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EXECUTIVE SUMMARY

L. BACKGROUND

Exparel™ | referred to developmentally as SKY0402, is an extended release (ER)

injectable depot formulation of bupivacaine hydrochloride (HCI) intended for

single-dose use in post-surgical analgesia bl

Exparel is designed to be infiltrated into the wound

during surgical closure and the formulation releases the amide anesthetic slowly
®9 " The current

proposed uses of Exparel allows for bupivacaine dosages e

of 120 mg and 300 mg are

allowed for wound infiltration e

For support of a 505(b)(2) approval pathway, the Applicant has identified
Marcaine (NDA 16-964) as the listed drug for reliance on the Agency’s prior
finding of safety and efficacy of the active pharmaceutical ingredient (API)
bupivacaine HCI. The liposomal formulation is the Applicant’s proprietary
DepoFoam® drug delivery system, and is highly similar to two other DepoFoam-
containing products currently marketed and for which they were developmentally
responsible: DepoDur (NDA 21-671) a marketed epidural extended release
morphine product approved in 2004, and DepoCyt (NDA 21-041) an extended
release cytarabine product for intrathecal administration in lymphomatous
meningitis approved in 1999. The only difference is the substitution of a novel
phosphotidylcholine (dierucoylphosphatidylcholine, DEPC). Bupivacaine HCI, a
long-acting amide local anesthetic, has been available for infiltrative use since
the approval of Marcaine in 1972 and is formulated in 0.25% — 0.75% injection
solution strengths with or without epinephrine. Approved indications encompass
the production of local or regional anesthesia or analgesia for various surgical
procedures including local infiltration, peripheral nerve blocks, and epidural
blocks. Bupivacaine HCI is not recommended for intravenous regional
anesthesia or obstetrical anesthesia due to observed cases of mortality which
are believed due to inadvertent intravascular administration resulting in fatal
central nervous system (CNS) and cardiac toxicity. The proposed use of Exparel
falls within that of Marcaine.

Il SUMMARY OF NONCLINICAL DATA SUPPORT

Please see the primary nonclinical review by Dr. Gary Bond for details. Briefly,
the Applicant has provided nonclinical studies to address general local safety of
the drug product through single- and repeat-dose subcutaneous toxicity
evaluations in two species, acute surgical models of wound infiltration in two
species, and a series of evaluation with various routes of administration. Acute
surgical models and most especially the repeat-dose toxicity studies also contain
data to address the systemic safety of a more prolonged bupivacaine exposure.
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DEPC safety was characterized both by inclusion as part of the formulation
tested in these studies as well as an independent testing strategy comprising
general toxicity, genetic toxicity, and reproductive toxicity evaluation of a
SKY0402 placebo formulation (comparable to SKY0402 without bupivacaine).
The potential for liposome integrity failure and unintentional or uncontrolled
release of bupivacaine was explored in vitro in interaction studies provided in the
Chemistry and Manufacturing section of the application while in vivo nonclinical
toxicokinetic studies allow indirect examination of the drug product in use
performance.

ADME
Absorption, distribution, metabolism and elimination were acceptably addressed
by the Applicant based on Dr. Bond'’s evaluation. Notably, retention of the
liposome at the injection site was performed in guinea pigs and rats using
subcutaneous administration of SKY0402 or the SKY0402 placebo formulation.
The liposome (as measured by radiolabeled DEPC) appeared to be present for
2-3 weeks, slightly longer than bupivacaine (1-2 weeks) as might be expected
with a controlled erosion-associated release. Clearance of the liposome is
through normal metabolic channels for the cholesterol O
components.

Uncontrolled Release or Intravascular Migration of Drug Product
The drug product is a multivesicular liposomal ER formulation, therefore the
issue of potential uncontrolled release or “dose dumping” of bupivacaine through
rapid erosion needed to be addressed as defeat of the ER properties of the drug
product could produce significant clinical toxicity. Indeed, several instances of
significantly elevated plasma concentrations of bupivacaine were noted in the
nonclinical toxicology studies. This was most apparent in the acute surgical
models, in particular the perineural studies involving brachial plexus
administration and to a lesser degree in the wound infiltration study in the rabbit.
As described in the primary review, levels spiked in several cases 6-10X the
prevailing levels observed in other animals within the group and this was
occasionally observed well after dose administration. A less pronounced
apparent spike was also observed in the dog model. Upon further evaluation,
this appears to be an artifact of the plasma sampling methodology as the
validated method used does not discriminate between “free” bupivacaine
released from the liposome and encapsulated bupivacaine. Therefore these
spikes may simply represent entry of liposomes into the vascular compartment
and subsequent release of stored bupivacaine on sample analysis. This is
supported by the observation that animals demonstrating these spikes did not
exhibit observable bupivacaine toxicity and further suggests the liposome
maintains its integrity in blood and a controlled release is still to be expected in
the event of intravascular introduction. The entry of these liposomes into the
vascular compartment, however, introduces an additional concern of embolism.
Notably the liposome size is generally @@ in diameter with an upper range
of  ®® which exceeds capillary diameter (~5-10 uM). The Applicant evaluated
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this worst-case scenario by performing direct intravenous administration of
SKY0402 (7.5 mg/kg) in rats which demonstrated a better safety profile than a
direct injection of unencapsulated bupivacaine (Sensorcaine, 2.5. mg/kg), the
latter resulting in rapid, severe systemic bupivacaine toxicity including mortality.
Intravenous administration of the liposomal placebo formulation did not produce
evidence of toxicity on clinical observation or post-mortem evaluation using
relative administration volumes ®® which are equivalent to the
maximal proposed human dosing volume assuming 100% inadvertent
intravascular administration. At higher administration levels of SKY0402 placebo
(>1 mL/kg) treatment-related mortality was observed.

Systemic Safety

Comparative bioavailability data suggests that while SKY0402 doses < 300 mg
would likely produce bupivacaine exposures within the use of the listed drug
Marcaine, and therefore are supported by prior approval, the. % dose of
SKY0402 would exceed this based on pharmacokinetic modeling by the Clinical
Pharmacology reviewer staff (see discussion in Dr. Bond’s primary review).
However, the systemic safety of SKY0402 at all proposed dose levels are
adequately characterized from the nonclinical perspective by the conduct of
acute and sub-acute toxicity studies in animal models with SKY0402. ©®¢

A similar 4-week intermittent
dosing study of SKY0402 conducted in the rabbit was not adequately supportive
of systemic safety. Bupivacaine-induced convulsions and mortality was
observed at various doses and due to intolerability in this model the high doses
utilized did not produce exposure levels which support the upper range of human
exposure. Therefore, the rabbit model appears more sensitive than human and
not an appropriate species on which to base safety margins. As this product is
a reformulation of an approved product, and the clinical toxicity associated with
transiently high plasma levels of local anesthetics are well understood, only a
single species is necessary for nonclinical support. Notably, the bupivacaine
exposure associated with use of 300 mg Exparel is within that of both dog and
rabbit NOAELs in 4-week toxicokinetic studies.

Local Safety

The Applicant has evaluated local safety in animal models using acute
subcutaneous administration, acute wound infiltration in a hernia repair models,
and repeated (bi-weekly) subcutaneous administration of the drug product for 28-
days. Additionally, the Applicant has conducted nonclinical studies to evaluate
the toxicity produced with intravascular administration to address risks
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associated with this inadvertent route. Infiltrative and subcutaneous studies
conducted in nonclinical models at clinically equivalent (15 mg/mL) or higher (25
mg/mL) concentrations of SKY0402 were not associated with significant drug
product-associated local toxicity. Subcutaneous single-dose administration in rats
identified minimal to mild subacute and chronic inflammation at the injection site
with the highest concentration of SKY0402. The local effects resolved within a
15-day recovery period and it was noted that SKY0402 appeared to produce
similar findings as the immediate release bupivacaine HCI solution (Sensorcaine
7.5 mg/mL) employed as an active control group. Subcutaneous single-dose
administration of SKY0402 (15 mg/mL), SKY0402 placebo, bupivacaine solution
(5 mg/mL), or saline in dogs revealed a transient thickening and leathery
appearance of the skin of a single SKY0402-treated animal without evidence of
microscopic changes. No findings were observed on examination after a 14-day
recovery period. Most pertinent to the proposed clinical use were models of
surgical hernia repair (including prolene mesh insertion) conducted in dog and
rabbit in which the effects of wound infiltration of SKY0402 (25 or 15 mg/mL) on
wound healing and local toxicity was evaluated in comparison with bupivacaine
solution (7.5 mg/mL) and saline. Slightly more erythema and edema were
observed upon hernia repair evaluation in the dog with bupivacaine
administration in either SKY0402 or solution form than with saline. No effects on
the wound bed were noted. The surgical site histology findings were generally
similar between groups with the exception of a slightly increased incidence of
granulomatous inflammation of mild severity noted with some SKY0402 animals
on Study Day 3 (SD3). These were not associated with sutures as was observed
in all animals on SD15 and may represent a specific test article-related finding.
SD15 examination also appeared to reveal slightly greater fibrosis severity
(moderate) in the SKY0402-treated dogs when compared to other groups (mild
fibrosis). An analogous model of surgical hernia repair in the rabbit (including
prolene mesh insertion) was evaluated with identical single-dose administered
concentrations of SKY0402 (15 mg/mL and placebo) in comparison with
bupivacaine solution (7.5 mg/mL) or saline. As was noted in the dog, slightly
higher hernia repair scores were noted in the rabbit with SKY0402 treatment,
driven by a stronger erythematous response which resolved by SD3. No wound
bed abnormalities were noted in any animal of any group. Surgical site findings
were histologically similar across groups on SD3 evaluation. Granulomatous
inflammation was noted by SD15 in SKY0402 group. Local safety was further
evaluated in multiple-dose nonclinical studies. Repeated subcutaneous
administration of SKY0402 (15 mg/mL or 25 mg/mL) was compared to
bupivacaine solution (sensorcaine, 7.5 mg/mL) and saline in 28-day studies
conducted in rabbits and dogs to provide an evaluation with a dosing regimen,
twice weekly for four weeks, far in excess of that intended for clinical use.
Treatment-related findings indicative of local effects were highly similar in rabbits
and dogs and were limited to microscopic observation of inflammation,
hemorrhage, and neovascularization. These findings correlated with observed
discoloration and swelling as well as evidence of vacuolated macrophages at the
25 mg/mL concentration of SKY0402 with an incidence that was greater than
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observed in the lower concentration (15 mg/mL) groups. None of these
observations were present in either sensorcaine- or saline-treated groups. All
treatment-related findings were considered by the study pathologist to be minimal
to moderate in severity and were notably reduced in both incidence and severity
when examined in animals allowed a 28-day recovery period.

