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1  Executive Summary

1.1 Introduction

NDA 204803 was originally submitted by the Applicant, Durect Corporation, on
4/12/2013 to seek marketing approval of their product Posimir (referred to as SABER-
bupivacaine during development) for post-surgical analgesia. The NDA was submitted
as a 505(b)(2) application relying on the Agency’s previous determination of safety and
efficacy of the listed drug Marcaine (Bupivacaine Hydrochloride Injection, USP; NDA
16964; approved 10/3/1972). Posimir is a sterile nonpyrogenic, clear, light yellow to
amber solution containing bupivacaine (12%, 132 mg/mL, 660 mg in 5 mL), benzyl
alcohol (22%, 242 mg/mL, 1210 mg in 5 mL), and sucrose acetate isobutyrate (SAIB)
(66%, 726 mg/mL, 3630 in 5 mL). Upon single instillation of the maximum proposed
dose of 5 mL total (single dose @@ the biodegradable matrix (SAIB) serves
as a depot for delayed release of bupivacaine over 24-72 hours. The SAIB forms this
depot for bupivacaine as the solvent benzyl alcohol (BA) diffuses away from the dosing
site thereby providing an extended release of bupivacaine over time compared to
Marcaine (bupivacaine HCI).

The NDA was not approved during the first review cycle primarily due to deficiencies
from the clinical review team. Notably, no nonclinical deficiencies were included in the
complete response (CR) letter issued on 2/12/2014. The nonclinical secondary review
noted that “Though not intended to be administered intravascularly, the risk of
inadvertent administration was partially assessed in an in vitro hemolysis assay — no
direct IV/IA administration of SABER-bupivacaine in an animal model was provided.” In
the primary review, Dr. Bond noted that “SABER-Bupivacaine and SABER placebo both
caused hemolysis when added to human whole blood in vitro. In addition, a viscous
(and, for the placebo, cloudy) macroscopic appearance, with globules resembling
bubbles visible microscopically, were observed in tested human plasma.” Further, he
stated that “SABER-Bupivacaine is not intended for vascular injection, which should
make the potential for hemolysis not a real concern but one to be addressed by the
medical review team.” Dr. Roca’s Deputy Division Director Summary review on
2/12/2014 notes “There was no in vivo evaluation of the adverse effects of inadvertent
intravenous or intra-arterial administration, as it was felt that, due to the physical
properties of the drug product, such administration would result in profound toxicity due
to occlusion of the vessels as the benzyl alcohol rapidly leaves the matrix.”

NDA 204803 was resubmitted on 6/27/2019 with new clinical data to address the
deficiencies outlined in the Division’s CR letter. Although there were no nonclinical
deficiencies, the Applicant included two non-GLP studies to evaluate possible effects of
SABER-bupivacaine vehicle on local skin discoloration when administered post-
surgically into a surgical wound. These studies were exploratory in nature to apparently
follow-up observations of skin redness in clinical studies. The Applicant noted that
transient skin discoloration was observed but that this had no impact on wound healing.
These studies alone would not be adequate to address the impact on wound healing as
they were not GLP, included too few animals, and did not include appropriate wound
healing endpoints, including histopathology. However, adequate wound healing studies
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were included with the original NDA submission, so these studies do not impact the
overall nonclinical safety profile of the drug. In addition, a nonclinical literature review
for bupivacaine for labeling was submitted (SDN 31; 8/30/2019) in accordance with the
Pregnancy, Lactation, and Labeling Rule (PLLR) in response to an IR from the Division.
Based upon our review of the literature, no additional labeling language is
recommended.

The Applicant submitted a Pediatric Research Equity Act (PREA) waiver/deferral

request &8

®®@ “The Division met with the

Pediatric Review Committee (PeRC) on 2/4/2020 to discuss the proposed pediatric
waiver request based in part on the potential safety concern of benzyl alcohol exposure
and PeRC recommended waiving the studies in all pediatric populations due to its
modest efficacy or because the product does not represent a meaningful therapeutic
benefit over existing products and is unlikely to be used in these patients.

At the advisory committee meeting held on January 16, 2020, concern was raised by
several advisory committee members regarding the potential risk of inadvertent
intravascular administration of SABER-bupivacaine (Posimir). To ensure that this
concern was adequately addressed, information requests regarding safety assessment
of inadvertent administration into the intravascular space were sent to the Applicant on
2/7/2020 and 3/4/2020. Based on the risk assessments provided by the Applicant,
there are still potential concerns of emboli and hemolysis via inadvertent intravascular
injection from the nonclinical perspective (See Section 1.2. Brief Discussion of
Nonclinical Findings below). Briefly, as per the Applicant, based on in vitro models,
Posimir droplets are expected to form upon intravascular injection and the injected
material may increase in viscosity over a period of minutes to hours. Since the
intravascular degradation of Posimir and/or SABER vehicle has not been investigated, it
is not clear whether it stays long enough in the systemic circulation to form viscous
droplets or what the fate of the droplets may be, hence the potential for microvascular
occlusion/ embolism cannot be dismissed. Additionally, the Applicant provided a risk
assessment for the hemolytic potential based on a theoretical calculation of benzyl
alcohol levels assuming steady-state is achieved with Posimir in the systemic
circulation. However, this does not address the potential effects from the higher local
concentration at the injection site when inadvertently injected into the intravascular
space. The Applicant proposed to include a boxed warning of adverse embolic risks as
part of the Posimir prescribing information and to conduct a post-approval nonclinical
study to investigate the effects of intravascular injection of Posimir.

1.2 Brief Discussion of Nonclinical Findings

Appropriate nonclinical studies were submitted with the original NDA submission to
support the safety of SABER-bupivacaine for the intended clinical use. Refer to the
nonclinical pharmacology toxicology review by Dr. Gary Bond dated 1/8/2014 in
DARRTS for detailed reviews of these data. In brief, there were no nonclinical
deficiencies that would preclude approval; however, there were some concerns for local
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toxicity with SABER-bupivacaine, specifically with local effects associated with the SAIB
vehicle and the resulting formation of the depot along with its persistence in tissues. In
single subcutaneous injection studies of SABER-bupivacaine in rodents and rabbits,
there were local toxicity findings including swelling, discoloration, and mild-to-marked
inflammation of the subcutaneous tissues associated with cyst formation in rats and a
granulomatous inflammation around vacant spaces thought to represent the SAIB depot
in rabbits. The SAIB depot vehicle was found to be essentially unchanged and still
present 12 months after injection described as viscous materials. In wound healing
studies in rats and minipigs, microscopic evidence of inflammation, cysts, and mild
dermal gap were observed in rats and slightly less advanced re-epithelialization, more
inflammation (moderate in severity), giant cells, and clear vacuoles thought to contain
SAIB. These local effects were consistent with a depot-provoked foreign body reaction
and the severity of which should be generally related to the volume of SABER-
bupivacaine instilled to the area of a particular site. While bupivacaine in SABER-
bupivacaine is released over 3 days, the SAIB depot is expected to remain at injection
sites for a year or longer.

From a systemic safety perspective, an acceptable systemic safety profile was
demonstrated from subcutaneous administration studies of SABER-bupivacaine in rats
and rabbits that provided exposures that, in the absence of clear nonclinical systemic
toxicity, exceed those achieved in the clinical trials. Studies that addressed inadvertent
release of bupivacaine demonstrated that there was no dose-dumping and bupivacaine
in SABER-bupivacaine is released over 3 days. However, none of these studies
addressed the potential for dose dumping if the product were inadvertently exposed to
the intravascular space as discussed below.

The original NDA submission also included a full battery of genetic toxicology studies,
including the Ames test, in vitro chromosomal aberrations assay, and in vivo
micronucleus rat study, that demonstrated bupivacaine is negative for genetic toxicity.
The reference drug label for Marcaine lacks genetic toxicology information so
summaries of these studies will be included in labeling for this product.

Drs. Bond’s and Wasserman'’s original reviews raised concerns if the product were to
gain access to or be injected into intra-articular space. As noted in Dr. Wasserman’s
secondary review:

SABER-bupivacaine is not intended for intra-articular injection; however,
evaluations of this route were conducted both rabbit and dog and were notable
as described by Dr. Bond. Microscopic findings of minimal to moderate synovial
hyperplasia, fatty degeneration, inflammation, fibrosis and osseous metaplasia
were noted in rabbits two weeks after administration and were still present six
weeks post-injection. Findings were slightly worse in SABER-bupivacaine
animals than SABER-placebo and was not observed in saline treated joints or in
the contralateral joint. Intra-articular administration of SABER-bupivacaine or
SABER-placebo to dogs produced similar and additionally significant joint effects
including subchondral bone fibrosis and necrosis of cartilage and at the highest
volumes administered, the necrosis considered of marked severity. | concur with
Dr. Bond that, if approved, this should be described in Animal Toxicology section
of the label as a further method to discourage this route of administration.
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The Applicant provided risk assessments for inadvertent intravascular injection on
February 26, 2020, which include their assessment of the likelihood of inadvertent
intravascular administration of Posimir, risks of intravascular administration of Posimir,
and mitigation strategies to reduce the risk of inadvertent intravascular administration of
Posimir. Part of this response included their assessment of the likelihood for IV
injection. Briefly, the Applicant contended the likelihood of inadvertent intravascular
administration of Posimir to be low based on the estimated incidence of local anesthetic
systemic toxicity (LAST) to be 5.7 per 100,000, limited use of needles for the indication
of Posimir, a larger-gauge needle used for Posimir compared to immediate-release local
anesthetics, and physical properties of Posimir (color difference (light amber) from
immediate-release bupivacaine HCI (colorless) and its viscosity). We defer to the
clinical team to assess the likelihood of the 1V injection in the clinical setting.

In their response, the Applicant also discussed the potential risks of intravascular
administration of Posimir. They note that based on the release rate of bupivacaine
following the subcutaneous injection of Posimir in healthy volunteers, there appears to
be no dose dumping and the release rate of bupivacaine was found to be stable over 72
hours. However, it is not clear if the same release rate would occur in the intravascular
space, particularly if the material forms small droplets with larger surface area. The
Applicant stated that they would be willing to conduct an animal study to investigate
intravascular injection of Posimir post approval and they proposed the use of lipid
emulsion to treat any resulting bupivacaine-induced LAST. The Applicant failed to
discuss the potential risk of the development of emboli and/or intravascular hemolysis,
and mitigation strategy related to the systemic exposure to the SABER vehicle. In
addition, risk assessments of the possibly longer duration of anticipated resuscitation
using lipid emulsion as a rescue measure from LAST of Posimir were not addressed.

In response to a follow-up IR to address the risks from the SABER vehicle, the
Applicant provided additional information on March 13, 2020 that included summaries of
in vitro studies that investigated the potential for Posimir to cause emboli and hemolysis
following inadvertent intravascular injection. Small Posimir droplets were formed when
Posimir was injected into a tubing with both open ends immersed in a beaker containing
bovine plasma at room temperature and these droplets remained fluid and distensible
over approximately 1 hour. However, studies that added a % filter to the in vitro
bovine serum with tubing system to simulate passage through capillary beds
demonstrated higher pressures were required to pass the droplets through the system
with longer incubation times of Posimir. For example, injected Posimir, without any
incubation, passed through the system with normal physiologic pressure of 4 to 12
mmHg. However, Posimir injected for 10 and up to 120 minutes required pressures of
50 and up to 10 times this, respectively to pass through the system, suggesting that
Posimir droplets may be retained in the pulmonary capillary bed or other capillary
systems though the Applicant contended that the pressure required to pass the injected
drug would likely be lower if the system was run at. ?®. Nevertheless, without data
evaluating intravascular degradation of Posimir and/or SABER vehicle, it is not clear

Reference ID: 4615918



NDA 204803 Reviewer: Misol Ahn, PhD

whether Posimir stays long enough in the systemic circulation to form viscous droplets,
which may cause a pulmonary embolism or other microvascular blockade.

The Applicant also discussed the risk for hemolysis. Although there was hemolysis
observed through in vitro studies, reviewed with the original NDA submission, likely from
benzyl alcohol, the Applicant concluded that Posimir would not cause hemolysis
because the level of benzyl alcohol would not be sufficient to cause clinically relevant
hemolysis. The Applicant estimated the concentration of benzyl alcohol to be = ©®
less than the in vitro test, which showed hemolytic potential of Posimir and SABER
vehicle, based on 5 mL of Posimir in a total blood volume of 5 L. However, this is a
theoretical calculation of the concentration of benzyl alcohol when Posimir has reached
steady state in systemic circulation and it would not address the potential effects from
the higher local concentration of benzyl alcohol at the injection site if inadvertently
injected into intravascular space.

1.3 Recommendations

1.3.1 Approvability

Although no approval issues were identified in the first review cycle, safety concerns
regarding inadvertent intravascular injection of Posimir were raised during the 2020
advisory committee meeting. Based on the data to date, we cannot state that there is
minimal risk should the product be injected intravascularly. If the potential risks of the
inadvertent injection of Posimir and clinical mitigation strategies and risk assessments
provided by the Applicant are not considered to be sufficient to dismiss potential safety
concerns, the following nonclinical studies to investigate the potential toxicity of
inadvertent intravascular injection can be conducted to further inform the benefit;risk
profile for this product and inform labeling in case of overdose or Local Anesthetic
Systemic Toxicity (LAST).

Deficiency 1

You have not adequately characterized the potential toxicity of your drug product if it is
inadvertently administered into the intravascular space. To address this deficiency,
conduct a nonclinical intravenous toxicity study that includes both an acute and delayed
timepoint with full histopathology to determine the ultimate impact of the drug product
and fate of the vehicle. The study should include collection of pharmacokinetic data to
determine if intravascular injection results in more rapid release of the bupivacaine dose
from the vehicle. We recommend a small pilot study prior to the pivotal study to confirm
that IV administration does not result in catastrophic moribundity.

Deficiency 2

You have not provided adequate data to conclude that standard treatments with lipid
infusions can be effective if LAST were to occur following use of this drug product.
Conduct a nonclinical toxicology study to confirm that lipid infusions will counteract the
adverse effects due to LAST or provide adequate justification that lipid infusions will be
successful to treat LAST should this occur in the clinical setting. Ultimately, provide
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recommendations on how prescribers should treat LAST should it occur following use of

this drug product.

1.3.2 Additional Nonclinical Recommendations

N/A

1.3.3 Labeling

The table below provides the original approved labeling language, the proposed

language

?@ py the Applicant, recommended changes by this reviewer, and

rationale for the recommended changes. Note that the final label will be found on the
Action letter after further internal discussion and negotiations with the Applicant.

Labeling Recommendation

Marcaine (listed drug) AEEIIEERT S [Frefoset REVIEED S Rationale for
Labeling (2018) 9 Labeling under SDN-031 | Recommended Changes Chandges/Comments
9 (8/30/2019) in Labeling 9

8 USE IN SPECIFIC POPULATIONS

8.1 Preghancy

There are no adequate
and well-controlled
studies in pregnant
women. MARCAINE
should be used during
pregnancy only if the
potential benefit justifies
the potential risk to the
fetus.

Bupivacaine
hydrochloride produced
developmental toxicity
when administered
subcutaneously to
pregnant rats and
rabbits at clinically
relevant doses.

This does not exclude
the use of MARCAINE at
term for obstetrical
anesthesia or analgesia
(See Labor and
Delivery).

Risk Summarv
() (4

! Risk Summary

There are no studies
conducted with POSIMIR
in pregnant women.

In animal studies, embryo-
fetal lethality was noted
when bupivacaine was
administered
subcutaneously to
pregnant rabbits during
organogenesis at 0.6
times the maximum
recommended human
dose of POSIMIR at 660
mg bupivacaine.
Decreased pup survival
was observed in a rat pre-
and post-natal
development study (dosing
from implantation through
weaning) at 0.6 times the
maximum recommended
human dose of POSIMIR
at 660 mg bupivacaine.
Based on animal data,
advise pregnant women of
the potential risks to a
fetus. [see Data]

The background risk of
major birth defects and

Reference ID: 4615918
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Bupivacaine
hydrochloride was
administered
subcutaneously to rats at
doses of 4.4, 13.3, & 40
mg/kg and to rabbits at
doses of 1.3, 5.8, & 22.2
mg/kg during the period
of organogenesis
(implantation to closure
of the hard palate). The
high doses are
comparable to the daily
maximum recommended
human dose (MRHD) of
400 mg/day on a mg/m2
body surface area (BSA)
basis. No embryo-fetal
effects were observed in
rats at the high dose
which caused increased
maternal lethality. An
increase in embryo-fetal
deaths was observed in
rabbits at the high dose
in the absence of
maternal toxicity with the
fetal No Observed
Adverse Effect Level
representing
approximately 1/5th the
MRHD on a BSA basis.

Reviewer: Misol Ahn, PhD

(b) (4)

miscarriage for the
indicated population is
unknown. However, the
background risk in the
U.S. general population of
major birth defects is 2-4%
and of miscarriage is 15-
20% of clinically
recognized pregnancies.

Data

Animal Data

Bupivacaine hydrochloride
was administered
subcutaneously to rats at
doses of 4.4, 13.3, & 40
mg/kg and to rabbits at
doses of 1.3, 5.8, & 22.2
mg/kg during the period of
organogenesis
(implantation to closure of
the hard palate). The high
doses are approximately
0.6 times the daily
maximum recommended
human dose (MRHD) of
660 mg/day on a mg/m?
body surface area (BSA)
basis. No embryo-fetal
effects were observed in
rats at the high dose which
caused increased
maternal lethality. An
increase in embryo-fetal
deaths was observed in
rabbits at the high dose in
the absence of maternal
toxicity with the fetal No
Observed Adverse Effect
Level representing
approximately 0.2 times
the MRHD on a BSA
basis.

In a rat pre- and post-natal
developmental study

(b) (4)

(b) (4)
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In a rat pre- and post- ®@" dosing from implantation B
natal development study through weaning)
(dosing from implantation conducted at
through weaning) subcutaneous doses of
conducted at 4.4,13.3, & 40 mg/kg,
subcutaneous doses of decreased pup survival
4.4, 13.3, & 40 mg/kg, was observed at the high
decreased pup survival dose. The high dose is
was observed at the high approximately 0.6 times
dose. The high dose is the daily MRHD of 660
comparable to the daily mg/day on a BSA basis.
MRHD of 400 mg/day on
a BSA basis.
8.2 Lactation
Risk Summary
POSIMIR has not been
studied in nursing
mothers. Bupivacaine can
persist in plasma for up to
{ahours [see Clinical
Pharmacology (12)] and
benzyl alcohol, a
POSIMIR excipient, for up
to 12 hours after
POSIMIR administration. We defer to the
Both bupivacaine and Maternal Health and
benzyl alcohol have been None clinical review teams
reported to be excreted in on clinical labeling
human milk. The language.
developmental and health
benefits of breastfeeding
should be considered
along with the mother’s
clinical need for POSIMIR
and any potential adverse
effects on the breastfed
infant from POSIMIR or
from the underlying
maternal condition.

10
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13 NONCLINICAL TOXICOLOGY

Long-term studies in
animals to evaluate the
carcinogenic potential of
bupivacaine
hydrochloride have not
been conducted. The
mutagenic potential

and the effect on fertility
of bupivacaine
hydrochloride have not
been determined.

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

(b) (4 - -
Carcinogenesis
Long-term studies in

animals to evaluate the
carcinogenic potential of
bupivacaine hydrochloride
have not been conducted.

Mutagenesis
(b) (@)

Impairment of Fertility
The effect of bupivacaine
on fertility has not been
determined.

Section 13 should
have subheadings.

A full battery of
genetic toxicology
studies was
submitted with the
NDA during the first
cycle and are
included in labeling.

13.2 Animal Toxicology

13.2 Animal Toxicology
and/or Pharmacology

Necrosis of the joint
cartilage was observed
following intra-articular
injection of a single dose
of Posimir or SABER
vehicle in the dog model.

Language should
also be included in
warnings and
precautions that
directs the reader to
this section.

2
2.1

Drug Information
Drug

CAS Registry Number (Optional)

2180-92-9; 38396-39-3
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Generic Name
Bupivacaine or Bupivacaine base

Code Name
NA

Chemical Name
(£ )-1-Butyl-2',6'-pipecoloxylidide-(2RS)-1-butyl-N-(2,6-dimethylphenyl)piperidine -2-
carboxamide

Molecular Formula/Molecular Weight
C18H28N20/288.43

Structure or Biochemical Description

CHs3

ZT

N

e

Pharmacologqgic Class
An amide-type local anesthetic

HaC HaC

2.2 Relevant INDs, NDAs, BLAs and DMFs

IND 66086 (SABER-Bupivacaine)

NDA 16964 (Marcaine; bupivacaine HCI; (r&f&renced NDA), approved October 3, 1972
DMF

DMF

2.3 Drug Formulation

The composition of the drug product is in the following table. See the NDA 204803

nonclinical review dated January 08, 2014 in DARRTS.
Composition and Ingredient Functions of SABER-Bupivacaine

e . Amount (mg)
Ingredient Coapo'nnon Com]:osm’on Administered in Function Specification
wiw mg/mL =
a 5 mL Dose
. . Active Pharmaceutical In-House
2 2
Bupivacaine 12 132 660 Ineredient Specification
Sucrose acetate In-House
iscbutyrate 66 726 3630 Extended release agent Specification
Benzyl alcohol 22 242 1210 Solvent NE, EP
(b) (4
Total | 100 | 1100 | 5500 | - | -

* The density of SABER-Bupivacaine is 1.1 g/mL at 25°C, therefore the concentration expressed as 12% w/w is
equivalent to 13.2% wiv

12
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2.4 Comments on Novel Excipients
See the NDA 204803 nonclinical review dated January 08, 2014 in DARRTS

2.5 Comments on Impurities/Degradants of Concern
See the NDA 204803 nonclinical review dated January 08, 2014 in DARRTS

2.6 Proposed Clinical Population and Dosing Regimen
NA

2.7 Regulatory Background
IND 66,086 (SABER-Bupivacaine)

PhD

« Original IND submitted October 23, 2002 by DURECT but inactivated

December 17, 2002 as the preclinical data did not support the proposed clinical
trial due to findings of injection site inflammation and necrosis for which no

evidence of resolution has been submitted.

« IND reactivated January 10, 2006 with submission of additional nonclinical data

and substitution of benzyl alcohol () (4)

product solvent.
NDA 204803 (SABER-Bupivacaine)
e Original NDA submitted April 12, 2013

as drug

e Adiscipline response letter issued January 14, 2014 followed by a clinical

response letter for the POSIMIR 5050(b)(2) NDA on Feb 12, 2014
e NDA resubmitted June 27, 2019

3 Studies Submitted
3.1 Studies Reviewed

Study Title

Study Number

An Investigational Study of Post-Surgical SABER-Bupivacaine Vehicle Instilled
into a Surgical Wound with a 10-Day Recovery Period in Gottingen Minipigs

©®.434063

An Investigational Study of Post-Surgical SABER-Bupivacaine Vehicle Instilled
into a Surgical Wound with a 10-Day Recovery Period in Beagle Dogs

©®-434060

3.2 Studies Not Reviewed
NA

13
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3.3 Previous Reviews Referenced

e NDA 204803 nonclinical primary review (first cycle) dated January 08, 2014 in
DARRTS

e NDA 204803 supervisory nonclinical review (first cycle) dated January 15, 2014
in DARRTS

4  Pharmacology

No new pharmacology studies were submitted with the resubmission of this NDA. See
the NDA 204803 nonclinical review dated January 08, 2014 in DARRTS.

5 Pharmacokinetics/ADME/Toxicokinetics

No new pharmacokinetics/ADME/Toxicokinetics studies were submitted with the
resubmission of this NDA. See the NDA 204803 nonclinical review dated January 08,
2014 in DARRTS.

6  General Toxicology

No new general toxicology studies were submitted with the resubmission of this NDA.
See the NDA 204803 nonclinical review dated January 08, 2014 in DARRTS.

7  Genetic Toxicology

No new genetic toxicology studies were submitted with the resubmission of this NDA. A
full battery of genetic toxicology studies was submitted with the NDA during the first
cycle. See the NDA 204803 nonclinical review dated January 08, 2014 in DARRTS.

8 Carcinogenicity

No carcinogenicity studies were submitted and none were required for this NDA as the
drug is intended for acute use.

9 Reproductive and Developmental Toxicology

No new reproductive and developmental toxicology studies were submitted with the
resubmission of this NDA. As part of the requirement under the Pregnancy Lactation
and Labeling Rule (PLLR), the Applicant conducted a review of the literatures in the
original NDA application submitted on April 12, 2013. In addition to literature articles
submitted by the Sponsor, a total of 20 literature articles were reviewed.
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Bupivacaine and Pregnancy/Lactation — Animals literature review
Maternal-fetal distribution of bupivacaine in the rabbit (Carson and Reynolds

1988)

Objective: To evaluate whether the fetal:maternal (F:M) plasma concentration ratios of
bupivacaine are relatively low due to extensive tissue uptake or slow placental transfer

Method: Bupivacaine (1.25 mg/mL) was infused intravenously into a neck vein of nine
anesthetized pregnant rabbits (3.8 to 4.9 kg) at Gestation Day 30. Bupivacaine
concentrations were measured in fetal plasma, brain, placenta, amniotic fluid, maternal
plasma sampled synchronously and maternal brain by gas-liquid chromatography.

Key Findings:
e The mean maximum fetal:maternal (F:M) ratio was 0.31 (SD: 0.16, range: 0.18-

0.64).

e The mean fetal brain:plasma ratios ranged from 2.04 to 5.09.

e No progressive increase in fetal brain bupivacaine concentration with time was
observed.

e The maternal brain:plasma ratio was 1.62.

e The maximum fetal brain concentration was only 0.27 to 0.86 of maternal brain
concentration.

e Concentrations increased with time in amniotic fluid but did not exceed those in
maternal plasma.

e Taken together, tissue uptake could not account for low F:M ratios persisting
beyond 80 min.

Reviewer’s note: While the study data may be interesting, the study data do not appear
to provide additional safety information to the existing embryo-fetal development and
pre-/post-natal development animal data in the label; therefore, given the extensive
clinical experience with this drug, this reviewer does not consider the study data
necessary to be included in the label.

Toxicity of bupivacaine and ropivacaine in relation to free plasma concentrations
in pregnant rats: a comparative study (Danielsson, Danielson et al. 1997)

Objective: To compare the threshold for the induction of toxic effects in pregnant rats in
relation to the plasma concentrations of bupivacaine and ropivacaine and relate plasma
levels resulting in adverse effects in pregnant rats/offspring to plasma levels reported
after epidural administration of therapeutic doses of bupivacaine or ropivacaine in
Caesarean section

Method:
e Pilot Study: Pregnant female Sprague-Dawley rats (N=6-10 per dose) were
subcutaneously injected with descending dose levels of bupivacaine (24, 22,
21, 20, 18, 16, and 14 mg/kg) and ropivacaine (26, 25, 16, and 5.3 mg/kg) from
Day 15 of pregnancy, during delivery, and in postnatal days 3-21 after parturition.

15
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e Main Study: Pregnant female Sprague-Dawley rats (n=15/group) were injected
subcutaneously with saline, bupivacaine (5.5, 15, and 18 mg/kg), or ropivacaine
(5.3, 14, and 25 mg/kg) in the back region once daily from day 15 of pregnancy
to day 15 after parturition. Six satellite groups (n=8/group) were included in the
study for evaluation of plasma concentration and protein binding of the test
articles. The subcutaneous route was selected to mimic the plasma
concentration profile obtained after different routes of administration in obstetric
anesthesia (paracervical block or epidural routes).

Note that the authors stated that the experiment was conducted according to
regulatory (OECD, FDA) and Good Laboratory Practice guidelines for peri- and
postnatal studies for new drugs.

Key Findings:
e Pilot study:

0 Maternal — Chewing, spasm, dyspnea, drowsiness, salivation, and
convulsion were observed in a dose-dependent manner in groups given
18 to 24 mg/kg of bupivacaine. In addition, there were dose-dependent
increases in maternal death and a prolongation of the time for delivery
(=30 min) in surviving mothers at the dose level of 20 mg/kg or higher. In
contrast, no deaths or adverse symptoms were observed in groups treated
with 25 mg/kg or lower ropivacaine. See the Table below.

Adverse effects observed on one or several occasions (number of animals showing symptoms/number of animals in the group) during the

dosing period in the pilot study. Different subcutaneous doses of bupivacaine and a well-characterized dose of ropivacaine (26 mg/kg) after
administration from day 15 of pregnancy to day 3 after parturition. Doses are expressed in mg/kg.

Ropivacaine Bupivacaine Control

Adverse effects 26 24 22 21 20 18 16 14 0
Irregular breathing 27 11 4/6 4/5 5/5 2/5 5/6 5/6 07
Increased salivation 217 777 4/6 4/5 4/5 2/5 2/6 4/6 0/7
Chewing 277 777 216 4/5 3/5 1/5 0/6 /5 07
Decreased activity 177 77 3/6 4/5 5/5 2/5 5/6 4/5 0/7
Clonic convulsions 0/7 717 2/6 4/5 4/5 1/5 0/6 /5 0/7
Mortality 0/7 6/7 26 4/5 1/5 0/5 0/6 s 07
Impaired maternal care 17 3/3* 3/4* 1/1* 3/5¢* 175 1/6 1/5

* Evaluated in surviving dams after parturition.

o0 Litter — Increased incidence of postnatal death of the offspring in groups
treated with bupivacaine were during the first few days after delivery. It
appears that mortality of offspring was secondary to impaired maternal
care of the neonates. Surviving neonates showed the same physical
development compared to the control animals. No increased incidence of
neonatal death was observed in groups treated with ropivacaine.

e Main study:

o0 Maternal — Increased salivation, spasms, chewing, irregular breathing,
drowsiness, and clonic convulsion were observed in a dose-dependent
manner in groups treated with 15 mg/kg or higher of bupivacaine. See the
Table below. The onset of signs was approximately 10 min after dosing
and last 30 min to 5 hr. No adverse effects were observed at 5.5 mg/kg of
bupivacaine. There was no shortening or prolongation of the gestation
period and no disturbance of parturition, nursing and lactation related to
bupivacaine or ropivacaine administration.
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Adverse affects in the main comparative peri- and postnatal study (observed on one or several occasions (number of animals showing
symptoms/number of animals in the group) during the dosing period) of bupivacaine and ropivacaine after subcutaneous administration
during day 15 of pregnancy to day 15 after parturition. Doses are expressed af mg/kg (umol/kg in brackets).

Ropivacaine Bupivacaine
53 14 25 5.5 15 18
Adverse effects (16) (43) (75) (16) (43) (53)
Irregular breathing 0/13 0/15 /13 0/15 15/15* 15/15%*
Increased salivation 0/13 0/15 0/13 0/15 15/15* 15/15**
Piloerection 0/13 0/15 0/13 0/15 15/15* 15/15%*
Chewing 013 0/15 0/13 0/15 0/15 15/15**
Clonic convulsions 0/13 0/15 /13 0/15 1/15 13/15**
Mortality 0/13 0/15 0/13 0/15 1/15 35

* P<0.001 when compared to ropivacaine (14 mg/kg).
** P<0.001 when compared to ropivacaine (25 mg/kg).

There were no body weight gain and food consumption changes. Both
bupivacaine and ropivacaine were rapidly absorbed and eliminated from the
plasma. See the Table below.

Mean (=8.D.) pharmacokinetic parameters of ropivacaine and bupivacaine in rats on day 20 of pregnancy.

Dose mglkg Body C-m“ tmax AUC tin
weight, kg mg/l hr mg/l hr hr
Ropivacaine
53 0.354=0.030 0.30+0.10* 0.8+0.3 1.01=0.13 2.3*1.0*
14 0.361+0.026 0.49+0.13 1.0x0.9 4.12*1.03 6.5x29
25 0.344+0.020 1.33+0.47 0.6+0.2 4.94+0.624 2.7+0.6
Bupivacaine
5.5 0.353+0.030 0.19+0.05 0.6x0.2 2.52+1.48 15.0+12.3
15 0.359+0.026 0.63%0.12 0.8+0.3 3.15x0.25 5.2+0.8
18 0.351+0.021 1.14+0.41 0.5+0 3.24+0.47 2.7+22

* P<0.05 when compared to bupivacaine (5.5 mg/kg).
# P<0.05 when compared to bupivacaine (18 mg/kg).

Protein binding at 0.5 h after dosing was significantly lower for ropivacaine
compared with bupivacaine in pregnant rats. See the Table below.

Mean (£S.D.) total and free plasma concentrations (mg/l) and protein binding (%) after administration of different doses (mg/kg) of
ropivacaine and bupivacaine, 0.5 hr after dosing on day 21 of pregnancy.

Ropivacaine Bupivacaine
Dose Total Free Bound Dose Total Free Bound
5.3 0.20+0.05 0.11x0.04 47+7* 5.5 0.21+0.07 0.06%0.02 70=7
14 0.52+0.13 0.26+0.04 49+ 5% 15 0.50+0.18 0.16+0.07 67+6
25 1.26+0.07 0.64+0.02 50+8* 18 0.79+0.27 0.24+0.09 69=7

o Litter — There were no significant differences in litter size, offspring loss, or
weight reduction at birth or on Days 7 and 21 after parturition. In addition,
there were no significant changes in the timeline of the physical
developmental milestones (i.e., completed development of pinna unfolding
on Day 4, teeth eruption on Day 12, and completed eye opening on Day
17).

Ropivacaine is less toxic in late pregnant rats than bupivacaine.

Reviewer’s note: The NOAEL of bupivacaine appears to be the LD (5.5 mg/kg). In

discussion, the author mentioned that potentiation of bupivacaine toxicity (i.e., increased
sensitivity of myocardium and nerves to bupivacaine) may be associated with the
increased levels of steroidal hormones (i.e., progesterone) occurring in late pregnancy,
which was interesting. Nonetheless, the study data do not appear to provide additional
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safety information to the existing embryo-fetal development and pre-/post-natal
development animal data in the label; therefore, given the extensive clinical experience
with this drug, this reviewer does not consider the study data necessary to be included
in the label.

Perinatal bupivacaine and infant behavior in Rhesus monkeys (Golub and
Germann 1998)

Objective: To assess the effect of perinatal epidural bupivacaine analgesia on infant
behavioral development

Method: Bupivacaine (1.2 mg/kg; an initial dose of 0.6 mg/kg (0.5% concentration) for
the initial 2-min period then 0.6 mg/kg over the next 20-min period followed by a saline
flush) was administered to term-pregnant rhesus monkeys (n=11, treated; n=8,
procedural saline controls) via epidural catheter infusion on Gestation Day 165 and
infant behavior was evaluated for 1 year using a test battery including infant
neurobehavioral tests, observation of spontaneous behavior, and structured cognitive
testing. Blood samples from dams and neonates were collected immediately following
vaginal delivery and at 1, 12, and 60 h postnatal from the infant.

Key Findings:

e Mature and active behaviors was lower in bupivacaine-exposed infants than the
controls during Week 8. Note that active behavior evaluation includes cage
exploration (mouthing object, use of hands for exploration (manual explore)),
visual surveillance (scan and fixate), locomotor activities (walking, climbing,
swinging, jumping), and motor disturbance behaviors (flipping, circling, banging,
climbing patterns, and rocking).

Percent Active Incidence of Manual Explore
100 5
—O— control —O0— control p<.02
- <.

% 907 —o— bupivacaine . —®— bupivacaine
b 604 g p<.04
3 701 °,
© =34
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w 504 p<.05 gz
) 04 g
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m 1
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°
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0 2 4 6 8 10 12 14
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F1G. 1. Endpoints from observation of motor and postural maturation at 1 to 14 weeks of age that
demonstrated group differences. Data are in terms of frequency of occurrence during the 10-min session.

e For the 6- to 12-month observation period, active behaviors were greater for the
bupivacaine-exposed infants than controls during the last block of 6 session.
Greater activities of bupivacaine treated infants were due to a greater proportion
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of motor to total (motor and resting) disturbance behaviors. No group differences
were observed for locomotor, quiet activities, or passive resting behaviors.

[
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FIG. 2. Endpoints from observation of motor and postural maturation at 6 to 12 months of age that
demonstrated group differences. Data are presented in terms of duration and are summarized as an initial
block of four weekly sessions followed by four blocks of six weekly sessions for comparison with previous
studies. For definition of behavior categories, see Table 3.
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FIG. 3. Comparison of subcategories of active and resting behaviors observed from 6 to 12 months of
age that made up the composite indices of Fig. 2. For definition of behavior categories, see Table 3.
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e No differences were observed for behaviors reflecting fine motor maturation (i.e.,
voluntary grasp, reaching, and finger-thumb coordination).

TABLE 4
MATURATION OF FINE MOTOR BEHAVIORS

Voluntary Finger—thumb Bimanual
Grasp Reaching Coordination Coordination

Max sessions 15 40 44 44
No. Attaining criterion

Control 8/8 8/8 8/8 4/8

Bupivacaine 911 11/11 10/11 511
Sessions to criterion

Control 7706 87x15 33.2x22 346 £ 44

Bupivacaine 8011 119=x36 315226 37230

Mean = SEM of sessions required to attain performance criterion are shown,.
If an infant did not attain criterion, the maximum number of sessions was used in
computation of means,

¢ No significant differences in novelty preference (1 to 1.5 months of age) were
observed. Bupivacaine-exposed infants directed more fixations at the stimuli and
their fixations were shorter than the control.
Percent Novel

0.8
1 T
0.6 1
3
=z 0.4+
®
0.2+
Duration of Fixations
2
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Group 5 1.5 4 T
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=
= 7 FIG. 4. Looking behavior during novelty preference testing, Data
= are summarized [or the first two of the seven sets, because controls
demonstrated novelly preference only for these more highly
o contrasting stimulus pairs.

T
Cantral Dru
Group .

e No treatment group differences were found on performance of cognitive tasks
listed below. Note that object permanence, discrimination reversals, delayed
nonmatch to sample, and continuous performance test were evaluated during 1.5
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to 3.5 months, 3.8 to 7.4 months, 7.4 to 10.5 months, or 10.5 to 12 months of
age, respectively.

TABLE 5
PERFORMENCE OF COGNITIVE TASKS

Cognitive Task Control Bupivacaine
Novelty preference (%) 52 x 5% 60 + 3
Object permanence (sessions Lo criterion) 122+23 138+20
Discrimination reversal (number of reversals) 4.0 3404

(sessions to criterion first reversal) 172 £ 2.3 196 £ 2.5
Delayed nonmatch to sample (sessions to criterion) 164 £ 24 13.1 =24
Continuous performance (% responses to target) 14+3 18 +2

(% accuracy) 60 =6 68 £ 4

*Mean = SEM.

Reviewer’s note: This study was designed to administer bupivacaine at term via
epidural injection but not during labor to avoid a possible confounding of labor length
with the direct effects of bupivacaine on the fetus. It appears that bupivacaine-exposed
infants showed less active behaviors (i.e., manual explore) from Week 7 to Week 14 but
there appears to be no significant differences in cognitive performances over 12 months
of age. While study data are interesting, it does not appear to be conclusive whether
bupivacaine has significant effects on cognitive behaviors during the development;
therefore, this reviewer does not consider the study data necessary to be included in the
label at this time. The Division will continue to monitor the literature to determine if
additional studies confirm and clarify these findings.

New born tissue concentrations of bupivacaine following maternal epidural
administration during labor in guinea pigs (Golub, Kaaekuahiwi et al. 1998)

Objective: To quantitate the concentration of drug in newborn tissues after
administration of epidural bupivacaine to the dam during parturition

Method: Bupivacaine (0.25%) was administered epidurally (0.12 mL/kg) 10 min prior
to labor induction in 6 term-pregnant guinea pigs. Bupivacaine concentrations were
measured in the plasma, brain, heart, and liver of newborns.

Key Findings:
e Bupivacaine concentrations were higher (2-3X) in the liver than in plasma and

other tissues in newborns.
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Fig. 1. Average tissue bupivacaine concentrations and tissue:plasma ratios in newborn
guinea pigs whose dams received epidural bupivacaine prior to labor induction. Mean = SEM
are shown for the first newborn in each litter. Liver:plasma ratios were significantly greater
(p<0.0001) than brain:plasma or heart:plasma ratios for firstborns in each litter (n = 6) as well

as for all newborns (n = 22).

There were no significant relationships with drug-delivery interval and
bupivacaine concentrations in newborn tissues except for the liver. It appears
that bupivacaine is actively metabolized in the liver once administered by the

epidural injection.

p

B & g 8 B

BUPIVACAINE [NGML)

LASMA

<=

bi]

T T
20 3 40 S0 B0 TO

B0 80 0D

DRUG-DELIVERY INTERVAL  (MIM)

-

BRAIN

BUPIVACAINE (NG/'G)
R -

T
# &30 a4 s 60 O

T T 1

& B0 100

DRUG-DELMERY INTERWAL (MIN)

22

g

HEART

&
=
1

-]
=]
L

B
1

BUPIMAGAINE (MGG}
k-
1

o =0

1] T T T T T T T T T 1
2 30 40 50 B0 TO BD DD M0
DRUGDELIVERY INTERVAL (MIN)

LIVER

M
2

o — T T 1
30 40 50 &0 VO 8O 93 00
DRUG-DELIVERY INTERVAL [MIN)

8
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Bupivacaine concentrations in the newborn brain was higher in animals with
Cesarean section delivery compared to the vaginal delivery. Bupivacaine
concentrations in the liver and plasma were slightly lower with Cesarean section.
Similar bupivacaine concentrations were observed in the heart.

Table 2. Tissue bupivacaine concentrations in term guinea pig newborns delivered vaginally or by cesarean
section after bupivacaine administration; only the firstborn of each litter is included

Delivery n Drug Tissue bupivacaine concentration

(r:fil:]vew brain,ng/g liver,ng/g  heart,ng/g lung,ng/g  plasma, ng/ml
Cesarean section 3 38%5 53,232 17618 11+1 70+23 224
Vaginal 6 38+3 1745 119+ 18 18+2 no data 37+2

@ n=2.

There were no statistically significant differences between the anesthetized and
unanesthetized groups for any acidosis parameter except pCO..

Table 3. Comparison of blood gas parameters from newborn guinea pigs that were anesthetized with CO,
prior to blood sampling with those of unanesthetized newborns. No bupivacaine was administered to the pups
that were vaginally delivered after induced labor. Blood gases for fetuses delivered by cesarean section after
bupivacaine administration are shown for comparison

Vaginal delivery? Cesarean section delivery®
anesthetized (CO,) unanesthetized unanesthetized
(n=3) (n=6) (n=3)
pH 6.850+0.18 7.018%£0.079 7.236+0.052
pCOs, mm Hg 146.1+£22.5 71.6£14.5¢ 62.3+8.4
pO,, mm Hg 35.5+9.8 26.1%11.5 23.4%7.7
HCO;, mmol/l 25.3+3.7 16.1+0.8 27.7x6.7
05 sat, % 342+11.9 28.3x14.2 33.0£17.6
BE, mmol/I -13.7+£3.0 -16.0x£2.3 -28%1.6
Lactate, mmol/l 11.6+1.2 133+£1.2 no data
Glucose, mmol/l 5.7£0.4 4.7+04 no data

2 None of these fetuses were exposed to bupivacaine in utero.
b These fetuses were exposed to bupivacaine in utero.
¢ Anesthetized vs. unanesthetized, t-test, p= 0.014.

Reviewer’s note: This study showed tissue distribution of bupivacaine in newborns after

epidural injection during labor in guinea pigs. While the study data may provide
information of potential adverse effects in newborns, reproductive toxicity endpoints
were not evaluated in this study. The study data do not appear to provide additional
safety information to the existing embryo-fetal development and pre-/post-natal
development animal data in the label; therefore, this reviewer does not consider the
study data necessary to be included in the label.

Reference ID: 4615918

23



NDA 204803 Reviewer: Misol Ahn, PhD

Disposition of bupivacaine and its metabolites in the maternal, placental, and
fetal compartments in rats (Morishima, Ishizaki et al. 2000)

Objective: To determine the disposition of bupivacaine and its metabolites in the
maternal, placental, and fetal compartments and evaluate if 1) the placenta plays a
significant role in the uptake of bupivacaine, 2) the paraplacental sites contribute to the
fetal transfer of bupivacaine, and 3) the metabolites of bupivacaine remain in the fetal
tissues longer than in the parent compound

Method: Pregnant Sprague-Dawley rats (20-22 days of gestation) were intravenously
infused with bupivacaine at a rate of 0.33 mg/kg/min over a period of 15 min. The
fetuses were delivered either at the end of infusion or at 2 or 4 h after dosing. Maternal
and fetal blood and tissue samples were obtained for the assays of bupivacaine and its
metabolites using capillary gas chromatography-mass spectrometry. Animals were
divided into two study groups: the pharmacokinetic group (n=8) and the transfer groups,
which were divided into three subgroups: 0 h (N=7), 2 h (N=7), and 4 h (N=8).

Key Findings:

¢ No statistically significant changes in heart rate were observed and behavioral
changes were not noticeable.

e The mean peak bupivacaine concentration in the maternal plasma was 3123 +
370 ng/mL and the concentration decreased steadily and was undetectable by
240 min. The major metabolite, 3’-hydroxybupivacaine, was detected in the first
plasma sample obtained at the end of infusion at a lower concentration of 80 +
14 ng/mL. Its concentration decreased more slowly over time and was
detectable at 15 + 7 ng/mL at 240 min. In plasma, two other metabolites, 4'-
hydroxybupivacaine and 2,6-pipecoloxylidide, were not detected. The elimination
half-life of bupivacaine was 37.7 = 2.4 min.

Bupivacaine iv

10000

1000 ; .
] Bupivacaine t/2B=37min

3-OH-Bup

100 E@‘? ¥

Plasma Concentrations (ng/ml}

_% Fig. 1. Plasma concentrations of bupivacaine and 3'-hydroxy-
bupivacaine (3’-OH-Bup) after an intravenous bolus dose of 1
10 T T T 1 mg/kg bupivacaine hydrochloride, followed by infusion at a
0 60 120 180 240 rate of 0.33 mg - kg™' - min~" over a total period of 15 min to
Time (min) pregnant rats.
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The peak concentration of bupivacaine was measured in the plasma, brain,
heart, and liver of dams and fetuses at the end of infusion (0 h). Bupivacaine
was undetectable in both dams and fetuses 4 h post infusion. Also, bupivacaine
was detected in the placenta, amnion, and myometrium. The fetal to maternal
plasma concentration ratio of bupivacaine was 0.29 * 0.4 and the fetal to
maternal placental concentration ratio was 0.63 + 0.06. The major metabolite, 3'-
hydroxybupivacaine was present in all samples in lower concentrations than
bupivacaine except for the maternal liver. The highest concentration of
bupivacaine and 3’-hydroxybupivacaine were present in the amnion (the fetal
membranes).

Table 1. Mean Values (+ SD) for Concentrations of Bupivacaine and Metabolites (ng/ml or ng/g) in Pregnant Rats and Their
Fetuses at 0-h, 2-h or 4-h Postmaternal Infusion of Bupivacaine (0.33 mg - kg~' : min™") over 15 min

End of Infusion (N = 7) 2-h Postinfusion (N = 7) 4-h Postinfusion (N = 8)

Sample Bupivacaine 3-0OH Bup 4-OH Bup PPX Bupivacaine 3-OH Bup Bupivacaine 3-OH Bup

Mother

Plasma 1,217 + 130 39+4 T ND 115 + 32 24 £ 10 ND 54 + 26

Brain 3,350 * 686 111 £ 21 93 + 63 ND 203 £ 77 87 + 64 ND 71+ 68

Heart 1,906 + 372 109 + 46 T ND 289 + 72 290 £ 70 ND 273 = b4

Liver 2,684 =718 2,423 + 322 184 = 27 107 £ 55 147 £ 77 1,357 + 138 ND 1,236 + 564
Fetus

Plasma 320 + 38 21+6 ND ND T T ND ND

Brain 1,070 = 227 70 £ 15 477 ND 91 + 60 38 + 16 ND 3115

Heart 789 + 114 T ND ND T T ND ND

Liver 1,041 = 187 141 + 28 T T 3820 209 + 132 ND 46 + 18
Placenta

Matemal 3,440 + 413 191 = 28 173+ 73 ND 393 + 126 227 + 47 88 =55 223 *183

Fetal 2,163 = 339 166 + 42 90 = 57 T 160 + 85 162 £ 33 ND 166+ 106
Amnion 4,817 £ 976 390 = 114 593 + 102 182 = 70 760 + B6 371 £177 303 =76 449 =63
Amniotic fluid 226 >+ 32 T T ND 77 + 57 37+ ND 236
Myometrium 1,906 + 243 564 + 138 281 + 89 T 413 = 170 276 + 61 96 = 36 302 =187

3-OH Bup = 3'hydroxybupivacaine; 4-OH = 4'hydroxybupivacaine; PPX = 2,6-pipecolylxylidide; T = trace amount; ND = not detected.

Table 2. Mean (* SD)) Concentrations (ng/g) of Bupivacaine and Its Metabolites in the Maternal and Fetal Liver and Placenta at
Various Sampling Times

Liver Placenta
Postinfusion Time (h) 0 2 4 0 2 4
Mother
Bupivacaine 2,684 * 718 147 £ 77 ND 3,440 + 413 393 £ 126 88 + 65
3-0OH Bup 2,423 + 322 1,357 = 138 1,236 + 564 191 + 28 227 + 47 223 + 183
4-OH Bup 184 + 27 51 + 34 28+ 18 173 £ 73 ND 61 = 42
PPX-HCI 107 £ 55 ND 65 + 34 ND ND 32+18
Fetus
Bupivacaine 1,041 =187 38 +20 ND 2,163 + 339 160 + 85 ND
3-OH Bup 141 + 28 209 + 132 46 + 18 166 + 42 162 + 33 166 + 106
4-OH Bup T ND ND 90 + 57 ND ND
PPX-HCI T ND ND T ND ND

ND = not detected; 3-OH Bup = 3'hydroxybupivacaine; 4-OH Bup = 4'hydroxybupivacaine; PPX-HC| = 2,6-pipecolylxylidine hydrochloride; T = trace amount.
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Fig. 2. Concentrations of bupivacaine and 3-hydroxybupiva-
caine (3-OH-Bup) in the maternal and fetal placentae at the
completion of bupivacaine infusion (0 h), and 2 and 4 h after
dosing of bupivacaine to the pregnant rats.
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Reviewer’s note: The study data suggest that bupivacaine cross the placenta and the
peak concentrations of bupivacaine are detected in the plasma, brain, heart, and liver of
dam and fetus at the end infusion. It appears that bupivacaine slowly breaks down into
its metabolites over time. The elimination half-life of bupivacaine was 37.7 = 2.4 min.
While these data may provide pharmacokinetic characteristics of bupivacaine and its
metabolites, reproductive toxicity endpoints were not evaluated in this study. While the
study data may be interesting, the study data do not appear to provide additional safety
information to the existing embryo-fetal development and pre-/post-natal development
animal data in the label; therefore, given the extensive clinical experience with this drug,
this reviewer does not consider the study data necessary to be included in the label.

Effects of oocyte exposure to local anesthetics on in vitro fertilization and
embryo development in the mouse (Schnell, Sacco et al. 1992)

Objective: To evaluate the effect of exposure of mouse oocytes to increasing
concentrations of local anesthetics such as lidocaine, bupivacaine, and chloroprocaine
on subsequent in vitro fertilization rates, embryo cleavages, and embryo development

Method: Mouse oocytes were exposed in vitro to lidocaine, chloroprocaine, and
bupivacaine at concentrations of 0, 0.01, 0.1, 1.0, 10.0, and 100.0 mcg/mL for 30 min
and in vitro oocyte fertilization at 24 and 48 h and embryo development at 72 h were
determined. Three separate experiments were conducted and analyzed.

Key Findings:
e Dose-dependent and statistically significant reduction of in vitro fertilization was

observed in mouse oocytes exposed to lidocaine and chloroprocaine from 0.1
mcg/mL. At the highest dose (100 mcg/mL), in vitro fertilization in oocytes
exposed to bupivacaine was reduced statistically significantly. Compared to
lidocaine and chloroprocaine, bupivacaine showed significantly higher fertilization
scores (See the Figure below)/
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Fig. 1. Percent fertilization at 48 h (means * standard deviation) for each anesthetic concentration exposure group. The
control groups had percent fertilization rates of 66%, 74%, and 77% (mean = 72%) in each of the 3 experiments. For statistical
analyses the actual fertilization score (mean * standard deviation) and not percentages as show were compared using chi-
squared analysis of independent samples with Bonferroni correction for multiple comparisons (*P < 0.05 anesthetics com-
pared with control, °P < 0.05 lidocaine and chloroprocaine compared with bupivacaine).

e Similar findings were observed in embryo development. Embryo development
scores for bupivacaine treated samples (blastocyst formation) were significantly
higher compared to samples treated with lidocaine or chloroprocaine.
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Fig. 2. Embryo development scores (mean * standard deviation) at 72 h as a function of anesthetic and anesthetic concen-
tration. Shaded area represents embryo development score 4.75 + 0.28 for the control mouse embryos (non-anesthetic-ex-
posed). Significant differences in groups were determined with ANOVA followed by Scheffé’s procedure for multiple com-
parisons (*P < 0.01 Lidocaine, Bupivacaine, Chloroprocaine compared with control, ®P < 0.01 Bupivacaine compared with
Lidocaine, Chloroprocaine).

Reviewer’s note: The authors conducted in vitro mouse oocyte fertilization and embryo
development study suggesting bupivacaine may affect fertilization and embryo
development less adversely compared to lidocaine and chloroprocaine. The authors
also noted bupivacaine has different characteristics (high potency, slow onset, longer
duration of action, and higher protein binding affinity) compared to lidocaine and
chloroprocaine, it is not conclusive that bupivacaine is safer than lidocaine and/or
chloroprocaine. While the study data may be interesting, this reviewer does not
consider the study data necessary to be included in the label.
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The effects of bupivacaine, ropivacaine and mepivacaine on the contractility of
rat myometrium (Arici, Karsli et al. 2004)

Reviewer’s note: This is a short publication (4 pg) of an in vitro study demonstrating
bupivacaine, ropivacaine and mepivacaine’s effects on rat myometrium contractility
(See the following abstract). While the study data may be interesting, given the
extensive clinical experience with this drug, this reviewer does not consider the study
data necessary to be included in the label.

SUMMARY. Local anesthetic agents are commonly used for obstetric anesthesia and analgesia. We determined the
effects of bupivacaine, ropivacaine and mepivacaine on the contractility of isolated pregnant rat uterine muscle strips.
Uterine specimens were obtained from 18- to 21-day pregnant Wistar rats (n = 28). Myometrial strips were obtained
from the uterine horns after removing the fetuses and non-uterine tissue, incubated in organ baths and contractions
stimulated with oxytocin. When contractions became regular, strips were exposed to increasing concentrations of the
study drugs. Mepivacaine (r = 8), ropivacaine (n = 10) and bupivacaine (n = 10) were used at cumulative doses
from 10~% to 10~* mol/L.. Two of the local anesthetics, bupivacaine most, ropivacaine least, caused a dose-dependent
inhibition of uterine contractility. In contrast, mepivacaine significantly increased uterine contractility. Bupivacaine,
ropivacaine and mepivacaine were found to have no effect on frequency of uterine contractions. These results
demonstrate that bupivacaine and ropivacaine may inhibit myometrium contractility.

Effect of epidural block on 24-hour urine protein in pregnant rat models with
preeclampsia (Dong and Gao 2012)

Reviewer’s note: This is a short paper (3 pg) investigating the effects of epidural block
on 24-hour urine protein in rat with preeclampsia. From the 14" day of pregnancy, rats
were subcutaneously injected with saline, 50 mg of | -nitroarginomethyl ester (.-NAME),
or 50 mg (-NAME/epidural block with 25 mcL of 0.125% bupivacaine (BID) for a total of
7 days. It appears that epidural block reduced the 24-hour urine protein and systolic
blood pressure on the 20" day of pregnancy, suggesting a potential strategy for
treatment of preeclampsia. While the study data may be interesting, this reviewer does
not consider the study data necessary to be included in the label.

A comparison of the inhibitory effects of bupivacaine and levobupivacaine on
isolated human pregnant myometrium contractility (Fanning, Campion et al. 2008)

Reviewer’s note: This is a short publication (5 pg) of an in vitro study demonstrating
bupivacaine and levobupivacaine reduce the amplitude of contractions in human
myometrium in a concentration-dependent manner. However, the concentrations
required for significant inhibitory effects are about 33X higher (0.1 mM) than the
clinically relevant plasma concentrations of these drugs after epidural administration
and the authors concluded that these effects are unlikely to be significant in the setting
of low-dose epidural analgesia in labor. Given the extensive clinical experience with
this drug, this reviewer does not consider the study data necessary to be included in the
label. Note that potential effects of bupivacaine on contractility are discussed in the
Labor or Delivery section in the label.
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Prolonged local myometrial blockade prevents preterm labor after fetal surgery in
aleporine model (Fauza, Berde et al. 1999)

Reviewer’s note: This is a short publication (3 pg) investigating the effects of prolonged
local anesthetic blockade of the myometrium on preterm delivery after open fetal
surgery. Eighteen pregnant New Zealand rabbits at 23 days gestation (term 31 to 33
days) were divided into three groups: Group 1 (hysterotomy), Group 2 (0.5%
bupivacaine injection into myometrium before hysterotomy plus treatment with 1.5 mL of
polylactic-co-glycolic acid microspheres loaded with 75% bupivacaine and 0.05%
dexamethasone before uterine closure), and Group 3 (saline injection into myometrium
plus treatment with 1.5 mL of polylactic-co-glycolic acid microspheres before uterine
closure). Microsphere suspension with bupivacaine and dexamethasone has been
shown to provide peripheral nerve blockade for approximately 5 days. Abortion rates
were significantly higher in Group 1 and 3 (83.3% and 71.4%, respectively) compared to
Group 2 (0%) and fetal mortality rate was significantly higher in Group 2 (87.5%) than
Group 1 and 3 (0% or 33.3%, respectively). Prolonged local blockade of the
myometrium with 0.5% of bupivacaine inhibits preterm labor after fetal surgery in
rabbits. While the study data may be interesting, given the extensive clinical experience
with this drug, this reviewer does not consider the study data necessary to be included
in the label.

The effects of bupivacaine on the umbilical circulation and placental gas
exchange in the fetal lamb (Fleming, Lambert et al. 1987)

Reviewer’s note: In this study, bupivacaine (0.1 mg/kg/min for 2 hours) was
administered directly to fetal sheep in utero (Gestation Day 125-140) to examine
whether bupivacaine in fetal plasma impaired the umbilical circulation and placental gas
exchange. Bupivacaine infusion (the plasma concentration ranges of 1.3 + 0.3 mcg/mL)
resulted in a significant depression of average fetal heart rate to 89% of control during
the second hour of the infusion period but heart rate and blood flow subsequently
returned to baseline over the 2-hour recovery period. There were no significant
changes in umbilical arterial/venous pressures, blood gas/pH, or electrocorticogram.
Nonetheless, the authors concluded that it is not conclusive whether depression of fetal
heart rate relates to a direct effect of bupivacaine on the fetal myocardium or is
mediated neurologically. While the study data may be interesting, given the extensive
clinical experience with this drug, this reviewer does not consider the study data
necessary to be included in the label.
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FLEMING JA, LAMBERT TF, WALKER AM. The effects
of bupivacaine on the umbilical circulation and placental
gas in the fetal lamb. Anesth Analg 1987; 66:1121-6.

Seven chronically catheterized fetal sheep at 125-140 days
gestation were studied in 12 experiments to determine the
direct effects of the local anesthetic bupivaceine (infused
intravenously to the fetus) on the umbilical circulation and
placental gas exchange. Electrocortical activity, umbilical
blood flow, heart rate, and umbilical arterial and venous
pressures were continuously monitored in experiments com-
prising a baseline period, a drug infusion period and a
recovery period, each of 2 hr duration. Samples of umbilical
arterial and venous blood were taken for blood gas analysis,
and for bupivacaine assay using high pressure liquid chro-

Reviewer: Misol Ahn, PhD

matography technigue. Fetal plasma bupivacaine levels were
1.3 = 0.3 pg/ml (mean * SEM) between 60-120 min of
infusion. Heart rate and umbilical blood flow decreased sig-
nificantly to 8% and 94% of control, respectively, (P < 0.05)
during the infusion and returned to control levels by 2 hr
afterwards. Mean umbilical arterial and venous pressures
were not significantly altered, and no significant rise in
umbilical vascular resistance occurred. No changes occurred
in umbilical arterial or venous pH, Po,, or PCO,. In sum-
mary, buptvacaine reversibly depressed fetal heart rate and
umbilical blood flow without detrimental changes in fetal
blood gas or acid-base status.

Key Words: ANESTHETICS, LocaL—bupivacaine.
ANESTHESIA—obstetric.

Effects of local anesthetics on pregnant uterine muscles (Karsli, Kayacan et al.

2003)

Reviewer’s note: In this study, the effect of local anesthetic agents (prilocaine,
bupivacaine, ultracaine) on myometrium in pregnant rats (18-21 days) were
investigated. Exposure to prilocaine (0.1 — 1 mM), bupivacaine (0.01 — 0.1 mM), and
ultracaine (0.1 -1 mM) decreased amplitude, duration, and integrated area under the
concentration curve. Given the extensive clinical experience with this drug, this
reviewer does not consider the study data to be included in the label. Note that
potential effects of bupivacaine on contractility are discussed

@9 in the Label.

(b) (4)

Effects of progesterone on the cardiac electrophysiologic action of bupivacaine
and lidocaine (Moller, Datta et al. 1992)

Reviewer’s note: This is a short publication (5 pg) investigating the relationship
between increased progesterone concentrations and the electrophysiologic effects of
bupivacaine and lidocaine in isolated Purkinje fiber-ventricular muscle preparations.
The paper suggested that progesterone selectively increases the cardiac membrane
depressant effects of bupivacaine but not lidocaine, which may contribute to the
enhanced toxicity of bupivacaine in pregnant animals. Note that potential effects of
bupivacaine on cardiac function are discussed in the Section 8.1 in the Label. While the
study data may be interesting, given the extensive clinical experience with this drug, this
reviewer does not consider the study data necessary to be included in the label.

Bupivacaine toxicity in pregnant and nonpregnant ewes (Morishima, Pedersen et
al. 1985

Reviewer’s note: This is a short publication investigating the relative central nervous
system and cardiovascular toxicity of bupivacaine in pregnant and nonpregnant ewes
during continuous infusion of bupivacaine into the jugular vein at the rate of 0.5
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mg/kg/min. The paper suggested that the pregnant sheep may be more sensitive to the
cardiotoxic effects of bupivacaine than the nonpregnant animals. Note that potential
effects of bupivacaine on cardiac function are discussed in the Section 8.1 in the Label.
While the study data may be interesting, given the extensive clinical experience with this
drug, this reviewer does not consider the study data necessary to be included in the
label.

Effect of ropivacaine and bupivacaine on uterine blood flow in pregnant ewes
(Santos, Arthur et al. 1992)

Reviewer’s note: This is a short publication investigating the effects of ropivacaine (15
min 1V infusion at 0.1 or 0.2 mg/kg/min followed by 45 min infusion at 0.05 or 0.075
mg/kg/min) and bupivacaine (15 min IV infusion at 0.077 or 0.1 mg/kg/min followed by
45 min of infusion at 0.039 or 0.058 mg/kg/min) on uterine blood flow and fetal well-
being in 10 chronically instrumented pregnant ewes. The study showed that IV
infusions of ropivacaine and bupivacaine, resulting in plasma concentrations relevant to
clinical practice did not adversely affected the pregnant ewe and fetus (i.e., mean
arterial blood pressure, heart rate, carbon dioxide tension, oxygen tension, and uterine
blood flow). It appears that the data presented in this study are not conclusive. This
reviewer does not consider the study data necessary to be included in the label.

Comparative pharmacokinetics of ropivacaine and bupivacaine in nonpregnant
ewes (Santos, Arthur et al. 1997)

Reviewer’s note: This is a publication determining the pharmacokinetics and protein
binding of ropivacaine and bupivacaine (6 mcmol/kg or approximately 2 mg/kg) after IV
administration over 15 min in nonpregnant and pregnant sheep (term 148 days). The
study suggested that both drugs showed lower total body clearance and volume of
distribution during the terminal phase of drug elimination and steady state in pregnant
animals. Bupivacaine showed lower distribution half-life, elimination half-life, volume of
central compartment, volume of distribution during the terminal phase of drug
elimination and steady state than ropivacaine. While the study data may be interesting,
given the extensive clinical experience with this drug, this reviewer does not consider
the study data necessary to be included in the label.

The effects of bupivacaine, (-Nitro- -Arginine-Methyl Ester (L-NAME), and
phenylephrine on cardiovascular adaptations to asphyxia in the preterm fetal
lamb (Santos, Yun et al. 1997)

Reviewer’s note: This is a publication determining whether the adverse effects of
lidocaine in the preterm fetal lamb also occur with bupivacaine and whether the
inhibition of nitric oxide results in effects similar to those of bupivacaine. Pregnant
sheep (117-119 days of gestation) were treated with an 1V infusion of bupivacaine (0.07
mg/kg/min for the first 15 min followed by 0.025 mg/kg/min for 165 min), L-NAME (25
mg/kg), or phenylephrine. Maternal and fetal blood pressure, heart rate, and acid-base
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state were evaluated. Bupivacaine treatment during asphyxia did not affect the mean
arterial blood pressure and acid base state but abolished the increases in blood flow to
the myocardium and cerebral cortex, fetal cardiovascular adaptive responses to
asphyxia induced by partial umbilical cord occlusion. While the study data may be
interesting, given the extensive clinical experience with this drug, this reviewer does not
consider the study data necessary to be included in the label.

The placental transfer and fetal effects of levobupivacaine, racemic bupivacaine,
and ropivacaine (Santos, Karpel et al. 1999)

Reviewer’s note: This is a publication investigating the effects of levobupivacaine on
uterine blood flow and fetal well-being and to compare its placental transfer with that of
bupivacaine and ropivacaine in pregnant ewes (full term 148 days, N=10/group).
Animals received a two-step IV infusion (0.014 mL/kg/min for the first 15 min followed
by a 45 min infusion at 0.007 mL/kg/min) of levobupivacaine, bupivacaine, or
ropivacaine (15.39 mcM/mL) for 1 hour. There were no significant changes in maternal
blood pressure, central venous and intra-amniotic pressures, acid-base status, and
uterine blood flow by any drugs. Unlike the other two drugs, bupivacaine reduced the
maternal heart rate. No changes in fetal heart rate, mean arterial blood pressure, and
arterial blood pH and gas tension were observed by these drugs over 60 min. There
were no significant hemodynamic changes in the pregnant ewe and fetus and no
significant differences in the fetal serum and tissue levels of these three drugs. Given
the extensive clinical experience with this drug, this reviewer does not consider the
study data to be included in the label.

Systemic toxicity of levobupivacaine, bupivacaine, and ropivacaine during
continuous intravenous infusion to nonpregnant and pregnant ewes (Santos and
DeArmas 2001)

Reviewer’s note: This is a publication investigating whether pregnancy affects the
systemic toxicity of levobupivacaine and comparing the systemic toxicity of
levobupivacaine with that of bupivacaine and ropivacaine in nonpregnant and pregnant
sheep. Animals were received an IV infusion of 0.52% levobupivacaine, 0.52%
bupivacaine, or 0.50% ropivacaine at a constant rate of 0.1 mL/kg/min until circulatory
collapse. Convulsion was observed at lower doses of all three drugs in pregnant
animals compared to nonpregnant animals. There were no significant differences
between pregnant and nonpregnant ewes in doses required to produce more advanced
manifestations of systemic toxicity (i.e., hypotension, apnea, and circulatory collapse).
The mean cumulative dose and serum concentration at each toxic manifestation was
lowest for bupivacaine, intermediate for levobupivacaine, and highest for ropivacaine in
both pregnant and nonpregnant animals. Note that potential effects of bupivacaine on
cardiac function are discussed in the Section 8.1 in the Label. While the study data may
be interesting, given the extensive clinical experience with this drug, this reviewer does
not consider the study data necessary to be included in the label.
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The effects of epidural anesthesia on uterine vascular resistance, plasma arginine
vasopressin concentrations, and plasma renin activity during hemorrhage in
gravid ewes (Vincent, Chestnut et al. 1994)

Reviewer’s note: This is a publication determining the effects of epidural anesthesia
(0.5% bupivacaine) on the mean arterial pressure/uterine vascular resistance
relationship and arginine vasopressin concentration and plasma renin activity during
hemorrhage in gravid ewes (0.8 and 0.9 of timed gestation). The authors concluded
that epidural anesthesia attenuated the increase in uterine vascular resistance during
hemorrhage. While the study data may be interesting, given the extensive clinical
experience with this drug, this reviewer does not consider the study data necessary to
be included in the label.

10 Special Toxicology Studies

Study Title: An Investigational Study of Post-Surgical SABER-Bupivacaine Vehicle
Instilled into a Surgical Wound with a 10-Day Recovery Period in Gottingen Minipigs

Study Number: ©®%-434063

The object of the study: To evaluate the possible effects of SABER-Bupivacaine
vehicle when instilled into a surgical wound during an exploratory laparotomy to
Gottingen minipigs during a 10-day post-surgical observation period.

This study is briefly reviewed and summarized below. This non-GLP study was
determined to be inadequate due to the following reasons: an insufficient number of
animals evaluated (N=3), inadequate local toxicity evaluation, and confusing labeling in
data which raises some concerns whether data were adequately evaluated, etc. In
addition, a 10-day recovery period appears to be insufficient to evaluate duration or
quality of wound healing.

Summary: Three female minipigs (6-7 months old, 12.3 kg to 13.6 kg) had two
incisions (approximately 4 inches long) through the skin and abdominal musculature,
penetrating into the abdomen. Each incision was approximately 4 cm from the
abdominal midline. Five mL of SABER-bupivacaine vehicle (right side incision) or 0.9%
sterile saline control (left side incision) were administered vial instillation during surgical
closure of an abdominal laparotomy.

e No significant clinical signs (mortality and weight changes) were found.

e Transient skin discoloration (red) was observed (mostly evident by 7-8 hours after
surgery and last up to 4 days in the SABER-bupivacaine vehicle-treated side while
skin discoloration in the control incisions was normal or less evident. The Sponsor
concluded that there were no effects on the duration or quality of wound healing.
Note that SABER-bupivacaine vehicle-treated right side incisions appear to have
some local reactions (a stich abscess/inflammation) on Day 10 post treatment and
the Sponsor stated that it was not considered to be related to treatment as
abdominal incisions with skin sutures occasionally abscess when surgical adhesive
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is not used. Overall, SABER-bupivacaine vehicle-treated right side incisions appear
to show more local reactions (skin discoloration and stich abscess) compared to the
control-treated left side incisions.

e No histopathology evaluations were conducted and photographic analysis was
conducted, which appears that all labels in the photo were switched.

Reviewer's comment: Data presented in this study report do not appear to be qualified
to evaluate local safety as stated above. Wound healing with the SABER-bupivacaine
product was evaluated in rats and minipigs (See the nonclinical review by Dr. Gary
Bond in DARRTS, Jan 08, 2014).

Study Title: An Investigational Study of Post-Surgical SABER-Bupivacaine Vehicle
Instilled into a Surgical Wound with a 10-Day Recovery Period in Beagle Dogs

Study Number: ©®-434060

The object of the study: To evaluate the possible effects of SABER-Bupivacaine
vehicle when instilled into a surgical wound during an exploratory laparotomy to Beagle
dogs during a 10-day post-surgical observation period.

This study is briefly reviewed and summarized below. This non-GLP study was
determined to be inadequate due to the following reasons: an insufficient number of
animals evaluated (N=3) and inadequate local toxicity evaluation (i.e., no
histopathological evaluation). In addition, a 10-day recovery period appears to be
insufficient to evaluate duration or quality of wound healing.

Summary: Three female minipigs (9-22 months old, 8.5 kg to 9.9 kg) had two incisions
(approximately 4 inches long) through the skin and abdominal musculature, penetrating
into the abdomen. Each incision was approximately 4 cm from the abdominal midline.
Five mL of SABER-bupivacaine vehicle (right side incision) or 0.9% sterile saline control
(left side incision) were administered vial instillation during surgical closure of an
abdominal laparotomy.

¢ No significant clinical signs (mortality and weight changes) were found.

e Transient skin discoloration (light brown or dark red) and swelling were observed
(mostly evident on Day 1 after surgery and last up to 6 days in the SABER-
bupivacaine vehicle-treated side but had no effect on the duration or quality of
wound healing. On Day 2, one animal showed red discoloration of skin extending up
onto the rib cage and across the ventral abdomen to the left side just slightly over
the midline and another animal showed light brown discoloration of skin in the same
location. These discolorations became fainter on Day 3 and were no longer noted
after Day 6. No further evaluation (i.e., histopathology) were conducted to provide
wide skin discoloration in these animals. While these discolorations were not
observed after Day 6, note that there were clinical concerns of bruise, hematoma,
dehiscence, and bleeding in Clinical Response Letter sent to the Sponsor (April 12,
2013).

¢ No histopathology evaluations were conducted and photographic analysis was
conducted, which appears that all labels in the photo were switched.
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Reviewer’'s comment: Data presented in this study report do not appear to be qualified
to evaluate local safety. Wound healing with the SABER-bupivacaine was evaluated in
rats (See the nonclinical review by Dr. Gary Bond in DARRTS, Jan 08, 2014).

11 Integrated Summary and Safety Evaluation

See Executive Summary.

12 Appendix/Attachments
NA
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EXECUTIVE SUMMARY
I BACKGROUND

General Background

SABER-bupivacaine (Posimir®) is an extended release depot formulation of the
amide local anesthetic bupivacaine which was developed under IND 66,086 and
submitted as NDA 204-803 by Durect Corporation for use in post-surgical
analgesia. The product is intended to be instilled into surgical wound sites as a
viscous solution which, upon diffusion of an excipient away, sets up as a depot,
releasing bupivacaine over 72 hr.

