10

HATS FRECHANT/RATE IN
COHRBITATION

a. Excludas values for zats that were found dead or moribund sacrificed.
L. Reatricted to rats with a confizmed mating date and rats that Jid not mata.
2. Excludas value for rat S6d5, which 4id not have a confirmed mating data.

d. Humdasr of pregnanclesfumbs: of rats that mated.

a. Festricted fo rats with a confirmad mating data.

#*  Zignificantly diffarent from tha vahicla control group valua (psd

1j: CRESAREAN-SECTICNING CESERVATICNS - SUMMARY - F1 GENERATICN FEMALE RATS

I
0 (VEHICLE)
RATE TESTED 2da
FREGHANT ] k)]
FATE FREGHANT AND
CRESARERN-SECTIONED
CH DRY 21 OF GESTRTION ] 1% 250 23 21
CORFORA LUTER MEANAS . D 17.14 1.8 4.1 1.6 1 2.4 16.1 1 1.7
IMFLANTATICNS MEANLS. D 1.3 1 1.7 16.3 1 4.1 5.5 4 2.1 1.7
LITTER SIZER MEANLS.D. 1564 1.5 156 1 4.1 1.4 4 2.0 14.3 1 2.4
LIVE FETY 1497
15,64 1.8 4.1 1k 2.1 1.4
LEAD FETT H a ] a ]
RESORFTIONG MEANLE. D, 0.e ¢ 0.8 0.7 ¢ 1.0 0.4 &4 0.7 0.5 ¢ 1.5
EARLY RESCRPTIONS L] 11 18 R 20
MEANAS . D 0.e ¢ 0.8 0.7 ¢ 1.0 0.4 4 07 0.5 ¢ 1.4%
LATE REZCRFTIONS H 1 0 0 0
MEANLE. D, 0.0+ 0.2 0.0+ 0.0+ 0.0 0.0+ 0.4
DAME WITH ANY RESORFTIONE N i 47.4) Hi 3d.8)

DAME WITH ALL COMCEPTUSER
RESCREED

cod b
firmad mating data.

g that wera found dead
dam 964%, which did not have a ¢
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F, findings: No treatment-attributable necropsy findings were reported.

Sponsor tables:
TARLE T2} |FAGE 1): CARSARSAS-SECTIONIEG ORSEFRVATIORS - SUMFARYT - Fl GEEGFMTTON FREFALLE FATS

FATEFEAL DOSAGE GROTF
FATEFEAL DOSAGE [HG/ G DAT|

PREERET EIET] LRl TR.3) FENGT- W] 2% w20 22 LTy

FATS FREGSMET AED

RSN - SECT T OSED
OF [HE 21 OF GESTATION = ] FE F& ] 22
CORPRA LOTRA HEASES . D 1T.1 & 1.8 1T, 2 4D LE.E £ 2.4 LE.1 & 1.T
THFLESTATIONS HEASES D 1E.3 £ 1.7 LE.3 £ 40 (L - ] 152 1.7
LITTER SITES HEASES D ik 2 LB FETR I I ] i e 20 4.3 2.4
LIVE FETOSES = 28T o] 3as s
HEASES . D 15k 2 L. 15 £ AL 1548 20 4.3 8 2.4
EAD FETOSES = [-] -] [-] -]
FESCRPTICES HEASES . D okt 0.8 e.T+ 1.8 .42 0T o E L%
FARLY FESORPTIONS = 1 s -] -]
HEASES D - - a.T e 1.8 - - bt L.#
IATE RESORPTIONS = i -] & -]
HEASES . D .0k 0.2 - N e E O00 e.0 & o.8
DAHS WITH ANT FESORPTIONS  H(|#] Bl AT 4) L3 528 B 48] (RN

DAFS BITHE ALL COECEFTOUSES

FESOFRED EIET] &1 &.8) &) B8] &1 &.8) &) B.8)
DAMS METH YIARLE FETOSES EIET] (L TR FENGT- W] FL TR 2311805
FLACENTAE APPEMASED BORHAL  |#) (L TR FENGT- W] FL TR 2311805

4. Fecludes wvaluss for rats that wers fousd dead or meribosd sacraificed befors gestation.
B. eoludar wvalusr for cam WAL, whoich dic oot bavs 4 confireed matomg cate.