Formulation support

Support for the @@ formulation DepoFoam used in Exparel derives
from a dedicated full nonclinical program designed to qualify the safety of the
novel excipient DEPC through testing of a SKY0402 placebo as well as the
toxicologic studies conducted with SKY0402. There is also indirect support from
prior usage of similar DepoFoam technology in DepoDur (epidural morphine) and
to a lesser extent from DepoCyt (intrathecal cytarabine) in which greater toxicity
is allowed due to the seriousness of the approved indication, lymphomatous
meningitis. 28-Day daily subcutaneous toxicology studies of SKY0402 placebo
at the maximum feasible volume of administration in rats and dogs revealed only
local effects characterized by granulomatous inflammation and chronic
panniculitis in rats with additional findings of vacuolated macrophages,
mineralization, edema, and hemorrhage in dogs. Observed histologic changes
appeared to be slowly reversible in animals. Reproductive toxicity evaluation
demonstrated no apparent DepoFoam/DEPC toxicity with administration of
SKY0402 placebo when considering fertility, embryofetal development, or
peri/postnatal developmental milestones. The DepoFoam in SKY0402 placebo
was not genotoxic or clastogenic in vitro in a bacterial reverse mutation (Ames)
assay or a chromosomal aberration assay conducted using human peripheral
blood lymphocytes, respectively. SKY0402 placebo also lacked evidence of
genotoxicity in vivo in a Mouse Micronucleus Test.

Impurities appear to be controlled appropriately. Early concerns with potential
levels of ®@ 2 known genotoxic impurity, were resolved by the
Applicant. More sensitive detection methods were enacted to establish a limit of

®® which ensures human exposure with the ®® SKY0402 dose would
be less than 1.5 pg/day, an acceptable totally daily intake level for a genotoxic
compound. The impurity ®@  breviously demonstrated to be
carcinogenic in rodents, has been set to a level of ®® hased on the limit of
quantitation for the Applicant’s assay. Based on a recent revision to another
bupivacaine-containing product it appears this specification may not meet the
criteria of ALARP (as low as reasonably possible) based on existing technical
capabilities; however, the Agency has previously considered this level to be
acceptable in local anesthetic products and is considered so in the present
application. Finally, there are no leachables observed with storage of this drug
product for up to 30 months.
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I1. PRIMARY REVIEW RECOMMENDATIONS

The primary nonclinical review was completed by Dr. Gary Bond. Dr. Bond
recommends the Application may be approved without additional nonclinical
studies; however, he has made recommendations involving adjustment of the
Pregnancy section to address the inability to reliably adapt the label of the listed
drug Marcaine to the currently proposed label.

V. SUPERVISORY RECOMMENDATION

The Applicant is utilizing a 505(b)(2) submission pathway referencing Marcaine®,
to allow the Agency’s prior determination of safety and efficacy for bupivacaine
HCI to be used for support of the active pharmaceutical ingredient in Exparel. In
addition, the Applicant has provided nonclinical studies to address general local
safety of the drug product through repeat-dose subcutaneous toxicity evaluations
in two species, acute surgical models of wound infiltration in two species, and a
series of evaluation with various routes of administration. Acute surgical models
and most especially the 28-day repeat-dose subcutaneous toxicity studies also
contain data to address the systemic safety of a more prolonged bupivacaine
exposure. DEPC safety was characterized both by inclusion as part of the drug
product tested in the previously mentioned studies as well as an independent
testing strategy comprising general toxicity, genetic toxicity, and reproductive
toxicity evaluation of a SKY0402 placebo formulation. Toxicity studies indicated
a relatively benign systemic and local profile with the principle drug product-
related toxicities being slightly greater erythema and edema and the non-adverse
microscopic observation of granulomatous inflammation. The latter finding was
representative of clearance of the liposome and its remnants and was a finding
which was also observed at the site of administration in studies of the liposomal
placebo. No significant toxicities were apparent with the liposomal placebo
containing the novel excipient DEPC. Intravenous administration of SKY0402 at
levels which would be considered equivalent to human dosing of Exparel was not
associated with significant toxicity or animal morbidity suggesting that inadvertent
administration of Exparel in the clinical setting may not be gravely concerning.
There was no evidence of uncontrolled release of encapsulated bupivacaine with
infiltration or any other investigated route. This includes intravenous
administration which allays a significant concern for bupivacaine systemic toxicity
with use of the maximal proposed clinical dose of ®@ From data in the
Chemistry and Manufacturing Modules, it appears there is some risk of rapid
erosion of the liposome with co-administration of lidocaine and this will be
addressed as part of the label. Lastly, the formulation appears to be of an
acceptable quality and lacks significant impurities, degradants. or leachables
which would elicit concern.

| concur with Dr. Bond’s recommendation that the Application may be approved
from the nonclinical perspective without further nonclinical data and agree with
his preliminary labeling recommendations.
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NDA # 22-496 Reviewer: Gary P. Bond, Ph.D.

1 Executive Summary

1.1 Background and Regulatory Issues

EXPAREL™ (tested as SKY0402) is a bupivacaine-containing extended-release
liposome (DepoFoam® drug delivery system). The active pharmacological ingredient,
bupivacaine hydrochloride (HCI), is an amide-type local anesthetic proposed for single-
injection local administration into a surgical wound to produce postsurgical analgesia.
The proposed single doses of SKY0402 are e

The human safety of EXPAREL is supported using a 505(b)(2) submission and
submitted nonclinical studies. This support includes the Agency’s prior findings of
bupivacaine safety and efficacy and the acute infiltrative surgical studies in rabbits and
dogs and repeat-dose subcutaneous toxicity studies in rats and dogs using SKY0402
compared to the pivotal single dose clinical trials. 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). Bupivacaine HCI has been
marketed in the US for over 30 years as Marcaine® (NDA 16-964 - 1972), the listed
drug (LD) in the FDA Orange Book: Approved Drug Products with Therapeutic
Equivalence Evaluations. The highest approved daily dose of bupivacaine is 400 mg.

The human safety of DepoFoam (Inactive Ingredient) is generally supported by the use
of this excipient formulation in marketed products DepoCyt® (NDA 21-041, 1999) and
DepoDur® (NDA 21-671, 2004). However, the exact composition of DepoFoam is

®@ different in each of the three drug products (DepoCyt, DepoDur, and SKY0402).
The difference in the DepoFoam in SKY0402 is the novel excipient
dierucoylphosphatidylcholine (DEPC). A comprehensive nonclinical testing program
was submitted to support the human safety for the DEPC-based DepoFoam in
SKY0402. This program included repeated dose toxicity, genotoxicity, and reproductive
toxicity testing and is consistent with the FDA Guidance for Industry: Nonclinical Safety
Studies for the Safety Evaluations of Pharmaceutical Excipients (May 2005).

1.2  Brief Discussion of Nonclinical Findings

The nonclinical program was designed to support the administration of SKY0402 by
local infiltration. Inclusion of bupivacaine in the liposome achieved the intended effect of
producing a sustained local release and analgesic effect of bupivacaine compared to
bupivacaine HCI alone by extending the systemic absorption time of bupivacaine from
the site of injection. Studies in rats and guinea pigs showed that both bupivacaine and
DEPC remained at the injection site for several days with bupivacaine leaving more
rapidly than DEPC. It could take up to approximately 2 weeks for bupivacaine not to be
detected and between 2 and 3 weeks for DEPC not to be detected at the injection site.
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The DepoFoam membrane remnants N

are biocompatible and are cleared through the lymphatic system and metabolized as
nutrients.

The safety profile of bupivacaine administered in SKY0402 was anticipated to be the
same as bupivacaine HCI. A main focus of the nonclinical testing program was primarily
on the evaluation of the local tolerability and potential systemic toxicity of the
DepoFoam with DEPC as a novel excipient (SKY0402 Placebo). The potential systemic
exposure and toxicity of SKY0402 itself was, however, evaluated in two nonclinical
repeat dose toxicity studies. The nonclinical testing of SKY0402 turned out to be
necessary to support the human safety of bupivacaine because systemic exposure
levels of bupivacaine after dosing with SKY0402 in clinical trials at the highest proposed
single dose of ®® could not be determined to be comparable to those supported by
the referenced NDA after Clinical Pharmacology evaluation. The systemic levels of
bupivacaine after human dosing with SKY0402 at.  ®“ could be potentially greater
than those achieved after dosing with the approved bupivacaine HCI at the maximum
recommended human dose (MRHD) of 400 mg for the 505(b)(2) referenced drug.
Human exposure levels at the MRHD were not tested in any of the clinical trials. This
non-comparability was largely due to the lack of human pharmacokinetic data at the
MRHD. The proposed 300 mg dose was supported by the referenced NDA.

Safety of Exparel based on nonclinical testing of SKY0402

Human safety is supported for all proposed doses. Only anticipated pharmacological
effects of bupivacaine (systemic toxicity) and reversible local injection site effects (local
toxicity) were observed after single- and repeated-dose nonclinical studies. Single- and
repeated-dose study assessments are combined as the results are very similar.

Local toxicity — SKY0402-specific toxicity was not observed as only local effects were
observed and not considered SKY0402-specific as observations were likely the result of
dosing method and surgical procedure and were also observed with immediate release
bupivacaine HCI treatment included as an active control.