The Applicant is utilizing a 505(b)(2) pathway to support approval referencing the
Agency'’s prior finding of safety and efficacy for the listed drug Marcaine®,
approved in 1972 under NDA 16-964. There are numerous bupivacaine-
containing products on the market, principally immediate release injectable
solutions with concentrations of 0.25-0.75% (Marcaine®, Sensorcaine®, generic
products) with or without addition of epinephrine and with or without
preservatives, the latter to allow for spinal (intrathecal) administration. Approved
indications encompass the production of local or regional anesthesia or
analgesia for various surgical procedures including local infiltration, peripheral
nerve blocks, and epidural and spinal blocks. Notably, Exparel® (N22,496), an
extended release bupivacaine liposomal suspension intended for infiltration into
surgical site for postsurgical analgesia, was approved in 2011 but is not directly
relied upon by the Applicant.

The product, Posimir®, is formulated as a 12% solution (132 mg bupivacaine/mL)
with a maximum administration volume of 5 mL allowing for 660 mg of
bupivacaine to be instilled within a site. For comparison, the listed drug
Marcaine® as an IR solution has a label limit of 400 mg bupivacaine/day.
Exparel® currently has a dosage limit of 266 mg bupivacaine (1.3% bupivacaine
in 20 mL diluted into 30 mL) for hemorrhoidectomy procedures. Posimir also
contains two principal excipients to provide for reduced viscosity on initial
instillation with subsequent formation of the depot: benzyl alcohol (BA) 22%
®® and sucrose acetate isobutyrate (SAIB) 66% ®@ “respectively.

(b) (4)

Regulatory Summary (Pharmacology/Toxicology)

Amide local anesthetics are used widely to reduce pain of surgical and dental
procedures as well as, in the case of lidocaine, an acute anti-arrhythmic. Clinical
toxicities commonly associated with all amide local anesthetics are well
understood and include cardiovascular block and myocardial depression as well
as central nervous system (CNS) sensorium changes and seizure. These
toxicities are believed to directly relate to excessively high plasma concentrations
from administration into highly vascularized regions, inadvertent intravascular
administration, or inappropriately large doses.
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As Posimir is formulated as a depot, the level of bupivacaine administered is
high. Therefore, a regulated and extended release from the depot is paramount
for the systemic safety of the drug product. Local evaluation is necessary to
support the safety of prolonged release of bupivacaine from a specific area as
well as justify the acceptability of the depot formulation for use in wound sites.
The duration of depot residence in the tissue must also be addressed.

Il SUMMARY OF NONCLINICAL DATA SUPPORT

Please see the primary review of Dr. Gary Bond for a detailed listing and
examination of the supporting nonclinical data. Briefly, the applicant conducted a
number of nonclinical studies to address drug product ADME. Also supporting
the NDA were single dose SC toxicity studies in Sprague Dawley rats and in New
Zealand White Rabbits with examination out to 6 weeks post-dosing as well as a
4-week repeated-dose SC toxicity study in rat using a degraded drug product
with examination out to 4 weeks post-administration. The effects of SAIB-based
formulations on wound healing was examined in a rat linear incision model while
SABER-bupivacaine was used in a minipig wound model. To address the
duration of depot residence and examine local response a study involving 12-
month follow up of a single subcutaneous injection of SABER-bupivacaine in the
rabbit was provided. Though not intended to be administered intravascularly, the
risk of inadvertent administration was partially assessed in an in vitro hemolysis
assay — no direct IV/IA administration of SABER-bupivacaine in an animal model
was provided. A significant number of reports and scientific papers from the
public domain were provided by the Applicant to support pharmacology, SAIB
metabolism and safety for the oral route, BA safety, and other aspects of the
NDA submission but are largely secondary due to the available study data.

To support labeling, genetic toxicology testing of bupivacaine base was
conducted in two in vitro assays: an Ames reverse mutation assay and a
chromosomal aberration study in human peripheral blood lymphocytes.

Product quality was addressed by specifications and justifications and in
particular support for long term storage and stability was evaluated in an
Extractable/Leachable analysis and report containing risk assessment.

Also submitted, but considered less important for regulatory consideration at this
time were single-dose toxicity studies examining intra-articular dosing in rabbit
and in dog, oral toxicity study of Posimir in rat, and studies conducted with a
previous drug product formulation using @@ which was
abandoned in favor of BA, and perineural administration of various bupivacaine
formulations, including one which was similar to SABER-bupivacaine.
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11l. MAJOR NONCLINICAL ISSUES IDENTIFIED IN PRIMARY REVIEW

Systemic Exposure to Bupivacaine

The acute systemic toxicity of bupivacaine is well known and has been generally
thought to arise with serum concentrations in excess of 1000 ng/mL, with reports
considering 2000-4000 ng/mL to be the range of clinical toxicity (Tucker, 1986).
Although published clinical studies have reported exposures near this level with
typical use of immediate release bupivacaine for standard procedures
(Vainionpaa et al., 1995), the relative BA study provided by the Applicant
demonstrated lower Cmax levels than with use of SABER-bupivacaine and, as
would be expected of a depot product, significantly lower exposure over time as
reflected by AUC (see table below). Therefore, from the nonclinical perspective
exposure coverage in animal studies is necessary for both Cmax, but perhaps
more importantly AUC. The submitted studies of single dose subcutaneous
administration of SABER-bupivacaine in both rat and rabbit models provided
exposures that, in the absence of clear nonclinical systemic toxicity (i.e. systemic
NOAEL), exceed those achieved in the clinical trials. Therefore, the nonclinical
data support the systemic safety of SABER-bupivacaine for use as proposed,
though we note that clinical levels achieved are variable and may range to levels
associated with clinical signs of toxicity.

Comparison of Clinical Exposure to Bupivacaine to Nonclinical Exposure

Species Product Cmax AUC.ins
(ng/mL) (ng*h/mL)
Human Marcaine' 342 5,650
SABER-B' | 625 35,230
SABER-B? 965 41,942
Rat SABER-B 1,432 74,423
Rabbit SABER-B 3,033 48,645

" BU-001-IM Hysterectomy study; 100 mg Marcaine®, 660 mg Saber-Bupivacaine
% CLIN005-0006 Subacromial decompression study; 660 mg Saber-Bupivacaine

® Study Report 11519.01.04

* Study Report A784.6.1

Local safety for use in wounds

Wound Healing Models: As a product which is administered to wounds, the risk
of interference with wound repair was examined. The effects of instillation of a
formulation equivalent to SABER-bupivacaine on wound healing was explored in
both rat and pig full-depth incision models.

Rat. The rodent study involved a 2.5 cm full thickness incision in the
dorsolateral flank within which test articles (0.125 mL, multiple formulations
including a SABER-bupivacaine-equivalent) were administered which could be
compared to an incision-only group (i.e. sham) 7 days after suturing wound.
Biomechanical strength testing 7 days post-incision, a time-point which has been
used to examine wound repair in published studies (Pickett et al., 1996; Sohn et
al., 2001; Gal et al., 2006) revealed no difference in the pressure needed to
produce wound failure.
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Biomechanical Wound Strength Test Results in Rat

mmHg disruption pressure
SABER-bupivacaine | ¢agpg placebo -
equivalent ) Incision only
equivalent
(15 mg)
Wounds 15 10 15
evaluated
Mean 201 207 190
S.D. 25 33 20

Microscopic evaluation of the wound site revealed some differences in response
between SABER-bupivacaine and Incision only animals (see table below). In
particular, there was more inflammation, granulation, angiogenesis and an
incidence of 2/5 animals with minimal to mild gap observed in dermis. Both of
these animals were observed to have a cyst at the site (and there was one
additional SABER-bupivacaine rat with cyst in which a gap was not observed);
however, this was not observed in sham animals. Findings were more enhanced
in animals with cysts than those without. No evaluation of SABER-placebo was
conducted and no comparator IR bupivacaine was tested to determine if any of
these responses could be a result of bupivacaine administration though cystic
formation is consistent with a foreign body response.

Microscopic Examination of Wound in Rat

Average Score
(0-4; higher number more apparent)
Finding SABER-l?upivacaine o
equivalent Incision only
(15 mg)
n=5 n=5
Inflammation 2.4 14
Granulation 2.4 1.8
Angiogenesis 2.8 1
Epithelization 3 3
Neutrophils 1.6 1
Gap 0.5 0
Fibrillogenesis 2.8 3.6
Incidence
Cyst 3 0
Abcess 0 1

Minipig The wound healing study conducted in the minipig differed from
the rodent study having a longer observation time (15 days post-incision) and
being exclusively limited to histologic assessment of the wound site without
biomechanical strength testing. Equivalent volumes (0.5 mL) of SABER-
bupivacaine (66 mg bupivacaine), SABER-placebo, or a negative control solution
of 5% carboxymethylcellulose (CMC) gel was instilled into one of multiple sites
(each 20 mm diameter full-thickness wounds; again, no bupivacaine immediate
release product was used for comparison for reasons not specified.
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Macroscopically, there were no obvious differences between treatment groups.
Inflammation, hemorrhage and exudates appeared in all groups and with similar
grades of severity. There was no apparent necrosis. Histologic analysis of
tissue revealed similar findings between the three groups as shown in the table
below. As Dr. Bond notes, “Microscopically, a slight tendency towards less
advanced re-epithelialisation and more inflammation and clear vacuoles occurred
in the SABER-bupivacaine animals compared to the CMC animals.” Table below
taken from study report.

Microscopic findings
Observation Treatment
: . : Control wounds Vehicle SABER Bupivacaine

(Treatment (treatment 2) injectable formulation
3, 5% CMCQC) (treatment 1)

Crust, focal

Total number observed
Minimal

Slight
Re-epithelialisation
Total number observed
Moderate

Marked

Massive

Thickness epithelium
Total number observed
Moderate

Marked 4 4 4
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Massive : - 1 i

6
2
4

[\SIF S )
~

~N - 1 o0
Q= = 0
w

A oo
oo
&~ 00

=]
o0
=]

Inflammation superficial
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Moderate
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Total number observed
Minimal

Slight

Moderate

Cystic spaces
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Giant cells

Total number observed
Minimal

Slight

Moderate

Clear vacuoles

Total number observed
Minimal

Slight
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Marked
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Total number observed 8
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Planimetric evaluation of wound closure identified no statistically significant
differences between treatment groups in wound area, granulation tissue area, or
epithelialized area when evaluated daily between post-incisional days 2-15 (D2-
15); however, numerically it appears the wound area was slightly slower to re-
epithelialize and contract as shown on D10 though by the end of the D15
measurement period this effect seemed less apparent (see table below),
suggesting that any slowing of wound healing would tend to be transient.
Histology as described above was obtained at D15 therefore there are no interim
findings which might explain these early differences. | note there was no
indication of cyst development in the report.

Assessment of Wound Healing in the Minipig

Area observed
(mm?)
N=8
Day 10 Day 15
Measurement CcMC Veh SAIB-B CcMC Veh SAIB-B
Wound area 155 181 186 119 129 131
(% contracted) T | (51.2%) | (43.2%) | (40.8%) | (62.6%) | (59.6%) | (58.2%)
Granulation 78 101 106 10 16 15
tissue
Epithelialized 78 81 80 109 113 116
tissue

T Day 1 wound area values: 0.5% CMC 318 mm?, SABER-placebo (i.e. vehicle) 319 mm?,
SABER-bupivacaine 314 mm?

As no comparison was made against sham, saline, or immediate release
bupivacaine, and as 5% CMC has not been previously established to be similar
to saline or sham in this model it is not clear this is a true “negative” control and
therefore it is possible the degree of effect may be underestimated.

Subcutaneous studies: Although perhaps of less relevance for support of
clinical use in surgical settings, single-dose subcutaneous administration studies
of SABER-bupivacaine were conducted in rat and rabbit with sacrifice and
evaluation on SD15 or 43. The Applicant provided no justification that the initial
evaluation at SD15 was representative of the maximum acute toxicity. As the
solvent BA and the API bupivacaine are expected to be fully released by SD1
and SD3, respectively, the initial evaluation should have been not later than
SD3/4. | note that for the Exparel nonclinical studies, sacrifice and evaluation
was conducted on SD3 and SD15. | note as well that the Applicant’s initial SC
studies with the earlier SAIB/ ® version of the product had sacrifices at SD4
and 15 and noted necrosis at the earlier time-point and other findings were
reduced at by SD15. Also notable neither study in rat or rabbit included an
immediate release bupivacaine control and the rabbit study also did not include a
saline/negative control.

Rat. SABER-bupivacaine as well as SABER-placebo administration was
associated with discoloration and swelling (severity not described) after
administration in the rat which was maximally apparent by SD15 (observations
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were taken weekly). These findings largely resolved in all SABER groups except
swelling at the injection site remained apparent in males in the SABER-
bupivacaine 240 mg/kg group at SD43. Saline injection was used as a negative
control and provided no remarkable findings at either SD15 or SD43.
Macroscopic examination revealed skin changes at the injection site which
included observation of crust, masses, and nodules, as well as similar
subcutaneous tissue changes in 1-9/15 animals, generally increasing in
incidence with volume/dose of SABER administered. Again, these findings were
not observed in the saline control.

Microscopic examination of tissue revealed a number of findings at the injection
site of SABER-treated animals (bupivacaine and controls) with severity and
incidence largely volume-related though some enhancement of toxicity by
bupivacaine may be in evidence. Findings on SD15 in both males and females
included: mild to marked development of medium to large cysts in the majority of
SABER-animals, minimal to marked panniculitis, minimal to marked epidermal
hyperplasia (acanthosis), minimal to moderate dermatitis including, at the high
dose, minimal to marked ulcerative dermatitis (26/80 SABER-animals), and at the
larger volume sizes (0.6-2 mL) evidence of cutaneous necrosis which in females
(SABER-placebo) was scored as mild to moderate while in males (= 72 mg/kg
SABER-bupivacaine) ranged from moderate to marked. With the exception of
one cyst in 20 saline-injected animals, no findings were noted in this control

group.

On SD43, cutaneous necrosis was not observed, instead evidence of dermal
fibrosis and fibrosis of the subcutis was observed in the minority of animals
remaining for evaluation; cysts were still present in the majority of animals along
with minimal to mild panniculitis. There was no clear difference between
SABER-placebo and SABER-bupivacaine animals at the 2.0 mL volume but
again, as expected, there was no similar findings observed in the saline control

group.

Rabbit. As previously mentioned the single-dose subcutaneous toxicity
study conducted in rabbit compared SABER-bupivacaine at two doses (30 or 120
mg/kg) differing by volume administered (0.25 and 1.0 mL/kg, respectively) with
volume equivalent SABER-placebo. No evaluation of these against immediate
release bupivacaine or saline negative control was included in the study. High
volume administration of SABER-bupivacaine was associated discharge in
several animals while both SABER-bupivacaine and SABER-placebo were
observed with sporadic signs of scabbing and discoloration. Macroscopically the
sites were characterized as having thick subcutis with crust with both SABER
groups. Microscopic findings on SD15 revealed chronic inflammation (mild to
marked) in both low and high volume SABER-placebo and SABER-bupivacaine
as well as vacant spaces thought to represent SAIB, occasionally exudate was
observed in these spaces. Findings that were only observed in SABER-
bupivacaine groups included hemorrhage which could be marked at the high
volume, acanthosis, hyperkeratosis, and in single animals granulomatous
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inflammation and ulcer. Microscopic findings on SD43 clearly suggest a reversal
with generally minimal to moderate chronic inflammation in a minority of animals
across all SABER groups and a reduced incidence and degree of vacant spaces
as may be expected. Sporadic findings of hemorrhage and acanthosis was
noted in all treatment groups when genders were combined and one incidence of
erosion (tissue not specified) was observed in a high dose/volume SABER-
bupivacaine animal.

Excipients

The excipient sucrose acetate isobutyrate (SAIB) has an extensive prior
database investigating safety for oral use as described by Dr. Bond. The World
Health Organization established an Acceptable Daily Intake of 20 mg/kg. This is
exceeded in amount by the proposed maximum use of SABER-bupivacaine
(3,630 mg in 5 mL), however as SAIB sets up a depot and degrades very slowly
over months (see below), the systemic exposure to this compound is far smaller
and the equivalent dose/day is well within the range of the WHO ADI.
Additionally, | concur with Dr. Bond the 4-week repeated subcutaneous study
with degraded SABER-bupivacaine product does not elicit any systemic safety
concerns and provides a safety margin based on amount administered although |
note 4-week observation cannot itself address long-term safety. The safety of its
use as a local depot formulation can be determined from the included nonclinical
studies. As noted previously, there is local toxicity associated with this product,
principally appearing as a foreign body reaction. The long duration of the product
in tissues, however, means this local effect persists.

Several mass balance studies were conducted to determine the rate of
elimination of SAIB from animals after a single subcutaneous administration of
'“C-SAIB. Slow elimination of radiolabel was noted through all routes of
elimination, with 61% of radiolabel still retained 6 weeks post-administration.
The persistence of “C-SAIB after subcutaneous or wound instillation was
determined in rodents. As can be seen from the Sponsor’s graphs below (Study
Report 8255730), a slow release of radiolabel from the site occurs which by 10
weeks is still above ®@or, of total radiolabel administered by the wound
instillation and subcutaneous routes, respectively.
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Mean percent radioactive dose in skin and subcutaneous tissues
after surgical wound administration of “c-SAIB (400 mg/kg) to rats
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The persistence of SAIB after a subcutaneous administration of a prior version of
the product using ®®@ as part of the vehicle (in place of
BA) was examined in a rabbit model. Approximately 2.5 mL (37.5 mg/kg) of
SABER  ®®_pupivacaine or vehicle was injected with observations at various
time-points through SW52. Gross lesions including cysts were noted throughout
26 weeks of macroscopic evaluation. Injection sites obtained at SW39 and
SW52 revealed spaces with “viscous contents” which was confirmed to be SAIB.

The excipient benzyl alcohol (BA) also is extensively used in industrial and
cosmetic settings, and as a food additive. As noted by Dr. Bond there exists a
large safety database for the compound and the ADI for BA based on WHO
evaluation is 5 mg/kg. This is lower than the amount of BA liberated from use of
SABER-bupivacaine at maximum levels (1,210 mg in 5 mL). Dr. Bond has
identified an injectable product producing high levels of BA (~1,000 mg;
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FASLODEX) which is administered every other week initially, then monthly. |
concur the usage generally covers the usage in this product and provides some
assurance of local as well as systemic safety. Additionally, high doses were
administered in nonclinical studies, including the 4-week degraded product study,
which in the absence of systemic toxicity provides an acceptable safety margin.
The propensity of BA to evoke a serious metabolic acidosis in pre-term neonates
with immature hepatic metabolism has been reported. The amount of BA in the
present product is significant. It is not proposed for use in this population and it
seems improbable that milk transfer through nursing would occur in the post-
surgical setting unless used for procedures like caesarian section. Based on
animal data, the level of BA administered to maternal rats which reached milk
was approximately 0.4%. It is unknown if this would be expected in human,;
however, if similar, the levels an infant would be exposed to would be below
those levels that have previously been associated with this syndrome.
Nevertheless this should be described in labeling in Warnings and Precautions
sections.

Drug Specifications
There are no impurities in the drug substance which require qualification. Four

degradants required safety qualification as discussed in Dr. Bond’s review.
(b) (4) (b) (4)

Y% Levels
are quite high in the drug product, reflected in the requested specifications of
NMT @@ respectively. Safety was

demonstrated with identification of a systemic NOAEL in the 4-week repeated
dose (weekly) SC toxicity study using an aged drug product which provides a
>3.5X systemic safety margin over the maximum human intake. Local safety
qualification is supported by the observation that the degraded material, which
provoked a strenuous inflammation at the site of application, did not differ in
quality of findings from a (low degradant) SABER-placebo. Additional information
provided by the Applicant, including a negative clastogenicity assay in human
peripheral blood lymphocytes for ®® as well as a World Health
Organization review adequately addressed genetic toxicity. The same 4-week
repeated dose study also qualified the degradant O@ at the
NMT | @@ level (recently agreed to by Applicant) for both local and systemic
safety, and the provided Bacterial Reverse Mutation Assay demonstrated an
absence of mutagenic potential. Finally, ®® has
been identified as being genotoxic and, in rodents, a carcinogenic degradant of
many local anesthetics. The maximum human intake at the proposed
specification level of @@ falls just slightly above our threshold for toxicologic
concern @@ This is a single dose product as Dr. Bond
points out, and has been allowed in many products at higher daily intakes
(Exparel is at @@ for example). Prior Advisory Committee (ALSDAC
August 23, 1993) considered the carcinogenicity finding not relevant for humans.
Therefore, | believe the specification is acceptable and represents the
recommendation to control the levels to “As Low As Reasonably Possible”
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(ALARP principle). Therefore | concur with Dr. Bond the degradants are
appropriately qualified and the specifications acceptable.

Dr. Bond has evaluated the Applicant’s extractable and leachable studies and
has concluded that all compounds are within our general limits without need for
additional qualification. ®® some of which are
known carcinogens are limited to which is well below our threshold for
toxicologic concern (1.5 mcg) even building in an extra ®“safety factor. |
concur with his assessment.

(b) (4)

“Dose Dumping”

As with all depot and ER formulations, evidence of inadvertent release of the API
(“dose dumping”) was sought in the nonclinical program. This was not observed
which is reassuring as the generally high plasma levels reached clinically at the
maximum intended dose would not likely stand further increases without signs of
CNS or CV toxicity.

Alternative routes

SABER-bupivacaine is not intended for intra-articular injection; however,
evaluations of this route were conducted both rabbit and dog and were notable
as described by Dr. Bond. Microscopic findings of minimal to moderate synovial
hyperplasia, fatty degeneration, inflammation, fibrosis and osseous metaplasia
were noted in rabbits two weeks after administration and were still present six
weeks post-injection. Findings were slightly worse in SABER-bupivacaine
animals than SABER-placebo and was not observed in saline treated joints or in
the contralateral joint. Intra-articular administration of SABER-bupivacaine or
SABER-placebo to dogs produced similar and additionally significant joint effects
including subchondral bone fibrosis and necrosis of cartilage and at the highest
volumes administered, the necrosis considered of marked severity. | concur with
Dr. Bond that, if approved, this should be described in Animal Toxicology section
of the label as a further method to discourage this route of administration.

Perineural administration of SABER-bupivacaine was evaluated against SABER-
placebo, saline and IR bupivacaine in a rabbit model. Microscopic examination
of the perineural area revealed increased neuronal inflammation and axonal
degeneration in SABER-treated animals which was somewhat worse with the
additional bupivacaine in SABER-bupivacaine and was absent from the
bupivacaine IR and saline-treated animals. This was considered to be the result
of foreign body reaction in the vicinity of the nerve, consistent with findings from
other routes and placement though some additional effect of prolonged
bupivacaine at the site may be augmenting the observed findings.

SABER-bupivacaine was not tested in vivo in an IV or intra-arterial toxicity study.
It seems quite reasonable to conclude that administration of a drug product of
this nature would result in profound toxicity due to occlusion of vessels as the BA
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rapidly leaves the injectae. An in vitro hemolysis study was performed which
demonstrated the vehicle itself has hemolytic potential.

Overall Risk Assessment and Nonclinical Support

The nonclinical data submitted in support of SABER-bupivacaine reveal this drug
product has an acceptable systemic safety profile. Clinical bupivacaine
exposures, though high, are within that supported by animal studies and appear
to fall within the range of prior approved uses for immediate release bupivacaine
products. There is no evidence of dose dumping from the nonclinical data
provided and bupivacaine release appears to occur in controlled fashion primarily
over the first 24 hr with continued release tapering over the following 48 hr. The
quality of the drug product has also been adequately supported from the
nonclinical perspective. The risks of the product identified in the nonclinical
program principally relate to local toxicity associated with the vehicle and the
resulting formation of the depot along with its persistence in tissues. This is
noted in the single-dose subcutaneous administration studies in rodent and rabbit
in which administration produces (by Study Day 14) swelling, discoloration, and a
significant mild-to-marked inflammation of the subcutaneous tissue associated
with, in rats, cyst formation while in rabbits this appeared as a granulomatous
inflammation around vacant spaces thought to represent the SAIB depot. Other
findings included dermal evidence of damage which may or may not be
secondary to scratching of the administration site by the animals. Inflammation
was slowly resolving over 6 weeks post-administration. Notably, the acute
effects of the drug product at the site were not evaluated and therefore there may
be significant toxicity, such as the necrosis observed with an earlier SAIB/ ©%
version of the product, which would not be observed with the delayed initial
histologic assessment. Furthermore, appropriate negative (saline) and
immediate-release bupivacaine control groups were not consistently included for
distinguishing the effects of bupivacaine from vehicle and to a certain extent the
vehicle itself from the injection procedure.

More pertinent to the proposed indication of surgical site instillation were studies
in wound healing models conducted with a near-final version of SABER-
bupivacaine in rat and minipig. Microscopic evidence of inflammation, cysts, and
mild dermal gap was noted in rats with instillation of SABER-bupivacaine. Cysts
were not apparent in an incision only (sham surgery) control group 7 days post-
wounding and there was no gap in the dermal layer. Nevertheless, there was no
evidence of reduced wound repair strength in the SABER-bupivacaine animals
compared to sham surgery animals when tested at this single time-point. A more
complete time-course with longer follow-up (to at least 14 days) to observe the
full course of wound repair would have been ideal but was not conducted. A
study in the minipig in which wounds were treated on SD1 and evaluated on
SD15 identified slightly less advanced re-epithelialisation, more inflammation
(moderate in severity), giant cells, and clear vacuoles thought to contain SAIB
when compared to a control group administered a viscous
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carboxymethylcellulose solution. Additionally, visual inspection of the wounds
suggested a transient delay in healing in SABER-bupivacaine animals which
appears no different than carboxymethylcellulose control by 15-days post
wounding. Again it is notable that acute evaluation of the wound site was not
incorporated into the study design and the carboxymethylcellulose solution was
not previously established to be equivalent to a negative (saline) control;
therefore, the short-term impact of SABER-bupivacaine on wound healing in this
animal model may be underestimated.

The extrapolation of findings from the local toxicity studies conducted in these
nonclinical models to the clinical application is made cautiously. The effects in
the animal studies were principally due to vehicle provoking a foreign body
reaction, the severity of which was related to the volume of vehicle instilled to the
site. It is not apparent that the presence or specific dose of bupivacaine was a
significant factor. The local “concentration” of vehicle introduced subcutaneously
or into wounds in the nonclinical program is, however, of uncertain relationship to
that achieved in the surgical setting due to uncertainties comparing the area of
application. If it is assumed that for the human hernia repair usage the incision is
approximately 12-15 cm, the maximum SABER-bupivacaine administration per
cm of linear incision 0.4 mL/cm (equivalent to 55 mg bupivacaine/  ®®

SAIB/ % BA per cm), while the rodent wound study model was .05 mL/cm
(equivalent to 6.5 mg bupivacaine/  ©® SAIB/ ©® BA per cm). In minipig the
administered volume is 0.16 mL/cm (as it was applied to a circular wound). In
either case it would appear more is instilled per unit area with clinical usage
though | suspect the full depth of incision and method of application may,
depending on the type of procedure, spread the volume across a greater total
area. Deposition of SABER-bupivacaine into smaller spaces may be expected to
provoke a larger and/or longer local response.

Nonclinical data provided by the Applicant indicate that while the bupivacaine in
SABER-bupivacaine is released over 3 days, evidence of intact SAIB depot
remains at injected sites for many months, perhaps a year or more, and being
associated with local irritation and fibrosis consistent with a foreign body reaction
against a slowly eroding material.

When the nonclinical program provided to support SABER-bupivacaine is
compared with the findings of the recently approved Exparel (NDA 22-496), a
liposomal bupivacaine product for infiltration to surgical wound sites, the present
studies appear to identify a greater degree of toxicity even in the absence of the
missing acute evaluations. The Exparel program tested concentrations (15 and
25 mg/mL) which met and exceeded the clinical concentration (15 mg/mL) in
wound healing, subcutaneous, and repeat-dose studies. In wound healing
models, acute findings of minimal to mild inflammation gave way to
granulomatous inflammation by two weeks post-administration. Subcutaneous
administration in rat and dog models revealed little findings by two weeks post-
administration of Exparel formulations, whereas with SABER-bupivacaine there
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was significant local toxicity that was still observed for at least four additional
weeks (last time point evaluated) in rats and rabbits. It is possible this relates to
differences in volumes administered between the two programs but qualitatively
the data, combined with the shorter duration of liposomal presence in tissues
compared with SAIB, suggests that a greater degree of local toxicity may be
expected with SABER-bupivacaine.

Intra-articular administration of SABER-bupivacaine is not supported by the
nonclinical data showing significant local tissue toxicity which is mostly
attributable to the vehicle. Chondrolysis, a concern described with prolonged
bupivacaine administration in the approved label, was observed with equal
incidence — though with greater severity (marked vs. moderate) — in SABER-
bupivacaine compared to SABER-placebo group animals with equivalent injected
volume.

Overall, the systemic safety and drug product quality issues appear to be
addressed and the nonclinical program appears broadly sufficient. Based on
nonclinical data, SABER-bupivacaine with clinical use is expected to produce
local toxicity consistent with a depot-provoked foreign body reaction, the severity
of which should be generally related to the volume of SABER-bupivacaine
instilled to the area of a particular site. As the depot material is long lived, this
reaction may be expected to remain present for an extended period of time, well
past the time at which the product is producing any clinical benefit. Though
reassuringly no nonclinical evidence of wound strength abnormalities were
observed, the examination was conducted in a single animal model and limited to
a single time-point which may not be fully reflective of the complicated and
overlapping processes that occur in wound repair over time nor account for
differences in wound healing between nonclinical species and the human. |
agree with Dr. Bond that the nonclinical findings do not suggest SABER-
bupivacaine carries significant risk with intended usage — and | understand Dr.
Bond’s rationale for recommending approval. However, the product itself is not
toxicologically neutral with instillation to wound sites and this effect appears to be
maintained for weeks at minimum and perhaps months, a situation which is not
observed with immediate release bupivacaine and which far exceeds the
intended pharmacologic benefit of SABER-bupivacaine. For this reason | do not
recommend approval based solely on the nonclinical information provided.
Should clinical efficacy present a positive risk:benefit for this expected local
response and/or clinical safety data indicate that the analog or sequalae of these
nonclinical findings are not apparent in the surgical population this would be
reassuring and a sound basis for approval of the drug product.

Despite my concerns with some aspects of the design of the nonclinical studies
submitted to support the NDA, should this application receive a Complete
Response | do not believe additional nonclinical studies are warranted as the
data obtained would be unlikely to alter my recommendation or greatly inform the
clinical program beyond our current understanding.
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V. RECOMMENDATIONS

Recommendation on approvability

| do not recommend approval based solely on the nonclinical information
provided. Should clinical efficacy present a positive risk:benefit when
considering the expected local toxicity response and/or clinical safety data
indicate that the analog or sequalae of these nonclinical findings are not apparent
in the surgical population this would be reassuring and a sound basis for
approval of the drug product.

Recommendation for nonclinical studies

| do not believe additional nonclinical studies are warranted as the data obtained
would be unlikely to alter my recommendation or greatly inform the clinical
program.

Recommendations on labeling

Labeling recommendations will be contained in a separate memo if this
application moves towards approval. However, even though Warnings and
Precautions section will warn against the intra-articular route | do concur with Dr.
Bond that results of the intra-articular toxicity study conducted in dogs be
included as part of the Animal Toxicology section in order to discourage use
through this route.
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1 Executive Summary

1.1 Background and Regulatory Issues

SABER®-Bupivacaine (POSIMIR™ - NDA 204803), is a proposed extended-release
bupivacaine depot drug product. It has been submitted by DURECT Corporation and
Is pursuant to Section 505(b)(2) of the FD&C Act, relying on FDA'’s general findings of
safety and efficacy for Marcaine (bupivacaine hydrochloride — NDA 16964) injection,
the reference NDA approved October 3, 1972. Marcaine is a fast acting local
anesthetic consisting of a bupivacaine hydrochloride solution. Exparel® (NDA 22496),
another extended-release bupivacaine depot drug product which has been recently
approved (October 28, 2011) using Marcaine as its reference NDA, is also referred to
by the applicant, but it is not the reference NDA for support of safety, efficacy, or
labeling. The excipients in SABER-Bupivacaine are sucrose acetate isobutyrate
(SAIB) and benzyl alcohol (BA). They have been used in other approved drug
products but not by the proposed parenteral, and more specifically, wound instillation
route (SAIB) or at as high a dose level as proposed (BA).

The bupivacaine in SABER®-Bupivacaine is an amide-type local anesthetic indicated
for administration into the surgical incision at a total volume of 5 mL to produce
prolonged post-surgical analgesia. SABER-Bupivacaine is a sterile nonpyrogenic,
clear, light yellow to amber solution that contains bupivacaine (12%, 132 mg/mL, 660
mg in 5 mL), BA (22%, 242 mg/mL, 1210 mg in 5 mL), and SAIB (66%, 726 mg/mL,
3630 in 5 mL). Upon the single instillation of the maximum proposed dose of 5 mL
total (single dose ®@) the biodegradable matrix (SAIB) serves as a depot
for delayed release of bupivacaine over 24-72 hours. The SAIB forms this depot for
bupivacaine as the solvent BA diffuses away from the dosing site thereby providing an
extended release of bupivacaine over time compared to Marcaine (bupivacaine HCI).

1.2 Brief Discussion of Nonclinical Findings

The nonclinical program was designed to support the single administration of SABER-
Bupivacaine by instillation around a surgical incision. Nonclinical batches of SABER-
Bupivacaine (BA as solvent) used in testing were comparable to the proposed drug
product. Nonclinical findings address the issues of systemic toxicity related to
exposure to SABER-Bupivacaine and SABER placebo (no bupivacaine), their local
toxicity, and a comparison of nonclinical exposure levels to proposed clinical exposure
for the drug product (risk assessment — dose ratios). Nonclinical levels of bupivacaine
exposure are important for drug approval in supporting human safety as human
bupivacaine exposure from SABER-Bupivacaine is greater than the reference NDA
bupivacaine exposure as part of this 505(b)(2) submission. Excipients, degradants,
and extractables/leachables (E/Ls) and the effects on nerves, wound healing, and
potential hemolysis were also evaluated to support human safety under the proposed
use conditions.
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Systemic Toxicity

The systemic safety of SABER-Bupivacaine is acceptable because the proposed
bupivacaine exposure is supported by nonclinical:clinical safety margins, acceptable
product quality specifications and stability, and valid nonclinical studies with an
acceptable compositional comparability between the nonclinical test product and the
proposed drug product. Apparently, only labeling is supported as a 505(b)(2)
submission using the approved, referenced Marcaine as the proposed human
exposure to bupivacaine is greater than that demonstrated for Marcaine. The
nonclinical support also includes submitted pivotal nonclinical studies, most notably
single dose studies and a repeat dose study with prolonged observation periods and
toxicokinetic (TK) measurements. In addition, genotoxicity testing results for
bupivacaine, SABER-Bupivacaine, SABER placebo, and select degradants support
human safety. Potential carcinogenicity and reproductive toxicity of bupivacaine are
addressed using a 505(b)(2) reference to the approved Marcaine (NDA 16964) label.

The systemic safety of inactive ingredients SAIB and BA for clinical use in SABER-
bupivacaine is generally supported by their recognition as Generally Recognized as
Safe (GRAS) by the FDA when used by oral routes, their use in approved and
marketed products (oral only for SAIB), and extensive nonclinical databases on both
ingredients as included in World Health Organization (WHO) data reports. However,
for purposes of this application, as the amount of BA and SAIB in the proposed drug
product exceeds that as listed for the above references and only the oral route of
SAIB has been previously tested, the primary support for human safety is provided by
the submitted nonclinical studies, most notably a repeat dose study for the proposed
single dose indication. Nonclinical testing with SABER-Bupivacaine and/or SABER
placebo includes that as listed in an earlier paragraph plus embryo-fetal testing of
SABER placebo. This submitted nonclinical testing is consistent with the FDA
Guidance for Industry: Nonclinical Safety Studies for the Safety Evaluations of
Pharmaceutical Excipients (May 2005) noting that a full reproductive toxicology test
battery data exists for both ingredients in the literature. See section 2.4 (Comments
on Novel Excipients) for a detailed evaluation.

Human systemic safety is generally supported for the degradation products of

bupivacaine @@ and SABER-Bupivacaine
@@ and for the extractables/leachables (E/Ls)
from the container/closure system (E/Ls and @9 from

the rubber stopper). This support is based on the use of the source drug substance
(i.e., specification limits allowable or qualified in testing), inactive ingredients in FDA-
approved and marketed products, and risk assessments of observed extractable
levels in the drug product in excess of known safe levels (see section 2.5). But, again,
the primary nonclinical support is the submitted nonclinical studies. Most notable is a
repeat dose toxicity study with aged drug product containing increased levels of
degradants that supports or identifies human safety levels at proposed human dosing
levels for the proposed drug product. In addition, @@ is controlled by an
appropriate, stringent specification. O were
tested for genotoxicity and were not genotoxic. @@ and E/Ls also have
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literature data supporting the safety of levels in the proposed drug product. No

@@ \were detected in the rubber stopper after attempted
extraction. The submitted information is consistent with FDA/ICH Guidances for
Industry: Q3A Impurities in New Drug Substances (February 2003) and Q3B(R2)
Impurities in New Drug Products (August 2006) ), Safety Practices and Best Practices
for Extractables and Leachables in Orally Inhaled and Nasal Drug Products. Product
Quality Research Institute, (September 8, 2006), and current FDA thinking supporting
human exposures = ®® pg/day for genotoxins and ®®pg/day for nongenotoxins. See
section 2.5 (Comments on Impurities/Degradants and Extractables/Leachables of
Concern) for a detailed evaluation.

Local Toxicity

The local toxicity associated with SABER-Bupivacaine and SABER placebo (SABER
depot — SAIB and BA) were not unexpected as only the anticipated effects comprising
of local inflammation and a foreign body reaction were observed in the absence of
systemic toxicity. Literature data was also submitted to support the human safety of
SAIB and BA. The submitted nonclinical testing satisfies testing needs as listed in the
FDA Guidance for Industry and Review Staff: Nonclinical Safety Evaluation of
Reformulated Drug Products and Products Intended for Administration by an Alternate
Route (March 2008).

The local reaction to SABER-Bupivacaine was similar to the local reactions (i.e.,
foreign body reaction) in other approved drugs with different injectable depots such as
Risperdal Consta (NDA 21346, polylactide-co-glycolide microspheres, chronic
biweekly intramuscular dosing) , Eligard (multiple NDAs, polylactide-co-glycolide
polymer, subcutaneous dosing q 1 to 6 months depending on dose level), Lupron
Depot (multiple NDAs, microspheres containing carboxymethylcellulose and mannitol,
intramuscular dosing q 1 and 3 months), and Zoladex (NDAs 19726 and 20578,
polylactide-co-glycolide copolymer, subcutaneous implant g 3 or 6 months).

Of note is the persistence of the depot material SAIB for at least 12 months after a
single injection of SABER-Bupivacaine in rabbits. At 12 months (last time point
examined), the SAIB also demonstrates comparable local toxicity between SABER-
Bupivacaine and SABER placebo and is compositionally the same material as
injected 12 months earlier (i.e., unchanged). In **C-SAIB distribution studies in rats,
~40-60% of the SAIB radiolabel was shown to persist at the injection site at 10 weeks
post-dosing (last time point evaluated) whether administered SC or into a surgical
wound. The radiolabel of **C-SAIB administered in solvent (BA or®®
@@y persisted at the injection site at a level

after dosing (BA solvent, last time point evaluated) and @@ at 10 weeks

, last time point evaluated). Local toxicity is observed in animals immediately
after dosing (e.g., marked inflammation) and decreases over time. The biological or
toxicological significance of this persistent depot material to humans is unknown. The
relevance of this nonclinical data to human safety is to be determined by the medical
review team in conjunction with consideration of the overall human benefit of the
proposed drug.

O® 5t 6 week

(b) (4)
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Human safety related to potential effects on wound healing and hemolysis is generally
supported for this proposed drug to be administered by instillation. SABER-
Bupivacaine and SABER placebo caused no significant effects on the wound healing
process in rats over 7 days (mechanical strength measured after linear incision) or in
minipigs over 15 days (planimetric measured contraction after full-thickness wound).
SABER-Bupivacaine and SABER placebo both caused hemolysis when added to
human whole blood in vitro. In addition, a viscous (and, for the placebo, cloudy)
macroscopic appearance, with globules resembling bubbles visible microscopically,
were observed in tested human plasma. The lack of significant effects on wound
healing appears to support human safety of the proposed drug product use. SABER-
Bupivacaine is not intended for vascular injection, which should make the potential for
hemolysis not a real concern but one to be addressed by the medial review team.

Injection site necrosis was observed in dogs after intra-articular (IA) dosing with
SABER-Bupivacaine and SABER placebo. While the proposed dose route for this
NDA submission is instillation, this observed local effect should be referenced in the
event of any proposed IA dosing in the future. Notation of this potential adverse event
after 1A dosing is noted in the product label precaution section, referencing potential
chrondrolysis.

In summary, potential systemic toxicity regarding human safety appears to have been
supported in this submission. Local toxicity occurs related to SABER-Bupivacaine at a
degree no greater than for SABER placebo (no bupivacaine, only excipients SAIB and
BA). In addition, the depot SAIB in SABER-Bupivacaine is present for a prolonged
period of time. The importance of local toxicity and the persistence of SAIB for at least
12 months after instillation need to be addressed regarding human safety.

1.3 Recommendations

1.3.1 Approvability

NDA approval is recommended from the nonclinical perspective noting that local
toxicity persists after a single instillation of SABER-Bupivacaine which requires clinical
review team acceptance of the observed, anticipated local toxicity (foreign body
reaction). While systemic exposure to bupivacaine after dosing with SABER-
Bupivacaine exceeds levels reported for the approved, referenced drug Marcaine, the
submitted nonclinical data supports human safety at the proposed dosing for SABER-
Bupivacaine.

1.3.2 Additional Non Clinical Recommendations
None.
1.3.3 Labeling

Pharm/Tox-related labeling for the reference NDA 16-964 (Marcaine), initially
approved in 1972 and amended in 2012.

Page 6 of 242

Reference ID: 3433613



NDA 204803 Reviewer: Gary P. Bond, Ph.D.

Not complete pending NDA label review by review team and will not be complete until
after the due date of this review. What follows is what was current as of the last
labeling meeting.

Pharm/Tox-related Labeling Sections for NDA 204803
Label Proposed by Applicant (09- FDA-Proposed label - from Rationale for
25-13) current Marcaine label (07-30- | Difference
13) and adjusted for applicant’s
proposal with new data and for
PLLR (Pregnancy and
Lactation Labeling Rule) as of
12-18-2013

1. Indications and Usage 1. Indications and Usage

FDA established
Pharmacologic
class (7-1-10)

8. Use in Specific 8. Use in Specific
Populations Populations
8.1. Pregnancy 8.1. Pregnancy
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2 Drug Information

2.1 Drug
CAS Registry Number - 2180-92-9; 38396-39-3

Generic Name — Bupivacaine or Bupivacaine base
Code Name — none reported

Chemical Name - ( £)-1-Butyl-2',6'-pipecoloxylidide
- (2RS)-1-Butyl-N-(2,6-dimethylphenyl)piperidine -2-carboxamide

Molecular Formula/Molecular Weight — C18H23N20/288.43
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Structure

CHs

ZT

N

/\) °

HaC H3C

Pharmacologic Class - an amide-type local anesthetic

2.2 Relevant INDs, NDAs, BLAs and DMFs

IND 66,086 (SABER-Bupivacaine)

NDA 16964 (Marcaine; bupivacaine HCI; reference NDA()D) @
DMF

DMF

NDA 21344 (Faslodex — contains benzyl alcohol)

2.3 Drug Formulation

Drug Substance

The drug substance will be supplied from two manufacturers both of which use
specifications used in another approved injectable bupivacaine with their respective
DMFs ®@ At a proposed active
ingredient dose level of 660 mg/day, the qualification threshold is 0.15% set by ICH
Q3A, which is not exceeded for any impurities. In addition o
specifications are also acceptable for both drug substance suppliers as they are from
confidential DMFs in another approved injectable bupivacaine drug product.

@@ at NMT @@ is also acceptable for the same reason. Also
see below and Section 2.5 Comments of Impurities/Degradants of Concern).

(b) (4) (b) (4)

Specification for the , Which is positive in the Ames
(b) 4)

mutagenicity assay, is set at NMT in one of the supplied bupivacaine drug
substances @@ resulting in a total dose of ®® less than the 1.5 pg/day
total daily intake allowed as listed in the draft CDER Guidance for Industry: Genotoxic
and Carcinogenic Impurities in Drug Substances and Products: Recommended
Approaches (Dec 2008). Refer to the ONDQA review for more detail on this matter.
The @@ in the @9 material (NMT @@y s
at the acceptable ICH Q3 value of .

The metabolite ®® is genotoxic and has been
shown to produce tumors in rodents. Consistent with previous NDA evaluations, the
carcinogenicity finding was not relevant to humans [e.g., FDA OND Anesthetic and
Life Support Drugs Advisory Committee Meeting of August 23, 1993 which included
input from the OND Pharm/Tox Executive Carcinogenicity Assessment Committee].
The current generally acceptable level ®@ is to reduce levels to as low as
reasonably possible (ALARP) as determined by ONDQA. In the past this has been in
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the @@ npm range for drug product, but improved analysis technique has
reduced the limit of quantitation (LOQ) to near 1 ppm. Therefore, the proposed = ©¢
ppm considered to be as low as reasonably possible (ALARP), meaning also as low
as technically feasible under current conditions of production and analysis.

@@ "which are not structural alerts and would
not be genotoxic in the Ames bacterial mutation assay according to CompTox
analysis (FDA CDER Informational and Computational Safety Analysis Staff (ICSAS).
As both are currently within ICH specifications of NMT 0.15% for both drug
substances @@ no further action is indicated in regard to human
safety.

Specifications for Bupivacaine Base ©@

Test Acceptance Criteria Regulatory Analytical
Procedure
Description Crystalline white powder Visual
TIdentification TR Conforms to reference standard USP <197A>,
Ph. Eur.2.2.24
Identification GC retention Complies with reference standard (0) (4)
time
Color of Solution ® @
Melting Point 105 -110°C USP <741>
() @
Impurities | ' (b) (4)
(b) (4)
Assay
(b) (4)
Aerobic Microbial Count NMT (b) 4) USP <61>
Total Combined Yeast and NMT USP <61=>
Mold Count
Bacterial Endotoxin NMT USP =85>
NMT = Not more than
8 ® (4)(11011-U5P'J analytical procedures are provided in Section 3.2.5.4.2.
® Not tested by ® @tacen from Supplier COA.
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Specifications for Bupivacaine Base ®@

Test Acceptance Criteria Regulatory Analytical
Procedure
Identity by IR Conforms with Reference Spectrum USP <197A>,
Ph. Eur.2.2.24

Melting Point 105 — 108°C USP <741

(b) (4)
Appearance

Color White or Off White Visual
Form Crystalline powder or Crystals or Granules
Identity by TLC Complies with Reference Hospira. Ine.
AP #X-1083°

Color

(b) (4)
Chromatographic Purity by HPLC | (b) (4)

(b) (4)

(b) (4
Assay () @
Bacterial Endotoxins NMT (b) (4) USP <85>
Aerobic Mierobial Count NMT USP <61=
Total Combined Yeast & Mold NMT USP <61=

NMT = Not more than

? (non-USP) analytical procedures are provided in Section 3.2.5.4.2 for Bupivacaine from

(b) (4)

Drug Product

The composition of the drug product is in the following table with the specifications
listed in the subsequent table. The components of the Drug Product are considered
gualified and acceptable/safe for human use based on conducted nonclinical studies
(notably the repeat dose study using the aged product with increased levels of
impurities and degradants — see sections 2.4 and 2.5 for more detail) and ICH
guidance. According to ICH Q3B, at 660 mg/day the qualification threshold is 0.2%.

Note that the specification level of

®% has been changed by the

Applicant to NMT @9 from NMT ®“9 (see section 2.5 for more detail).

Reference ID: 3433613

Composition and Ingredient Functions of SABER-Bupivacaine

C it C it Amount (mg)
Ingredient D'I.LPD_“ ) on um}?oﬂ .Du Administered in Function Specification
= %% wiw mg/'mL -
= a 5 mL Dose
] . N Active Pharmaceutical In-House
;i 3
Bupivacaine 12 132 860 Ingredient Specification
Sucrose acetate - . ) In-House
isobutyrate 66 726 3630 Extended release agent Specification
Benzyl alcohol 22 242 1210 Solvent NF, EP
(b) (4
Total 100 1100 5300 - - |

* The density of SABER-Bupivacaine 1s 1.1 g/mL at 25°C, therefore the concentration expressed as 12% wiw 1s
equivalent to 13.2% wiv
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Commercial Specifications for SABER-Bupivacaine

Attribute Acceptance Criteria Analytical Procedure®
Appearance® C le“?’" light }-‘el]oxﬁ' to amber solution: essentially free of PR-1436
particulate matter
Identity: A) HPLC Retention time matches reference standard for bupivacaine PR-1457
B) UV UV spectrum matches reference standard for bupivacaine o
Assay ° ® (4)labcl strength PR-1457
Uniformity of Dosage | Meets USP<905> criteria for content uniformity of liquid -
mits N ’ PR-1457
Units dosage forms
(b) (4
PR-1457
Degradation Products® PR-1536
PR-1457
PR-1457
USP <711> Extended-Release Dosage Form Conforms to
USP Acceptance Table 2
. . b Time Point % Label Strength P
Dissolution 1 hour (b) () PR-1461
18 hours
72 hours
Degree gf Coloration of NMT () (4) PR 1562
Liquids
Sucrose Acetate (b) (4) s
Isabutyrate FR-1702
Volume NLT 5.0 mL USP<1>
" e b NMT [OXC) I N
Particulate Matter NMT USP <788> Method 2
Sterility® No microbial growth USP <71>
Bacterial Endotoxins® | NMT E%EL’ mL USP <85>

NMT: Not more than NLT: Not less than
* Non-compendia analytical procedures are provided in Section 3.2.P.5.2.
Attributes tested on stability for the commercial product.

NOTE: specification for ®® has been reduced to NMT = 2%

SABER-Bupivacaine and SABER-placebo were not genotoxic in vivo in a rat
micronucleus test. The absolute value of this information is unknown as the rats
received a single SC dose and sacrificed 3 days after dosing. As noted in the next
section for SAIB, it persists for at least six months resulting in prolonged exposure
and these time periods were not evaluated for micronuclei.

2.4 Comments on Novel Excipients
Sucrose Acetate Isobutyrate (SAIB)

SAIB is an approved GRAS substance for direct food additive use (Rulis AM.
FDA/CFSAN: Agency Response Letter: GRAS Notice No. GRN000104. August 16,
2002). The public literature safety database for SAIB although essentially restricted to
oral exposure, is extensive and includes acute, subchronic, and chronic toxicity
studies, carcinogenicity bioassays, genotoxicity assays, and reproductive/
developmental toxicity studies. The No Observed Effect Level (NOEL) for SAIB was
2000 mg/kg/day (12,000 mg/m?®/day) in male and female rats (10 animals/sex/dose for
52 weeks in the diet) and 2400 mg/kg/day (29,000 mg/m?%/day) in male and female
monkeys (4 animals/sex/dose) by the World Health Organization (WHO. Sucrose
acetate isobutyrate. WHO Food Additive Series 32. 1993). Based on the NOELSs from
these studies, the WHO established an Acceptable Daily Intake (ADI) of 20 mg/kg for
SAIB (oral dose). The proposed single injected instillation-dose for SABER-
Bupivacaine contains 726 mg/mL or 3630 mg SAIB in the proposed 5 mL dose. This
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SAIB dose is ~60-70 mg/kg for a 50-60 kg human body weight range with an
assumed increased bioavailability after injection compared to oral administration.

Available nonclinical data on SAIB support its human safety relative to genotoxicity,
carcinogenicity, and reproductive/developmental toxicity, but the proposed single
instillation dose needs safety qualification as it is administered by a novel route.
Based on extensive nonclinical literature data for acute, subchronic, and chronic
toxicity in multiple species, qualification testing is required in only one species,
consistent with the FDA Guidance for Industry: Nonclinical Safety Studies for the
Safety Evaluations of Pharmaceutical Excipients (May 2005).

This qualification was done using the 4-week repeat dose study in rats (study
BR1265) using a 54-month aged drug product that met proposed drug product
specifications at release. SABER-Bupivacaine contained | (% of the release level of
SAIB or ?“mg/mL. Safety Margins (SM) calculations are based on the systemic
effects No Observed Adverse Effects Level (NOAEL), body surface area (BSA)
comparisons between rat (human equivalent dose — HED) and human doses (mg/kg)
were calculated with adequate SMs considered being . At the systemic NOAEL of
@wmL/kg, the total dose was = ?“ mg/kg adjusted to an HED of ®® mg/kg using a rat
adjustment factor of | ®®. The proposed human dose of SAIBis  ““ mg or| & mg/kg
for a”® kg person. On this basis, the animal:human dose ratio or safety margin as the
ratio is based on a NOAEL is ®® indicating human safety based on the nonclinical
data. Therefore, the SM for systemic toxicity of SAIB is adequate based on the 4-

week repeated dose study in rats using aged drug product.
Systemic SM (based on high dose systemic NOAEL)

®® mglkg SAIB in rat high dose group x| ®“ (rat BSA factor)
= % mg/kg HED
©@ mg/kg HED in rat for SAIB + @ mg/kg maximum human dose
=sm @

Local toxicity was no different between SABER-Bupivacaine and SABER placebo.
See discussion in section 11 as to the relevance of this to human safety from dosing
with SABER-Bupivacaine.

Of note is the persistence of the depot material SAIB for up to 12 months after a
single injection also demonstrating local toxicity consistent with SABER-Bupivacaine
and SABER placebo. In **C-SAIB studies in rats and rabbits, 40-60% of the SAIB
radiolabel was shown to persist at the injection site at 6 week post-dosing but was not
present at 10 weeks post-dosing. This doesn’t mean the SAIB was not present, just
that the radiolabel was not measureable. SAIB was evidenced in rabbits after a single
subcutaneous injection for at least up tol year (last time point measured). The
biological or toxicological significance of this unknown and its relevance to human
safety is to be determined by the medical review team.

Benzyl Alcohol (BA)
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BA is an aromatic alcohol used in a variety of cosmetic formulations as a fragrance
component, preservative, solvent, and viscosity-reducing agent. BA is also approved
as a food additive. An ADI was established by the WHO at up to 5 mg/kg ((t)\)/(\(”HO. ;
. Foo

Additive Series 37. 1996.). As is the case for SAIB, the safety database for BA is
extensive and includes acute, subchronic, and chronic toxicity studies, carcinogenicity
bioassays, genotoxicity assays, and reproductive/developmental toxicity studies. No
adverse effects of BA were seen in chronic (up to 2 years) exposure animal studies
using rats and mice B

“*’_ International Journal of Toxicology. 2001;
20(3):23-50.).

The proposed single subcutaneous dose for SABER-Bupivacaine is ~20-25 mg/kg for
a 50-60 kg human body weight range at 22% BA. At the Maximum Recommended
Human Dose (MRHD) for SABER-Bupivacaine of 5 mL/person, the dose of BA would
be 1.21 grams (5.5 grams times 22% or 242 mg/mL x 5 mL). An approved parenteral
product marketed as FASLODEX (NDA 21344 — 50 mg/mL) contains 10% BA (w/v)
and is approved for intramuscular (IM) injection at a dose volume of 10 mL/person.
Therefore, the approved dose of BA for FASLODEX is 1.0 gram/person, which is only
slightly lower than the dose of BA from SABER-Bupivacaine. Considering that,
approved, recommended FASLODEX dosing is every 2 weeks for three doses then
monthly, the level of BA in SABER-Bupivacaine is considered acceptable/supported
for human safety for a single dose by the reviewer.

Available nonclinical data on BA support its human safety relative to genotoxicity,
carcinogenicity, and reproductive/developmental toxicity. Based on extensive
nonclinical literature data for acute, subchronic and chronic toxicity in multiple
species, qualification required testing in only one species, consistent with the FDA
Guidance for Industry: Nonclinical Safety Studies for the Safety Evaluations of
Pharmaceutical Excipients (May 2005).

In addition to the literature data, the 4-week repeat dose study in rats (study BR1265)
using a 54-month aged drug product that met proposed drug product specifications at
release also supports proposed human dosing. SABER-Bupivacaine was assumed to
contain | (4% of the release level for BA, the same as for SAIB or @@ At the
systemic NOAEL o ?@/kg, the total BA dose was @@ adjusted to an HED of
®® using a rat adjustment factor of  ®®. The proposed human dose of BA is
@@ tora @@ person. On this basis, the animal:human dose
ratio or safety margin as the ratio is based on a NOAEL is ®®, supporting human
safety based on the nonclinical data. Therefore, the SM for systemic toxicity of BA is
adequate based on the 4-week repeated dose study in rats using aged drug product.

Systemic SM (based on high dose systemic NOAEL)

®®@ BA in rat high dose group x @ (rat BSA factor)
- v HED
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®@ HED in rat for BA + ?@ maximum human dose
= SM of ®¢

Something to note is that it appears that the BA component of SABER-Bupivacaine
and SABER placebo causes some hemolysis while bupivacaine and SAIB alone did
not cause hemolysis with the only difference being the component BA. The
toxicological significance of this is unknown. BA was also shown in rats to pass into
mother’s milk and to the neonate, an occurrence already well known for humans.

2.5 Comments on Impurities/Degradants and
Extractables/Leachables of Concern

Impurities/Degradants

@@ are degradation products formed by

transesterification of benzyl alcohol with SAIB. The proposed specification in SABER-
Bupivacaine for @@ is NMT @® mg/mL and for @@ is NMT

@@ mg/mL. The level of these degradation products in the aged SABER-Bupivacaine
used in a 4 weekly dosing study in rats (study BR1265 reported in section 6.2) was

@O mg/mL @9 and | @“mg/mL @@ Considering a single
dose is proposed in humans, this 4 weekly dose study in rats at the highest dose
tested which was a NOAEL, is considered adequate to qualify these degradation
products along with the negative in vitro genotoxicity data submitted by the applicant
for @@ and the previously cited WHO review document and safety
assessment for @@ see nonclinical:human
safety margins below and additional information in section 11 for specific
calculations/assessment and considerations of human safety for the proposed
formulation degradants.

The intended human use for this product is administration of a single-dose of SABER-
Bupivacaine around the wound at the time of surgery. At the maximum proposed
human dose of 5 mL SABER-Bupivacaine and at the proposed specification of
mg/mL ©® and ®“mg/mL & degradant dose levels will be  ®“mg @“ ( @@ mg/kg)
and”® mg & ?“mglkg) fora @ person.

Safety Margins (SM) calculations are based on the systemic effects NOAEL (high
dose at {smL/kg) and BSA comparisons between rat HEDs and human doses (mg/kg)
with adequate SMs considered being ®“ SMs for systemic toxicity for @ are

adequate based on the 4-week repeated dose study in rats using aged drug product.

Systemic SM (based on high dose systemic NOAEL)

(b) (4) (b) (4)

mg/kg in rat high dose group x ®% (rat BSA factor)
=““mg/kg HED

mg/kg HED in rat for () @)

(b) (4) b@ ., O@

mg/kg maximum human dose = SM of
@9 mg/kg @in rat high dose group x ®“ (rat BSA factor) = ®® mg/kg HED
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(b) (4) (b) (b) (4)

mg/kg HED in rat for {§ + mg/kg maximum human dose = SM of ®®
Local toxicity was essentially no different between SABER-Bupivacaine and SABER
placebo indicating that the degradants had no specific effects on human safety as
levels were 10-20-fold less in SABER placebo.

@@ is one of the degradation products of bupivacaine that
has been observed In the stability studies of SABER-Bupivacaine. The proposed
specification for @@ was NMT @@ but is now NMT ??%. In the 4
week dosing study in rats using aged drug product containing @@ no
toxicity was observed at the highest dose tested. Considering negative in vitro
genotoxicity results with . ?® and that dosing with SABER-Bupivacaine will be a
single dose, NMT ?%9% is considered an adequate specification for potential systemic
and local toxicity.

@@ _In addition to the
degradation products mentioned above, the bupivacaine of SABER-Bupivacaine
contains a potentially genotoxic/carcinogenic degradant. DURECT has attempted to
reduce the concentration of this impurity to the lowest feasible level, with a proposed
specification of ®®ppm. At this level and at the anticipated MRHD of 5 mL/person of
SABER-Bupivacaine, the dose of @@ would slightly exceed the maximum dose
of 1.5 ug/person/day specified in the FDA Draft Guidance document for Genotoxic
Impurities (December, 2008). The maximum anticipated human dose would be = ©®
pg/person/day vs. the recommended maximum dose of 1.5 yg/person/day for one day
only. Because of the limited human exposure (single-use administration) to this
product, the applicant proposes that the specification is reasonable and fulfills the
intent of the FDA Guidance, which is to minimize human exposure to genotoxic
substances. For a single dose, the reviewer agrees. This specification is also
consistent with previous NDA evaluations that the carcinogenicity finding was not
relevant to humans (FDA OND Anesthetic and Life Support Drugs Advisory
Committee Meeting of August 23, 1993 which included input from the OND
Pharm/Tox Executive Carcinogenicity Assessment Committee). The current generally
acceptable level of ®® s to reduce levels to as low as reasonably possible
(ALARP) as determined by ONDQA. In the past this has been in the @@ npm
range, but now is in the ®“ppm range as proposed by the applicant.

Extractables/Leachables

Potential human exposure is supported at the level of < 1.5 pg/day for structural alert
chemicals and ®® ng/day for nonstructural alert chemicals otherwise a risk
assessment is required (Safety Practices and Best Practices for Extractables and
Leachables in Orally Inhaled and Nasal Drug Products. Product Quality Research
Institute, September 8, 2006). This is consistent with current FDA/Division thinking on
this matter in that, for the toxicological risk assessment, any leachable that contains a
structural alert for mutagenicity should not exceed 1.5 pg/day total daily exposure or
be adequately qualified for safety. A toxicological risk assessment should be provided
for any non-genotoxic leachable that exceeds (s pg/day. The risk assessment should
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be based on the levels of leachables detected in long-term stability samples that
include any intended secondary container closure system(s) unless otherwise
justified.

In the original NDA submission, extractables and leachables studies with risk
assessment reports were submitted. FDA Product Quality determined that the
extractables study methodology was not adequate to fully determine potential
extractables (see Product Quality review for specifics). Another extractables study
was requested and submitted. Risk assessments for potential human exposure to the
extractables and leachables were conducted by the Applicant based on the updated
Extractables study (13-2890) and the original Leachables study (09-2370). The levels
of ®@in the stoppers were also evaluated
(study 13-2884).

The overall risk assessment by this reviewer is based on the updated extractables risk
assessment (report 13-04122-N1), the original leachables risk assessment (report 10-
4948-N1), and the Applicant’s response to an information request by Product Quality
related to extractable compounds listed as unknown (reference 1D 3339952, July 12,
2013) not being present in the leachables study. Note that for this single dose
SABER-Bupivacaine, all of the extractables/leachables are assumed to be absorbed
in 1 day (i.e., single dose).

The largest extractable value for each compound by the differing extraction
techniques is listed in the following summary table from study 13-2890. The largest

leachable value for each compound over the 36-month stability study is listed in the
second table.
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Extractables Summary
Analytical Anal Extractable Extractable
Method yte Concentration | Concentration
/ stopper
HPLC-
DAD/MS
GC/MS
Der-HPLC-DAD
GC-NCD
HS-GC/MS
ICP/MS
*At wavelength
** At wavelengtl
Leachables Summary
Masimum Tolerable Intake Tolerable Exposure Maximum Exposure per
Compound Concentration Level Level Administration
mL da SmL
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The potential human exposure risk assessment for extractables was based on these
maximum values for each compound as listed in study 13-04122-N1. Of note is the
total mg dose (mg/5mL) listed in the extractable table below is based on 5 mL of a ®“
mL total volume of drug product. The total 5 mL dose is % less than the total
extractable level/compound as listed above. With the status of total drug product
volume to be contained in the drug product vial is still an on-going discussion between
Product Quality and the Applicant, the most conservative risk assessment requires
reduction of the Safety Margin by ' {4%. This is not the case for the leachable values
as no adjustment was made as for the extractables.

Product Quality reviewer Dr. Edwin Jao has determined that, other than.  ©“, none
of the compounds are structural alerts, therefore, any values ®* ug are considered
acceptable regarding human safety (PQRI Safety Thresholds and Best Practices for
Extractables and Leachables in Orally Inhaled Products, September 8, 2006).

For extractables, four compounds do not require risk assessment based on their total
potential dose being ®®@ _ see extractables table
above). For the other identified compounds, risk assessments were conducted based
on ISO 10993012 (Establishment of allowable limits for leachable substances). This
risk assessment technique utilizes animal or human data NOAELs/LOAELSs divided by
uncertainty factors (e.g., factors of 10 for animal to human data extrapolation and for
inter-individual differences between humans), and exposure factors (e.g.,
bioavailability for an oral drug compared to the subcutaneous dose to be used for
SABER-Bupivacaine) to determine the Tolerable Intake Level (TI — mg/kg/day) and
Tolerable Exposure Level (TE - mg/day), the maximum predicted dose at which no
adverse effects are predicted. This risk assessment technique is very similar to what
the US EPA’s Integrated Risk Information System (IRIS) uses and is widely accepted
and considered appropriate by this reviewer.

Animal and human pharmacology and toxicology data is assessed using the 1SO-
based risk assessment method for the following compounds/groups of compounds.
Based on my detailed review of the data and risk assessments, these extractables are
at acceptable levels in regard to potential human exposure even if the Safety Margins
are reduced by % as noted previously. As this is the case, the applicant’s original
numbers, unadjusted, will be reported.

(b) (4)
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The unknowns listed in the extractables table, except for the unknown

(to be discussed next), are not considered a human risk issue even though they did
not show up in the leachable study analysis per Quality Product determination as the
a retrospective comparison of method controls and stability samples indicated the
absence of any peaks that could be associated with the unknowns.

Theunknown — “@identified in the extractables study could not be detected
in the leachables study as the sensitivity of the leachables assay could not
established since reference material was not available. At a potential maximum dose
of.ug/S mL, the Applicant considers this relatively low exposure of low hazard
potential. | concur by also considering that acceptable levels of up to- ug are
considered safe for otheri as noted in some of the additionally
submitted toxicology data.

ExtractablesTable
Exposure threshold and safetyv margin summary
Tolerable
oy Compound casip ML Bpenwe Sy
(mg/day)

a = maximal exposure used i calculation of satety margin
b = additive exposures used 1n calculation of safety margin
M™N/A = not applicable
™C = not calculated
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For leachables, four of the six compounds do not require risk assessment based on
their total levels at R
— leachables table below).
P at @ Mg is also acceptable based on the risk
assessment for it as an extractable for which ® pg is considered acceptable.
@@ 2t @@ g is also acceptable based on the accepted

extractable level of  ©% ng.

Leachables Table

Maximum Tolerable Infake | Tolerable Exposure | Maximum Exposure per
Compound Concenfration Level Level Administration
jpg/mL, mg/kg/day ngday pg/3 mL

(b) 4)

For @9 in the container-closure system
(b) (4) (b) (4

rubber stopper, the level of any was ng/g of stopper or ®? ng per stopper
( P@g/stopper - study 13-2884). The largest amount of any  ®® per stopper was
@@ ng or @® pgistopper, less than the 1.5 ug human safety value for structural
alerts. However, an additional . ©% safety margin was included because some

@@ are carcinogenic results in an acceptable level of ®® ug. For a single dose
drug product, a @ pg potential ®® exposure level is considered acceptable by this
reviewer.

In summary, extractables and leachables that may be present in SABER-Bupivacaine
are at acceptable levels for human exposure.

2.6 Proposed Clinical Population and Dosing Regimen

The current (proposed commercial) formulation of SABER-Bupivacaine was
subsequently developed

@@ and was replaced with BA, a well-established
pharmaceutical excipient in which bupivacaine base is highly soluble. The formulation
of SABER-Bupivacaine consists of 12% bupivacaine base in 22% benzyl alcohol (BA)
and 66% SAIB on a weight/weight (w/w) basis. After the solution is instilled directly
into a surgical incision, @@ the formulation rapidly
diffuses into the surrounding tissue and is cleared from the circulation over a period of
12-24 hours (BU-001-IM Clinical Study report [CSR]), leaving a viscous
subcutaneous depot of bupivacaine in SAIB. The SABER-Bupivacaine formulation
was used for all clinical trials (except SABER01-01) in this NDA, and is the proposed
formulation for marketing. The proposed indication for SABER-Bupivacaine (solution
for instillation) is post-surgical analgesia at a total dose volume of 5 mL as a single
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(b) (4)

(b) (4)

2.7 Regulatory Background
IND 66,086 (SABER-Bupivacaine)

e Original IND submitted October 23, 2002 by DURECT but inactivated
December 17, 2002 as the preclinical data did not support the proposed clinical
trial due to findings of injection site inflammation and necrosis for which no
evidence of resolution has been submitted.

e IND reactivated January 10, 2006 with submission of additional nonclinical data

and substitution of Benzyl Alcohol

@@ as drug

product solvent.

NDA 204803 (SABER-Bupivacaine) — submitted April 12, 2013

NDA 16964 (Marcaine; bupivacaine HCI; reference NDA) — approved October 3, 1972
with current owner Hospira

3 Studies Submitted

3.1 Studies Reviewed

Listed according to the eCTD Module 4 (Nonclinical Study Reports) categories

- Unless note, studies used Benzyl Alcohol (BA) versus
excipient

(b) (4)

(b) 4)

Reference

| Detailed Information

4.2 Study Reports

4.2.2 Pharmacokinetics

4.2.2.1 Analytical Methods and Validation Reports

BAS-0100
Plasma Drug Level
Validation Report

Study # BAS-0100

Title: Amended Summary Validation Report for the Analytical Method for Determination of
Bupivacaine, in Rat, Rabbit, Dog, Minipig, and Mouse Plasma Using HPLC/MS/MS (BACG
3596 F)

Rat SAIB absorption

04-1885 Study 04-1885
Analysis of Sucrose Acetate Isobutyrate (SAIB) for Molecular Weight Comparison to a
Provided Reference Material (in Appendix F of study ®®-434007 — section 4.2.3.6)
04-1200 Study 04-1200
Analysis of Sucrose Acetate Isobutyrate (SAIB) ® @
(in Appendix F of study ®®-434007 - section 4.2.3.6)
4.2.2.2 Absorption
11519.01.08 Study # 11519.01.08
Rat PK SC Title: Pharmacokinetic Comparison Study in Rats of SABER-Bupivacaine Formulations
Administered Subcutaneously vs. Intra-Wound Administration
7116-109 Study # 7116-109

Title: Metabolic Disposition of **C-Sucrose Acetate Isobutyrate (SAIB) Following Oral and
Subcutaneous Administration to Male Rats
(SAIB| @@ control)

Reference ID: 3433613
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Reference Detailed Information
4.2.2.3 Distribution
7116-109 Study # 7116-109

Rat SAIB distribution

Title: Metabolic Disposition of **C-Sucrose Acetate Isobutyrate (SAIB) Following Oral and
Subcutaneous Administration to Male Rats
(SAIB @@ control)

4.2.2.4 Metabolism

7116-109
Rat SAIB metabolism

Study # 7116-109

Title: Metabolic Disposition of **C-Sucrose Acetate Isobutyrate (SAIB) Following Oral and
Subcutaneous Administration to Male Rats

(SAIB. ®@®@control)

4.2.2.5 Excretion

7116-109
Rat SAIB excretion

Study # 7116-109

Title: Metabolic Disposition of **C-Sucrose Acetate Isobutyrate (SAIB) Following Oral and
Subcutaneous Administration to Male Rats

(SAIB @@ control)

RPOS/FKM/204
Rat ADME SC

Study # RPOS/FKM/204
Title: Tissue Distribution and Excretion into the Milk Following a Single S.C. Dose of 0.2 or
0.6 mL of Posidur/kg to Rats

4.2.2.7 Other Pharmacokinetic Studies

B167-05
Rat ADME SAIB

Study # B167-05

Title: Two, Six and Ten Week Subcutaneous Distribution Study of *“C-SAIB in Male
Sprague-Dawley Rats

( ®@_and BA-based test articles)

8255730 Final Report
(12-11-803-R-SC-D)

Study # 8255730
Title: Determination of 14C-SAIB in the Skin and Subcutaneous Tissues of Male Sprague-
Dawley Rats Following Application to a Surgical Wound or Subcutaneous Injection

4.2.3 Toxicology

4.2.3.1 Single-Dose Toxicity

11519.01.04
Rat Tox SC

Study # 11519.01.04
Title: Six-Week Toxicity Study of SABER™-Bupivacaine Injectable Formulation in Sprague
Dawley Rats

04-07-803-R-PO-ATX

Study # 04-07-803-R-PO-ATX

Rat Tox Oral Title: Acute Oral Toxicity Study of POSIDUR™ (SABER-Bupivacaine) in Albino Rats
A624.1.1 Study # A624.1.1
Rat Tox SC Title: A Two-Week Toxicity Study of Bupivacaine in Sprague-Dawley Rats
( ®@ _pased test article)
A784.6.1 Study # A784.6.1
Rabbit Tox SC Title: A Six-Week Toxicity Study of Bupivacaine in SAIB in New Zealand White Rabbits

02-06-803-B-1J-TXR
Rabbit Tox Intra-
articular Pilot

Study # 02-06-803-B-1J-TXR
Title: Two-Week Pilot Toxicity Study of SABER-Bupivacaine Injectable Formulation in
New Zealand White Rabbits

02-07-803-B-1J-TX
Rabbit Tox Intra-

Study # 02-07-803-B-1J-TX
Title: Six-Week Intra-Articular Toxicity Study of SABER-Bupivacaine Injectable

articular Formulation in New Zealand White Rabbits
A624.1.2 Study # A624.1.2
Rabbit Tox SC Title: A Two-Week Toxicity Study of Bupivacaine in New Zealand White Rabbits

( ®@ _pased test article)

A624.1.2 Protocol
Amendments

Study # A624.1.2
Title: A Two-Week Toxicity Study of Bupivacaine in New Zealand White Rabbits
( ®@ _pased test article)

03-07-803-D-1J-TX
Dog Tox Intra-
articular

Study # 03-07-803-D-1J-TX
Title: Six-Week Intra-Articular Toxicity Study of SABER-Bupivacaine Injectable
Formulation in Beagle Dogs

Reference ID: 3433613
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Reference | Detailed Information

4.2.3.2 Repeat-Dose Toxicity

BR1265 Study # BR1265

Rat Tox SC Repeated | Title: 4-Week Toxicity and Toxicokinetic Study of SABER-Bupivacaine After Subcutaneous
Administration in the Rat

4.2.3.3 Genotoxicity

4.2.3.3.1 In Vitro

7116-116 Study # 7116-116

AMES Assay Title: Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay with a
Confirmatory Assay
(Bupivacaine free base))

7116-117 Study # 7116-117

Chromosomal Title: Chromosomal Aberrations in Cultured Human Peripheral Blood Lymphocytes

Aberrations (Bupivacaine free base)

4.2.3.3.2 In Vivo

®)® 434056 Final Study # 08-11-803-R-SC-MN

Report Title: An In Vivo Bone Marrow Micronucleus Test of SABER-Bupivacaine in Sprague
Dawley Rats

4.2.3.5 Reproductive and developmental toxicity

4.2.3.5.2 Embryo-fetal Development

11-11-803-R-SC-TT Study # 11-11-803-R-SC-TT
Rat SC Developmental | Title: Developmental Toxicity Study of SABER placebo in Rats

4.2.3.6 Local Tolerance

022-010 Study # 022-010
Rat Nerve Tox Title: A Single-Dose Toxicity Study With Peri-Sciatic Nerve Administration of Bupivacaine
Solutions, Pastes, or Solids in the Sprague Dawley Rat Followed by a 7-Day Recovery Period
| @@ _434007 Study # ®®-434007
Rabbit Tox SC Title: A Repeated Histopathological Injection Site Evaluation up to 12 Months Following a

Single Subcutaneous Administration of SABER Bupivacaine in the Rabbit

4.2.3.7 Other Toxicity Studies

4.2.3.7.6 Impurities
() (4

4.2.3.7.7 Other

DUR 1 Study # DUR1

Rat Wound Healing Title: A Study of the Effects of Sucrose Acetate Isobutyrate (SAIB)-based Formulations on
Wound Healing Using the Rat Linear Incision Model

( ®@ _pased test article)

DUR 2 Study # DUR2
Rat Wound Healing Title: A Study of the Effects of Sucrose Acetate Isobutyrate (SAIB)-based Formulations on
Wound Healing Using the Rat Linear Incision Model
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Reference Detailed Information

60111 Study # 60111

Minipig Wound Title: SABER-Bupivacaine Injectable Formulation - A Single Dose Wound Healing Study in
Healing Full-Thickness Wounds in Minipigs

01-11-803-X-VO-
ATX Human Blood
Compatability

Study # 01-11-803-X-VO-ATX
Title: Hemolytic Potential and Plasma Compatibility Study with Five Test Articles in Human
Blood

4.3 Literature References
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3.3 Previous Reviews Referenced

- IND 66,086

4 Pharmacology

No pharmacology studies were conducted for this NDA. Included are brief summaries
for information purposes that are modified from the Applicant’s submission.
Bupivacaine is an approved local anesthetic used for the treatment of postsurgical
pain with over 40 years of clinical experience. Pharmacological studies have
described both the molecular and tissues/organ-system mechanisms for both desired
analgesic and side effects (CNS, CVS). The applicant considers SABER-Bupivacaine
as a next generation, extended release formulation of bupivacaine base, designed to
provide post-surgical analgesia for up to 72 hours. SABER-Bupivacaine is expected to
have similar pharmacology as aqueous bupivacaine-HCI.