TARLE C24 |FAGE 1]: LITER CESERTATIONS |CARSARSAE-DELITEFSD FRTOSES| - SURHART - Fi1 GEEFRATION LITTRRS

HATEFEAL DOSALE W TF L 44 IIt IV
HATEFEAL DeOSAGE  |HGTE DAT) o |VERICLE] 20 [R== =) o

LITToS NITE OEE OF

HOFE LITE FRETOSES = L¥ 25a 3 23
[HFLEETAT IOES FEAEES . D LE.3 & L.T LE.3 & 4.0 1=.% & 2.L 12.2 & L.T
LITE FETOSES = ZFT HE L) s 1)

HEAEES . D 126 £ L.¥ L2k & 4.1 124 £ 2.0 L4.3 £ 2.4
LIWE HALE FETOSES = LET LE2 LEE 158

& LIEE FALE
FRTOSES ' LITTER FEASES . Do =x.& £ D.2 =4 £ I3 4T.2 £ LO.8 =¥ E LD

LIWE FETAL BODT EEIGETS

|EFARS ] S LITTRE. HEAEES Do 2.2 £ WLl 233 £ 0. 2 ITE oW1
HALE FRTTIES FEAEES . D =308 O3B =40 £ Q.00 =41 £ OUXF
FRHALE, FRTOSES FEASES . Do =11 £ ©.3F =02 £ Q.36 =0T £ O

& FESOESED
COECEFTOSES ' LITTRR FEAEES . D =3 2.k £ 4.0 L. b

[ [ = BOHEEF. OF VALTES AWVERAGD

a. oloder valuas for Litter REAL; the dam Qid oot bave a coofirmed maticg data.
B. Facludes valuss for luitter RE4S; the dam did oot bawe A coofirmed matiog dats.
=. lattar FEIT Rad co feoals Fatuomss.
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2.6.6.7 Local tolerance

Three studies were conducted to assess local tolerance:

1) LZ33462: L ocal Lymph Node Assay in the Mouse; Study #ED2008/00056/00 or
0102/0580

2) Primary Dermal Irritation/Corrosion in Rabbits; Study RD2008/00150/00X P063
or MB 05-13881.03

3) Primary Eyelrritation/Corrosion in Rabbits; Study RD2008/00151/00 or MB 05-
13881.04

L Z33462: Local Lymph Node Assay in the M ouse; Study #ED2008/00056/00 or
0102/0580; study initiation was 8/20/07.
This study was performed by
compliance with the SOPs for the laboratory and in compliance with OECD GLP
standards.

(b)(4) .
m

A preliminary screening test was conducted at 50% w/w applied daily for 3 days. For the
definitive test, 25 uL/dorsal ear surface of CBA/Ca mice (N=4/dose) were treated with a
solution of 0% (vehicle), 10%, 25% or 50% w/w XP13512 (Lot 58 at 100.6% purity) in
dimethyl formamide. Three days later, the mice were treated i.v. with *H-methyl
thymidine (20uCi). All animals were euthanized 5 hrs later and the auricular lymph
nodes were excised and pooled. Amounts of radioactivity were assessed via liquid
scintillation counting. This laboratory considers a test positive if there is a 3x increase in
radiolabel (“Stimulation Index”’) compared to concurrent controls.

Results: The “Stimulation Index” (mean radioactive incorporation/dose divided by the
mean radioactive incorporation of the controls) was negative for all groups (0.98, 1.86
and 1.35 for the respective dose groups).