Systemic toxicity — The nonclinical data support all proposed clinical doses based on
nonclinical toxicokinetic (TK) and clinical pharmacokinetic (PK) values and
nonclinial:clinical (TK:PK) exposure ratios (safety margins - SM) for bupivacaine
exposure. SMs of = 1 are considered supportive of human safety. Not all SMs are = 1
for the proposed 300 and @@ human doses after single- and repeat-dose
administration in the rabbit and dog nonclinical studies. However, as all nonclinical
doses are the highest doses tested for a given study and species and only resulted in,
at most, anticipated pharmacological effects, the nonclinical doses most relevant for
comparison to human doses are the ones resulting in the most systemic exposure. The
highest TK values observed after repeated dosing in the dog support human safety at
doses of 120, 300, & ®® SKY0402. In addition, a long history of human
bupivacaine use considered in conjunction with the observed TK and PK values also
supports the proposed clinical use.
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Safety of Exparel based on DEPC exposure in SKY0402 and SKY0402 Placebo
nonclinical studies

Human safety is supported for all proposed doses. No significant DEPC-related toxicity
was observed. Anticipated local effects were observed that were considered more
dosing method related than a direct result of DEPC treatment. These local effects could
also be observed after dosing with SKY0402, SKY0402 Placebo, Bupivacaine HCI, and
even saline.

SKY0402 containing the novel excipient DEPC is considered safe for the proposed
human use up to a dose of  ®® for both local and systemic toxicity. LI

For potential human local and systemic toxicity, nonclinial:clinical exposure ratios
(safety margins) are all indicative of human safety. SMs of = 1 are considered
supportive of human safety. As all SMs are approximately equal to or greater than 1,
human safety of DEPC is supported at the proposed human doses of 120, 300, ©¢
mg SKY0402.

Other safety assessments

Genotoxicity of SKY0402 Placebo - SKY0402 placebo was not genotoxic in a valid
standard battery of three genetic toxicology studies consistent with the ICH S2B
guidance (A Standard Battery for Genotoxicity Testing of Pharmaceuticals; Jul 1997).

Inadvertent intravenous dosing — Proposed infiltrative use of SKY0402 containing
bupivacaine HCI and the unique DepoFoam excipient DEPC is considered safe in the
event of inadvertent intravenous injection at the proposed human doses. A worst case
scenario was assumed to be an intravascular injection of 10% of the total dose volume
according to the medical reviewer.

Intravenous administration of SKY0402 to rats at bupivacaine doses 3 times larger than
the administered bupivacaine HCI injection formulation caused no adverse effects while
the immediate-release bupivacaine HCI formulation caused severe toxicity including
tremors and death. Based on this information, for the proposed dose route of
subcutaneous infiltration only, the applicant was informed that no further nonclinical
intravenous toxicity testing was required (IND 69,198 — September 27, 2006). This issue
will need to be revisited for any other proposed dose routes.

Intravenous administration of SKY0402 placebo to rats at dose volumes comparable to
proposed human doses did not identify any toxicity. An even larger human safety
margin exists when assuming a maximal inadvertent intravenous dose volume of 10%.

Local tolerance - Local injection site studies performed in various species (rat, guinea
pig, rabbit, and dog) indicate that SKY0402, bupivacaine HCI solution, SKY0402
placebo, or saline produced comparable macroscopic or microscopic changes in
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subcutaneous tissue following injection. Transient reactions included reddening of
incision lines, edema, or thickened or leathery skin with histopathologic findings such as
mild subacute or chronic inflammatory changes confined to the injection site and
adjacent muscle. These effects were completely reversed or significantly reversed by 14
days after dosing.

Drug interactions - Subcutaneous co-administration of SKY0402 with lidocaine HCI
solution resulted in a more rapid release of bupivacaine from SKY0402 than after
SKY0402 alone. This interaction can be reduced by allowing 20 minutes to elapse
between a lidocaine dose and administration of SKY0402. In addition, in vitro
determinations made as part of CMC-related studies and other nonclinical studies
provide support for this concern. In contrast, the composite plasma profiles appeared to
be cumulative after subcutaneous co-administration of SKY0402 with bupivacaine HCI.

Safety Pharmacology — While no separate studies were conducted with SKY0402 or
placebo, safety pharmacology indices were included as part of the repeat dose studies
with no indication of any previously unknown safety concern.

Impurities and degradants in Drug Substance (DS) and Drug Product (DP) — There are
no impurity and degradant issues based on submitted DS and DP specifications. ICH
Guidances Q3A (Impurities in New Drug Substance; Revision 2, (June 2008) and
Q3B(R) (Impurities in New Drug Products; Aug 2006) and FDA guidance (Genotoxic
and Carcinogenic Impurities in Drug Substances and Products: Recommended
Approaches; Dec 2008) specifications were met except for

which was considered qualified by the nonclinical data provided by the Applicant.

(b) (4)

Extractable and Leachables from container closure system - Based on the worst case
extractable studies performed, no leachables were detected in any of the analyzed lots
of SKY0402 that were stored in the proposed commercial container/closure system for
up to 30 months.

Nonclinical Summary — The nonclinical data package supports the proposed human
use of SKY0402 with the novel excipient DEPC for the proposed indications and doses.

1.3 Recommendations
1.3.1 Approvability

NDA approval is recommended based on nonclinical data provided.

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, has essentially not changed in over 30 years and has also been inaccurate for
most of that time period for section 8.1 (Pregnancy). Currently, we are working with the
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reference NDA owner to update the label to be consistent with current labeling practices
and to correct the inaccuracies in animal and human dose comparison information.
Once updated, all 505(b)(2)-related bupivacaine NDAs will need to update labels to
conform with the reference NDA label. Changes and updating for section 13.1
(Carcinogenesis, mutagenesis, impairment of fertility) are also in progress with the
reference NDA owner. However, this section will remain the same as the reference NDA
at this time.

At present, we have amended section 8.1 of the proposed label to remove inaccurate
information while attempting to provide the most information that we could for labeling
purposes within the regulations. In addition, consistency with the Pregnancy and
Lactation Labeling Outline structure was attempted. The proposed label language is
subject to change upon negotiation with the Applicant.

[Label starts on next page]

18 PAGESOF DRAFT LABELING HAVE BEENWITHHELD IN FULL AS
b4 (CCI/TS)IMMEDIATELY FOLLOWING THIS PAGE
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2 Drug Information

21 Drug
CAS Registry Number - 2180-92-9

Generic Name - Bupivacaine
Code Name — none reported

Chemical Name - (RS)-1-butyl-N-(2,6-dimethylphenyl)piperidine-2-carboxamide;
1-butyl-N-(2,6-dimethylphenyl)-2-piperidinecarboxamide

Molecular Formula/Molecular Weight - C1gH2sN20/288.43

Structure or Biochemical Description

CH,(CH,),CH, CHj,

N
Q—CONH—

CH,

Pharmacologic Class — amide local anesthetic (FDA established pharmacologic class)
2.2 Relevant INDs, NDAs, BLAs and DMFs
1) bupivacaine

- 505(b)(2) submission using NDA 1(3)(;)964 (Marcaine)

- IND 69-198 (original IND for this NDA)
2) DepoFoam
- DepoFoam is a liposomal extended-release formulation contained in the marketed

products DepoCyt® (NDA 21-041, 1999) and DepoDur® (NDA 21-671, 2004).
- 1,2-Dierucoylphosphatidylcholine (DEPC)
(b) (4)
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2.3 Drug Formulation
Drug Substance

Bupivacaine clinical doses are proposed as a single administration to a
surgical site. At a maximum daily dose o , the qualification safety threshold

ICH Guidance Q3A) for impurities is 0.15% or 1.0 mg/day intake (whichever is lower).
The proposed specifications for
upivacaine are consistent wi standards as listed in the table (column 2). Data for

analyzed batches of bupivacaine (other columns) are within specifications. As a result,
unless otherwise indicated by ONDQA in their review, the bupivacaine specifications
are considered acceptable based on information submitted in the original NDA.

The potential genotoxic/carcinogenic impuritiesm
are impurities of concern and will be discussed in section

2.5. Impurities were determined not to be
structural alerts or genotoxic for the Ames bacterial mutation assay by CompTox

analysis (FDA CDER Informational and Computational Safety Analysis Staff - ICSAS)
and are therefore not impurities of concern as they are also within ICH specifications.

Bupivacaine Batch Analysis Data

Test Specification Batch No: Batch No: Batch No: Batch No: Batch No:
691665 691745 691776 1069812 1069815
Description White crystalline complies complies complies complies complies
powder
Identification Conforms to complies complies complies complies complies
reference
standard

Drug Product

SKY0402 is a sterile, non-pyrogenic, white to off-white, preservative-free, aqueous
suspension of multivesicular lipid-based particles (DepoFoam® drug delivery system)
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containing bupivacaine, intended for local prolonged release following injection in the
management of postsurgical pain. Bupivacaine HCI, the drug substance, is present in
SKY0402 at a concentration of ®® |nactive ingredients include
dierucoylphosphatidyl-choline (DEPC; 1,2-dierucoyl-sn-glycero-3-phospho-rac-(1-
glycerol), dipalmitoylphosphatidyl-glxcerol (DPPG; 1,2-dipalmitoyl-sn-glycero-3-
phospho-rac-(1-glycerol), "@ cholesterol, tricaprylin 0@
sodium chloride, and

W)

Scanning electron micrograph of a typical DepoFoam particle

Simply stated, the bupivacaine aqueous phase is merged with the lipid phase to form
the DepoFoam particle. See the ONDQA review for a more detailed description.

Lipid Phase

Merged Image

Aqueous Phase

Confocal microscopy image of a fluorescently labeled MVL particle. The
merged image shows the aqueous phase of the vesicles surrounded by the
lipid membranes.
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All primary stability studies were ongoing and continued to do so during the NDAS
review period as production was transitioned from bl

during the course of the NDA review. To this
end, as there are no impurity/degradant issues, Pharm/Tox refers to the ONDQA review
for current information on stability.

The composition of the drug product (DP) is as listed in the table. For purposes of
determining human safety for NDA approval, the drug product was tested and qualified
in 28-day repeat dose subcutaneous and acute tissue infiltration surgical studies in
rabbits and dogs. In addition, the novel excipient DEPC in SKY0402 was tested in
separate nonclinical studies using SKY0402 Placebo (DEPC-based SKY0402 without
bupivacaine). Human safety based on nonclinical data is discussed in the Executive
Summary in section 1.2 and Integrated Summary and Safety Evaluation in section 11.