4.1 Primary Pharmacology

The pharmacology/pharmacodynamics of bupivacaine has been extensively
described in the literature and is well conserved across species. Bupivacaine is a
locally acting, amide-type anesthetic, acting primarily through inhibition of neuronal
voltage-gated sodium (Na+) channels. Local anesthetics block the generation and the
conduction of nerve impulses, presumably by increasing the threshold for electrical
excitation in the nerve, by slowing the propagation of the nerve impulse, and by
reducing the rate of rise of the action potential.

4.2 Secondary Pharmacology

SABER-Bupivacaine is intended for direct instillation into surgical wounds and has
been shown to have minimal impact on surgical wound healing in non-clinical models
(see reviews in section 10.1) and in clinical studies (see medical review). In
agreement with these studies, the effect of bupivacaine-HCI on wound healing in the
published nonclinical literature supports wound instillation as a safe route of
administration with few consequences. The public literature also appears to support
the minimal effects on wound healing after bupivacaine use.
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4.3 Safety Pharmacology

No safety pharmacology studies were conducted. Potential CNS and cardiac effects
are well documented in the public literature.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Analytical method validation (study BAS-0100) — An HPLC/MS/MS method was
validated for the determination of bupivacaine in mouse, rat, rabbit, dog, and minipig
plasma. The validated concentration range identified a lower limit of quantitation
(LLOQ) of 0.5 ng/mL for the rat and of 1 ng/mL for the other species. The upper limit
of the concentration was identified as 500 ng/mL. The accuracy and precision of
analyte recovery was 85-115%. Stability of bupivacaine in plasma was identified as at
least 3 hours at room temperature and at least one month stored frozen at -70°C.
Lidocaine was the internal standard. In addition, there was no evidence of matrix
suppression in the analyses.

Tissue distribution and excretion into the milk following a single SC dose of 0.2
or 0.6 ml Posidur/kg to rats (study RPOS/FKM/204; 89/2009 - non-GLP) - Tissue
distribution and excretion into the milk following a single SC dose of 0.2 or 0.6
ml Posidur/kg to rats (study RPOS/FKM/204; 89/2009 - non-GLP) - The purpose of
this study was to determine the distribution of benzyl alcohol (BA) in selected tissues
of the rat over time and to quantify the excretion of radioactivity into the milk of
lactating rats after subcutaneous (SC) administration of Posidur (SABER-
Bupivacaine, batch KG02/252; 541913F) containing [**C]-labeled benzyl alcohol (BA,
batch KG 02/252).

Single SC doses were 0.2 ml/kg and 0.6 ml/kg in 24 female Wistar rats (n = 3/ group)
and 144 pups (n = 18/group). Body weight range of dams was 198-282g. At different
time points post dose (1h, 4h, 8h, 24h), the pups were allowed suckle, the milk from
each pup was removed and the radioactivity content was determined in the milk of the
pups. In addition, radioactivity was determined in pooled plasma from each time point
and in liver of the pups and in plasma of the dams at those time points.

Peak concentrations of benzyl alcohol-associated radioactivity (**C BA) in plasma of
dams were attained 1h after dosing. Following SC administration of 0.2 ml/kg,
concentration of radioactivity in plasma and liver of pups were generally below the
lower limit of quantitation (LLOQ). Excretion of radioactivity into the milk was highest 4
h after suckling with concentrations ranging from 4.026 to 12.95 ug equiv./g.
Following SC administration of 0.6 ml/kg, concentrations of radioactivity in plasma and
liver of pups were highest 1h post-suckling and amounted to a maximum of 0.61 pg
equiv./g in plasma and to a maximum of 1.043 ug equiv./g in liver. Excretion of
radioactivity into the milk showed a maximum 4h after suckling, with concentrations
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ranging from 51.75 ug equiv./g to 65.83 ug equiv./g. At 24h, concentrations of
radioactivity ranged from 2.15 pg equiv./g to 2.80 pg equiv./g.

Concentrations of radioactivity in plasma of dams and pups increased with increasing
dose, with peaks being generally attained 1 h after subcutaneous dosing in milk.
Concentrations of radioactivity were lower in pup plasma than in dam plasma.
Concentrations of radioactivity in pup livers were similar to or slightly higher than
plasma concentrations in pups. Excretion of radioactivity into milk was observed at
both dose levels but never exceeded 0.4%of the dose of benzyl alcohol, with peaks
occurring in suckling pups at 4 h post maternal dosing with the amount excreted being
higher at the dose of 0.6 ml/kg (~5 mg BA).

Metabolic disposition of **C-Sucrose Acetate Isobutyrate (SAIB) following oral
and subcutaneous administration to male rats (study 7116-109 - GLP) - The
pharmacokinetics (PK) of SAIB and tissue distribution, excretion (urine, feces, and
expired air), and metabolism (ADME) of radioactivity of **C-SAIB were evaluated after
a single subcutaneous (SC) or oral dose to male Sprague Dawley rats in a GLP study.
SAIB is the depot component of SABER-Bupivacaine, the proposed drug product. SC
dose site histopathology was also evaluated. Determinations for PK and radioactivity
were for 48 hours (oral) and 1008 hours (6 weeks — SC) post dose. The non-
radiolabeled test article was SAIB OO The
proposed solvent for NDA 204803 (SABER-Bupivacaine) is Benzyl Alcohol, but this
difference is not anticipated to effect SAIB radiolabel ADME to any significant degree.

Group Designations and Dose Levels

Number Target SAIB Target Dose Target
of Dose Level Dose Volume Radioactivity Group
Group Males (mg/'kg) Route (mL/kg) (pCikg) Description
1 3 280 Oral 0.4 100 Excretion/Mass Balance
2 15 280 Oral 0.4 100 PE/Profiling
3 5 280 sC 0.4 500 Excretion/Mass Balance
4 18 280 sC 0.4 500 PK/Profiling
5 6 280 sC 04 100 WBA
PK Pharmacokinetic analyses.
SAIB Sucrose Acetate Isobutyrate.
sC Subcutaneous.

WBA ‘Whole-body autoradiography.

Radioactivity in blood and plasma reached maximum level at 4 hours post-dose.
While the SC Cmax was 4-fold lower that the oral Cmax, the SC systemic exposure
was 2-fold higher than the oral systemic exposure due to a much longer SC dose
plasma half-life. This indicates that the SC exposure results in a prolonged systemic
exposure (see table).
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Summary of pharmacokinetic parameters after administration of *C-SAIB

Dose Dose Level Cx T AUC, AUC,, k, tin
Group Route  Matrix (mg/kg) (pgequiviml) (hours) (ug equiv*hr/g) (ugequiv*hr/g) (1/Hour) (Hours)
2 Oral Blood 309 9.42 4 214 385 0.0162 427
2 Oral  Plasma 309 13.8 4 306 403 0.0303 229
4 S8C Blood 299 2.70 336 2360 5290 0.0006 1130
4 SC  Plasma 299 3.29 1 714 839 0.0016 425
I Oral Urine 313 NA NA NA NA 0.0253 275
1 Orl Feces 313 NA NA NA NA 0.0424 172
I Oral Expired Air 313 NA NA NA NA 0.0175 411
3 SC Urine 311 NA NA NA NA 0.0014 500
3 sC Feces 3 NA NA NA NA 0.0016 441
3 SC  Expired Air 311 NA NA NA NA 0.0013 544

NA Not applicable.
Sc Subcutaneous.

Radioactivity was largely eliminated by 24 hours after oral dosing with the elimination
half-life ranging from 17-41 hours (66.2% feces — unabsorbed drug, 13.6% expired
air, 8.7% urine). After SC dosing, the elimination half-life was prolonged over the 6
week study period (500 hours urine, 441 hours feces, 544 hours expired air).
Elimination was 21.6% in urine, 13.7% in expired air, and 3.7% in feces with the
remainder of the radioactivity at the dose site indication SAIB largely remains at the
dose site past 6 weeks after dosing.

Histological evaluation of the SC dosing site at 1 week after dosing identified
subacute inflammation, characterized by slight to moderate lymphohistiocytic
infiltrates and reactive fibrosis with or without aggregates of fibrin. At 2 weeks,
subacute to chronic inflammation with slight lymphohistiocytic infiltrates, reactive
fibroplasia, and fibrosis were observed. At 4 and 6 weeks, the SC dosing sites were
surrounded by chronic inflammation, characterized by fibrosis and minimal
lymphohistiocytic inflammation. Reversibility was not evident while inflammation
persisted with severity similar at 4 and 6 weeks after dosing.

Microscopic Incidence and Mean Severity () of Inflammatory Responses®

Sex Male

Time of sacrifice (weeks) 1 2 4 6

Number Examined 3 3 3 3
Inflammation, subacute 3(2.3) 0 0 0
Inflammation, subacute-chronic 0 2(2.0) 0 0
Inflammation, chronic 0 1(1.0) 2(1L.0) 3L

a Incidence and mean severity ( ) based on number of animals with finding.

Two, Six and Ten-Week Subcutaneous Distribution Study of **C-SAIB in Male
Sprague-Dawley Rats (SRI study No. B167-05 - non-GLP) - The study objective
was to determine the effect of formulation components on **C-SAIB (sucrose acetate
isobutyrate) absorption and/or elimination from a single subcutaneous (SC) injection
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or intrascapular, back implantation of 0.1 mL as measured at 0, 2, 6 and 10 weeks
post-dose in male Sprague-Dawley rats.

Two pilot studies of 30 minutes duration with 3 male rats/group were conducted prior
to the start of the definitive study. They were designed to evaluate and develop the
formulation procedures, dose administration and dose site recovery techniques of
different, selected proposed vehicle formulations. As a result of the pilot studies, the
following approaches were used for the definitive study: collection of dose site area of
2 X 2 in; tattooing the area boundaries for easy recovery determination; limiting
handling of the dose site; suturing the dose site skin to underlying muscle just prior to
collection. These studies allowed the development of techniques that resulted in
essentially complete recovery of radioactivity from the dose site using a 0.1 mL dose
volume and dose site collection within 30 minutes of dose administration. One test
group in each pilot contained a group relevant to the proposed drug product
containing benzyl alcohol (**C-SAIB/BA - 70:30, SC). These groups are the focus of
this review as they are most relevant to the proposed drug product.

The definitive study consisted of 14 dose formulation groups with 3 rats/group/time
point. Solvents varied and included @@ ethanol, Tween 80,
polyethylene glycol, and others. Control tissues were collected at approximately 30
minutes post dose administration with other collection times of 2, 6, or 10 weeks. On
the day of dose administration (Week 0), more than 70% of the administered dose
was recovered at the dose site in all groups except Group 10 , which had the lowest
initial recovery, 56.3 + 2.0. Mean recovery at Week O for the other study groups
(Groups 1-9 and 11-14) ranged from 73.0 £ 44.3% (Group 5) to 103.0 £ 1.5% (Group
12). Most notable were the results for the Benzyl Alcohol (BA) solvent group 4 (**C-
SAIB/BA - 70:30 %, SC) and 100% SAIB groups 5 (**C-SAIB, SC Implant). Only

these groups will be reported.

Retention of radioactivity at the dose site varied among the formulation groups. No
group remained above 60% for the duration of the study to Week 6 or Week 10 see
table). Groups 5, 6 (100% SAIB), 12, and 14 retained the greatest percentage of the
dose at Week 6, approximately 50%. Groups 1 and 14 retained approximately 50% of
the administered dose of radioactivity at Week 10. The loss of radioactivity was
greatest at Week 2 for Group 9, from 82.8 £ 2.8 (Week 0) to 5.2 £ 4.4 (Week 2).
Groups 3, 4 (SAIB/BA), 7, 8, 10, 11 and 13 all decreased to approximately 20-50% by
Week 6. Recovery of radioactivity for Groups 2 and 9 was less than approximately
20% by Week 2 or 6. In conclusion, marked differences were observed in the rate of
loss of radioactivity from the dose site of the various formulation groups but a
significant amount of the SAIB remained at the injection site 6 weeks after dosing.
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RECOVERY OF RADIOACTIVITY AT THE DOSE SITE

Radioactivity (% of Administered Dose)
Daose Test Formulation Weel 0 Weelk 2 Weelc 6 WWeelk 10
Group Route & Diiut[mzbﬁ:;tios {Mean = SEN (Mean £ ST¥ (ean + S (Mean £ SD)
=, ) T
C-SAIR - . :
- 1 ' = 7
1 SC (70:30) G144 106 39,8+ 16,7 44,5207 _L 51,74 4.8
“C-saml O® 4270 40.1 =272 Hos171 | NS
| 2 ] SC Implant (70:30) | : e T [ i
C-BEAIB/EIOH - -
3 SC (70:30) 9294 10.5 63,127 126+278 | NS
4 "C-SAIBBA S —
- & 14 5684133 B+ 137
(P5-5) 5C (70:30) 97.5 | | 38913, NS
"C-SAIE/BE 1
& 42.% & 21, 2= M
2 | s (70:30) TI0x44.3 ] 51 2. 4.8 ME
Ao samm i
5 | SC Implant (100%) 80,1+ 14.7 ﬁ 63,9k 6.4 584=25 363+131.9
7 C-SAIBTween 80 ] [ N
@) | SC (7030, 805239 5 0.4+ 4.6 321453 NS
&} =
3 | C-SAIBTween BUPEG 300 -5 .. jg5 r
|

5C (33:33:33) 374 %85 | 8.0+ 20.3 NS5

N

-SATR/Sarbital

{Pé-?.j _ FeaH20 E2A%2E 52244 16+0.3 ME
| 5C Implant (25:12.5:37.5:23) I
[ S-S AIB Solutal
| HS-15 (+/- H2) 563+ 2.0 l 210+ 147 238x43 NS
| SC Implant (70:30) S
1 I "C-SATE/ Mannitol! T |
(BG-2) FB/Sorbitan Oleate BO3% 12.6 1824 9.6 22,2428 NS
lsc Implant {25:50:18,75:6.25)
f Fosale (0@
12 |I 750-90:10 PEG-PLGA 103.0% 1.5 748278 46.4 % 6.3 33.5£27.3
SC[53.8:37.1:9.1) | i
13 FisaEs 0@ I
(PG4 \ 65:15 PLGA 92,3+ 62 i G6.4 = 16.1 11,7+ 151 3014733
i SC(55:40:5)
l| o S ATE (b) (4)
4 | ® @ 92.1% 1.4 4632228 46,6+ 15.4 51051
| SC (52.1:40.9:7)

PG = Pilot study group number with corresponding formulation.
NS = Mot sampled a5 per protocol

Determination of **C-SAIB in the Skin and Subcutaneous Tissues of Male
Sprague-Dawley Rats Following Application to a Surgical Wound or
Subcutaneous Injection (study 8255730, 12-11-803-R-SC-AD - GLP) - The
purpose of this study was to assess the disappearance of radioactivity after a single
subcutaneous injection or surgical wound application of **C-Sucrose Acetate
Isobutyrate (**C-SAIB, lot 3614087) administered as *C-SAIB/Benzyl Alcohol (BA)
(SAIB/BA; 75/25 (w/w)) to rats. The non-radiolabeled test article was SAIB/BA (lot
7211003F). The average radiopurity values of pre-dose and post-dose samples of the
dose formulations were 95.8% and 96.1%, respectively, for Group 1 and 98.2% and
96.7%, respectively, for Groups 2 and 3.
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Number Target Target Dose
of Male Dose Dose Level  Volume Samples
Group  Phase  Animals Route (mgkg)  (pL/animal) Collected

1 1 3 Subcutaneous 440 100 Skin section and
underlying muscle

2 2 25 Application to a 440 100 Skin section and
Surgical Wound underlying muscle

3 2 25 Subcutaneous 440 100 Skin section and

underlying muscle
Notes: The dose was approximately 1.56 nCi/animal based on a prepared test article formulation
(1:100 dilution of C-SAIB into SAIB/BA) of 0.0156 mCi/mL.
Phase 2 was dosed approximately 2 weeks after Phase 1 to allow for evaluation of the sample
solubilization method.

A fixed volume (100 pL) of radiolabeled dose formulation was administered to each
animal. The application of dose to a surgical wound was performed via syringe and
needle into a surgical incision (approximately 0.5 inches in length) made down to the
fascia in the interscapular region. The disposition of radioactivity from dose sites was
determined after an interscapular subcutaneous injection (Groups 1 and 3) or by
application to an interscapular incision (Group 2) using liquid scintillation counting
(LSC). After dosing, skin and subcutaneous thoracic tissues from Group 1 animals
were collected immediately for analysis of radioactivity. In Groups 2 and 3, skin and
subcutaneous thoracic tissues were collected at 0, 7, 14, 42, and 70 days post-dose
for determination of radioactivity concentration. Subcutaneous dosing of **C-SAIB to
Group 1 animals was conducted to determine the best dosing technique.

The decreases in radioactivity at the dose sites for both Groups 2 and 3 were biphasic
over the course of the study, with a relatively rapid decrease in radioactivity through
14 days post-dose followed by a relatively slower decrease through 70 days (10
weeks) post-dose (see tables and figures). The mean percentage of dose remaining
in the skin and subcutaneous tissues were 54 and 60% in Groups 2 and 3,
respectively, at 70 days post-dose. No substantive differences in disposition of
radioactivity were evident between Groups 2 and 3. Overall, **C-SAIB-dependent
radioactivity was slowly and incompletely removed from the dose sites after a
subcutaneous dose or after application to a surgical incision by 70 days (10 weeks)
post-dose, and disposition of **C-SAIB-dependent radioactivity was independent of
the route of dosing.

Percent of radioactive dose in skin and subcutaneous tissues immediately after a
single subcutaneous dose of 4C_SAIB to male rats (Group 1, Phase 1, 440 mg/kg)

Percent of Radinactive Dose

Animal Number
B29552 B29553 B29554 Mean sSD
75.6 80.5 924 829 8.64

SD Standard deviation.
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Percent of radioactive dose in skin and subcutaneous tissues at specified times after
a surgical wound administration of “C-SAIB to male rats
(Group 2, Phase 2, 440 mg/kg)

Percent of Radioactive Dose
Animal Number
Time Point B29819 B29820 B29821 B19822 B9823 Mean sD
0h 89.6 82.0 93.3 92.6 844 884 4,99

Animal Number

B29824 B29825 B29826 B29827 B19828 Mean sD

168 h 82.1 84.6 86.7 55.1 86.5 79.0 135
Animal Number

B29829 B29830 B29831 B29832 B19833 Mean SD

336h 74.0 64.0 81.8 71.4 76.1 73.5 6.53

Animal Number
B29834 B29835 B29836 B29837 B19838 Mean SD
1008 h 38.6° 65.3 51.9 81.8 64.9 60.5 16.2

Animal Number

B29839 B29840 B29841 B29842 B29843 Mean SD
1680 h 69.1 52.0 61.6 67.0 21.4 54.2 19.5
h Hours.
SD Standard deviation.
a Metal staples were used along with the glue to insure the incision remained closed.

Mean percent of radioactive dose in skin and subcutaneous tissues at specified times
after a surgical wound administration of HC_SAIB to male rats (Group 2, Phase 2,

440 mg/kg)
100
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Percent of radioactive dose in skin and subcutaneous tissues at specified times after
a single subcutaneous administration of 'C-SAIB to male rats
(Group 3, Phase 2, 440 mg/kg)

Percent of Radioactive Dose
Animal Number
Time Point  B29844 B29845 B29846 B29847 B29848 Mean SD
Oh 93.2 93.3 935 924 91.8 92.8 0.712

Animal Number
B19849 B298350 B29851 B29852 B29853 Mean SD
168 h 73.5 83.7 85.8 87.1 84.1 82.8 5.40

Animal Number
B19§54 B29855 B20856 B29857 B29858 Mean SD
336h 80.2 068.5 77.8 754 82.7 76.9 5.44

Animal Number
B19859 B29860 B29861 B29862 B29863 Mean SD
1008 h 57.7 754 64.2 65.1 59.1 64.3 6.97

Animal Number

B29864 B29865 B29366 B29867 B29368 Mean SD
1680 h 78.3 52.6 58.9 77.4 32.7 60.0 19.0
h Hours.
SD Standard deviation.

Mean percent of radioactive dose in skin and subcutaneous tissues at specified times
after a single subcutaneous administration of *C-SAIB to male rats
(Group 3, Phase 2, 440 mg/kg)

100

—8— Skin (Test Site)
80 4 ‘“‘u.u}
60 - {__7_____——*———

40 A

Percent of Radioactive Dose

20 4

0 168 336 504 672 840 1008 1176 1344 1512 1680
Time (Hours)

In summary, **C-SAIB-dependent radioactivity was slowly and incompletely removed
from the dose sites after a subcutaneous dose or after application to a surgical
incision by 10 weeks post-dose. The apparent rates of decrease of radioactivity from
the dose sites were biphasic and similar between the dose groups. Disposition of **C-
SAIB-dependent radioactivity was independent of the route of dosing.

Page 46 of 242

Reference ID: 3433613



NDA 204803 Reviewer: Gary P. Bond, Ph.D.

Status of depot material and solvent 12 months after injection (studies 04-1885
& 04-1200) — As reported as appendices in study ' ®®-434007 regarding Sucrose
Acetate Isobutyrate (SAIB) and solvent @@ after as single
SC dose with SABER-Bupivacaine, the physical condition of SAIB was found to be
essentially unchanged and still present 12 months after injection. The material was
described as viscous material with essentially no @@ present ( P?%) at
the injection site. The solvent for the proposed drug is benzyl alcohol but no

substantial difference in migrating activity is anticipated compared to the .

5.2 Toxicokinetics
(Most data included in individual toxicity study reviews)

Study title: Pharmacokinetic comparison study in rats of SABER-
Bupivacaine formulations administered subcutaneously vs. intra-wound
administration (non-GLP)

Study no.: 11519.01.08
Study report location: eCTD in DARRTS

Conducting laboratory and location: © @

Date of study initiation: November 21, 2005

GLP compliance: No

QA statement: No

Drug, lot #, and % purity: Bupivacaine/SAIB/BA (12/66/22, % wiw),

lot 046-05, purity not reported
- aka SABER-Bupivacaine
Control — Sensorcaine-MPF 0.5%, lot
LB2271, purity not reported
Key Study Findings

e Male SD rats received a single injection with Sensorcaine (4.2 mg/kg of
bupivacaine) by subcutaneous (SC) administration, SABER-Bupivacaine (60
mg/kg of bupivacaine) SC, or SABER-Bupivacaine (60 mg/kg of bupivacaine)
SC over an incision. Plasma levels of bupivacaine were measured at 4 and 7
days.

e The results of this study indicated that peak plasma concentrations of
bupivacaine and AUC values were similar for rats given the SAIB/BA-12%
formulations (aka SABER-Bupivacaine) SC or by installation into a SC incision
site. These data indicated that the extent of absorption of bupivacaine was
similar for rats given the SAIB/BA-12% formulation by SC injection or by
application into a SC incision site.

e For rats given the SABE-bupivacaine formulations, mean peak plasma
concentrations of bupivacaine were highest for rats dosed with the SAIB/BA-
12% formulation and were 725 ng/mL at 1 hour after SC administration of the
SAIB/BA-12% formulation and 714 ng/mL at 2 hours after instillation of the
SAIB/BA-12% formulation into an SC incision site. AUC\g values were similar
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for animals given the SAIB/BA-12% formulation (SC or SC incision) at 17611
and 18317 ng-hr/mL, respectively.

¢ In addition, the plasma time course of bupivacaine supports the intended
delayed release of bupivacaine using the depot product containing SAIB. Also,
nonclinical SC studies are appropriate for describing systemic exposure to
bupivacaine compared to human wound dosing.

Methods
Doses: Dog
Group | Number of ' Volume | Dose
Number Anjmali _ Formulation Name Route | (mLkg) | mghy
1 b 0.5% Sensercaine JPF injection | .83 a
2 6 SAIBBA- 2% mjection | 0.50 6
3 6 SAIB/BA-12% icison | 0.50 @
Note that the amount of bupivacaine in Sensorcaine
group is 14-fold lower than in the SAIB/BA groups
Frequency of dosing: Single
Route of administration: Subcutaneous (SC) for groups 1 & 2 and dripped on
the incision for group 3
Dose volume: 0.5 mL/kg for SC and incision injection
Formulation/Vehicle: Benzyl alcohol for test article
Species/Strain: Charles River Sprague Dawley
Number/Sex/Group: 6 males/group
Age: 11 weeks at initiation
Weight: 341-375 g at initiation
Satellite groups: None
Unique study design: Purpose of this study was to compare

pharmacokinetics of SABER-Bupivacaine at the same
dose by SC dosing compared to SC dosing over an
incision (proposed clinical use)

Deviation from study protocol: Nothing significant.

Observations and Results

Mortality

All rats were observed twice daily throughout the quarantine and study periods for
signs of moribundity and mortality.

No signs were observed.

Clinical Signs
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Rats were removed from their cages on Days 0-7 and observed for clinical signs of
toxicity, with particular attention paid to the injection or incision site.

Swelling at the site of injection was observed on one or more days between Days 1
and 5 for 4/6 rats dosed SC with the SAIB/BA-12% formulation (Group 2). No other
adverse clinical signs were observed for any other rats on the study.

Body Weights

Measured on days O (prior to dosing), 4 & 7.

No treatment-related effects on body weight were apparent. The group mean body
weights of animals in each dose group increased between Days 0 and 4 and between

Days 4 and 7.

Feed Consumption, Ophthalmoscopy, ECG, Hematology, Clinical Chemistry,
Urinalysis, Gross Pathology, Organ Weights, and Histopathology

Not evaluated.

Special Evaluation

None.

Toxicokinetics

Blood was sampled from the retro-orbital plexus from 3 animals/group on days 4 & 7

before sacrifice. Sampling times were as follows with times being combined for the
final overall calculations:

Subgroup Collection Times
A 0.5, 2, 8, 48, and 96 hours
B 1, 4,24, 72, and 168 hours

Mean peak plasma concentrations of bupivacaine were 725 ng/mL at 1 hour after
dosing for rats given the SAIB/BA-12% formulation SC (Group 2) and 714 ng/mL at 2
hours after dosing for rats given the SAIB/BA-12% SC into an incision site (Group 3)
indicating a more rapid absorption after the SC dose alone (see table).
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Plasma Concentration (ng/ml)

- Mean = SD

Time Group 1 Group 2 Group 3
0.5hour | 266123 458 £75.5 | 396853

| thowr | 444166 | 725139 | 6921217
| 2hours 213 +50.8 441 +36.3 714 + 243
. 4hours | 396%11.8 | 546£218 | 666+97.2
Shours | 4.63£267 | 376+352 | 502£79.0

24 hours BQL 237+£537 | 329% 151
48 hours BOL 102 £ 16.7 973+ 69.8
72 hours BQL 54,5+ 14.1 8.52%4.74
96 hours BQL 388+7.80 | 7.644 5093
168 hours BQL 562+£3.02 | 038+ 046

Reviewer: Gary P. Bond, Ph.D.

- BQL (below quantitation limit of 0-.5 ng/mL

The area under the plasma drug concentration versus time curve was similar for
animals given the SAIB/BA-12% formulation (SC or SC incision). (see table)

Pharmacokinetic Parameters Calculated from Plasma Concentrations of Bupivacaine

Dose | Tmax' | Cmax’ | HL Lambda z° | AUClast® | AUCINF obs®
Group | (mghke) | (hr) | (ngml) (tr) (hrogml) | (brog/ml)

1 4.2 1 444 1.1 914 921

2 60 | 725 26.9 17393 17611

E:» ﬁEl 2 714 14.7 18306 18314
“Time of maximum plasma concentration of bupivacaine
“Maximum plasms concentraion of bupivac;ﬁ
:I‘em'ml half-life of bupivacaine m plasma
Area under the plasma drug concentration versus time ourve caleulated fiom 0 to the last time point the mean plassa concentration of
bupivacaine was above the Limit of reliable quantitation

“Area under the plasma drug concentration time curve caleulated frox1 0 to infinity

Comparison of time curves of bupivacaine in plasma indicated the prolonged release
of bupivacaine in SABER-Bupivacaine (groups 2 & 3) compared to the bupivacaine in
Sensorcaine (group 1), the purpose of the proposed drug.
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Group=Group 1
Rsg=0.0882 Rsq_adusted=0.36823 HL_Lambda_z=1.0649 (hr}
{4 points used in calculation)

Unifonm Waeighting
E 1000
2 100
=
2 10
E -=— Obgerved
2 1 —— Predisted
s 0414 : ¢ : : + | O
o 0 20 40 60 g0 100 120 140 180 180

Time (hr)

Group=Group 2

Req=0.89025 Rsq adjusted=0.8806 HL_Lambda_z=26.8557 {br)
{6 points used in calcadation)
Uniform Weighiting

%mm
= 100 k@\@\g\ ,
5
E = Observed
g ! — Predicied
= 014 4 £ } g frmas i ! ; -—
© 0 20 40 B0 B8O 100 120 140 160 180

Time (hr}

Group=Group 3

Rsg=0.8731 Rsg_adjusted=0.9605 HL_Lambda_z=14.7074 (e}
(8 points used in calcuiation)

Unriform Welghting
gmuu
E 100
=
2 104
E -3 Dbserved
§ 1 = Predicted
8 014 4 1 { | i : ; ; !

0 20 40 B0 a0 100 120 140 180 180

Time (hr)

Dosing Solution Analysis
No. Test articles used as provided by sponsor/supplier.
In summary - The results of this study indicated that peak plasma concentrations of

bupivacaine and AUC values were similar for rats given the SAIB/BA-12%
formulations SC or by installation into a SC incision site. These data indicated that
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the extent of absorption of bupivacaine was similar for rats given the SAIB/BA-12%
formulation by SC injection or by application into a SC incision site.

6 General Toxicology

6.1 Single-Dose Toxicity

Acute oral toxicity of POSIDUR™ (SABER-Bupivacaine) in albino rats (study 04-
07-803-R-PO-ATX; | ®®-4340400 - GLP) — Posidur (lot 079-05C) was administered
once orally via gavage to a single group of 5 fasted male and 5 fasted female albino
rats at a dosage level of 500 mg/kg. A concurrent placebo group received Posidur
placebo (SABER placebo, lot 036-06A) as a single dose. The dose volume was 0.5
mL/kg for both groups. Mortality, clinical observations, and body weight changes were
evaluated over a 14-day observation period. All animals were subjected to a gross
necropsy. Acceptable analytical and stability data was provided by the sponsor.

There were no deaths or notable body weight changes (animals gained weight),
clinical findings, or gross necropsy findings. There were no notable differences
between the placebo and test article-treated groups. Based on the results of this
study, Posidur™ (SABER-Bupivacaine) administered orally (gavage) to Crl:CD(SD)
rats as a single dose at 500 mg/kg resulted in no mortality and was well tolerated.

Study title: Six-week toxicity study of SABER-Bupivacaine Injectable
Formulation in Sprague Dawley rats

Study no. 11519.01.04
Study report location: eCTD in DARRTS

Conducting laboratory and location: o

Date of study initiation: August 22, 2005

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: Test article — lot 015-04, 12% bupivacaine
(97.2% purity post-dose), 66% SAIB, 22%
BA
Placebo — lot GLP 803-17, 75% SAIB,
25% BA

Key Study Findings

e Groups of 15 male and females SD rats received single subcutaneous injections of
vehicle (SABER, 2 mL/kg), saline (2 mL/kg), 24 mg/kg SABER-Bupivacaine (0.2
mL/kg), 72 mg/kg SABER-Bupivacaine (0.6 mL/kg), or 240 mg/kg SABER-
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Bupivacaine (2 mL/kg). Ten (10) animals per group were sacrificed on day 15 and
the other remaining animals were sacrificed on day 43 (6 weeks).

e One high dose female was found dead on the day of dosing from unknown cause.
This death, which occurred after the 8 hour blood sampling was considered a
spurious/chance occurrence by the reviewer as this animal’s clinical symptoms
(none), bupivacaine blood levels, and histopathology were no different than the
other 29 animals (females and males) in the high dose group. In addition, no
mortality was observed in rats dosed at 250 mg/kg using the original | ®“-based
SABER-Bupivacaine (study A624.1.1). All other animals survived until their
scheduled sacrifice.

e Only clinical observations associated with treatment included discoloration,
swelling, sore/ulcer, discharge, scab, and discolored scabrous areas at the
injection site.

¢ No treatment related effects on body weight, food consumption, ophthalmoscopy,
hematology, clinical chemistry, and macroscopic and microscopic pathology (other
than injection sites).

e All injection site effects were in vehicle control (SABER) and SABER-Bupivacaine
groups with no effects in saline control group.

e Subcutaneous injections of either the vehicle or of any of the three concentrations
of bupivacaine (in the same vehicle) produced localized inflammatory reactions
characterized primarily by panniculitis with subcutaneous cyst formation and
reactive fibrosis. However, all of the injection site reactions were qualitatively and
guantitatively similar between the sites injected with the vehicle and those injected
with similar volumes of the vehicle and bupivacaine. Moderate to marked
cutaneous necrosis was observed on day 15 in 1 mid dose male, 3 high dose
males, and 4 vehicle (SABER) females but none was observed on day 43.

e There was evidence of reduction of the various inflammatory and reactive
processes between the Day 15 and Day 43 necropsy time points, although marked
subcutaneous cysts persisted in most males and females of the vehicle control
(SABER) and high dose groups. These dose groups were administered the same,
largest dose volume (2 mL/kg). The SABER-Bupivacaine test article is the same
composition as the proposed drug product. The low SABER-Bupivacaine dose of
0.2 mL/kg (~0.1 mL) was not a NOAEL for injection site effects.

e Toxicokinetic (TK) data collected identified exposure levels that caused no
systemic toxicity, but local toxicity similar to the vehicle (SABER). Peak blood
levels were within 1-2 hours with levels maintaining similar, higher exposure to
bupivacaine for 8-24 hours. Regarding the lack of systemic toxicity, TK values at
the high dose were a gender-combined Cmax of 1432 ng/mL and AUCy-ng Of
74423 ng-h/mL.
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Methods
Doses: ,
Artick Dose Level | Dose Volume |~ No. of Rats
DoseGroup | Administered | (mgke) | (mLkg) | Male | Female
I Vehicle Control’ 0 /) 15 15
/) Saline Control 0 1 15 15
3 Bupivacaine U 02 15 5
4 Bupivacaine T 06 15 13
5 Bupivacaine U0 2 15 15
*15% sucrose acetate isobutyrate (SAIB): 25% benzyl aloohol
Frequency of dosing: Single dose at a clipped site near the middle of the
back
Route of administration: Subcutaneous (SC)
Dose volume: See above
Formulation/Vehicle: SAIB/BA (vehicle control), Saline (negative control)
Species/Strain: Sprague Dawley [Crl:CD®(SD)IGSBR]
Number/Sex/Group: 15
Age: 9-12 weeks at study initiation
Weight: 296.9-407.2 g (males) and 218.0-269.2 g (females)
at study initiation
Satellite groups: Test animals used for toxicokinetic analysis
Unique study design: 15 day sacrifice(10/sex/group) then 6 week recovery

group (5/sex/group)
Deviation from study protocol: Nothing significant

Observations and Results
Mortality

All surviving rats were observed twice daily throughout the quarantine and study
periods for signs of moribundity and mortality.

One female from the high dose group was found dead on day 1 from unknown
causes. This animal exhibited no adverse clinical symptoms through at least 8 hours
after treatment, the time of the second blood sampling for plasma drug levels. All
other animals survived until scheduled sacrifice.

Another note is that dosing rats with 250 mg/kg of the original ®® formulation of
SABER-Bupivacaine resulted in no mortality (study A624.1.1).
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Clinical Signs

All surviving rats were removed from their cages on Days 1 (after dosing), 8, 15, 22,
29, 36, and 43 and examined closely for clinical signs of toxicity. The injection site
was also specifically observed on those days.

Clinical observations associated with treatment included discoloration, swelling,
sore/ulcer, discharge, scab, and discolored scabrous areas at the injection site.
Clinical observations associated with the injection site were observed in all SABER™-
Bupivacaine-treated and vehicle control males and females. There were no abnormal
treatment-related clinical observations in the male or female saline control group.
Discoloration of the injection site was observed predominantly on Day 1 in 3/15 males
in Group 1, 2/15 males in Group 3, 2/15 males in Group 4, 6/15 males in Group 5,
5/15 females in Group 1, and 2/15 females in Group 5. Swelling at the injection site
was observed in males in Groups 1, 3, 4, and 5 and females in Groups 1 and 5.
Incidence of all events generally reduced after treatment and by 6 weeks after
treatment.

Body Weights

Animals were weighed at randomization (days -3 or -4 before dosing), prior to dosing
(day 1), and on days 8, 15, 22, 29, 36, and 43.

No test article-related changes in mean body weights in the male or female rats were
observed throughout the study.

Feed Consumption

Feed consumption was measured weekly and reported as g/animal/day.
No test article-related changes in food consumption were observed during the study.

Ophthalmoscopy

Ophthalmoscopic examinations were conducted on both eyes during Week -1, Week
2, and Week 6.

No test article-related changes in the ophthalmic examinations were observed during
the study although there were adverse effects due to the blood collection procedures.

ECG - none conducted

Blood sampling for hematology, clinical chemistry, and toxicokinetics

Rats from each group were subdivided into three subgroups of 5 rats/sex for each
blood sample collection. For clinical pathology (hematology and clinical chemistry),

blood samples were collected on Day 15 (10 rats/sex/group; Subgroups A & C) and
on Day 43 (surviving rats/sex/group; Subgroup B). For toxicokinetics, blood was taken
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from a subgroup of rats for toxicokinetic analysis at 0.5, 1, 2, 4, 8, 24, 48,and 72 hours
and at 7, 15, 22, 29, 36, and 43 days after dosing.

Subgroup Collection Times
A 0.5, 4, and 48 hours; Day 15
B 1, 8, and 72 hours; Days 22, 29, 36, and 43
C 2 and 24 hours; Day 7

Hematology

The following indices were evaluated with units of measurement:

WBC
RBC
HGB
HCT
MCV
MCH
MCHC
Retic
PLT

nRBC

Hematology

Total leukocyte count

Erythrocyte count
Hemoglobin
Hematocrit

Mean corpuscular volume
Mean corpuscular hemoglobin
Mean corpuscular hemoglobin concentration

Reticulocyte count
Platelet count
Differential leukoc

yte count

Nucleated red blood cell count

10°/mm’
10%mm’
g/dL

%

L.

pg

g/dL
10°/mm®
10*/mm®
10*/mm®
N/100 WBC

Based on comparison of group mean results for Groups 3, 4, and 5 with Group 1
(SABER control) and Group 2 (vehicle control) there were no hematologic changes at
Day 15 or 43 for males or females attributable to SABER™- Bupivacaine
administration.

Clinical Chemistry

The following indices were evaluated with units of measurement:

Reference ID: 3433613

NA

CL
TP
Alb
BUN
Crea
AST
ALT

Glob
A/G Ratio
Gluc

Clinical C

Sodium
Potassium
Chloride
Total protein
Albumin

hemistry

Blood urea nitrogen

Creatinine

Aspartate aminotransferase
Alanine aminotransferase
Alkaline phosphatase

Globulin

Albumin/globulin ratio

Glucose
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Based on comparison of group mean results for Groups 3, 4, and 5 with Group 1
(SABER control) and Group 2 (vehicle control) there were no clinical chemistry
changes at Day 15 or 43 for males or females attributable to SABER™- Bupivacaine
administration.

Urinalysis — none conducted
Gross Pathology

All rats, whether found dead, euthansized in extremis, on scheduled days 15
(subgroups A & C) or 43 (subgroup B) received a complete postmortem examination.
The postmortem examination included, but was not limited to, the examination of the
external surfaces and orifices. The cranial, thoracic, abdominal, and pelvic cavities
were opened, the organs/tissues within each cavity were inspected, and the
organs/tissues collected. Tissues/organs (see list in histopathology section) were
fixed appropriately.

Macroscopic findings at the injection sites included crust, mass, and nodules with
subcutaneous tissue exhibiting gelatinous, thick, mottled mass and nodule in the
vehicle control (SABER) and SABER-Bupivacaine treated groups at day 15. Masses
and nodules persisted at day 43. No such effects were observed in the saline control
group. No other macroscopic changes were treatment related. Any individual
observation occurred in no more than 9 of 30 high dose animals (skin crust) and 7 of
30 high dose animals (subcutaneous nodule). Gross observations of the eyes and
Harderian glands were not treatment-specific and considered related to the retro-
orbital technique for blood collection and therefore not listed here. No different
findings were observed in the female of the high dose group that was found dead
compared to other high dose animals.

Organ Weights — none weighed
Histopathology
Adequate Battery — yes

The following tissues were collected and evaluated:
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Adrenals [2]

All gross lesions

Aorta

Bone with bone marrow (femur and
sternum )

Bone marrow smear (contralateral femur)

Brain (fore-, mid-, and hind-)

Esophagus

Eyes [2]

Harderian gland

Heart

Kidneys [2]

Large intestine, cecum

Large intestine, colon

Large intestine, rectum

Liver

Lungs (with mainstem bronchi)

Lymph node (mesenteric)

Lymph node (submandibular)

Owaries [2]

Pancreas

Reviewer: Gary P. Bond, Ph.D.

Pituitary gland

Prostate

Salivary gland (submaxillary) [2]

Sciatic nerve

Seminal vesicle [2]

Skeletal muscle (thigh)

Skin (injection site; ventral abdomen,
including mammary gland)

Small intestine, duodenum

Small intestine, ileum

Small intestine, jejunum

Spinal cord (cervical, thoracic, lumbar)

Spleen

Stomach

Testes/epididymis [2]

Thymus

Thyroid/parathyroid glands [2]

Tongue

Trachea

Urinary bladder

Uterus '

All tissues from all rats in Groups 1 and 2 (controls) and 5 (high dose group) from the
Day 15 necropsy were evaluated. In addition, target tissues and gross lesions
(including the injection site) were evaluated from Groups 3 and 4 (low and mid dose
groups) from the Day 15 necropsy and from all Groups from the Day 43 necropsy.

Peer Review — no for organs/tissues but yes for injection site (biocompatibility
evaluation)

Histological Findings — The high dose female found dead on day 1 exhibited no
unique histological findings compared to other high dose animals.

The microscopic observations closely follow the gross observations in that the lesions
of the eyes, retro-orbital tissues, and Harderian glands were all considered to be the
result of the retro-orbital phlebotomy procedures. Other than the injection sites, no
other microscopic observations were considered treatment related, which included the
saline control group. There was no evidence, under the conditions of this study, that
the vehicle (SABER) or the SABER-Bupivacaine resulted in any systemic toxicity.

Subcutaneous injections of either the vehicle or of any of the three concentrations of
bupivacaine (in the same vehicle) produced localized inflammatory reactions
characterized primarily by panniculitis with subcutaneous cyst formation and reactive
fibrosis. However, all of the injection site reactions were qualitatively and
guantitatively similar between the sites injected with the vehicle and those injected
with similar volumes of the vehicle and bupivacaine. Moderate to marked cutaneous
necrosis was observed on day 15 in 1 mid dose male, 3 high dose males, and 4
vehicle (SABER) females but none was observed on day 43. There was evidence of
reduction of the various inflammatory and reactive processes between the Day 15 and
Day 43 necropsy time points, although marked subcutaneous cysts persisted in most
males and females of the vehicle control (SABER) and high dose groups. These dose
groups were administered the same, largest dose volume (2 mL/kg).
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Tables follow to illustrate the injections site effects differing for SABER only and
SABER-Bupivacaine treatment compared to the saline control. No other observed
effects differed from those observed in saline controls.

SUMMARY OF MICROSCOPFPIC DIAGNOSES
MALE RATS FROM DAY 15 NECROPSY

GROUP = 1 2 3 4 5
Humber of animals included 10 10 10 10 10
INJECTION SITE

Number of Tissues Examined 10 10 10 10 10
Microscopically Normal o 9 [ 1 1
Ho. With Microscople Diagnoses 10 1 4 9 9
SUBCUTAMNECQUS CYST(S) 10 1 1b 7 9
mild - 1 1 5 -

moderate 3 - - 2 3

marked 7 - - - 6

ACANTHOSI1S 7 0b 3 & B8
minimal - - - 1 -

mild 1 - 2 2 1

moderate 4 - 1 2 4

marked 2 - - 1 3

DERMATITIS 2 o 3 1 2
minimal - — 1 - -

mild 2 - =z - -

moderate — - - 1 2

ULCERATIVE DERMATITIS 7 O Ob 2a 6
minimal - - - — 1

mild 1 - - 1 1

moderate 2 - - 1 2

marked 4 —_ - — o>
CUTANECOUS MECROSIS 4 Da ©a ©Oa Oa
mild 2 - - - -

moderate 2 - - - -

SURFACE INFLAMMATORY CRUST 7 oz 3 4 7
minimal - - — 1 -

mild 2 - 1 1 2

moderate 1 - 1 1 1

marked 4 - 1 1 4

FANNTICULITIS 10 Ob 2B 8 9
minimal — - 1 2 -

mild - — - 4 1

moderate 10 —_ 1 2 7

marked - - - - 1

DERMAL FIBROSIS 1 o Q o 2
mild 1 - - - 2

FIBROSIS, SUBCUTIS 8 O Ok Ob S
mild ] — - - L

Group Legend: 1 is WVehicle Control, 2 is Saline Control, 3 is 24 mg/kg,
4 is T2 mg/kg., 5 is 240 mg/Skg

Statistics performed using Fisher's exact (l—-tail)

a = Significantly different from GROUF 1 at P<=0.05

b = Significantly different from GROUF 1 at P<=0.01
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SUMMARY OF MICROSCOPIC DIAGNOSES
MALE RATS FROM DAY 43 NECROPSY

Humber of animals included 5 5 5 5 5

INJECTION SITE

Humber of Tissues Examined 5 5 5 5 5
Microscopically Wormal 0 5 2 0 0
No. With Microscopic Diagnoses 5 0 3 5
SUBCUTANEQUS CYST(S) 4 0a 3 5 5
mild - — 2 - 1
moderate 4 - 1 5 -
marked - - - - |
ACANTHOSIS 0 [} 1 0
mild - - - 1 -
moderate - - 1 - -
DERMATITIS 1] 0 0 1 0
mild - - - 1 -
FANNICUOLITIS q 0a 3 5 5
minimal - - - 3 2
mild 4 - 3 2 3
DERMAL FIEBROSIS 0 ] 1 1 2
minimal - - - - 1
mild - - = 1
moderate - - 1 1 -
FIBROSIS, SUBCUTIS 5 Ob 3 5
mild 4 - 3 4 5
moderate 1 - - 1 -
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SUMMARY OF MICROSCOPIC DIAGNOSES
FEMALE RATS FROM DAY 15 NECROPSY

GROUP: 1 2 3 4 5
Number of animals included 10 10 10 10 10
INJECTION SITE

Number of Tissues Examined 10 10 10 10 10
Microscopically MNormal 9 [ 1 1
No. With Microscopic Diagnoses 10 1 4 9 9
SUBCUTANEQUS CYST(S) 10 1b 1b 7 9
mild - 1 1 5 -

moderate 3 - 2 3

marked 7 — - - [+

ACANTHCOSIS 7 Ob 3 & 8
minimal - - - 1 -

mild 1 - 2 2 1

moderate 4 - 1 2 4

marked 2 - - 1 3

DERMATITIS pr 0 3 1 2
minimal - - 1 - -

mild 2 - 2 - -

moderate - - - 1 2

ULCERATIVE DERMATITIS 7 Ob 0Ob 2a 6
minimal - - - - 1

mild 1 — - 1 1

moderate 2 - - 1 2

marked 4 - - - 2
CUTANEOUS NECROSIS 4 Da 0a 0Oa O0Oa
mild 2 = - = -

moderate 2 - - - -

SURFACE INFLAMMATORY CRUST 7 0 3 4 7
minimal - - - 1 -

mild 2 - 1 1 2

moderate 1 - 1 1 1

marked 4 - 1 1 4

PANNICULITIS 10 Ob 2b 8 9
minimal - - 1 2 -

mild - - - 4 1

moderate 10 - 1 2 T

marked - - - - 1

DERMAL FIBROSIS 1 0 0 4] 2
mild 1 - - - 2

FIBROSIS, SUBCUTIS a8 0Ob 0Ob Ok 5
mild 2] - - - 5

o e e e o e o o B e o o B

Group Legend: 1 is Vehicle Contrel, 2 is Saline Control, 3 is 24 mg/kg,
4 is 72 mg/kg, 5 is 240 mg/kg

Statistics performed using Fisher's exact (l-tail)

a = Significantly different from GROUP 1 at P<=0.05

b = Significantly different from GROUP 1 at P<=0.01
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SUMMARY OF MICROSCOPIC DIAGNOSES
MALE RATS FROM DAY 43 NECROPSY

GROUP: 1 2 3 4 5
Number of animals included 5 5 5 5 5
INJECTION SITE

Number of Tissues Examined 5 5 5 5 5
Microscopically Normal 0 5 2 0 0
Ne. With Microscopic Diagnoses 5 0 3 5 5
SUBCUTANEQUS CYSTI(S) 4 0a 32 5 5
mild - - 2 - 1
moderate 4 - 1 5 -
marked - = - = 4
LCANTHOSIS 0 0 1 1 0
mild - - - 1 -
moderate = = 1 - -

DERMATITIS 0 0 ] 1
mild - - - 1 -
PANNICULITIS 4 Da 3 5 5
minimal - - - 3 2
mild 4 - 3 2 3
DERMAL FIBROSIS 0 0 1 1 2
minimal - - - - 1
mild - — - = 1
moderate - - 1 -
FIBROSIS, SUBCUTIS 5 b 3 5 5
mild 4 - 3 4 5

moderate 1 - 1

Special Evaluation — Biocompatibility Evaluation

The vehicle control (SABER) and SABER-Bupivacaine injection showed similar,
anticipated findings after such subcutaneous injections with foreign matter. Minimal to
mild granulation tissue, foreign body reaction, and fibrous capsule formation were
observed at 15 and 43 days. Normal tissue was observed in the saline control.

Toxicokinetics

Blood was taken from a subgroup of rats for toxicokinetic analysis at 0.5, 1, 2, 4, 8,
24, 48, and 72 hours after dosing and at 7, 15, 22, 29, 36, and 43 days after dosing.

Plasma values of bupivacaine over 43 days after dosing are listed in the following
tables for males and females. Test groups are 1 (vehicle control - SABER), 2 (saline
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control), 3 (24 mg/kg bupivacaine in SABER), 4 (72 mg/kg bupivacaine in SABER),
and 5 (240 mg/kg bupivacaine in SABER). BQL is below the quantitation limit of 0.5
ng/mL. Peak blood levels were within 1-2 hours with levels maintaining similar, high
exposure to bupivacaine for 8-24 hours. Plasma levels in the high dose female that
was found dead on day 1 were no different than other high dose group animals.

Summary of Plasma Concentrations of Bupivacaine (ng/fmlL): Males

Plasma Concentration (ng/ml.)
Mean + 5D
Time Group 1 Group 2 Group 3 Group 4 Group 5
0.5 hour BOQL BQL 314 + 120 522 + 151 933 £270
| 1 hour BQL BQL 342 £ 127 752 = 385 1031 = 340
2 hours BOQL BOQL 377 £ 222 514 = 155 1330 + 300
4 hours -- . 316+ 117 538 = 164 857 = 200
8 hours -- - 275+ 111 422 +97.0 TT6 =118
24 hours -- -- 76.0 + B.64 224 += 48.0 655 = 320
48 hours - -- 240+ 6.10 100 £ 41.1 391 + 66.9
72 hours - - 158+ 8.28 106 + 30.0 320 x 64.2
Day 7 - - 192+ 1.94 23.2 + 489 114 + 36.6
Day 15 - - BQL 1.72+2.79 223+ 4.85
Day 22 - - BQL BQL 255x3.05
Day 29 - - BQL BOQL 0.536 =0.753
Day 36 - - BOQL BOL 0.127 £ 0.284
Day 43 -- -- BQL BOL BOL

Summary of Plasma Concentrations of Bupivacaine (ng/mL): Females

Plasma Concentration (ng/mlL)
Mean + SD
Time Group 1 Giroup 2 Group 3 Group 4 Group 5
0.5 hour BQL BQL 315120 625 £ 208 1132 = 230
1 hour BQL BQL 378x99.1 T13+276 1534 = 257
2 hours 2.18+2.34 |0484£0.663| 233+76.8 408 = 23.6 800 £ 325
4 hours -- -- 227 £129 38T £ 134 613 £ 165
8 hours - - 255+29.8 457 + 140 1103 + 202
24 hours -- - T6.9+222 250 +£42.9 644 + 190
48 hours - - 30.5 £10.9 130 £ 29.1 551+ 114
72 hours -- - 7.00 £531 57.1 £297 331 +924"
Day 7 -- - 0376 £0519| 992 +341 138 =449
Day 15 - - BQL 0284 +0.635| 8.85+3.59 I
Day 22 -- -- BQL BQL 1.36 = 2.20*
Day 29 - - BQL BQL 0.270 £ 0.540*
Day 36 -- - BQL BQL BQL"
Day 43 - -- BOL BQL BQL"

Toxicokinetic values for blood sampled through 72 hours after dosing are reported in
the following table. There were no major gender differences but bupivacaine did
appear to be present longer in males. Plasma levels increased with dose in a less
than dose-response manner but plasma levels for the different doses were measured
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over differing time periods. Calculation would have been of greater real value if they
were based on proposed time of drug effectiveness (i.e., 24-72 hours).

Mean Toxicokinetic Values in Male and Female Rats after Single

Subcutaneous Doses with SABER Bupivacaine (study11519.01.04)

Dose gender [ Tmax | Cmax | Terminal | Ts® | AUCIast’ AUC;

(mg/kg) (hour) | (ng/mL) | tis2 (hour) | (ng-hr/mL) | (ng-hr/mL)

(hour)

24 female | 1 378 15.6 144 6646 6658
male 2 377 23.8 144 7602 7670

72 female | 1 713 25.8 144 18405 18774
male 1 752 46.1 336 22635 22756

240 female | 1 1534 53.0 504 77706 77814
male 1 1330 67.2 672 70966 71033

a — last time point mean plasma level was above lower reliable quantitation limit
b — AUC from 0 time until T},&
¢ — AUC from time 0 to infinity

Dosing Solution Analysis

Dose concentration, homogeneity, and stability analysis were performed by the
Sponsor and indicated that test materials were acceptable.

Study title: A six-week toxicity study of Bupivacaine in SAIB in New
Zealand White Rabbits

Study no.: A784.6.1

Study report location: eCTD in DARRTS

Conducting laboratory and location: e

Date of study initiation: April 16, 2004

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: SABER Bupivacaine (12 wt% Bupivacaine
in 66:22 SAIB:BA) Lot GLP-803-19, 98.4%
purity

SABER Bupivacaine Placebo (75:25
SAIB:BA) Lot GLP-803-17, purity NA
Key Study Findings

e Male and female New Zealand White rabbits received single subcutaneous doses
(split to each side of the back) of SABER-Bupivacaine or SABER placebo at
bupivacaine doses of 0 mg/kg (0.25 mL/kg placebo), 0 mg/kg (1.0 mL/kg placebo),
30 mg/kg (0.25 mL/kg), or 120 mg/kg (1.0 mL/kg). Animals were sacrificed on day
15/18 and 44 post-dose.
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e Two male rabbits in the high dose group were sacrificed as moribund 3-4 hours
after dosing on Day 1. The sacrificed animals had apparently aspirated stomach
contents. Bupivacaine treatment-related mortality cannot be ruled out.

e No treatment-related or toxicologically relevant effects were observed for the
biological indices evaluated (i.e., clinical signs, body weights, food consumption,
ophthalmoscopy, hematology, and clinical chemistry).

¢ Injection site effects were most common in animals sacrificed 15 days after dosing
(interim sacrifice). The most common findings in the injection sites of animals from
all groups were chronic inflammation and the presence of clear empty spaces
(space, vacant, presumed to contain the test article). In all groups, the
inflammation was usually of trace or mild severity and consisted of variable
degrees of early fibrosis with infiltration of histiocytes and small mononuclear cells.

e Observations were generally less common and severe after the 44 day terminal
sacrifice, suggesting healing, recovery, and/or reversibility of local effects.

e |n a separate biocompatibility evaluation of injection sties, the test and control
articles elicited a normal inflammatory and wound healing sequence of events with
a normal foreign body reaction consistent with a 6-week implant time and both
control and treated groups were considered to be biocompatible.

e This study demonstrated a prolonged release of Bupivacaine up to 2 days for the
30 mg/kg dose level and up to 4 days for the 120 mg/kg dose level with no efficacy
implied.

e Toxicokinetic (TK) data collected identified exposure levels that caused no
systemic toxicity (NOAEL), but local toxicity similar to the vehicle (SABER
placebo). Peak blood levels were within 1-2 hours with levels maintaining similar,
higher exposure to bupivacaine for 8-24 hours. Regarding the lack of systemic
toxicity, TK values at the high dose were a gender-combined Cmax of 3,033
ng/mL and AUCy... of 48,645 ngeh/mL.

Methods
Doses: DoseLevel | Dose Vohme
Group Test Material (mgky) (mLkg)
1 Vehicle Control 0 ] E-
) Vehicle Control 0 10
1 Bupivacaine 0 0.25
4 Bupivacaine 120 10
- vehicle control group is SABER-Bupivacaine
placebo

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle: Benzyl alcohol
Species/Strain: New Zealand White rabbits
Number/Sex/Group: 6

Single dose (1/2 to each side of upper back)
Subcutaneous to intrascapular region
See table
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Age: 3-4 months at dosing

Weight: 2.9-3.3 kg at dosing

Satellite groups: none

Unique study design: Single dose with day 15 and 44 (6 week)
sacrifices

Deviation from study protocol:  Nothing significant
Observations and Results
Mortality

All rabbits in this study were observed twice daily during the quarantine and study
periods for signs of mortality and moribundity.

Two high dose males were sacrificed in moribund condition after day 1 dosing due to
aspiration (confirmed by autopsy). Based on these deaths after a SC dose, the deaths
are considered treatment-related by reviewer. All other animals survived to scheduled
sacrifice.

Clinical Signs

Detailed clinical observations were recorded during Week -1, on Day 1 (prior to and
approximately 3-5 hours after dosing) and on Days 3, 8, 15, 22, 29, 36, and 44, or
more often as clinical signs warranted.

The clinical observations during the study consisted of hypoactivity, prostration, nasal
discharge, scabs, and discolored scabrous areas. These observations were noted
primarily in the high dose treated group (Group 4) and to a lesser degree in the high
dose control group (Group 2) which received the same dose volume. There were no
abnormal clinical findings in any of the low dose animals in either the control or
treated groups (Groups 1 and 3).

Summary of Clinical Observations: Males

Day numbers relative to Start Date

=3 1 1 2 3 B
Group predose 3-6 hre
Sex Clinical Sign postdose

1M Unremarkable g (3 & WR 6 6

M Unremarkable 6 6 6 NR 6 6
Scab
Discolored scabrous area

M Unremarkable 6 3 6 NR 6 6

4M Unremarkable 6 &
Secab
Discharge
Hypoactive
Prostrate

o Ry B
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Day numbers relative te Start Date

11 15 18 az 29 i6 44
Group
Sex Clinical Sign
1M Unremarkable ER & NR 3 3 3 3
™ Unremarkable NR 5 NR 3 2 3 3
Scab . 1 . . .
Discolored scabrous area . . . . 1
M Unremarkable NR 6 NR 3 3 3 3
4M Unremarkable KR 2 1 1 2 2 2
Scab . 2 . 1 .
Discharge . . .
Hypoactive
Progtrate . . .
Summary of Clinical Observations: Females
Day numbers relative to Start Date
4 1 1 2 k) B
Group predoge 3-4 hrs
Sex €linical Sign postdose
1F Unremarkable 6 6 [ NR 6 1
aF Unremarkable [1 6 [ NR [ 6
Discolored scabrous area . .
F Unremarkable [ 7 [1 NR & [
4F Unremarkable [ 1 [ NR 3 4
Discolored scabrous area . 2 2
Discoloration . . . 1
Day numbers relative to Start Date
11 15 18 22 29 36 44
Group
Sex Clinieal 8ign
1F Unremarkable MR [ NE 3 3 3 3
2F Unremarkable HR 6 NR 2 2 2 2
Discolored scabrous area . P . i 1 1 1
IF Unremarkable NR 1 NE 3 k] 3 3
4F Unremarkable - 3 NR 3 3 3 3
Discolored scabrous area 1 3
Discoloration

Body Weights

Individual body weights were recorded for each surviving rabbit during baseline
(randomization), on Day 1 prior to dosing, and on Days 8, 15, 22, 29, 36, and 44.

There were treatment-related effects on body weight or any differences among any of
the groups.

Feed Consumption

Individual quantitative food consumption was recorded daily for each study animal
throughout the study. Average weekly food consumption (g/anima/day) was
calculated for each rabbit on study.

There were treatment-related effects on food consumption or any differences among

any of the groups.
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Ophthalmoscopy

Prior to dosing and on Day 38 (females) or Day 39 (males), both eyes of each
surviving rabbit were examined by indirect ophthalmoscopy, slit lamp examination,
and direct focal illumination.

There were no abnormal findings noted in any animal during the course of this study.
ECG
No ECG evaluation conducted.

Hematology

Blood samples were collected from fasted animals during weeks -1 from all rabbits
and on days 15 & 44 from all rabbits scheduled for a day 44 sacrifice.

The following indices were measured:

WBC Total leukocyte count 10°/mm’
RBC Erythrocyte count 10%/mm’
HGB Hemoglobin g/dL
HCT Hematocrit Yo
MCV Mean corpuscular volume fL
MCH Mean corpuscular hemoglobin pE
MCHC Mean corpuscular hemoglobin concentration g/dL
PLT Platelet count 10°/mm’
RETIC Reticulocyte count 10°/mm’
Differential leukocyte counts 10°/mm’
RBC morphology

No treatment-related or toxicologically relevant changes in hematology parameters
were observed.

Clinical Chemistry

Blood samples were collected from fasted animals during weeks -1 from all rabbits
and on days 15 & 44 from all rabbits scheduled for a day 44 sacrifice.

The following indices were measured:
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BUN Blood urea nitrogen mg/dL
Crea Creatinine mg/dL
BUN/Crea BUN/creatinine ratio
Gluc Glucose mg/dL
P Total protein g/dL
Alb Albumin g/dL
Glob Globulin g/dL
AIG Albumin/globulin ratio
ALT Serum alamine aminotransferase U/L
AST Serum aspartate aminotransferase U/L
ALP Alkaline phosphatase UL
Na Sodium mEg/L
K Potassium mEg/L
Cl Chloride mEq/L
Ca Caleium mg/dL
Phos Phosphorus mg/dL
TBIL Bilirubin (total) mg/dL
Chol Cholesterol mg/dL

No treatment-related or toxicologically relevant changes in clinical chemistry

parameters were observed.

Urinalysis

No urine was sampled/evaluated.

Gross Pathology

Animals sacrificed on day 15 or 44 and those sacrificed as moribund received a
complete postmortem exam. The complete postmortem necropsy examination
included a thorough inspection of all external surfaces, organs, and orifices. The
cranial, thoracic, abdominal, and pelvic cavities were opened, and the tissues/organs
within each cavity were inspected.

Skin surrounding the injection sites was cut, flipped back to reveal the underlying
fascia/musculature, and inspected for any SAIB depots. If the SAIB depot could not
be found directly under the injection site, both the injection site, the tissue surrounding
the depot, and the SIB depot were taken.

All of the organs and tissues listed below were appropriately collected and fixed.
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All gross lesions including tumors & masses
Adrenal [2]

Aorta

Bone marrow (femur)
Brain (fore, mid, and hind)
Epididymis [2]
Esophagus

Gallbladder

Eye [2]

Harderian gland

Heart

Injection site

Kidney [2]

Large intestine, cecum
Large intestine, colon
Large intestine, rectum
Liver

Lung

Lymph node, bronchial
Lymph node, mesenteric
Lymph node, mandibular
Nerve, right sciatic
Ovary [2]

Pancreas

Reviewer: Gary P. Bond, Ph.D.

Pituitary gland

Prostate gland (including
seminal vesicles [2])

Salivary gland, mandibular, nght

Salivary gland, parotid, right

Salivary gland, sublingual, right

Skeletal muscle (thigh)

Skin (ventral abdomen, including
mammary gland)

Small intestine, duodenum

Small intesting, jejunum

Small intestine, ileum

Spinal cord, cervical

Spinal cord, thoracolumbar

Spleen

Stomach, cardiac

Stomach, fundic

Stomach, pyloric

Testis [2]

Thymus

Thyroid gland [2)/ Parathyroid gland [2]

Trachea

Urinary bladder

Uterus (with cervix)

Vagina

Observations in the injection sites of male and/or female rabbits included discoloration
with thick subcutis with crust. There appeared to be no definitive patterns of lesion
incidence in the injection sites of male or female rabbits to indicate a treatment effect
at 15 days and 44 days after treatment. The high dose males sacrificed as moribund
on day 1 exhibited a higher incidence of local effects plus lung discoloration, as would
be expected.

Organ Weights

No organ weights were taken.

Histopathology

All fixed tissues from the day 15 sacrifice were processed and evaluated. High dose
groups 2 (SABER placebo) and 4 (SABER-Bupivacaine) were processed first and
then the remaining as appropriate. Day 44 tissues evaluated were target organs
based on day 15 results, gross lesions, and injection sites.

Adequate Battery - yes

Peer Review — no

Histological Findings - Injection site effects were most common in animals sacrificed

15 days after dosing (interim sacrifice). The most common findings in the injection
sites of animals from all groups were chronic inflammation and the presence of clear
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empty spaces (space, vacant, presumed to contain the test article). In all groups, the
inflammation was usually of trace or mild severity and consisted of variable degrees of
early fibrosis with infiltration of histiocytes and small mononuclear cells. The vacant
spaces consisted of clear, round to oval cavitations surrounded by varying degrees of
fibrosis and a layer of simple squamous epithelium. These spaces occurred mainly in
the subcutaneous tissue immediately beneath the dermis or, less frequently, within
the dermis. The inflammation usually occurred in the areas surrounding the vacant
spaces, but not always. Exudate was observed in the subcutis just beneath the
dermis of a few animals. The exudate in the spaces contained eosinophilic,
proteinaceous material with mixed inflammatory cells and were lined by simple
squamous epithelium and early fibrous tissue. Hemorrhage, usually of minimal or mild
severity, was sporadically observed in the dermis or subcutis of all groups. One high
dose bupivacaine male exhibited an ulcer. The high dose group appeared to exhibit a
higher incidence of chronic inflammation. In the table, each column is an individual
animal with the incidence following (e.g., 1/3).

Microscopic Observations: Males (Interim Sacrifice)

Doge Level (mg/ka) ' 0 (vehicle) 0 [vehicla)
Dose Volume (mL/kg) ) 0.25 1.0
111 21212
MMM MMM
333 3313
777 777
233 23212
Animal Number £ 26 247
111 111
Day of Death/Sacrifice 555 I 555 1
Tissue
| -lesien
Lung
-inflammation, subacute 100 1/3 011 2/3
-inflammation, suppurative 000 0/3 ooo 0/3
-edema boo 0/3 [ 0/3
-foreign body . 000 0/3 000 0/3
Lymph node
hyperplasia, lymphoid, mesenteric goo 0/3 620 1/3
| -eellular infiltrate, hetercphil, bronchial OMO 0/3 ] 0/3
Liver '
‘congeation 000 _0/3 000 _0/3
| Pancreas )
accessory spleen X00 0/3 D00 0/3
Teatis
-degeneration, germinal epithelium 03 2 2/3 021 2/3
Epididymis
-degeneration, spermatids 032 2/3 030 1/3
Thyroid gland -
-persistent thyroglossol duct 00X 0/3 XX 0/3
-degensration, focal, follicle 000 0/3 0 oo 0/3
Adrenal gland
-ACCeBsOry Btructure, cortex X00 0/3 0% 0 0/3
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Doge Level (mg/kg) 0 (vehicle) 0 (vehicle)
Dose Volume (mL/kg) 0.25 1.0

111 222

MMM MMH

313113 3133

7717 T77

21313 222
Animal Humber £ 26 247

111 111
Day of Death/Sacrifice 5§55 I 555 1
Tissue
=lesion
Skeletal Muscle
-inflammation, chroniec ooao o3 200 1/3
-hemorrhage ooo 0f3 000 0/3
Injection site, right
-inflammation, chronic 302 2/3 2232 3/3
-inflammation, granulomatous ooo o0/f3 000 0/3
-ulcer 000 0/3 000 0/3
-hemorrhage oo1 1/3 000 0/3
-acanthosis Doo 0/3 000 0/3
-hyparkeratosls ooo 043 noeo 0/3
-gpace, vacant 31113 3f3 323 /3
-space, exudate containing 300 1/3 030 1/3
Injection site, left
-inflammation, chronic inao 1/3 122 /3
-hemorrhage o000 0/3 010 1/3
-hyperkeratosis Doo 0/3 000 0/3
-Space, Vacant 221 /3 133 3/3
-gpace, exudate r.'r:mtainin.g 300 1/3 D23 2/3
Doge Level (mg/kg) 30 120
Dose Volume (mL/kg) 0.25 1.0

3313 4 44 4

MMM MMMHM

333 313313

T7T7 7777

222 1334
Animal Humber 358 1482

111 0011l
Day of Death/Sacrifice 555 1 1158 I
Tisaue
-legion
Lung
-inflammation, subacute 100 1/3 1001 2/4
-inflammation, suppurative 000 0/3 0300 1/4
-edema 003 1/3 o000 0/f4
-foreign body [ 0/3 axXo00 0/4
Lymph node
-hyperplasia, lymphold, mesenteric 6o 2 1/3 3300 2/4
-oellular infiltrate, heterophil, bronchial M0 0 0/3 0300 1/4
Liver
-congest ion ooao o/3 0400 0/4
Pancreas
-accessory spleen 00X 0/3 0000 0/4
Testis
-degeneration, germinal epithelium 022 2/3 2321 44
Epididymis
-degeneration, spermatids 023 2/3 3422 af4
Thyroid gland
-persistent thyroglossol duct 0X0 0/3 X000 0/4
-degeneration, focal, follicle 000 0/3 0002 0/4
Adrenal gland
-accessory structure, cortex 000 0/3 0000 0/4
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Dose Lewvel (mog/lg) 30 120
Dose Volume (mL/kg) 0.25 1.0

33 3 4 4 4 4

MMM MMMM

33 3 3333

777 7777

22 2 33 3 4
Animal Wumber i35 8 14 8 2

111 o011
Day of Death/Sacrifice 555 1 1158 I
Tissue
-lesion
Skeletal Musacle
-inflammation, chroniec 2013 2/3 D323 3/4
-hemorrhage 100 1/3 0000 0/4
Injection site, right
-inflammation, chronic 010 1/3 2011 3/
~inflammat ion, granulomatous 0o0o0 0/3 0000 o/a
-ulecer ooo0 0/3 L I ofa
-hemorrhage 010 1/3 3410 3fa
-acanthosis ooo 0/3 0020 1/4
-hyperkeratosis o000 o/f3 0020 1/4
-space, wvacant 02z1 243 003 2 2/4
-space, exudate containing 000 0/3 0000 o/a
Injection site, left
-inflammation, chronic 021 2/3 1111 a/4
-hemorrhage 1L00 o3 0100 1/4
-hyperkeratosis 000 0/3 0020 1/4
-gpace, Vacant 222 /3 ao0o0 3 1/4
-gpace, exudate containing 000 043 0000 0/4
0 = Lasion not observed 1 - Incidence; mumber of animals with lesion/number of animals with tissue examined
1 = Lesion of minimal severity X - lesion severity not graded
2 = Lesion of nild severity M - Migsing
3 = Lesion of moderate severity NA - Not applicable
4 = Lesion of marked severity * - Tissue not examined

Microscopic Observations: Females (Interim Sacrifice)

Dose Level (mg/kg) 0 {wehicle) 0 (wehicle)
Dose Volume (mL/kg) 0.25 1.0

111 2213

FFF FFF

333 333

777 777

5568 5§66
Animal Mumber 790 025

111 111
Day of Death/Sacrifice 555 I £ 55 I
Tissue
-lesion
Lung
-inflarmation, subacute 100 1/3 000 0/3
Lymph node
-hyperplasia, lymphoid, mesenteric 000 /3 0 23 2/3
Spleen
~hematopoietic cell, proliferation 000 0/3 o000 0/3
Liver
-inflammation, chronie 200 1/3 000 0/3
Pancreas
-accessory spleen 000 0,3 XKoo 0/3
Kidney
-inflammation, chronic 200 1/3 000 0/3
Thyroid gland
-persistent thyroglossal duct Xoo0 0/3 o000 0/3
-degeneration, focal, follicle 020 1/3 000 0/3
Adrenal gland
-~aCCesssory structure, cortex 000 0/3 500 0/3
Mammary gland
-hyperplasia 000 0/3 000 0/3
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NDA 204803

Reviewer: Gary P. Bond, Ph.D.