Sponsor table:

Table 2 Disintegrations per Minute, Disintegrations per Minute/Node and
Stimulation Index
Concentration b
(% wiw) in dpm dpm/Node 3 Stimulation Index Result
dimethy! formamide |
Vehicle 5936.74 742.09 na na
10 5822.22 727.78 0.98 Negative
25 11036.27 1379.53 1.86 Negative
50 8019.12 1002.39 1.35 Negative

Under the conditions of this assay, XP13512 is a non-sensitizer.
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Primary Dermal Irritation/Corrosion in Rabbits; Study RD2008/00150/00XP063 or

MB 05-13881.03
This study was conducted by @9 and was
conducted in compliance with EPA GLP regulations and was initiated on 9/12/05.

Two male and 1 female NZW rabbits were treated dermally with 0.5 gms of XP13512
(Lot 9) (intact skin) and the sites were covered for 4 hrs. Evaluations were made 1 hr and

24, 48 and 72 hrs later.

Results: Neither erythema nor edema was seen at any time point. Thus, XP13512, under
the conditions of this study, is not considered a dermal irritant.

Primary Eyelrritation/Corrosion in Rabbits; Study RD2008/00151/00 or MB 05-

13881.04
This study was conducted by @9 and was
conducted in compliance with EPA GLP regulations and was initiated on 9/06/05.

Two male and 1 female NZW rabbits were treated into the conjunctival sac of one eye
with 0.46 gms of XP13512 (Lot 9) and the sites were covered for 4 hrs. Evaluations
(Draize methodology) were made 1 hr and 24, 48 and 72 hrs later.

Results: Fluorescein stain was retained in all treated eyes at 24 hrs post-dosing but no
corneal opacities were appreciated. The conjunctiva was irritated in all animals by 1 hr
post-dosing and cleared by Day 7. Thus, XP13512, under the conditions of this study, is
a mild ocular irritant.

Sponsor table:

Table 1 Ocular Findings and Systemic Observations .
An#fSex  Item Tissue Reading Hour 1 Hour 24 Hour 48 Hour 72 Day 7
G7910/M A Cornea Opacity 0 0 0 0 0
B Area 0 0 0 0 0
L. Total={ AxB)x5 0 0 0 0 0
C  Iris 1] 0 0 0 0
2. Total=Cx5 o] 0 0 0 1]
D Conjunctiva Redness 2 2 I 1 0
E Chemaosis 3 2 2 1 0
F Discharge 2a 1 1 1 0
3. Totml=(D+E+F2 14 10 8 6 0
Total=1+2+3 14 10 B ] 0
Systemic Observations A A A A A
Sodium Fluorescein 1 n

2.6.6.8 Special toxicology studies Not applicable

2.6.6.9 Discussion and Conclusions
See Summary of Nonclinical Studies

139



Reviewer: Terry S. Peters, D.V.M.