Composition of SKY0402

Component Nominal Nominal Nominal Molar Ratio | Weight Ratio
Content Content per Content per (Lipid:Drug (Lipid:Drug
per mL Vial (10-mL) | Vial (20-mL) | Substance) Substance)

®) @)
Bupivacaine 15.0 mg* 150.0 mg* 300.0 mg*
Dierucoylphosphatidyl-
. 8.2 mg 82 mg 164 mg
choline (DEPC) me me me
Dipalmitoylphosphatidyl-
. .9 mg 9 mg g
glycerol (DPPG) 0.9 mg mg 18 mg
Cholesterol 4.7 mg 47 mg 94 mg
Tricaprylin 2.0 mg 20 mg 40 mg
. . ®) @]
Sodium Chloride
L \4
*Expressed as anhydrous bupivacaine hydrochloride equivalent
L . . (b) (4)
Potential impurities include
(b) (4)
Except for o

none of these impurities have been detected in SKY0402 at

the time of manufacture or in stability studies to date (i.e., through 36 months at 5°C and
6 months at 25°C) except the impurity ®® in three separate lots (these
lots not listed in section 2.3 specification and analysis table. The origin of this impurity in
the three lots is reported to be from the bupivacaine base which contained o

per the certificate of analysis from the vendor. This situation has been
corrected so that unless notified of a relevant issue(s) by ONDQA, there are no impurity
issues dealing with the drug substance other than P9 (see ONDQA review).
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Potential Impurities and Degradation Products of Drug Substance

Name Structural Formula Source

Extractable-Leachables form container closure system - Based on the worst case
extractable studies performed on the proposed commercial container closure system,
SKY0402 lots stored beyond expiration dating were analyzed for potential leachable
content. No leachables were detected in any of the analyzed lots of SKY0402 that were
stored in the proposed commercial container/closure system for up to 30 months. Pacira
has confirmed and FDA ONDQA has concurred that the proposed container closure
system is appropriate for SKY0402 and that no additional nonclinical studies to support
its use are necessary (See ONDQA review for more detail).

Lots of SKY0402 Used in Nonclinical Toxicology Studies

The following table lists all SKY0402 lots used in nonclinical testing as well lots used in
clinical trials. Notable is lot 04-2502 which was used in the Inguinal Hernia clinical trial
(study SKY0402-C-201) and which was also used in the acute surgical models in rabbit
and dog. Nonclinical study numbers are listed in the studies reviewed section 3.1 and
with the individual study review.
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Lots of SKY0402 Used in Nonclinical Toxicology Studies

SKY0402 Study Number Type of Studies Species Route
Batch No. (T)
® @ o ia.
02BUP04-034 047-004 Acute local toxicity (pilot) Rabbit Perineural
SC (incision site)
Acute local toxicity ia.
)
03-2001 O®,17.013 (pilot) Dog Perineural
SC (incision site)
PP04-048 ®® Acute toxicity
147-017 (pilot) Dog SC
PP04-045 047-018 Expanded Acute toxicity Dog SC
PP04-048 047-020 Expanded Acute toxicity Dog it.ed
04-2502 (C) 047-031 Expanded Acute toxicity | Rat ed.
b
o ®®g47.030 Expanded Acute toxicity | Rabbit SC (incision site)
7
Q) 047-020 Expanded Acute toxicity | Dog SC (incision site)
3502
344:;28; ®®047.035 Expanded Acute toxicity | Rabbit ia. (incision site)
04-2502 (O ‘ ) L . .
05-2501 (C) 047-034 Expanded Acute toxicity Dog i.a. (incision site)
01-2009 200E Acute toxicity
01-2011 20995 Rat 5.8
02-BUP02-027 (phosphate) (P) } ) Acute local toxicity . .
02-BUP02-028 (glucuronate) (P) | "o 0 02 DHOZOH ] (hitony Guineapig | SC
02-BUP02-027 (phosphate) (P) 07 OA0)_( Acute local toxicity . . .
02-BUP02-028 (glucuronate) (P) | NEo-0702-DO402-047 | (oo Guineapig | ia.
KP2078 (P) RES-050524-D0402- | A cyee toxicity (pilot) Rat iv
611
072501 ® @ 28-day toxicology
07PD003 047-036 Rabbit SC
072501 28-day toxicology
07PD003 847-037 Dog sC
4- ®® icity (pi ia
02BUP04-034 047-004 Acute local toxicity (pilot) Rabbit Perineural
SC (incision site)
Acute local toxicity ia.
) 3
05200245 ©®0,47.013 (pilot) Dog Perineural
SC (incision site)
PP04-048 ®®@o47.017 }(:)fllgf) foxicky Dog sC
PP04-045 047-018 Expanded Acute toxicity Dog SC
PP04-048 047-020 Expanded Acute toxicity Dog it ed.
04-2502 (©) 047-031 Expanded Acute toxicity | Rat ed.
04-2502 (C) ®® - ; .
04-2501 047-030 Expanded Acute toxicity | Rabbit SC (incision site)
7
peo 047-020 Expanded Acute toxicity | Dog SC (incision site)
3502
gi__;ggi 047-035 Expanded Acute toxicity Rabbt i.a. (incision site)

C —used 1n clinical studies

P —used m non-GLP toxicology (and toxicokinetic) studies
T — used 1n GLP toxicology studies (unless noted)

Reference ID: 3019401
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Lots of SKY0402 Used in Nonclinical Toxicology Studies

SKY0402 Study Number Type of Studies Species Route
Batch No. (T)
04-2502 (C) ® @ o= g
— 047-034 Expanded Acute toxicity Dog 1.a. (incision site)
05-2501 (C)
01-2009 . - Acute toxicity
01-2011 20095 Rat SC
Acute injection site
02-BUP02-027 (phosphate) (P) e 5 L . .
02-BUP02-028 (glucuronate) (P) RES-0702-D0402-044 gilltggon Guinea pig SC
Acute injection site
02-BUP02-027 (phosphate) (P) 7). ~ S . .
02-BUP02-028 (glucuronate) (P) RES-0702-D0402-047 g:ltggon Guinea pig ia.
_NsSNSH4l 2 , - y
KP2078 (P) S o0e-Do0 (ﬁl‘gf) toxicity Rat iv.
nEne (OO RTP Acute toxicity .
082505 (P) 047-042 (pilot. juvenile) Rat SC
072501 o 28-day toxicology .
07PD003 047-036 Rabbit SC
072501 28-day toxicology .
07PD003 047-037 Dog SC
ia.
02BUP04-034 047-004 Acute local toxicity (pilot) | Rabbit Perineural
SC (incision site)
03-2001 Acute local toxicity ia.
- 047-013 (pilot) Dog Perineural
SC (incision site)
PP04-048 047-017 Acute toxicity (pilot) Dog SC
PP04-045 047-018 Expanded acute toxicity Dog SC
PP04-048 047-020 Expanded acute toxicity Dog it ed
04-2502 047-031 Expanded acute toxicity Rat ed.
2502
344—:;81 047-030 Expanded acute toxicity Rabbt SC (incision site)
2502
gj_:;gi 047-020 Expanded acute toxicity Dog SC (incision site)

C — used 1n clinical studies
P — used mn non-GLP toxicology (and toxicokinetic) studies
T —used 1n GLP toxicology studies (unless noted)

2.4 Comments on Novel Excipients

DEPC is a novel excipient in the DepoFoam system that will be used as the liposome
carrier of bupivacaine in SKY0402. A comprehensive nonclinical testing program was
conducted for DepoFoam containing DEPC (SKY0402 Placebo). Extensive nonclinical
testing for local and systemic toxicity was conducted. The DepoFoam in Sky0402
Placebo was nearly identical to the liposomal formulation but was made with sodium
chloride in lieu of bupivacaine. In addition, reference was made to the other approved
DepoFoam products Depodur (NDA 21-671) and DepoCyt (NDA 21-041) as supporting
the overall safety of the DepoFoam drug delivery system.

® @

w)1a)

batch analyses. At 15 mg/ml bupivacaine HCI in the DP, the percentages of
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©® respectively, all in excess of ICH qualification

threshold level for DP of ®® pupivacaine/day. The mean batch
analysis value is @ \ith the 3 standard deviation of the mean value of

®® yalues in batches of SKY0402 used in 3 of the pivotal clinical trials at
doses of 120 mg in 8 mL (bunionectomy), 300 mg in 20 mL (hemorrhoidectomy),  ©¢

®9) and in the 28-dy repeat dose nonclinical studies in

rabbits and dogs are ®® and are considered comparable on a pg/mL
basis. To this end, the adequate nonclinical-based human safety for SKY0402 and the
DEPC excipient alone exist at the proposed human doses of SKY0402. ONDQA will
request the DP specification to be set at ®® based on batch analyses and
variability.

SKY0402 placebo was not genotoxic in a valid standard battery of three genetic
toxicology studies consistent with ICH S2B guidance. Nonclinical animal and human
local and systemic doses were compared. Systemic dose comparisons were based on
exposure to DEPC on a mg/kg basis with nonclinical animal doses adjusted to a human
equivalent dose (HED) resulting in mg dose/m? body surface area-based comparisons
to the proposed clinical dose of DEPC in the drug product. Local dose comparisons
were based on the volume of DEPC-containing dose. In the nonclinical studies
conducted (subcutaneous dose - 28 day studies in rats and dogs, embryo-fetal studies
in rats and rabbits, and a combined fertility/perinatal-postnatal study in rats), all doses
(only one dose level/volume per study) were considered the maximum practicable
doses based on the dose volume administered for the respective nonclinical species. All
nonclinical doses were NOAEL doses as only local, reversible injection site effects were
observed for all of the varied biological indices evaluated in these comprehensive GLP
studies. DEPC exposure at the highest proposed dose of | ®“ is generally
comparable to the DEPC level at the NOAEL from the nonclinical studies (SM = 1),
indicating nonclinical support for the proposed human dose of SKY0402 containing the
novel DEPC excipient. A more detailed safety assessment is included in Section 11.

Based on these nonclinical results, potential human local and systemic toxicity has been
addressed and SKY0402 containing the novel excipient DEPC is considered safe for
the proposed human use.