Dose Level (mg/kg) 0 (vehicle) 0 (vehicle)
Dose Volume {mL/kg} 0.25 1.0
111 222
FFF FFF
3313 3313
T7T7 777
556 566
Enimal Number T2 0 025
111 111
Day of Death/Sacrifice 5§55 I 55§ 1
Tissue
-lesion
Skeletal muscle
-inflammation, chronic 000 o/3 020 1/3
-hemorrhage 000 0/3 020 1/3
Injection site, right
-inflammation, chronic 100 1/3 200 1/3
-inflammation, granulomatous 000 0/3 ooo 0/3
-ulear 000 0/3 [ ] 0/3
-hemorrhage 020 1/3 100 1/3
-acanthosis 0oo 0/3 0ooo 0/3
-hyperkeratosis 000 0/3 000 0/3
-gpace, vacant 110 2/3 200 1/3
-gpace, exudate containing 000 0/3 000 0/3
Injection site, left
-inflammation, chronic 112 3/3 ioo 1/3
~hemorrhage 011 /3 200 1/3
-hyperkeratosis 000 0/3 000 0/3
-gpace, vacant 213 ifa ioo0 1/3
-gpace, exudate containing 000 0/3 200 1/3
Dose Level (mg/kg) 30 120
Dose Volume (mL/kg) 0.25 1.0
333 4 4 4
FFF FFF
333 31313
777 717
5§55 5§55
Animal Number 123 5 6 8
111 111
Day of Death/Sacrifice 555 1 §55 I
Tissue
-lesion
Lung
-inflammation, subacute 110 2/3 001 1/3
Lymph node
-hyperplasia, lymphoid, mesenteric 220 2/3 332 3/3
Spleen
-hematopoietic cell, proliferation 200 1/3 033 2/13
Liver
-inflammation, chronie D00 0/3 000 0/3
Pancreas
-accessory spleen 00X 0/3 X00 0/3
Kidney
-inflammation, chronic 000 0/3 000 0/3
Thyroid gland
-persistent thyroglossal duct [/ I 4 0/3 [ ] 0/3
-degeneration, focal, follicle L) 0/3 030 1/3
Adrenal gland
-accesgpory structure, cortex 000 0/3 Xo0 0/3
Mammary gland
-hyperplasia 02z 2/3 020 1/3

Reference ID: 3433613
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NDA 204803 Reviewer: Gary P. Bond, Ph.D.

Dose Level (mg/kg) 30 | 120
Dose Volume (mL/kg) 0.25 1.0

3313 444

FFF FFPF

3313 333

7717 777

555 5§55
Animal Mumber _ 123 568 |

111 111
Day of Sacrifice E § § I £ 5 5 I
Tissue o
-legsion
Ekeletal muscle - -
-inflammation, chronic o 0/3 00 0/3
-hemorrhage 000 0/3 000 0/3
Injection site, right
-inflammation, chrenic ooo 0/3 314 3/3
inflammation, granulomatous ] o/3 300 1/3
-ulcer ooo 0f3 004 1/3
-hemorrhage ] o3 002 13
-acanthosis 000 0/3 003 1/3
~hyperkeratosis ooo of3 ooo0 0f3
-gpace, vacant 200 1/3 303 2f3
-space, exudate containing 0 o0 o/3 000 0/3
Injection site, left
~inflammation, chronic 01 2/3 302 23
-hemorrhage 0Doo of3 200 1/3
-hyperkeratosis ] 0/3 000 0f3
-gpace, wvacant o010 1/3 303 2/3
~gpace, exudate containing 3101 2/3 200 1/3

At 44 days after treatment (terminal sacrifice), the most commonly observed injection
site effects were chronic inflammation and vacant spaces with no spaces containing
exudate. Ulcer, erosion, epidermal hyperplasia/thickening, and hemorrhage were
observed, but strictly related to the active ingredient but more to the SABER
(SAIB/BA). A separate evaluation (Biocompatibility Evaluation in next heading)
described effects as anticipated foreign body reaction.

Although the cause of death for the high dose males sacrificed as moribund at
necropsy as "drug toxicity”, no changes directly attributable to drug treatment were
evident on microscopic evaluation. Lung lesions of suppurative inflammation and
foreign material were suggestive of aspirated stomach contents. These changes were
considered secondary to the moribund state of the animal rather than treatment-
related lesions. Heterophil infiltration in the bronchial lymph node was reported as
secondary to the lung lesions, and the liver congestion observed was reported as an
agonal change. This reviewer considers the deaths, possibly related to bupivacaine.
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NDA 204803

Microscopic Observations: Males (Terminal Sacrifice)

Reviewer: Gary P. Bond, Ph.D.

Dose Level (mg/kg) 0 {vehicle] 0 (wehicle)
Dose Volume (mL/kg) 0.25 1.0

111 22 2

MMM MHEM

333 3313

TT7T7 TTT

34 4 334
Animal Mumber 2 78 3 T7T0

4 4 4 4 4 4
Day of Death/Sacrifice 4 4 4 I 4 4 4 1
Tissue
-lesion
Injection site, right
-inflammation, chronic 001l 1/3 000 03
-ulcer 000 03 oo0o0 o0/a
-erosion 000 0/3 oo0o af3
~hemorrhage ooao o/3 ooo 6/3
-acanthosis poao 03 ooo 0/3
-space, vacant 202 2/3 201 2/3
Injection site, left
~inflammation, chronic 000 0/3 110 2/3
-hemorrhage Doo 0/3 000 o/a
~acanthosis 000 0/f3 oo o/3
-Bpace, vacankt 203 2/3 102 2/3
-Inflammation, chronie 4 % = HA 1= 1/1
-congestion o o HA 0= o/1
Dose Level (mg/kg) L) 120
Dose Volume (mL/kg) 0.25 1.0

313113 4§ 4

MMM MM

333 33

777 T7

344 4 4
Animal Number §315 46

4 4 4 4 4
Day of Death/Sacrifice 4 4 4 I 4 4 1
Tissue
-lesion
Injection site, right
-inflammation, chronic 200 1/3 oo 0/2
-ulecer ooo 0/3 oo 0/2
-erosion ooo a/3 oo 0/2
-hemorrhage ooo 0/3 0o 0/2
-acanthosis 100 1/3 oo n/2
-Space, vacant 002 1/3 0 3 1/2
Injection site, left
-inflammation, chreonic 200 1/3 00 0/2
-hemorrhage 000 0f3 oo 0/2
-acanthosis 100 1/3 o0 0/2
-space, vacant 022 2/3 10 1/2
Lung
-Inflammation, chronic LA 0/1 L R
-congestion * = 3 1/1 i HA

0 = Lesion not ohserved

1 = Lesion of minimal severity
2 = Legion of nild severity

3 = Legion of moderate severity
& = lesion of marked severity

Reference ID: 3433613

1 - Incidence; number of animals with lesion/numbér of animals with tissue examined

X - Lesion severity not graded
¥ = Kissing

HA - Not applicable

* - Tissue not exanined

Page 76 of 242




NDA 204803

Reviewer: Gary P. Bond, Ph.D.

Microscopic Observations: Females (Terminal Sacrifice)

Dose Level (mg/kq) 0 (wehicle) 0 (vehicle)
Dose Volume (mL/kg) 0.25 1.0

111 2212

FFF FFF

31313 I |

T77 TT7

[ -3 677
Animal Number 173 945

44 4 4 4 4
Day of Death/Sacrifice 4 4 4 I 444 I
Tissue
-lesion
Injection site, right
-inflammation, chromic 200 1/3 o0 1/3
-ulcer 000 0/3 040 1/3
-erosion 000 0/3 600 0/3
-hemorrhage plo 1/3 000 0/a
-acanthoais 100 1/3 130 2/3
-gpace, vacant 00z 1/3 001 1/3
Injection site, left
=inflammaticn, chronic 100 1/3 300 1/3
-hemorrhage 000 0/3 000 0/3
-acanthoais [V 0/3 100 1/3
-gpace, vacant 124 3/3 000 0/3
Lung
-inflammation, chrenic * o MR 1+0 1/2
-congesticn owow A 0+ 2 1/2
-adema & kW MR 3 %0 1/2
Spleen
-accessory spleen PR ML R 1/1
Dose Level (mg/kg) 30 120
Dose Volume (mL/kg) 0.25 1.0

333 44 4

FFF FFF

333 333

777 777

667 677
Animal Number 4 8 0 612

444 444
Day of Death/Sacrifice 4.4 4 I 444 I
Tissue
-lesion
Injection site, right
-inflammation, chronic 000 a/3 000 o/3
-ulcer 000 o/f3 D00 o0/3
-arosion 001 1/3 oo0o 0/3
-hemorrhage 000 0/3 0oo 0/3
-acanthosis 000 /3 000 03
-gpace, vacant 000 0/3 000 0/3
Injection site, left
-inflammation, chronic 000 of3 000 0/3
-hemorrhage 0oo a3 001 1/3
-acanthosis 000 a/3 000 0/3
-space, Vacant 020 1/3 303 2/3
Lung
-inflammation, chronic g o® 0/1 1w 1/1
-congestion *z 1/1 1+ 1/1
-gdema 0 * 0/f1 g * * a1
Spleen
-accessory spleen * & NA * 0 1/1

Reference ID: 3433613
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Special Evaluation (A Biocompatibility Evaluation)

In a separate evaluation, histology slides from male and female rabbit implant sites
were evaluated. The test and control articles elicited a normal inflammatory and wound
healing sequence of events with a normal foreign body reaction consistent with a 6-
week implant time and both were considered to be biocompatible. No significant
differences within or between the control and treatment groups were identified.

Toxicokinetics

Blood samples were collected prior to dosing (0 hour), 0.5, 1, 2, 4, 8, 24 (day 2), 48 (day
3) hours after dosing and on days 4, 7, 15, 22, 29, 36, & 44. The rabbits scheduled to
be sacrificed on Day 44 (the second 3 rabbits/sex/treated group) were designated for
toxicokinetic analysis.

Plasma levels increased with increasing dose but appeared quite variable. What is

noted is that increased blood levels are observed at %2 hour after dosing lasting for 24-
48 hours at clearly elevated levels.

Mean Plasma Concentrations of Bupivacaine (ng/mL): Males  Mean Plasma Concentrations of Bupivacaine (ng/mL): Females

Time after the end of Time after the end of
_injection | =__%,=___L_=10mu 3 Growp4 __| F&“h—%%
0 hour BQL BQL 0 hour BOL BQL
0.5 hours 100 + 60.7 1201 = 766 0.5 hours 8504 32 133341024
{ hour 530+028 013 + 250 1 hour 1827 + 806 855479
2 hours 662+ 133 2789 3491 2 hours 10274 105 171941384
4 hours 560£823 1774629 4 hours T18+374 1650 £ 287
$ hours 24109 2314+ 1253 8 hours 10194715 1512 £ 506
9% hours 2093 £ 31.0 1238 + 368 24 hours 11434791 575+ 365
48 hours D612 5542113 48 hours 7314495 655110
Day 4 173800 106 86.1 Day4 204212 1584522
Day7 BQL 0264717 Day 7 1714192 034126
Day 13 BQL 0.380 = 0,658 Day 15 BOL 0.86+1.49
Day 22 BQL BQL' Day 22 BQL BQL
Day 29 BQL BQL' Day 29 BOL BOL
Day 36 BQL BQL Day 36 BQL BQL
Day 4 BQL BQL Day 44 BQL BQL
il = 3, except as noted )
n=32

BOQL = All samples below quantifiable limit (<1 ng/mL)

Nominal Dose: Group 1 - 0 mg/'kg (0.25 mL/kg) Group 2 - 0 mg/kg (1.0 mL/kg)
Group 3 - 30 mg/'kg (0.25 mL/kg) Group 4 - 120 mg/kg (1.0 mLkg)
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Pharmacokinetic values generally increase with increasing dose, but are again quite
variable, with increases not consistently dose-responsive. AUC values are until the last
time bupivacaine is measureable in the plasma (BQL of <1 ng/mL). After a single SC
dose in rabbits (study A784.6.1), the highest bupivacaine exposure level was 3,033
ng/mL (Cmax) and 48,465 ng*h/mL (AUC.s). The AUC was adjusted from ng*days/mL
considering that the last time point that drug was found was day 15.

A Six-Week Toxicity Study of Bupivacaine in SAIB in New Zealand White Rabbits

Pharmacokinetic Parameters

Males
Animal Tmax* Cmax” Tlast® AUClast’
Number (hours) (ng/mL) (days) (ng-days/mL)
IM3735 2.00 815 4 576
3IM3743 2.00 595 4 570
3M3745 4.00 655 4 559
Mean 2.67 688 4 568
SD 1.16 114 0 9
4M3742 2.00 6820 7 4557
4M3744 0.50 1994 7 3471
4M3746 8.00 1640 7 2636
Mean 3.50 3485 7 3555
SD 3.97 2894 0 963
Females
Animal Tmax" Cmax" Tlast® AUC Jast"
Number (hours) (ng/mL) (days) (ng-days/mL)
3F3764 1.00 2200 7 1922
3F3768 24.0 1930 7 2035
3F3770 1.00 2380 4 1354
Mean 8.67 2170 6 1770
SD 13.3 226 2 365
4F3766 2.00 3300 7 3294
4F3771 0.50 2460 15 2811
4F3772 8.00 1986 7 2689
Mean 3.50 2582 10 2931
SD 3.97 665 5 320

*Time of maximum plasma concentration

*Maximum plasma concentration

“Last time point test article was measureable in plasma

“Area under the plasma drug concentration versus time curve from 0 to the last time point
the test article was measureable in plasma.

Nominal Dose - Group 3 —30 mg/kg Group 4 - 120 mg/kg

Dosing Solution Analysis
Test article received from sponsor two days before dosing and were determined to be
stable.
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Drug product is original composition containing solvent e

®® instead of current solvent of Benzyl Alcohol (BA)

Study title: A two-week toxicity study of bupivacaine in Sprague Dawley
rats

Note:
1) original review conducted by Timothy J. McGovern, Ph.D. and placed in
current review format with noted changes to original review
2) drug product is original composition containing solvent
@@ instead of current solvent of Benzyl Alcohol (BA)

(b) (4)

Study no.: A624.1.1

Study report location: eCTD in DARRTS

Conducting laboratory and location: o

Date of study initiation: June 2002

GLP compliance: GLP compliance statement was originally
unsigned (now signed)

QA statement: Not originally (now present)

Drug, lot #, and % purity: bupivacaine, Lot X02521 (5% bupivacaine

in 70:30 SAIB: ?9), NA, 97.7%
Key Study Findings

e Single SC injections of up to 250 mg/kg bupivacaine produced no findings that
are definitively related to bupivacaine through days 4 and 15 of observation.

e Gross and microscopic findings related to inflammation and necrosis at the
injection site were observed in all groups including vehicle control group. The
findings tended to increase in severity and incidence as injection volume
increased and were not completely resolved within 15 days. Vacant spaces at
the injection site, indicative of deposited vehicle with or without bupivacaine,
were still present at day 15.

e The NOAEL for bupivacaine can be considered 250 mg/kg; a NOAEL for the
vehicle was not identified.
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Methods

Doses: 0, 25, 75, 250 mg/kg

Frequency of dosing: Single dose

Route of administration: Subcutaneous — slow push injection

Dose volume: 5, 0.5, 1.5 or 5 ml/kg

Formulation/Vehicle: 5% bupivacaine (50 mg free base/ml) depot
formulation prepared in 70% sucrose acetate
isobutyrate (SAIB): 30% o

. Vehicle control formulation consisted of
70% SAIB:30% @@,

Species/Strain: Sprague Dawley rats

Number/Sex/Group: 8

Age: 7-8 weeks (males), 8 to 9 weeks (females)
Weight: 194.4-329.7 g

Satellite groups: 9/sex/group used for TK

Unique study design: On day 1, each animal received a slow push,

single SC injection of vehicle or 5% bupivacaine
formulation. The dose was administered into the
upper back (subscapular region). Doses were
based upon body weights taken on day 1.
Injection sites were shaved and marked to
facilitate evaluation and collection at necropsy.
Three/sex/group from the main study groups
were sacrificed on day 4 and 5/sex/group were
sacrificed on Day 15.

Deviation from study protocol: None reported.

Observations and Results

Mortality

Twice daily on days 1, 4, 8 and 15.

All animals survived to day 15.

Clinical Signs

Twice daily on days 1, 4, 8 and 15.

Transient hypoactivity was observed at the highest dose on day 1 from 1hour after
dosing. The effect was not reported on other study dates. Sores on the skin over the

injection site were observed from day 4 onward with resolution in some animals on day
15.
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Clinical signs 3 hrs post- Day 4 Day 8 Day 15
dose
M F M F M F M F
Sores (inject site)
0 mg/kg 0/8 0/8 1/8 2/8 2/5 3/5 1/5 2/5
25 mg/kg 0/17 0/17 6/17 2/17 5/14 2/14 2/14 1/14
75 mg/'kg 0/17 0/17 5/17 3/17 6/14 5/14 3/14 2/14
250 mg/kg 0/17 0/17 4/17 2/17 10/14 8/14 5/14 3/14
Hypoactive
0 mg/kg 0/8 0/8 0/8 0/8 0/5 0/5 0/5 0/5
25 mg/kg 0/17 0/17 0/17 0/17 0/14 0/14 0/14 0/14
75 mg/kg 0/17 0/17 0/17 0/17 0/14 0/14 0/14 0/14
250 mg/kg 17/17 | 11/17 | 0/17 0/17 0/14 0/14 0/14 0/14

Body Weights

Week -1, day 1 prior to dosing, day 4, day 8, and day 15.

No significant drug-related effects were noted.

Feed Consumption

Weekly.

No significant drug-related effects were noted.

Ophthalmoscopy

Not assessed.

ECG

Not assessed.

Hematology

Days 4 (3/sex/group) and 15 (5/sex/group) after dosing.

No significant drug-related effects were noted. However, rats receiving the highest
dosing volumes (control and HD) were generally observed to have the lowest
reticulocyte percents and counts when compared to in-house historical data. Low
reticulocyte counts were observed on day 4 in 3/3, 0/3, 1/3, and 2/2 male rats in the
control, LD, MD and HD groups and 3/3, 1/3, 2/3, and 3/3 female rats in the control, LD,

MD and HD. No significant changes were noted on day 15.

Clinical Chemistry
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Days 4 (3/sex/group) and 15 (5/sex/group) after dosing.
Mild increases in mean total protein and globulin values were observed in high-dose

males on day 4. These changes may be consistent with the observed scores and were
resolved by day 15.

Hematology and clinical chemistry findings on Day 4

Hematology Males Females

Dose (mg/kg) 25 75 250 25 75 250
Reticulocyte %

% A vs control T113  Te0 L6 Te2  Ta1 T21
Reticulocyte count

% A vs control Ti04 Tsg s Te7  T44 T18

Clinical Chemistry

Total protein

% A vs control T2 T2 Ts T4 T8 Té6

Globulin

% A vs control Ts T18 T22 no A T3 Ts
Urinalysis

Day 12 (5/sex/group).

No significant drug-related effects were noted.

Gross Pathology

Days 4 (3/sex/group) and 15 (5/sex/group) after dosing.

No systemic gross changes were observed. Injection site changes were observed in all
groups including controls. Gross changes were generally attributed to scratching or

rubbing against cage and were indicative of a generally mild, vehicle-volume related
subchronic inflammatory response.
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Macroscopic findings related to the injection site.

Males Females

Day 4 Dose 0 25 75 250 0 25 75 250

Volume 5 0.5 1.5 5 5 0.5 1.5 5

n 3 3 3 3 3 3 3 3
Crust 1 1 2 0 0 1 1 1
Discoloration, subcutis 0 0 0 1 0 0 0 1
Focus. sc 0 0 0 1 0 0 0 0
Gelatinous, sc 1 0 0 0 0 0 0 0
Thick. sc 0 0 0 1 0 0 0 0
Day 15 n 5 5 5 5 5 5 5 5
Crust 1 0 0 3 2 0 0 1
nodule 0 0 1 0 0 0 0 0

Organ Weights

Days 4 (3/sex/group) and 15 (5/sex/group) after dosing.

No significant drug-related effects were noted.

Histopathology

Days 4 (3/sex/group) and 15 (5/sex/group) after dosing; performed on all fixed tissues of
control and high dose animals for the toxicity study; injection sites and lesions
processed and examined in the low- and mid-dose groups. See histopathology
inventory table at end of rabbit study A624.1.2 that follows.

Adequate Battery - yes

Peer Review — yes (added by current reviewer)

Histological Findings

Microscopic changes related to vehicle/drug treatment were limited to the injection site
and were consistent with subchronic inflammation. Findings at day 4 included exudate,
ulceration, inflammation, edema, and necrosis/degeneration of the paniliculus muscle
and other underlying muscle. The inflammation appears to be volume related as control
and high-dose groups generally demonstrated more severe results. The findings
appeared to resolve at least partially by day 15. There were vacant spaces in the
injection site subcutis of animals of all groups. These spaces were consistent with
deposition of an exogenous material (either vehicle alone or with bupivacaine) that did
not survive histological processing. These findings were still present at day 15 indicating
that injected material was still present at the injection site 15 days after administration.

There were no systemic drug-related histologic findings (see tables).
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Microscopic findings related to the injection site: Day 4.

Reference ID:

Males Females
Day 4 Dose 0 25 75 250 0 25 75 250
Volume 5 0.5 1.5 5 5 0.5 1.5 5
n 3 3 3 3 3 3 3 3
Exudate, escharotic
Trace 0 0 0 0 0 0 0 1
Mild 0 0 1 0 0 1 0 1
Moderate 0 0 0 1 0 0 1 1
Severe 1 1 1 0 0 0 0 0
Ulcer
Trace 0 0 0 0 0 0 0 1
Mild 0 0 0 1 0 0 1 0
Moderate 1 0 0 0 0 1 0 0
Severe 0 1 0 0 0 0 0 0
Inflammation, sub-
chronic,
subcutaneous 0 1 0 0 1 2 1 0
Trace 3 1 3 2 2 1 2 3
Mild 0 1 0 1 0 0 0 0
Moderate 0 0 0 1 0 0 0 0
Calcification, mild
Hemorrhage, SC 1 0 2 1 0 0 1 0
Trace 0 0 1 1 0 0 2 1
Mild 0 0 0 0 0 0 0 1
Moderate
Edema, SC 0 1 2 0 2 1 1 1
Trace 2 1 0 2 0 0 1 0
Mild 1 0 0 1 0 0 0 0
Moderate
Debris. eosinophilic. 0 0 0 1 0 0 0 1
SC. mild/moderate
Necrosis/degeneration.
panniculus muscle 0 0 0 1 0 0 0 0
Trace 2 0 1 0 1 0 0 0
Mild 1 0 0 1 0 0 0 1
Moderate
Space. vacant, SC 0 2 1 0 0 2 1 0
Mild 3 1 0 0 0 0 2 0
Moderate 0 0 0 3 2 0 0 2
Severe
Inflammation,
underlying muscle 0 0 0 1 0 0 0 0
Trace 0 0 0 | 0 1 0 0
Mild 0 0 0 1 0 0 0 1
Moderate
Necrosis/degeneration.
underlying muscle 0 0 0 1 0 0 0 1
moderate
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Reference ID:

Microscopic findings related to the injection site: Day 15.

Males Females
Day 15 Dose 0 25 75 250 0 25 75 250
Volume 5 0.5 1.5 5 5 0.5 1.5 5
n 5 5 5 5 5 5 5 5
Exudate. escharotic
Trace 0 0 0 1 1 0 0 0
Mild 0 0 0 1 1 0 0 0
Moderate 1 0 0 0 0 0 0 0
Severe 1 0 0 1] 0 0 0 0
Ulcer
Mild 0 0 0 1 1 0 0 0
Moderate 1 0 0 0 0 0 0 0
Inflammation. sub-
chronic.
subcutaneous 1 1 1 1] 1 1 1 0
Trace 2 2 4 1 1 1 3 3
Mild 2 0 0 3 2 1 1 1
Moderate 0 0 0 1 1 0 0 1
severe
Calcification 0 0 0 1 0 0 0 0
Trace 0 0 0 4 0 0 0 1
Mild 0 0 1 1] 0 0 0 0
moderate
Hemoirhage, SC 1 0 1 1 0 1 1 2
Trace 1 0 0 0 0 0 0
Mild
Debris, eosinophil. SC | 1 0 0 4 1 0 0 1
trace/mild 0 0 0 0 0 0 0 1
moderate
Necrosis/degeneration,
panniculus muscle 0 0 0 0 1 0 0 0
Trace 1 0 0 | 0 0 0 0
Mild 0 0 0 0 2 0 0 0
Moderate
Space, vacant, SC 0 1 1 0 0 1 1 0
Trace 0 0 1 1] 0 1 2 0
Mild 1 0 0 1 1 0 1 3
Moderate 1 0 2 4 3 0 0 1
Severe
Inflammation.
underlying muscle 0 0 0 0 0 0 0 1
Moderate
Necrosis/degeneration,
underlying muscle 0 0 0 0 0 0 0 1

moderate

3433613
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Special Evaluation
None.
Toxicokinetics

Blood collected at 0, 0.5, 1, 2, 4, 8, 24, and 48 hours on days 4, 7 and 15 after dosing.
Plasma levels increased in a dose-proportional manner. Plasma bupivacaine levels
were observed for 7 days in rats given 25 mg/kg, 7 to 15 days in rats given 75 mg/kg
and 15 days in rats given 250 mg/kg. Tmax ranged from 0.5-8 hrs with the time
decreasing with increasing dose. Elimination half-life was 23-34 hours at the low dose
and 38-62 hours at the two highest doses.

Males Females
Dose (mg/kg) 25 75 250 25 75 250
Cmax (ng/ml) 233 393 778 261 448 1082
AUC 0-24 hr 147 277 498 182 320 634
(ng.day/ml)
AUC 0-1tp* 311 737 2870 204 S18 2812
(ng.day/ml)
Tmax (hr) 4 1 0.5 8 2 1
T half-life (hr) 33.6 45.6 62.4 233 43.2 384

*AUC from 0 to last time point bupivacaine was detectable in plasma. LTP was 7 days for the LD and MD groups
and 15 days for the HD group.

Dosing Solution Analysis (not addressed by original reviewer)
Dose concentration analysis and homogeneity analysis was performed by the sponsor.

Results appear acceptable to current reviewer.
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Study title: A two-week toxicity study of bupivacaine in rabbits

Note:
1) original review conducted by Timothy J. McGovern, Ph.D. and placed in
current review format with noted changes to original review
2) drug product is original composition containing solvent
@@ instead of current solvent of Benzyl Alcohol (BA)

(b) (4)

Study no.: A624.1.2
Study report location: eCTD in DARRTS

Conducting laboratory and location: ®) 4)

Date of study initiation: May 2002

GLP compliance: GLP compliance statement was originally
unsigned (but now signed)

QA statement: Not originally present (now present)

Drug, lot #, and % purity: bupivacaine, Lot X02521 (5%
bupivacaine in 70:30 SAIB. ©%), NA,
97.7%

Key Study Findings

e A single dose injection of SABER-bupivacaine resulted in the death of one high-
dose (125 mg/kg) female within two hours of dosing; no obvious cause of death
was determined.

¢ No systemic findings that could be definitively considered related to bupivacaine
administration were observed.

e Gross and microscopic findings related to inflammation at the injection site were
observed in all groups including vehicle group at day 4 after administration and
the findings were not resolved but worsened in some cases after 15 days.
Necrosis of underlying muscle tissue was observed at Day 15.

e The NOAEL for bupivacaine can be considered 37.5 mg/kg, but a NOAEL for the
vehicle was not identified. The Sponsor concludes that the NOAEL dose is 37.5

mg/kg.

Methods

Doses: 0, 12.5, 37.5, 125 mg/kg

Frequency of dosing: Single dose

Route of administration: Subcutaneous

Dose volume: 2.5, 0.25, 0.75 and 2.5 ml/kg

Formulation/Vehicle: 5% bupivacaine (50 mg free base/ml) depot
formulation prepared in 70% sucrose acetate
isobutyrate (SAIB): 30% Qs

Page 88 of 242
Reference ID: 3433613



( ). Vehicle control formulation consisted of

70% SAIB:30% @@,

Species/Strain: New Zealand White rabbits
Number/Sex/Group: 5

Age: Not provided

Weight: 3-3.3 kg

Satellite groups: None.

Unique study design: On day 1, each animal received a slow push,

single SC injection of vehicle or 5% bupivacaine
formulation. The dose volume in each group was
split such that approximately one-half of the
dose was administered into each side of the
animal’s upper back (subscapular region).
Doses were based upon body weights taken on
day 1. Injection sites were shaved and marked
to facilitate evaluation and collection at
necropsy.

Deviation from study protocol: None reported.

Observations and Results

Mortality

Twice daily on days 1, 4, 11 and 15.

One high dose female died on study day 1, approximately 3 hours after injection. Ataxia,
dyspnea and hypoactivity occurred prior to death. A ball of what appeared to be
compacted, partially digested food was found in the esophagus. The cause of death
was not determined. An additional HD female was added to the study on day 1.
Clinical Signs

Twice daily on days 1, 4, 11 and 15.

No test-article-related clinical signs were reported with the exception of those reported
above for the HD female that died. However, an injection site sore and injection site
swelling were reported in 1 and 2 vehicle control males, respectively from days 2
onward. Similarly, one HD female also exhibited an injection site sore and swelling from
day 2 onward.

Body Weights

Week -1, day 1 prior to dosing, day 4, day 11, and day 15.

No significant drug-related effects were noted.
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Feed Consumption

Recorded daily; average weekly consumption calculated.

A transient decrease in mean food consumption (43%) occurred in the 2 high dose
males during the study interval day 1 through day 4. No significant findings were noted
in males at later time points or in females.

Ophthalmoscopy

Not assessed.

ECG

Not assessed.

Hematology

During week -1, days 4 (2/sex/group) and 15 (3/sex/group) after dosing.

A significant increase in neutrophil count was observed in HD males on day 4 but was
resolved by day 15. Slightly lower RBC counts at all doses, and HGB and HCT levels,

were noted in high dose females on day 15 only. Lymphocyte counts were also
significantly reduced, though not dose-dependently in females.

Hematology Males Females
Day 4 12.5 37.5 125 12.5 37.5 125
Neutrophils

% ch vs control | 14 133 179 14 110 114
Day 15
RBC

% ch vs control | |2 13 12 17 111 112
Hemoglobin

% ch vs control | |3 12 11 11 18 110
Hematocrit

% ch vs control | 11 0 12 11 16 17
Lymphocyte

% ch vs control | |8 120 117 134 123 134

Clinical Chemistry
During week -1, days 4 (2/sex/group) and 15 (3/sex/group) after dosing.

No significant drug-related effects were noted.
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Urinalysis

Not assessed.

Gross Pathology

Days 4 (2/sex/group) and 15 (3/sex/group) after dosing.

No definitive treatment-related systemic gross changes were observed. Injection site
changes were observed in all groups including controls and were present at both Day 4

and Day 15. Gross changes were generally indicative of a subchronic inflammatory
response (see table below).

Macroscopic findings following administration of SABER-bupivacaine in rabbits.

Males Females
Day 4 Dose 0 12 37.5 125 0 12.5 37.5 125
Volume 2.5 0.2 0.75 2.5 2.5 0.25 0.75 2.5
n 2 2 2 2 2 2 2 3
Injection site., SC
Brown/red/green 0 0 0 0 1 0 1 2
Skin
Dorsal thoracic crust | 1 0 1 0 0 0 0 0
Uterus
Bilateral horn. thick
Oviduct 0 0 0 1
Right cyst clear
Left cyst clear 0 0 0 1
Ovary 0 0 0 1
Bilateral, enlarged
Vagina 0 0 0 1
Red mucosa
Gall bladder 0 0 0 1
Lumen, fluid.
opaque. yellow 0 0 0 0 0 0 0 1
Day 15 n 3 3 3 3 3 k. 3 3
Injection site, SC
Brown/red/green 0 0 0 2 0 0 1 1
Dark 3 0 0 1 1 0 0 1
Thick 1 0 0 1 2 0 1 0
Mottled 0 0 | 0 0 0 0 0
Mass 1 0 0 0 0 0 0 1
Crust 0 0 0 0 0 0 0 1
Skin
Neck. alopecia 0 0 0 0 0 1 0 0
Neck. crust 0 0 0 0 0 0 1 1
Shoulder. mass 0 0 0 0 0 0 0 1
Oviduct
Left cyst clear 0 0 0 1
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Organ Weights

Days 4 (2/sex/group) and 15 (3/sex/group) after dosing.

No significant drug-related effects were noted.

Histopathology

Days 4 (2/sex/group) and 15 (3/sex/group) after dosing; performed on all fixed tissues of
animals from all dose groups; see histopathology inventory table at end of the study
review.

Adequate Battery - yes

Peer Review — No.

Histological Findings

Microscopic changes related to drug treatment were limited to the injection site and
were consistent with subchronic inflammation. The frequency and severity of the
findings were related to dose volume and the response to the vehicle alone was
indistinguishable from that of the high dose group. The inflammatory cells consisted of
PMNLs, lymphocytes, and macrophages. There was no evidence of exogenous material
in the tissues examined which was expected since the vehicle is soluble in the solvents
used for processing specimens for slide preparation (according to the study report).
There were, however, at one or both injection sites of some animals, spaces within the
subcuticular connective tissue or within pools of proteinaceous material considered to
be a combination of edema and degenerating red blood cells from local hemorrhage.
The spaces were sometimes quiescent and sometimes rimmed with a narrow, 1-4 cell
deep, band of mixed inflammatory cells. The vacant spaces were presumed to have
held either the vehicle alone or vehicle with bupivacaine.

Inflammation was largely confined to the subcutis. Escharotic exudate and ulceration in
high dose animals are likely the result of scratching or rubbing against cage. The
underlying dermis was free of inflammation and there was no evidence of an
inflammatory response in the subcutis sufficient to erupt to the epidermis and cause
even a minor ulceration. In contrast to the rat, findings at day 15 appeared to worsen in
severity rather than partially resolve. Additionally, findings of necrosis were present at
Day 15 but not at Day 4.
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Microscopic findings in rabbits on Day 4.
Males Females
Day4 Dose 0 12.5 37.5 125 0 12.5 37.5 125
Volume 2.5 0.25 0.75 2.5 2.5 0.25 0.75 2.5
n 2 2 2 2 2 2 2 3
Right injection site
Exudate, escharotic
Mild 0 0 0 1 0 0 0 0
Ulcer
Moderate 0 0 0 0 0 0 0 1
Hemorrhage, SC
Trace 1 1 0 0 0 0 0 0
Mild 0 0 0 0 2 1 0 1
Moderate Inflammation, 1 0 0 0 0 0 1 1
sub-chronic
Trace 0 0 1 1 1 2 1 0
Mild 2 1 1 1 1 0 1 1
Moderate 0 0 0 0 1 1 1 1
Calcification. mild 0 0 0 0 0 0 1 1
Edema. mild 0 1 0 0 2 0 2 1
Space. vacant, SC
Trace 1 0 0 2 0 0 0 0
Mild 0 0 0 0 2 0 0 0
Moderate 1 0 0 0 0 1 0 0
Severe 0 0 0 0 0 0 1 0
Left injection site
Exudate, escharotic
Trace 0 0 0 1 0 0 0 0
Ulcer
Mild 0 0 0 0 0 0 0 1
Hemorrhage, SC
Trace 0 0 0 0 0 1 0 0
Mild 1 1 0 1 0 1 0 0
Moderate 1 0 0 0 1 0 1 2
Inflam.. sub-chronic
Trace 0 0 0 1 0 0 0 0
Mild 2 2 2 1 2 2 2 1
Moderate 0 0 0 0 0 0 0 1
Calcification
Mild 0 0 0 0 0 1 0
Moderate 0 0 0 0 0 0 1
Edema
Mild 0 0 0 1 1 0 2 0
Moderate 1 0 0 0 0 0 0 1
Space, vacant, SC
Mild 0 0 1 1 0 0 0 2
Moderate 2 1 0 0 0 0 2 0
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Microscopic findings in rabbifs

on Day 15.

Males Females
Day 15 Dose 0 12.5 37.5 125 0 12.5 37.5 125
Volume 2.5 0.25 0.75 2.5 2.5 0.25 0.75 2.5
n 3 3 3 3 3 3 3 3
Right injection site
Exudate, escharotic
Severe 0 0 0 0 0
Hyperkeratosis
Trace 0 0 1 0 0
Ulcer
Severe 0 0 0 0 0
Dermatitis
Severe 0 0 0 0 0 0 0 1
Hemorrhage, SC
Trace 0 1 0 1 0 0 1 0
Mild 1 0 0 1 0 0 0 0
Moderate 0 0 0 0 1 0 0 0
Inflammation, sub-chronic
Trace 0 0 0 1 1 0 1 0
Mild 0 1 1 1 0 1 2 0
Moderate 2 0 0 0 0 0 0 1
Severe 1 0 0 1 2 0 0 1
Giant cells
Trace 1 0 0 0 0 0 0 0
Mild 1 0 0 0 1 0 0 0
Moderate 1 0 0 1 1 0 0 0
Edema
Trace 0 1 0 0 1 0 0 0
Mild 2 1 1 1 1 0 0 1
Moderate 1 0 0 1 0 1 0 1
Space. vacant, SC
Trace 0 0 0 2 0 0 0 0
Mild 0 0 1 1 1 1 1 2
Moderate 1 0 0 0 1 0 2 0
Severe 2 0 0 0 1 0 0 0
Debris. eosinophilic
Trace 0 0 0 0 0 0 1 0
Mild 0 0 0 1 0 1 0 0
Moderate 3 0 0 0 0 0 0 1
Severe 0 0 0 0 1 0 0 1
Necrosis/degeneration. panniculus
muscle
Trace 0 0 0 0 0 0 2 0
Mild 0 0 0 0 0 0 0 1
Moderate 2 0 0 1 1 0 0 1
Left injection site
Ulcer
Severe 1 0 0 0 0 0 0 0
Hemorrhage, SC
Trace 0 0 0 1 1 1 0 0
Mild 2 0 0 0 0 0 1 0
Moderate 1 0 0 0 0 0 0 0

Reference ID: 3433613

Page 94 of 242




Inflammation, sub-chronic
Trace 1 1 1 0 1 0 1 0
Mild 0 0 1 1 1 2 1 1
Moderate 1 0 0 2 1 0 1 1
Severe 1 0 0 0 0 0 0 0
Giant cells
Trace 1 0 0 1 0 1 2 0
Mild 0 0 1 1 0 0 1
Moderate 0 0 0 0 1 0 0 0
Edema
Trace 0 1 0 1 1 1 1 0
Mild 0 1 1 1 1 1 2
Space. vacant, SC
Trace 0 0 1 0 1 1 2 0
Mild 1 0 0 0 0 0 0 0
Moderate 1 0 0 2 1 0 0 0
Severe 1 0 0 0 1 1 0 1
Debris. eosinophilic
Mild 1 0 0 1 0 0 0
Severe 1 0 0 1 0 0 0 1
Necrosis/degeneration. panniculus
muscle
Trace 0 0 0 1 0 1 0 0
Moderate 0 0 1 0 0 1
Severe 1 0 0 1 0 0 0 0
Calcification
Trace 0 0 0 0 1 0 0
Mild 0 0 0 0 0 0 1 0

Special Evaluation
None.
Toxicokinetics

Blood collected from 3 animals/sex/group at 0, 0.5, 1, 2, 4, 8, 24, and 48 hours after
dosing and on days 4, 7 and 15 after dosing.

Plasma levels increased in a sub-proportional manner from the low- to mid-dose and
generally proportional at the highest dose. Plasma bupivacaine levels were observed for
4-7 days in rabbits given 12.5 and 27.5 mg/kg, and 15 days in rabbits given 125 mg/kg.
No significant gender differences were observed. Tmax occurred between 1 and 4
hours and elimination half-life was 13-23 hours at the lowest dose, increasing to ~45
hours at the highest dose.
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Males Females

Dose (mg/kg) 12.5 37.5 125 12.5 37.5 125
Cmax (ng/ml) 603 999 2199 482 709 1608
AUC 0-24 232 421 1165 185 446 784
(ng.day/ml)

AUC 0-ltp* 333 727 3258 298 752 2811
(ng.day/ml)

Tmax (hr) 2.3 2.3 1.8 3 4.2 2.2
T half-life (hr) 13.6 19.1 424 23.5 19.3 44.2

*AUC from 0 to last time point bupivacaine was detectable in plasma. LTP was 7 days for the LD and MD groups
and 15 days for the HD group.

Dosing Solution Analysis (not addressed by original reviewer)

Dose concentration analysis and homogeneity analysis was performed by the sponsor.
Results appear acceptable to current reviewer.

Histopathology Inventory for studies A624.1.1 & A624.1.2

- — Lymph nodes. bronchial X X
Study -%6-4- Ll -%6-4- 12 Lymph nodes mandibular X X
5111213 SC 5111213 SC Lymph nodes, mesenteric X X
injection injection Mammary Gland X
Species Rat Rabbit [Nasal cavity
~ . Optic nerves
n * %
Adrenals X' \ Ovarics X+ X+
Aorta X X Pancreas X X
Bone Marrow smear X X Parathyroid X X
Bone (femur) X Peripheral nerve
Boain Xt ¢ P!lalj’llx _ _
= X \ Pituitary X* X
Mlllll = - Prostate X* X*
Cervix X Rectum X X
Colon X X Salivary gland X X
Duodenum X X Sciatic nerve X X
PETI . . Seminal vesicles X
Fpididymis X KX
1_'“ - _\ - - Skeletal muscle X X
Fsophagus \ \ Skin X <
Eye X X Spinal cord X X
Fallopian tube Spleen X* X+
Gall bladder X ?em‘“‘ll < =
e lagi e - . Stomach 2 K
Gross lleumu_ \ \ T < =
Harderian gland K. X Thymus < <
Heart X Thyroid X
(leum X X Tongue
lnjection site X X Em_“hea T i z
- . - rinary bladder D b
If
I' 'e.]lllllllll \ \ Uterus Xk X
Iklduef"i‘ r K Vagina X X
Lachrymal gland Zymbal gland
L arvix Standard List
Liver X# X
- - " - X. histopathology performed
Lungs X A\ *_organ weight obtained
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Study title: A repeated histopathological injection site evaluation up to 12
months following a single subcutaneous administration of SABER-

Bupivacaine in the rabbit
(b) (4)

- vehicle
Study no.: 9 _434007
Study report location: eCTD in DARRTS o
Conducting laboratory and location:
Date of study initiation: February 26, 2003
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Test article — lot A02005, 96.8%

- 5% bupivacaine, 28.5% 0

®® and 66.5% Sucrose
Acetate Isobutyrate (SAIB)
Placebo — lot A0O2007, NA
-30%  “% and 70% SAIB

Key Study Findings

e The purpose of reviewing this study was to evaluate the duration of local effects of
SAIB after a single SC dose of SABER-Bupivacaine with the observation period
continuing up to one year after a single injection.

e Single doses of SABER-Bupivacaine did not result in test article-related injection site
reactions up to 52 weeks post-injection. Macroscopic and microscopic effects
indicative of inflammation at the injection sites were attributed to the injection
procedure and/or the placebo and were typical of a normal reaction to a foreign body
and subsequent wound healing (i.e., local effects SABER-Bupivacaine comparable
to those of SABER placebo).

e SAIB was found to be essentially unchanged and still present 12 months after
injection described as viscous material with essentially no’ ©® present.  ©%u).

Methods

Doses: 0 (placebo) & 37.5 mg/kg (selected based on
earlier studies)

Frequency of dosing: Single dose over 2 injection sites

Route of administration: Subcutaneous (back — intrascapular)

Dose volume: 0.75 mL/kg

Formulation/Vehicle: el

Species/Strain: New Zealand White Rabbits

Number/Sex/Group: 21 males/group
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Age: 6.5 months

Weight: 2.9-3.6 kg

Satellite groups: 3 males/group were sacrificed during study on
weeks 2, 4, 6, 12, 26, 39, & 52 preceded by
sampling of blood for toxicokinetic analysis

Unique study design: Injections sites were evaluated for presence of
test article.
Study mainly only evaluating physical signs,
body weights, injection site effects and plasma
levels

Deviation from study protocol:  Nothing significant

Observations and Results
Mortality

All animals were observed twice daily, once in the morning and once in the afternoon,
for mortality and moribundity.

All animals survived to the scheduled necropsies with no apparent increased
moribundity for either group.

Clinical Signs

Clinical examinations were performed twice on the day of dosing, at the time of dose
administration and approximately 2 hours following dose administration. During the
recovery period, the animals were observed once daily.

There were no test article-related clinical signs as all observations were similar between
test article and placebo groups and what was observed was not notable as it was
common for laboratory rabbits.

Body Weights

Individual body weights were recorded at least weekly, beginning 1 week prior to test
article administration (study week -1).

Body weights were unaffected by test article administration as there were no
remarkable including statistically significant differences between the placebo and test
article groups. Animals gained weight during the course of the study. Noting that the
group size decreased by 3 at every interval, with only 3 animals in the final
measurement, body weight increases over the course of the study were 29% for the
treated group and 38% for the placebo group.

Feed Consumption, Ophthalmoscopy, ECG, Hematology, Clinical Chemistry, and
Urinalysis not observed/analyzed
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Gross Pathology and Tissue Processing

Three (3) males/group were sacrificed on weeks 2, 4, 6, 12, 26, 39, & 52. Both injection
sites, including the subcutis and any potentially attached muscle were collected.
Starting at the study week 39 examination, if test article was suspected to be present,
the site containing the test article was divided, and one half was placed in 10% neutral-
buffered formalin. The other half was used for analysis of injected test article.

There were no test article-related macroscopic findings at the scheduled necropsies. All
macroscopic changes noted were attributed to the injection procedure and/or the
placebo and were unrelated to test article administration. With that stated, as both
groups were injected, not unanticipated gross observations occurred post injection in
the placebo and treated groups, respectively. Observations included:

2-weeks - scabbing in 1/3 and 3/3, dark red areas in 2/3 and 0/3

4-weeks - scabbing in 1/3 and 2/3, a raised area containing the test article at the
injection site in 0/3 and 1/3

6-weeks - cysts containing the test article in 0/3 and 2/3.

12-weeks - none

26-weeks - raised areas in 2/3 and 2/3, a white area in 0/3 and 1/3

39-weeks - raised areas in 3/3 and 2/3, viscous contents in 2/3 and 1/3

52-weeks - white areas in 1/3 and 2/3, viscous contents in 2/3 and 1/3

Organ Weights

Not evaluated.

Histopathology

Adequate Battery — No, only injection sites examined
Peer Review — Yes with concurrence.

Histological Findings — While there were incidences of adverse histopathology, there
were no test article-related microscopic differences at the injection sites of the test
article-treated groups when compared to the placebo group. Therefore, microscopic
changes are likely attributable to the injection procedure and/or the placebo. The
progression of microscopic findings over this 12-month study was described by the
pathologist and peer reviewer as typical of a normal reaction to a foreign substance and
subsequent wound healing which is not contested by this reviewer. Three animals per
group were evaluated each time period.

At 52 weeks, other than fibrosis, severe in 1 of 3 placebo animals, observed histology
was as described by the pathologists:
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Epidermal ulceration was present at 2 weeks (1 of 3 placebo and 3 of 3 article-treated
animals) and 4 weeks (2 of 3 article-treated animals) post-injection evaluations. Full-
thickness epidermal necrosis was present in three of these animals (1/3 males in the
placebo group and 2/3 males in the 37.5 mg/kg group). Epidermal hyperplasia was a
common finding in the intact epidermis adjacent to the ulcer. All animals with ulcerative
and necrotic lesions had spaces in the epidermis, dermis and/or subcutis, suggesting
that the presence of ulcers may have been related to local irritation and self-trauma.

®® the test article solvent in this study that is not present in
the proposed drug product, has been reported to cause such reactions so the
toxicological relevance of this finding in this particular study is in question relative to the
proposed drug product using benzyl alcohol versus = ©¢,

Variably sized, discrete ovoid spaces, interpreted as the site of placebo or test article
deposition, were noted in skin sections of all animals at all post-injection evaluations.
Spaces were present in the subcutis only (13 animals), both subcutis and dermis (26
animals), dermis only (one animal), or epidermis, dermis and subcutis (two animals).
Spaces were surrounded by thin bands of fibrous connective tissue and variable
numbers of inflammatory cells. As the months progressed, the fibrous connective tissue
surrounding the spaces tended to thicken.
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Inflammation was generally oriented around the spaces. Incidence and severity of
inflammation did not increase with test article administration. Early inflammation was
predominantly granulomatous, of mild to moderate severity, and characterized by a
mixture of mononuclear cells and multinucleated giant cells. Granulomatous
inflammation was present in animals throughout the study but decreased in severity and
incidence as the months progressed. Chronic active inflammation was present in

13 animals through the 12-week post-injection evaluation and was characterized by an
infiltrate containing mononuclear cells, heterophils and lymphocytes. Chronic
inflammation, consisting of mononuclear cells, lymphocytes and often associated with
fibrosis, was present in seven animals starting at the 4-week post-injection evaluation
and was noted in only one animal each at the 39- and 52-week post-injection
valuations. Acute inflammation was observed in animals with epidermal ulceration and
was characterized by a predominance of heterophils near the ulcer.

Granulation tissue, characterized by loosely arranged fibrous connective tissue, with
plump fibroblasts and neovascularization, was noted in all animals at the 2- and 4-week
post-injection evaluations and in 1/3 males in the 37.5 mg/kg group at the 6-week post-
injection evaluation. The presence of granular tissue was considered a normal feature
of wound healing.

Dermal fibrosis was present in several animals at all post-injection evaluations from 4 to
52 weeks following dose administration and was characterized by abundant mature
collagen, often with a marked reduction in adnexal structures. In all occurrences of
dermal fibrosis, the animal had spaces in the dermis and/or subcutis; therefore, the
presence of dermal fibrosis was associated with injections in the dermis.

Minimal to moderate degeneration and regeneration of the panniculus muscle adjacent
to spaces was present in some animals through the 6-week post-injection and in one
animal at the 52-week post-injection evaluation.

All other microscopic changes were consistent with normal background lesions in
clinically normal rabbits of the strain and age used in this study, and were considered to
be spontaneous and/or incidental in nature and unrelated to test article administration
(i.e., bupivacaine component of SABER-Bupivacaine).

Special Evaluation

No.

Toxicokinetics

Prior to euthanasia, blood was collected from each animal scheduled for necropsy.
Blood frozen and not analyzed.
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Dosing Solution Analysis

A single sample received from supplier and tested with purity reported at 96.8% for test
article. Concentration, homogeneity, and stability information was provided by the
sponsor.

Intra-Articular Dosing

Two-week pilot toxicity study of SABER-Bupivacaine injectable formulation in
New Zealand White rabbits (study 02-06-803-B-1J-TXR, non-GLP) - This pilot study
for the six-week study evaluated the potential toxicity and plasma bupivacaine levels
after a single injection of SABER-Bupivacaine into the stifle joint (intra-articular) followed
by 2 weeks of observation then necropsy. Three (3) male New Zealand White rabbits
received the following:

Dose Level Dose Volume No. of Male
Daose Group Article Administered (mg) (mL}) Rabbits
1 Saline Control 0 0.5 3
2 | Vehicle Control 0 0.5 3
3 | SABER-Bupivacaine 66 0.5 3

SABER-Bupivacaine was lot GLP-803-19Feb04-01 and the placebo (SABER placebo)
was lot GLP-803-17Feb04-01. Benzyl alcohol was the excipient. Dosing solution and
homogeneity analyses were not conducted. A 66 mg dose is 22 mg/kg (0.17 mL/kg) for
the 3 kg rabbits. A full set of biological indices were evaluated, the same as in the six-
week study, except that only the stifle joint was evaluated histologically.

No effects on mortality, clinical signs, body weight, food consumption, clinical pathology
(hematology and clinical chemistry), or stifle joint circumference were observed.
Histological evaluation of the stifle joint identified similar responses to SABER-
Bupivacaine and placebo (SABER placebo). Subacute inflammation and synovial
hyperplasia of the stifle joint were observed with an increase in incidence and severity
for the SABER-Bupivacaine group (see table). No treatment-related effects were
observed in the saline control animals.

0

0 (75% SAIB:25% 66
Dose Level (mg) {Saline) Benzyl Alcohol) (Bupivacaine)
111 222 333
MMM MMM MMM
6 6 6 66 6 666
6 6 6 66 6 66 6
778 B8 8 888
Animal MNumber 756 047 125
111 111 111
Day of Euthanasia 444 I 4 4 4 I 4 4 4 I

Tissue

-lesion

Stifle Joint
-inflammation, subacute
-hyperplasia, synovium

0 0/3 1
0/3 0

3/3
1/3

1 3/3
3/3
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Maximum plasma levels were observed 4 hours after treatment with toxicokinetic values
for the 3 males in the SABER-Bupivacaine as follows:

Tmax® Cmax’ | HL Lambda_ 2| AUCu" | AUCKE abs’
Rabbit (hr) (ng/mL) (hr) (heng/mL) | (hrng/mL)
3M6681 4 638 9.9 7513 7796
IM6682 4 307 11.2 5136 5261
3M6685 4 681 6.0 7208 7245

*Time of maximum plasma concentration of bupivacaine

*Maximum plasma concentration of bupivacaine

“Half-life of the terminal elimination phase

dArea under the plasma drug concentration versus time curve calculated from 0 to the last time point bupivacaine was
quantifiable in plasma

“Area under the plasma drug concentration versus time curve calculated from 0 to infinity

In summary, SABER-Bupivacaine (66 mg, 3 mg/kg) and SABER placebo caused
subacute inflammation and synovial hyperplasia of the stifle joint after single intra-
articular injection of 0.5 mL followed by a two-week recovery period. Incidence and
severity were observed in the SABER-Bupivacaine group suggesting a bupivacaine
component of the observed histopathology. Bupivacaine was absorbed into the blood
stream. No injection site effects were observed in the saline controls indicating that

Study title: Six-Week Intra-Articular Toxicity Study of SABER-Bupivacaine
Injectable Formulation in New Zealand White Rabbits

Study no.: 02-07-803-B-13-TX

Study report location: eCTD in DARRTS

Conducting laboratory and location: oI
Date of study initiation: January 30, 2007

GLP compliance: Yes.

QA statement: Yes.

Drug, lot #, and % purity: SABER-Bupivacaine, lot 079-05B, 98.2%

12% Bupivacaine, 66% Sucrose
Acetate Isobutyrate (SAIB), 22%
Benzyl Alcohol (BA)

SABER Bupivacaine Placebo,
lot 076-05-A, 75% Sucrose Acetate
Isobutyrate (SAIB)/25% Benzyl
Alcohol (BA)

0.9% saline, lot 6071169, Certificate of
Analysis
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Key Study Findings

The objective of this study was to investigate the potential toxicity and plasma
bupivacaine levels of SABER-Bupivacaine injectable formulation following a single
dose into a stifle joint (intra-articular) of New Zealand White rabbits.

The study consisted of six rabbits/sex/group assigned to treatment with saline
(negative control), SABER placebo (vehicle control) and 13.2, 33, or 66 mg
bupivacaine in SABER-Bupivacaine.

No remarkable treatment-related effects were observed for mortality/moribundity,
clinical signs, body weights, food consumption, ophthalmic examinations,
hematology, clinical chemistry, coagulation, macroscopic pathology, ands absolute
and relative organ weights. Recoverable clinical signs (e.g. scabs, inflammation,
sore/ulcer, injection site discoloration) were reported in both males and females.
Synovial hyperplasia, fatty degeneration, inflammation, fibrosis, and osseous
metaplasia were the microscopic lesions observed in the stifle joints of rabbits
treated with SABER placebo or SABER-Bupivacaine. Both treatments (drug and
placebo) resulted in comparable joint effects. The incidence and the severity of the
lesions were greatest in the high dose groups at Days 14 and 42 of euthanasia. No
necrosis was observed in the joints of any treatment group. Rabbits injected
with saline alone did not show any microscopic lesions in their stifle joints. In
addition, no microscopic lesions were present in the right stifle joint (non-injected) of
any rabbits.

Overall, the data indicated that the extent of absorption and plasma kinetics of
bupivacaine were similar among rabbits and gender given stifle joint injections of
13.2, 33, or 66 mg of bupivacaine. The Tmax (hours) for peak plasma
concentrations of bupivacaine (Cmax) observed were variable with a value for most
rabbits at 2-4 hours after dosing. Mean Cmax values and AUCs were dose
responsive but not dosed proportional. Most half-lives ranged for 7-9 hours.

Plasma bupivacaine levels declined gradually over the 72-hour period, and they
were not detectable at 168 hours post treatment. Mean Cmax values were 140, 404,
or 503 ng/mL for female rabbits, and 218, 375, or 543 ng/mL for male rabbits
administered 13.2, 33, or 66 mg of bupivacaine in SABER-Bupivacaine, respectively.
Mean AUC values were 1538, 5336, or 8800 hr-ng/mL for female rabbits, and 2122,
4716, or 8132 hr-ng/mL for male rabbits given 13.2, 33, or 66 mg of bupivacaine,
respectively.

Methods
Doses: . Dose Level of Dose
Bupivacaine Volume | No.ofMale | No.of Female
Dose Group | Article Administered (mg) (mL) Rabbits Rabbits
1 Saline Control 0 0.50 6 6

2 Vehicle Control 0 0.50 6 6

3 SABER-Bupivacaine 13.2 0.10 6 6

4 SABER-Bupivacaine 33 0.25 6 6

5 SABER-Bupivacaine 66 0.50 0 6
Frequency of dosing: Single dose.
Route of administration: Intra-articular (left stifle joint)

- right stifle joint not injected
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Dose volume: See table.

Formulation/Vehicle: SABER placebo (75% SAIB/25% BA)
Species/Strain: New Zealand White rabbits

Number/Sex/Group: 3/sex/group for 14 and 42 day sacrifices

Age: 22-23 weeks on day 1

Weight: 2.8-3.5 kg (males) and 2.6-3.5 kg (females) on day 1
Satellite groups: None.

Unique study design: None.

Deviation from study protocol: Nothing significant.
Observations and Results
Mortality

Each animal was observed twice daily throughout the quarantine and study periods for
signs of mortality and moribundity.

No treatment-related moribundity or mortality was reported during the 14- or 42-day
period.

Clinical Signs

Each rabbit was removed from its cage daily and examined closely for clinical signs of
toxicity, with particular attention paid to the dose site, gait, and the use of the hind limbs.

Clinical observations reported in both males and females for all groups included but
were not limited to scab and sore/ulcer in the left hind limb/hind foot, mottled redness in
the left hindlimb, discoloration at the injection site, and left hind limb inflammation, which
was most noticeable in the high dose females. While the time course to recovery of
clinical signs for the different groups was somewhat varied, recovery was complete for
all groups by day 42.

Body Weights

Each animal was weighed during Week -1 (for randomization), prior to dosing on Day 1,
weekly thereafter, and prior to sacrifice on days 14 and 42.

No treatment-related differences in body weight were observed in any of the groups.
Group means for both sexes increased form day 1 to 42 except for placebo males
where the body weight remained about the same.

Feed Consumption

Food consumption was measured and recorded once weekly throughout the study.
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No notable treatment-related differences in food consumption were observed in any of
the treated groups. Mean food consumption for the high dose group males and females
was less than other groups in the first week, but subsequently recovered.
Ophthalmoscopy

Both eyes were examined during week -1 and 2-3 days prior to scheduled sacrifice.

No abnormal findings during the ophthalmic examinations were recorded at baseline,
prior to interim, or prior to terminal euthanasia for any of the groups.

ECG — no evaluation conducted.
Hematology

Blood samples were collected from each rabbit after overnight fasting during week -1
and on days 14 and 42. The following parameters were evaluated:

WBC Total leukocyte count
RBC Erythrocyte count
HGB Hemoglobin
HCT Hematocrt
MCV Mean corpuscular volume
MCH Mean corpuscular hemoglobin
MCHC Mean corpuscular hemoglobin concentration
Retic Reticuloeyte count
PLT Platelet count

Differential leukocyte count
nRBC Nucleated red blood cell count

RBC Morphology
No remarkable treatment-related differences were observed in hematology values.
Clinical Chemistry

Blood samples were collected from each rabbit after overnight fasting during week -1
and on days 14 and 42. The following parameters were evaluated:

NA Sodium

K Potassium

CL Chloride

TP Total protein

Aldb Adbumin

BUN Blood urea nitrogen

Crea Creatinine

AST Acspartate amminotransferase
ALT Aldanine aminotransferase
Glob Globulin

ALP Aldkaline phosphatase
ASG Ratio Adbumin/globulin ratio
Gluc Glucose

Thil Total Bilirubin

Chol Cholesterol

Ca Calcium

Phos Phosphorus
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No treatment-related differences were observed in clinical chemistry values.

Coagulation

Blood samples were collected from each rabbit after overnight fasting during week -1
and on days 14 and 42. The following parameters were evaluated:

Coagulation
FBGN Fibrinogen
FT Prothrombin time
APTT Activated partial thromboplastin time

No treatment-related differences were observed for coagulation values.

Urinalysis — no evaluation conducted.

Gross Pathology

Rabbits that were sacrificed for a scheduled necropsy on days 14 and 42. The post-
mortem examination included, but was not limited to, the examination of the external
surfaces and orifices. The cranial, thoracic, abdominal, and pelvic cavities were opened
and the organs/tissues within each cavity were inspected. The animal's identification
was retained with its tissues collected during necropsy. Samples of all tissue/organs,
except eyes, were saved in 10% neutral buffered formalin for histopathological
evaluation. Eyes were saved in Davidson's fixative. Bone marrow smears were
prepared, stained, and held for possible future examination. The following tissues listed

below were collected from each rabbit:

Adrenals [2]

All gross lesions

Aorta

Bone with bone marrow (femur and
sternum)

Bone marrow smear (contralateral femur)

Brain (fore-, mid-, and hind-)

Kidneys [2]

Large intestine, cecum

Large intestine, colon

Large intestine, rectum

Liver

Lungs (with mainstem bronchi)

Lymph node (mesenteric)

Lymph node (submandibular)

Owaries [2]

Pancreas

Pituitary gland

Prostate

Salivary gland (submaxillary) [2]

Sciatic nerve

Seminal vesicle [1]

Skeletal muscle (thigh)

Reference ID: 3433613

Esophagus

Eyes [2]

Gallbladder

Harderian gland

Heart

Dosing sites [stifle joints; 2, including
treated leg and non-treated leg]

Skin (ventral abdomen, including
mammary gland)

Small intestine, duodenum

Small intestine, ileum

Small intestine, jejunum

Spinal cord (cervical, thoracic, lumbar)

Spleen

Stomach

Testes/epididymis [2]

Thymus

Thyroid/parathyroid glands [2]

Tongue

Trachea

Urinary bladder

Uterus
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No remarkable gross differences were observed between any of the groups on days 14
or42.

Organ Weights

The following organs were weighed after sacrifice:

Adrenal (2] Liver Spleen

Brain Lungs Testes [2]

Heart Ovary [2] Thyroid/parathyroid [2]
Kidney [2]

No notable treatment-related differences in the organ weights/relative organ to body
weight ratios for both sexes were observed in the saline, vehicle, or the three SABER-
Bupivacaine groups.

Histopathology

All available tissues from all rabbits in Groups 1 (saline control), 2 (SABER placebo —
vehicle control), and 5 (SABER-Bupivacaine — high dose) were processed into slides. In
addition, any target tissues for the low and mid dose SABER-Bupivacaine groups and
all stifle joints were processed. All stifle joint slides from all animals were also submitted
for peer review.

Adequate Battery - yes

Peer Review — yes (stifle joints only)
1) @@ _ histology of stifle joint for comparison to original
histology review

Histological Findings — No notable histology was observed in the organs of any of the
evaluated treatment groups (saline, vehicle, and high dose) other than for the stifle joint
(all groups evaluated). No histological effects were observed in the left stifle joint of
rabbits injected with saline or in the right stifle joint (non-injected) of any rabbits from all
groups.

No microscopic lesions of the stifle joint were observed in approximately half of the
vehicle (SABER placebo) or test article (SABER-Bupivacaine) rabbits.

Day 14 — Minimal synovial hyperplasia (3/6), minimal inflammation (3/6) (subacute -2/6,
chronic -1/6), minimal fibrosis (1/6), and minimal fatty degeneration (2/6) were present
in the synovium of the left stifle joint of the vehicle control rabbits (SABER placebo). In
the low dose group, minimal synovial hyperplasia (1/6), minimal chronic inflammation
(1/6) and minimal fatty degeneration (1/6) were observed in one rabbit. No lesions were
observed in the stifle joint of five of the rabbits. In the mid dose group, minimal synovial
hyperplasia (3/6), minimal (1/6) to mild chronic inflammation (2/6), minimal fibrosis (3/6)
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and minimal (1/6) to mild (2/6) fatty degeneration were present in the male rabbits. No
lesions were observed in the joints of the three female rabbits. In the high dose group,
minimal (1/6), mild (1/6), and moderate (1/6) synovial hyperplasia, minimal (2/6) to mild
(1/6) chronic inflammation, minimal (2/6) to moderate (1/6) fibrosis, and minimal (1/6) to
mild (2/6) fatty degeneration were present in the left synovial joint of three rabbits. No
lesions were observed in the joints of three rabbits.

Microscopic Observations: Day 14 Euthanasia

0 [] 13.2
Dose Level (mg) {Saline Control) {Vvehicle Contrel) (SRBER-Bupivacaine)
111111 2222122 333333
MMMFEF MMMFFF MMMFFF
6 6666 EEEEER 666666
Ta8E QA4 T7TBHEA THA8AE8
911866 § 5908848 00777
Animal Number 967589 | 574135 42 9%057
111111 111111 111111
Day of Ewthanasia 4 4 4 4 4 4 I 4444 44 I 4444 44 I
Tissue |
-lesion
Stifle joint, lefe aynovium
-hyperplasia aono00oo0 /6 011001 /e a001a0 1/6
-inflammation, subhacute 000000 | o/a 011000 2/& o003 0 o/a
inflammation, chronic coporooQ 0/e VR I § 1/6 000100 /6
-fibrosis “oo0000 o/é ocoo0oo0o1l 1/6 000000 /6
-fatty degeneration | booooa00 /6 011000 /6 000100 1/6
33 66
Dose Level (mg) (SABER-Bupivacaine] [SABER-Bupivacaine}
4 4 4 4 4 4 55353555
KEMMFFF KEMMFFF
666677 666666
BB SE OO B &8 EA8EB
016803 00868 7TEH
Bnimal Humber 703603 IS5 6747
111111 111111
Day of Euthanasia 4 4 4 4 4 4 L 4 44444 I
Tissue
lesion
Scifle joint, left synovium
-hyperplasia 111000 /6 o001z 3/6
-inflammation, subacute U VI I VI VI 06 pDooooaon 0/
inflammation, chronic 1Lz22000 ife 200011 ife
-fibrosis 111000 if6 200011 ife
-fatty degeneraticn 221800 ile 200012 3/6

Day 42 — Minimal synovial hyperplasia (1/6), minimal subacute inflammation (1/6), mild
fibrosis (1/6), minimal (1/6) to mild (116) fatty degeneration were observed in the left
stifle joints of the vehicle control rabbits. No lesions were observed in the stifle joints of
three of the vehicle control rabbits. In the low dose group, minimal synovial hyperplasia
(2/6), mild subacute inflammation (2/6), minimal (116) to mild (2/6) fatty degeneration,
and mild osseous metaplasia (1/6) were present in the left stifle joints of three female
rabbits. No lesions were observed in the stifle joints of the three male rabbits. Minimal
synovial hyperplasia (1/6), mild fibrosis (1/6), minimal subacute inflammation (1/6), and
mild (2/6) to moderate (1/6) fatty degeneration were observed in the left stifle joints of
the mid dose group of rabbits. No lesions were observed in the joints of three of the
rabbits. Minimal (3/6) to mild (1/6) synovial hyperplasia, minimal chronic inflammation
(1/6), mild fibrosis (1/6), minimal (2/6) to mild (3/6) fatty degeneration, and mild osseous
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metaplasia (3/6) were observed in the left stifle joints of the high dose group. No left
stifle joints were completely devoid of lesions.

Microscopic Observations: Day 42 Euthanasia

) [ 13.2
Dose Level (mg) |8aline Control) {Vehicle Controll |BABER-Rupivacaine)
1111111 232222 333333
‘MMMFFE‘ MMMFFF MMMFFF
666777 566777 666677
|595huu 4585000 2359800
|l ass5333 S6 9023 467702
| Animal Number B &80 24 /253171 i65880
444444 444444 444444
Day of Euthanasia 222222 T 2223222 1 2222322 1
Tigsue
-lesion . B
gcilfe jeoink, lefr aynovium
-hyperplasia poo0O0QO0 0/6 00000l 1/ 000011 /6
-inflammation, subacute nooodan ofe o0él1loa0 1/6 coo022o0 2/e
-inflammation, chronie oooo0oo ofe oooo0do0 a/6 L I o/e
-fibrosis oonQo000 0/6 (o 20000 1/6 ga000an o/e
degeneration, facty ooopoDen 0/6 620100 2/6 o022 3/e
| -metaplasia, ossecus oopoeaw 0/6 000000 0/6 boocz200 1/8
EF] | 73
Dose Level (mg) ({SABER-Bupivacaine] | (BARER-Bupivacaine)
- 444444 s s8855 85 |
MMMEFE IMmMMEPPTF |
&6 & 777 :E’ﬁﬁ'."-"-ri
8 5000 &8 EB000
TTE4 44 111134 |
Animal Humber 043357 ...1_..3__4 9 5 & |
4 4 4 4 4 4 (e 4 4 2 & % 1:
Day of Euthanasia 2 & 23 22 I 221222 | 1
Tizsue
lesion
seilfe joint, left synovium
-hyperplasia 001000 1/8 102101 4/8
-inflammation, subacute 600100 1/8 o000 00 o/
-inflammation, chronic ooooo0o | 0f6 oo0010 i/a
-fibrosis go0zoo0o | 1ife 002000 i/8
degeneration, fatty co02230 : ifs 212021 £/6
| -metaplasia, osseous o000 0 | 06 0oz23z0 i/

In summary, microscopic lesions that were observed in the stifle joints included the
following: synovial hyperplasia, fatty degeneration, inflammation, fibrosis, and osseous
metaplasia. The intra-articular injection of SABER-Bupivacaine in conjunction with the
vehicle, SABER placebo, resulted in joint changes that were comparable to those
sustained by injection of vehicle alone except in the high dose group. For the high dose
SABER-Bupivacaine group, the incidence and severity of the lesions were greater on
both days 14 and 42 of evaluation.

Peer review of stifle joint - The results of the peer review, along with original diagnoses
confirmed the reported histopathological changes in the stifle joints of rabbits. Main
intra-articular changes were hyperplasia, inflammation, fatty degeneration, and fibrosis
of the synovium. Although minor differences in terminology and severity grading may
have occurred, the original histological observations were confirmed by the peer review
of the stifle joints.
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Special Evaluation — Histological characterization of stifle joint effects as anticipated
foreign body reaction and not potentially progressive effect.
- Dr. Anderson

Based on Dr. Anderson’s report, only a foreign body reaction at the tissue/material
interface (up to minimal severity in placebo and SABER-Bupivacaine groups except for
minimal up to moderate in severity in high dose SABER-Bupivacaine group) and
synovitis (up to minimal in severity) were observed. Both of these observations were
focal with the foreign body reaction being located in the synovium and subsynovium and
the focal synovitis being present in the synovial lining of the joint space. No other
pathological findings were identified. No acute and/or chronic inflammation was
identified. No degenerative osteoarthritis or pathological changes in the articular
cartilage were identified. In the groups where foreign body reaction and synovitis were
identified, these findings were considered to be those consistent with an injected
biocompatible material. No effects were observed in saline controls.

Toxicokinetics

Blood samples (approximately 1.0 mL) were collected from the central ear artery of
each rabbit prior to dosing and at approximately 0.5, 1, 2, 4, 8, 24, 48, 72, and 168
hours (7 days) after dosing.

Overall, the data indicated that the extent of absorption and plasma kinetics of
bupivacaine were similar among rabbits and gender given stifle joint injections of 13.2,
33, or 66 mg of bupivacaine (see tables for males and females). The Tmax (hours) for
peak plasma concentrations of bupivacaine (Cmax) observed were variable with a value
for most rabbits at 2-4 hours after dosing. Mean Cmax values and AUCs were dose
responsive but not dosed proportional. Most half-lives ranged for 7-9 hours. Plasma
bupivacaine levels declined gradually over the 72-hour period, and they were not
detectable at 168 hours post treatment.