2.6.6.10

Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY

NDA: 022399

Table 1. Toxicelogy Overview Test Article:
Type of Study Species Ne./ Methed of Salt Dose(mg/kg/day) Duration of GLP Testing Report No. L
(strain) Group  Administration Ferm  or Concentration Dosing Faeility [Study Neo.) I
Single dose toxicity
Single dose Rat 3MIBF Qral 497 1000, 2000, 5000 Single No ®)®) rp2007/01519/00
(Wistar) (gavage) (XP00Z)
Singla dose Rat SMISF Qral 512 2000, 5000 Single Yes RD2007/01897/00 1
(Wistar) {gavage) (XPOT9)
Maximum Monkey 1MIMF Qral 497 250, 500, 1000, Single No RD2007/01520/00 1
tolerated dose (cynomolgus) {gavage) 2000, 3500, 5000 (XP003)
512 1000, 2000
Single dose Maonkey 1MIF Oral 512 2000, 5000 Single Yes RO2007/01698/00
(cynomolgus) {gavage) (XP080)
Repeat dose toxicity
Dose range Rat BMISF Qral 512 500, 2000, 5000 T days Mo RD2007/01519/00 1
finding (Wistar) (BM/BFTX) {gavage) (XP002)
Repeat dose Rat 10MM0F Oral 512 500, 2000, 5000 2 weeks Yes RD2007/01699/00 1
toxigity (Wistar) (BMIBFTY) {gavage) (XPOOT)
Repeat dose Rat 10M10OF Oral 5i2a 500, 2000, 5000 2 weeks Yes RD2007/01525/00
toxicity (Wistar) {gavage) (XP038)
Repeat dose Rat 10M/M0F Oral 5122 500, 2000, 5000 2 wesks Yes RD2007/01529/00
toxicity (Wistar) {gavage) (XPD43)
Repeat dose Rat 15MI15F Oral 512 500, 2000, 5000 13 weeks Yes RO2007/01523/00 1
toxigity (Wistar) (15M/15FT) (gavage) [XP025)
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Repeat dose toxicity (continued)
(b) (4)

Repeat dose Rat 2OMI25F® Oral 512 500, 2000, 5000 Bweeks  Yes RD2007/01526/00
taxicity (Wistar)  [12MM2F™)  (gavage) (XP04k)
Dose range Mankey 2Mi2F Oral 512 500, 2000 T days Mo RD2007/01520/00
finding (cynomolgus) (gavage) (XP003)
Repeat dose Mankey IMIGF Oral 5§12 250,750, 2000 2 weeks Yes RD2007/01521100
taxicity (cynomalgus) (gavage) (XP008)
Repeat dose Monkey AMi4F Oral 512 500, 1000, 2000 13weeks  Yes RO2007/01524/00
toxicity (cynomolgus) (gavage) (XP028)
Repeat dose Mankey eMIBFe Cral §12 50,1000, 2000 39 weeks Yes RD2007/01328100
taxicity (cynomalgus) (gavage) (XPO4T)
Genotoxicity
Ames test S tyohimunum - NA In vitro 312 33310 NA Yes RD2007/01432100
E coli 5000 pg/plate (XP014)
Ames test S typhimunum — NA In vitro 52 33to NA Yes RD2007/014%100
E col 5000 pglplate (XP023)
Ames test S typhimunum - NA In vitro Ve 33310 NA Yes RD2007/01430/00
E col 5000 pgiplate (XP048)
Chromosomal Human NA In vitro 912 240 3500 pgiml NA Yes RD2007/01489/00
aberration assay  lymphocytes (XP013)
Micronucleus Rat BM Oral 512 500, 1000 Single Yes RD2007/01488100
assay (Wistar) 19 (gavage) 2000 (XP015)

Genotoxicity (continued)

Unscheduled Rat M Qral 512 500, 1000, 2000 Single Yes RD2008/00149/00
DNA synthesis (SD) (gavage) (XP082)
Carcinogenicity
Dose range Mouse 10MA0F Oral 512 500, 2000, 5000 7 days Mo RD2007/01522/00
finding (BBC3FT)  (30MA3OF™)  (gavage) (XP023)
Pre-oncogenicity ~ Mouse 15MI1aF Oral 512 500, 2000, 5000 13 weeks Yes RD2008/00324/00
(BBC3IFT)  (38MIIBFT™)  (gavage) (XP024)
Carcinogenicity ~ Mouse  G6OM/BOF Oral 512 500, 2000, 5000 2 years Yes RD2008/00345/00
(BBC3F1) (gavage) (XP030)
Carcinogenicity Rat G0M/B0F Oral 512 500, 2000, 5000 2 years Yes RD2008/00347/00
(Wistar) (gavage) (XP031)
Reproductive and Developmental Toxicity
Fertilify Rat 25M Qral 512 200,1000,5000  dweekspriorfo  Yes RD2008/00147100
(SD) (cavage) cohabitation through (XP035)
cohabitation
25F 2 weeks prior to
cohabitation through
Day 7 pc
EFD (DRF) Rat 8F Qral 512 200,500,1500, 5000 DaysTtol7pc  Yes RO2007/01534/00
(3D (gavace) (XP031)
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Reproductive and Developmental Toxicity (continued)