2.5 Comments on Impurities/Degradants of Concern

Early in the NDA review process, @ which is positive in the Ames

mutagenicity assay, was identified at levels in one of the supplied bupivacaine drug
substances ®® at levels that would exceed the recommended 1.5 pg/day total
daily intake as listed in the draft CDER Guidance for Industry: Genotoxic and
Carcinogenic Impurities in Drug Substances and Products: Recommended Approaches
(Dec 2008). At a maximum dose of  ?® SKY0402/day, the specification can be = ®%

The limit of detection for @@ is now @@ without any | @€

being detected, so this is not a human safety issue. Refer to the ONDQA
review for more detail on this matter.
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The ®@ s genotoxic and has been shown to produce
tumors in rodents. Consistent with previous NDA evaluations, the carcinogenicity finding
was not relevant to humans e

The current generally
acceptable level of “* Is to reduce levels to as low as reasonably possible
(ALARP) as determined by ONDQA. In the past this has been in the ®@
range, of which ®® is the proposed specification for this NDA and is also the limit
of quantitation (LOQ). The ®9 specification is also considered to be as low as
reasonably possible (ALARP) by ONDQA, meaning also as low as technically feasible
under current conditions of production and analysis.

@@ which were initially considered as
potentially genotoxic/structural alerts, 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, no further action is indicated in regard to human
safety.

2.6 Proposed Clinical Population and Dosing Regimen

EXPAREL™ is indicated for single-dose local administration into the surgical wound to

produce postsurgical analgesia. The recommended dose is based on the =
type of surgery. EXPAREL has not been studied for use in patients younger than

18 years of age. The dose of EXPAREL in mg is the amount of bupivacaine HCI in the

drug product. The actual amount of free bupivacaine has been determined to be 106,

266, ®@ of pupivacaine, respectively. The doses will still be referred to as 120,

300, @@ for the purposes of this review.

(b) (4)

Page 25 of 211
Reference ID: 3019401



NDA # 22-496 Reviewer: Gary P. Bond, Ph.D.

Pharmacokinetic values from the four pivotal clinical trials are listed in the following
table. Blood sampling was up to 96 hours, making the AUC from 0-96h.

Summary of Pharmacokinetic Parameters
for Bupivacaine after Administration of
Single Doses of EXPAREL™ and Bupivacaine HCI

EXPAREL™ Bupi-
vacaine
HCI
120 mg 300 mg ®@ 100 mg
<3cm >3 cm Incision >3cm
Incision Incision
Study 1% | Study 2° | Study 3° Study 3
(N=26) (N=25) (N=12) (N=27)
Crnax 166 867 365 336
(ng/mL) (92.7) (353) (128) (156)
Tinax (h) 2 0.5 12 0.6
AUC .96 5864 16,867 16,028 4360
(hxng/mL) (2038) (7868) (5455) (1559)
AUCinp 7105 18,289 16,758 4372
(hxng/mL) (2283) (7569) (6288) (1560)
ty, (h) 34.1 23.8 14.6 8.47
(17.0) (39.4) (4.64) (2.89)

Note: Arithmetic mean (standard deviation) except T« (median).
a — bunionectomy clinical trial (SKY0402-C-203)
b — hemorrhoidectomy clinical trial (SKY0402-C-316)

¢ — inguinal hernia clinical trial (SKY0402-C-201)
®)@

2.7 Regulatory Background

IND 69,168 (original IND submitted May 2, 2007)
NDA submitted September 28, 2010
Marcaine® (NDA 16- 964 — October 3,, 1972) 505(b)(2) reference
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3 Studies Submitted

3.1 Studies Reviewed

Reviewer: Gary P. Bond, Ph.D.

Type of Study Study Title Test Method of Testing Study No.
System | Administration | Article

Primary DepoBupivacaine Guinea Intradermal SKY 0402 RES-0801-D402-
Pharmacodynamics [SKY0402] Efficacy pig 059

Study in a Dermal

Wheal/Pin Prick

Model in Guinea Pigs
Secondary In Vitro Effect of Human In vitro SKY0402 CeeTox 9032-
Pharmacodynamics SKY0402 on Whole whole 081

Blood Coagulation blood

Using Activated

Clotting Time
Analytical Method Method Qualification | n/a n/a n/a ABC 62796
and Validation of an LC-MS/MS
Report Assay Method for the

Quantitation of

Lidocaine and

Bupivacaine in Swine

Plasma — non-GLP
Analytical Method Full Validation of an n/a n/a n/a ABC 62988
and Validation LC-MS/MS Method
Report for the Determination

of Bupivacaine and

Lidocaine in Swine

Plasma
Analytical Method Validation of an LC- n/a n/a n/a ®® 947-019
and Validation MS/MS Assay For
Report Bupivacaine in Dog

EDTA Plasma
Analytical Method Validation Transfer of | N/@ n/a n/a ®@ 947-032
and Validation an LC-MS/MS Assay
Report for Bupivacaine in Rat

Plasma
Analytical Method Validation Transfer of | /2 n/a n/a ®@ 947-033
and Validation an LC-MS/MS Assay
Report for Bupivacaine in

Rabbit Plasma
Analytical Method Partial Validation of n/a n/a n/a ®® 999.618
and Validation an LC-MS/MS Assay
Report for Bupivacaine in

Rabbit Plasma with
K;EDTA

Reference ID: 3019401
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Type of Study

Study Title

Test
System

Method of
Administration

Testing
Article

Study No.

Analytical Method
and Validation
Report

Full Validation of an
LC-MS/MS Assay for
Bupivacaine in Dog
Plasma with KzEDTA

n/a

n/a

n/a

®® 999-619

Analytical Method
and Validation
Report

Partial Validation of
an LC-MS/MS Assay
for Bupivacaine in Rat
Plasma with KzEDTA

n/a

n/a

n/a

®® 999-646

Analytical Method

Method for Analysis
of Bupivacaine in Rat
Plasma by Capillary
Gas Chromatography

n/a

n/a

n/a

RES-85912

Analytical Method

Comparison of
Method for Analysis
of Bupivacaine in Rat
Plasma by Gas
Chromatography and
Liquid
Chromatography/Mass
Spectrometry

n/a

n/a

n/a

RES-91719

Absorption

Pharmacokinetic
Profile of Bupivacaine
Following
Subcutaneous
Injection of
Bupivacaine HCI
Solution in Rats

SC

Bupivacaine
HCl

RES-0703-D402-
027

(reviewed in IND
69,198)

Absorption

Pharmacokinetic
Screening of Newly
Manufactured D0402
[SKY0402] Lots in
Rats

SC

SKY0402

RES-0703-
D0402-026

(reviewed in IND
69.198)

Absorption

Pharmacokinetic
Screening of Newly
Manufactured D0402
[SKY0402] Lots in
Rats

SC

SKY0402

RES-041018-
D0402-534

Absorption

Pharmacokinetic
Screening of Newly
Manufactured D0402
[SKY0402] Lots in
Rats

SC

SKY0402

RES-050502-
D0402-608

Absorption

Pharmacokinetic
Screening of Newly
Manufactured D0402
[SKY0402] Lots in
Rats

SC

SKY0402

RES-050506-
D0402-612

Reference ID: 3019401
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Type of Study Study Title Test Method of Testing Study No.
System | Administration | Article
Absorption Pharmacokinetic Rat SC SKY0402 RES-050801-
Screening of Newly D0402-619
Manufactured D0402
[SKY0402] Lots in
Rats
Absorption Pharmacokinetic Rat SC SKY0402 RES-051010-
Screening of Newly D0402-627
Manufactured D0402
[SKY0402] Lots in
Rats
Absorption Pharmacokinetic Rat SC SKY0402 RES-0902-D402-
Screening of Newly 059
Manufactured D0402
[SKY0402] Lots in
Rats
Absorption Pharmacokinetic Rat Ne SKY0402 RES-1102-
Screening of Newly D0402-072
Manufactured D0402
[SKY0402] Lots in
Rats
Absorption Pharmacokinetic Rat SC SKY0402 RES-0103-
Screening of Newly D0402-111
Manufactured D0402
[SKY0402] Lots in
Rats
Absorption, SKY0402: A Rabbit sc SKY0402 ®® 947.036
Toxicokinetics Subcutaneous
T0)51C1ty Study in . (TK reported
Twice-Weekly Dosing .
for Four Weeks in Wi .S“‘d_y L
Rabbits toxicity review)
Absorption Non-Decanted and Dog Ne SKY0402 ®@ 947041
Decanted SKY0402:
A Subcutaneous
Bioequivalence Study
in Male Dogs
Absorption Decanted SKY0402: | Dog e SKY 0402 ®® 947-040
A Pharmacokinetic
Profile After Hernia
Surgery Repair in
Male Dogs
Absorption, An Expanded Acute | Dog sc SKY0402 ®® 947.018
Toxicokinetics Subcutaneous
Toxicity Study of )
SKY0402 in Dogs (TK reported
with study
toxicity review)

Reference ID: 3019401
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Type of Study Study Title Test Method of Testing Study No.
System | Administration | Article
Absorption, SKY0402: A Dog e SKY0402 ®@ 947.037
Toxicokinetics Subcutaneous
Toxicity Study with )
Twice Weekly Dosing (”2? 1eti)gl‘ted
For Four Weeks in with study L
Dogs toxicity review)
Absorption, Acute Rabbit SC (wound SKY0402 ®® 947.030
Toxicokinetics Toxicity/Wound infiltration);
Healing Study of Perineural )
SKY0402 in Surgical &ﬁ‘;ﬁgr‘ed
Model in Rabbits LY
toxicity review)
Absorption, Acute Dog SC (wound SKY 0402 ®@ 947.029
Toxicokinetics Toxicity/Wound infiltration);
Healing Study of Perineural )
SKY0402 in a (Tﬁ ‘enp‘(;“ed
Surgical Model in With st ‘y L
Dogs toxicity review)
Absorption, Expanded Acute Rat e.d. SKY0402 ®@ 947-031
Toxicokinetics Epidural Toxicity
1S{taltcsly of SKY0402 in (TK reported
with study
toxicity review)
Absorption, An Intrathecal and Dog e.d. SKY0402 ®®947.020
Toxicokinetics Epidural Acute it
Toxicity Study of )
SK'Y0402 in Male (IK reported
Beagle Dogs with study
< < toxicity review)
®@

Reference ID: 3019401
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Type of Study

Absorption

Study Title

Retention of
Bupivacaine and
DEPC Following
Intradermal or
Subcutaneous
Injection of SKY0402
or SKY0402 Placebo
in Rats and Guinea
Pigs

Test
System

Rat;
Guinea
pig

Method of
Administration

Intradermal;
SC

Testing
Article

SKY0402;
SKY0402-
placebo

Study No.