Summary of Pharmacokinetic Parameters Calculated from Plasma Concentrations of Bupivacaine: Males

Group Tmax® Cmex’ | HL Lambda 2|  AUCy, AUCKF ote’
Sex (hr) (ng/mL) (hr) (hrng/mL) (hrng/mL)
IM  Mean 13 218 14 2122 2169
SD 0.6 312 o 135 131
M Mean 2.5 375 ‘ 72 4716 4757
D] 12 | 80 | 12 1014 1019
5M  Mean 34 543 | 04 8132 8210
SD 2.6 44 | 15 1612 1613
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Summary of Pharmacokinetic Parameters Calculated from Plasma Concentrations of Bupivacaine: Females

Group Tmax* Crmax’ HL_Lambda 2|  AUCu' AUCKE abs’
Sex (hr) (ng/mL) (hr) (hrng/mL) (hrng/mL)
3F Mean 2.1 140 7.9 1538 1579

SD 1.5 34.2 1.7 [ 146 145
4F Mean | 3.2 404 7.6 | 5336 | 5380

SD | 1.3 103 1.8 955 | 948 |
SF Memn 27 503 13.3 8800 9862

SD 1.0 141 10.7 2480 3864

* Time of maximum plasma concentration of bupivacaine

® Maximum plasma concentration of bupivacaine

“ Half-life of the terminal elimination phase

¢ Area under the plasma drug concentration versus time curve calculated from 0 to the last time point bupivacaine was quantifiable in plasma

* Area under the plasma drug concentration versus time curve caleulated from 0 to infinity

NA = Not applicable

Nominal Dose: Group 3 - 13.2 mg (SABER-Bupivacaine) Group 4 - 33 mg (SABER-Bupivacaine) Group 5 - 66 mg (SABER-Bupivacaine)

Dosing Solution Analysis — Both pre-dose and post-dose active formulation samples
were analyzed for appearance, potency, and degradation products. The results show
that the SABER-Bupivacaine remained clear, light yellow brown in color, and percent
label strength assays show that the product was chemically stable during the animal
dosing period. Total degradation of pre-dose samples was 0.53% and that of post-dose
samples was 0.65%. Both pre-dose and post-dose SABER placebo samples were
analyzed for appearance. The placebo formulation remained as clear, colorless
solution, and absence of bupivacaine was confirmed.

Study title: Six-Week Intra-Articular Toxicity Study of SABER-Bupivacaine
Injectable Formulation in Beagle Dogs

Study no.: 03-07-803-D-1J-TX
Study report location: eCTD in DARRTS

Conducting laboratory and location: ®) &)

Date of study initiation: February 16, 2007

GLP compliance: Yes.

QA statement: Yes.

Drug, lot #, and % purity: SABER-Bupivacaine, lot 079-05B, 98.2%

12% Bupivacaine, 66% Sucrose
Acetate Isobutyrate (SAIB), 22%
Benzyl Alcohol (BA)

SABER Bupivacaine Placebo,
lot 076-05-A, 75% Sucrose Acetate
Isobutyrate (SAIB)/25% Benzyl
Alcohol (BA), NA
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0.9% saline, lot 6071169, Certificate of
Analysis

Key Study Findings

The objective of this study was to investigate the potential toxicity and plasma
bupivacaine levels of SABER-Bupivacaine injectable formulation following a single
dose into a stifle joint (intra-articular) of Beagle dogs.

The study consisted of six dogs/sex/group assigned to treatment with saline
(negative control), SABER placebo (vehicle control) and 19.8, 66, or 198 mg
bupivacaine in SABER-Bupivacaine (test article).

No remarkable treatment-related effects were observed for mortality/moribundity,
clinical signs, body weights, ophthalmic examinations, electroencephalograms,
hematology, clinical chemistry, coagulation, macroscopic pathology, and absolute
and relative organ weights. Food consumption was decreased up to twelve days
after dosing compared to saline controls with no corresponding decrease in body
weights. Recoverable clinical signs (e.g. edema, swelling, limping in left hindlimb,
and loose stool) were reported in both males and females.

Hyperplasia, fatty degeneration, inflammation, fibrosis, and a fibrinous exudate of
the synovium, necrosis and fibrosis of the joint cartilage, and fibrosis of the
subchondral bone were the microscopic lesions observed in the stifle joints of dogs
treated with SABER placebo or SABER-Bupivacaine. Both treatments resulted in
comparable joint effects. Except for the fibrinous exudate on days 14 and 42,
synovial lesions in the low and mid dose test article groups were similar in incidence,
but less severe than those in the vehicle and high dose groups. In addition, no
microscopic lesions were present in the right stifle joint (non-injected) of any dogs
except for the high dose group which was explained as due to shift in weight bearing
resulting from dosed joint compensation.

At day 14, joint cartilage necrosis was present in one vehicle control animal
(moderate) and one high dose animal (marked), but not in the other two test article
groups. Joint cartilage necrosis of marked severity was observed in all vehicle
and high dose test article dogs at 42 days after dosing.

Peer review confirmed original histopathology observations and second peer review
indicated only foreign body reaction and no progressive, degenerative processes.
Overall, the data indicated that the extent of absorption and plasma kinetics of
bupivacaine were similar among dogs and gender given stifle joint injections of 19.8,
66, or 198 mg of bupivacaine in SABER-Bupivacaine. Overall exposure (AUC) was
dose responsive but Cmax did not noticeably increase from the mid to high dose.
The Tmax (hours) for peak plasma concentrations of bupivacaine (Cmax) observed
were 0.5, 0.5, and 2 hours after dosing, respectively. Mean AUCs were dose
responsive but not dose proportional. Most half-lives were ~3, 14, & 19 hours,
respectively.

Plasma bupivacaine levels generally declined over a 24-hour period for the low dose
and for a 72-hour period for the mid and high doses with bupivacaine not detectable
at 168 hours post treatment. Mean Cmax values were 876, 1386, or 1879 ng/mL for
female dogs, and 808, 1524, or 1099 ng/mL for male dogs administered 19.8, 66, or
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198 mg of bupivacaine in SABER-Bupivacaine, respectively. Mean AUC values were
2961, 9146, or 36227 hr-ng/mL for female dogs, and 2750, 8831, or 23261 hr-ng/mL

for male dogs given 19.8, 66, or 198 mg of bupivacaine, respectively.

Methods
Doses: DoseLevelof |  Dose Number of Dogs
Dose Bupivacaine Volume
Group | Article Administered (mg) (mL) Males Females
1 Saline Control 0 1.5 5 5
2 Vehicle Control 0 1.5 5 5
K SABER-Bupivacaine 19.8 0.15 5 5
_4 SABER-Bupivacaine 66.0 0.5 | 5 | 5
5 SABER-Bupivacaine 198.0 15 | 5 5
Frequency of dosing: Single dose
Route of administration: Intra-articular (left stifle joint); right joint not injected
Dose volume: See above
Formulation/Vehicle: SABER placebo (75% SAIB/25% BA)
Species/Strain: Beagle dogs
Number/Sex/Group: 5
Age: 10-11 months
Weight: 9.2-11.3 kg (males) and 6.6-9.1 (females) on day 1
Satellite groups: None.
Unique study design: None.

Deviation from study protocol: Nothing significant.
Observations and Results
Mortality

Each animal was observed at least twice daily throughout the quarantine and study
periods for signs of mortality and moribundity.

No moribundity or mortality occurred during the 14- or 42-day observation period.
Clinical Signs

Each dog was removed from its cage daily and examined closely for clinical signs of
toxicity, with particular attention paid to the dosing site, gait, and the use of the hind
limbs.

No notable treat-related clinical observations occurred. In both males and females that

included all groups, edema, swelling, and limping in left hindlimb were observed. Most
notable effects were observed early (first 9 days).
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Summary of Clinical Observations: Males

Day numbers relative to Start Date

Group 1 1 1 1 1 1 1 1 1 1 2 2
Sex Clinical Sign, Site 1 2 3 4 3 & 7 ] 9 0 1 2 3 4 5 6 7 8 ] [ 1
1M Onremarkable 4 5 5 5 5 5 5 5 5 5 5 5 5 5 2 2 2 2 2 2 2
Swelling, Left hindlimb 1 f . . . . . . . . . . . ' . . . .
Emesis . . . . . . . . ' . . . . .
Scheduled sacrifice . . . . . B . . . . . . 3 . . . ' . ' .
2M Unremarkable . . . . . - - . 4 H 5 H 5 5 2 2 2 2 2 F] 2
biarrhea . . . . 2 2 .
Loose Stool . . 1 3 1 1 . .
Edema, Left hindlimb . 1 2 1 s . . . . . . . . .
Swelling, Lefi hindlimb § 5 5 5 5 5 5 5 . . .
Limping, Left hindlimb 4 5 4 4 4 4 3 3 1 . . . .
Scheduled sacrifice . . . B . . . 3 .

M Uncemarkable 5 1 5 5 5 5 El 5 3 5 E] 5 s 5 2 2 2 2 2 2 2
Swelling, Left hindlimb . 1 . . . ' . .
Limping, Left hindlimb 1 . . . . . . . .
Scheduled sacrifice . . . . . . 3 . .
4M Unremarkable 4 ' . 2 3 3 3 2 5 5 5 5 5 5 z 2 2 2 2 2 2
Loose Stool . . . . 1 1 2 . . . . .
Bdema, Left hindlimb . . ' 2 1 1 . . B . - -
Swelling, Left hindlimb 1 L] 3 i 2 1 1 1 . . . . .
Limping, Left hindlimb 1 q 3 2 1 1 . . . . . f .
Scheduled sacrifice . . . . . . . . . 3 . . .
5M Unremarkable 4 3 1 3 3 3 2 H 3 i 3 3 3 5 2 2 2 2 2 2 2
Edema, Left hindlimb . . . 1 . . . . . . . ' .
Swelling, Left hindlimb 1 2 4 F 2 1 3 3 1 1 1 1 1 . '
Hypoactive . . . . 1 . .. . .. . . .
Limping, Left hindlimb 1 2 4 2 2 2 3 3 2 2 2 2 2 .
Scheduled sacrifice . . . . . . . . . . . . . 3 . f . f . . .

Summary of Clinical Observations: Females

Day numbers relative to Start Date

Group 1 1 1 1 1 1 1 1 1 1 2 2
Sex Clinical Sign, Site 1 2 iod 5 § 7 8 9 0 1 2 3 4 5 § 7 ] 9 0 1
1F Unremarkable 5 5 5 5 5 5 5 5 5 5 5 5 5 5 2 2 2 2 2 2 2
Scheduled sacrifice . . . . . . . . . . . . . 3 . . . . . . .
2F Unremarkable . . . 3 ] 4 4 4 5 5 2 2 2 2 2 2 2
Loose Stool ' . . . 2 2 . . . . . . . . .
Edema, Left hindlimb . . 3 i f . f . N . .
Swelling, Left hindlimb®* 5 S5 5 § 5 8§ § 1 . . . .
Hypoactive . . . 2 2 . . . " . .
Limping, Left hindlimb 5 5 5 5 8 4 1 2 1 1 1 1 . . . . .
Excessive salivation . - 2 1 . 1 1 . . . . . f N .
Scheduled sacrifice . . . . . . . N . . . . . 3 . . .
3F Unremarkable 4 z 4 5 q 1 L] 5 5 5 5 5 -] 5 2 1 H 2 2 2 2
Locse Stool . . . . 1 1 1 . . . . . f . . ' i '
Swelling, Left hindlimb 1 3 1 ' f . . . . . . .
Limping, Left hindlimb® 1 3 1 Pt .
Scheduled sacrifice . ' . 3

4F Unremarkable

Loose Stool . . . 1 1 1 . .
Edema, Left hindlimb . 1 1 . . . N .
Swelling, Left hindlimb S 5 -] 3 3 1 1 .
Emesis B 1 . . . . P . . . N . . . . .
Limping, Left hindlimb 3 4 2 1 1 . . . . . . . . . . .
Scheduled sacrifice . . . ' . f . . . . : . . 3 . .

5F Unremarkable . 1 2 2 3 2 2 4 4 L] 4 § 5 5 2 2 2 2 2 2 2
Loose Stool . 1 1 . . .
Swelling, Left hindlimb 5§ 3 3 3 3 1 1 1 . . . . .
Limping, Left hindlimb® 2 1 1 2 2 3 3 1 i1 1 1 . . . . . . . . .
Excessive salivation . 1 ' ' . . . . . . . . . . . . . . . . .
Scheduled sacrifice . . . . . . ' . . . . . . 3 . . . . . . .

* Swelling was also cbserved in the left hindfoot of an animal in Group 2F.

o Limping was also cbserved in the right forelimb of an animal in Group 3F.
° Limping was also observed in the left forefoot and forelimb of an animal in Group 5F.

Nominal Dose; Group 1 - 0 mg (Saline contrel) Group 2 - 0 mg (Vehicie control) Group 3 - 19.8 mg (SABER-Bupivacaine)
Group 4 - 66.0 mg (SABER-Bupivacaine) Group 5 - 198.0 mg (SABER-Bupivacaine)

Body Weights
Each animal was weighed during week -1 (for randomization), prior to dosing on day 1,
and on days 8, 14, 22, 29, 36, and 42.
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No treatment-related differences in the body weights of males and females were seen in
any of the treated groups.

Feed Consumption

Beginning on day 1, quantitative food consumption was measured and recorded daily
throughout the study.

Food consumption of males and females was reduced with no reduction in body weights

for the SABER placebo (vehicle) and SABER-Bupivacaine groups up to the first twelve
days after dosing.

Summary of Food Consumption Results (g/animal/day): Males

Day numbers relative to Start Date

Group From: 1 2 3 L 5 b 1 8 9 10 11 12 13 14 13
Sex To: 1 2 3 q 5 6 1 8 9 10 11 12 13 14 15
1M  Mean 239.4 222.2 206.2 194.2 154.6 201.2 258.0 197.8 249.2 led.8 221.8 225.0 205.2 26B.5 185.0

§.0. 100.5 51.7 42.3 66.6 0.4 60.0 4.9 28.8 33,1 58.5 53.4 76,5 58.5 23.3 17.0
N 5 5 5 5 5 5 5 5 5 5 5 5 5 2 2

M Mean 276.0 101.2 1.0 29.6 23.8 70.2 106.2 129.6 231.6 220.8 235.2 234.6 241.8 303.5 340.5
8.0, 13,5 1.2 14, : 35.5 1.1 2.8 562 43.0 30.1 80.4 62,1 119,35 7.0
] 5 5 5 5 5 5 5 5 5 5 5 5 L 2

L=
.
et
-
Lt
e
=

2
M Mean 338.0 248,2 118,40  212,4KH 166.2%% 207.6¢ 183.08 192.4 246.0 247.8 255.4 285.0 268.4 336.3 390,53
8.0, 89.6 110.6 121.3 113.1 82,0 91,9 5.6 B85.5 89,5 B5.6  983.3 4.2 §7.0 14.8 41.1
] 5 5 5 5 5 5 L] 5 5 5 5 5 5 2 2
iM Mean 354.4 120.0 69.4 69.2 46.8*  93.0 131.6** 145.4 267.4 232,0 297.0 303.6 207.6 335.5- 341.5%
5.0. 7.8 3.3 59.2 6.8 43.1 67.6  37.8 48.9 51.3  40.4 285 410 444 30.4 24.7
N 5 5 5 5 5 5 H § 5 5 5 5 5 2 2
SM  Mean 340.6 258,89 94.2 3.4 33,0 B5.Av 13g.8*+ 1394 177,0 2360 225.2 273.0 250.2 303.0 44,0
5.0, 58.3 141.8 120.9 €37 .0 47.2 1.6 19,3 197 a8.1 3.0 7.0 457 66.5 2.8
| 5 5 5 5 5 5 5 § 5 5 5 5 5 2 F]
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Summary of Food Consumption Results (g/animal/day): Females

Day numbars relative to Start Date

Group From: 1 ) 3 q 5 1 1 8 9 10 11 12 13 1 15
Sex To: 1 2 k] 4 5 [ 7 8 9 10 11 12 13 14 15
IF Mean 188.6 188.6 195.6 156.8 205.2 169.8 209.4 250.4 223.2 260,2 205.2 227.8 298.0 226.0 191.0
5.0, 29.3 26.2 55.1 42.7 63.5 3.1 21.3 70.8 51.3 1.6 5.1 4.5 55.8 48.1 4.2
N 5 5 5 5 5 5 5 5 5 5 5 5 5 2 2
2F  Mean 197.2 75.8 22.0 11.4 4.0 65.4 90.8 173.8 211.0 204.6 214.0 201.0 285.6 233.5 194.0
5.0, 21.1 6,6 174 15,8 80.7 57.3 .7 0.6 42.2 36.1 59.1 82,5 55.0 0.7 12,7
N 5 ] 5 5 5 5 5 5 5 5 - ] 5 2 F

3F  Mean 219.6 158.6 16,8+ 27.6%% 42.0*+ ¢5.0* 90.8* 247.4 212.4 227.8 220.0 210.8 242.2 176.5 245.0
8.0. 106.1 112.0 3.3 46.0 57.0 58.0 60.8 l01.2 39.1 43.5 2.4 57.1 62.1 2.1 65.1

3 -] 5 5 5 5 ] ] 5 5 5 5 5 F) 2
4F  Mean 250.2 131.8 61.2** 50.4** 122,8 125.6 55,4 259.0 199.¢ 222.4 235.4 E02.8 263.4 195.0 165.5
5.0. 62.3 87.1 55.9 53.0 62.6 24.6 69.2 74.1 67.9 61.8 87.0 52.5 82.1 19.2 64,3

N 5 5 L] 5 ] § § 5 5 L] 5 5 3 2, 2
F Mean 181.4 135.2 36,2 26.0%* 72.4* 60.8 89.8* 165 1s7.¢ 176,8 180.4 192.6 260.0 205.0 233.5
s.D. 6l.4 1.7 45.7 57.0 78.5 82.0 §3.9 104.8 72.6 80.6 70.0 67.4 96.0 56.6 11,7

N 5 3 5 3 5 5 5 5 5 5 5 5 5 '] 2

Statistical Analysis (Dunnett's):
*eps (.05 **mps 0,00 (Groups 3, 4, and & compared to Group 1)
b=p S 0.0 W =ps0.00 (Groups 3, 4, and 5 compared to Group 2|

Nominal Dose: Group 1 - 0 mg (Saline control) Group 2 = 0 mg (Vehicle control) Group 3 - 19,8 ng (SABER-Bupivacaine)
Group 4 - €6,0 ng (SABER-Bupivacaine)  Group 5 - 198.0 mg (SABER-Bupivacaine)

Ophthalmoscopy

Both eyes of each dog were evaluated by direct and indirect ophthalmoscopy and slit
lamp examination during week -1 and prior to scheduled sacrifice.

No abnormal ophthalmic findings were observed in any of the groups.
ECG

A 10-lead ECG recording was obtained for each dog during quarantine (week -1) and
on day 1 (approximately 4 hours after dosing).

Electrocardiograms for all groups of males and females were within the normal limits.
Hematology
Dogs were fasted overnight and blood samples were collected for hematology

determinations during week -1 and on days 14 and 42. The following parameters were
evaluated:
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WEBC Total leukocyte count

RBC Erythrocyte count
HGB Hemoglobin
HCT Hematoerit
MCV Mean corpuscular volume
MCH Mean corpuscular hemoglobin
MCHC Mean corpuscular hemoglobin concentration
Retic Reticulocyte count
PLT Platelet count
Differential leukocyte count
nRBC Nucleated red blood cell count
RBC morphology

No notable treatment-related differences in hematology values were observed in this
study. Any values when compared to the saline or vehicle control groups were not
considered test article related due to the lack of a dose or time relationship, the small
magnitude of the differences, and/or comparability of individual data.

Clinical Chemistry

Dogs were fasted overnight and blood samples were collected for clinical chemistry
determinations during week -1 and on days 14 and 42. The following parameters were

evaluated:
™A Sodium
E Potassium
CL Chloride
TP Total protein
Alb Albumin
BUN Blood urea nitrogen
Crea Creatinine
AST Aspartate aminotransferase
ALT Alanine aminotransferase
Glob Globulin
ALP Alkaline phosphatase
ASG Ratio Adbumin/globulin ratio
Gluc Glucose
Thil Total bilirubin
Chol Cholesterol
Ca Calcium
Phos Phosphorus

No notable treatment-related differences in clinical chemistry values were observed in
this study. Any values when compared to the saline or vehicle control groups were not
considered test article related due to the lack of a dose or time relationship, the small
magnitude of the differences, and/or comparability of individual data.

Coagulation

Dogs were fasted overnight and blood samples were collected for coagulation
determinations during week -1 and on days 14 and 42. The following parameters were

evaluated:
PT Prothrombin time
APTT Activated partial thromboplastin tirme
FBGMN Fibrinogen

Reference ID: 3433613
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No notable treatment-related differences in coagulation values were observed in this
study. Any values when compared to the saline or vehicle control groups were not
considered test article related due to the lack of a dose or time relationship, the small
magnitude of the differences, and/or comparability of individual data.

Urinalysis — no evaluation conducted.
Gross Pathology

On day 14, 3 dogs/sex/group were sacrificed. The surviving 2 dogs/sex/group were
sacrificed on day 42 in the same manner. The postmortem examination included, but
was not limited to, the examination of the external surfaces and orifices. The cranial,
thoracic, abdominal, and pelvic cavities were opened and the organs/tissues within
each cavity were inspected. Bone marrow smears were prepared, stained, and held for
possible future examination. Samples of all tissues/organs, except eyes, were saved in
10% neutral buffered formalin for histopathological evaluation. Eyes were saved in
Davidson's fixative.

The following tissues were collected:

No notable treatment-related differences in macroscopic observations were observed in

Adrenals [2] Owaries [2]
All gross lesions Pancreas
Aorta Pituitary gland
Bone with bone marrow (femur and Prostate
sternum) Salivary gland (submaxillary) [2]

Bone marrow smear (contralateral
femur)
Brain (fore-, mid-, and hind-)

Sciatic nerve
Skeletal muscle (thigh)
Skin (ventral abdomen, including

Esophagus mammary gland)

Eyes [2] Small intestine, duodenum
Gallbladder Small intestine, ileum
Heart Small intestine, jejunum

Dosing sites [stifle joints; 2, including

Spinal cord (cervical, thoracic, lumbar)

treated leg and non-treated leg] Spleen
Kidneys [2] Stomach
Large intestine, cecum Testes/epididymides [2]
Large intestine, colon Thymus
Large intestine, rectum Thyroid/parathyroid glands [2]
Liver Tongue
Lungs (with mainstern bronchi) Trachea
Lymph node, mesenteric Urinary bladder
Lymph node, submandibular Uterus

this study.

Organ Weights

The organs listed below were weighed for each respective dog sacrificed on day 14 or

day 42.

Reference ID: 34336

Liver
Lungs
Owvaries [2]

Adrenals [2]
Brain

Heart
Kidneys [2]

Spleen
Testes/epididymides [2]
Thyroid/parathyroid glands [2]
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No treatment-related differences in the organ weights or organ-to-body weight ratios of
males and females were seen in any of the three SABER-Bupivacaine dose groups
when compared to animals in the saline and SABER placebo (vehicle) control groups.
Any values when compared to the saline or vehicle control groups were not considered
test article related due to the lack of a dose or time relationship, the small magnitude of
the differences, and/or comparability of individual data.

Histopathology
Adequate Battery - yes

All available tissues from all dogs in all groups were processed into slides and
evaluated. All stifle joint slides from all animals were also submitted for peer review.

Peer Review — yes (stifle joints only)
2) @@ _ histology of stifle joint for comparison to original
histology review

Histological Findings — No notable histology was observed in the organs of any of the
evaluated treatment groups other than for the stifle joint (all groups evaluated). No
notable histological effects were observed in the left stifle joint of dogs injected with
saline or in the right stifle joint (non-injected) of any dogs from all groups.

The following microscopic lesions were observed in the stifle joints of dogs treated with
SABER placebo (vehicle) or SABER-Bupivacaine (test article): hyperplasia, fatty
degeneration, inflammation, fibrosis, and a fibrinous exudate of the synovium, necrosis
and fibrosis of the joint cartilage, and fibrosis of the subchondral bone. It was reported
that on days 14 and 42, the intra-articular injection of the high dose of the test article in
conjunction with the vehicle resulted in joint changes that were comparable to those
sustained by injection of the vehicle alone. Except for the fibrinous exudate on days 14
and 42, synovial lesions in the low and mid dose test article groups were similar in
incidence, but less severe than those in the vehicle and high dose groups. Joint
cartilage and subchondral bone lesions were present in the vehicle and high dose test
article groups, but not in the low and mid dose groups. On Day 42, osteophytes were
present in the high dose group alone. No microscopic lesions were noted in the stifle
joints of dogs injected with saline.

Day 14 - No microscopic lesions were observed in the left stifle joint of the saline control
animals or the right stifle joint of any of the animals, except for one animal in the mid
dose group. No differences in the incidence of hyperplasia, inflammation, fibrosis, and
fatty degeneration of the synovium were observed in SABER placebo (vehicle) and
SABER-Bupivacaine (test article) dogs from day 14. All six animals in each of the
vehicle and test article groups had four or more of the previously described lesions,
varying from minimal to moderate. However, the incidence and severity of a fibrinous
exudate was greater in the vehicle control (6/6) and the high dose group (6/6) than in
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the low (2/6) and mid (4/6) dose groups. A higher incidence of moderate fibrinous
exudate was present in the vehicle (6/6) and high (5/6) dose groups, compared to the
low (0/6) and mid (2/6) dose groups. The severity of synovial fibrosis (moderate) was
greater in the vehicle (4/6) and high (6/6) dose groups, compared to the low (0/6) and
mid (3/6) dose groups. At day 14, joint cartilage necrosis and subchondral bone fibrosis
were present in one vehicle control animal (moderate) and one high dose animal
(marked), but not in the other two test article groups. (see tables)

Microscopic Observations: Day 14 Euthanasia

[] [ 19.8
Dofig: mg (saline control) (Vehicle control) {SABER-Bupivacaine)
111111 2232222 133333
MMMFFF MMMFFF MMMFFF
7717717 TTTTT? TT77T77
d 44444 444445 444445
566899 666890 666830
Animal Number B07701 146563 235846 |
111111 111111 111111
Day of Euthanasia 44 4444 1 444444 I 444444 1
Tissue
=lasion
Btifle joint, left
-hyperplasia, synovium 000000 o/e 111221 6/ 111211 6/6
-inflammation, chronic., synovium co0000 of6 22221212 i/ 111212 i/6
-inflammation, chronic active, synovium Go0D000 o/e DoOO0OO0OD 0/é boobooo 0/
-fibrosis, synovium oo0000 ol 333132 6/ 111221 6/6
-degeneration, fatty, synovium cooo0o00 o/6 31222122 6/6 122222 6/6
-exudate, fibrinous, synovium cooo000 o/s 33331313 6/ 200001 2/
-necrosia, joint cartllage 000000 o/ 000003 1/6 o000 0O0 0/
-fibresis, subchondral bone 060000 0/ 000003 1/6 A EEER] 0/é
gtifle joint, right synovium
-inflammation, chronie [ o/6 ooooo0o0 0/6 ooB00O0O0 0/é
-fibroais gopooao 0/6 ooo0o00 0/6 Poooo0O0 0/
-exudate, fibrinous go0000 0/8 poooDoao 0/6 Coo0DoODaO0 0/6
) E5.0 198.0
Cose: mg [BRBER - Bupivacaine) {SABER-Bupivacaine}
4 4444 4 § 585565
MMMFFF MMMFFF
777777 TT1TT1T
444444 4 4 44485
56699239 7778 80
Animal Fusber 965257 1682350
111111 111111
Day of Buthanasia 4 4 4 4 4 4 I 4 4 4 & 4 4 I
Tissue
-lesion
gcifle joint, lefe
-hyperplasia, synovium 111221 &le 111211 6/E
-inflammation, chrenle, synovium 223233 G/E 220333 5/6
-inflammation, chronic active, synovium 000000 0/6 002000 1/e
-fibroais, synovium 323123 6/6 133333 /6
-degeneration, fatty, synovium 221122 6/6 321213 /&
-exudate, fibrinous, synovium 02312003 4/8 3323313 £/E
-pecrosis, joint cartilage ago00000 0/6 000004 1/6
-fibrosis, subchondral bone 000000 0/6 000003 1/6
Brifle joiot, right synovium
-inflammation, chronic 610000 1/6 006000 0/e
-fibrosis 010000 1/8 go00000 ofs
-axudate, fibrinous 020000 1/6 600000 0/6
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= Lesion not observed N = Not applicable to animal

= Leeion of minimal severity M = Tissue missing

& Lesion of mild severity *  Nonprotocol-specified tissus

s Legion of moderate severity I = Incidence: Number of animals with leslon/mumber of animals examined
= Leglon of marked severity

= Legion not graded

L -

Day 42 — No microscopic lesions were observed in the stifle joints of the saline control
group or untreated right stifle joint, except for two animals in the high dose group. This
observation was described as weight bearing compensation for the affected other,
treated joint. Not all vehicle and high dose test article animals were affected so this
reviewer considers these observations on minimal to mild severity as spurious. Some
small differences in the incidence of hyperplasia (4/4, 3/4, 3/4, 4/4), inflammation (4/4
for all groups), fibrosis (3/4, 4/4, 4/4, 4/4), and fatty degeneration (4/4, 3/4, 4/4, 4/4)
were observed in the synovium of the left stifle joint of the vehicle and test article
animals. Small differences in the severity of hyperplasia, inflammation, and fibrosis
were observed in the left synovium of the vehicle and test article animals, but fatty
degeneration was slightly more severe in the mid and high dose groups (2/4 with
moderate fatty degeneration). Joint cartilage necrosis (marked), joint cartilage fibrosis
(minimal to marked), and subchondral bone fibrosis (minimal to marked) were observed
in the vehicle (4/4, 2/4, and 4/4, respectively) and high (4/4, 3/4, and 4/4, respectively)
dose groups, but not in the low and mid dose groups. At day 42, a fibrinous exudate
was present in the vehicle (1/4) and high (2/4) dose groups and osteophytes (2/4) were
present in the high dose group, but not in any of the other groups. Osteophytes,
representing fragments of necrotic cartilage, were present loose in the joints of two high
dose animals at day 42 (not on table). In chronic joint disease, osteophytes
occasionally become intra-articular loose bodies or "joint mice". Joint mice are
fragments of cartilage and/or bone that originate from synovial membranes or articular
plates that are lying free in the joint space. (see tables)
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Microscopic Observations: Day 42 Euthanasia

0 0 15.8
Dose: mg (Saline contzol) [(¥ehicle control) [SAEER-Bupivacaine)
1111 22122 3333
MMFTF MMFEFE MMFEF
77177 7771 717717
4445 4455 1453
B8 S0 7700 7701
Animal Humber 046848 235%5¢8 0572
A4 4 4444 41444
Day of Euthanasia 2222 I i 222 1 2222 I
Tissua
=leslan
Stifle jolnt, left
~hyperplasia, synovium 000D 0/4 1122 a/4 1110 3/4
-inflasmation, chrenic, synovium 6000 0/4 1122 4/ 3221 a/4
=fibrosis, synovium 0000 0/4 1011 /4 2112 4/4
-degeneration, fatty, symovium 0000 0/4 1122 4/4 0222 374
-exudate, fibrinous, synovium o000 074 00160 1/4 [ 0/4
-necrosis, joint cartilage 000D 0/4 4 444 474 [+ ] 0/4
=fibrosis, joint cartilage 000D 0/4 03z20 2/4 coo0o 0/4
-fibrosis, subchondral bone 0000 0/4 3433 4/4 0000 0/4
5tifle joint, right synovium
~hyperplasia gooo 0/4 cooo 0/4 oooop 0/4
-inflammaticn, chronic too0o 0/4 o000 0r4 pcooDo 0/4
-fibrosia gooo 0/4 ooo0o 0/4 oooo 0/4
~degenaration, fatty 0000 0/4 0000 0/4 0oo0o 0/4
65.0 198.0
Dose: mg {SABER-EBupivacaine) (SABER-Bupivaca
4 4 4 4 5555
MMFF MMFF
TT7T7TT 7777
4 4 55 4 455
Te 11 [ -0 ]
Animal Humber 4101 2324
4 4 4 4 4 4 4 4
Day of Buthanasia 2222 1 2 222 I
Tlzsue
-=lesion
8cifle joint, left
-hyperplasia, synovium r101 /4 111313 4/ 4
-inflammation, chronis, synovium az221 4/4 1123 LT
-fibrosis, synovium 2221 4/4 122 3 474
-degenaration, fatty, synovium 3312 404 1313 4/ 4
-exudate, fibrinous, synovium o000 ofd o120 274
-necrosis, joint cartilage o000 o/4 44 4 4 4/4
-fibrosis, joint cartilage o000 o/4 o114 /4
-fibrosis, subchondral bone g 000 o/4 1333 4
Brifle joint. right synovium
-hyperplasia ao000 0/4 2020 2/4
-inflasmation, chronic 0000 of4 2020 2/4
~-fibrosis o000 o/4 1000 1/4
| -degenezation, facty 000w o/4 1000 1/s |
0 = Leslon not cheerved H = Hot applicable to animal
1 = Legion of minimal severity M = Tissue missing
1 = Lesion of mild severity * = Honprotocol-specified tispue
3 = Lesion of moderate severity [ = Incidence: Number of apimals with lesion/number of animals examined

i = Leslon of marked severity
% = Lesion not graded
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Peer review e

— confirmed similar evaluation to primary pathologist.
Special Evaluation - Histological characterization of stifle joint effects as anticipated
foreign body reaction and not potentially progressive effect.
- Dr. Anderson

Evaluation showed only foreign body reaction with no indication of degenerative
osteoarthritis or other pathological changes.

Toxicokinetics

Blood samples were collected from each dog prior to dosing and at approximately 0.5,
1,2, 4,8, 24, 48, 72, and 168 hours (7 days) after dosing.

Overall, the data suggested that the extent absorption of bupivacaine was similar
among female and male dogs given an intra-articular (stifle joint) dose of 19.8, 66.0, or
198.0 mg of bupivacaine in SABER-Bupivacaine. Overall exposure (AUC) was dose
responsive but Cmax did not noticeably increase from the mid to high dose.

Mean peak plasma concentrations (Cmax) of bupivacaine observed at 0.5 hours (Tmax)
after dosing in the low dose group (group 3 - 16.8 mg bupivacaine) were 876 ng/mL and
808 ng/mL for female and male dogs, respectively. Mean AUC values were 2961
hr-ng/mL and 2750 hr-ng/mL for female and male dogs, respectively. Mean Cmax
values for the mid dose group (group 4 — 66 mg bupivacaine) observed at 0.5 to 1 hour
after dosing were 1386 ng/mL and 1524 ng/mL for female and male dogs, respectively.
Mean AUC values were 3.1- and 3.2-fold higher than those observed in the low dose
group for female and male dogs (8831 and 9146 hr-ng/mL), respectively. Mean Cmax
values in the high dose group (group 5 — 198 mg bupivacaine) were only slightly higher
(females, 1879 ng/mL) or were lower (males, 1099 ng/mL) than those observed for the
mid dose group with Tmax at 2 hours. Mean AUC values for female and male dogs
were approximately 8- to 12-fold higher than those observed for the 10-fold lower dose
group (23261 and 36227 hr-ng/mL, respectively). Estimated mean half-lives of
bupivacaine in plasma were 3.1-3.4 hours for the low dose groups, 13.8-15 hours for
the mid dose groups, and 18.7-18.9 hours for the high dose groups of males and
females. These differences in the apparent half-life of bupivacaine among animals in the
different dose groups were reported to be reflective of differences in the phase of
elimination characterized, and not to dose-related changes in the
elimination/metabolism of bupivacaine. (see tables — half-lives not listed)
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Summary of Pharmacokinetic Parameters Calculated from Plasma Concentrations of Bupivacaine: Males

Group ! Tmax® Cmax” HL_Lambda_z* AUC,," AUCKF obs
Sex (hr) (ng/mlL) (hr) (hrng/mL}) (hrng/mL)
3M Mean 0.5 808 3.1 2750 2800
SD 0.0 182 0.9 773 729
4M Mean 0.7 1524 13.8 8831 8964
SD 0.3 391 12.6 1593 1526
5M Mean 1.9 1099 18.9 23261 23686
SD 1.3 379 6.4 7042 7275

Summary of Pharmacokinetic Parameters Calculated from Plasma Concentrations of Bupivacaine: Females

Group Tmax® Cmax” HL_ILambda_z" AUC," AUCINF_obs”
Sex (hr) (ng/mL}) (hr) (hr-ng/mL) (hrng/mL) |
3F Mean 0.5 876 3.4 2961 2986

SD 0.0 333 0.4 1033 1053
4F Mean 0.7 1386 15.0 9146 9188

SD | 0.3 334 6.7 2353 2354
S5F Mean | 2 1879 18.7 36227 36556

SD | 1.2 1122 3.4 12592 12433

* Time of maximum plasma concentration of bupivacaine

® Maximum plasma concentration of bupivacaine

© Half-life of the terminal elimination phase

4 Area under the plasma drug concentration versus time curve calculated from 0 to the last time point bupivacaine was quantifiable in plasma
® Area under the plasma drug concentration versus time curve calculated from 0 to infinity

Nominal Dose: Group 3 — 19.8 mg (SABER-Bupivacaine) Group 4 — 66.0 mg (SABER-Bupivacaine) Group 5 - 198.0 mg (SABER-
Bupivacaine)

Plasma bupivacaine levels generally declined over a 24-hour period for the low dose
and for a 72-hour period for the mid and high doses with bupivacaine not detectable at
168 hours post treatment as evidence by the figures of select individual animals.
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Dosing Solution Analysis - Both pre-dose and post-dose active formulation samples
were analyzed for appearance, potency, and degradation products. The results show
that the SABER-Bupivacaine remained clear, light yellow brown in color, and percent
label strength assays show that the product was chemically stable during the animal
dosing period. Total degradation of pre-dose samples was 0.53% and that of post-dose
samples was 0.65%. Both pre-dose and post-dose SABER placebo samples were
analyzed for appearance. The placebo formulation remained as clear, colorless
solution, and absence of bupivacaine was confirmed.

Peri-sciatic nerve administration

A single-dose toxicity study with peri-sciatic nerve administration of bupivacaine
solutions, pastes, or solids in the Sprague Dawley rat followed by a 7-day
recovery period (study 022-010 — non-GLP) - Five rats per groups served in each of
14 dose groups with each animal receiving either a bupivacaine solution, solid, or paste
formulation near the area of the sciatic nerve in the left thigh according to the following
table with attention to groups 1 to 5 as being most relevant to the proposed SABER-
Bupivacaine drug product:

Study Design

Bupivacaine

Group Treatment Dose Dose Nlur_lber ot
(mg) Amount Amnimals
1 0.92% Sodium Chloride for injection 0 250 pl 5
2 Sensorcaine®™-MPF (0.5%) 1.25 250 pl 5
3 SATB/BA — Placebo 0 200 nl ]
4 SATB/BA — 12% 24 200 nl ]
5 SATB/BA — 12% 48 400 pl ]
6 Wehicle control (solid form) SATB/Span o 250 me <
80/F68/Mannitol (25 / 6.25 / 18.75/ 50%) N = -
SATB/Span 80/F68/Mannitol/Bupivacaine
7 (20/5/15/40/20%) 23 125 me 3
SATB/Span 30/F68/Mannitol/Bupivacaine
8 (20/5/15/40/20%) 0 250 mg 3
. /S PVP-C15 .
9 SATB S])"l{l 80, F§8 PV P C1 (59}1d form) o 250 me s
(31.25/6.25/18.75/43.75%) =
SATB/Span 80/F68/PVP-C15/Bupivacaine
10 (25/5/15/35/20%) 30 250 mg 3
“Wehicle control (thick paste)
- ) > 5
1 SATB/H,O/Solutol HS-15 (25 / 25 / 25%) o 250 ul :
SATB/H.O/Solutol HS-15/Bupivacaine
12 (20 /20 / 40 / 20%) 0 2501 3
Wehicle control (thick paste)
13 SATIB/H,O/F68/Sorbitol 0 250 pl 5
(25/25/37.5/12.5%)
14 SATB/H,O/F68/Sorbitol/Bupivacaine 50 250 pl 5

(20/20/30/ 10/ 20%)

Body weights were recorded on the day of dosing and at necropsy. Food consumption values
were recorded 5 days prior to dosing and for the week following test article administration.
Clinical signs and a newrological examination were recorded daily. The neuwrological evaluation
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Body weights were recorded on the day of dosing and at necropsy. Food consumption
values were recorded 5 days prior to dosing and for the week following test article
administration. Clinical signs and a neurological examination were recorded daily. The
neurological evaluation included evaluation of toe pinch, proprioception, and flexor
withdrawal reflex as well as an observation of gait.

All the animals were sacrificed 7 days (Day 8) after dose administration and the
muscles and sciatic nerves from both hind legs were collected and placed into 10%
neutral buffered formalin. The treated legs from animals in Groups 1-3, 5, 6, 8, 13, and
14 were analyzed histopathologically by PAI. One control leg from each group was also
evaluated.

The administration of bupivacaine by both peri-sciatic injection and placement of a solid
rod or paste produced a nerve block 3 hours post administration. The neurological signs
appeared to resolve in most animals by Day 2. Some animals receiving 50 mg
bupivacaine paste continued to have a proprioceptive deficit through Day 4. The gait of
animals that received 24 mg or 48 mg by peri-sciatic injection appeared to be the most
severely affected with 3 of 5 24 mg animals and 1 of 5 48 mg animals displaying an
abnormal gait through Day 8 (proposed drug product).

Local administration of SABER-Bupivacaine as a single injection at a dose of 48 mg
followed by a seven day recovery period resulted in an increased frequency of neuronal
inflammation and axonal degeneration compared to untreated (right leg), saline treated,
or Sensorcaine® treated groups. This effect appeared to result from both the presence
of the vehicle as well as the bupivacaine since the frequency and/or severity of axonal
changes showed incremental increases from control (right leg), to saline, to
Sensorcaine®, to bupivacaine-treated groups. In addition, the dosage form appeared to
play a role with the greatest neuronal inflammation and axonal degeneration occurring
in the solution administration group. Inflammation within the intermuscular fasciae and
perineural connective tissues and myofiber degeneration and regeneration also showed
incremental increases in frequency and severity between the untreated control (right
leg), vehicle, and test article groups. In contrast, these extra-neural changes were less
frequent and severe compared to the paste/solid forms.

Histopathological evaluation revealed the highest frequency of neuronal inflammation
and axonal degeneration and the lowest frequency of extraneural changes in the
bupivacaine treated peri-sciatic injection groups.
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The animals receiving either the paste or solid dosage forms had swelling of the
affected limb on Day 2 but not thereafter. The incidence of swelling appeared greater in
the animals receiving bupivacaine compared to the control animals. The animals
receiving the peri-sciatic injection did not experience swelling.

Mean body weights for all animals increased during the study. The animals showing the
least amount of weight gain (24.2 g and 24.8 g) were animals in Groups 4 and 5 dosed
with 24 mg or 48 mg 12% SAIB/BA by peri-sciatic injection compared with a 35.4 gram
gain for the SAIB/BA Placebo. Food consumption values were also slightly lower in
these peri-sciatic injection animals. Animals in Groups 4 and 5 (24 mg or 48 mg 12%
SAIB/BA) had the lowest mean food consumption at 182.0 and 189.6 grams/week,
respectively compared to 195.9 grams/week for the SAIB/BA Placebo group.

There were no gross lesions observed at necropsy. The test material was not evident at
the time of dissection.

The peri-sciatic injection of bupivacaine resulted in the greatest neuronal inflammation
and axonal degeneration. All treated groups showed an increase in neuronal
inflammation and axonal degeneration with increased severity in the test article treated
animals compared to the control animals receiving the same form of test article. The
local administration of the bupivacaine paste showed the least amount of neuronal
inflammation and axonal degeneration and the neuronal response of the animals
receiving the solid form of bupivacaine was intermediate between the peri-sciatic
injection and the paste dosage forms.
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Conversely, extraneural inflammation and myofiber degeneration/regeneration
appeared to have the greatest effect in the bupivacaine paste groups (control and
treated). The bupivacaine solid groups had an intermediate effect and the peri-sciatic
injection groups had the least frequent and severe changes of all the dosage forms.
However, changes in the surrounding muscle appeared to be reversible given the large
percentage of regenerating myofibers in the affected areas.

Administration of bupivacaine solutions, solids, and pastes produced an expected nerve
block as evidenced by the neurological examination at least 3 hours after dosing. The
block appeared to have resolved by Day 2. Swelling was evident in the peri-sciatic
placement animals in both the control and treated animals on Day 2. The peri-sciatic
injection animals did not have swelling of the treated leg. There were minor decreases
in body weight gain and food consumption in the 12% SAIB/BA peri-sciatic injection
animals. Histopathological evaluation revealed the highest frequency of neuronal
inflammation and axonal degeneration and the lowest frequency of extraneural changes
in the bupivacaine treated peri-sciatic injection groups. By contrast, the peri-sciatic
placement animals receiving the paste showed the greatest extraneural inflammation
and myofiber degeneration/regeneration and the least amount of neuronal inflammation
and axonal degeneration.

The changes in the surrounding muscle however, appear to be reversible. The peri-
sciatic placement of the solid form of bupivacaine resulted in neuronal inflammation,
axonal degeneration, extraneural inflammation and myofiber degeneration/regeneration
that were intermediate between the peri-sciatic injection and the paste forms of
bupivacaine. Therefore, it is estimated that the peri-sciatic placement of bupivacaine
paste produces a nerve block with the least amount of damage to the nerve.

In summary, relative to the proposed drug product, injected liquids SABER-Bupivacaine
and SABER placebo produced increased local effects to the sciatic nerve compared to
the saline, Bupivacaine HCI, and negative control (untreated nerve) groups. This has
been described in other studies as an anticipated foreign body reaction due to the SAIB,
but in this case, the bupivacaine combined with SAIB and BA (SABER-Bupivacaine)
appears to contribute to a greater local reaction.

6.2 Repeat-Dose Toxicity

Study title: 4-Week Toxicity and Toxicokinetic Study of SABER™-
Bupivacaine after Subcutaneous Administration in the Rat
- “aged”, yellow drug product

Study no.: BR1265 o

Study report location: eCTD (DARRTS SDN 64, submitted June
9, 201), volume 1 (page 68) through
volume 2

Conducting laboratory and location: () (4)
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Date of study initiation:
GLP compliance:

QA statement:

Drug, lot #, and % purity:

Reference ID: 3433613

November 26, 2008

yes

yes

SABER-Bupivacaine
- batch GLP-803-19Feb04-01
- pre-aged drug 12% Bupivacaine, 66%
Sucrose Acetate Isobutyrate (SAIB),
and 22% Benzyl alcohol (BA), the
release specification of the proposed
drug product

The test material is “aged” (stored for 54
months) and exceeds the yellow color
specifications of released drug product with
increased levels of degradants. This
situation is intentional in order to qualify the
aged, more yellow drug product.

Each vial contains 8 mL liquid containing
120 mg bupivacaine/g liquid, which is
equivalent to 132 mg bupivacaine/mL liquid
(label strength).

According to the testing results the solution
contains:
Bupivacaine - 2% of label
strenath

SAIB (sucrose acetate isobutyrate) —
®@@o4 by weight ( &% of
label strength)
Benzyl alcohol (BA) — apparently not
analvzed

(b) (4)
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2) SABER placebo
- batch GLP-803-17Feb04-01
- release composition 75% SAIB and
25% BA

Each vial contains 8 mL liquid. According to
the documentation, the liquid contains no
bupivacaine.

According to the testing results the solution
contains:

Bupivacaine - absent
(b) (4

SAIB (sucrose acetate isobutyrate) —
®@@os by weight ( &% of
label strength
Benzyl alcohol (BA) — apparently not
analyzed

Key Study Findings

e Groups of 10 male and female SD rats received weekly subcutaneous injections of 0
(2.0 mL/kg), 102 (0.75 mL/kg), or 240 (2.0 mL/kg) mg/kg SABER-Bupivacaine for 4
weeks (days 1, 8, 15, & 22) followed by sacrifice on days 29-30 (1 week after last
dose) and day 85 (8-week after terminal sacrifice recovery group, n = 8 for placebo
and high dose group). The test material was an “aged” material (54 months) that
exceeded acceptable yellow color specifications and had increased levels of
impurities. At release, the test material met recipe specifications of the proposed
drug product (12% bupivacaine, 66% Sucrose Acetate Isobutyrate, & 22% Benzyl
Alcohol). At testing, the aged test material contained | 4% bupivacaine label strength
and @% of label strength for SAIB.

¢ No bupivacaine-related deaths or clinical symptoms were observed.

e The only notable treatment-related effect was at the site of injection where all dose
groups were affected.

e Weekly injections of the placebo or the SABER-Bupivacaine solutions resulted in the
macroscopic findings of small wounds, cysts or nodules at the injection sites. These
findings were diagnosed as chronic granulomatous inflammations.

e After an 8-week recovery period, the incidence and severity of these findings were
reduced to a maximum of moderate severity compared to the animals autopsied in
week 5 which exhibited up to a severe severity. Injections site effects were reversing
but were still present 8 weeks after dosing. The sponsor described this as a normal
wound healing process.
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e The systemic NOAEL is 240 mg/kg and there was no local toxicity/injection site
NOAEL. The low dose of 102 mg/kg could be a LOAEL with reversal of local toxicity,
but local toxicity was not fully reversed at 8 weeks after the last dose.

e Based on reported blood levels with no toxicokinetic value calculations, blood levels
are no greater than 441 & 695 ng/mL in males and 491 & 768 ng/mL in females for
the low and high dose groups, respectively,. The high dose mean value was 731

ng/mL
Methods
Doses: 0, 102, & 240 mg/kg
Frequency of dosing: Weekly for 4 weeks (days 1, 8, 15, & 22)
Group  Label Dose of SABER- Administration ~ Animals (n)
Bupivacaine® Volume MIF
(GLP-B03-19Feb04-01) mikg
mglkg
1 0 (vehicle) 20 1010
00 0 (vehicle) 20 818
2 102 0.79 1010
3 240 20 1010
24040 240 20 8/8
4 TK 0 (vehicle) 20 515
6] TK 102 0.75 1010
6 TK 240 20 1010

- 0-0 animals from group 1 & 240-0 animals from
group 3 were recovery animals

Route of administration: Subcutaneous

Injections were rotated each day:
Day 1 — over the right hind leg
Day 8 — over the right foreleg
Day 15 — over the lift hind leg
Day 22 — over the left foreleg

Dose volume: 0 & 240 mg/kg (2.0 mL/kg), 102 mg/kg (0.75
mL/kg)
Formulation/Vehicle: Placebo SABER-Bupivacaine

- drug supplied for use as is by sponsor

DURECT Corporation (aged 54 months)
Species/Strain: Sprague Dawley (Crl:CD(SD)IGSBR)
Number/Sex/Group: 10/sex/group for main study animals (0, 102, &
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240 mg/kg groups sacrificed on day 28 — 1) and
8/sex/group for recovery animals (0 and 240
mg/kg sacrificed on day 85 — 8 weeks after last

dose)
Age: 6 weeks old at start of study
Weight: Males onday 1: 171 - 241 g
Females onday 1: 130 - 190 g
Satellite groups: Toxicokinetic (TK) groups at 5/sex for placebo
and 10/sex for 1-02 and 240 mg/kg dose groups
Unique study design: Note that there is BA and @ in the placebo drug

Deviation from study protocol: The test item SABER-Bupivacaine GLP-803-
19Feb04-01 contained ®“ mg bupivacaine/g
liquid, which is equivalent to 132 mg
bupivacaine/mL liquid (label strength). As the
animals were dosed according to volume (0.75
mL/kg or 2 mL/kg) and not weight, the animals in
groups 2 and 5 actually received doses of 99
mg/kg (instead of ®® mg/kg) and the animals in
groups 3 and 6 received doses of 264 mg/kg
(instead of ®“ mg/kg).

Methods, Observations, and Results

All animals were checked immediately, 0.5, 3, 6 and 24 hours after administration on
treatment days, or 3 times a day on treatment-free days or once daily on weekends.

Mortality

One male (day 22) and the 1 female (day 1) from that low dose TK group died after
convulsions just after dosing on the listed days. As these two animals were toxicokinetic
animals for bupivacaine, tissues were fixed but not evaluated after gross necropsy.
While symptoms were consistent with opioid effects, these mortalities were not
considered of toxicological relevance and could have been a result of handling during
dosing as no dose response was evident, controls were affected, and no other animals
were affected.

Clinical Signs

The toxicological relevance of observed clinical is unknown because there was a lack of
any dose-response and controls were affected for the clinical signs of marked transient
ataxia, convulsions, lying in an abdominal position, and lying in a lateral position
observed after dosing in 2 control females and 2 low dose toxicokinetic (TK) rats (1
female and 1 male).
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Body Weights and Food Consumption

Body weights were measured on days 1-29 daily for all animals and then weekly on
days 29-85 (recovery groups) and days 29-42 (toxicokinetic groups). Food
consumption was measured on days 1-29 daily for all main study animals and then

weekly on days 29-85 (recovery groups). No food consumption was measured for
toxicokinetic groups.

Mean food consumption was reduced at times during the study in a dose-responsive
manner, mostly in the high dose animals, without an associated effect on body weights
(see tables), putting in question the toxicological relevance of this observation. Some
animals were without water for days 22 & 23 possibly resulting in a body weight
downward spike at that time.

AM FOOD [gram]

MEAN Bodywei

M

Study DAY Study DAY

[E_;I'I]I"." ]

MEAMN FOCD
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Water Consumption

Water consumption was measured on days 1-29 daily for all main study animals and
then weekly on days 29-85 (recovery groups). No water consumption was measured for
toxicokinetic groups.

No treatment related effects were observed for water consumption.
Ophthalmoscopy — not evaluated

ECG - not evaluated

Hematology

Parameters evaluated only in groups 1, 2, & 3 on days 6 or 7, 23, & 85 included
hematocrit, erythrocytes, leukocytes, hemoglobin, thrombocytes, MCHC, MCH, MCV,
reticulocytes, differential blood count, thromboplastin time and partial thromboplastin
time.

Slight changes were observed with no dose response pattern. In the recovery period, no
significant increases or decreases in these parameters were observed. Changes
observed in the hematology parameters were considered to be of no toxicological
relevance as effects were slight, not dose responsive, and reversible.

Clinical Chemistry

Parameters evaluated only in groups 1, 2, & 3 on days 6 or 7, 23, & 85 (no TK animals)
included glucose, total protein, albumin, urea, creatinine, bilirubin, alanine
aminotransferase (ALAT), aspartate aminotransferase (ASAT), alkaline phosphatase
(AP), glutamate dehydrogenase (GLDH), sodium (Na+), potassium (K+), chloride (ClI-),
and calcium (Ca++).

Blood glucose increases of ~10-20% compared to control were observed in males and
females of all dose groups with the increase at 15% after recovery. Creatinine was
increased 42% compared to controls in both dose groups of males with no difference at
recovery. These changes were not considered toxicologically relevant by the reviewer
as they were isolated and had no correlation with other toxicological parameters (e.g.,
histology).

Urinalysis — not evaluated
Gross Pathology
Necropsies were conducted Groups 1, 2, & 3 on days 29/30, 7 or 8 days after the last

administration. The animals in the recovery groups were necropsied on day 85/86, 8
weeks after the last treatment day. Surviving TK animals were sacrificed on day 42 after
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the final blood TK sampling without necropsy. Adipose tissue around the kidneys and
adrenals was graded for adiposity.

Gross observations were almost entirely related to the treatment site and there
appeared to be no difference between placebo and treated animals (0 mg/kg is
placebo).

Removal Reason: Terminal kill
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SKIN;
SN B o3 o 30 (30 1 000 (Y303 30 £33 090 30 F 50 FES 303 0303 50 5037909 B S0 303 6363 53 903 90 0 B0 503 G303 903 0 4 (0) {0) (0} (0} {0} 10}
NO Vigihle LeBiOnBusssssssvsnronsonsssnstrstntontonsonsssotssiastasssiss 0 3 5 1 2 5
A TEEEbeg IGEER ORI 0 o o o a0 50 60 s o0 06 S5 50 DH G066 G0 0600 B0 B0 06 AOBE G0 5660 B HHGE 0 0 0 1 0 0
BLOPBOIA ti ittt anasus oo sussonssssasas snsssosssssssassssossiassasssssnssnsoasssns 1 0 0 0 0 0
Blopecia; dorEal . iuuiui i iiii it isiiai i as s s asanais 0 0 0 0 1 1
TSR EIE o0 onnnm o o 5 0560 56 G0 56 66 0 H06 B0 DHGO6E B0 6H 56 00 HHOR A06GE 1 0 0 0 0 0
Cyst; Foreleg: single 1 0 0 0 0 0
Cyat; firm; Hind leg; left; single . .vvvviviviissvriosiiassassssssssssssssansnsssns 2 0 0 0 0 0
CYati 1EEt) FOTBLEG tuuuvuvsassnss s nsssnssnsssssnssssiassnsssssassnsnssinssssssss 0 0 i 1 i i
Cyat; left; Foreleqs 2Angle ...u.iiiiviiiiisnssasonsssssassasssssnssnsssssansnsssns 1 0 0 0 0 0
Cyat; L1eft; FOTBLEG] B .ouuivsirooroomosnssasssssssoasansssssnssnsssssansnsssns 1 0 0 2 0 0
Cyst; left; Hind leg; single 2 0 0 3 0 0
arerer Aden ST IUZTR ST o0 o o6 00 0066 A0 G0 56 5606 00 BRGHGE 66 56 56 E A0 2 0 0 1 0 0
Cyst; right; Foreleg; single 1 0 0 3 0 0
Cyat; right; FOTELEg; LBW .. ivr s o riimvsisssssnsssssassnssssssssnssssiansnsssns 2 0 i 1 i i
arerer ssliiiey EEIETR OEEETD oo on nnon nomn com e oo a6 B B0 GHE6n B 66 56 06 ARG GHGGERG DO 1 0 0 0 0 0
Cyat; right; Hind legy 2Ingle su.vviiviiviiinsiasonsosmsassasssssnssnsssssansnsssns 1 0 0 3 0 0
Cyat; right; HInd 1egi CEW .uuieusiiiiiiiiisisissisissssassassssssssssssssassssssns 1 0 0 1 0 0
Cyet; right; Hind leg; multiple 1 0 0 0 0 0
Focus (Spot); black: Hind leg: right; single ..ovvviiviiivionnnninsininsisananssnns 0 0 0 1 0 0
SKIN; (continued)
Focog [Spot); brown; Foreleqr 18fE e cessssee vasnssrsssivrsnsise s e e ssrsssess 0 0 2 V] 0 1
Focus (Spot); brown; Hind leg; right 0 1] 0 0 0 1
Hardened (Firm); roughened; Foreleg; right; 2ingle ....c.cvvsscessssssssnsssnissasas 0 0 1] 1 0 0
Hardened (Firm); left; Foreleg; =sim 1 1] i} i} 0 1]
Hematoma; brown; Foreleg; right 1 1] i} 0 0 1]
Hematoma; brown; Hind leg; left; BIngle .uvevesssccsrsssssrssssnssnsrssnsssnnssnses 0 0 1] 1 0 0
Hematoma; 1eft; POTELET suserrss s sass sttt oo st asss st oot toasssssssststasdsssssssss 0 1] 1] 1 0 1]
s EEEr EEeR LEETETE T0TT oo oe 0noo f0mo 6o 000 G 500 £ 000 BR50 56 00 60 00 60 50 00 B G 00 6 00 0 0 1] 1 0 0
Hematoma; rightp Foreleg; =i @ e e e e i et as e et aiasiaatiiaiieaias 1 1] v] 0 0 1]
T o T T 0 1] 0 1 0 1]
wiEailes TIhen wEEalETy ETIE 5 an o or mo mo oo G0 So 50 55 00 G 500 (0 55 B0 00 66 50 65 55 05 GG 6 55 6 66 0 1] 0 1 0 1]
s DS e e IR e WS TETHT 8 i o s o 0 o0 08 I8 3 908 8 A8 3 I8 3 308 Ca I8 Ca 08 Ca (s i 1 o 0 1] 1 0 0 1]
(e PR e s T 1ot T e ST 13 e s s 0 00 (0 G000 GO0 300 0308 £ 03030 G0 303 C303 0303 £ 090 3.0 (303 G300 0 C90 03 131 0 0 1 0 0 0
wfrailEe Ty GEnl AETR IVEEE nnan onmo mo oo 6o oo G 50 o o 000 Be 50 56 00 60 00 60 56 00 B G 00 6 e 0 0 1 0 0 0
Nodule; hrown; Hind leg: left; 8ingle ..cisevssssssssssssssssssssssssssssssssssssss 0 1] i} i} 0 1
Nodule; dark; Foreleg; hemorrhagic; left; 8imgle ......eovessssssssssssasssssssasss 0 1] v] 1 0 1]
e e ey o iy L R e e e e e e e o 1 1] i} i} 0 1]
Nodule; firm; Foreleg; glassy: 0 0 0 1 0 0
Nodole; Eirm; Porelegy; leftr 8ingle ..cessssrrssscssrssssrrnsssanssnrsrnessnsssnses 1 3 1] 2 0 0
w (el Sl Bt R TUERE e ST o s 0 0 (0 G000 G0 P03 0308 £ 030 GO0 303 C303 0303 050 (90 308 303 G303 3 090 3 131 1 0 1] 0 0 0
Nodule; firm; Foreleg; right; =ing £ 00 0 B 00 GO0 D0 B 00 G5 5 00 G0A0 05 06 00 00 50 56 00 66 50 0 3 1] V] 0 0
Module; firm; Hind leg; glasay; left; 8ingle .....cesssesssssssssssssssssssssssssns 0 1] i} 1 0 1]
Nodule; firm; Hind leg; left; Bingle ..cvsssrssssssssssnsssnsssnsssnssnnssnnsnsnsss 0 2 i} 1 1 1]
Module; left; Foreleg ........ 0 1] 1 i} 0 1]
Nodule; left; Foreleg; few ....... 1 0 0 0 0 1]
Injury/Wound/Scratch; left; Foreleg 0 0 1 0 4 2
Injury/Wound/Scratch; left; Foreleg; Single ......ssessssssssssssssssssasssssssssss 0 1 v] 0 2 1]
Injury/Wound/Scratch; left; Poreleg; oW ...ccouosicesrsssssrssssssssssssnsssnssssss 0 0 1] 0 1 0
Injury/Bomnd/Scratch; left; Bind 180 ..ossssssssssssrssssrrasssassssrsrasssnssssses 0 1 1 0 0 1
Injury/Wound/Scratch; left; Hind leg; sing 0 1 i} i} 0 1]
Injury/Wound/3cratch; right:; POreleq ..cceserresscestssssrrasssassssrssnsssnsssnsss 0 0 1] 0 0 2
Thickened; brown; Foreleq; right; 8ingle ...cisesssssssssssssssssssssssssssssssssss 1 1] i} 0 0 1]
Thickened; dark; Hind leg; left; gingle ...serssscesrssssrrnsssasssnrsrnessnsssnses 1 0 1] 0 0 0
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For recovery animals, there was a significant decrease in gross observations,
suggesting recovery ongoing eight weeks after the last dose.

MALES FEMALRS
Removal Reazons: ALl of those SELECTED
Omg/lg 240 Omg/kg 20
ng/kq m/kg
Mumber of Animals on Study : B 8 8 f
Mimber of Animals Completed:  (B) {7 {7 (8)

SKING
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[ A IR o 0 i 50 50 50303 0 530 (o3 503 3 53 303 50 5363 30 363 0 563 50 530 £ 30 563 6 56303 50 5 3 06303 B0 30 G 53
Hilraalen HE6R BT 60000000060 0060 0066 066066600665 0006 H0 66 G5 60EE GEG0 BHEE 00306 660 HEEE0CE00CEE0C
(ElRe L 0 oo oo ane0on0mEe 000N GO CE BHEEOEE AHEEOE G 66 GO B0 GG HGRAE OB G GG 0B LG P AECEEEEA0CAG0T
N geElRR (EEELL 56000006000 0606 0000 66 60 5066066 HE66 06 0B 66 60 B0 6 BHEE GG 066G 66 006G G B0GEEEER0GGHGHBE
HEE (EEFE G G o000000060 6000 6066 0056066 0656 D665 B EG 0566 HRHEE 06 B0 60 GO HEG 60 6 BEGEHHE GO GG RGO
R (FEFIR 0T aooo000006000000 00E0600006060600606 0000 60 0 BEEER0ORO6 GO B0 006 606 B0 AA0EE B0 NRERER
B AR R BEE oo00000006000060660600606 000060 00 AEEEREORO6 GO0 006 606 B0AA6EEBOARERER
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s (el el ey W3Ees SHTE 06000000000 0060 0066 0666 0BG 06 66 66 GO0 EGH0 6 BEGEHEE BEGE HREEE
e R (BEFLL 5560000666006 5608066606 66 66 60 60 66 60 AEHGH60G 66 GO6OH 66 6 GEGREGE GG ABEAE
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Organ Weights

The following organ weights were measured: adrenals, brain, heart (without blood),
kidneys, liver (without blood), lungs, ovaries, spleen, stomach, testes, thymus, and
uterus. The pituitary, seminal vesicles, prostate, and thyroids were measured after
fixation.

Decreases of absolute and relative heart, liver, lung, and kidney weights were observed
in both dose groups compared to placebo that ranged from <10 up to 20% during
treatment and less after recovery. These changes were not always dose-responsive. In
the clinical observations and in the histopathology, no functional or morphological
correlations were observed for the organ weight changes. Therefore the changes in
organ weights were considered to be of no toxicological relevance.

Histopathology

The following organs of groups 1 & 3 were fully evaluated (see table). For other groups,
including recovery animals, only the injection sites were evaluated.
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Organ / Tissue Histopathology

Groups 1+ 3 Groups 1 + 3 (recovery Kill)
(terminal kill) Group 2

All animals Animal number

ADMINISTRATION SITE
ADRENAL GLAND
AOCORTA

BONE

BONE MARROW
BRAIN

CERVWVIX
COAGULATING GLAND
EPIDIDYMIS
ESOPHAGUS

EYE

HARDERIAN GLAND
HEART

INTESTINE

JOINT

KIDNEY

LACRIMAL GLAND
LIVER

LUNG

LYMPH NODE (mesenteric)
MAMMARY GLAND
NERWVE; SCIATIC
OVARY

OVIDUCT

PANCREAS
PARATHYROID GLAND
PITUITARY GLAND
PROSTATE GLAND
SALIVARY GLAND
(parotid, mandibular + sublingual)

X

XX X3 X3 3| 3 3% 3 3 3 % 3 3| 3 3| 3 % | X 3| X

Organ / Tissue Histopathology

Groups 1+ 3 Groups 1 + 3 (recovery kill)
(terminal kill) Group 2

All animals Animal number

SEMINAL VESICLE
SKELETAL MUSCLE
SKIN

SPINAL CORD
SPLEEN

STOMACH

TESTIS

THYMUS

THYROID GLAND
TONGUE

TRACHEA
URINARY BLADDER
UTERUS

WAGINA

X = all animals examined

XXX XXX XX XXX

Adequate Battery — yes Peer Review — yes (internal)

Histological Findings

There was no evidence of systemic toxicity with the drug or with the vehicle. The only
notable histological findings that are considered to be treatment related were observed
at the injection site. To this end, evaluation of only the injection sites of recovery
animals was at least partly justified, but that’s speculation. Subcutaneous tissue
exhibited granulomatous inflammation (foreign body granuloma). This minimal to severe
granulation tissue (inflammatory changes consistent with wound healing) was observed
a week after the last dose (5 weeks) with no clear difference between placebo, low
dose, and high dose groups (see main study table).

Main study (week 5) results were as follows (0 mg/kg is placebo):
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Obzervations: Meo-Plastic and Non Meo-Flastie — ==emeeeeee MAIRSR ========= ====e===- FEMALES --------
Removal Reasons: All of those SELECTED 0 mg/kg 102 240 0 mo/kg 102 240
mg/kg mg/kg mg/kg mg/ kg
Number of Animals on Study : 10 10 10 10 10 10
Humber of Animals Completed: (10) (10) (10} {10) {10) {10}
ADMINISTRATION SITE;
Examined. (10) (10) (10} (10} (10} (10}
WxtMnNonna.lhmts 1 0 0 1 0 0
Gramulation Tissue; m:.bcut:.s, anleq, psaudocyst left fnc,al (&) (&) (8) (8) (9) (10)
B T 0 0 3 1 i}
m:.ld 0 3 3 3 2 4
e L0 3 5 2 2 3 5
SEVELE ....... 3 0 0 2 2 1
Gramulation T}.ssua suhcut}.s, anleq, psaudocyst r}.qht, foca.l (&) (8) {10) (8) (8) (%)
minimal . ..........iiiaallan .. 2 2 1] V] V]
mild ..... 1 1 3 2 [ 5
moderate . 3 0 4 5 1 3
BEVEre ...... 0 0 1 1 1 1
Gramnulation szsue m:.bcuns ihnd leq pseudor:_vst, left foca.l (] (10) (9) (6) (9) (7T
minimal . ...l e aaaaaaeaas 4 5 3 0 1 1
m11d 0 4 3 L L 4
e Lo o o 3 1 3 1 3 1
EEVELEe ....... 0 0 0 1 1 1
Gramulation I:.ssue su.bcut:.s H.md leg pseudocyst r:.ght focal (1) () (7) (8) (&) (9)
minimal . ... . - 1 5 1 0 1 1
m11d 0 1 4 2 5 3
T 1= 0 0 2 [ 0 4
== P 0 0 0 0 0 1

The recovery groups showed a reduction in the incidence and severity of inflammatory
cell infiltrates and granulation tissue as only 1 of 24 (4%) recovery animals exhibited
severe effects compared to 8 of 60 (13%) main study animals (see table). The sponsor
described this as the normal wound healing process. Additionally, no signs of cellular
death (i.e. necrotic changes) were observed histologically. However, there is concern
that 7 of 32 (22%) animals exhibit moderate effects 8 weeks after the last injection.

Recovery (week 13) results were as follows:

Reference ID:

Observations: Neo-Plastic and Non Neo-Flastic

Removal Reasons: All of those SELECTED

ADMINISTRATION SITE;
Examined. .
Within No r:ma.l L:.nu.ts

Gramulation Tissue; su.bcut:.s, Fomleq pseudocyst left focal

minimal ...
mild ......
moderate ..
Granulation Tissue;
minimal ...
mild .
modarata ‘e
Gramulation I:.ssue,

mild ...
moderate ..
SEVere .. ..
Granulation T:.ssua,
mild . cen
Gram:lar_wn T:.ssua,

3433613

subcutis; Foreleg; pseudocyst; righ

su.bcuti.s; Hind leg; pseudocyst; left; focal ...
i

m:bcuti.s,' Hind leg; psendocyst; right; focal .. .
-
T D
A

mg/kg ng/kg

Humber of Animals on Study : 8 8 g 8
Number of Animals Completed: (8) (8) (8) (8)
(8) (8) (&) (8)

0 1 0 0

4) (€) (5) (8)

0 1 0 1

2 5 2 5

2 0 3 2

(5) (5) (6) ()]

0 3 1 2

3 0 2 5

2 2 3 0

() (€} (4) (8)

2 4 1 2

3 2 2 5

1 0 0 1

m:hcuti.s,' Hind leg; peseudocyst; Fight ... ..ottt e (1) ] (o) (0)
1 0 0 0

(7 )] (6) (m

0 3 3 3

3 4 2 4

4 0 1 0
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In summary, injection site effects were reduced in incidence and severity form week 5 to
week 13, with no apparent difference between the placebo, low dose, and high dose
groups, suggesting the vehicle and the incision may be responsible for the prolonged
inflammation.

Special Evaluation - none
Toxicokinetics

Blood levels of bupivacaine in TK groups were measured at 0, 0.5, & 4 hours and 3, 7,
14, 21, 35, 42 days post-dose as follows:

Test Time and number of animals
day
1 0 h (predose): blood from all rats in groups 4, 5 and 6

1 0.5 h after 1st dose: blood from 1 M/1 F in group 4 and 2 M/2 F each
from groups 5 and 6

1 4 h after 1st dose: blood from 1 M/1 F in group 4 and 2 M/2 F each
from groups 5 and 6

2 24 h (1 day) after 1st dose: blood from 1 M/1 F in group 4 and 2 M/2 F
each from groups 5 and 6

3 48 h (2 days) after 1st dose: blood from 1 M/1 F in group 4 and 2 M/2 F
each from groups 5 and 6

7 144 h (6 days) after 1st dose (1 day before 2nd dose): blood from 1
M/1 F in group 4 and 2 M/2 F each from groups 5 and 6

14 144 h (6 days) after 2nd dose (1 day before 3rd dose): blood from all
rats in groups 4, 5 and 6

21 144 h (6 days) after 3rd dose (1 day before 4th dose): blood from all
rats in groups 4, 5 and 6

28 144 h (6 days) after 4th dose: blood from all rats in groups 4, 5 and 6
35 312 h (13 days) after 4th dose: blood from all rats in groups 4, 5 and 6

42 480 h (20 days) after 4th dose: blood from all rats in groups 4, 5 and 6

Plasma concentrations of bupivacaine were highest following the first subcutaneous
dose of SABER-Bupivacaine to male and female rats at both dose levels. Levels were
the highest up to 48 hours following the subcutaneous dose (see table). After 6 days
(144 hours after the first injection), 7 of 8 treated rats in groups 5 and 6 still had
measurable plasma levels of bupivacaine. At 144 hours after the 2nd, 3rd and 4th
injections, the mean values of the animals in groups 5 and 6 were comparable to the
values measured at 144 hours after the first injection, demonstrating the continued
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exposure to the test item over time. The plasma concentrations then fell considerably at
312 and 480 hours after the last administration, and for most rats in group 5, the plasma
concentrations were below the detection limit at these later times.