(b) (4)
EFD Rat 25F Oral 512 200,1000,5000 DaysTto17pc Yes RD2006/00144/00
(D} (6FT%) (gavage) (XP032)
EFD (DRF) Rabhit oF Oral 512 200,500, 1500, 5000 Days Tto19pc  Yes RD2008/00143/00
(NZW) (AF™)  (stomach tube) (XP033)
EFD Rabhit 20F Oral 512 200,500,200 Days7to19pc  Yes RD2008/00148/00
(NZW) (F™)  (stomach tube) (XP034)
Peri- & postnatal Rat 25F Oral 512 200, 1000, 5000 Day7pcto  Yes RD2006/00148/00
development (D} (gavage) Day 20 pp (XP036)
Local Tolerance
Dermal imtancy Rabbit 2MI1F Topical 12 03y Single Yes RD2008/00150/0
(NZW) (XP083)
Ocular imtancy Rabbit 2MNF Placedinthe 512 46 mg Single Yes RO2008/00151/00
(NZW) conjunctival sac (XP0&4)
Local lymph node Mouse 4F Topical 512 10%, 25%, 50% Single Yes ED2008/00056/00
assay {CBAICa) (0102/0580)
Other Toxicity Studies
Stability Human whole NA In vitro 912 1500, 4500 uM A No RD2006/00754/00
blood (XP020}
Genatoxicty NA MNA In vitro 11 0510 1500 pglplate MA Yes ED2008/00053/00
(impurities) (Ames) (0102/0556)
Other Toxicity Studies (continued)
Genotoxicity NA MA In vitro 1 5010 5000 uglplate NA No WD2008/0053000 md2376
(impurities) (Ames) (Ames-182)
Genotoxicity HA NA In vitro 12 50105000 nglplate NA Yes ED2008/00070/00 md.2.376
(impurities) (Ames) (0102108¢7)
Genotoxicity NA MA In vitro 13 15105000 pg/plate NA fes CD2008/0056%/00 md 2376
(impurities) (Ames) (0102/0618)
Chemical stahility NA MA In vitro M2 M N& No RD2008/01160/00 md23.76
ant
Metabolic stability Human liver & (XPO36)
intesfinal 53
Key: Tacting Farilit () (4)
50 = Sprague Dawley. M = Male
MZW = New Zealand white. F = Female.
497 (b) (4) MA = Not applicable.
512 pe = post cotum.
= PP = post parum.
2= EFD = Embryofetal development.
13= DRF = Dose rangs finding.

4=

TK = Additional animals included for toxicokinetic investigations only.

8. Used batch containing potential impurities for qualification purposes.

b.  Three to five animals/sex/group were maintzined to evaluate a one month recovery period.

. Two animals/sex/group were euthanized at 26 weeks for interim necropsy. An additional 2 animals/sexfgroup were included in the control and 2000 mg/kg/day group 1o evaluate 3