®) @]

RES-73965

Distribution

Quantitative
Whole-Body
Autoradiography
Following Single
Subcutaneous
Injection of
[1-"*C]-2-erucoyl)
DEPC DepoFoam
Formulation in Rats

Rat

SC

DEPC

QPS 137N-0401

Pharmacokinetic
Drug Interaction

Pharmacokinetic Drug
Interaction of
DepoBupivacaine and
Bupivacaine HCI
Solution in Rats

Rat

SC

SKY0402

RES-060130-
D0402-701

Pharmacokinetic
Drug Interaction

A Single Dose
Pharmacokinetic
Interaction Study of
Lidocaine and
SKY0402 in Naive,
Sexually Mature,
Yucatan Mini-Pigs
(non-GLP)

Mini-pig

SC

SKY0402

S07580 (pilot)

Pharmacokinetic
Drug Interaction

A Single Dose
Pharmacokinetic
Interaction Study of
Lidocaine and
SKY0402 in Naive,
Sexually Mature,
Yucatan Mini-Pigs
(GLP)

Mini-pig

SC

SKY 0402

S07607

Reference ID: 3019401
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Type of Study

Study Title

Test
System

Method of
Administration

Testing
Article

Study No.

Pharmacokinetic
Drug Interaction

A Single Dose
Pharmacokinetic
Interaction Study of
Bupivacaine and
SKY0402 in Naive,
Sexually Mature,
Yucatan Mini-Pigs
(GLP)

Mini-pig

SC

SKY0402

S08668

Single-dose; Range-
finding toxicity

A Dose Range
Finding Tolerance
Study of SKY0402
Administered by
Intravenous Bolus
Injection to Rats in
Comparison with
Bupivacaine HCI
Solution

1.V.

SKY0402

RES-050524
D0402- 611

Single-dose; Local
toxicity

Single-Dose
Subcutaneous
Toxicity Study in
Sprague Dawley Rats

SC

SKY0402

20995

(reviewed in IND
69,198)

Single-dose; Range-
finding toxicity

A Dose Range-
Finding Subcutaneous
Toxicity Study of
SKY0402 in Dogs

Dog

SC

SKY 0402

®® 947-017

Single-dose toxicity
(+ TK)

An Expanded Acute
Subcutaneous
Toxicity Study of
SKY0402 in Dogs

SC

SKY 0402

®® 947-018

Single-dose toxicity
(+ TK)

Expanded Acute
Epidural Toxicity
Study of SKY0402 in
Rats

e.d.

SKY0402

1 947-031

Single-dose toxicity
(+ TK)

An Intrathecal and
Epidural Acute
Toxicity Study of
SKY0402 in Male
Beagle Dogs

Dog

it., ed.

SKY0402

' 947-020

(reviewed in IND
69.198)

Single-dose toxicity
(+ TK)

Acute
Toxicity/Wound
Healing Study of
SKY0402 in a
Surgical Model in
Rabbits

Rabbit

SC. wound, nerve

SKY0402

®® 947-030

(reviewed in IND
69,198)

Reference ID: 3019401
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Type of Study

Study Title

Test
System

Method of
Administration

Testing
Article

Study No.

Single-dose toxicity
(+ TK)

Acute
Toxicity/Wound
Healing Study of
SKY0402 in a
Surgical Model in
Dogs

SC. wound, nerve

SKY0402

®® 947-029

® @

Single-dose toxicity

An Expanded Acute
Toxicity Study of
SKY 0402 Placebo in
Rats

Rat

1i.v.

SKY0402-
placebo*

®® 947-014

Single-dose toxicity

A Dose Range-
Finding Intravenous
Toxicity Study of
SKY0402 Placebo in
Rats

Rat

i.v.

SKY0402-
placebo*

®® 947-015

Single-dose ; Range-
finding toxicity

An Expanded Acute
Toxicity Study of
SKY 0402 Placebo in
Rats

Rat

1.V.

SKY0402-
placebo*

®® 947-016

®) @)

Repeat-dose toxicity
(+ TK)

SKY0402: A
Subcutaneous
Toxicity Study with
Twice Weekly Dosing
For Four Weeks in
Rabbits

Rabbit

SC

SKY0402

®® 947-036

Repeat-dose toxicity
(+ TK)

SKY0402: A
Subcutaneous
Toxicity Study with
Twice Weekly Dosing
For Four Weeks in
Dogs

Dog

SC

SKY0402

& 947-037

Reference ID: 3019401
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Type of Study Study Title Test Method of Testing Study No.
System | Administration | Article

28-day repeat dose A 28-Day Rat SC SKY0402- LABO00001
toxicity Subcutaneous placebo*

Injection Toxicity

Study in Sprague

Dawley Rats with a

14-Day Recovery

Period with SKY0402

Placebo
28-day repeat dose | A 4-Week Dog SC SKY0402- | @@ 947-024
toxicity Subcutaneous placebo

Toxicity Study of

SKY0402 Placebo in

Dogs
Local toxicity Acute Subcutaneous Guinea SC SKY0402 RES-0702-
(+ PK) Toxicity of pig D0402-044

DepoBupivacaine

(made with glucuronic

acid or phosphoric

acid) in Guinea Pigs

(Pilot Study)

® @

Genotoxicity, SKY0402 Placebo: In vitro - SKY0402- CTBR 960255
Bacterial mutation Bacterial Mutation placebo*
test Test
Genotoxicity, SKY 0402 Placebo: In vitro -- SKY0402- CTBR 960331
Chromosome Chromosome placebo*
aberration test Aberration Test
Genotoxicity, Mouse | SKY0402 Placebo: Mouse SC SKY0402- CTBR 960257
micronucleus assay Mouse Micronucleus placebo*

Assay
DART, Segment I | Study for Effects on Rat e SKY0402- ®® 947-022
(teratology) Embryo-Fetal placebo

Development in Rats
with SKY0402
Placebo Administered
Subcutaneously

Reference ID: 3019401
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Type of Study

Study Title

Test
System

Method of
Administration

Testing
Article

Study No.

DART, Segment II
(teratology)

Study for Effects on
Embryo-Fetal
Development in
Rabbits with
SKY0402 Placebo
Administered
Subcutaneously

Rabbit

SC

SKY0402-
placebo

®® 947-023

DART, Segment I/IIT

Study of Fertility,
Reproductive
Performance,
Maternal Function,
and F, Prenatal and
Postnatal
Development in Rats
with SKY 0402
Placebo

SC

SKY0402-
placebo

® @ 947-026

Repeat-dose toxicity
(+ TK)

SKY0402: A 1-Month
Subcutaneous Dose
Range-Finding Study
in Juvenile Rats

Rat
(juvenile)

SC

SKY0402

©® 947042

Local toxicity

Comparative
Evaluation of Local
Irritation of SKY0402
and Bupivacaine HC1
in Rabbits

Rabbit

SC (wound),
nerve, i.a.

SKY0402

®® 947.004

" TK: Toxicokinetics; SC: Subcutaneous: i.t.: Intrathecal; i.v.: Intravenous.;
* Included higher concentration products (bupivacaine 25 mg/ml and/or 1.7X higher lipid concentrations).

3.2

3.3

Reference ID: 3019401

Studies Not Reviewed - none

Previous Reviews Referenced
- IND 69,198 (SKY0402) reviewed by Adam M. Wasserman, Ph.D.
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4  Pharmacology

4.1 Primary Pharmacology

non-GLP study RES-0801-SKY0402-059 — The efficacy of an intradermal
DepoBupivacaine (early name for SKY0402 - pooled clinical batches 01-2008 to 1-
2011), Bupivacaine Hydrochloride (HCI), or placebo injection for the duration of
anesthetic effects and injection site irritation was evaluated in a dermal wheal/pin prick
model in male guinea pigs at a dose of 1 mL (~1.4 mL/kg). Slight irritation was observed
in placebo animals at 3 hours but not 24 hours post-dosing (see table). Mild to moderate
irritation was observed through the last observation time point, 48 hours, in
DepoBupivacaine treated animals. Pain efficacy (antinociceptive for pin prick) was
observed for at least 6 hours after DepoBupivacaine which was not observed for any
time period for placebo animals. Almost complete to complete reversal of pain efficacy
was observed by 18 hours depending on the dose of bupivacaine. In a separate study
(not submitted other than this notation of data comparison), bupivacaine’s
antinociceptive efficacy was not evident at 3 hours post-dosing, indicating the sustained
anesthetic effects of DepoBupivacaine.