Plasma concentrations (ug/L) of bupivacaine in rats

Mean values for day 1 at 0 h (predose) and for days 14 through 42. For other times, values are from 1 animal (group 4) or a mean of 2 animals

(groups 5 and G).
Day | Hours after Males / Group number Females / Group number
injection 4 5 6 4 5 6

1 0 <1.0 <1.0 <1.0 <1.0 <10 <1.0
1 0.5 <1.0 437 695 71 435 768
1 4 <1.0 44 568 <1.0 4917 481
2 24 <1.0 321 435 <1.0 157 505
3 48 <1.0 84.9 231 <1.0 79.6 278
7 144 <1.0 68" 18.4 <10 28 59.4
14 144 <1.0 11.5 46.2 <1.0 121 343
21 144 <1.0 96 73.6 <1.0 6.4 62.8
28 144 <1.0 14.2 924 <1.0 13.8 64.2
35 312 <1.0 297 106 <1.0 13" 3.8
42 480 <1.0 <10 22 <1.0 <10 137

1) 1 rat; the other rat had a valueof < 1.0 2)mean of 2 rats (8 rats had a value of < 1.0)

3) 1rat 4) 1 rat (8 rats had a value of < 1.0)

NOTE: units of pg/L = ng/mL

Cmax appears to be no greater than 441 & 695 ng/mL in males and 491 & 768 ng/mL in
females for the low and high dose groups, respectively. Other than blood levels, no
other TK values were reported/calculated. An approximately proportional increase in 2
out of 4 animals was seen shortly after the first dose, when the dose was increased
from 102 to 240 mg/kg. At later time points and after three additional administrations,
plasma concentrations of bupivacaine increased more than proportionally with the dose.
The last dose of SABER-Bupivacaine was on day 21. There were no major gender
differences in plasma concentrations of bupivacaine.

Dosing Solution Analysis
For BA and {3, dosing was as follows:

Placebo: 2.0 mL/kg at 1.3 mg/mL BA (2.6 mg/kg total) and 0.9 mg/mL (& (1.8 ma/kg

total)

Low dose: 0.75 mL/kg at 21.0 mg/mL BA (15.8 ma/kg total) and 9.3 mg/mL {3 (7.0
ma/kq total)

High dose: 2.0 mL/kg at 21.0 mg/mL (42 mg/kg total) and 9.3 mg/mL {3 (18.6 ma/kg
total)

Page 141 of 242
Reference ID: 3433613



7 Genetic Toxicology

Note: For the pharmacological active ingredient, bupivacaine, a 505(b)(2) reference is
made to the approved Marcaine (bupivacaine hydrochloride - NDA 16-964) label which
has no genotoxicity data. The listed genetic toxicology studies reviewed in this section
include in vitro Ames and chromosomal aberration assays for Bupivacaine free base
and the degradants @@ " An in vivo
micronucleus assay was conducted for SABER-Bupivacaine and SABER placebo.

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Salmonella-Escherichia coli/Mammalian-Microsome Reverse
Mutation Assay With A Confirmatory Assay
- with Bupivacaine Free Base

Study no.: 7116-116
Study report location: eCTD in DARRTS

Conducting laboratory and location: Lo

Date of study initiation: April 5, 2006

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: Bupivacaine Base, batch 971526, lot

FO083, purity 99.0%

Key Study Findings

e Bupivacaine base was tested for mutagenicity at 33.3, 100, 333, 1000, 3330, and
5000 ug per plate in the presence and absence of S9 mix in tester strains of
Salmonella typhimurium (TA98, TA100, TA1535, and TA1537) and in Escherichia
coli WP2uvrA (initial and confirmatory assays).

e The results of the Salmonella-Escherichia coli/Mammalian-Microsome Reverse
Mutation Assay with a Confirmatory Assay indicate that under the conditions of this
study, the test article, Bupivacaine free base, did not cause a positive increase in the
mean number of revertants per plate with any of the tester strains either in the
presence or absence of microsomal enzymes prepared from Aroclor™-induced rat
liver (S9) in a valid assay.

Methods

Strains: tester strains used were the Salmonella
typhimurium histidine auxotrophs TA98,
TA100, TA1535, and TA1537 and the
Escherichia coli tryptophan auxotroph
WP2uvrA

Concentrations in definitive study:  33.3, 100, 333, 1000, 3330, and 5000 ug per
plate in the presence and absence of S9 mix
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(initial and confirmatory assays).

Basis of concentration selection: Doses tested in the mutagenicity assay were
selected based on the results of the dose
range-finding assay conducted on the test
article using tester strains TA100 and
WP2uvrA in both the presence and absence
of S9 mix with one plate per dose. Ten doses
of test article, Bupivacaine free base, from
6.67 to 5000 ug per plate. Since little or no
cytotoxicity was observed in the dose range-
finding study, the highest dose level of test
article used in the mutagenicity assays was
the same dose as that tested in the range-
finding study.

Negative control: Dimethylsulfoxide (DMSO)

Positive control: Positive Controls
Tester Strain | S9 Mix | Positive Control Dose (ug/plate)
TAO8 + benzo[a]pyrene 25
TA98 - 2-nitrofluorene 1.0
TA100 + 2-aminoanthracene 25
TA100 - sodium azide 2.0
TA1535 + 2-amunoanthracene 2.5
TA1535 - sodium azide 2.0
TA1537 + 2-aminoanthracene 2.5
TA1537 - ICR-191 2.0
WPvrA + 2-aminoanthracene 250
WP2ivrA - 4-nitroquinoline-N-oxide 1.0

Formulation/Vehicle: DMSO

Incubation & sampling time: 52 +4 hours at 37 +2°C

(plates not immediately evaluated were
stored at 0 to 10 °C)

Study Validity

Study was considered valid as tester strain integrity (rfa Wall Mutation was present for
Salmonella typhimurium, pKM101 plasmid presence for TA98 & TA100, characteristic
number of spontaneous revertants), tester strain culture density, positive control values
in absence of S9 (mutagen identification) and presence of S9 (S9 mix integrity), and a
minimum of three non-toxic doses for evaluation occurred.

Results

Dose Range-finding Assay — No cytotoxicity was observed with tester strain WP2uvrA in
the presence or absence of S9 mix as evidenced by no dose-related decrease in the
number of revertants per plate and normal bacterial background lawns. Slight
decreases in revertant counts were observed with tester strain TA100 in the presence
and absence of S9 mix (see table).
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Dose Range-finding Study

Test Article ID: Bupivacaine free base

Assay No.: 28280-0-4090ECD Trial No.: Al
Date Plated: 19-Apr-06 Vehicle: DMSO
Date Counted: 24-Apr-06 Plating Aliquot: 50 pL

Revertants per Plate

Background Background
Dose/Plate TA100 Lawn* WP2uvrA Lawn®
Microsomes: Rat Liver
Vehicle Control 89 N 21 N
Test Article 667 pg 08 N 8 N
100 pg 80 N 9 N
333 g 84 N 15 N
66.7 g 81 N 10 N
100 ug 79 N 14 N
333 ug 81 N 7 N
667 ug 71 N 10 N
1000 ug 72 N 15 N
3330 ug 78 N 8 N
5000 ug 61 N 11 N
Microsomes: None
Vehicle Control 82 N 10 N
Test Article 6.67 ug 70 N 17 N
100 g a5 N 9 N
333 pg 72 N 18 N
66.7 ug 69 N 12 N
100 ug 78 N 8 N
333 g 78 N 12 N
667 ug 60 N 9 N
1000 ug 64 N 7 N
3330 ug 60 N 11 N
5000 g 51 N 6 N
? Background Lawn Evaluation Codes:
N = normal R = reduced O = obscured A = absent P = precipitate

Initial Mutagenicity Assay - The results of the dose range-finding study were used to
select the doses tested in the mutagenicity assay. The doses tested with all tester
strains were 33.3, 100, 333, 1000, 3330, and 5000 ug per plate in the presence and
absence of S9 mix. No positive increases in the mean number of revertants per plate
were observed with any of the tester strains in either the presence or absence of S9 mix
(see table).

Page 144 of 242
Reference ID: 3433613



Mutagenicity Assay Results — Summary
Test Article ID: Bupivacaine free base

Assay No.: 28280-0-4090ECD Trial No.: Bl
Date Plated: 02-May-06 Vehicle: DMSO
Date Counted: 05-May-06 Plating Aliquot: 50 puL
Mean Revertants Per Plate with Standard Deviation Back-
ground
Dose/Plate TA98 TA100 TA1535 TA1537 WP2rvrA Lawn®
Mean sD. Mean SD. Mean S.D. Mean sS.D. Mean SD.
Microsomes: Rat Liver
Wehicle Control 23 8 115 3 10 3 6 1 15 3 N
Test Article 333 g 21 5 08 9 7 4 o 2 13 3 N
100 nug 18 2 25 7 9 4 5 3 12 4 N
333 ug 23 2 105 9 7 1 7 1 8 6 N
1000 pug 21 3 114 11 11 2 3 1 7 5 N
3330 g 20 5 92 22 7 3 5 4 8 2 N
5000 ug 19 2 84 4 8 2 3 3 5 1 N
Positive Control® 236 is 506 40 28 o 78 10 214 14 N
Microsomes: None
Wehicle Control 12 5 76 14 6 4 5 1 14 6 N
Test Article 333 pg 19 7 86 9 11 3 3 1 10 2 N
100 pug 10 2 72 9 10 4 4 2 13 4 N
333 ug 12 4 59 13 7 2 6 3 10 1 N
1000 pg 13 5 70 13 9 1 2 2 11 5 N
3330 ug 13 4 59 ] 9 5 3 4 8 2 N
5000 pg 9 2 69 14 9 3 2 1 7 2 N
Positive Control® 305 28 657 77 537 35 201 53 205 64 N
* Background Lawn Evaluation Codes:
N = normal R = reduced O = obscured A = absent P = precipitate
®TA08 benzo[a]pyrene 2.5 pg/plate © TA98 2-nitrofluorene 1.0 pg/plate
TA100 2-aminoanthracene 2.5 pg/plate TA100 sodium azide 2.0 ug/plate
TA1535  2-aminoanthracene 2.5 pg/plate TA1535 sodium azide 2.0 pg/plate
TA1537 2-aminoanthracene 2.5 pg/plate TA1537 ICR-191 2.0 pg/plate
WP2uyvrA  2-aminoanthracene 250 pg/plate WP2ivrA  4-nitroquinoline-N-oxide 1.0 pg/plate

Confirmatory Mutagenicity Assay - The results of the dose range-finding study were
used to select the doses tested in the mutagenicity assay. The doses tested with all
tester strains were 33.3, 100, 333, 1000, 3330, and 5000 ug per plate in the presence
and absence of S9 mix. No positive increases in the mean number of revertants per
plate were observed with any of the tester strains in either the presence or absence of
S9 mix (see table). Yes, same text as for Initial Mutagenicity Assay.

Page 145 of 242
Reference ID: 3433613



Mutagenicity Assay Results — Summary
Test Article ID: Bupivacaine free base

Assay No.: 28280-0-4090ECD Trial No.: C1
Date Plated: 16-May-06 Vehicle: DMSO
Date Counted: 02-Jun-06 Plating Aliquot: 50 uL
Mean Revertants Per Plate with Standard Deviation Back-
ground
Dose/Plate TAOS TA100 TA1535 TA1537 WP2uvrA Lawn?®
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean 5.D.
Microsomes: Rat Liver
Vehicle Control 15 3 o2 ] 12 6 5 3 16 3 N
Test Article 333 ug 20 4 88 13 10 1 & 1 15 2 N
100 pg 13 5 79 4 16 4 5 3 16 2 N
333 ug 12 2 87 5 10 1 4 1 15 3 N
1000 ug 18 5 o2 11 8 2 & 3 18 1 N
3330 g 13 4 79 14 14 6 3 2 14 5 N
5000 ug 17 5 73 16 11 5 4 4 8 1 N
Positive Control® 116 14 483 52 57 a 58 11 206 390 N
Microsomes: None
Vehicle Control 12 5 81 ] 12 5 7 5 10 1 N
Test Article 333 ug 7 2 o1 17 15 3 5 3 16 Q9 N
100 pg 8 2 75 7 8 2 & 2 14 [ N
333 ug 10 5 81 3 9 7 4 2 14 4 N
1000 ug a 3 654 13 15 4 4 3 14 2 N
3330 g a 2 654 4 16 5 5 2 9 0 N
5000 ug 8 2 63 10 15 a & 1 9 3 N
Positive Control® 230 74 704 181 504 64 205 37 m t] N
* Background Lawn Evaluation Codes:
N = normal R = reduced O = obscured A = absent P = precipitate
®TAOR benzo[a]pyrene 2.5 ng/plate © TAOR 2-nitrofluorene 1.0 pg/plate
TA100 2-aminoanthracene 2.5 pg/plate TA100 sodium azide 2.0 pg/plate
TA1535 2-aminoanthracene 2.5 pg/plate TA1535 sodium azide 2.0 pg/plate
TA1537 2-aminoanthracene 2.5 ng/plate TA1537 ICR-191 2.0 pg'plate
WPZinvrA  2-aminoanthracene 25.0 pg/plate WP2ZivrA  4-nitroquinoline-N-oxide 1.0 pg/plate

CONCLUSION - The results of the Salmonella-Escherichia coli/Mammalian-Microsome
Reverse Mutation Assay with a Confirmatory Assay indicate that under the conditions of
this study, the test article, Bupivacaine free base, did not cause a positive increase in
the mean number of revertants per plate with any of the tester strains either in the
presence or absence of microsomal enzymes prepared from Aroclor™-induced rat liver
(S9) in a valid assay.

Study title: Bacteria}!)ﬁeverse Mutation Assay with a Confirmatory Assay
4

- with
Study no.: (05-10-803-Y-VO-AM; 8223757)
Study report location: eCTD in DARRTS
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Conducting laboratory and location:

Date of study initiation:
GLP compliance:

QA statement:

Drug, lot #, and % purity:

Key Study Findings

(b) (4)

February 8, 2010
Yes

Yes
() (4)

Dimethylsulfoxide (DMSO), lot 07796KK,
99.97% pure

. @@ \was tested for mutagenicity at 1.60, 5.00, 16.0, 50.0, 160, 500,
1600, & 5000 ug/plate (initial assay) and 50.0, 160, 500, 1600, & 5000 ug/plate
(confirmatory assay) in the presence and absence of S9 mix in tester strains of
Salmonella typhimurium (TA98, TA100, TA1535, and TA1537) and in Escherichia

coli WP2uvrA.

e The results of the Salmonella-Escherichia coli/Mammalian-Microsome Reverse
Mutation Assay with a Confirmatory Assay indicate that under the conditions of this

study, the test article

®®@ did not cause a positive increase in the

mean number of revertants per plate with any of the tester strains either in the
presence or absence of microsomal enzymes prepared from Aroclor™-induced rat

liver (S9) in a valid assay.

Methods
Strains:

Concentrations in definitive study:

Basis of concentration selection:

Negative control:

tester strains used were the Salmonella
typhimurium histidine auxotrophs TA98,
TA100, TA1535, and TA1537 and the
Escherichia coli tryptophan auxotroph
WP2uvrA

1.60, 5.00, 16.0, 50.0, 160, 500, 1600, &
5000 ug/plate (initial assay) and 50.0,

160, 500, 1600, & 5000 ug/plate
(confirmatory assay) in the presence and
absence of S9 mix

Log doses with testing at maximum limit dose
of 5000 pg/plate for initial assay then 50.0,
160, 500, 1600, and 5000 ug/plate
(confirmatory assay) based on initial assay
results

Dimethylsulfoxide (DMSO)
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Positive control: Pasitive Cantral Articles

Tester Strain(s) 89 DotveControl — Dose (poplate)  CASNo. LatNo.
TA% - Llmiofluoree 10 60758 0I508BE
TAL00, TALSS - sodumzide 00 66828 017KOLH
TAIS37 - ICR-191 20 1070450 118K1026
WPhiwd - ApioqunolmeN-owde 10 36315 LTKI4E
TA%% + benzofapyrene 13 50328 0BTKOT33
TAION TALS, TAIST +  )-aminoanthracene 23 613134 1B3IICE
WPhirA + Daminoanthracene 40 613138 IBICE

Formulation/Vehicle: DMSO

Incubation & sampling time: 52 +4 hours at 37 +2°C

(plates not immediately evaluated were
stored at 0 to 10 °C)

Study Validity

Study was considered valid as tester strain integrity (rfa Wall Mutation was present for
Salmonella typhimurium, pKM101 plasmid presence for TA98 & TA100, characteristic
number of spontaneous revertants), tester strain culture density, positive control values
in absence of S9 (mutagen identification) and presence of S9 (S9 mix integrity), and a
minimum of three non-toxic doses for evaluation occurred.

Results

Dose Range-finding Assay — None conducted.

Initial Mutagenicity Assay - Inhibited growth (characterized by a reduced background
lawn and/or a decrease in revertant frequency) was observed in all five tester strains at
the highest one or two doses evaluated +/- S9, with the exception of tester strain TA98
with S9, in which inhibited growth was observed at the top three doses. Revertant
frequencies for all doses of @@ 'in all tester strains with and without S9,
approximated or were less than those observed in the concurrent vehicle control
cultures (see tables 1 and 2).
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Study No.: 8223757
Trial No.: 8223757-B1
Plating Method: Plate incorporation assay

Table 1
Initial Mutagenicity Assay Results with S9

Date Plated: 2
Date Counted:

11/2010
2/15/2010 to 2/16/2010

Dose Mean Ratio
level revertants treated’ Individual revertant
Strain Compound (pg/plate)  per plate SD  wehicle colony counts
TA98 o 5000 16.5 21 1.1 ISR. 15 R
1600 I7.5 2.1 1.2 16 R, 19 R
500 23.5 9.2 1.6 S30MR.1ITMR
160 20.0 3.7 1.3 Z4MN, 16 M N
50.0 175 2.1 1.2 19 N. 16 N
16.0 16.5 2.1 1.1 18 N. 15N
5.00 4.0 0.0 0.9 14N, 14 N
1.60 22.0 4.2 1.5 25M N, 19N
Dimethyl Sulfoxide 15.0 2.8 I3MN, 17N
b) (4
TA100 o 5000 76.0 19.8 0.9 S90R.6ZMR
1600 S0.0 8.5 1.0 B6R. T4 R
500 770 2.8 1.0 TSN, 79N
160 93.0 18.4 1.2 106 N M., 80N M
50.0 S4.0 4.2 1.0 BTN, 81N
16.0 70.0 4.2 0.9 67TMN, 73N
5.00 S2.0 8.5 1.0 TOE NN, 88N
1.60 94.5 12.0 1.2 86 N M., 103 N M
Dimethyl Sulfoxide 80.5 3.5 B3IMN, 78N
b) (4
TA1535 A 5000 8.5 3.5 0.7 6N. 11N
1600 7.0 2.8 0.6 ON.S5N
500 i1.0 2.8 0.9 I3N.9MN
160 9.5 a.7 0.8 OMMN., 1I0MN
50.0 8.5 0.7 0.7 EMMN. 9N
16.0 10.5 0.7 0.8 11 N. 10N
5.00 I4.5 a.7 1.2 15NN, 14 N
1.60 10.0 2.8 0.8 IZM N, 8N
Dimethyl Sulfoxide I2.5 6.4 ITM N, 8§MN
Key to Plate Postfix Codes
R Reduced background bacterial lawn
M Plate counted manually
N Normal background bacterial lawn

Reference ID: 3433613
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Table 1 (cont.)
Initial Mutagenicity Assay Results with S9

Study No.: 8223757

Trial No.: 8223757-B1 Date Plated: 2/11/2010
Plating Method: Plate incorporation assay Date Counted: 2/15/2010 to 2/16/2010
Dose Mean Ratio
level  revertants treated/ Individual revertant
Strain Compound (ug/plate) perplate  SD  vehicle colony counts
(b) @)
TA1537 5000 7.0 28 1§ S5BRM,9RM
1600 6.0 14 15 5SMR.7TMR
500 4.5 07 11 S5SMN.4MN
160 4.5 21 11 3IMN6MN
50.0 3.0 00 08 3N 3N
16.0 6.0 14 15 S5MNTMN
5.00 6.3 0.7 16 6NTN
1.60 6.5 21 16 5N, 8N
Dimethyl Sulfoxide 4.0 14 JMN,.5MN
(b) (4)
WP2uvrA 5000 14.0 I4 08 13MN.ISN

1600 225 0.7 13 13N.2IN
500 17.5 0.7 10 17N, 18N
160 17.5 07 10 17N, 18N
50.0 145 21 08 16N.13N
16.0 10.5 0.7 06 1IN 10N
5.00 16.5 21 09 I5N. 18N
1.60 13.0 42 07 16N, 10N

Dimethyl Sulfoxide 17.5 64 22N, I3MN
TA98  BP 25 3405 898 227 27TIN.404N
TAI00 2AA 25 10435 1888 13.0 910N.1177N
TAIS3S  2AA 25 1200 113 103 13TN.12IN
TAIS37 24AA 25 975 177 244 110N.85MN
WP2uvrA  2AA 25.0 4440 1032 254 37IN,51TN
Key to Positive Controls Key to Plate Postfix Codes
BP Benzo{a}pyrene R Reduced background bacterial lawn
2AA 2-aminoanthracene M Plate counted manually
N Normal background bacterial lawn
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Table 2
Initial Mutagenicity Assay Results without S9

Study No.: 8223757

Trial No.: 8223757-B1 Date Plated: 2/11/2010
Plating Method: Plate incorporation assay Date Counted: 2/15/2010 to 2/16/2010
Dose Mean Ratio
level revertants treated’ Individual revertant
Strain Compound (pg/plate)  per plate SD  vehicle colony counts
b) (4
TA98 N 5000 2.0 0.0 0.2 MR IMR
1600 3.0 2.8 0.3 SME1IMR
500 8.0 1.4 0.7 TN,9N
160 16.0 8.5 14 10N.22MN
50.0 11.0 1.4 1.0 10N.12MN
16.0 12.0 1.4 1.0 11N.13N
5.00 12.5 4.9 1.1 16 MN.9N
1.60 13.5 0.7 1.2 14N.13N
Dimethyl Sulfoxide 11.5 3.5 14N, 9MN
b) (4]
TA100 Rl 5000 0.5 0.7 00 1MROMR
1600 58.0 5.7 0.8 S54R.62R
500 62.5 6.4 0.9 S8MN.6TN
160 76.0 18.4 1.1 89N.63N
50.0 66.0 18.4 0.9 S3MN.7T9N
16.0 65.5 0.7 0.9 66N.65N
5.00 74.0 2.8 1.0 76N,72N
1.60 78.0 2.8 1.1 80ON.76 N
Dimethyl Sulfoxide 72.0 2.8 74N, 70N
b) (4]
TA1535 el 5000 0.0 0.0 0.0 OMROMR
1600 6.0 3.7 0.6 I10MR.2ZMR
500 11.0 0.0 1.2 11N, 11N
160 14.5 0.7 1.5 15N, 14N
50.0 13.0 2.8 1.4 ISMN.11MN
16.0 14.0 3.7 1.5 18N, 10N
5.00 10.0 0.0 1.1 10N, 10N
1.60 11.0 2.8 1.2 ON. 13 MN
Dimethyl Sulfoxide 9.5 0.7 1I0N.9MN
Key to Plate Postfix Codes
M Plate counted manually
R Reduced background bacterial lawn
N Normal background bacterial lawn
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Table 2 (cont.)

Initial Mutagenicity Assay Results without S9

Study No.: 8223757
Trial No.: 8223757-B1

Plating Method: Plate incorporation assay

Date Plated: 2/11/2010
Date Counted: 2/15/2010 to 2/16/2010

Dose Mean Ratio
level revertants treated’ Individual revertant
Strain Compound (pg/plate) perplate  SD  wvehicle colony counts
b) (4
TA1537 R 000 0.0 0.0 00 ORMORM
1600 3.0 0.0 0.5 3MR3IMR
500 5.0 0.0 0.8 5N.5N
160 2.0 0.0 0.3 2IN.ZN
50.0 3.5 0.7 0.8 O6N.5MN
16.0 2.0 1.4 0.3 3N 1IN
5.00 4.0 1.4 0.6 3IN.SN
1.60 6.5 0.7 1.0 6N.7TN
Dimethyl Sulfoxide 6.5 0.7 O6N.TN
(b) (4)
WP2uvrA 5000 6.5 4.9 0.7 3MR.I0MR
1600 13.5 3.5 1.4 16N.11N
500 11.5 3.5 1.2 9MN. 14N
160 24.0 0.0 2.5 24N.24N
50.0 15.0 2.8 1.6 17N.13N
16.0 7.3 0.7 0.8 TN.8§N
5.00 13.5 3.5 1.4 11N.1I6N
1.60 18.0 0.0 1.9 18N.18N
Dimethyl Sulfoxide 9.5 0.7 9N. 10N
TA9S8 2NF 1.0 301.5 27.6 26,2 321N.,282N
TA100 SA 2.0 975.0 38.0 13.5 934N.1016 N
TA1S35 SA 2.0 8§43.0 4.2 88.7 B8B40N, 846N
TA1537 ICR 2.0 144.0 12,7 22,2 153N.135N
WP2uvrA  4NQO 1.0 252.5 47.4 26.6 2B6N.219N
Key to Positive Controls Key to Plate Postfix Codes
2NF 2-nitrofluorene M Plate counted manually
SA sodium azide R Reduced background bacterial lawn
ICR ICR-191 N Normal background bacterial lawn
ANQO  4-nitroquinoline-N-oxide

Confirmatory Mutagenicity Assay — As in the initial assay, inhibited growth was
observed in all five tester strains at the highest 1 or 2 doses evaluated +/- S9. Of note is
that tester strain TA1537 exhibited no growth at doses =500 pg/plate with S9, proposed
to be technical error. Revertant frequencies for all doses of @@ in all
tester strains +/- S9, were again approximate or less than control values (see tables 3
and 4). Based upon the assumed technical error in the trial with TA1537, @

was re-evaluated in tester strain TA1537 with S9. This time, only slightly
reduced revertant number and reduced background lawn was observed at the highest
dose tested. Regardless, revertant frequencies for all doses of @@ again
approximated control values (see table 5).
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Table 3
Confirmatory Mutagenicity Assay Results with S9

Study No.: 8223757

Trial No.: 8223757-C1 Date Plated: 2/17/2010
Plating Method: Plate incorporation assay Date Counted: 2/19/2010 to 2/22/2010
Dose Mean Ratio
level revertants treated/ Individual revertant
Strain Compound (pg/plate) per plate SD  wvehicle colony counts
TAOS O 5000 15.7 6.5 0.7 16R.9R. 22R
1600 23.0 5.2 1.1 26R.26R.1TR
500 20.7 4.2 1.0 16N, 22N.24N
160 28.7 1.5 1.3 29N, 30N.27TN
50.0 20.3 5.1 1.0 16N, 26N.19N
16.0 20.7 1.5 1.0 22N.21N.19N
Dimethyl Sulfoxide 21.3 4.6 24N, 16N. 24N
TA100 RE 5000 84.0 8.7 0.8 O4R.7T9R.T9R
1600 97.3 4.9 0.9 95N, 103 N. 94N
500 107.7 12.2 1.0 97N, 121N. 105N
160 101.3 2.5 0.9 101 N, 104 N, 99 N
50.0 90.7 10.1 0.8 92N, 80N.100N
16.0 93.7 11.5 0.8 94N, 105N.82N
Dimethyl Sulfoxide 110.7 0.6 ITO0N, 111 N. 111 N
b) (4
TA1535 2 5000 11.7 1.2 1.0 13R.11IR. 1R
1600 11.3 1.5 1.0 IITMR.I0OR. I3 R
500 14.3 4.2 1.2 13N, 11N.19N
160 9.7 4.5 0.8 14N, 5N. 10N
50.0 13.3 6.4 1.1 17N, ITN.6 N
16.0 10.7 4.2 0.9 12N.14N.6MN
Dimethyl Sulfoxide 11.7 6.0 IIN.ISN.6N
Key to Plate Postfix Codes
R Reduced background bacterial lawn
N Normal background bacterial lawn
M Plate counted manually
A Absence of background bacterial
lawn
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Table 3 (cont.)
Confirmatory Mutagenicity Assay Results with S9

Study No.: 8223757

Trial No.: 8223757-C1 Date Plated: 2/17/2010
Plating Method: Plate incorporation assay Date Counted: 2/19/2010 to 2/22/2010
Dose Mean Ratio
level revertants treated/ Individual revertant
Strain Compound (pg/plate)  per plate SD  vehicle colony counts
b) (4
TA1537 o 5000 0.0 0.0 0.0 O0A.0A0A
1600 0.0 0.0 0.0 O0A 0A0A
500 0.0 0.0 0.0 O0A 0A0A
160 8.7 1.5 0.9 TN.ON.I0ON
50.0 12.0 2.0 1.2 ION. 12 N. 14N
16.0 15.0 2.0 1.3 I3N.IIN.I5N
Dimethyl Sulfoxide 10.0 2.6 TN.IIN.IZN
b) (4
WP2uvrA ek 5000 11.7 3.5 0.8 ISR.§R. 12 R
1600 13.0 2.0 0.8 I1R. 1I3R.I5R
500 16.7 2.1 1.1 16N, 19N. 15N
160 18.0 8.5 1.2 10N, 17N, 2TN
50.0 18.3 3.2 1.2 I6 N, 17N, 22 N
16.0 14.3 1.2 0.9 ISN.13N. 15N
Dimethyl Sulfoxide 15.3 2.1 13N, 16 N. 17N
TA98 BP 2.5 322.3 48.1 I15.1 376N.308N.283N
TA100 2AA 2.5 1427.7 73.2 12,9 1344 N. 1480 N. 1459 N
TA1535 2AA 2.5 197.0 115 16.9 206N.201N. 184N
TA1537 2ZAA 2.5 152.3 29.7 15.2 118N, 1TON. 169 N
WPuvrA 2ZAA 25.0 379.7 28.7  24.8§ 35TN.412N.370N
Key to Positive Controls Key to Plate Postfix Codes
BP Benzo{a}pyrene R Reduced background bacterial lawn
2AA 2-aminoanthracene N Normal background bacterial lawn
M Plate counted manually
A Absence of background bacterial
lawn
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Table 4

Confirmatory Mutagenicity Assay Results without S9

Study No.: 8223757
Trial No.: 8223757-C1
Plating Method: Plate incorporation assay

Date Plated: 2/17/2010
Date Counted: 2/19/2010 to 2/22/2010

Reference ID: 3433613

Dose Mean Ratio
level revertants treated/ Individual revertant
Strain Compound (ng'plate) perplate  SD  wvehicle colony counts
)
TA98 @ 5000 2.0 1.0 0.1 ZME3MER1IMR
1600 6.3 1.5 04 G6MRSMRSMR
500 18.3 9.1 1.0 10N.28N.17N
160 20.0 7.5 1.1 12N, 21N, 27N
50.0 17.3 3.1 1.0 20N.14N.18N
16.0 12.3 4.7 0.7 16N.14N.TMN
Dimethyl Sulfoxide 17.7 6.5 24N. 11N, 18N
b) (4
TA100 R 5000 11.3 7.6 0.1 ISMR ISMR 3MR
1600 76.7 3.2 0.9 TER.7T9R.7T3R
500 77.0 6.2 0.9 TON.82IN.TON
160 88.0 3.6 1.0 85N.8TN.92N
50.0 72.7 98 0.8 6TN.84AN.6TN
16.0 86.3 15.3 1.0 TTN.T8N. 104N
Dimethyl Sulfoxide 87.0 16.4 10IN.91 N, 69N
b) (4
TA1535 B 5000 3.3 3.4 0.2 OME4MEROMERE
1600 10.7 2.1 0.6 13R.I0R.9MR
500 13.0 4.6 0.7 SMN.1ITN. 14N
160 13.0 3.6 0.7 17N 12N, 10N
50.0 8.3 4.5 0.4 A4MNSMN.1I3MN
16.0 19.0 1.7 1.0 17TN.20N,20N
Dimethyl Sulfoxide 18.7 3.8 17N.23N. 16N
b) (4
TA1537 A 5000 3.0 1.7 0.3 IMR4AMER 4MR
1600 4.0 0.0 0.4 4ME.4MER 4MR
500 8.7 0.6 0.9 OMNSMN.ON
160 9.0 3.0 0.9 12ZN.9N.6N
50.0 7.3 4.5 0.8 12N.TN.3N
16.0 3.3 0.6 0.6 SN.6MN.5SMN
Dimethyl Sulfoxide 9.7 4.5 5N, 14N, 10N
Key to Plate Postfix Codes
M Plate counted manually
R Reduced background bacterial lawn
N Normal background bacterial lawn

Page 155 of 242



Table 4 (cont.)

Confirmatory Mutagenicity Assay Results without S9

Study No.: 8223757
Trial No.: 8223757-C1
Plating Method: Plate incorporation assay

Date Plated: 2/17/2010
Date Counted: 2/19/2010 to 2/22/2010

Dose Mean Ratio
level revertants treated’ Individual revertant
Strain Compound (pg/plate)  per plate SD  wehicle colony counts
b) (4
WP2uvrA B 5000 10.0 1.7 0.7 SMR.1I1IMR. 11 R
1600 9.7 4.0 0.7 9R.6MR.14R
500 12.7 3.2 0.9 I5SN.O9N. 14N
160 19.0 4.4 1.3 17N 16 N. 24 N
50.0 12.7 3.1 0.9 12N 16N.10N
16.0 15.3 1.5 1.1 17N, 14N, 15N
Dimethyl Sulfoxide 4.3 29 I6N, 11 N. 16 N
TA98 2NF 1.0 195.7 47.6 11,1 150N, 192N, 245N
TA100 SA 2.0 1093.0 135.7 126 969 N, 1238 N. 1072 N
TA1535 SA 2.0 607.3 5183 325 B817TN,988N.17N
TA1537 ICR 2.0 167.3 19.7 173 145N, 182N, 175N
WPuvrA 4NQO 1.0 143.0 7.0 10.0 140N, 151N, 138N
Key to Positive Controls Key to Plate Postfix Codes
2NF 2-nitrofluorene M Plate counted manually
SA sodium azide R Reduced background bacterial lawn
ICR ICR-191 N Normal background bacterial lawn
ANQO  4-nitroquinoline-N-oxide
Table 5

Re-test with S9

Study No.: 8223757
Trial No.: 8223757-D1
Plating Method: Plate incorporation assay

Date Plated: 2/25/2010

Dose Mean Ratio
level  revertants treated/ Individual revertant
Strain Compound (ng/plate) perplate  SD  vehicle colony counts
@
TA1537 5.3 2.3 09 SMR.4MR.4MR
1600 5.3 4.2 a.9 IOMN.AMN,2MN
500 4.3 1.5 0.7 4MN.3IMN.6MN
160 6.0 1.0 1.0 O6MN.TMN.SMN
50.0 9.0 4.0 1.5 OMN.I3MN,.SMN
16.0 6.3 4.5 1.1 ITMN.2MN. 6 MN
Dimethyl Sulfoxide 6.0 1.7 SMN.SMN.SMN
TAI1537 2AA 2.5 §1.3 189 136 103MN.7T3MN.68§MN
2AA 2-aminoanthracene M Plate counted manually
R Reduced background bacterial lawn
N Normal background bacterial lawn
(b) (4

CONCLUSION —

was negative in the Bacterial Reverse Mutation

Assay with a Confirmatory Assay under the conditions, and according to the criteria, of

the test protocol in a valid assay.

Study title: Bacterial I(?b)(?\)/erse Mutation Assay wi
- with !
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Study no.: 03-10-803-X-VO-HCA,; 8223262
Study report location: eCTD in DARRTS

Conducting laboratory and location: ey

Date of study initiation: February 8, 2010

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: @@ ot 6540-9, 99.98%

pure (white powder)
Dimethylsulfoxide (DMSO), lot 07796KK,
99.97% pure

Key Study Findings

. @@ \as tested for mutagenicity at 1.60, 5.00, 16.0, 50.0, 160, 500,
1600, & 5000 ug/plate (initial assay) and 50.0, 160, 500, 1600, & 5000 ug/plate
(confirmatory assay) in the presence and absence of S9 mix in tester strains of
Salmonella typhimurium (TA98, TA100, TA1535, and TA1537) and in Escherichia
coli WP2uvrA.

e The results of the Salmonella-Escherichia coli/Mammalian-Microsome Reverse
Mutation Assay with a Confirmatory Assay indicate that under the conditions of this
study, the test article ®® "did not cause a positive increase in the
mean number of revertants per plate with any of the tester strains either in the
presence or absence of microsomal enzymes prepared from Aroclor™-induced rat
liver (S9) in a valid assay.

Methods

Strains: tester strains used were the Salmonella
typhimurium histidine auxotrophs TA98,
TA100, TA1535, and TA1537 and the
Escherichia coli tryptophan auxotroph
WP2uvrA

Concentrations in definitive study: 1.60, 5.00, 16.0, 50.0, 160, 500, 1600, &
5000 pg/plate (initial assay) and 50.0,
160, 500, 1600, & 5000 ug/plate
(confirmatory assay) in the presence and
absence of S9 mix

Basis of concentration selection: Log doses with testing at maximum limit dose
of 5000 pg/plate for initial assay then 50.0,
160, 500, 1600, and 5000 ug/plate
(confirmatory assay) based on initial assay
results

Negative control: Dimethylsulfoxide (DMSO)
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Positive control: Pasitive Cantral Articles

Tester Strain(s) 89 DotveControl — Dose (poplate)  CASNo. LatNo.
TA% - Llmiofluoree 10 60758 0I508BE
TAL00, TALSS - sodumzide 00 66828 017KOLH
TAIS37 - ICR-191 20 1070450 118K1026
WPhiwd - ApioqunolmeN-owde 10 36315 LTKI4E
TA%% + benzofapyrene 13 50328 0BTKOT33
TAION TALS, TAIST +  )-aminoanthracene 23 613134 1B3IICE
WPhirA + Daminoanthracene 40 613138 IBICE

Formulation/Vehicle: DMSO

Incubation & sampling time: 52 +4 hours at 37 +2°C

(plates not immediately evaluated were
stored at 0 to 10 °C)

Study Validity

Study was considered valid as tester strain integrity (rfa Wall Mutation was present for
Salmonella typhimurium, pKM101 plasmid presence for TA98 & TA100, characteristic
number of spontaneous revertants), tester strain culture density, positive control values
in absence of S9 (mutagen identification) and presence of S9 (S9 mix integrity), and a
minimum of three non-toxic doses for evaluation occurred.

Results

Dose Range-finding Assay — None conducted.

Initial Mutagenicity Assay - Normal growth was observed in all five tester strains, and
the test article was found to be freely soluble in the aqueous top agar, at all doses
evaluated with and without S9. Revertant frequencies for all doses of o

@@ in all tester strains with and without S9, approximated or were less than those
observed in the concurrent vehicle control cultures. (see table 1 for +S9 and table 2 for -
S9 numerical results).
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Study No.: 8223262
Trial No.: 8223262-B1
Plating Method: Plate incorporation assay

Table 1
Initial Mutagenicity Assay Results with S9

Date Plated: 2/11/2010
Date Counted: 2/15/2010 to 2/16/2010

Reference ID: 3433613

Dose Mean Ratio
level revertants treated/ Individual revertant
Straimn Compound (pg/plate) per plate sD vehicle colony counts
TA9S ®@ 5000 15.0 4.2 1.0 12N.18N
1600 16.0 4.2 1.0 I9N.13MN
500 16.5 2.1 1.1 1I5MN, 18N
160 15.5 3.5 1.0 I8N. 13N
50.0 15.5 4.9 1.0 I9N.12MN
16.0 17.0 2.8 1.1 I9N. 15N
500 21.0 0.0 1.4 2IN_21MN
1.60 22.0 1.4 1.4 2ZIMN.23MN
Dimethyl Sulfoxide 15.5 3.5 18N. 13N
TA100 (b) (4 5000 93.5 10.6 0.9 101 N. 86N
1600 82.0 7.1 0.8 8TN.TTN
500 08.0 0.9 1.0 91 N. 105N
160 90.5 12.0 0.9 82N.99N
50.0 100.5 2.7 1.0 102N.99 M N
16.0 04.0 0.9 0.9 BTN, 101N
5.00 06.5 10.6 0.9 104 N 89N
1.60 20.0 21.2 0.9 T5MMN. 105N
Dimethyl Sulfoxide 102.5 7.8 9TN. 108N
TA1535 ®@  sooo 12.5 2.1 Il 14N 11N
1600 10.0 4.2 0.9 TN. 13N
500 8.5 12.0 a7 OMRa. 17N
160 6.0 1.4 a5 SMN.TN
50.0 16.0 1.4 1.4 I5N. 17N
16.0 14.5 3.5 1.3 ITN. 12N
5.00 16.0 1.4 1.4 ITN. 15N
1.60 14.0 2.8 1.2 IZN. 16 M N
Dimethy] Sulfoxide 11.5 21 10N, 13N
TA1537 ®@  sppo 5.0 1.4 0.8 6N 4N
1600 5.0 1.4 a8 4MN. 6N
500 3.5 0.7 0.0 AN 3N
160 7.5 a.7 1.3 B8N.TN
50.0 2.5 2.7 0.4 IN.4MN
16.0 4.0 0.0 a7 AMN. 4N
5.00 8.0 1.4 1.3 TN.9N
1.60 3.5 2.1 0.9 TN.4MN
Dimethyl Sulfoxide 6.0 2.8 4N. 8N
Key to Plate Postfix Codes
M Plate counted manually
N Normal background bacterial lawn
R Reduced background bacterial lawn

a = The lone plate with reduced background is considered to be a spurious result, likely due to technical error.
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Table 1 (cont.)
Initial Mutagenicity Assay Results with S9

Study No.: 8223262

Trial No.: 8223262-Bl Date Plated: 2/11/2010
Plating Method: Plate incorporation assay Date Counted: 2/15/2010 to
2/16/2010
Dose Mean Ratio
level  revertants treated’ Individual revertant
Strain Compound (ug/plate) perplate  SD vehicle colony counts
WP2uvrA ®® 5000 115 21 10 10N, 13N
1600 120 28 1.0 10MN, 14N
500 133 21 Il 15N 12MN
160 155 35 I3 18N, 13N

500 135 4.0 L1 10MN.I7N
16.0 13.0 0.0 L1 13MN.I3N
5.00 14.0 4.2 1.2 1IMN.ITN
1.60 15.0 8.5 L3 9N.2IN

Dimethyl Sulfoxide 120 42 IN.I5N
TA9S BP 25 3420 3.1 221 320N.364N
TA100 2AA 25 6160 7227 6.0 1127N.105MNb
TA1535 2AA 25 260.5 247 227 243MN,278MN
TA1537 254 25 1115 233 186 128N, 95N
WP2uvrA 2AA 25.0 380.5 474 317 347N 414N
Key to Positive Controls Key to Plate Postfix Codes
BP Benzo{a}pyrene N Normal background bacterial lawn
2AA 2-ammoanthracene M Plate counted manually
R Reduced background bacterial lawn

b = One replicate positive control value (TA100, 2AA) 1s considered to be a spurious result, likely due to

tarhniral arrar
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Table 2
Initial Mutagenicity Assay Results without S9

Study No.: 8223262

Trial No.: 8223262-B1 Date Plated: 2/11/2010
Plating Method: Plate incorporation assay Date Counted: 2/15/2010 to 2/16/2010
Dose Mean Ratio
level revertants treated/ Individual revertant
Strain Compound (ng/plate)  per plate sD vehicle colony counts
TA9S O 5000 14.5 6.4 12 19N.10N
1600 10.5 0.7 0.9 ION. 11N
500 13.0 8.5 1.1 TN.19N
160 10.0 2.8 1.3 I8N. 14N
50.0 13.5 4.0 1.1 ION. 17N
16.0 0.0 1.4 0.8 8MN., ION
500 14.5 4.9 1.2 1I8N_ 11N
1.60 12.5 0.7 1.0 12N, 13 N
Dimethyl Sulfoxide 12.0 4.2 ISMN.9N
TA100 ®®@ 5000 77.5 2.1 11 7T9MN.76MN
1600 03.0 5.7 0.9 GTMN. 59MN
300 67.5 0.2 1.0 TAMMN. 61 MN
160 71.5 0.7 1.1 T2MMN. 71N
30.0 875 0.4 1.3 9O2MN.B3MN
16.0 78.5 4.9 1.2 B2MMN, 75N
5.00 75.0 10.8 1.1 61 MN, BOMN
1.60 675 2.1 1.0 GOMMN. 69 MN
Dimethyl Sulfoxide 08.0 1.4 69N 67T MN
TA1535 ® @ 5000 13.5 0.7 1.5 13N 14N
1600 12.5 3.5 1.4 10N, 15N
500 13.0 8.5 1.4 TN.19N
160 7.5 0.7 1.9 IEN.1TN
50.0 10.5 2.1 1.2 IZN.9MN
16.0 11.5 2.4 1.3 I3N.I0OMN
3.00 12.5 0.7 1.4 IZN. 13N
1.60 0.5 0.7 1.1 ION.9N
Dimethyl Sulfoxide 2.0 2.8 IIN. TN
TA1537 ® @ 5000 4.0 0.0 11  4MN. 4N
1600 5.0 2.8 1.4 TN.3MN
500 5.5 2.1 1.6 4MN. TN
160 3.5 0.7 1.0 3AN.4MN
50.0 5.0 1.4 1.4 4MN, 6N
16.0 4.5 0.7 1.3 4MN,.5MN
500 4.0 1.4 1.1 SMN.3MN
1.60 3.0 0.0 0.9 3MN,.3N
Dimethyl Sulfoxide 3.5 3.5 G6MN, 1IMN
Kevy to Plate Postfix Codes
M Plate counted manually
N Normal background bacterial lawn
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Table 2 (cont.)
Initial Mutagenicity Assay Results without S9

Study No.: 8223262

Trial No.: 8223262-B1 Date Plated: 2/11/2010
Plating Method: Plate incorporation assay Date Counted: 2/15/2010 to
2/16/2010
Dose Mean Ratio
lewvel revertants treated/ Individual revertant
Strain Compound (ng/plate)  per plate SD  wvehicle colony counts
WP2uvrA B 5000 11.5 2.1 1.0 10N, 13 N
1600 9.5 a7 0.8 10N, 9N
500 13.5 3.5 1.1 ITMN. 16N
160 18.5 4.9 1.5 15N, 22N
50.0 20.0 4.2 1.7 17N, 23 MN
16.0 10.5 o7 0.9 11N, 10N
5.00 16.0 1.4 1.3 17N, 15N
1.60 10.0 1.4 0.8 9N, 11N
Dimethyl Sulfoxide 12.0 1.4 13N 1IN
TA9S 2NF 1.0 215.5 29.0 18.0 236N, 195N
TA100 SA 2.0 o16.5 1492 13.5 1022 N, 811 N
TA1535 SA 2.0 813.0 7.1 90.3 BOBN.B18N
TA1537 ICR 2.0 194.0 i18.4 554 181 N,207N
WPZuvrA 4NQO 1.0 176.5 37.5 14.7 203N, 150N
Key to Positive Controls Key to Plate Postfix Codes
2NF 2-mitrofluorene M Plate counted manually
SA sodium azide N MNormal background bacterial lawn

ICR ICR-191
ANQO 4-nitroquinoline-N-oxide

Confirmatory Mutagenicity Assay - Normal growth again was observed in all five tester
strains, and the test article again was found to be freely soluble, at all doses evaluated
with and without S9. Revertant frequencies for all doses of @@ 'in all
tester strains with and without S9, again approximated or were less than control values.
All positive and vehicle control values were within acceptable ranges, and all criteria for
a valid study were met. (see table 3 +S9 and table 4 -S9 for numerical results).
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Study No.: 8223262
Trial No.: 8223262-C1

Plating Method: Plate incorporation assay

Table 3
Confirmatory Mutagenicity Assay Results with S9

Date Plated: 2/17/2010
Date Counted: 2/25/2010

Dose Mean Ratio
level revertants treated/ Individual revertant
Strain Compound (Lg/plate) per plate SD vehicle colony counts
TA9S ®® 5000 20.0 6.0 1] 26N.20N. 14N
1600 27.3 11.0 1.5 36N, 15N, 31N
500 26.0 4.4 1.5 24N, 31 MN.23 N
160 21.7 4.0 1.2 21N 18N, 26 N
50.0 107 3.1 1.1 23N, 19N, 17N
Dimethyl Sulfoxide 17.7 0.6 17N, 18N, 18N
TA100 ®@  so00 134.7 11.1 1.2 123N, 136N, 145N
1600 120.3 7.2 1.1 125N 124N, 112 N
500 127.0 8.7 1.1 131 N.133 N 11TMN
160 120.7 13.5 1.1 134N 107N, 121 N
50.0 120.0 16.1 1.1 115N, 138N, 107N
Dimethyl Sulfoxide I111.0 2.0 109 MN. 111 N. 113N
TA1535 ®®@  so00 0.3 3.1 0.0 6N.10N.12N
1600 13.7 3.1 1.4 1ITMN, 11N, 13N
500 11.0 1.7 1.1 10N, 13N, 10N
160 Q7 4.6 1.0 ISN.TN. TN
50.0 12.0 4.4 1.2 TN.I4N. 15N
Dimethyl Sulfoxide 10.0 3.2 TMMN, I6MN. TN
TA1S537 ®® 5000 6.3 15 0.7 SMN SMN.6N
1600 8.0 2.0 0.9 6MN. SN 10N
500 8.7 2.1 1.0 IIN.8MN.7TN
160 11.0 4.4 1.2 14N.13N. 6N
50.0 9o.7 2.9 1.1 EN.1I3N. 8N
Dimethyl Sulfoxide o0 1.7 IOMN, 10N, TMN
WP2nvrA ®®@ 5000 15.0 2.6 10 12MN 1I6MN. 17MN
1600 16.7 1.5 1.1 1ITN.I8MN. 15N
500 17.3 3.5 1.1 14N 1ITN, 21 MN
160 13.0 1.0 0.8 13N, 14N, 12MN
50.0 14.0 1.7 0.9 12N, 15N, 15N
Dimethyl Sulfoxide 15.3 3.8 ISMN, IIMN.1ITMN
TA98 BP 2.5 425.3 15.2 24.1 409 N, 428 N_ 439 N
TAL100 2AA 2.5 20061.0 114.2 18.0 2167 N, 2076 N. 1940 N
TAIL1S535 2AA 2.5 217.0 9.2 21.7 225N 207N, 219N
TAL1537 2AA 2.5 166.0 190.3 18.4 149 N. 18T N, 162 N
WP2nvrA 2AA 250 380.7 28.9 25.4 412N, 400N, 35TN
Key to Positive Controls Key to Plate Postfix Codes
BP Benzo{a}pyrene N Normal background bacterial lawn
2AA 2-aminoanthracene M Plate counted manually

Reference ID: 3433613
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Table 4
Confirmatory Mutagenicity Assay Results without S9

Study No.: 8223262

Trial No.: 8223262-C1 Date Plated: 2/17/2010
Plating Method: Plate incorporation assay Date Counted: 2/25/2010
Dose Mean Ratio
level revertants treated/ Individual revertant
Strain Compound (ngiplate) per plate 5D wvehicle colony counts
TA9S (b) (4 5000 10.3 2.9 1.5 2IN.2IN. 16 MN
1600 11.3 1.5 a.9 I3N. 10N 11NN
500 14.0 3.0 1.1 ION. 15N 1TN
160 16.3 2.1 1.3 I8N 14N 1TN
50.0 13.3 2.9 1.0 ISN.1I0MN, 15N
Dimethyl Sulfoxide 13.0 4.4 ISN.ION. 1IN
TAL100 (b) (4) 5000 94.3 3.8 1.2 O2N.98N. 99N
1600 86.0 3.0 1.1 BON_B83IN.8B6N
500 88.0 Ia.8 1.1 107N 75 M N. 82N
160 88.3 I10.5 1.1 GON.BEMN, 7TEMN
50.0 88.7 14.2 1.1 S6MN, 104N, 7T6 M N
Dimethyl Sulfoxide &81.0 1.7 B82MN.82N. 79N
TA1535 ®®@  soo0 15.7 5.0 15 1IN ISMN. 21N
1600 13.7 5.5 1.3 ION_20MN. 11N
500 13.0 5.0 1.3 ISMN, I2ZMN. 8N
160 12,7 2.1 1.2 I2N. 15N 1IN
50.0 12.3 1.5 1.2 4N 1IN 12N
Dimethyl Sulfoxide 10.3 4.7 SMMN IZMN. 14 MN
TA1537 (b) (4) 5000 6.7 2.5 1.2 AMN. TN O9MN
1600 7.3 3.9 1.3 AN I0N. 8N
500 4.0 2.6 a.7 JMN,7TN.2N
160 7.0 3.6 1.2 ION.EN.3MN
50.0 7.7 3.1 1.4 SNOIIN. TN
Dimethyl Sulfoxide 3.7 1.2 SN.TN.SN
WP2mvrA ®@ 5000 14.7 L5 70 13MN. 16 MN.15MN
1600 13.7 2.5 1.0 IIN.14N. 16 M N
500 12.7 2.5 a.9 I3MN,. 15N, 10N
160 17.0 2.6 1.2 I8N 19N 14N
50.0 11.7 1.5 a.9 I2N. 10N 13N
Dimethy] Sulfoxide 13.7 2.5 I4MN. I6 MN.11MN
TAO98 2NF 1.0 241.0 20.5 18.5 21T N. 274N, 232N
TA100 SA 2.0 1145.3 57.7 4.1 1127 N, 1099 N, 1210 N
TA1535 SA 20 757.7 22.1 73.3 T3TN. 755 N. 781 N
TA1537 ICR 20 180.0 11.1 31.8 190 N, 182 N. 168 N
WP2nvrA 4NQO 1.0 400.0 21.8 35.9 505 N, 500 N. 465 N
Key to Positive Controls Kevy to Plate Postfix Codes
2NF 2-nitrofluorene N Normal background bacterial lawn
SA sodium azide M Plate counted manually
ICR ICR-191

ANQO A-nitroquinoline-N-oxide

CONCLUSION - ®® \was negative in the Bacterial Reverse Mutation
Assay with a Confirmatory Assay under the conditions, and according to the criteria, of
the test protocol in a valid assay.

7.2 In Vitro Assays in Mammalian Cells

Study title: Chromosomal Aberrations in Cultured Human Peripheral Blood
Lymphocytes
- with Bupivacaine Free Base

Page 164 of 242
Reference ID: 3433613



Study no.: 7116-117
Study report location: eCTD in DARRTS

Conducting laboratory and location: ®) @

Date of study initiation: April 3, 2006

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: Bupivacaine free base — lot FO083, 98%

Dimethylsulfoxide (DMSO) - Lots
A0204801001 and A0225973,

Key Study Findings

e Bupivacaine free base was tested for the potential to cause chromosomal
aberrations in cultured human in peripheral blood lymphocytes in an in vitro assay.
In the definitive study, doses were 29.8, 59.5, 119, 178, 237, 356, 475, 633, 844,
1130, and 1500 pg/mL without metabolic activation (3 hour exposure) and 119, 237,
475, 633, 844, 1130, and 1500 pg/mL with metabolic activation (22 hour exposure).

e Bupivacaine free base did not induce chromosomal aberrations in cultured human
peripheral blood lymphocytes with or without metabolic activation in a valid assay.

Methods

Cell line: Human peripheral blood lymphocyctes

Concentrations in definitive study:  29.8, 59.5, 119, 178, 237, 356, 475,

633, 844, 1130, and 1500 ug/mL without
metabolic activation (-S9) and 119, 237,
475, 633, 844, 1130, and 1500 pg/mL with
metabolic activation (+S9).

Basis of concentration selection: Highest dose of 1500 pg/mL based on
solubility limitations and 48% reduction in
mitotic index at 1050 pg/mL (-S9) and 45%
reduction in mitotic index at 1500 pg/mL
(+S9) from the initial assay. See tables 1, 3,
5, & 7 in results section.

Negative control: In the assays conducted without metabolic
activation, negative controls were cultures,
which contained only cells and culture
medium. Vehicle controls were cultures
containing DMSO at 10.0 yL/mL. In the
assays conducted with metabolic activation,
the negative and vehicle controls were the
same, but with the S9 activation mix
included.

Positive control: The positive control agents used in the
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assays were mitomycin C (MMC) for the
assays without metabolic activation and
cyclophosphamide (CP) in the assays with
metabolic activation. In the chromosomal
aberrations assays, concentrations of MMC
(0.750, 1.00, and 1.50 pg/mL, 3-hour
treatment; 0.200, 0.300, and 0.400 pg/mL,
~22-hour treatment) and CP (20.0, 25.0,
and 40.0 pg/mL) were used to induce
chromosomal aberrations.

Formulation/Vehicle: DMSO for bupivacaine and sterile,
deionized water for the positive controls.
Incubation & sampling time: Initial assay - 2 days after culture initiation,

cells were incubated at 37 = 2°C with the
test article, vehicle, or positive controls for 3
hours (xS9). Cultures were then washed
and incubated for the rest of the culture
period with 0.1 yg/mL Colcemid added for
the last 2 + 0.5 hours of incubation before
harvesting.

Summary of Chromosomal Aberrations Assav Treatment Schedule in Hours
Activation  TestAricle  Trestment  Coloemud”  Harvest
Condthos ~~ Added  Complefed ~ Added  Stared

-89 0 3 ~]0 ~1
59 0 3 ~)0 ~])

Confirmatory assay — Cultures were
handled as in the initial assay for cultures
+S9. For -S9 cultures, cells were incubated
at 37 = 2°C with the test article, vehicle, or
positive controls for ~22 hours then washed,
with 0.1 pg/mL Colcemid added for the last
2 + 0.5 hours of incubation before
harvesting.

Summary of Confirmatory Chromosomal Aberrations Assay Treatment Schedule in
Hours

Activation  TestArticle  Treatment Coleemid”  Harvest

Conditions Added  Complefed  Added Started
59 0 ~12 ~20 ~12
+89 0 3 ~20 ~])
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Study Validity Valid — assay acceptable for evaluation of test results
according to observed acceptable assay guidelines regarding controls, high
concentrations, and number of concentrations.

Results

Initial chromosomal aberration assay - In the assay without metabolic activation, a
precipitate was observed after dosing at 2735 ug/mL, and at wash at 21050 ug/mL.
Hemolysis was observed at wash and at harvest at 1500 pg/mL. Mitotic index data are
provided in Table 1. Chromosomal aberrations were analyzed from the cultures treated
with 360, 515, 735, and 1050 ug/mL (Table 2). The high dose selected for analysis,
1050 pg/mL, had a precipitate at the end of the treatment period and a 48% reduction in
mitotic index as compared with the vehicle control cultures. No significant increase in
chromosomal aberrations, polyploidy, or endoreduplication was observed at the
concentrations analyzed.

In the assay with metabolic activation, a precipitate was observed after dosing at

=735 ug/mL, and at wash at 21050 ug/mL. Mitotic index data are provided in Table 3.
Chromosomal aberrations were analyzed from the cultures treated with 515, 735, 1050,
and 1500 pg/mL (Table 4). The high dose selected for analysis, 1500 ug/mL, had a
precipitate at the end of the treatment period and a 45% reduction in mitotic index as
compared with the vehicle control cultures. No significant increase in chromosomal
aberrations, polyploidy, or endoreduplication was observed at the concentrations

analyzed.
Table 1: Assessment of Toxicity for Chromosomal Aberrations Assay -
Without Metabolic Activation - 3-Hour Treatment, -22-Hour Harvest
Assay No.: 28280-0-4490ECD Trial No.: Bl Date: 04/12/06 Lab No.: CY041306

Test Article: Bupivacaine free base

% Mitotic e Mitotic Average %a Mitotic
Index Index %o Mitotic Index

Treatment A Culture B Culture Index Reduction
Negative Control FPMI 1640 2.9 109 10.4 -
Wehicle Control DMSO 10.0 pL'mD 111 10.5 10.8 a
Test Article 360 ngml 112 o4 103 5
515 ng'mlL 84 9.4 8.9 18
733 ug/ml* 58 24 7.1 34
1050 pg/ml* 59 5.2 5.6 48
1500 pg/ml ™= 1.2 1.2 1.2 39

* Precipitate observed at dose.

® Precipitate observed at dose and wash.

¢ Hemeolysis observed at wash and harvest.

BEPMI 1640 = culture medimm DMSO = dimethylsulfoxide
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Table 2: Chromosomal Aberrations in Human Lymphocytes -
Without Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Assay No.: 28280-0-4490ECD Trial No.: Bl  Date: 04/12/06  LabNo.: CY041306  Test Article: Bupivacaine free base

# Cells MNumbers and Percentages of Cells
# Cells % Mitotic  Scored Tudge- Showmg Structural Chromosome Aberrations Judgze-
Scored for Index for #ofpp Fofe ment i ‘ ment
Aberations Reduction® ppander  Cells  Cells (=) [
Contrels
Megatrve: RPMI 1640 A 100 100 0 0
B 100 100 0 0
Total 200 200
Average o - 0.0 0.0
Vehicle:  DMSO 10.0 pL'mL A 100 100 0 0
B 100 100 0 0
Total 200 00
Average %o ] 0.0 0.0
Positive:  MMC 1.00 pg/mL A 50 100 0 0
B 50 100 0 0
Total 100 200 2
Average Yo - 0.0 0.0 - 9.0 33.0 1.0 i 4.0 47.0 +
Test Article 360 pz'mL A 100 100 0 0 1 i} 1
B 100 100 0 0 1 i} 1
Total 200 200 2 1] 2
Average o ] 0.0 0.0 - 1.0 0.0 1.0
515 pgml A 100 100 0 0 1 1] 1
B 100 100 0 0 o 0
Total 200 200 1 i} 1
Average %o 18 X1} 0.0 - 0.5 0.0 0.5
735 pg'mL A 100 100 0 0 2 1 1 2 4
B 100 100 0 0 2 i} 2
Total 200 o0 4 1 1 2 6
Average %o 34 0.0 0.0 - 0 (L] 0.5 L 30
1050 pgml A 100 100 0 0 1 1 1 1
B 100 100 0 0 1 2 2 3
Total 200 200 2 3 3 4
Average % 48 0.0 0.0 - 1.0 15 15 0
chte: chromatid exchange chre: chromosome exchange mab: nultiple aberrations, greater than 4 aberrations pp: polyplowdy er: endoreduplication

* % Mitotic index reduction as compared to the vehicle control.

® Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.

f-g= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.

3Sigmificantly greater in -g than the vehicle control p<0.01.  RPMI 1640 = culture medium ~ DMSO = dimethylsulfoxide ~ MMC = Mitomyein C

Table 3: Assessment of Toxicity for Chromosomal Aberrations Assay -
With Metabolic Activation - 3-Hour Treatment, -22-Hour Harvest

Assay No.: 28280-0-4490ECD  Tmal No.: Bl Date: 04/12/06 ~ Lab No.: CY041306
Test Article: Bupivacaine free base

% Mitotic % Mitotic  Average % Mitotic
Index Index % Mitotic  Index

Treatment A Culture B Culture Index Reduction
Negative Control ~ RPMI 1640 128 119 124 -
Vehicle Control DMSO 10.0 pL/mL 93 10.1 98 0
Test Article 515 pg/mlL 111 12.0 114 0

735 pg/ml® 92 24 88 10
1030 !.Lg-'mL" 04 6.9 82 16
1500 pg-'ml" 45 6.2 54 45

* Precipitate observed at dose.
® Precipitate observed at dose and wash.
RPMI 1640 = culture medmm DMS0 = dimethylsulfoxide
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Table 4: Chromosomal Aberrations in Human Lymphocytes -
With Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Assay No.: 28280-0-4490ECD  Tral No.: Bl Date: 04/12/06 ~ Lab No.: CY041306  Test Article: Bupivacaine free base

# Cells Mumbers and Percentages of Cells

# Cells % Mitotic  Scored Tudge- Showmg Structural Chromosome Aberrations Judgze-
Scored for Indax for #of pp #ofer ment simple Totals” ment
Abenations Reducton' ppander  Cells Cells (=" Zaps breaks chte chra mab -E +g (==
Controls
Megatrve: EPMI 1640 A 100 100 1] 0 2 0 2
B 100 100 [i] 4] 1 0 1
Total 200 200 3 0 3
Average %o - 0.0 LK} 1.5 0.0 1.5
Vehicle: DMS0O 10.0 pL'mL A 100 100 [i] 0 2 0 2
B 100 100 1] 1] 1 0 1
Total 200 200 3 0 3
Average %o o 0.0 LK} 1.5 0.0 1.5
Positive: CP 25.0 pg/mL A 50 100 [i] 4] 4 18 5 20 23
B 50 100 1] 1] 5 19 ] 21 23
Total 100 00 9 37 10 41 46
Average o - 0.0 0.0 - 2.0 370 10.0 410 46.0 +
Test Article 515 pg/ml A 100 100 [i] 4] 1 1 1
B 100 100 1] 1] 2 1 1 3
Total 200 00 2 2 2 4
Average %o o 0.0 LK} - 1.0 1.0 L0 2.0
735 ug'mL A 100 100 [i] 4] 0 ]
B 100 100 1] 1] 3 0 3
Total 200 00 3 0 3
Average %o 0 0.0 LK} - 1.5 0.0 1.5
1050 pgiml A 100 100 o 0 2 1 1 3
B 100 100 1] 0 2 1 1 3
Total 200 00 4 2 6
Averaze %o 16 0.0 0.0 0 Lo 1.0 30
1500 pg/mL A 100 100 1] 0 2 2 2 4
B 100 100 1] 0 1 2 2
Total 200 00 4 4 &
Average % 45 0.0 0.0 - 1.5 0 10 30
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyplowdy er: endoreduplication

*% Mitotic index reduction as compared to the vehicle control.

* Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.

“.g= #or % of cells with chromosome abemrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.

3Significantly greater in -g than the vehicle control, p 0.01.  RPMI 1640 = culture medium  DMSO = dimethylsulfoxide ~ CP = Cyclophosphamide

Confirmatory chromosomal assay - In the assay without metabolic activation, a
precipitate was observed after dosing at 2844 ug/mL. Hemolysis was observed at
harvest at 21130 pg/mL. Mitotic index data are provided in Table 5. Chromosomal
aberrations were analyzed from the cultures treated with 119, 178, 237, and 356 ug/mL
(Table 6). The high dose selected for analysis, 356 pg/mL, had a 55% reduction in
mitotic index as compared with the vehicle control cultures. No significant increase in
chromosomal aberrations, polyploidy, or endoreduplication was observed at the
concentrations analyzed.

In the assay with metabolic activation, a precipitate was observed after dosing at

2844 pg/mL and at wash at 21130 pg/mL. Slight hemolysis was observed at wash at
1500 pg/mL. Mitotic index data are provided in Table 7. Chromosomal aberrations were
analyzed from the cultures treated with 633, 844, 1130, and 1500 pyg/mL (Table 8). The
high dose selected for analysis, 1500 ug/mL, had a precipitate at the end of the
treatment period and 51% reduction in mitotic index as compared with the vehicle
control cultures. No significant increase in cells with chromosomal aberrations,
polyploidy, or endoreduplication was observed in the cultures analyzed.
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Table 5: Assessment of Toxicity for Chromosomal Aberrations Assay -
Without Metabolic Activation - ~22-Hour Treatment, -22-Hour Harvest

Assay No.: 28280-0-4490ECD Trial No.: C1 Date: 05/18/06 Lab No.: CY052306
Test Article: Bupivacaine free base

%o Mitotic % Mifotic  Average % Mitotic

Index Index %% Mitotic Index
Treatment A Culture B Culture Index Feduction

Negative Control ~ RPMI 1640 74 6.3 6.9 -
Vehicle Control DMSO 10.0 pL/mL 58 52 55 0
Test Article 595 pg/mL 52 56 54 2
119 pg/mL 43 48 46 16
178 ug/mL 41 44 43 2

237 ug/mlL 28 i3 il 44
336 ug/ml 25 24 25 55
475 pg/mL 26 24 2.5 55

633 pg/ml 18 21 20 64
844 pg/ml? 02 03 03 93

1130 !.Lg-'m]_“ 0.0 0.0 0.0 100

1500 pg/ml™*® 0.0 0.0 0.0 100

* Precipitate observed at dose.
® Hemolysis observed at harvest
FPMI 1640 = culture medmm DMS0 = dimethylsulfoxide

Table 6: Chromosomal Aberrations in Human Lymphocytes -
Without Metabolic Activation - ~22-Hour Treatment, ~22-Hour Harvest

Assay No.: 28280-0-4490ECD  Tral No.:C1  Date: 05/18/06 LabNo.: CY CY052306 Test Article: Bupivacaine free base

# Cells Mumbers and Percentages of Cells
#Cell: % Miotic  Scored Tudge- Showmg Structural Chromosome Abemrations Tudge-
Scored for Index for #ofpp  Fofe ment simple Totals™ ment
Abenations Reduction® ppander Cells  Calls (= gap: breaks  chta chre mab = =z [
Controls
Megative: EPMI 1640 A 100 100 1] o 1] 1]
B 100 100 ] ] 1 o 1
Total 200 200 1 o 1
Average % - (X (X 0.5 0.0 0.5
Vehicle:  DMSO 10.0 pL'mL A 100 100 1] o 1 1 1 2
B 100 100 o o 3 o 3
Total 200 200 4 1 1 3
Averaze % 0 (X (X 0 0.5 0.5 25
Positive:  MMC 0.300 pz'ml A 50 100 0 0 3 11 9 17 21
B 75 100 1] 1] 2 13 8 20 20
Total 125 200 7 24 7 37 41
Average % - 0.0 0.0 - 56 152 136 9.6 38 +
Test Article 119 pgml A 100 100 o o o o
B 100 100 1] 1] 1 1 1 2
Total 200 200 1 1 1 2
Average % 16 0.0 0.0 - 0.5 0.5 0.5 Lo
178 pg'ml A 100 100 ] ] 1 1 1
B 100 100 o o 1 1 1
Total 200 200 2 2 2
Average % 1z 0.0 0.0 - Lo Lo Lo
237 pghml A 100 100 0 0 2 2 2
B 100 100 o o ] 0
Total 200 200 2 2 2
Average % 44 (X (X - Lo L L
356 pg'mL A 100 100 1] 1] o ]
B 100 100 o o 1 1 1
Total 200 200 1 1 1
Averaze % 55 (X (X - 0.5 0.5 0.5
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyploidy er: endoreduplication

*% Mitotic index reduction as compared to the vehicle control

" Significantly sreater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01

fg= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations +# or % of cells with gaps.

tlS19111:'|ca.\1115= greater in -g than the vehicle control, p<0.01.  RPMI 1640 = culture medium ~ DMSO0 = dimethylsulforade  MMC = Mitomyemn C
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Table 7: Assessment of Toxicity for Chromosomal Aberrations Assay -
With Metabolic Activation - 3-Hour Treatment, --22-Hour Harvest

Assay No.: 28280-0-4490ECD Trial No.: C1 Date: 05/18/06 Lab No.: CY052306
Test Article: Bupivacaine free base

% Mitotic % Mitotic  Average % Mitotic

Index Index % Mitotic Index
Treatment A Culture B Culture Index Feduction
Negative Control ~ RPMI 1640 83 9.3 9.1 -
Vehicle Comtral DMSO 100 uL/mL 78 84 8.1 0
Test Article 633 ng/ml 6.9 8.1 13 7
844 pgml* 6.1 78 1.0 14
1130 !.lg-'mlb 44 56 30 38
1500 !.lg-'mlb“ iB 41 40 51

* Precipitate observed at dose.

® Precipitate observed at dose and wash.

¢ Slight hemolysis observed at wash.

BPMI 1640 = culture medinm DMS0 = dimethylsulfoxide

Table 8: Chromosomal Aberrations in Human Lymphocytes -
With Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Assay No.: 28280-0-4490ECD Trial No.: C1 Date: 05/18/06 Lab No.: CY052306  Test Article: Bupivacaine free base

# Cells Mumbers and Percentages of Cells
#Calls % Mitotic Scored TJudge- Showmg Structural Chromosome Abemrations Tudze-
Scored for Index for #ofpp #ofer ment simpla Totals® ment
Abenrations Reduction ppander  Calls Cells (/- gaps breaks chte chre mab —z ~z (=
Controls
Mezatrve: RPMI 1640 A 100 100 1] 0 2 L] 2
B 100 100 1] 1] 1 1 1 2
Total 200 200 3 1 1 4
Average %o - LK} 0.0 1.5 0.s 0.s 0
Wekicle: DMSO 10.0 pL'mIL A 100 100 2 o 1 0 1
B 100 100 1] 1] 2 0 2
Total 200 200 3 0 3
Average % i} 1.0 0.0 1.5 0.0 1.5
Positive:  CP 25.0 pg'ml A 50 100 1] 1] 3 13 3 16 19
B 73 100 1] 1] 3 24 6 28 34
Total 125 200 g 38 g 44 53
Average %o - LK} 0.0 7.2 3L2 7.2 352 424 +
Test Article 633 pz/ml A 100 100 1] 1] 1 1 1 2
B 100 100 2 1] 1 0 1
Total 200 200 2 1 1 3
Average %o 7 1.0 0.0 - 1.0 0.s 0.s 1.5 -
B44 pg/ml A 100 100 2 1] 0 L]
B 100 100 1 1] 1 0 1
Total 200 200 1 0 1
Average o 14 1.5 0.0 - 0E 0.0 0.5 -
1130 pg/ml A 100 100 1] 1 0 1
B 100 100 1 1] 1 1 1
Total 200 200 1 1 1 2
Average %o 38 0.5 0.0 - 0.: 0.: 0.s 1.0 -
1500 pg/mL A 100 100 1] 1] 1 1 1
B 100 100 1 1] 1 2 2 3
Total 200 200 1 3 3 4
Average %o 51 0.5 0.0 - 0.: 1: 15 2.0 -
chte: chromatid exchange chre: chromoseme exchange mab: multiple aberrations. greater than 4 aberrations pp: polyploidy er: endoreduplication

* % Mitotic index reduction as compared to the vehicle control.

" Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p = 0.01.

“-g= #or % of cells with chromosome abemrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.