nina manth reomucrs rorind
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Table 2. Toxicokinetics Overview of Toxicokinetics Studies Test Article:
Type of Study Test System Method of Doses (mg'kg) GLP Report L
Administration Compliance  (Study Number) [
Maximum tolerated dose Monkey Cra 250, 500, 1000, 2000, No RD2007/01520/00
(cynomolgus) (gavage) 3500, 5000° [XP003)
1000, 2000
Singls doze Monkey Oral 2000, 5000 Yes RD2007/01698/00
{cynomolgus) (gavage) (XPOEO)
Dose range finding Rat Ora 500, 2000, 5000 No RD2007/01512/00
(7 days) (Wistar) (gavage) [XP002)
Repeat dose toxicity Rat Ora 500, 2000, 5000 Yes RD2007/0165%/00
(2 weeks) [Wistar) (gavage) (XPOOT)
Repeat dose toxicity Rat Qral 500, 2000, 5000= Yes RO2007/0152500
(2 weeks) (Wistar) (gavage) [(XP028)
Repeat dose toxicity Rat Ora 500, 2000, 5000~ Yes RD2007/01529/00
(2 weeks) (Wistar) (gavage) (XPD43)
Repeat dose toxicity Rat Ora 500, 2000, 5000 Yes RD2007/01523/00
(13 wesks) [Wistar) (gavage) [XP023)
Repeat dose toxicity Rat Qral 500, 2000, 5000 Yes RD2007/01526/00
(26 wesks) [Wistar) (gavage) [XPD48)
Diose range finding Monkey Oral 500, 2000 Mo RD2007/01520/00
(7 days) {cynomolgus) (gavage) [(XP003)
Repeat dose toxicity Monkey Ora 250, 750, 2000 Yes RD2007/01521/00
(2 weeks) (cynomolgus) (gavage) [XPD08B)
Repeat dose toxicity Monkey Ora 500, 1000, 2000 Yes RD2007/01524/00
(13 weeks) (cynomolgus) (gavage) [XP028)
Repeat dose toxicity Monkey Ora 250, 1000, 2000 Yes RO2007/0152800
(39 wezks) (cynomelgus) (gavage) (XP047)
Carcinogenicity Mouse Ora 500, 2000, 5000 No RO2007/01522000
(T day dose range finding) (B3C3F) (gavage) (XP023)
Pre-oncogenicity Mouse Ora 500, 2000, 5000 Yes RO2008/00324100
(BICIFY) (qavage) (XP024)
Embryofetal development Rat Ora 200, 1000, 5000 Yes RO2008/00144100
(Spragus Dawley) (gavage) (XP032)
Embryofetal development Rahbit Ora 200,500, 1500, 5000 Yes RO2008/0014500
(dose range finding) (New Zealand white) (stomach tubs) (XP033)
Embryofetal development Rahbit Ora 200, 500, 2500 Yes RO2008/00148/00
(New Zealand white) (stomach tubs) (KP034)

OVERALL CONCLUSIONS AND RECOMMENDATIONS

See Executive Summary

Recommendations: The sponsor has conducted an exhaustive battery of tests for this pro-

drug of gabapentin. In most instances, the toxicologic profile is identical or essentially
similar to that found for gabapentin. The human risk assessment for the product needs to

take into consideration the potential renal ramifications and pancreatic toxicity and
tumors noted in the rat studies.
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Appendix/attachments

Executive CAC
Date of Meeting: August 4, 2009

Committee:  David Jacobson-Kram, Ph.D., OND IO, Chair
Paul Brown, Ph.D., OND IO, Member
Todd Bourcier, Ph.D., DMEP, Alternate Member
Lois Freed, Ph.D., DNP Supervisor
Terry Peters, D.V.M., DNP Presenting Reviewer

Author of Draft: Terry Peters

Thefollowing information reflects a brief summary of the Committee discussion
and itsrecommendations.

NDA #22399
Drug Name: O (proposed name)
Sponsor: GlaxoSmithKline

Background: @@1™ 5 a novel prodrug of gabapentin intended for treatment of
moderate to severe primary Restless Legs Syndrome.

The test article was not genotoxic in the in vitro Ames test, the in vivo micronucleus or
the in vivo/in vitro UDS assay, but it was positive in the in vitro chromosomal aberration
assay in human lymphocytes. The positive finding was attributed to in vitro release of
acetaldehyde during the R

The protocols for the lifetime carcinogenicity studies in mouse and rat were reviewed by
the ECAC on 5/3/05 and the Committee concurred with the sponsor’s proposed doses for
both studies.