RES-0801-SKY0402-059 and 0301-018
Bupivacaine Efficacy Study in Guinea Pigs

—m— Placebo-bench (14.2 £ 4.4 pym) {n=1)

—a&— Placebo-bench (19.1 £ 6.5 ym} (n=1)

--f— Clinical batches diluted to 20 mg/ml bupivacaine (n=2})
—&— Clinical batches diluted to 15 ma/ml bupivacaine {(n=1}
- Clinical batches diluted to 10 ma/ml bupivacaine {(n=2)
--4p-- Free bupivacaine 4 mg/ml (n=3)

Negative Responses (out of 17)

04 18—'}!’—(

L B B e 2 e
0 3 6 9 12 15 18 21 24 27 30 33 36 38 42 45 48 51

@:_R&D_F0402_QOrigin_GFigs_0801-053 Time (H ou I"S) * jrritation score
CECD=2

Negative Responses to the Prick Recorded in an Area Larger than the Wheal
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Anesthetic Efficacy and Injection Site Irritation Following Intradermal
Injection of DepoBupivacaine (RES-0801- D0402-059)

Group Number of
Number Non-responses
(Number | Bupivacaine Lot Number and | Time Injection per Number of

of Concentration Formulation Point Site Pin Pricks "
Animals) {mg/mlL) Variable (h) Irritation® 5 9 17
' AHJ-105A/B 0.5 mild 0 0 0
Bench placebo, 3 mild 0 0 0
1 (N=1) 0 14.2 pm 24 mild 0 0 0
AHJ-105C 0.5 mild 0 0 0
Bench placebo, 3 mild 0 0 0
2 (N=1) 0 19.1 pm 24 mild 0 0 0
0.5 mild, mild | 5,5 | 8,8 [ 8,8
3 mild, mild | 5,5 | 6,9 | 6,9
Pooled 6 mild, mild | 5,5 | 6,6 | 6,6
DepoBupivacaine mild,
clinical batches, 18 moderate 1,3 1,3 ] 1,3
Potency adjusted to mild,
2.0% 24 moderate 1,313 1.3
' mild,
3 (N=2) 20 48 moderate 1211212
Pooled 0.5 m?id 5 9 | 14
DepoBupivacaine 2 il 2 - ko
i 6 mild 5 7 |11
clinical batches, =
Potency adjusted to L m}ld L UL
1.5% 24 mild 0 0 0
4 (N=1) 15 48 mild 0 0 0
.. 0.5 mild, mild | 5,5] 9,9 | 9,9
DepocE:illll;liiaalcaine 3 mild, @Id 25 | 7.8 178
e 6 mild, mild | 5,5 | 6,5 | 6,5
potency a; djusted to 18 mild, mild | 0,0 | 0,0 | 0,0
1.0% 24 mild, mild | 0,0 | 0,0 | 0,0
5 (N=2) 10 48 mild, mild | 0,0 | 0,0 | 0,0 |

*Note: Irritation may enhance or diminish efficacy of anesthesia. ” Anesthetic efficacy is
expressed as the number of non-responses per number of pin pricks (5, 9 or 17).

4.2 Secondary Pharmacology

Non-GLP study 9032-081 — The effect of sustained release bupivacaine from SKY0402
on human whole blood coagulation as measured by activated clotting time (ACT) was
evaluated in vitro. Bupivacaine HCI (10 uM Sensorcaine), SKY0402 (5 or 10 uM) and
saline were tested at 1 hour with SKY0402 and saline also tested at 3 hours. Both
bupivacaine HCI and SKY0402 at high concentrations (10 uM) slightly prolonged ACT in
human blood at the 1-hour exposure. No effects were seen with SKY0402 (5 or 10 uM)
at 3 hours. The concentrations of SKY0402 and bupivacaine HCL solution used in this
experiment are considered clinically relevant. Within the bounds of this in vitro study,
prolonged exposure to bupivacaine is not anticipated to significantly prolong clotting
time.

4.3 Safety Pharmacology — No dedicated studies conducted

- some safety pharmacology indices evaluated in nonclinical studies
(e.g., ECGs in dogs)
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Distribution, metabolism and excretion of bupivacaine HCI in SKY0402 is expected to
be the same as that of free bupivacaine once the active drug is released from liposome
microparticles therefore no studies were done. Phospholipids contained in SKY0402 as
well as the neutral lipids are naturally occurring or are synthetic homologues to those
found in cells and are expected to undergo a similar metabolic route and fate as their
naturally occurring counterparts such as phagocytosis by local macrophages,
incorporation into local tissue and clearance via the lymphatic system according to the
Applicant (adapted from IND 69,198).

Methods of Analysis (summary review only) - Twelve nonclinical bioanalytical methods
were progressively developed and qualified/validated to measure bupivacaine and other
analyte levels in plasma and tissue (e.g., DEPC liposome carrier) as the nonclinical
research progressed from initial non-GLP testing to full GLP studies. These methods
evolved during the research process and included gas chromatography (GC), high
performance liquid chromatography (HPLC), liquid chromatography-mass spectrometry
LC-MS), and ultimately liquid chromatography-mass spectrometry/mass spectrometry
(LC-MS/MS). The concentrations ranges and limits of quantitation and detection (LOQ
and LOD) that could be detected for bupivacaine, the unique DEPC liposome carrier,
and lidocaine (bupivacaine interaction studies) were appropriate for the nonclinical
studies conducted. Concentration ranges were as low as the detection limit of 1 ng/mL
up to the high end of the established range of 10,000 ng/mL for bupivacaine levels, from
0.25 to 100 ng/mL for bupivacaine:lidocaine interaction studies, and a LOD/LOQ for
DEPC of 0.38/0.875 mg in tissue.

Absorption

Pharmacokinetic (PK) assessment of SKY0402 using different manufacturing processes

These studies were conducted as the drug was developed to determine how differing
the production process and handling could alter the in vivo release profile of
bupivacaine. The goal was to develop uniform drug product for ultimate nonclinical and
clinical testing and for the final product. These studies are briefly summarized here for
information purposes only to illustrate some of the variables involved as they are
essentially an ONDQA, ClinPharm, and/or BioPharm issue to be critically addressed in
their NDA review.

Non-GLP studies RES-041018-D0402-534, , RES-050606-D0402-612, RES- 051010-
D0402-627, and portion of RES-050502-D0402-608 and RES-060130-D0402-701 -
These five studies evaluated the plasma bupivacaine pharmacokinetics of different lots
of SKY0402 (04-2501, 04-2502, 05-2503, and 25BUP02-018) administered by
subcutaneous hind limb injection in male rats. Groups of male rats (five per group) were
given 0.5 mL of SKY0402 (bupivacaine HCI 15 mg/mL or a dose of approximately 20—
25 mg/kg body weight). Blood samples were collected at 0.1, 1, 2, 6, 24, 48, 72, and 96
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hours after administration. What was identified is that under the same conditions, the in
vivo release profile was similar. However, storage conditions (e.g., 3 months at 25 °C
versus 2-8 °C) could lead to an increased release profile.

Non-GLP study RES-050801-D0402-619 - This study evaluated the plasma
bupivacaine pharmacokinetics of different lots of SKY0402 (04-2501, 04-2502, 05-2503,
and 25BUP02-018) administered by subcutaneous hind limb injection in male rats.
Groups of male rats (five per group) were given 0.5 mL of SKY0402 (bupivacaine HCI
15 mg/mL or a dose of approximately 20-25 mg/kg body weight). Blood samples were
collected at 0.1, 1, 2, 6, 24, 48, 72, and 96 hours after administration. What was
identified that under the same conditions, is that control SKY0402 (batch 04-2502)
made with DPPG o

DPPG was ultimately
used in the final formulation of SKY0402.

Non-GLP studies RES-0902-D402-059 and RES-1102-D0402-072 - These two studies
evaluated the plasma bupivacaine pharmacokinetics of different lots of SKY0402

®®) administered by subcutaneous hind limb injection in male rats.
Groups of male rats (six per group) were given 0.5 mL of SKY0402 (bupivacaine HCI 25
mg/mL or a dose of approximately 30 to 40 mg/kg body weight). Blood samples were
collected from the saphenous vein at 0.5, 1, 2, 6, 24, 48, 72, and 96 hours after
administration. Control batch (02BUPQ07-027, 26BUP-061,) PK values were less than
clinical batches 25-BUP02-017 (study 059) and more than clinical batch 25-BUP02-018
(072).

Non-GLP study RES-0103-D0402-111 - This study evaluated the plasma bupivacaine
pharmacokinetics of two different lots of SKY0402 made by e

) 4) ® @

SKY0402 was administered by
subcutaneous hind limb injection in male rats. Groups of male rats (six per group) were
given 0.5 mL of SKY0402 (bupivacaine HCL 25 mg/mL or a dose of approximately 30 to
40 mg/kg body weight). Blood samples were collected from the saphenous vein at 0.5,
1, 2,6, 24, 48, 72, and 96 hours after administration. While PK values were
comparable, PK did vary, most notably Cmax being lower after using the separate stock
solutions in manufacture.

Non-GLP study RES-050502-608 - This study evaluated the plasma bupivacaine PK of
SKY0402 administered by subcutaneous injection in rats after SKY0402 was stored
under differing duration and temperature storage conditions (04-2501 at 2-8 °C for 6
months) and 04-2502, at 25 °C for 3 months or 2-8 °C for 6 months). Five males
received a 0.5-mL subcutaneous injection of SKY0402 (bupivacaine HCI 15 mg/mL,
approximately 20 mg/kg in hindlimbs). The control batch was 25BUP02-018. Blood
samples were collected by venipuncture from the saphenous vein at 0.5, 1, 2, 6, 24, 48,
72, and 96 hours after dosing. Four additional animals received a 0.5 mL subcutaneous
injection of bupivacaine HCI solution (5 mg/mL or approximately 7.1 mg/kg) in the hind
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limb. Similarly, blood samples were collected by venipuncture from the saphenous vein
at 0.25, 0.67, 1.1, 2, 6, 9, and 24 hours after dosing. A higher PK release profile was
observed when storage was at 25 °C for 3 months compared to 2-8 °C for 6 months,
but not compared to the control batch as their PK values were similar. Therefore,
storage conditions may impact on the bupivacaine in vivo release profile.

GLP studies ®® 947-040 and -041 — Study -041 evaluated the potential impact of a
final concentration finishing step utilized in making SKY0402 (either decanting/
concentrating or non-decanting/diluting) on the PK profile of SKY0402 after local
infiltration in dogs that underwent sham surgery to create a virtual incision line for
SKY0402 dosing (simulated hernia repair). Study -040 only tested decanted SKY0402
using an actual surgical incision. The test article was administered once, at a total dose
level of 9 mg/kg and a total dose volume of 0.6 mL/kg. SKY0402 was injected at eight
points into the subcutaneous tissue around the virtual and actual incision sites to
simulate actual use after surgery. Blood samples were collected on Day 0 at predose,
0.5,1,2,4,6, 8,12, 24, 48, 72, and 96 hours after dosing, plus once on days 6 and 9
for determination of bupivacaine. While the two simulated surgery groups (using
decanted and non-decanted formulations) did not meet PK bioequivalent limits set for
oral doses (90% confidence interval for the ratio falls within the criterion limits of 80—
125%) due to data variability, the observed differences in PK were not considered to be
clinically relevant. When comparing the nonsurgical (simulated) and surgical models,
the decanted SKY0402 profiles were not bioequivalent at the level of 80 to 125% except
for Cmax. The higher sustained levels of bupivacaine after wound infiltration of
SKY0402 (i.e., AUC) may be explained at least in part, by the surgical procedure that
created an extensive raw absorptive surface within the operative field compared to
‘normal tissues” in dogs.