4 Significantly greater in -g than the vehicle control, p< 0.01.  RPMI 1640 = culture medium ~ DMSO = dimethylsulfoxide  CP = Cyclophosphamide

Conclusion

Bupivacaine free base did not induce chromosomal aberrations in cultured human
peripheral blood lymphocytes with or without an exogenous metabolic activation system
in a valid assay.
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Study title: Chromosomal Aberrations in Cultured Human Peripheral Blood

Lymphocytes

- with A
Study no.: 06-10-803-X-VO-HCA; 8223278
Study report location: eCTD in DARRTS

Conducting laboratory and location: R

Date of study initiation: February 17, 2010
GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: ® @

Dimethylsulfoxide (DMSO) — Lot 35596LK,
99.92%

Key Study Findings

. @@ \was tested for the potential to cause chromosomal aberrations in
cultured human in peripheral blood lymphocytes in an in vitro assay. Doses were up
to 1000 pg/mL based on solubility of the test article. Cultures were treated for 3
hours (£S9) and 22 hours (-S9).

. @@ did not induce chromosomal aberrations in cultured human
peripheral blood lymphocytes with or without metabolic activation in a valid assay.

Methods

Cell line: Human peripheral blood lymphocyctes

Concentrations in definitive study:  Up to 1000 pg/mL with and without
metabolic activation (3 hour dosing) and
without metabolic activation (22 hour

dosing).
Basis of concentration selection: Solubility
Negative control: In the assays conducted without metabolic

activation, negative controls were cultures,
which contained only cells and culture
medium. Vehicle controls were cultures
containing DMSO at 10.0 yL/mL. In the
assays conducted with metabolic activation,
the negative and vehicle controls were the
same, but with the S9 activation mix
included.

Positive control: The positive control agents used in the
assays were mitomycin C (MMC) for the
assays without metabolic activation and
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cyclophosphamide (CP) in the assays with
metabolic activation. In the chromosomal
aberrations assays, concentrations of MMC
(0.750, 1.00, and 1.50 pug/mL, 3-hour
treatment; 0.200, 0.300, and 0.400 pg/mL,
~22-hour treatment) and CP (20.0, 25.0,
and 40.0 pg/mL) were used to induce
chromosomal aberrations.

Formulation/Vehicle: DMSO for test article and sterile, deionized
water for the positive controls.
Incubation & sampling time: In this single assay study (no initial and

confirmatory assays), 2 days after culture
initiation, cells were incubated at 37 + 2°C
with the test article, vehicle, or positive
controls for 3 hours (£S9) or 22 hours (-S9).
Cultures were then washed and incubated
for the rest of the culture period with 0.1
Mg/mL Colcemid added for the last 2 £ 0.5
hours of incubation before harvesting.

Summary of Treatment Schedule in Hours (approximate)

SOActivation  Test Aticle Exposure Coleenmd® Harvest
Mix Added Completed Added Started

Without 0 3 bl 2
Without 0 n 2 1
With 0 3 pll 2

Study Validity Valid — assay acceptable for evaluation of test results
according to observed acceptable assay guidelines regarding controls, high
concentrations, and number of concentrations.

Results

In the assay without metabolic activation with a 3-hour treatment, the mitotic index was
reduced by 54% at the dose of 512 ug/mL (Table 1). Therefore, chromosomal
aberrations were analyzed from the cultures treated at the doses of 262, 410, and 512
pg/mL (Table 2). No significant increase in cells with chromosomal aberrations,
polyploidy, or endoreduplication were observed in the cultures analyzed.
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Table 1: Assessment of Toxicity for Chromosomal Aberrations Assay -
Without Metabolic Activation - 3-Hour Treatment, -22-Hour Harvest

Study No.: 8223758 Trial No.: B1 Date: 03/04/10
Test Article: Qe
% Mitotic % Mitetic Average % Mitotic
Index Index s Mitotic Index
Treatment A Culture B Culture Index Feduction

Vehicle Control DMSO 10.0 pL/mL 129 132 13.1 0

Test Article 200 pgml i i - -
32.0 pg/ml - -t - —
46.0 pgml -t -2 - -
66.0 pgml - — - -
94.0 pgml - — - -
134 pg/ml - -t -- -
168 pgml - -2 - —
210 pgml - . - -
262 pg/ml® 116 123 12.0 8
328 pgml® o4 101 9.8 25
410 pgml® 78 83 2.1 g
512 pgfmlF 63 57 6.0 54
640 pg/ml"< 58 5.1 55 58
800 ng/ml ™4 3.3 4.5 4.9 63
1000 pg/ml ™4 4.1 4.7 4.4 66

*Not analyzed since non-toxic dose levels were achieved (£15% mitotic index reduction).

® Precipitate observed at dose.

‘ Hemolysis observed at wash.

¢ Hemolysis observed at wash and harvest.
DMSO = dimethylsulfoxide

Table 2: Chromosomal Aberrations in Human Lymphocytes -
Without Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Study No.: 8223758 Trial No.: B1 Date: 03/04/10 Test Article: e
= Cells Numbers and Percentages of Cells
# Cells %o Mitoie  Scored Tudge- Showing Structural Chromosome Aberrations Tudge-
Scored for Index for #ofpp #ofer Ment simple Totals" ment
Abenations Reduction' ppander  Calls Cells (=) gaps breaks chte chre mab - += -y
Controls
Vehicle:  DMSO 100 pL'ml. A 100 100 0 0 1 0 1
B 100 100 0 0 2 0 2
Total 200 200 3 0 3
Average % 1] L1} LK1} 1.5 0.0 15
Pomtive:  MMC L00 pgml A 75 100 0 0 5 11 15 22 25
B 30 100 1 0 4 13 12 23 25
Total 1I% 200 9 2 2 43 50
Average % - 0.5 0.0 72 18.2 216 36.0 40.0 +
Test Article 262 pg'ml A 100 100 1 0 1 1 1
B 100 100 0 0 0 0
Total 200 200 1 1 1
Average % 3 [23 LK1} [%3 0.s s
410 pgml A 100 100 0 0 0
B 100 100 1 0 1 1 1
Total 200 200 1 1 1
Average "a 33 0.2 0.0 [ 0.: 0.s
512 pg'ml A 100 100 0 0 5 0 5
B 100 100 0 0 2 0 2
Total 200 200 7 0 7
Average % 24 0.0 LK1} 3.5 0.0 3z
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 abemrations pp: polyploidy er: endoreduplication

*%, Mitotic index reduction as compared to the vehicle control.

N Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.

“-g= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or

# Significantly greater in -g than the vehicle control, p £ 0.01. DMS0 = dimethylsulfoxide

o,

*o of cells with gaps.
MMC = Mitomycin C

In the assay without metabolic activation with a ~22-hour treatment, the mitotic index

was reduced 57% at 410 pg/mL compared with the vehicle control cultures (Table 3).
On this basis, chromosomal aberrations were analyzed from the cultures treated with
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168, 328, and 410 pug/mL (Table 4). No significant increase in cells with chromosomal
aberrations, polyploidy, or endoreduplication was observed in the cultures analyzed.

Table 3: Assessment of Toxicity for Chromosomal Aberrations Assay -
Without Metabolic Activation - -22-Hour Treatment, ~-22-Hour Harvest

Study No.: 8223758 Trial No.: Bl Date: 03/04/10
Test Article: ®®
% Mitotic % Mitotic Average % Mitotic
Index Index % Mitotic Index
Treatment A Culture B Culture Index Feduction

Vehicle Control DMSO0O 10.0 pL/mL 86 79 23 0

Test Article 3.00 pgml - -t - —
6.00 pg/mlL - i - -
12.0 pgml - - -
20.0 pg/mL - i - -
32.0 pg/ml — -3 - -
57.0 ngmlL - - - -
94.0 pg/ml -t -t -- -
168 ng/ml 8.9 8.1 85 0
262 pgml*® 6.3 7.8 7.1 14
328 pg/mle 47 5.1 19 41
410 pg/ml® 3o 32 36 57
512 pg/mlF 31 27 29 63
640 pg/ml® 21 27 24 7
800 pz/mlF 12 19 1.6 g1
1000 pg/ml*® - -® - -

*Mot analyzed since non-toxic dose levels were achieved (£135% mitotic index reduction).
* Only dead cells present on slide.

¢ Precipitate observed at dose.

DMSO = dimethylsulfoxide

Table 4: Chromosomal Aberrations in Human Lymphocytes -
Without Metabolic Activation - ~22-Hour Treatment, ~22-Hour Harvest

Study No.: 8223758 Trial No.: Bl Date: 03/04/10 Test Article: ®) @)

# Cells Mumbers and Percentages of Cells

# Cells % Mitohie  Scored Tudge- Showing Structural Chromosome Aberrations Judge-

Seored for Index for #ofpp #ofer Ment simple ment
Aberations Reduction® ppander Cells Cells (+-) gaps breaks chie clhre mzb +z ()
Controls
Vehicle:  DMSO 100 pLiml. A 100 100 0 0 3 1 1 4
B 100 100 ] ] 2 2 2 4
Total 200 00 5 3 3 8
Average % 1] 0.0 0.0 15 15 15 4.0
Pozitive:  MMC 0300 pgml A T3 100 ] ] 5 13 7 13 23
B 75 100 0 0 5 1 5 15 20
Total 150 200 10 4 12 33 43
Average %o - 0.0 0.0 6.7 16.0 50 110 8.7 +
Test Article 168 pzml A 100 100 0 0 4 1 1 5
B 100 100 0 0 2 1 1 3
Tetal 200 200 [3 2 2 3
Average % 1] 0.0 0.0 3.0 1.0 Lo 4.0
328 pgml A 100 100 ] ] 4 0 4
B 100 100 ] ] 5 2 2 7
Total 200 00 g 2 2 11
Average %o 41 0.0 0.0 - 45 1.0 10 55
410 pzml A 100 100 0 0 El 2 2 10
B 100 100 0 0 8 1 1 8
Tetal 200 200 17 3 3 18
Average % £7 [ ] 0.0 - 55 15 15 9.0
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyploidy er: endoreduplication

*% Mitotic index reduction as compared to the vehicle control.

" Significantly greater in % polyploidy and % endereduplication than the vehicle control, p < 0.01.

“-g= #or % of cells with chromosome abemations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.
*Significantly greater in -g than the vehicle control, p £ 0.01. DMS0 = dimethylsulfoxide MMC = Mitomycin C
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In the assay with metabolic activation with a 3-hour treatment, the mitotic index was
reduced by 55% at the highest dose of 1000 ug/mL (Table 5). Therefore, chromosomal
aberrations were analyzed from the cultures treated with 410, 640, and 1000 pg/mL
(Table 6). No significant increase in cells with chromosomal aberrations, polyploidy, or
endoreduplication was observed in the cultures analyzed.

Table 5: Assessment of Toxicity for Chromosomal Aberrations Assay -
With Metabolic Activation - 3-Hour Treatment, -22-Hour Harvest

Study No.: 8223758 Trial No.: Bl Date: 03/04/10
Test Article: o
% Mitotic % Mitotic Average % Mitotic
Index Index % Mitotic Index
Treatment A Culture B Culture Index Reduction
Vehicle Control DMSO 10.0 puL/mL 12.6 11.2 11.9 0
Test Article 200 pgml - - - -
320 pgml — -
46.0 pg/ml - -3
66.0 pg/ml — -
940 pgml — -
134 pg/ml - -3
168 pgml — -
210 pgml . -
262 pg/ml - -3
328 pugml — - - -
410 pgml 105 121 11.3 5
512 pgml 23 94 2.0 24
640 pg/ml® 6.8 58 6.3 47
800 pg/ml® 6.2 73 6.8 43
1000 pg/ml® 59 4.7 53 535

*Not analyzed since non-toxic dose levels were achieved (£15% mitotic index reduction).
* Precipitate observed at dose.
DMS0 = dimethylsulfoxide

Page 176 of 242
Reference ID: 3433613



Table 6: Chromosomal Aberrations in Human Lymphocytes -
With Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Study No.: 8223758 Trial No.: B Date: 03/04/10 Test Article: 6@
#Cells Numbers and Percentages of Cells
# Cells %% Mitotie  Scored Tudge- Showmg Stuchural Chromosome Aberrations Judge-
Scored for Index for #ofpp #ofer Ment simple ment
Aberafions  Reduction' ppander  Cells Cellz (=) Zaps breaks chie chre mab (=)
Controls
Vehicle:  DMSO 100 pLml A 100 100 0 0 3 1 1 4
B 100 100 ] ] 2 0 2
Total 200 200 5 1 1 3
Average % 0 0.0 0.0 15 0.5 0.5 30
Pogitive: (P 250 pgml A 30 100 1 ] 10 14 3 2 18 14
B 50 100 ] 0 3 16 2 1 17 19
Total 100 00 13 30 5 1 2 36 43
Average %o - 0.5 0.0 - 130 0.0 20 Lo 20 360 430 +
Test Arhicle 410 pz'ml A 100 100 ] 0 1 0 1
B 100 100 0 0 1 1 1 2
Total 200 200 2 1 1 3
Average % 5 0.0 0.0 10 0.5 0.5 1.5
640 ppml A 100 100 0 0 2 2 2 4
B 100 100 ] ] 4 1 1 5
Total 200 200 3 3 3 El
Average % 47 0.0 0.0 - 3.0 1.5 13 4.3
1000 pz'ml. A 100 100 ] ] 0 0
B 100 100 ] ] 0 0
Total 200 200 0
Average % £ 0.0 0.0 - 0.0 0.0
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyploidy er: endoreduplication

*% Mitotic index reduction as compared to the vehicle control.

* Significantly greater in % polyploidy and % endoreduplication than the vehicle control. p £ 0.01.

“-g= #or % ofcells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.
4 Significantly greater in -g than the vehicle control p £0.01.  DMSO = dimethylsulfoxide CP = Cyclophosphamide

Conclusion

@@ did not induce chromosomal aberrations in cultured human
peripheral blood lymphocytes with or without an exogenous metabolic activation system
in a valid assay.

Study title: Chromosomal Aberrations in Cultured Human Peripheral Blood

Lymphocytes
_ W|th (b) (4
Study no.: 04-10-803-X-VO-HCA, 8223263
Study report location: eCTD in DARRTS
Conducting laboratory and location: o
Date of study initiation: February 17, 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Ry

Dimethylsulfoxide (DMSO) — Lot 35596LK,
99.92%

Key Study Findings
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. ?@ was tested for the potential to cause chromosomal aberrations

in cultured human in peripheral blood lymphocytes in an in vitro assay. Doses were
up to the limit dose of 10 mM (3100 pg/mL). Cultures were treated for 3 hours (£S9)
and 22 hours (-S9).

. @@ did not induce chromosomal aberrations in cultured human
peripheral blood lymphocytes with or without metabolic activation in a valid assay.

Methods
Cell line: Human peripheral blood lymphocyctes

Concentrations in definitive study:  Up to 3100 pg/mL with and without
metabolic activation.

Basis of concentration selection: Highest dose of 3100 ug/mL was ~10 mM,
the limit dose per protocol guidelines.
Negative control: In the assays conducted without metabolic

activation, negative controls were cultures,
which contained only cells and culture
medium. Vehicle controls were cultures
containing DMSO at 10.0 yL/mL. In the
assays conducted with metabolic activation,
the negative and vehicle controls were the
same, but with the S9 activation mix
included.

Positive control: The positive control agents used in the
assays were mitomycin C (MMC) for the
assays without metabolic activation and
cyclophosphamide (CP) in the assays with
metabolic activation. In the chromosomal
aberrations assays, concentrations of MMC
(0.750, 1.00, and 1.50 pug/mL, 3-hour
treatment; 0.200, 0.300, and 0.400 pg/mL,
~22-hour treatment) and CP (20.0, 25.0,
and 40.0 pg/mL) were used to induce
chromosomal aberrations.

Formulation/Vehicle: DMSO for test article and sterile, deionized
water for the positive controls.
Incubation & sampling time: In this single assay study (no initial and

confirmatory assays), 2 days after culture
initiation, cells were incubated at 37 + 2°C
with the test article, vehicle, or positive
controls for 3 hours (£S9) or 22 hours (-S9).
Cultures were then washed and incubated
for the rest of the culture period with 0.1
Mg/mL Colcemid added for the last 2 £ 0.5
hours of incubation before harvesting.
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Summary of Treatment Schedule in Hours (approximate)

SDActivaton  TestAnicle  Exposre  Coleemud® Havest
Mix Added Completed Added Started

Without 0 3 0 2
Without 0 2 0 2
With 0 3 0 2

Study Validity Valid — assay acceptable for evaluation of test results
according to observed acceptable assay guidelines regarding controls, high
concentrations, and number of concentrations.

Results

In the assay without metabolic activation with a 3-hour treatment, the mitotic index was
only reduced by 8% at the highest dose of 3100 pug/mL (Table 1). Therefore,
chromosomal aberrations were analyzed from the cultures treated at the three highest
doses of 1520, 2170, and 3100 pug/mL (Table 2). The high dose selected for analysis,
3100 pg/mL is approximately 10 mM, the high dose recommended for this assay by the
OECD Testing Guidelines. No significant increase in cells with chromosomal
aberrations, polyploidy, or endoreduplication was observed in the cultures analyzed.
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Table 1: Assessment of Toxicity for Chromosomal Aberrations Assay -
Without Metabolic Activation - 3-Hour Treatment, —-22-Hour Harvest

Study No.: 8223263 Trial No.: B1 Date: 03/03/10
Test Article: Qe
%o Mitotic % Mitotic Average %o Mitotic
Index Index %% Mitotic Index
Treatment A Culture B Culture Index Feduction
Wehicle Control DMSO 10.0 pL/mL 12.6 11.3 12.0 0
Test Article 21.0 pgml E -t - -
320 pg/ml -t . - -
430 pgml - -2 -- -
63.0 pg/mL -t . - -
880 pg/ml - . - -
125 pg/ml - -2 -- -
180 pug/ml - . - -
255 pg/ml - -t - -
365 pgml - — -- -
521 pgmL - . - -
745 pgml - -t - —
1070 pg/ml - — -- -
1520 pg/ml 127 112 12.0 0
2170 pg/ml 1049 113 11.2 7
3100 pg/ml 10.5 114 11.0 8

"MNot analyzed since non-toxic dose levels were achieved (£13% mitotic index reduction).
DMS0 = dimethylsulfoxide

Table 2: Chromosomal Aberrations in Hnman Lymphaocytes -
Without Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Study No.: 8223263 Trial No.: Bl Date: 03/03/10 Test Article: L
# Cells Mumbers and Percentages of Cells
#Cells % Mitotie  Scored Judge- | Showing Structurzl Chromosome Aberrations Tudga-

Scored for Index for #ofpp #ofer Ment simple ment
Aberrations  Reduction® ppander  Cells Cells (=" Eaps breaks chte chre mab (=)
Controls
Vehicle:  DMSO 100 pL'ml A 100 100 V] 0 0 0
B 100 100 [¥] 0 4 1 1 5
Total 200 00 4 1 1 ]
Average % 0 0.0 0.0 10 0.5 0.8 15
Positive: MMC 100 pgml. A 50 100 1] ] 9 1% 10 25 2%
B 30 100 [¥] 0 10 19 11 25 30
Total 100 200 1% 38 21 30 39
Average % - 0.0 0.0 15.0 38.0 L0 £0.0 £9.0 +
Test Article 1520 pgml A 100 100 [¥] 0 1 0 1
B 100 100 0 ] 2 0 2
Total 200 200 3 0 3
Average %o ] 0.0 0.0 - 15 0.0 15
2170 pg/ml A 100 100 [¥] 0 0 0
B 100 100 0 0 1 1
Total 200 200 1 1 1
Averaze %o 7 0.0 0.0 - 0.5 0.s 0.
3100 pg/ml A 100 100 [¥] 0 1 2 2 3
B 100 100 1] 0 1 0 1
Total 200 200 2 2 2 4
Average %o 8 0.0 0.0 - Lo Lo 10 1.0
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyploidy er: endoreduplication

2% Mitotic index reduction as compared to the vehicle control.
® Significantly greater in %o polyploidy and %o endoreduplication than the vehicle control, p < 0.01.

o, o, 0

“-.g= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.
d Significantly greater in -g than the vehicle confrol, p = 0.01. DMS0 = dimethylsulfoxide MMC = Mitomyein C

In the assay without metabolic activation with a ~22-hour treatment, the mitotic index
was reduced 53% at 745 pg/mL compared with the vehicle control cultures (Table 3).
On this basis, chromosomal aberrations were analyzed from the cultures treated with
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365, 521, and 745 pg/mL (Table 4). No significant increase in cells with chromosomal
aberrations, polyploidy, or endoreduplication was observed in the cultures analyzed.

Table 3: Assessment of Toxicity for Chromosomal Aberrations Assay -
Without Metabolic Activation - ~22-Hour Treatment, —-22-Hour Harvest

Study No.: 8223263 Trial No.: Bl Date: 03/03/10
Test Article: e
% Mitotic % Mitotic Average %a Mitotic
Index Index % Mitotic Index
Treatment A Culture B Culture Index Reduction
Vehicle Control DMSO 10.0 pL/mL 73 82 78 [u]
Test Article 200 pgml S -3 -
400 pgml S -3 -
8.00 pg/mL — — -
16.0 ugmL S -t -
32.0 pgml S -t -
63.0 pg/ml S — -
125 pg/ml - . -
180 pg/ml - . - —
253 pgml 89 g1 23 [u]
363 pgml 6.8 7.3 7.1 a
521 pg/ml 435 5.1 48 38
745 pg/ml 34 X 37 53
1070 pg/mL 23 20 26 a7
1520 pg/ml 21 1.2 20 74
2170 pgml 1.5 1.1 1.3 83
3100 pgml -* P -

*Mot analyzed since non-toxic dose levels were achieved (£13% mitotic index reduction).
E Ounly dead cells present on slide.
DMS0 = dimethylsulfoxide
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Table 4: Chromosomal Aberrations in Human Lymphaocytes -
Without Metabolic Activation - --22-Hour Treatment, ~22-Hour Harvest

Study No.: 8223263 Trial No.: B1 Date: 03/03/10 Test Article: e
#Calls Mumbers and Percentages of Cells
#Cells %o Mitohe  Scored Judge- Showing Structural Chromeosome Abearrations Tudge-
Scored for Index for #ofpp  #ofar Ment simple Totals® ment
Aberrations  Reduction” ppander  Cells Cellz (s Eaps breaks chte chre mab -E g +
Controls
Vehicle:  DMSO 100 pL'ml A 100 100 1 0 3 3 3 ]
B 100 100 1 0 1 1 1 2
Total 200 200 4 4 4 8
Average o ] 1.0 0.0 0 0 0 4.0
Positive:  MMC 0300 pgml A 50 100 0 0 3 7 11 15 20
B 30 100 0 0 g 13 13 2 25
Total 100 00 16 n 24 37 45
Average %o - 0.0 0.0 - 16.0 10 40 Eef] 450 +
Test Article 365 pgml A 100 100 0 0 4 1 1 5
B 100 100 1 0 4 1 1 5
Total 200 00 3 2 2 10
Average % 9 0.5 0.0 - 4.0 1o L0 50
521 pgml A 100 100 2 0 b1 6 6 10
B 100 100 0 0 9 2 2 10
Total 100 00 14 g g 20
Average % 35 10 0.0 - .0 4.0 4.0 10.0
745 pzml A 100 100 0 0 3 2 2 3
B 100 100 0 0 6 3 3 10
Total 200 00 g 7 7 15
Average % 53 0.0 0.0 - 43 3. 3.5 7.5
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyploidy er: endoreduplication

*% Mitotic index reduction as compared to the vehicle control.

* Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.

“.g= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome abemations + # or % of cells with gaps.
#Significantly greater in -g than the vehicle control, p < 0.01. DMS0 = dimethylsulfoxide ~MMC = Mitomyein C

In the assay with metabolic activation with a 3-hour treatment, the mitotic index was
only reduced by 7% at the highest dose of 3100 ug/mL (Table 5). Therefore,
chromosomal aberrations were analyzed from the cultures treated with 1520, 2170, and
3100 pg/mL (Table 6). The high dose selected for analysis, 3100 pg/mL is
approximately 10 mM, the high dose recommended for this assay by the OECD Testing
Guidelines, which also exceeds the current ICHS2(R1) dose limit for the assay (1 mM or
0.5 mg/mL, whichever is lower).

No significant increase in cells with chromosomal aberrations, polyploidy, or
endoreduplication was observed in the cultures analyzed.
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Table 5: Assessment of Toxicity for Chromosomal Aberrations Assay -
With Metabolic Activation - 3-Hour Treatment, —22-Hour Harvest

Study No.: 8223263 Trial No_- B1 Date: 03/03/10
Test Article: ®) ()
%o Mitotic Yo Mitotic Average %a Mitotic
Index Index % Mitotic Index
Treatment A Culture B Culture Index Feduction
Vehicle Control DMSO 10,0 pL/mL 112 10.6 10.9 0
Test Article 210 pgml — — - -
320 pg/ml -t -t - -
430 pgml - - - -
63.0 pg/ml -t -t - -
830 pgml =" -t - -
125 pgml - -t - -
180 pg/ml =" -t - -
255 pgml =" -t - -
365 pgml - -t - -
521 pgml - - - -
745 pg/ml - . - -
1070 pgml - - - -
1520 pgml 112 038 10.5 4
2170 pgml 10.6 113 11.0 0
3100 pgml o8 10.4 10.1 7

*Mot analyzed since non-toxic dose levels were achieved (£15% mitotic index reduction]).
DMS0 = dimethylsulfoxide

Table 6: Chromosomal Aberrations in Human Lymphocytes -
With Metabolic Activation - 3-Hour Treatment, ~22-Hour Harvest

Study No - 8223263 Trial No.- B1 Date: 03/03/10 Test Article: L)
#Cells Numbers and Percentages of Cells
#Cells Y Mitotie  Seored Tudge- Showing Structurzl Chromosome Aberrations Tudge-
Scored for Index for 2ofpp #ofa Ment simple Totals” ment
Aberations Reduction' ppander Cells  Cells  (+)' | gaps  breaks  che chre mab £ g |
Controls
Vehicle:  DMSO 100 pL'ml A 100 100 0 0 7 1 1 3
B 100 100 0 0 4 1 1 5
Total 100 200 11 2 2 13
Average % ] 0.0 0.0 55 10 Li 6.8
Poativee  CP 250 pgml A 50 100 0 0 g 17 4 18 22
B 50 100 0 0 5 18 1 1 20 21
Total 100 200 14 35 5 1 i8 41
Average % - 0.0 0.0 - 14.0 350 50 L0 8.0 2.0 +
Test Article 1520 pgml A 100 100 0 0 5 3 3 3
B 100 100 0 0 3 ] 3
Total 200 200 3 3 3 11
Average % 4 0.0 0.0 - 40 15 1.5 5.5 -
270 pgml A 100 100 0 0 3 1 1 4
B 100 100 0 0 3 1 1 4
Total 200 200 6 2 2 g
Average % ] 0.0 0.0 - 0 10 L 4.0 -
300 pgml A 100 100 0 0 3 1 1 4
B 100 100 0 0 6 1 1 7
Total 200 200 g 2 2 11
Average %o 7 0.0 0.0 - 45 10 Li 55 -

chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyplody er: endoreduplication
*% Mitotic index reduction as compared to the vehicle control.

* Significantly greater in % polyploidy and % endoreduplication than the vehicle confrol, p £ 0.01.

“-g= #or % of cells with chromesome aberrations; +g= # or % of cells with chromesome abemrations + # or % of cells with gaps.

: Sigmificantly greater in -g than the vehicle control, p=0.01.  DMSO = dimethylsulfoxide ~ CP = Cyclophosphammde

Conclusion
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@@ did not induce chromosomal aberrations in cultured human
peripheral blood lymphocytes with or without an exogenous metabolic activation system
in a valid assay.

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Study title: An In Vivo Bone Marrow Micronucleus Test of SABER-
Bupivacaine in Sprague Dawley Rats
- with SABER-Bupivacaine and SABER placebo

Study no: ®®_434056
Study report location: eCTD in DARRTS

Conducting laboratory and location: ®) @)

Date of study initiation: September 1, 2011

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: SABER-Bupivacaine - Lot no. KO059,
98.2%, liquid
SABER placebo (SABER only) — Lot
K0058

Key Study Findings

e SABER-Bupivacaine (12%) solution and SABER placebo were tested at the limits of
solubility in the in vivo micronucleus assay.

e SABER-Bupivacaine (12%) solution and SABER placebo met the criteria for a
negative response for bone marrow cytotoxicity and clastogenicity in rats under the
conditions of a valid in vivo micronucleus assay.

Methods
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Doses in definitive study:

Group Dose Level  Concentration
Number Treatment (mgkg) (%)

1 Placebo 0 0

2 SABER-Bupivacaine 264° 12

3 SABER-Bupivacaine 79.2° 12°

4 SABER-Bupivacaine 264° 12°

5 Positive control (CPS) 60° 6mg/L’

TAD/ s : . . . b)
= 12% bupivacaine by weight, which, with a densiry of | {gle/mL, translates to
132 mg/mL. The dose levels shown are mg/kg of bupivacaine.

®= Dose level and dose concentration listed applicable to the CPS dose level and
CPS concentration for Group 5.

Frequency of dosing: Single dose
Route of administration: Subcutaneous (SC)
Dose volume: See table below
Formulation/Vehicle: None for test article and placebo, deionized
water for positive control
Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: Dose R
Group DoseLevel  Volume uuuberof Anmals
Number Treatment (mg/ke) (mLkg)  Males  Females
1 Placebo 0 2 6 6
2 SABER-Bupivacaine 264° 02 6 6
3 SABER-Bupivacaine 792° 06 6 6
4 SABER-Bupivacaine 264° 2 6 6
5 Posttive control © 60° 10 6 6

All ammals were euthanized on study day 3, five animals/sex/group were utilized

for bone marrow collection.

= 12% bupivacame by weight, which with a density of E4;g.-‘mL. translates to
132 mg/mL.

= A single dose of CPS was administered fo the positive control group on study

day 2; animals were euthanized approximately 24 hours following dosing.

Satellite groups: None

Basis of dose selection: Previous toxicity studies limiting dose volume to
2 mL/kg

Negative control: Placebo (SABER)

Positive control: Cyclophosphamide monohydrate (CPS),

Lot no. 079K1569, 100.5% purity

Study Validity Valid — dose volume maximum and 1 death in high dose group
(cause undetermined)

Observations and Results

Survival - All animals were observed twice daily, once in the morning and once in the
afternoon, for mortality and moribundity. The male found dead was examined
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macroscopically as soon as possible to ensure that tissues were not lost due to
autolysis.

One male (no. 24525) in the 264 mg/kg group was found dead approximately 1 hour
following dosing on study day 0. The only macroscopic finding at the gross examination
was dark red area at the injection site. The cause of death for this male is
undetermined.

Clinical observations - Clinical examinations were performed at the time of

dose administration and approximately 1 to 2 hours following dose administration on the
day of dosing (study day 0O for Groups 1-4 and study day 2 for Group 5). All animals
were observed on the non-dosing day (study day 1).

There were no test article-related clinical observations.

Body weights - Individual body weights were recorded at the time of randomization and
on study days 0, 2, and 3.

Body weights were unaffected by test article administration.

Food consumption - Individual food consumption was recorded at the time of
randomization and on study days 0, 2, and 3.

Food consumption was unaffected by test article administration.

Macroscopic examination - A gross necropsy was conducted on the male found
dead on study day 3. The necropsy included, but was not limited to, examination of the
external surface, all orifices, and the cranial, thoracic, abdominal, and pelvic cavities,
including viscera.

Male no. 24525 in the 264 mg/kg group was found dead on study day 0. The only
macroscopic finding at the gross examination was dark red area at the injection site.
The cause of death for this male is undetermined.

Micronucleus evaluation - Bone marrow was collected from the first 5 of 6 animals in
each sex/group at the time of euthanasia from the right femur of animals.

SABER-Bupivacaine (12%) solution (proposed drug product concentration) and SABER
placebo did not produce a statistically significant increase in the mean %MN-PCEs
compared to the vehicle control group. No bone marrow cytotoxicity (decreases in the
mean PCE:TE ratio) was noted in any test article-treated group. The %MN-PCEs in the
positive control groups were statistically significantly higher than in the vehicle control
group. The group mean values for both %MN-PCEs and PCE:TE ratios for the vehicle
and positive control groups were within the respective historical control ranges.
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Males. 24 Hours after Single Dose Released Owver 3 Days

TREATMENT AN AL Mo rCh., % MNPCEs PCEs NCEs PoETE
24512 Q 0.00 775 225 078
. . . 24519 Q 0.00 637 363 064
P lacebo CE A une 24521 2 0.10 458 542 0.46
24524 1 0.05 312 G638 031
24531 1 0.05 450 550 0.45
Mhean = 5D 004 = 004 0.53 = 0.18
24507 1 0.05 282 T18 o2
SABER-Bupivacaine 24510 0 000 582 418 058
(12%4%) Solution 24529 Q 0.00 541 459 054
(26.4 mg'kg) 24530 Q 0.00 G663 337 0.66
24537 2 0.10 472 528 0.47
Mhean = 5D 003 = 004 0.51 = 0.14
24509 1 0.05 620 380 062
SABER-Bupivacaine 24511 0 000 332 668 033
(12%4%) Solution 24517 2 010 464 536 046
(792 mg'kg) 24522 Q 0.00 3093 607 039
24527 Q 0.00 634 366 0.63
Mhean = 5D 003 = 004 049 = 0.13
24513 1 0.05 537 463 0.5
SABER-Bupivacaine 24514 0 000 567 433 057
(12%4%) Solution 24520 Q 0.00 260 740 0.2
(264 mg'kg) 24526 Q 0.00 794 206 079
24533 1 0.05 521 479 0.52
Mhean = 5D 002 = 003 .54 = 0.19
24508 30 1.50 541 459 054
Crvelophosphamide 24515 20 1.00 432 568 0.43
T 60 me/kg) 24516 40 2.00 536 464 054
24518 34 1.70 G638 362 064
24532 20 1.00 584 416 0.58
MAMean = 5D 1.44 = 0.44% 55 = 0.08
MN = Micromacleated MNCE = Normochromatic Erythrocyte
TE = Total erythrocytes (PCE + NCE) PCE = Peolychromatic Erythrocyte
*Statistically different than vehicle contrel p=0.05
* Except for cyclophosphamide treatment: single dose with 24 hour postdose bone marmrow harvest
S g
Mean = = X Where x = the individual values: n = the number of values
n
SD — Standard Deviation = _| 22— X)"
\ m—1
Females. 24 Hours after Single Dose Released Over 3 Days ™
TREATMENT AEDI.:BOI.AL 35:;‘01;(‘;;]_—:}:5’; oy MW PCEs PCEs MNCEs P;f;—l;}:
24543 L} 000 To2 208 o.7e
. - . 24546 1 005 504 406 0.5
S larehe B A e 24558 0 0.00 520 480 0.52
24559 2 010 506 494 051
24566 4] 000 501 499 0.50
AhMean = 5T 003 = 004 0.5 = 0.12
24541 L} 000 521 479 052
SABER Bupivacaine 24542 (0] 000 684 316 0.G8
(12%0) Solution 24555 L} 000 702 208 070
(264 mgikg) 24561 1 005 728 2T2 073
24571 1 005 368 632 o037
Alean = STy 0.0 = 0.03 .ok = 0.15
24544 Q 000 Bla 184 0o.82
SABER-Bupivacaine 24545 L} 000 524 476 052
(12%0) Solution 24549 L} 000 783 217 078
(792 mg'kg) 24562 0 000 523 - 052
24564 1 005 643 5 054
Mhlean = SD 001 = 002 .66 = 0.14
24548 [¥] 0_00 652 348 065
SABER-Bupivacaine 24551 1 005 G635 365 054
(12%0%) Solutrion 24553 Q 000 &a7TT 323 0.G8
(264 mg/lgh 24554 2 010 204 To6 029
24565 1 005 477 523 048
AMean = SD 004 = 004 .55 = D16
24547 12 060 560 440 056
Cel h h id 24552 12 060 460 540 048
yelophosp iamide 24556 18 090 619 381 0.62
(60 mg/lg) 24557 19 095 542 as6 054
24560 B 0._40 530 470 0.53
Aican = 5D 069 + .23+ .54 = 006

N = hdicromacleated
TE = Total erythrocytes (PCE + NCE)
*Statistically different than vehicle confrol p=0.05

NCE = Normochromatic Erythrocyte
PCE = Polychromatic Erythrocyte

* Except for cyclophosphamide treatment: single dose with 24 hour postdose bone marmmow harvest

N e
Mean = e Xom Where x = the individual valoes; n = the number of valunes

Fed
SD = Standard Dewiation — .'Ll_}'
T —
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Dosing solution - The test article, SABER-Bupivacaine (12%) Solution, and control
article (placebo), SABER placebo, were physically and chemically stable throughout the
duration of the study.

Conclusion - - SABER-Bupivacaine (12%) solution and SABER placebo met the
criteria for a negative response for bone marrow cytotoxicity and clastogenicity in rats
under the conditions of this valid assay. While a valid assay, it may not really be fully
evaluating the potential genotoxicity of the drug substance, drug product, and it
components as SAIB persists at the injection site for a prolonged period of time. This
issue will be discussed in section 11.

7.4 Other Genetic Toxicity Studies
None conducted.

8 Carcinogenicity

Note: For the pharmacological active ingredient, bupivacaine, a 505(b)(2) reference is
made to the approved Marcaine (bupivacaine hydrochloride - NDA 16-964) label for
carcinogenicity data for bupivacaine. No other carcinogenicity studies were conducted.

9 Reproductive and Developmental Toxicology

Note: For the pharmacological active ingredient, bupivacaine, a 505(b)(2) reference is
made to the approved Marcaine (bupivacaine hydrochloride - NDA 16-964) label for
reproductive and developmental toxicology data for bupivacaine. The listed embryonic
fetal development study reviewed is an assessment of SABER placebo (no active
ingredient).

9.1 Fertility and Early Embryonic Development

No studies conducted.

9.2 Embryonic Fetal Development

Study title: Developmental Toxicity Study of SABER™-Bupivacaine
Placebo in Rats

Study no.: 11-11-803-R-SC-TT

Study report location: eCTD DARRTS

Conducting laboratory and h
location:

Date of study initiation: September 28, 2011 (protocol approval)
GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: Test article - SABER placebo,

lot KOO58 (DURECT; 721003F
@€y 100% pure — 75%
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Sucrose Acetate Isobutyrate
(SAIB), 25% Benzyl Alcohol (BA)
Vehicle — 0.9% NaCl, lot C829432

Key Study Findings

Sperm positive female SD rats were treated with SABER placebo (75%:25%
SAIB:BA) by subcutaneous injections of 0 (2 mL/kg 0.9% saline), 0.2, 0.6, & 2 mL/kg
every 3 days of gestation starting on gestation day 7 until gestation day 16.

All rats survived to sacrifice. Body weights/body weight gains, food consumption,
Caesarean-sectioning parameters, fetal gross and visceral alterations, and
ossifications site averages were unaffected by treatment.

Injection site reactions (i.e., swelling, discoloration, and scabs) occurred at all dose
levels of SABER™-Bupivacaine placebo tested, and the incidences were dose
dependent. These observations generally occurred in the first few days of dosing
and, in many cases, persisted through the end of the dose period and into the post-
dose period.

In the 2 mL/kg SABER placebo group, 6 fetuses in 1 litter had extra presacral
vertebrae with or without extra ribs. While these findings were not previously
identified in the testing lab’s historical control data, the occurrence was considered
of unknown toxicological relevance and a sporadic occurrence as it occurred in only
a single litter. Both SAIB and BA are not known to cause such effects. This
conclusion was confirmed in a consult to the FDA OND PTCC Reproductive and
Developmental Subcommittee.

There was no increase in embryo lethality, no effect on fetal body weight, and no
fetal alterations (malformations or variations) attributed to SABER placebo at any
dose tested. On the basis of these data, the developmental NOAEL was considered
to be 2 mL/kg.

Methods
Doses: 0, 0.2, 0.6, & 2 mL/kg of test article
Frequency of dosing: Every 3 days during major organogenesis
Gestation Days (GD) 7, 10, 13, & 16
Dose volume: 2,0.2,0.6, & 2 mL/kg
Route of administration: Subcutaneous to the shaved back
Formulation/Vehicle: BA
Species/Strain: Crl:CD(SD) Sprague Dawley rats (non-pregnant
females and breeder males)
Number/Sex/Group: 25 mated females per group
Satellite groups: None.
Study design: Rotate injections sites each dose (4 total
injection sites)
High dose based on other toxicity studies
Deviation from study Nothing affecting the outcome of the study
protocol:
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Observations and Results

Maternal Mortality

The rats were assessed for viability at least twice daily during the study.

All maternal rats survived the study period.

Maternal Clinical Signs

The rats were observed for general appearance at least weekly during the acclimation
period; on GD 0; once daily during dose period, including before each dose was
administered; and once daily during the post-dose period.

In maternal animals, a high incidence of injection site reactions (i.e., swelling,
discoloration, and scabs) occurred at all dose levels of SABER™-Bupivacaine placebo
tested, and the incidences were dose dependent. These observations generally

occurred in the first few days of dosing and, in many cases, persisted through the end of
the dose period and into the post-dose period.

GROTE 1 2 ] 4
TEST MATERIAL CONTROL JABER' ZREER™-
ARTICLE ) BUPIVACAINE
PLACERO

DOSE VOLIME (ML/EG)a Z 0.2 0.6 Z
MEXTMMM PO3SIBELE INCIDENCE 273/ 25 273/ 25 275/ 25 375/ 25
MORTALITY 0 0 0 0
INJECTION 3JITES:

INJECTION SITE(3): OWOLLEN of 0 #/ 10 161/ 2144 304/ 254

INJECTION SITE(3): DISCOLORATION b LT 118/ 1g#s 160/ 22+ 253/ 23w

INJECTION SITE(3): 3CRE(3) of 0 88/ 154 162/ 2ok 131/ 224
CLINICAL OBSERVATIOHS:

SPARSE HAIR CORT: LIMB(3 of 0 2l 15/ 1 0

SPARSE HAIR COAT: UNIER3IDE of 0 w1 o/ o o/

N/N = TOTAL MUMEER OF OB3ERVATICNE/MUMEER QOF RATS WIT
MANTMIM PO3SIELE INCIDEMCE = (DAY x RATS)/NUMEER OF RAT { P
a. Dose administration occurred on Days 7, 10, 13 and 16 of presumed gestation.
b. Red, purple and/or color wa= mot recorded.

¢ Bignificantly different from the control group value (pa0.01).
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All other clinical observations (i.e., sparse hair coat on the limbs or underside) were
considered unrelated to subcutaneous administration of SABER placebo as they were
not dose-dependent.

Maternal Body Weight

Body weights were recorded at least weekly during the acclimation period, on GD 0,
and daily during the dose and post-dose periods.

No treatment-related changes in maternal body weight were observed. While
administration of SABER™-Bupivacaine placebo was associated with a transient but
statistically significant reductions (p < 0.05 or p < 0.01) in mean maternal body weight
gains at 0.6 mL/kg on DGs 12 to 15 and at 2 mL/kg on DGs 8 to 9, 14 to 15, and 12 to
15, compared to the control article group values, there were no changes in body weight
gains for the dose period (calculated as DGs 7 to 19) or gestation period (DGs 0 to 21)
overall. Likewise, mean maternal body weights were unaffected by administration of
SABER™-Bupivacaine placebo at any level tested. Se figure for control (group 1), 0.2
mL/kg (group 2), 0.6 mL/kg (group 3), and 2 mL/kg (group 4).

MATERNAL BODY WEIGHTS
Figure 1

[

rrrrrrrr

Feed Consumption
Food consumption values were recorded on GDs 0, 7, 10, 12, 15, 18, and 21.

There were treatment-related changes in absolute (g/day) or relative (g/kg/day) food
consumption at any dose level tested.

Toxicokinetics
None conducted (no active ingredient).

Dosing Solution Analysis
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Material was used as supplied from sponsor in differing volumes on neat material. The
pre-dose and returned post-dose test article samples were analyzed for sample
appearance, degree of coloration, identity, and excipient related degradation products

@@ The results showed that the end of dosing
(post-dose) test article was physically and chemically stable for the duration of use in
the study.

Necropsy

On GD 21, all female rats were euthanized, caesarean-sectioned, and examined for
gross lesions. All gross lesions/masses were collected and preserved. The cervix and
uterus of one non-pregnant rat from the high dose (HD) was collected for possible future
evaluation. The uterus of the one HD apparently non-pregnant animal was examined by
being pressed between glass plates to confirm absence of implantation sites.

The ovaries and uterus were examined for number and distribution of corpora lutea,
implantation sites, placentae (size, color, or shape; any abnormalities were recorded),
live and dead fetuses, and early and late resorptions. An early resorption was defined
as one in which organogenesis was not grossly evident. A late resorption was defined
as one in which the occurrence of organogenesis was grossly evident. A live fetus was
defined as a term fetus that responded to stimuli. Non-responding term fetuses were
considered to be dead. Dead fetuses and late resorptions were differentiated by the
degree of autolysis present; marked to extreme autolysis indicated that the fetus was a
late resorption. Placentae were examined for size, color, and shape.

After sacrifice, fetuses were examined for sex and external, visceral and skeletal
abnormalities. The body weight of each fetus was recorded. Fetuses were individually
identified with the study number, litter number, uterine distribution, fetus number, and
fixative. Approximately one-half of the fetuses in each litter were examined for visceral
abnormalities by using a modification of the microdissection technique of Staples. Each
fetus was fixed in Bouin’s solution and the heads were subsequently examined by free-
hand sectioning; head sections were stored in alcohol. The decapitated carcasses were
not retained.

The remaining fetuses (approximately one-half of the fetuses in each litter) were
examined for skeletal abnormalities after staining with alizarin red S. Following
examination, skeletal preparations were retained in glycerin, with thymol added as a
preservative.

Fetal alterations were defined as: 1) malformations (irreversible changes that occur at
low incidences in this species and strain); or 2) variations (common findings in this
species and strain and reversible delays or accelerations in development). Litter
averages were calculated for specific fetal ossification sites as part of the evaluation of
the degree of fetal ossification.
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Maternal Necropsy

Clinical observations in the treated groups that persisted to the end of the gestation
period as listed in the clinical sigh table previously (i.e., swelling, discoloration, scabs,
and sparse hair coat) were confirmed at the time of necropsy. In addition, subcutaneous
brown and red firm material corresponding to the clinical observation of swelling at the
injection site was observed in one rat in the 2 mL/kg dose group and was attributed to
administration of SABER™-Bupivacaine placebo. No other gross lesions were observed
at necropsy.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)

No treatment-related effects were observed. The litter averages for corpora lutea,
implantations, percentage of preimplantation loss, litter size, live fetuses, resorptions,
percentage of postimplantation loss, dams with any resorptions, percentage of live male
fetuses, fetal body weights, and percentage of dead or resorbed conceptuses were
comparable among the 4 dose groups and did not significantly differ. No dam had a
litter consisting of only dead or resorbed conceptuses, and all placentae appeared
normal.

There was 1 dead fetus in the 2 mL/kg dose group. However, this finding was not
attributed to SABER™-Bupivacaine placebo by the sponsor because: 1) this was only a
single event; 2) there was no overall increase in postimplantation loss in this dose
group; and 3) fetal death occurs sporadically. Reviewer agrees.
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a. Dose administration occurred on Days 7, 10, 12 and 16 of gestation.
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Offspring (Malformations, Variations, etc.)
No treatment-related overall fetal alterations were observed.

FETAL ALTERATIONS - CRE3AREAN-TELIVERED LIVE FETUSE3 (DAY 21 OF GESTATION) - SUMMARY
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FETUSES EVALRTED ) 246 361 158 152
LIVE ] 246 161 150 351
DED b ] i i i 1
LITTERS WITH FETUSES WITH
ANY ALTERATION OBSERVED  W(&) £ 24.0)

-
o
=
(k)
ra
=
1
ra
o
-

FETUSES WITH ANY
ALTERATION QBSERVED Hi{&) 8 2.8) 3{ 0.B) Bl 2.2)

r
¥

-
(]
e

% FETUSES WITH ANY
LLTERATION/LITIER MEAN:3.D. 2.7¢ 5.3 0.8z 3.5 2.3z 3.5 3.5z 8.0

2. [o=e administration occurred om Days 7, 10, 12 and 1€ of gestation.
b. Values for dead fetus were excluded from summarization and stasistical anmalyses.
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No treatment-related fetal gross external effects were observed.

FETAL GRO33 EXTEBNAL ALTEFATICNS - CAESRRERN-DELIVEBED LIVE FETUSES (DRY 21 OF GESTATION) - STMMRRY

GROTE 1 2

TEST MATERIAL CONTROL ZREER™-
ARTICLE BUPTVACATHE

FLACERD

DOSE TOLME (ML/EG)a 2 0.2 0.8 z

LITTERS EVALURTED N 25 25 25 24

LITTERS WITE LIVE FETUS(EZ | 3 23 23 z

FETUSES EVALURTED | 24 261 158 152

L ) 346 IEL 358 a5l

a. [ose administration occurred on Days 7, 10, 12 and 16 of gestation.
b. Dead fetus was excluded from summarization and statistical analyses

No treatment-related fetal soft tissue alterations were observed.

FETAL 30FT TISSUE ALTERATION3 - CRESARERN-DELIVERED LIVE FETUSE3 (DAY 21 OF GESTATION) - SUMMARY

GROUP 1 2 3

TEST MATERIAL CONTROL 3REER™- ZREER™-

ARTITLE ETRIVRACAINE BUFIVACAINE
PLACEBO FLRCEBC

LUNG3: INTERMEDIATE LOBE ABSENT
LITTER INCICEMCE Hi% 10 4.0) 0f 0.0} 0 o0.0o o[ 0.0)
FETRL INCIDEMCE Hik 1{ 0.6)d of 0.0} ] or 0.0}

SIT03 INVERSUS

0r oo

Hik 1{ 0.§)d 0{ 0.0 0f
a. Dose admini
b. Excludes fetus 4603-12, which was intended for skeletal examination but was inadvertently fimed in Bouin's rather than alechol.
c. Dead fetus was excluded from summarization and statistical analyses.

d. Fetus 2613-10 had other soft tissue alterations.

sration occurred om Days 7, 10, 13 and 1€ of gestation.

Overall, no treatment-related fetal skeletal alterations were observed. However, in 1
litter in the 2 mL/kg dose group, not the litter with the 1 dead fetus, some findings not in
the other groups and not in the testing lab’s historical control data were observed
(highlighted in yellow in the following tables). Six (6) fetuses in 1 litter had extra
presacral vertebrae with or without extra ribs. Four (4) of these fetuses had 15 thoracic

Page 196 of 242
Reference ID: 3433613



vertebrae and 6 lumbar vertebrae present. One (1) of these also had 15 ribs present on
the right side, whereas there were 15 ribs bilaterally in the other 3 fetuses. Two (2) other
fetuses from the same litter had 7 lumbar vertebrae present. While these findings were
not previously identified in the testing lab’s historical control data, the involvement of
only a single litter makes the relationship to treatment unknown. This conclusion was
confirmed in a consult to the FDA OND PTCC Reproductive and Developmental
Subcommittee.

No other skeletal fetal alterations may have been attributable to administration of
SABER™-Bupivacaine placebo or exceeded the historical control data.

FETAL SFELETAL ALIERATIONS - CAESARERN LIVE FETU3ES (DAY 21 OF GESTATION) — SUMMARY

INCOMPLETELY OSSIFIED
M%)

CERVICAL VERTEER?
LITTER

ERCH,

IFIED
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FETAL SRELETAL ALTERATIONS — CAESABEAN-DELIVERED LIVE FETUSES (DAY 21 OF GESTATICON) - STMMARY
(S== footnotes on the last page of this sable.]

GROTE 1 2 3 4

TEST MATERIAL CONTROL ZREER™- zaEER™- 3zzzR™-
ARTICLE EUPTIVACAINE BUPIVACAINE EUFIVACAINE
PLACEEC PLACEEQ PLACEEQ
DOSE VOLUME (ML/KG)a 2 0.2 3 z
i1 25 24
N 25 24
N 178 182
N 178 182
THORACIC VERTEBRAZ: ARCEES, FUSED
LITTER INCIDENCE H(%) of 0.0) o( 0.0 1 4.0) of 0.0
FETAL INCIDENCE H(%) of 0.0) 0{ 0.0} 1( 0.5id of 0.0
THORACIC VERTEBRAE: CENTRUM, MOT OSSIFIED
LITTER INCIDEMCE H(%) of 0.0) LY 1{ 4.0} o( o.
FETAEL IMCIDEMCE Hi%) of 0.0) LY 1{ 0.5)d o( o.
THORACIC VERTEERAE: CENTRUM, BIFID
LITTER INCIDENCE Hi%) 2 od 1( 4.0} o( o.
FETAL INCIDEMCE Hi%) 2 od 1{ 0.5 o( o.
THORACIC VERTEERAE: 15 PRESENT
LITTER INCIDENCE Hi%) of 0.0) 0{ 0.0} o{ 0.0} 1( 4.2}
FETAL INCIDEMCE Hi%) of 0.0) o{ 0.0} o{ 0.0} 4{ 2.2)%%3,§,kL
LUMEXR VERTEERZE: ARCH AND CENTRUM, FUSED
LITTER INCIDENCE Hi%) of 0.0) LY oi 0.0} 10 4.
FETAL INCIDEMCE Hi%) of 0.0) LY oi 0.0} 10 0.
LUMEZR VERTEERZE: 3 FRESENT
LITTER INCIDENCE Hi%) of 0.0) od oi 0.0} 10 4.2}
FETAL INCIDEMCE Hi%) of 0.0) od oi 0.0} 1{ 0.5im
LUMEAR VERTEERAE: BARCH, IRREGULARLY 3HAPED
LITTER INCIDENCE Hi%) of 0.0) ol 0.0 ol 0.0} 1io4.
FETAL INCIDENCE H(%) of 0.0) 0{ 0.0} o( 0.0} 1( 0.
LUMEAR VERTEERAE: CENTRUM, NOT OSSIFIED
LITTER INCIDENCE H(%) of 0.0) od 0.0} Lo 4.
FETAL INCIDENCE H(%) of 0.0) od 0.0} 1( 0.
*# Significantly different from the comtrol group walue (pS0.01).
FETAL SFELETAL ALTERATIONS — CAESAREAN-DELIVERED LIVE FETUSES (DAY 21 OF GESTATION) - STMMRRY
[S== fostnetes on the last pag= of this table.]
GROUF 1 z
TEST MATERIAL CONTROL SABER™-
ARTITLE BUPIVATATNE BUP

FLACEED

il 25 25 24
" 25 25 24
FETUSES EVALUATED hod 179 18€ 183
LIVE )il 179 18& 183
LUMBER VERTEERRE: & PRESENT
LITTER INCICENCE H(%) of 0. of o.m oi 0.0) if 2.2)
FETAL INCIDEMCE Hi%) or o.om or o.om of 0.0 40 2.2)i,j. kL
LUMBAR VERTEERARE: 7 PRESENT
LITTER INCICENCE (%) of o.m of o.om Oi 0.0} it 41.2)
FETAL INCIDEMCE B %) or o.om or o.o) oi 0.0} Z{ 1.1}
SACRAL VERTEERZE: O PRESENT
LITTER IKCICENCE H(%) of o.m of o.o) oi 0.0} 1i 4.2)
FETAL IMCIDEMNCE H(%) o{ 0.0} o{ 0.0} of 0.0} 1{ 0.5m
CAUDAL VERTEERARE: O PRESENT
LITTER INCICEMCE H (&) ofr o.m ol o.o) oi 0.0} 1i 4.2)
FETAL IMCIDEMNCE H(%) o{ 0.0} o{ 0.0} of 0.0} 1{ 0.5m
RIB3: FUSED
LITTER INCIDEMCE H(%) o{ 0.0} o{ 0.0} 1( 4.0} of 0.0}
FETAL INCIDENCE H(%) o 0. of o.m 1i 0.5pd oi 0.0}
RIB3: SHORT
LITTER INCIDEMCE H(%) 1q 1q of 0.0} 1( 4.2)
FETAL INCIDENCE H(%) 1{ Zq oi 0.0) 1i 0.5}
RIB3: INCOMPLETELY O3SIFIED (HYPOPLASTIC)
LITTER INCILENCE H(%) o 0. of o.m oi 0.0} i 4.2)
FETAL INCICENCE Hi%) o o.m of o.o Oi 0.0} 1i 0.5ih
RIE3: THICFENWED
LITTER INCICENCE H(%) 1{ 4. o o.op i 2.0 oi  0.0¥
FETAL INCIDEMCE H(%) 1{ 0. o o.o) 1i 0.5he oi 0.0
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FETAL SEELETAL ALTERATIONS - CRESAREAN-DELIVERED LIVE FETUSES

[Se= fpotnotes on the last page of thi= table.)

21 OF GEBTATICN) - SUMMARY

GROTE 1 2
TEST MRTERIAL COWTROL SREER™-
ARTICLE BUFIVACAIHE
FLACFRD

DOSE VOLIME (ML/ES)a 2 0.2 2
LITTERS EVALUATED N 24
LITTERS WITH LIVE FETUS {ES] H 23
FETUSES EVALURTED H 183

LIVE H 182
RIES: WAVY

LITTER INCIDENCE Hi%) 1{ 4.0) o{ 0.0 1{ 4.0} ni 0.0

FETAL INCIDENCE Hi&) 1{ 0.6)c o{ 0.0 1{ 0.5le n{ 0.0
RIE3: 15 PRESENT

LITTER INCIDENCE Hi%) D{ 0.0} D{ 0.0 D{ 0.0} 1( 2.2}

FETAL INCIDENCE H(%) 0{ 0.0) o{ 0.0 Di 0.0 4 2.2)i,j, kL
STERMAL CENTRA: INCOMPLETELY Q3SIFIED

LITTER INCIDENCE Hi%) 1 0( 0.0 oi{ 0.0 4.2)

FETAL INCIDENCE Hi%) 1 D{ 0.0 D{ 0.0} 1( 0.5)£
STERMAL CENTRA: ASYMMETRIC

LITTER INCIDENCE Hi&) o{ 0.0} D{ 0.0 D{ 0.0 1 &.2)

FETAL INCIDENCE Hi&) o{ 0.0} D{ 0.0 D{ 0.0 1{ 0.5)f
STERMAL CENTRA: MOT OS3IFIED

LITTER INCIDENCE H(%) o{ 0.0} o{ 0.0 1i <.0) Di 0.0}

FETAL INCIDENCE H(%) o{ 0.0} o{ 0.0 1 JEid of 0.0
PELVIS: FUBIS, IMCOMPLETELY QSSIFIED

LITTER INCIDENCE Hi%) o{ 0.0) D{ 0.0 D{ 0.0 10 4.z2)

FETAL INCIDENCE Hi%) o{ 0.0) D{ 0.0 D{ 0.0 1{ 0.5lg
PELV CLO3E SET

LITTER INCIDENCE Hi&) o{ 0.0} D{ oy 1 &.2)

FETAL INCIDENCE Hi&) o{ 0.0} D{ oy 1{ 0.5im

All fetal ossification site averages were comparable among the 4 dose groups.

ETAL O35IFICATION 3ITES - CRAESAREAN-DELIVERED LIVE EETUSES

1
[E
0 oo
n

1.00 =

FHAT. CENTERS .88 =

KIFAOID 1.00 =

FORELIME b

CRAFALS 0.00 =
METARCRRERALS 4.00 =

S.00 =

T.57 2

4
5.0
s g
a Dose administration occurred on Days 7, 10,
b. Calculated as average per limb.

==

13 apd 16 of gestation.
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OSSIFICATION SITES PER FETUS PER LITIER

HER 7.00 % 0 7.00 % 1 7.00 £ .00
HE 13.06 = 1 13.07 = 0 12.10 % .1é
HE 5.94 2 1 5.92 = 1 5.80 £ 1é
HE .00 0 3.00 = 1 2.00 % .00
HE 7.23 % 7 7.50 % &7 7.52 % €3
HERNE .05 = 13.04 = 3 * 2
HERN * 1 *
HE * E *
HER * 1 *
HE * .00 0.00 £ 0.00
HE E .00 2 E 02
HE * .00 E * 0
HE * .67 7 *
HERN * 3 0.01 % 4
HE * 3 2.87 %
HE * 1 5.00 %
HE * 7 5.74 £

i as average per limb.

9.3 Prenatal and Postnatal Development
No studies conducted.

10 Special Toxicology Studies
10. 1 Wound Healing

Study title: A study of the effects of Sucrose Acetate isobutyrate (SAIB)-
based formulations on wound healing using the rat linear incision model

Study no.: DUR2

Study report location: eCTD in DARRTS o
Conducting laboratory and location:

Date of study initiation: February, 10, 2004
GLP compliance: No

QA statement: No

Drug, lot #, and % purity:

Key Study Findings
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e Male Sprague Dawley rats received intended wounds on day 0 and were treated
with various SAIB-containing formulations (0.125 mL in a 2.5 cm incision), two of
which were similar to SABER-Bupivacaine and SABER placebo, by wound
instillation or SC injection.

¢ A mechanical determination of wound strength was measured on day 7 after the
treatment and histology conducted on the SABER-Bupivacaine similar formulation
and untreated wound (negative control).

¢ No gross differences were noted in the wound sites as well as no difference in
wound strength compared to the negative control.

e The SABER-Bupivacaine similar formulation caused more severe histological effects
than the negative control, notably inflammation, granulation, angiogenesis,
epithelialization, and gaps. The SABER placebo group was not evaluated
histologically.

e In summary, under the conditions of the assay, formulations similar to SABER-
Bupivacaine and SABER placebo did not adversely effects wound healing over 7
days and the SABER-Bupivacaine similar formulation eause was associated with
increased histological effects compared to the negative control consistent with a
foreign body response.

Methods
DOSGS Bupivacaine Minimum | Post-op
Study Treat N No. Evaluatio
Group | Fermulation Dose | mgikg® | Wounds/ | nTime
Group Points
A #1 “inn wound" 0.05 mifcm 15 50 15 Day 7
(0.125 m! totai)
#2 “in wound" 0.05 mifcm 0 ¢ 10 Day 7
{0.125 mi total)
C #5 Paired Trailing S.C, 28 92 10 Day 7
Q05 mifemx 2
{0.25 mil total)
5] #5 Paired Traliing S.C, 0 1] i0 Day 7
0.05 mifem x 2
10.25 ml totat)
E #1 Paired Trailing 5.C, 30 100 10 Day 7
0.05 mifem x 2
{0.25 mil total}
F #2 Paired Tralling S.C, 0 v 10 Day 7
0.05 mifern x 2
{0.25 mil tatal)
G 43 “in wound" 0.05 mifcm 15 0 15 Day 7
(0.126 ml lotal)
#4 “in wound" 0.05 mifcm 0 1) 10 Day 7
(0,125 ml total)
| #5 “in wound" 0.05 milcm 14 46 15 Day 7
{0.125 m| iotal)
J w6 *in wound" 0.05 mi/cm 0 [N 10 Day 7
(0125 ml lotal)
K #7 “in wound” 0.05 mlivound 6.5 21 18 Day 7
L #8 "in wound" 0.05 mliwound 0 1] 10 Day ¥
M Controi {Incision only) 1] 0 15 Day 7
Formulations 1 (SABER-Bupivacaine), 2 (SABER
placebo) administered by wound instillation (group A
& B) or injected SC (groups E & F) and incision
control most relevant groups to proposed drug
product SABER-Bupivacaine (see formulation table
below)
Frequency of dosing: Single dose (may be split in %2)
Route of administration: On the day (Day 0) of surgery, under anesthesia,
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Dose volume:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:
Age:

Weight:

Satellite groups:
Unique study design:

Deviation from study protocol:

Reference ID: 3433613

symmetric 2.5cm full thickness linear incisions
wounds were created over each dorsolateral flank of
the animals. The materials were administered directly
into the wound prior to incision closure, or by paired
subcutaneous trailing injection immediately following
wound closure.

See table

Varied (see formulations — groups 1, 2, & 8 most
relevant for SABER-Bupivacaine proposed drug
product containing SAIB and BA)

# Formulation
T SAIBIBA (75:25)

(Solution in vial)
2 SAIB/BA (75:25) 0%
{Solution in vial)

% Bupivacaine
T2% (wifwi)

3| SAIB/Mig/BA (50/25/25) | 12% (wifwi)
{Solution in vial)
4 | SAIB/Mig/BA (50/25/25) 0%
(Solution in vial)
5 Emulsion F12A 11% {wtivol)
(Pre heat vial to 45°C)
6 Emulsion F12AB 0
(Pre heat vial 1o 45°C)
7 Paste F12B 13% {wiivol)
{Pre-lpaded syringe)
8 Paste F12BB 0
{Pre-loaded syringe)

Note: SAIB = Sucrose Acetate isoButyrate
Mig = Miglyol 810
BA = Benzyl Alcohol

Note: proposed drug product is 12% Buplvacalne

66% SAIB and 22% BA (similar to #1 o1&
(b) (4)

SPF Sprague Dawley rats

5 males/group

8 weeks

250-300 g

none

Assessment of wound healing process over 7 days
using biomechanical measurements of wound
strength and histological evaluation

Nothing significant
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Observations and Results

Mortality

Daily observations conducted from day -7 until termination (day 7 after incision).

No deaths observed.

Clinical Signs

Daily observations conducted from day -7 until termination (day 7 after incision).

No abnormal clinical signs observed.

Body Weights

Body weights measured on days 0 & 7.

Animals increased in body weight with no differences among groups.

Feed Consumption, Ophthalmoscopy, ECG, Hematology, Clinical Chemistry,
Urinalysis, Organ Weights, Toxicokinetics, and Dosing Solution Analysis were
not evaluated.

Gross Pathology

Wounds were grossly observed on day 7.

There were no visual differences reported in the appearance of the wounds on day 7.

Histopathology

The wounds of groups A (SABER-Bupivacaine equivalent), G, I, K, & M (wound control)
were evaluated on day 7. Indices scored and severity grading system was as follows:

Inflarmmation (1-5) Based on the general infiltration of inflammatory cells, including
lymphocytes, eosinophils, macrophages, and neutrophils.
. Granulation (1-5) Extent of fibroblast accumulation as part of granulation tissue.

+ Angiogenesis (1-5) Development of prominent neovasculature as part of granulation
tissue formation

+«  Epithelization (1-5) Extent of wound resurfacing and degree of differentiation of
keratinocytes.

. PMN/Neutrophils (1-5) Index of acute inflammation and consistent with presence of
foreign material or infectious organisms

+  Gap (5-1) Degree of separation of wound margins

\d Fibrillogenesis (1-5) Organization of collagen fiber bundles and intensity of collagen
staining
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Adequate Battery — no (wound only)

Peer Revi

ew - no

Histological Findings — Group A exhibited increased inflammation, granulation,

angiogenesis, neutrophils, and gaps, compared to wound only (group M). This appears
to be a typical foreign body reaction to the injection.

SUMMARY OF HISTOLOGICAL TISSUE RESPONSE

Woond Organization Score

35

{ Inflammation | Granufation | Angiogenesis | Epithefization | Neutraphils Gap | Fibrillogenesis !
B\Mean Group A 2.4 2.4 2.8 ' 3 1.6 0.6 ; 28 |
OMean Group G/ 2.4 2.2 22 o022 0ozl 2
OreanGrowpl 24 1 18 | 14 . 24 26 F 12 1 34
BMean Growp K 2.4 22 12 26 i8 i 08 | 28
B Mean Group M° 1.4 ' 1.8 ] 3 1 ' 0 L 36 |
Raw Data for Histology
Group Description | Inflammation | Geanutation ! Anciogenesis | Eeithelization { Newlmookls Gap | Fibriinaenosis [ Comments
2 3 4 1 [i] 3
Fommuiation &1 - 1 1 F] 4 [ F 3
vl cyst
Group A e 3 3 3 2 z D 3 st
; [ 3 k] 2z 3 i 2 Ia eyst
) I
(0,125 ml telal) F 5 5 3 7 0] 5
Inflammation | Granulation | Anaisqenesis | Enithelization | Neutrophils Gap Fibrilzgenegis | Commens
2 K] F i [i] F
contral 1] 1 1 3 i} a 4
Group M e 3 2 1 4 3 bl 4 Supert aboess
(ncisian only) i Z ] 5 3 ) 3
1 1 1 K] 1 1] 4

Special Evaluation — In Vivo Biomechanical Testing

On Day 7 post-wounding, the respective groups were prepared for biomechanical
testing. The sutures were removed. A disposable acrylic test ring (ID 2.5cm) was placed
around the wound and secured to the skin using cyanoacrylate glue. A small amount of

Reference ID: 3433613
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perfluorinated grease was applied to the top of the ring interface to assure a tight
vacuum seal. The BTC-2000TM test chamber (2.5 cm I.D.) was integrated with the test
ring until the chamber and ring were securely interconnected. The test chamber was
held by hand comfortably to assure that no positive force was being exerted on the
wound. The BTC-2000™ test-start button was triggered. A constant negative pressure
was applied to the wound at a rate of 10mmHglsecond, producing a multi-axial stress
on the wound. Abrupt displacement of wound margins (wound Failure) was captured by
a displacement laser. The time synchronized data of pressure (mmHg) and wound
deformation (mm) were graphically displayed, logged to disk, and analyzed by the
BTC.2000™ in real-time.

The SABER-Bupivacaine similar and SABER placebo similar groups (A & E and B & F,
respectively) exhibited no significant differences after instillation to wound or SC
injection, respectively, from the wound control (group M). Only group D exhibited a
reduced wound strength at p<0.05. (see figure)

’ET: 300 -

g

Y250 . P ——

w

5

w

¢ 200 -

=3

=

g

= 150 4

2

k%)

2

= 100 -

[=2]

]

5 50

= e

§ o L 5 2 L ae B .

= Group Group Group | Group Group i Group - Group Group Group Group Group | Group | Group |
A 8 € D E :F .G H I L J K L M.

Mean . 201 207 | 200 | 179 | 183 . 204 . 197 202 182 | 189 | 183 205 190

StDev. 74.78 33.37| 28.3 [20.09|22.49|23.74 30.82 22.02| 25.1 |22.54|25.22|33.72| 20.3

05COV | 12%  16% | 14% | 119 | 12% | 12%  16% | 11%  14% : 12% | 14% | 16%  11%

Seven {7) Days Post-Wounding

Results from In-vivo Biomechanical Testing, 7 Days Post-Wounding.
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Study title: A single dose wound healing study in full-thickness wounds in

minipigs

Study no.: 60111

Study report location: eCTD in DARRTS

Conducting laboratory and location: A
Date of study initiation: August 16, 2005

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: SABER Bupivacaine (12:66:22%

bupivacaine:SAIB:BA),Lot 015-04). 96.9-
100% purity (post-dose — pre-dose)
SABER Bupivacaine placebo (Lot GLP-
803), 75:25% SAIB:BA, purity NA
Negative control, 5% CMC gel (batch
1.385091), NA

Key Study Findings

Three (3) female Gottingen SPF minipigs received eight full-thickness wounds
(diameter 20 mm) on day 1 and were observed for 15 days. Immediately after
surgery, the wounds were treated topically within the wound tissue with 5% CMC gel
(carboxymethylcellulose negative control), SABER placebo (vehicle), or SABER-
Bupivacaine in a dose volume of 0.5 ml per wound. Observations of the wounds,
included planimetric measurement of wound contraction, was performed on a daily
basis. On Day 15 necropsy, each wound was sampled, fixed in neutral buffered
formalin and processed for histopathological examination.

No treatment-related clinical signs were seen during the study. The body weights
were within a normal range of body weight for fully grown Gottingen minipigs.

The macroscopic wound observations revealed no treatment-related differences
regarding inflammation of the wounds edges, the skin surrounding the wounds,
grade of hemorrhage, or grade of exudation. Necrotic tissue was not observed in
any of the wounds during the study and hypergranulation was only seen in a few
wounds on a single day during the study.

Planimetric-based, wound contraction was identified on Day 2 for the wounds of all
treatments. All wounds contracted to a comparable amount (~60%) by the end of the
study with a greater rate of contraction for the CMC-treated wounds on certain days
during the study. Other observations (growth of granulation tissue, area of
granulation tissue, re-epithelialization) were generally comparable with some
increased severity in the SABER-Bupivacaine group commenced on Day 9 for the
wounds of all treatments. No differences in the re-epithelialized wound areas
between the different treatments were seen during the study. The re-epithelialized
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area covered ~90% of the total wound area on Day 15 for the treated wounds of all
groups.

e Microscopically, the wound healing process was advanced comparably in all treated
wounds. SABER-Bupivacaine and SABER placebo had no significant adverse
effects on the wound healing in the minipigs compared to a CMC control. No wound

only group was included so no absolute effect on wound healing could be

determined.

Methods
Doses:

Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:

Weight:

Satellite groups:
Unique study design:

Deviation from study protocol:

Reference ID: 3433613

Animal No
I 2 3
Localisation L R L R L R
Cranial 1 2 3 I 2 3
2 3 1 2 3 1
3 1 2 3 1 2
Caudal 1 2 3 ! 2 3

Treatment 1: SABER-Bupivacaine; Treatment 2:
SABER placebo; Treatment 3: negative control
(CMC)

Single application

Topical to wound

0.5 mL per wound

CMC for negative control

Gottingen SPF minipigs

3 females

Not reported

29.5-34.8 kg

None

The wounds were established on Day 1. Eight
circular full-thickness wounds (diameter 20 mm)
were made on the prepared area (dorso-lateral
area of either side of the back). The wounds
were numbered 1 (most cranial) to 4 (most
caudal) on the left side on the animal, and 5
(most cranial) to 8 (most caudal) on the right
side of the animal. Wound contraction was
measured for 15 days.

Nothing significant

Page 207 of 242



Observations and Results

Mortality

Mortality was observed daily. No mortality was observed.

Clinical Signs

All visible signs of ill health and any behavioral changes were recorded daily.

No treatment-related clinical signs were seen in any of the animals during the study.
Body Weights

All animals were weighed on allocation to the study, one week before start of treatment
(day -7), on the first day of treatment (day 1) and on day 8. Also the weight at necropsy

was recorded (day 15).

The body weights were within a normal range of body weight for fully grown Gottingen
minipigs.

Feed Consumption

From day -7, the consumption of food was estimated daily for each animal by weighing
unconsumed diet.

No treatment-related effects were observed.

Ophthalmoscopy, ECG, Hematology, Clinical Chemistry, Urinalysis, Organ
Weights, and Toxicokinetics not evaluated.