Rat Carcinogenicity Study

Wistar rats were treated for up to 104 weeks with 0, 500, 2000 or 5000 mg/kg/d of
XP13512 in Tween 80 and methylcellulose by oral gavage. The 2000 and 5000 mg/kg/d
males were terminated early (Weeks 97 and 90, respectively) due to exacerbation of
chronic progressive nephropathy. Females were not similarly affected. There was an
increased incidence of pancreatic acinar cell hyperplasia, adenomas, and adenomas +
carcinomas in both sexes at 5000 mg/kg/d and in males at 2000 mg/kg/d. The study
appears to have been appropriately conducted and the mid and high doses elicited toxicity
as well as tumors. Thus XP13512 is considered a carcinogen in rats under the conditions
of this study.
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Combined Pancreatic L esionsin Rats Treated with XP13512 for Up to 104 Weeks

Males Females
Dose 0 500 2000 5000 0 500 2000 5000
(ma/ka/d)
Hyperplasia, | 11 1 8 0 11 3 17 10
acinar; min-
mild
Mod-severe | 3 0 2 1 3 1 3 4
Acinar 2 4 4 8 0 0 0 3
adenoma
Acinar 0 0 1 1 0 0 0 1
carcinoma

Mouse Carcinogenicity Study

B6C3F,/Crl mice were treated with XP13512 in Tween 80 and methylcellulose by oral
gavage at 0, 500, 2000 or 5000 mg/kg/d for up to 104 weeks. Decreased survival was
found in mid (83% compared to controls) and high dose (83% compared to controls)
males; however, a sufficient number of animals survived to scheduled termination to
consider the study valid. Body weight was increased in the high dose males and females,
compared to controls. No other significant adverse effects of treatment were found other
than a minimal to mild exacerbation of age-related axonal/ myelin degeneration of the
sciatic nerve found in mid dose females and both sexes at the high dose. No drug-related
increases of any tumor type were found in this study.

Executive CAC Recommendations and Conclusions:
Rat:

e The Committee concluded that the study was adequate.

e The Committee found that the study was positive for carcinogenicity, noting
increases in pancreatic acinar cell hyperplasia, adenomas, and adenomas +
carcinomas in males at 2000 and 5000 mg/kg/d and in females at 5000 mg/kg/d.

e A survival adjusted statistical analysis of tumor incidences is pending.

Mouse:
e The Committee concluded that the study was adequate and negative for
carcinogenicity.
e A survival adjusted statistical analysis of tumor incidences is pending.

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

cc:\

/Division File, DNP
Freed/Team leader, DNP
Peters/Reviewer, DNP
Connor/CSO/PM, DNP
/ASeifried, OND IO

145




Reviewer: Terry S. Peters, D.V.M. NDA: 022399

Executive CAC
May 3, 2005

Committee: David Jacobson-Kram, Ph.D., HFD-024, Chair
Joseph Contrera, Ph.D., HFD-901, Member
Abby Jacobs, Ph.D., HFD-024, Member
Adebayo Laniyonu, Ph.D., HFD-160, Alternate Member
Lois Freed, Ph.D., HFD-120, Supervisory Pharmacologist
Ed Fisher, Ph.D., HFD-120, Presenting Reviewer

Author of Minutes: Ed Fisher

The following information reflects a brief summary of the Committee discussion and its
recommendations. Detailed study information can be found in the individual review.

The committee did not address the sponsor's proposed statistical evaluation for the 2-yr
carcinogenicity bioassays, as this does not affect the sponsor's ability to initiate the bioassays.
The sponsor may seek guidance on the statistical evaluation of bioassay results from agency
staff separately. Data files should be submitted electronically following section E of the 'Guidance
for Industry, Providing Regulatory Submission in Electronic Format, New Drug Application.'