Gross Pathology

Macroscopic Wound Observation

Each wound was photographed and evaluated macroscopically on days 2-15 for the
following parameters:

» Appearance of wound and wound edge (inflammation)
 Condition of skin surrounding the wound (inflammation)
* Hemorrhage

* Amount of exudate present

* Presence of slough/necrotic tissue

* Presence of granulation tissue

» Hypergranulation
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The parameters were scored according to the following grading system:

0 not present
1 minimal

2 slight

3 moderate

4 marked

Minimal to slight inflammation of the wound edges and skin surrounding the wounds
was observed in a majority of all wounds through day 15, with no differences between
the individual treatments. From day 10, no inflammatory reaction of the wound edges
was seen in any of the wounds including CMC negative control (no wound only, sham
control included). Some inflammation of the skin was observed on day 15.

Slight to marked hemorrhage was observed for all wounds on day 2. Minimal to
moderate hemorrhage was observed on days 3-7 with a decreasing severity to minimal
for the majority of all wounds by day 8. No hemorrhage was observed by day 12 except
for minimal hemorrhage in a few CMC-treated wounds on days 14 and 15. No real
differences in the grade of hemorrhage were observed for the different treatments
during the study.

Slight to moderate amounts of exudate were observed in all wounds on day 2,
thereafter decreasing in severity to minimal to slight by day. The amount of exudation
generally further decreased during the remaining part of the study, being minimal or
absent for all wounds on day 15. No significant differences in the grade of exudation
were observed between the different treatments during the study.

No necrotic tissue was observed in any of the wounds during the study.

Minimal to slight growth of granulation tissue was observed starting on day 6 for the
wounds of all treatments for all groups. On day 7, slight to moderate amounts of
granulation tissue were present in all wounds. Up to marked amounts of granulation
tissue were observed by day 8. From day 9 and thereafter, marked amounts of
granulation tissue were observed in all groups. The amount of granulation tissue was
generally the same for all test groups.

Minimal hypergranulation was observed in a single vehicle treated wound site (minimal)
and in a single CMC-treated wound site (slight) on Day 11. Besides these findings, no
hypergranulation was observed during the study.

Wound Areas

Wound Contraction, Area of Granulation Tissue, and Area of Re-Epithelialization were
measured for 15 days.

Wound Contraction - Wound contraction (decrease of wound areas compared to day 1)
was identified starting on day 2 for the wounds of all treatment groups. All wounds
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further contracted during the study, reaching comparable levels of 58.6, 59.6 and 61.7%
on day 15 for the wounds treated with SABER-Bupivacaine, SABER placebo (vehicle),
and CMC gel, respectively. Wound contraction was greater for the CMC-treated wounds
compared with the other group wounds during the course of the study (15 days), but
total wound contraction was essentially the same by day 15 for all groups. No
differences were seen between the SABER-Bupivacaine wounds and the SABER
placebo wounds. While the time course of wound contraction was different, the 15-day
end result was comparable for all groups (see tables). Of note is that there was no
“wound only” group for absolute comparison purposes.

A single Dose Wound Healing Study in Full-Thickness Wounds in Minipigs
Wound areas in % of wound area day 1

Mean values

TREATMENT % AREA DAY 2 % AREA DAY 3 % AREA DAY 4 % AREA DAY 5 % AREA DAY &
Mean |8.D. |N |p [Mean |S.D. |N |p [Mean |S.D. |N {p |Mean |S.D. |N p |Mean ($.D. [N |p
1 86.6| 2.6 8 B8.0| T.0| B 95.6| 6.0 8 95.8 7.2| 8 95.9] €6.5| 8
2 87.0/ 8.2| 8 90.4| B.4| B8 97.3] 9.5| 8 94.3| 10.1| 8 96.7| 10.3| B
3 BB8.4 B.8| B|* B4.6f 13.0) 8 90.8| 11.7| 8 B9.5| 15.4| 8 B8.6| 15.3| 8
I
I
TREATMENT % AREA DAY 7 % AREA DAY 8 % AREA DAY 9 % AREA DAY 10 % AREA DAY 11
Mean |5.D. [N |p |Mean |S.D. [N [p |Mean |S.D. |N |[p |Mean |S.D. [N |p |Mean |S5.D. [N p
1 85.5| 10.3| 8 76.8| 12.1| 8 63.7| 12.8| 8 58.9| 10.9| 8 50.6| 11.6] 8
2 B84.4 8.2| 8 70.6 9.7 8 €1.5 9.4/ 8 57.0| 92.0| B 48.2 9.4| B
3 74.8 9.5| B|* 64.6| 10.1} B 56.5 8.7, 8 49.8| B8.9| 8|* 46.6| 9.5| 8
1
TREATMENT % AREA DAY 12 % AREA DAY 13 % AREA DAY 14 % AREA DAY 15

Mean |(S.D. |N |p |Mean [S.D. ([N |[p |Mean |S.D. |N |p |Mean |S.D. (N |p

1 50.5| 14.8| 8 48.1| 15.1| 8 44.9| 10.7| 8 41.4| 10.6| 8
2 48.2| 11.2| 8 44.7| 10.7| 8 42.9| 8.4| 8 40.4| 9.5| 8
3 43.0f 13.0| 8| | 38.8| 13.5| 8|* | 40.5| 8.9| 8 38.3| 10.2| B

I

Area of Granulation - Growth of granulation tissue was identified by day 6 for the
wounds of all treatments. The area of granulation tissue for the CMC-treated wounds
was smaller on days 7 and 9 as compared with the vehicle-treated wounds (differences
seen in absolute values only; no differences seen when comparing relative values). This
was considered an indirect effect of the generally smaller wound area for the CMC-
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treated wounds in comparison with the other group wounds on those days. By day 15,
the percent of wound area with granulation was comparable for all groups at 10, 12.6
and 8.4% for wounds treated with SABER-Bupivacaine, SABER placebo (vehicle), and
CMC gel, respectively No differences were observed between the SABER-Bupivacaine
and SABER placebo (vehicle) treated wounds. Again, there is no “wound only” group for

absolute comparison purposes.
Area of granulation tissue in % of wound area from the same day

Mean values

TREATMENT % AREA DAY 6 % AREA DAY 7 % AREA DAY B8 % AREA DAY 9 % AREA DAY 10
Mean |S.D. |N |p |Mean |S.D. |N |p [Medn |S.D. IN |p |Mean [S.D. |N |p [Mean |S.D. [N p

1 69.9| 36.6| 8 100.0| 0.0 B 100.0| 0.0| 8 88.3| 13.0| 8 55.3| 12.6| 8

2 61.4| 38.0 8 100.0( 0.0 A 100.0, 0.0 8 88.2| 10.9) B 55.6| 11.6| 8

3 2.1 31.9| B 100.0 0.0 8 100.0 0.0| 8 77.7| 12.4| 8 -50.6 9.6 8B

TREATMENT % AREA DAY 11 % AREA DAY 12 % AREA DAY 13 % AREA DAY 14 % AREA DAY 15
Mean |S.D. |N [p |Mean |S.D. (N {p |Mean [S.D. [N |p |Mean [S.D. |N |p |Mean !5.D. |N p

1 35.3] 11.2| 8 44.4 B.1| B 26.4| 18.5| 8 10.0 9.8 8 10.0 7.5| 8

2 36.6| 16.6| 8 45.01 14.3| 8 26.5| 17.4| 8 14.1] 10.2| 8 12.6] 13.1| 8

3 36.0( 11.1| 8 43.7| 25.5| 8 21.0) 19.5| 8 13.8| B.6| 8 8.4 8.9| 8

Area of Re-Epithelialization - Re-epithelialization commenced on day 9 for the wounds
of all treatments. No differences in the re-epithelialized wound areas between the
different treatments were seen during the study. The re-epithelialized area covered
about 90, 87.3 and 91.6% of the total wound area on Day 15 for the wounds treated
with SABER-Bupivacaine, SABER placebo (vehicle) and CMC gel groups, respectively.
Again, there is no “wound only” group for absolute comparison purposes.
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Area of granulation tissue in % of wound area from the same day

Mean values

TREATMENT % AREA DAY 6 % AREA DAY 7 % AREA DAY B % AREA DAY 9 % AREA DAY 10
Mean |S.D. 'N |p |Mean |5.D. (N |p |Medn |S.D. [N |p |Mean [S.D. [N |p |Mean |S.D. [N p

1 69.9| 36.6| 8 100.0 0.0 8 100.0 0.0 8 88.3| 13.0| B 55.3| 12.6| 8

2 €1.4| 38.0| 8 100.0 0.0 B 100.0 0.0 8 B8.2| 10.9| 8 55.6| 11.6| 8

3 72.1| 31.9| B 100.0( 0.0| 8 100.0 0.0 8 77.7| 12.4| 8 - 50.6 9.6| B

TREATMENT % AREA DAY 11 % AREA DAY 12 % AREA DAY 13 % AREA DAY 14 % AREA DAY 15

Mean |S.D. |N |p |Mean |S.D. |N |p |Mean |S.D. N |p |Mean [S.D. [N |p [Mean |S.D. [N |p

1 35.3] 11.2| 8 44.4( B.1| B 26.4| 18.5| 8 10.0| 9.8| 8 10.0f 7.5| 8
2 36.6( 16.6| B 45.0) 14.3| 8 26.5| 17.4| 8 14.1] 10.2| 8 12.6) 13.1| 8
3 36.0( 11.1| 8 43.7| 25.5| 8 21.0] 18.5| 8 13.8( B.6| 8 8.4/ 8.9| 8

In summary, there were no notable differences Wound Contraction, Area of Granulation
Tissue, and Area of Re-Epithelialization over the 15-day observation period other than
the increased rate but not final total wound contraction in the CMC-treated group.

Histopathology

Each wound was cut free as a block separated from skeletal muscle tissue. If any
adherence to the underlying skeletal muscle occurred, part of the muscle was included.
After fixation, three representative samples from each wound were embedded in
paraffin and sectioned (nominal thickness 5 um). One section was stained with
hematoxylin and eosin and another section was subjected to immunohistostaining for
angiogenesis (Streptavidin/Biotin immunoperoxidase technigue to demonstrate von
Willebrand factor — blood glycoprotein involved in hemostasis). The third section was
stained with Masson's Trichrome for valuation of newly formed collagen. After staining,
the slides were observed under the light microscope.

Adequate Battery — No, wound only, but that is the study focus.
Peer Review — No.
Histological Findings - Marked amounts of granulation tissue developed in all treated

group wounds, consisting mainly of large numbers of thin-walled blood vessels and
fibrocytes/fibroblasts (fibrovascular connective tissue).

Page 212 of 242

Reference ID: 3433613



A crust had formed on top of the granulation tissue in most wounds for all treatment
groups. The extent of these crusts ranged from minimal to slight. The crusts consisted
mainly of necrotic cell debris and exudate.

The re-epithelialization was complete (massive) in most wounds in the treated groups.
Re-epithelialization was moderate to marked for the other wounds (e.g., placebo and/or
negative control). The thickness of the epithelium was moderate to marked in most
cases with rete-ridge formation.

In the superficial parts of all treated wounds for all treatment groups, a minimal to
moderate inflammation was observed. In the deeper parts of the wounds a minimal to
moderate inflammation was observed for the CMC and SABER placebo (vehicle)
groups. For the SABER-Bupivacaine group, the deeper inflammation was minimal to
moderate.

Minimal to slight numbers of cystic spaces were observed in the granulation tissue of
three of eight treated wounds (CMC group), one of eight treated wounds (vehicle), and
three of eight treated wounds (SABER-Bupivacaine).

Clear vacuoles were observed in the profound granulation tissue of all CMC treated
wounds (minimal to slight), vehicle wounds (minimal to moderate), and SABER-
Bupivacaine treated wounds (minimal to marked). Giant cells associated with the clear
vacuoles were observed in CMC treated (minimal to slight), vehicle treated (minimal to
moderate), and SABER-Bupivacaine treated (minimal to moderate) groups.

Newly formed collagen was observed in CMC treated (marked), vehicle treated
(moderate to marked), and SABER-Bupivacaine treated (marked) groups. Moderate
angiogenesis was observed in all treated wounds.

In summary, No marked differences were observed in wound healing between the
treatment groups. No macroscopic differences at wound injection sites were noted
among negative control (CMC), vehicle control (SABER placebo, and SABER-
Bupivacaine. The CMC-treated wounds exhibited slightly more pronounced wound
contraction than the other two groups. Microscopically, a slight tendency towards less
advanced re-epithelialisation and more inflammation and clear vacuoles occurred in the
SABER-Bupivacaine animals compared to the CMC animals. SABER placebo animals
fell somewhere in between these observations with no marked differences in overall
reaction/wound healing among the three treatment groups.

Special Evaluation — see Wound Contraction, Area of Granulation Tissue, and Area of
Re-Epithelialization discussed previously.

Dosing Solution Analysis
Both pre-dose and post-dose active samples were analyzed for appearance, potency,

and degradation products. The results showed that the active formulation remained
clear, light yellow-brown in color, and percentage of label strength assays showed that
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the product was chemically stable during the animal dosing period. Total degradation of
pre-dose samples (by area normalization) was 0.51% and that of post-dose samples
was 0.74%. Both pre-dose and post-dose placebo samples were analyzed for
appearance. The placebo (vehicle) formulation remained a clear, colorless solution.

A Study of the Effects of Sucrose Acetate Isobutyrate (SAIB)-based Formulations
on Wound Healing Using the Rat Linear Incision Model (study DUR 1 — non-GLP)
— This pilot study used the @@ for the SAIB (SABER
placebo) . The objective was to evaluate the effects of SAIB/ ©® (70%/30%, lot 263-
85-1-5) at differing volumes on the wound healing process after 7 days using
biomechanical measurements. On day 0, symmetric, 2.5 cm full thickness linear
incisions wounds were created over each dorsolateral flank of the shaved animals. The
wound margins were approximated and closed with surgical skin sutures. Immediately
after wound closure, at a distance of 1 cm away from the opposed wound margins, a
trailing subcutaneous injection (2.5 cm in length) of SAIB/ ®® (70%/30%) or saline was
administered parallel to the surgical wound.

Study Minimum Pus.t-np .
Grou Treatment No. Wounds/ | Evaluation Time
p .
Group Paints
A Coniral {no treatment) 10 Day 7
B Control-saline (0.25 mifem; 0.625 mlfinjection; 10 Day7
1.25 mi total per incision)
C SABER-piacebo (0.1 mifcm; 0.25 mifinjection; 10 Day7
0.5 ml total per incision)
D SABER-placebo (0.25 mifem; 0.625 mifinjection; 10 Day7
1.25 mi lotal per incision)

There were no visual differences observed in the appearance of the different group’s
wounds. Biomechanical testing (wound healing/incision strength), performed on day 7
post-wounding, identified no differences between the groups.
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Seven (7) Days Post-Wounding

Figure 1: Results from In-vivo Biomechanical Testing, 7 Days Post-Wounding.

In summary, this pilot study included the in vivo biomechanical evaluation of
subcutaneous SAIB/ ?® (70%/30%) in the linear incision wound healing model. The
measured parameter of in vivo wound strength revealed there were no significant
(p>0.05) differences between the groups at 7 Days post-wounding. Moreover, there
were no differences observed in mechanical wound strength between the two
volumes of SAIB/ ©? (70%/30%) tested. In-vivo mechanical measurements of wound
strength provided reliable and reproducible means for quantifying the effects of the
various treatments.

10.2 Hemolysis

Study title: Hemolytic potential and plasma compatability study with five
test articles in human blood

Study no.: 01-11-803-X-VO-ATX
Study report location: eCTD in DARRTS

Conducting laboratory and location: (b) (4)

Date of study initiation: April 15, 2011
GLP compliance: Yes.
QA statement: Yes.
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Drug, lot #, and % purity:

Test Article Manufacturer ~ LotNo.  Storage  Purity?
POSIDUR (SABER-Bupivacaine), DURECT ~ KO0S9  Atroom  98.2%
provided at 132 mg/mL of bupivacaine temperature

(Test Article 1)
SABER-Bupivacaine vehicle (placebo); ~ DURECT K005 Atroom MS

0 mg/mL (Test Article 2) femperature

Sucrose acetate isohutyrate (SAI). DURECT 0011 Atroom  100.0%
provided at 100% (undiluted) temperatwre  (HPLC)
[Test Article 3} (b) (4)

0.75% Sensorcaine-MPF (Bupivacaine WH2115  Atroom 08.4%
HCl Injection, USP) (Test Article 4] temperature

0.9% Sodium Chloride for Injection, CB13600  Atroom MS
USP (Test Article 5) femperature

MS = Meets specifications.
a  See Certificates of Analysis.

Test group 1 — SABER-Bupivacaine

Test group 2 — SABER placebo

Test group 3 — SAIB

Test group 4 — Sensorcaine (bupivacaine HCI)
Test group 5 — 0.9% sodium chloride

Key Study Findings

e The purpose of this study was to assess the hemolytic potential of the test articles
POSIDUR (SABER-Bupivacaine), SABER-Bupivacaine vehicle (placebo), sucrose
acetate isobutyrate (SAIB), 0.75% Sensorcaine-MPF (Bupivacaine HCI Injection,
USP), and 0.9% Sodium Chloride for Injection (negative control), USP, in human
whole blood and the compatibility of these test articles with human plasma.

e Supernatant of hemolytic test samples were evaluated macroscopically for changes
in color or clarity and the presence of flocculation, precipitation, or coagulation
relative to the homologous plasma sample.

e SABER-Bupivacaine and SABER-Bupivacaine vehicle both caused hemolysis when
added to human whole blood and resulted in a viscous (and, for the vehicle, cloudy)
macroscopic appearance, with globules resembling bubbles visible microscopically,
when added to human plasma.

e In summary, it appears that the benzyl alcohol component of SABER-Bupivacaine
and SABER placebo may be involved in the hemolysis as bupivacaine and SAIB
alone did not cause hemolysis.
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Methods and Results

Hemolytic Potential

Hemolytic Potential Testing Design Table

Human
Tube Number Blood Plasma Test Article Saponin 1%2@
1 + - + (Test Article 1) -
2 + - + (Test Article 2)
3 + - + (Test Article 3)
4 + - + (Test Article 4)
5 + - + (Test Article 5)
gb + + -
7c + - - +

+ = Approximately 0.5 ml. added to tube (see Protocol Deviations).
- = Not added to tube.

a  Saponin is a hemolytic agent used to lyse erythrocytes.

b Analysis control sample/negative for hemolysis.

¢  Analysis control sample/positive for hemolysis.

Each tube was mixed on a rocker plate or other mixing apparatus for at least 5 minutes
and then incubated for 40 to 45 minutes at approximately 37°C. During incubation,
tubes were mixed by inversion every 5 to 10 minutes. After incubation, the tubes were
centrifuged (centrifuge set to maintain 2 to 8°C), and the supernatant was harvested. A
hemoglobin index was determined for the supernatant of each tube. The hemoglobin
index approximates the amount of hemoglobin in mg/dL. The hemolytic index,
approximating the amount of hemoglobin present in the supernatant of the test article
mixtures, was compared with that of the negative control. Hemolysis was present
(recorded as a positive test result) if the hemoglobin index was >500 (i.e., approximately
500 mg/dL) more than that of the negative control.

POSIDUR and SABER-Bupivacaine vehicle both caused hemolysis when added to
human whole blood. Hemoglobin indices corresponded to approximate concentrations
of 11788 and 5357 mg/dL, respectively. No hemolysis was associated with SAIB; 0.75%
Sensorcaine-MPF; or 0.9% Sodium Chloride for Injection, USP. Hemoglobin indices
corresponded to approximate concentrations of 169, 62, and 20 mg/dL, respectively.

Hemolyvitic Potential Test Results

Heamomge lodaj i

_"-._l.Dlllr-E' Ozl 1) T ==t H_-i-"_-.ﬂ]r T u|_|-_'__:":-ul|

Hunsan blcod prlluas
lNesa Morticle 1 11 788D Posktive 1
=t Morticles 2 ER5TH Posbtive 2
et Aurticle 3 165 Megative L
le=a Aurnicle 4 62 Megative 3
Tesa Avrticle 5 210 P e L e 5
Flummean |I|.'I."\.:IIILA 78 e e 5
1'% Sapsomin G748 Positive [l

MNegative = No hemolysies

A Heermeogplobin comceniration of the mixiune supeernsstands

b Resules had ABS commeni
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Plasma Compatibility:

| ube Mumber Humam Plasma lest Anicle

i 58 i

2 - = (Test Aurtiche 1)
3 - &+ [Test Aaticke Z)
1 - =+ [Test Aaticke 3)
5 - + (Test Articke 4)

] - {Test Artiche 5)
= Approximately 0.5 ml. added to tube (see Protocol Deviations).

Mol @addesd v pukbee
A Tubs= with homologous plasma were used for comparison purposes

i

I

Tubes were placed on a rocker plate for at least 5 minutes, and the contents of each
tube were examined macroscopically. Changes in color or clarity relative to the
homologous plasma sample and the presence of flocculation, precipitation, or
coagulation were recorded. When macroscopic evaluation of a mixture revealed any
differences relative to the homologous plasma sample, microscopic examinations were
done on that mixture and the homologous plasma sample for comparison purposes.
When no changes or differences relative to the homologous plasma sample were
observed, a microscopic examination was not done on that mixture.

The 0.75% Sensorcaine-MPF resulted in a cloudy macroscopic appearance, with
particles visible microscopically, when added to human plasma. POSIDUR and SABER-
Bupivacaine vehicle resulted in a viscous (and, for the vehicle, cloudy) macroscopic
appearance, with globules resembling bubbles visible microscopically, when added to
human plasma. SAIB and 0.9% Sodium Chloride for Injection, USP, did not result in
macroscopic changes in appearance when added to human plasma.

Plasma Compatibility Test Results

Macroscopic
Mixture Observation Microscopic Observation Tube No.
Human plasma and:
Human plasma used for comparisons 1
Test Article 1 Viscous Globules that resemble bubbles 2
Test Article 2 Cloudy/viscous ~ Globules that resemble bubbles 3
Test Article 3 NC NA 4
Test Article 4 Cloudy Particle seen 5
Test Article 5 NC NA b

NA = Not applicable.
NC = No change.
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Dosing Solution Analysis

POSIDUR (SABER-Bupivacaine — test article 1) and SABER-Bupivacaine vehicle
(placebo — test article 2), were analyzed for identity, potency, drug-related degradants,
and excipient-related degradants. Pre-dose and post-dose results indicated that these
test articles were chemically stable and suitable for use for the duration of this study.

Sucrose acetate isobutyrate (SAIB); 0.75% Sensorcaine-MPF (Bupivacaine HCI
Injection, USP); and 0.9% Sodium Chloride for Injection, USP; were used within
manufacturer-supplied retest or expiration dates and were therefore considered suitable
for use for the duration of this study.

11 Integrated Summary and Safety Evaluation

Introduction and Overview - SABER®-Bupivacaine (POSIMIR™ - NDA 204803), is an
extended-release bupivacaine depot drug product for surgical instillation into wound
sites. It has been submitted by DURECT Corporation pursuant to Section 505(b)(2) of
the FD&C Act, relying on FDA'’s general findings of safety and efficacy for Marcaine
(bupivacaine hydrochloride — NDA 16964) injection, the referenced NDA approved
October 3, 1972. Marcaine is a fast acting local anesthetic consisting of a bupivacaine
hydrochloride solution. Exparel® (NDA 22496), another extended-release bupivacaine
depot drug product which has been recently approved (October 28, 2011) using
Marcaine as its reference NDA, is also referred to by the applicant, but it is not the
reference NDA. The excipients in SABER-Bupivacaine are sucrose acetate isobutyrate
(SAIB) and benzyl alcohol (BA). They, have been used in other approved drug products
but not by the proposed injection route (SAIB) or at as high a dose level as proposed
(BA).

The bupivacaine in SABER-Bupivacaine is an amide-type local anesthetic indicated for
administration into the surgical incision which as a depot is intended to produce
prolonged post-surgical analgesia. SABER-Bupivacaine is a sterile nonpyrogenic, clear,
light yellow to amber solution that contains bupivacaine (12%, 132 mg/mL), BA (22%,
242 mg/mL), and SAIB (66%, 726 mg/mL). Upon the single instillation the maximum
proposed dose of 5 mL total (single dose @@y "the extended-release
biodegradable matrix (SAIB depot) is purported to continuously release bupivacaine
over 24-72 hours. The SAIB forms a depot for bupivacaine as the solvent BA diffuses
away from the injection site thereby resulting in formation of the SAIB-based depot and
the extended release of bupivacaine over time compared to Marcaine.

Nonclinical Testing — The nonclinical program was designed to support the single
administration of SABER-Bupivacaine by instillation around a surgical incision.
Nonclinical batches of SABER-Bupivacaine (with BA as solvent) used in testing were
comparable in composition at release and over time (stability) to the proposed drug
product. Nonclinical findings address the issues of systemic toxicity and exposure to
SABER-Bupivacaine and SABER placebo (no bupivacaine), their local toxicity, and a
comparison of nonclinical exposure levels to proposed clinical exposure for the drug
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product (risk assessment — dose ratios). Nonclinical levels of bupivacaine exposure are
primary relative to drug approval as human bupivacaine exposure from SABER-
Bupivacaine is greater than the reference NDA bupivacaine exposure as part of this
505(b)(2) submission. Excipients, degradants, and extractables/leachables (E/Ls), and
effects on nerves, wound healing, and potential hemolysis were also evaluated relative
to human safety under the proposed use condition.

Systemic Toxicity

The systemic safety of SABER-Bupivacaine is acceptable because the proposed
bupivacaine exposure is supported by nonclinical:clinical safety margins, acceptable
product quality specifications and stability, and valid nonclinical studies with an
acceptable compositional comparability between the nonclinical test product and the
proposed drug product. Apparently, only labeling is supported as a 505(b)(2)
submission using the approved, referenced Marcaine as the proposed human exposure
to bupivacaine is greater than that for Marcaine. The nonclinical support also includes
submitted pivotal nonclinical studies, most notably single dose studies and a repeat
dose study with prolonged observation periods and toxicokinetic (TK) measurements. In
addition, genotoxicity testing results for bupivacaine, SABER-Bupivacaine, and SABER
placebo support human safety. Potential carcinogenicity and reproductive toxicity of
bupivacaine are addressed using a 505(b)(2) reference to the approved Marcaine (NDA
16964).

The systemic safety of Inactive Ingredients SAIB and BA for clinical use in SABER-
bupivacaine is generally supported by their recognition as Generally Recognized as
Safe (GRAS) by the FDA when used by oral routes, their use in approved and marketed
products (oral only for SAIB), and extensive nonclinical databases on both ingredients
as included in World Health Organization (WHO) data reports. However, for purposes of
this application, as the amount of BA and SAIB in the proposed drug product exceeds
that as listed for the above references and only the oral route of SAIB has been
previously tested, the primary support for human safety is provided by the submitted
nonclinical studies, most notably a repeat dose study for the proposed single dose
indication. Nonclinical testing with SABER-Bupivacaine and/or SABER placebo includes
that as listed in an earlier paragraph plus embryo-fetal testing of SABER placebo. This
submitted nonclinical testing is consistent with the FDA Guidance for Industry:
Nonclinical Safety Studies for the Safety Evaluations of Pharmaceutical Excipients (May
2005) noting that a full reproductive toxicology test battery data exists for both
ingredients in the literature. See section 2.4 (Comments on Novel Excipients) for a
detailed evaluation.

The systemic safety is generally supported for the degradation products of bupivacaine

®® _ see local toxicity section regarding
unacceptable specification for this degradant) and SABER-Bupivacaine 2%

and for the extractables/leachables (E/Ls) from the

container/closure system (E/Ls and @9 from the rubber
stopper. This support is based on the use of the source drug substance (i.e.,
specification limits allowable or qualified in testing), inactive ingredients in FDA-
approved and marketed products, and risk assessments of observed extractable levels
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in the drug product in excess of known safe levels (see section 2.5). But, again, the
primary nonclinical support is the submitted nonclinical studies. Most notable is a repeat
dose toxicity study with aged drug product containing increased levels of degradants
that supports or identifies human safety levels at proposed human dosing levels for the
proposed drug product. In addition, . ®% is controlled by appropriate, stringent
specification. ®@ \were tested for genotoxicity
and were not genotoxic. @@ and E/Ls also have literature data supporting
the safety of levels in the proposed drug product. No el
were detected in the rubber stopper after attempted extraction. The submitted
information is consistent with FDA/ICH Guidances for Industry: Q3A Impurities in New
Drug Substances (February 2003) and Q3B(R2) Impurities in New Drug Products
(August 2006) ), Safety Practices and Best Practices for Extractables and Leachables in
Orally Inhaled and Nasal Drug Products. Product Quality Research Institute,
(September 8, 2006), and current FDA thinking supporting human exposures
ug/day for genotoxins and | ®“pg/day for nongenotoxins. See section 2.5 (Comments
on Impurities/Degradants and Extractables/Leachables of Concern) for a detailed
evaluation.

(b) (4)

Local Toxicity

The local toxicity associated with SABER-Bupivacaine and SABER placebo (SABER
depot — SAIB and BA) were not unexpected as only the anticipated effects comprising
local inflammation and a foreign body reaction were observed in the absence of
systemic toxicity. Literature data was also submitted to support the human safety of
SAIB and BA. The submitted nonclinical testing satisfies testing needs as listed in the
FDA Guidance for Industry and Review Staff: Nonclinical Safety Evaluation of
Reformulated Drug Products and Products Intended for Administration by an Alternate
Route (March 2008).

The local reaction to SABER-Bupivacaine was similar to the local reactions (i.e., foreign
body reaction) in other approved drugs with different injectable depots such as
Risperdal Consta (NDA 21346, polylactide-co-glycolide microspheres, chronic biweekly
intramuscular dosing) , Eligard (multiple NDAs, polylactide-co-glycolide polymer, SC
dosing g 1 to 6 months depending on dose level), Lupron Depot (multiple NDAs,
microspheres containing carboxymethylcellulose and mannitol, intramuscular dosing q 1
and 3 months), and Zoladex (NDAs 19726 and 20578, polylactide-co-glycolide
copolymer, SC implant g 3 or 6 months).

Of note is the persistence of the depot material SAIB for at least 12 months after a
single injection of SABER-Bupivacaine in rabbits. At 12 months (last time point
examined), the SAIB also demonstrates comparable local toxicity between SABER-
Bupivacaine and SABER placebo and is compositionally the same material as injected
12 months earlier (i.e., unchanged). In **C-SAIB distribution studies in rats, ~40-60% of
the SAIB radiolabel was shown to persist at the injection site at 10 weeks post-dosing
(last time point evaluated) whether administered SC or into a surgical wound. The
radiolabel of **C-SAIB administered in solvent (BA @@
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persisted at the injection site at a level of ~40% at 6 week after dosing (BA solvent, last
time point evaluated) and at ~50% at 10 weeks @@ |ast time point
evaluated). Local toxicity is observed in animals immediately after dosing (e.g., marked
inflammation) and decreases over time. The biological or toxicological significance of
this persistent depot material to humans is unknown. The relevance of this nonclinical
data to human safety is to be determined by the medical review team in conjunction with
consideration of the overall human benefit of the proposed drug.

Injection site necrosis was observed in dogs after intra-articular (IA) dosing with
SABER-Bupivacaine and SABER placebo. While the proposed dose route for this NDA
submission is instillation, this observed local effect should be referenced in the event of
any proposed IA dosing in the future. Notation of this potential adverse event after 1A
dosing is noted in the product label precaution section, referencing potential
chrondrolysis.

In summary, potential systemic toxicity regarding human safety appears to have been
supported in this submission. Local toxicity occurs related to SABER-Bupivacaine at a
degree no greater than for SABER placebo (no bupivacaine, only excipients SAIB and
BA). In addition, the depot SAIB in SABER-Bupivacaine is present for a prolonged
period of time. The importance of this local toxicity related to the persistence of SAIB for
at least 12 months after instillation needs to be addressed regarding human safety. An
unacceptable specification for degradant @@ is being addressed with
the Applicant. Should this not be resolved, a CR may be recommended.
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Systemic exposure to bupivacaine

For illustration purposes only, not for quantitative purposes, following are representative
bupivacaine release figures in rats (study 11519.01.08) and humans (study SABERO1-
01 & CLINO05-0008) using a nonclinical test article equivalent to the proposed drug
product (bupivacaine at 12% - 132 mg/mL; BA at 22% - 242 mg/mL; and SAIB at 66% -
726 mg/mL). The ability to accurately measure bupivacaine in mouse, rat, rabbit, dog,
and minipig plasma was validated using an HPLC/MS/MS method (study BAS-0100).

The time course of release of bupivacaine from a single SC injection of bupivacaine HCI
in rats (group 1) and humans exhibit rapid distribution-elimination kinetics.

Rats
Group=Group 1
Rsq=0.8002 Rsq_adjusted=0.5623 HL_Lambda_zr=1.0648 (hr)
(4 points used in calculation)
Uniform Walghting
E 1000
2 00
=
2 10
£ -5 Observed
§ 1 —— Predicted
a 014 1 L : i * i L aami
© 0 20 40 60 80 100 120 140 160 180
Time (hr)
Humans

Bupivacaine
(ng/ml)

o S T

o] 0.2 0.4 06 0.5 1
Time (days)

mean, SD

SABER-bupivacaine SC injection exhibits differing kinetics to injected bupivacaine HCI
in rats (group 2) and humans with delayed distribution and elimination, the main
advantage in prolonged local anesthesia purported by the Applicant.
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Rats

Group=Group 2
Req=0.9925 Req adjusted=09006 HL_Lambda z=26.8557 (hr)
{6 points used in calcuiation)
Uniform Weighting

1000

100 @‘\e-\_e\&\

0.1 - + ' 4 s 1 } ¢ '
4] 20 40 60 &0 100 120 140 160 180
Time (hr)

e -~ Observed

Predicted

Concentration (ng/ml
=

100 :[ —

Plasma concenration (ngfml)

Mominal time (hr)

Of note is that kinetics of bupivacaine is similar after being dripped over an incision in
rats (group 3) compared to after a SC injection (group 2 above) with a slightly slower
release after SC injection) making SC rat studies relevant to proposed human wound
injection use in comparison of systemic exposure.

Group=Group 3
Req=0.8731 Rsq adjusted=0.9088 HL_Lambda_z=14.7074 {hr)
(8 points used in calcutation)

=
=_

b 1 } | i i i 1

Uriform Waighting
E 1000
2]
£ 40
i - Observed
€ 1+ _
§ = Pradicted
3

0 20 40 60 80 100 120 140 180 180
Time (hr)

In summary, nonclinical test material of similar to identical composition to the proposed
drug product exhibited comparable kinetics making the nonclinical studies with SABER-
Bupivacaine appropriate for evaluating the human safety of SABER-Bupivacaine.
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Systemic and Local Safety of SABER-Bupivacaine and SABER placebo

The nonclinical testing program was designed to evaluate the systemic and local toxicity
of the drug product and related issues and be consistent with FDA Guidances and
current FDA thinking for reformulated drug products, excipients, degradants, impurities,
and extractables/leachables. Available literature data on some of the materials was
used to eliminate the need for some of the FDA-required testing. Nonclinical testing and
the human safety assessment focused on the evaluation of the following, each of which
will be evaluated individually:

1. Systemic exposure to bupivacaine after nonclinical SABER-Bupivacaine
treatment in comparison to proposed human systemic exposures and approved
exposure levels to bupivacaine as part of a 505(b)(2) submission.

2. Potential systemic and local toxicity of SABER-Bupivacaine and SABER placebo
(excipients BA and SAIB only, no bupivacaine) and local toxicity of SAIB.

3. Safety Assessment of “aged, yellow” SABER-Bupivacaine with increased levels
of degradants at release levels of bupivacaine in a degradant qualification study
for proposed drug product specifications.

4. Determination of acceptable levels related to human safety for excipients (BA
and SAIB), degradants o8

and Extractables/Leachables (numerous).

5. Local effects of SABER-Bupivacaine and SABER placebo on sciatic nerve,
wound healing, and hemolysis.

6. Persistence, disposition, and local toxicity of SAIB at the injection site.

7. Potential for BA to be distributed to mother’s milk with resulting fetal/neonate
exposure.

8. In vitro genotoxicity of the drug substance (bupivacaine) and SABER-
Bupivacaine degradation products X

9. In vivo genotoxicity of the drug product SABER-Bupivacaine and SABER
placebo.

10. Embryo-fetal developmental toxicity of SABER placebo.

11.Nonclinical data evaluating the local toxicity by a dose route other than the
proposed injection route, Intra-articular (IA) dosing.
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1. Systemic exposure to bupivacaine after nonclinical SABER-Bupivacaine
treatment in comparison to proposed human systemic exposures and approved
exposure levels to bupivacaine as part of a 505(b)(2) submission.

1) The Maximum Recommended Human Dose (MRHD) for local tissue
infiltration of the approved bupivacaine drug, Marcaine, is 400 mg
bupivacaine/day.

a.

In one of the clinical trials (BU-002-1M), treatment at 50 mg
bupivacaine resulted in pharmacokinetic (PK) values for Cmax of 90
ng/mL and for AUC.. of 960 ng*h/mL. Extrapolated to the MRHD of 400
mg/day results in a Cmax of 720 ng/mL and for AUC.. of 7,680 ng*h/mL
In another clinical trial (BU-001-1M), treatment at 100 mg bupivacaine
resulted in pharmacokinetic (PK) values for Cmax of 342 ng/mL and for
AUC; of 5650 ng*h/mL. Extrapolated to the MRHD of 400 mg/day
results in a Cmax of 1,368 ng/mL and for AUC.. of 22,60 ng*h/mL.

The extrapolated values are used only for qualitative, comparative
purposes, not for determination of human safety. Variability in the
human data for Marcaine injection is great with standard deviations
ranging from 2 to 3-fold the mean value so extrapolation of mean PK
values to supposed MRHD levels should be kept in perspective.

2) Bupivacaine exposures after dosing with 5 mL of SABER-Bupivacaine in
clinical trials were determined:

a.

b.

Inguinal hernia repair (CLIN-803-006-0006) - 867 ng/mL (Cmax) and
41,461 ng*h/mL (AUC..).

Subacromial decompression (BU-002-IM). 593 ng/mL (Cmax) and
19,960 ng*h/mL (AUC..).

For the extrapolated MRHD values from clinical trial CLIN-803-006-
0006, the 4-fold extrapolated reference NDA PK values support safety
of proposed human exposures for Cmax but not AUC.

Considering the unacceptable use of data extrapolation in determining
human safety in this case and only partial support of proposed human
exposure levels, the nonclinical bupivacaine levels will be used to
calculate human safety margins.

3) The relevant nonclinical studies in rats and rabbits demonstrated only local
toxicity with the high doses being systemic No Observed Adverse Effect
Levels (NOAELSs) for bupivacaine exposures. SABER-Bupivacaine and
SABER placebo groups exhibited similar local toxicity, an issue to be
addressed in another section. Toxicokinetic (TK) values were as follows:

Reference ID: 3433613

a.

Single SC dose in rats (study 11519.01.04) with the highest
bupivacaine exposure levels of 1432 ng/mL (Cmax) and 77,423
ng*h/mL (AUC.).
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b. Single SC dose in rabbits (study A784.6.1) with the highest
bupivacaine exposure level of 3,033 ng/mL (Cmax) and 48,465
ng*h/mL (AUCast)

C. Repeat (1/week for 4 weeks) SC doses in rats (study BR1265) with
the highest bupivacaine exposure level of 731 ng/mL (blood level,
only, no toxicokinetic analysis).

4) In summary, MRHD bupivacaine exposure levels for the 505(b)(2) referenced,
approved NDA have not been adequately demonstrated to be comparable or
larger than those proposed for the SABER-Bupivacaine human indication and
therefore not adequate to be used to support human safety at proposed dosing
with SABER-Bupivacaine. Therefore, the nonclinical studies are needed to
support human safety at the proposed doses of SABER-Bupivacaine, most
notably at the highest proposed doses of 5 mL in treating hernia. While the
repeat dose rat study exhibited its highest blood levels (no AUC) that were
only comparable to that for the human inguinal hernia clinical trial Cmax, the
combined nonclinical data is considered adequate to support the largest
proposed human bupivacaine exposure levels after a single dose with
animal:human safety margins for systemic exposure of 0.8 & 1.7 (rats) and 3.5
(rabbits) for the Cmax and 1.9 (rats) and 1.2 (rabbits) for the AUC (see table).
Based on these comparisons, human dosing is supported by nonclinical data
at the largest proposed bupivacaine single exposure level after dosing with
SABER-Bupivacaine.

Nonclinical:Clinical Bupivacaine Exposure Comparisons with Safety
Margins — SM) after a Single Subcutaneous Dose with SABER
Bupivacaine
species drug Cmax AUC sme sMme

(ng/mL) | (ng*h/mL) | Cmax | AUC
Human® Marcaine 90 960 -- --
720 7,680 -- --
Human® Marcaine 342 5,650 - -
1368 22,600 -- --
Human*® SABER- 593 19,960 -- --
Bupivacaine 867 41,461 -- --
Rat 1,432 74,423 1.7 1.8
Rabbit SABER- 3,033 48,645 3.5 1.2
Rat Bupivacaine 737 NR® 0.8 NR®
(multiple
dosing)

a — study BU-002-IM (sub acromial decompression study) — 50 mg
bupivacaine or 1/8" the MRHD for referenced, approved NDA (Marcaine) and
also extrapolated 8-fold to MRHD levels assuming linearity (second line)

b — study BU-001-IM (abdominal hysterectomy study) — 100 mg

bupivacaine or 1/4" the MRHD for referenced, approved NDA (Marcaine) and
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also extrapolated 4-fold to MRHD levels assuming linearity (second line)

¢ - bupivacaine exposure from SABER-Bupivacaine for proposed indications

from clinical studies BU-002-IM (Subacromial Decompression) and CLIN-803-006-0006
(inguinal hernia repair)

d - animal:human exposure Safety Margins (SM) at nonclinical systemic No Observed
Adverse Effect Level (NOAEL) using the larger human SABER-Bupivacaine blood levels
e - not reported

2. Potential systemic and local toxicity of SABER-Bupivacaine and SABER
placebo (BA and SAIB only, no bupivacaine) and local toxicity of SAIB.

Three nonclinical studies, single dose studies in rat and rabbit and a repeated-dose
study in rat were conducted to assess the systemic and local toxicity of the proposed
SABER-Bupivacaine formulation when administered via an SC injection.

1) Groups of male and females SD rats received single subcutaneous injections
of vehicle (SABER placebo, 2 mL/kg), saline (2 mL/kg), 24 mg/kg SABER-
Bupivacaine (0.2 mL/kg), 72 mg/kg SABER-Bupivacaine (0.6 mL/kg), or 240
mg/kg SABER-Bupivacaine (2 mL/kg) (study 11519.01.04). Animals were
sacrificed on day 15 and 43 (6 weeks).

One high dose female was found dead on the day of dosing from unknown
cause. All other animals survived until their scheduled sacrifice. Only clinical
observations associated with treatment included discoloration, swelling,
sore/ulcer, discharge, scab, and discolored scabrous areas at the injection site.
The saline group was unaffected by treatment.

No treatment related effects on body weight, food consumption, ophthalmoscopy,
hematology, clinical chemistry, and macroscopic and microscopic pathology
(other than injection sites). All injection site effects were in vehicle control
(SABER placebo) and SABER-Bupivacaine groups with no effects in saline
control group.

Subcutaneous injections of either the vehicle or of any of the three
concentrations of bupivacaine (in the same vehicle) produced localized
inflammatory reactions characterized primarily by panniculitis with subcutaneous
cyst formation and reactive fibrosis. However, all of the injection site reactions
were qualitatively and quantitatively similar between the sites injected with the
vehicle and those injected with similar volumes of the vehicle and bupivacaine.
Moderate to marked cutaneous necrosis was observed on day 15 in 1 mid dose
male, 3 high dose males, and 4 vehicle (SABER placebo) females but none was
observed on day 43.

There was evidence of reduction of the various inflammatory and reactive
processes between the Day 15 and Day 43 necropsy time points, although
marked subcutaneous cysts persisted in most males and females of the vehicle
control (SABER placebo) and high dose groups. These dose groups were
administered the same, largest dose volume (2 mL/kg). The SABER-Bupivacaine
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test article is the same composition as the proposed drug product. The low
SABER-Bupivacaine dose of 0.2 mL/kg (~0.1 mL) was not a local toxicity NOAEL
for injection site effects.

Toxicokinetic (TK) data collected identified exposure levels that caused no
systemic toxicity, but local toxicity similar to the vehicle (SABER placebo). Peak
blood levels were within 1-2 hours with levels maintaining similar, higher
exposure to bupivacaine for 8-24 hours. Regarding the lack of systemic toxicity,
TK values at the high dose were a gender averaged Cmax of 1,432 ng/mL and
AUC.« of 74,423 ngeh/mL.

2) Male and female New Zealand White rabbits received single subcutaneous
doses (split to each side of the back) of SABER-Bupivacaine or SABER placebo
at bupivacaine doses of 0 mg/kg (0.25 mL/kg placebo), 0 mg/kg (1.0 mL/kg
placebo), 30 mg/kg (0.25 mL/kg), or 120 mg/kg (1.0 mL/kg) (study A784.6.1).
Animals were sacrificed on day 15/18 and 44 post-dose.

Two male rabbits in the high dose group were sacrificed as moribund 3-4 hours
after dosing on Day 1. The sacrificed animals had apparently aspirated stomach
contents. Bupivacaine treatment-related mortality cannot be ruled out.

No treatment-related or toxicologically relevant effects were observed with regard
to clinical signs, body weights, food consumption, ophthalmoscopy, hematology,
and clinical chemistry.

Injection site effects were most common in animals sacrificed 15 days after
dosing (interim sacrifice). The most common findings in the injection sites of
animals from all groups were chronic inflammation and the presence of clear
empty spaces (space, vacant, presumed to contain the test article). In all groups,
the inflammation was usually of trace or mild severity and consisted of variable
degrees of early fibrosis with infiltration of histiocytes and small mononuclear
cells.

Observations were generally less common and severe after the 44 day terminal
sacrifice, suggesting healing, recovery, and/or reversibility of local effects.

In a separate biocompatibility evaluation of injection sties, the test and control
articles elicited an expected inflammatory and wound healing sequence of events
with a foreign body reaction consistent with a 6-week implant time. Both control
and treated groups were considered to be biocompatible (i.e., comparable
responses).

This study demonstrated a prolonged release of Bupivacaine up to 2 days for the
30 mg/kg dose level and up to 4 days for the 120 mg/kg dose level with no
efficacy implied.

Toxicokinetic (TK) data collected identified exposure levels that caused no
systemic toxicity (NOAEL), but local toxicity similar to the vehicle (SABER
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placebo). Peak blood levels were within 1-2 hours with levels maintaining similar
exposure to bupivacaine for 8-24 hours. Regarding the lack of systemic toxicity,
TK values at the high dose were a gender averaged Cmax of 3,033 ng/mL and
AUC,... of 48,645 ngeh/mL.

3) Groups of male and female SD rats received weekly subcutaneous injections
of 0 (2.0 mL/kg), 102 (0.75 mL/kg), or 240 (2.0 mL/kg) mg/kg SABER-
Bupivacaine for 4 weeks (days 1, 8, 15, & 22) followed by sacrifice on days 29-30
(1 week after last dose) and day 85 (8 weeks after day 28 sacrifice - recovery
group) (study BR1265). The test material was an “aged” material (54 months)
that exceeded acceptable yellow color specifications and had increased levels of
impurities. At release, the test material met recipe specifications of the proposed
drug product (12% bupivacaine, 66% Sucrose Acetate Isobutyrate, & 22%

Benzyl Alcohol). At testing, the aged test material contained ' &% bupivacaine

label strength and ' 4% of label strength for SAIB. See number 3 of this section
for a safety assessment/qualification of the degradant levels related to their drug

product specifications.

No bupivacaine-related deaths or clinical symptoms were observed. The only
notable treatment-related effect was at the site of injection where all dose groups
were affected. Weekly injections of the placebo or the SABER-Bupivacaine
solutions resulted in the macroscopic findings of small wounds, cysts, or nodules
at the injection sites. These findings were diagnosed as chronic granulomatous
inflammations. After an 8-week recovery period, the incidence and severity of
these findings were reduced to a maximum of moderate severity compared to the
animals autopsied in week 5 which exhibited up to a severe severity. Injections
site effects were reversing but were still present 8 weeks after the initial sacrifice.
The sponsor described this as a normal wound healing/recovery process.

The systemic NOAEL is 240 mg/kg and there was no local toxicity/injection site
NOAEL. The low dose of 102 mg/kg could be a LOAEL with reversal of local
toxicity, but local toxicity was not fully reversed at 8 weeks after the last dose.
Based on reported blood levels with no toxicokinetic value calculations, blood
levels are no greater than 441 & 695 ng/mL in males and 491 & 768 ng/mL in
females for the low and high dose groups, respectively. The high dose mean
value was 731 ng/mL and will be considered comparable to a Cmax value.

SAIB only (local toxicity)

SAIB was associated with apparently reversible local toxicity (see issue 6 of this
section for a more detailed discussion).

In summary, nonclinical evaluations of potential local and systemic toxicity identified that
the primary effect from a single subcutaneous dose of SABER-Bupivacaine is reversible
local toxicity as no notable systemic toxicity was observed. The observed local toxicity is
consistent with a foreign body reaction for an injected or inserted material including
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progressing acute to chronic inflammation and associated fibrosis. Subcutaneous
administration of SABER-Bupivacaine caused local toxicity comparable to that for
SABER placebo (no bupivacaine), suggesting that bupivacaine was, at most, a minor
contributor to the observed local effects. Of note is the persistence of the excipient
depot material, Sucrose Acetate Isobutyrate (SAIB), which in the rabbit could be found
at the injection site for up to 1 year after a single injection with continued local
effects/toxicity (see issue 6 of this section for discussion of SAIB persistence). The
medical review team is assessing the clinical significance of this local toxicity and
persistence of the depot material.

This submitted nonclinical testing is consistent with the FDA Guidance for Industry:
Nonclinical Safety Studies for the Safety Evaluations of Pharmaceutical Excipients (May
2005).

3. Safety Assessment of “aged, yellow” SABER-Bupivacaine with increased
levels of degradants at release levels of bupivacaine in a degradant qualification
study for proposed drug product specifications.

This repeat-dose study (4 weekly SC doses for 4 weeks with SABER-Bupivacaine in SD
rats — study BR1265) can be considered the pivotal nonclinical study for assessing
potential human toxicity as the tested 54-month old drug product has increased levels of
degradants, levels which will be used to set drug product specifications, while
maintaining a release-equivalent level of bupivacaine (see number 1. of this section for
a Cmax comparison to the proposed human exposure to bupivacaine). See Product
Quiality review for a discussion of this “aged, yellow” drug product compared to the
release drug product which is not yellow.

The issue to be discussed here is qualification of drug substance and degradants with
the proposed drug product specifications. As noted in number 2 of this section, the
systemic NOAEL was the high dose for which drug substance and other components
were as follows:

SABER-Bupivacaine composition at release and at 54 months

- 12% bupivacaine, 66% SAIB, and 22% BA at release
— proposed drug composition

- 54 months
Bupivacaine - ?®% of label strength
SAIB (sucrose acetate isobutyrate) — ©®% by weight ®“% of

Label strength)

Benzyl alcohol (BA) — apparently not analyzed

- Degradation products
(b) (4)
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SABER placebo
- Release composition of 75% SAIB and 25% BA

Drug product specifications, consistent with the tested levels above are as
follows:

(b) (4)

In summary, the 4-week, repeat dose study with “aged, yellow” SABER-Bupivacaine is
considered adequate to support the proposed drug product specifications and satisfy
repeat dosed testing for reformulated drug products.

4, Determination of acceptable levels related to human safety for excipients
(BA and SAIB), degradants o
and Extractables/Leachables (numerous).

In addition to data presented previously in this section, more specific, detailed,
information is presented in sections 2.3 (Drug Formulation), 2.4 (Comments on Novel
Excipients), and 2.5 (Comments on Impurities/Degradants and
Extractables/Leachables) of this NDA review. Firstly, nonclinical data, literature data,
and subsequent risk assessments for all these chemicals have been determined to
support human safety under the proposed conditions for the use of SABER-
Bupivacaine.

Excipients —Complete literature data sets that include carcinogenicity exist for SAIB
and BA by oral administration (see section 2.4 for specifics).

Submitted nonclinical data (4-week repeat SC dose study in rats - study BR1265) also
supports proposed dosing with SAIB and BA as follows using Human Equivalent Dose
(HED) comparisons:

Systemic Safety Margins (based on high dose systemic NOAEL)

1) | ®® mg/kg SAIB in rat high dose group x % (rat BSA factor)
=% mg/kg HED
®® mg/kg HED in rat for SAIB + ®“mg/kg maximum human dose
= SM of @
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2) @ mg/kg BA in rat high dose group x ©% (rat BSA factor)
=% mg/kg HED
@@ mg/kg HED in rat for BA =+ ®® mg/kg maximum human dose

= SM of @
Local toxicity was no different between SABER-Bupivacaine and SABER placebo (SAIB
plus BA only).
Degradants — o

are supported for potential human exposure.

(b) (4)

Extractables/Leachables (E/Ls) — Support for potential human dosing for more than 30
materials (extractables, leachables, O® _ see section
2.5 for detailed evaluation) was determined using several methods that included FDA
draft guidance acceptable levels of < 5 pg/day for nonstructural alerts, None of the E/Ls
were identified as potentially genotoxic structural alerts by the Product Quality reviewer.

For the other identified compounds, risk assessments were conducted based on ISO
10993-12 (Establishment of allowable limits for leachable substances). This risk
assessment technique utilizes animal or human data NOAELS/LOAELSs divided by
uncertainty factors (e.g., factors of 10 for animal to human data extrapolation and for
inter-individual differences between humans), and exposure factors (e.g., bioavailability
for an oral drug compared to the subcutaneous dose to be used for SABER-
Bupivacaine) to determine the Tolerable Intake Level (TI — mg/kg/day) and Tolerable
Exposure Level (TE - mg/day), the maximum predicted dose at which no adverse
effects are predicted. This risk assessment technique is very similar to what the US
EPA'’s Integrated Risk Information System (IRIS) uses and is widely accepted and
considered appropriate by this reviewer.
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Based on these assessments, all extractables/leachables as listed in section 2.5 are
supported for potential human exposure at listed levels.

In summary, human safety of maximum potential exposure levels from use of SABER-
Bupivacaine was supported for excipients (BA and SAIB), degradants  ©

and
Extractables/Leachables (numerous).

5. Local effects of SABER-Bupivacaine and SABER placebo on sciatic nerve,
wound healing, and hemolysis.

Sciatic nerve

Male Sprague Dawley rats were injected near the area of the sciatic nerve in the left
thigh (right thigh as control) with either saline (250 L), bupivacaine HCI (250 pL),
SABER-Bupivacaine (24 mg — 200 pL; 48 mg — 400 pL), or SABER placebo (study 022-
010). Body weights were recorded on the day of dosing and at necropsy. Food
consumption values were recorded 5 days prior to dosing and for the week following
test article administration. Clinical signs and a neurological examination were recorded
daily. The neurological evaluation included evaluation of toe pinch, proprioception, and
flexor withdrawal reflex as well as an observation of gait. All the animals were sacrificed
7 days (Day 8) after dose administration and the muscles and sciatic nerves from both
hind legs were preserved. The treated legs were analyzed histopathologically. One
control leg from each group was also evaluated.

The administration of bupivacaine produced a nerve block 3 hours post administration.
The neurological signs appeared to resolve in most animals by Day 2. The gait of
animals that received 24 mg or 48 mg SABER-Bupivacaine appeared to be the most
severely affected with 3 of 5 animals (24 mg) and 1of 5 animals (48 mg) displaying an
abnormal gait through Day 8.

Microscopically, there was an increased frequency of neuronal inflammation and axonal
degeneration observed compared to untreated (right leg), saline treated, or bupivacaine
HCl-treated groups. This effect appeared to result from both the presence of the vehicle
as well as the bupivacaine since the frequency and/or severity of axonal changes
showed incremental increases from control (right leg), to saline, to bupivacaine HCI, to
bupivacaine-treated groups. Inflammation within the intermuscular fasciae and
perineural connective tissues and myofiber degeneration and regeneration also showed
incremental increases in frequency and severity after SABER-Bupivacaine
administration.

In summary, relative to the proposed drug product, injected liquids SABER-Bupivacaine
and SABER placebo produced increased local effects to the sciatic nerve compared to
the saline, Bupivacaine HCI, and negative control (untreated nerve) groups. This has
been described in other studies as an anticipated foreign body reaction due to the SAIB,
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but in this case, the bupivacaine combined with SAIB and BA (SABER-Bupivacaine)
appears to contribute to a more severe local reaction.

Wound healing

1) Male Sprague Dawley rats received intended wounds on day 0 and were treated with
various SAIB-containing formulations (0.125 mL in a 2.5 cm incision), two of which were
similar to SABER-Bupivacaine and SABER placebo (study DUR2). A mechanical
determination of wound strength was measured on day 7 after the treatment and
histology conducted on the SABER-Bupivacaine similar formulation and untreated
wound (negative control).

No gross differences were noted in the wound sites as well as no difference in wound
strength compared to the negative control. However, the SABER-Bupivacaine similar
formulation caused more severe histological effects than the negative control, notably
inflammation, granulation, and gaps.

In summary, under the conditions of the assay, formulations similar to SABER-
Bupivacaine and SABER placebo did not adversely affect wound healing over 7 days
although the SABER-Bupivacaine similar formulation was associated with increased
histological effects consistent with a foreign body injection reaction compared to the
negative control (incision only).

2) Female Gottingen SPF minipigs received eight full-thickness wounds on day 1 and
were observed for 15 days (study 60111). Immediately after surgery, the wounds were
treated topically within the wound tissue with 5% CMC gel (carboxymethylcellulose
negative control), SABER placebo (vehicle), or SABER-Bupivacaine in a dose volume
of 0.5 ml per wound. Observations of the wounds, included planimetric measurement of
wound contraction, was performed on a daily basis. On Day 15 necropsy, each wound
was sampled, fixed in neutral buffered formalin, and processed for histopathological
examination.

No treatment-related clinical signs were seen during the study. The body weights were
within a normal range of body weight for fully grown Gottingen minipigs. The
macroscopic wound observations revealed no treatment-related differences regarding
inflammation of the wounds edges, the skin surrounding the wounds, grade of
hemorrhage, or grade of exudation. Necrotic tissue was not observed in any of the
wounds during the study and hypergranulation was only seen in a few wounds on a
single day during the study. Microscopically, the wound healing process was advanced
comparably in all treated wounds. SABER-Bupivacaine and SABER placebo had no
significant adverse effects on the wound healing in the minipigs compared to a CMC
control. No wound only group was included so no absolute effect on wound healing
could be determined.

Planimetric-based, wound contraction was identified on Day 2 for the wounds of all
treatments. All wounds contracted to a comparable amount (~60%) by the end of the
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study with a greater rate of contraction for the CMC-treated wounds on certain days
during the study. Other observations (growth of granulation tissue, area of granulation
tissue, re-epithelialization) were generally comparable commencing on day 9 for the
wounds of all treatment groups with some increased severity in the SABER-Bupivacaine
group. No differences in the re-epithelialized wound areas between the different
treatments were seen during the study. The re-epithelialized area covered ~90% of the
total wound area on Day 15 for the treated wounds of all groups.

In summary, injected SABER-Bupivacaine or SABER placebo caused no significant
adverse effects on the wound healing process with only the expected local irritation
effect of injection being observed which was comparable to the CMC negative control.

Hemolysis

The purpose of this study was to assess the hemolytic potential of the test articles
SABER-Bupivacaine, SABER placebo (vehicle), sucrose acetate isobutyrate (SAIB),
0.75% Sensorcaine-MPF (Bupivacaine HCI Injection, USP), and 0.9% Sodium Chloride
for Injection (negative control), USP, in human whole blood and the compatibility of
these test articles with human plasma (study 01-11-803-X-VO-ATX). Supernatant of
hemolytic test samples were evaluated macroscopically for changes in color or clarity
and the presence of flocculation, precipitation, or coagulation relative to the homologous
plasma sample.

SABER-Bupivacaine and SABER placebo both caused hemolysis when added to
human whole blood. They also resulted in a viscous (and, for the vehicle, cloudy)
macroscopic appearance, with globules resembling bubbles visible microscopically,
when added to human plasma.

In summary, it appears that the benzyl alcohol component of SABER-Bupivacaine and
SABER placebo may be involved in the hemolysis as bupivacaine and SAIB alone did
not cause hemolysis. The toxicological significance of this hemolytic potential is
unknown for this proposed SC drug.

6. Disposition, persistence, and local toxicity of SAIB at the injection site.

This issue is addressed as SAIB, the depot material allowing the prolonged release of
bupivacaine, remains at the injection site for a prolonged period of time after the single
injection of SABER-Bupivacaine. The local toxicity has been described in detail
previously. What is attempted to be described in this section is the actual amount and
physical disposition of the SAIB depot evaluated all or in part in 4 studies.

1) In a pharmacokinetics (PK) study of SAIB, the PK of **C-SAIB was evaluated
after a single subcutaneous (SC) dose to male Sprague Dawley (SD) rats (study
7116-109). SAIB is the depot component of SABER-Bupivacaine, the proposed
drug product. SC dose site histopathology was also evaluated. Determinations
for PK and radioactivity were 6 weeks post dose. The test article was SAIB in a
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®® The proposed solvent for NDA 204803
(SABER-Bupivacaine) is Benzyl Alcohol (BA). This difference is not anticipated to
affect SAIB radiolabel ADME to any significant degree A
(b) 4)

(b) (4)_ The
elimination half-life of radiolabel was prolonged over the 6 week study period
(~21 days urine, ~18 days feces, ~23 days expired air). Elimination was 21.6% in
urine, 13.7% in expired air, and 3.7% in feces with the remainder of the
radioactivity at the dose site (61% of SAIB radiolabel largely remains at the dose
site past 6 weeks after dosing). At 4 and 6 weeks, the SC dosing sites were
surrounded by chronic inflammation, characterized by fibrosis and minimal
lymphohistiocytic inflammation. Reversibility was not evident while inflammation
persisted with severity similar at 4 and 6 weeks after dosing.

2) In another study (study B167-05), elimination from a single subcutaneous (SC)
injection site was evaluated for differing formulation of SAIB. **C-SAIB
formulations were injected in order to assess the disappearance of radioactivity
after a single SC injection in male SD rats with determinations at 0, 2, 6 and 10
weeks post-dose. For an SAIB-Benzyl Alcohol (SAIB:BA formulation), the
excipients used in the proposed drug product, radioactivity was measured at 98%
(week 0), 57% (week 2), and 39% (week 6) of total administered. While 10 weeks
was not evaluated for SAIB:BA, data from other formulations (e.g., SAIB: @)
indicate that a significant amount of the SAIB would still be present at the
injection site at 10 weeks post-dosing. Local toxicity was not evaluated.

3) The persistence of **C-SAIB was also determined in skin and SC tissue of
male SD rats following injection SC or into a surgical wound (study 8255730) at
0, 1, 2, 6, & 10 weeks after dosing. After SC dosing, SAIB persistence was 93%
(week 0), 83% (week 1), 77% (week 2), 64% (week 6), and 19% (week 10). After
surgical wound dosing, SAIB persistence was 88% (week 0), 79% (week 1), 74%
(week 2), 61% (week 6), and 20% (week 10), indicating the elimination or
persistence of SAIB is similar whether injected SC or into a surgical wound. Local
toxicity was not evaluated.

4) A 12-month observation period was employed to determine protracted
irritation, the physical composition of SAIB, and the presence of the SAIB solvent
after a single SC injection of SABER-Bupivacaine (not radiolabelled) in New
Zealand Whit rabbits (study ®%-434007, Appendix F for SAIB structure analysis
and presence of solvent). Histological observations of the injection site were
conducted at week 2, 4, 6, 12, 26, 39, & 52 with analysis of the SAIB at week 39
& 52. The test article was SAIB in a solvent of  ®* not BA as for the proposed
drug. This difference is not anticipated to effect SAIB disposition to any
significant degree as noted previously in this section, but may affect the severity
of local toxicity. Single doses of SABER-Bupivacaine did not result in test article-
related injection site toxicity up to 52 weeks post-injection if observations were
based on comparison to SABER placebo, which resulted in local toxicity in its
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own right. Early inflammation was predominantly granulomatous, of mild to
moderate severity, and characterized by a mixture of mononuclear cells and
multinucleated giant cells. Granulomatous inflammation was present in animals
throughout the study but decreased in severity and incidence as the months
progressed. Chronic inflammation, consisting of mononuclear cells, lymphocytes
and often associated with fibrosis, was present starting at the 4-week post-
injection evaluation and was noted in only one animal each at the 39- and 52-
week post-injection valuations. At 52 weeks, minimal inflammation was observed
in 1 of 3 placebo animals. Fibrosis was observed in 2 of 3 placebo and treated
animals with the severity of mild (treated) and minimal and severe (placebo).
SAIB was found to be essentially physically unchanged and still present 12
months after injection described as a viscous material with essentially no
solvent present ( ?®%).

(b) (4)

In summary - Of note regarding the SAIB depot is the persistence of this depot for up to
12 months after a single injection while also demonstrating local toxicity consistent with
SABER-Bupivacaine and SABER placebo. To this end, the SAIB with some associated
local toxicity persisted until at least 12 months after injection.

7. Potential for BA to be distributed to mother’s milk with resulting
fetal/neonate exposure.

The distribution and quantification of benzyl alcohol (BA) in selected tissues of the rat
over time and the excretion of radioactivity into the milk of lactating rats after
subcutaneous (SC) administration of SABER-Bupivacaine containing [**C]-labeled
benzyl alcohol was evaluated (study RPOS/FKM/204). Single SC doses of 0.2 mL/kg or
0.6 mL/kg were administered to female Wistar 4 days after parturition. Suckling pups
were sampled at different time points post dose (1, 4, 8, & 24 hours) with the milk in
each pup stomach being sampled and the radioactivity level being determined. In
addition, radioactivity was determined in pooled plasma from each time point and in liver
of the pups and in plasma of the dams at those time points.

Peak concentrations of benzyl alcohol-associated radioactivity (**C BA) in plasma of
dams were attained 1 hour after dosing. Following maternal SC administration of 0.2
mL/kg, concentration of radioactivity in plasma and liver of pups were generally below
the lower limit of quantitation (LLOQ). Excretion of radioactivity into the milk was highest
4 hours after suckling. Following SC administration of 0.6 ml/kg, concentrations of
radioactivity in plasma and liver of pups were highest 1 hour post-dose in plasma and in
liver.

Concentrations of radioactivity were lower in pup plasma than in dam plasma.
Concentrations of radioactivity in pup livers were similar to or slightly higher than
plasma concentrations in pups. Radioactivity in milk was observed at both dose levels
but never exceeded 0.4%of the dose of benzyl alcohol, with peaks occurring in suckling
pups at 4 hours post maternal dosing with the amount excreted being higher at the dose
of 0.6 mL/kg. If we assume comparable transfer in humans, ~ 5 mg BA would be
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consumed orally at the human SABER-Bupivacaine dose containing 1210 mg BA in a
suckling human neonate (0.4% x 1210 mg BA).

Benzyl alcohol has been associated with serious adverse reactions and death,
particularly in pediatric patients. The "gasping syndrome," (characterized by central
nervous system depression, metabolic acidosis, gasping respirations, and high levels of
benzyl alcohol and its metabolites found in the blood and urine) has been associated
with benzyl alcohol dosages >99 mg/kg/day in neonates and low-birth weight neonates.
Additional symptoms may include gradual neurological deterioration, seizures,
intracranial hemorrhage, hematologic abnormalities, skin breakdown, hepatic and renal
failure, hypotension, bradycardia, and cardiovascular collapse [Benzyl Alcohol.
Cosmetic Ingredient Review; International Journal of Toxicology; 20(suppl 3):23-50
(2001)].

Assuming 100% oral absorption of BA in human neonates after suckling, at the lower
5% level for birth weights (~1 kg), the neonate dose would be 5 mg/kg (0.4% of the
administered dose). On this basis, the neonate risk to BA toxicity at least 20-fold below
the observed effects level with the assumption for 100% oral absorption of BA which is
not likely.

The actual human toxicological relevance of this is unknown but available data suggest
that a single dose of SABER-Bupivacaine presents minimal risk of neonatal toxicity
through suckling.

8. In vitro genotoxicity of the drug substance (bupivacaine) and SABER-

Bupivacaine degradation products )@

Genotoxic degradant @@ has been controlled and addressed by
specification limits in the drug substance bupivacaine (see section 2.5). The potential
genotoxicity for degradant ®®@ has been addressed as it is not genotoxic

based on literature data (see section 2.5).

The drug substance bupivacaine, bupivacaine degradant O@ and
SABER-Bupivacaine degradant @@ \were not mutagenic in Salmonella
and E. coli in valid in vitro Ames assays and were not clastogenic in valid in vitro
chromosomal aberration studies using human peripheral blood lymphocytes studies
submitted with this NDA.

The submitted information is consistent with FDA/ICH Guidances for Industry: Q3A
Impurities in New Drug Substances (February 2003) and Q3B(R2) Impurities in New
Drug Products (August 2006).
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9. In vivo genotoxicity of the drug product SABER-Bupivacaine and SABER
placebo.

SABER-Bupivacaine and SABER placebo were not genotoxic in vivo in a rat
micronucleus test. The absolute value of this information is unknown as the rats
received a single SC dose and were sacrificed 3 days after dosing. This may be a point
of discussion/comment because, as noted previously in section 4, SAIB persists for at
least six months resulting in prolonged exposure and local irritation. These time periods
were not evaluated for micronuclei. Of note is that bupivacaine was not genotoxic in
vitro and the excipients BA and SAIB have been determined to not be genotoxic or
carcinogenic based on submitted literature data.

While a valid assay, it may not really be full evaluating the potential genotoxicity of the
drug substance, drug product, and it components as SAIB persists at the injection site
for a prolonged period of time. A more appropriate study would be a SC injection
followed by sampling for micronuclei after 28 days.

The submitted information is consistent with FDA/ICH Guidances for Industry: Q3A
Impurities in New Drug Substances (February 2003) and Q3B(R2) Impurities in New
Drug Products (August 2006).

10. Embryo-fetal developmental toxicity of SABER placebo.

Sperm positive female SD rats were treated with SABER placebo (75%:25% SAIB:BA)
by subcutaneous injections every 3 days of gestation starting on gestation day 7 until
gestation day 16 (study 11-11-803-R-SC-TT). All rats survived to sacrifice. Body
weights/body weight gains, food consumption, Caesarean-sectioning parameters, fetal
gross and visceral alterations, and ossifications site averages were unaffected by
treatment.

Injection site reactions (i.e., swelling, discoloration, and scabs) occurred at all dose
levels of SABER placebo tested, and the incidences were dose dependent. These
observations generally occurred in the first few days of dosing and, in many cases,
persisted through the end of the dose period and into the post-dose period.

In the high dose group, 6 fetuses in 1 litter had extra presacral vertebrae with or without
extra ribs. While these findings were not previously identified in the testing lab’s
historical control data, the occurrence was considered of unknown toxicological
relevance and a sporadic occurrence as it occurred in only a single litter. In addition,
both SAIB and BA are not known to cause such effects. This conclusion was confirmed
in a consult to the FDA OND PTCC Reproductive and Developmental Subcommittee.

In summary, there was no increase in embryo lethality, no effect on fetal body weight,
and no fetal alterations (malformations or variations) attributed to SABER placebo at
any dose tested. This is considered consistent with the lack of any such effects with
either material tested separately.
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11. Nonclinical data evaluating the local toxicity by a dose route other than the
proposed injection route, Intra-articular (I1A) dosing.

This nonclinical data summary is provided, even though it is not by the proposed drug
product’s route of administration, as the observed local toxicity is noteworthy. Future
applications may be for the IA dosing route and the observed effects should be more
specifically evaluated.

Single 1A doses were administered to New Zealand White rabbits and Beagle dogs
(studies 02-06-803-B-1J-TX and 03-07-803-D-I1J-TX, respectively). An objective of these
studies was to investigate the potential local toxicity after intra-articular dosing.
Treatment was with saline (negative control), SABER placebo (vehicle control) or
bupivacaine in SABER-Bupivacaine (3 dose levels). After the single IA dose, animals
were sacrificed on days 14 and 42 post-dose.

No remarkable treatment-related effects were observed for mortality/moribundity,
clinical signs, body weights, food consumption, ophthalmic examinations, hematology,
clinical chemistry, coagulation, macroscopic pathology, ands absolute and relative
organ weights. Recoverable clinical signs (e.g. scabs, inflammation, sore/ulcer, and
injection site discoloration in rats; edema, swelling, limping in left hindlimb, and loose
stool in dogs) were reported in both males and females.

Synovial hyperplasia, fatty degeneration, inflammation, and fibrosis were observed in
both species for SABER-Bupivacaine and SABER placebo groups after histological
examination of the dose sites. No microscopic lesions were present in the negative
control joint. The incidence and the severity of the observed lesions were greatest in the
high dose groups at Days 14 and 42 of euthanasia.

At day 14, joint cartilage necrosis was present in one vehicle control animal (moderate)
and one high dose animal (marked), but not in the other two test article groups. Joint
cartilage necrosis of marked severity was observed in all vehicle and high dose test
article dogs at 42 days after dosing. Peer review confirmed original histopathology
observations. No necrosis was observed in the joints of any rabbit treatment groups.

In summary, it should be noted that there is potential for progressive joint necrosis after
IA administration of SABER-Bupivacaine which may be due to the vehicle (SABER
placebo) with some enhancement of the severity by the presence of the bupivacaine. A
warning for the possibility of chrondrolysis is contained in the product label.

Overall Nonclinical Conclusion

Human safety is supported at the maximum proposed single dose of SABER-
Bupivacaine which is intended to provide sustained delivery of the bupivacaine local
anesthetic for up to 3-4 days after surgery. As proposed exposure to bupivacaine is
larger than for the approved, referenced NDA, this support for SABER-Bupivacaine is
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based on acceptable product quality specifications and stability and valid nonclinical
studies demonstrating acceptable systemic exposure and local tolerability with an
acceptable clinical pharmacology relationship between nonclinical test product and the
proposed drug product. Of note is the persistence of the excipient depot material,
Sucrose Acetate Isobutyrate, which could be found at the injection site for up to 1 year
after a single injection with continued local effects/toxicity. The clinical toxicological
significance of this persistence and local toxicity from the depot material is unknown.

12 Appendix/Attachments
None.
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