IND #: 71,352
Drug Name: XP13512
Sponsor: XenoPort

Background:

XP13512 undergoes enzymatic hydrolysis to form gabapentin, acetaldehyde, isobutyric acid, and
carbon dioxide. Gabapentin is excreted essentially unchanged in humans as well as B6C3F1
mice and Wistar rats. XP13512 was negative in the Ames and rat micronucleus tests, but positive
in human lymphocytes (attributed to the acetaldehyde byproduct). Gabapentin was negative in
the genotoxicity battery.

Mouse carcinogenicity study protocol and dose selection

Doses proposed for the carcinogenicity study in B6C3F1 mice were based on the results of a 13-
week mouse (B6C3F1; 15/sex/group) toxicity study with doses of 0, 500, 2000, and 5000
mg/kg/day (oral gavage; 20 mL/kg). No treatment-related effects were observed on any of the
parameters evaluated during the study. Body weights were generally higher in both sexes at the
MD and HD compared to C, but this was not considered toxicologically significant.

The proposed HD of 5000 mg/kg XP13512 was considered a maximum feasible dose based on
the combination of the maximum technically feasible daily oral gavage volume of 20 mL/kg/day
and the maximum technically feasible concentration of the dosing formulation of 250 mg/mL (20
mL/kg/day X 250 mg/mL = 5000 mg/kg/day). At this concentration, the dosing formulation was
described as a thick, viscous suspension. This dose produces 9-fold the maximum anticipated
clinical exposure on an AUC basis.

Rat carcinogenicity study protocol and dose selection

Doses proposed for the carcinogenicity study in Wistar rat were based on the results of a 13-
week rat (Wistar; 15/sex/group) toxicity study with doses of 0, 500, 2000, and 5000 mg/kg/day
(oral gavage; 20 mL/kg). No effects on survival occurred. A transient decrease in activity was
noted in all treated groups of both sexes, accompanied by salivation at the MD and HD. Mean
body weight and food consumption values were higher than C at all doses in both sexes. These
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findings were not considered toxicologically important. No treatment-related ophthalmology,
hematology, or urinalysis changes were observed. Cholesterol was moderately increased in HD
females. No treatment-related macroscopic changes were seen. Microscopically, treatment-
related changes consisted of centrilobular hepatocellular hypertrophy at the HD in both sexes
(liver weights were moderately increased in both sexes at the MD and HD), hyaline droplet
accumulation in the tubular epithelium in males at all doses, and related chronic progressive
nephropathy in MD and HD males (kidney weights were moderately increased in MD males and
in both sexes at the HD). None of these findings was considered dose-limiting.

The proposed HD of 5000 mg/kg XP13512 was considered a maximum feasible dose based on
the combination of the maximum technically feasible daily oral gavage volume of 20 mL/kg/day
and the maximum technically feasible concentration of the dosing formulation of 250 mg/mL (20
mL/kg/day X 250 mg/mL = 5000 mg/kg/day). At this concentration, the dosing formulation was
described as a thick, viscous suspension. This dose produces 30-fold the maximum anticipated
clinical exposure on an AUC basis.

Executive CAC recommendations and conclusions:

The Committee concurred with the sponsor's proposed doses of 0, 500, 2000, and 5000
mg/kg/day by oral gavage in males and females for both the mouse and rat carcinogenicity
studies, based on the information provided by the sponsor indicating that the high dose is a
maximum feasible dose, due to viscosity at the maximum volume and highest concentration.
Although the Committee noted that the proposed dosing volume (20 mL/kg) may be larger than
routinely used in a 2-year study, the data from the 13-week studies indicated that the 20 mL/kg
volume was well-tolerated in both species.

The sponsor should consult the Division if dose adjustment or early termination is considered for
either study.

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

cc:\

/Division File, HFD 120
/LFreed, HFD-120
/EFisher, HFD-120
/TWheelous, HFD-120
/ASeifried, HFD-024
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