Surgical Non-surgical
Tmax (hr) 6.5 0.5
Cmax (ng/mL) 205 185
AUC.ins (hr*ng/mL) 12,168 9,335
Terminal Ty, (hr) 35.1 51.7

Sustained release of bupivacaine after dosing with SKY0402 compared to bupivacaine
hydrochloride (HCI)

Non-GLP studies RES-0703-D0402-026 & -027 (adapted from review of IND 69,198) -
Six rats received a subcutaneous (SC) injection of SKY0402 in a bupivacaine HCI dose
equivalent to 40 mg/kg. Blood samples were collected up to 96 hr after dosing. Four
animals received a subcutaneous injection of bupivacaine HCI in a dose of 5 mg/mL (7
mg/kg) with blood sampling out to 24 hr. As can be seen in the figure below, the
bupivacaine HCI treated animals had a sooner Tmax and higher Cmax relative to the
SKY0402-treated rats which had a lower though prolonged elevation of plasma
bupivacaine. SKY0402-treated rats demonstrated relatively stable concentrations of
plasma bupivacaine out to 72 hr after administration in contrast to bupivacaine HCI
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injected animals in which plasma bupivacaine concentration was very low at 12 hr post-
administration and was undetectable in plasma by 24 hr.

Plasma Bupivacaine Pharmacokinetics Following Subcutaneous Injectior
of SKY0402 or Bupivacaine HCI Solution in the Rat

o | - SKY0402
] —8&— Bupivacaine solution

o

ra
| —
—u—
-

o L=
'l

Bupivacaine, ug/mL
=2

=
=]

Time, hours

Non-GLP study RES-0702-D0402-044 - Groups of 3 male guinea pigs per group were
injected subcutaneously (SC) with 1 mL/kg of the following on their left and right sides
(see table), observed for 13 days, and the skin was evaluated histologically (reported in
10.1 Local Tolerance) and for pharmacokinetics (PK). DepoBupivacaine (phosphate) is
the proposed drug product. The pharmacokinetic data indicated that the SC
DepoBupivacaine exhibited sustained release compared to SC Bupivacaine HCI (see
figures). Local toxicity is reported in section 10.1.

Group Test or Control Article (mg/kg)
Number Left side Right Side
1 Bupivacaine HCL (12.5 mg/kg) Saline
2 DepoBupivacaine (glucuronate) (25 mg/kg) Saline
3 DepoBupivacaine (phosphate)(25 mg/kg) Placebo
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Figure 1. Individual Pharmacokinetic Figure 2. Individual Pharmacokinetic
Profile of Bupivacaine Following Profile of Bupivacaine Following
Subcutaneous Injection of Bupivacaine- | Subcutaneous Injection of 02Bup02-028
HCl solution (0.2X glucuronate)
RES-0702-D0402-044 RES-0702-D0402-044
12.5 mgfkg, Bupivacaine-HCI| 25 mg/kg, 02BUP02-028
SC. Administration, Guinea pigs 259 SC. Administration, Guinea pig
254
+ 20-
= 20_(__0 —o—01 —E' —0—04
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Figure 3. Individual Pharmacokinetic Figure 4. Comparative Mean
Profile of Bupivacaine Following Pharmacokinetic Profile of Bupivacaine
Subcutaneous Injection of 02Bup(02-027 | Following Subcutaneous Injection of
(0.2X phosphate) Bupivacaine HCL Solution, 02Bup02-
028, and 02Bup02-027
RES-0702-D0402-044 Study RES-0702-D0402-044
25 mgfkg, 02BUP02-027 Bupivacaine-HC! Solution, 12.5 mg/kg or SKY0402, 25 mgikg
SC. Administration, Guinea Pig SC. Administration, Guinea Pigs
—o—07 2 —0— Bupivacaine-HC|
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Non-GLP study RES-0802-D0402-047 - Sustained release of bupivacaine was also
observed after intra-articular dosing of guinea pigs with DepoBupivacaine (SKY0402).
Comparable PK profiles and values were observed whether the formulations were
phosphate- or glucuronate-based compared to bupivacaine HCI. Injection site toxicity is
described in section 10.1.
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While. doses were smaller compared to SC doses (6.25 versus 25 mg/kg), dose
volumes were proportionately smaller at 0.25 mL/kg versus 1 mL/kg. The AUC/dose PK
values were similar, but t1, was smaller after .dosing suggesting a shorter time period
for bupivacaine in the synovial fluid (data not shown here).
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PK profile of bupivacaine after concomitant use of SKY0402 and bupivacaine
hydrochloride (HCI) or SKY0402 and lidocaine hydrochloride (HCI)

Non-GLP study RES-060130-D0402-701 — The effects of combining SKY0402 (lot 05-
2506) and bupivacaine HCI (Sensorcaine) dosing was evaluated in rats in order to
assess the feasibility of concomitant use of SKY0402 with bupivacaine HCI in the clinic.
The PK profile of an admixture of SKY0402 and bupivacaine HCI was compared to that
of SKY0402 alone. Co-administration of 6.5 mg SKY0402 and 1.3 mg of bupivacaine
HCI solution (admixture) was by a single subcutaneous injection into five male Sprague
Dawley rats. The PK profile was compared to that in four male rats that received 7.5 mg
SKY0402 alone and in five male rats that received 2.5 mg bupivacaine HCI alone.

The sustained-release profile of SKY0402 was not compromised as the PK profile for
the admixture group appeared to be a cumulative profile of SKY0402 and bupivacaine
HCI solution (see figure). The bupivacaine alone profile, not shown in the first figure for
viewing simplicity, is contained in the second figure that only includes the first 24 hours
after dosing as bupivacaine alone was not found in plasma after approximately nine
hours.

Plasma Bupivacaine Pharmacokinetic Following Subcutaneous Injection of
SEKY0402 or an Admixture of SIKY 0402 and Bupivacaine HC1 Solution in the
male Rat. The error bars represent standard deviation of 4-5 animals per

group

1.0 7 —=— SKY0402 7.5mg
0.9 4 .+ SKYO0402 6.5 mg and bupivacaine HCI 1.3 mg
0.8 0.5
g 0.7 o g 0.4
2 06 - 2.2
@ 2
% 0.5 4 3 02
=
g 0.4 1 2 o1
& 0.3 1 0.0 «
0.2 qF o 4 8 12 16 20 24
gl - Time (Hours)
o1 o
0.0 S —— T T T T T o
(0] 24 48 T2 96
Time (Hours)
FOD -
so0 | | —+— Group 1 - SKYD402 (lot 05-2506) 7.5mg
so0 | 'IT —=— Group 2 - SEY0402 (lot 05-2506) 6.5mg and Sensorcaine 1.3mg
T | =& Group 3 - Sensorcaine 2.5mg

Bupivacaine in Rat Plasma {ngimL)

8.0 2.0 16.0 200 24.0
Time Post infection (Hours)
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GLP study S08668 — SKY0402 (lot 07PD-002) and bupivacaine HCI| were administered
to male Yucatan mini-pigs (3/group) either alone or in combination and with differing
doses and intervals of no interval up to 15 minutes between co-administration of the
two. This dosing schedule was done in order to evaluate the possible PK interactions
when used together or separately with a short delay between injections (see table).
SKY0402 and bupivacaine HCI were injected subcutaneously as six serial bolus
injections along a drawn virtual incision line. All doses were well tolerated.

Bupivacaine
Dose Ratio HC1 Solution Minutes Matrix &
No of (SKY0402: SKY0402 7.5 mg/mL Post- Plasma
Treatment | Animals & | Bupivacaine | 14.3 mg/mL (Sensorcaine®) | Bupivacaine Sample
Group Gender HCL) (mg/'kg) (mg/kg) HCLDaose Collection
1 3 males — PAN — -
2 3 males = 4 = =
3 3 males = = 1% =
4 3 males = = 2 =
5 3 males 1:1 22 2 1
6 3 males 41 4 e 1 K3 EDTA —
7 3 males 1:1 2@ 2 5 Pre-dose, 5.
3 3 males 4:1 4 1 5 10, 15, 30
9 3 males 1:1 2% 2 15 min, and 1.
10 3 males 4:1 4 T 15 2,4,6,8, 12,
11® 3 males 11 2@ 2 NA (pre- 24, 48, 72,
mixed) and 96 hr
12® 3 males 41 4 1@ NA (pre-
muxed)
Volume © 0.27mL/kg 0.27mL/kg
(mL/kg) (Groups 1, 2 (Groups 3-12)
and 7-12)

Note: NA= not applicable; (a) SKY0402 14.3 mg/mL or Sensorcaine® 0.75% (bupivacaine HCL solution) were
diluted by half with saline; (b) Groups 3-4 served as a control for potential maximum release of free
bupivacaine; (c¢) Total mjected volume was 0.27 mL/kg (Groups 1-4) and 0.54 mL/kg (Groups 5-12).

Co-administration of bupivacaine HCI solution and SKY0402 as a premixture or
separated by up to 15 minutes results in higher systemic exposure to bupivacaine than
either formulation given alone. However, the systemic exposure was approximately the
sum of the systemic exposures of either given alone. The terminal plasma ty, was
unaffected by co-administration of bupivacaine solution and SKY0402, and Tmax Was
similarly unaffected by co-administration.

The effects on SKY0402 PK were as follows (see table):

e Systemic exposure to bupivacaine HCI (Cmax, AUC) was approximately
proportional to dose between 2 and 4 mg/kg when bupivacaine HCI was given as
SKY0402 (compare Groups 1 and 2). The same was true for bupivacaine HCI
given as a solution (1 and 2 mg/kg; compare Groups 3 and 4).

e Consistent with what would be expected with a sustained-release formulation,
the mean Cmax following SKY0402 (2 mg/kg) was 20% of the Cmax following
bupivacaine HCI solution (compare Groups 1 and 4).

e The average systemic bioavailability was approximately 87% (based on total
AUC) for the 2 mg/kg SKY0402 dose relative to bupivacaine HCI solution
administered at the same dose, indicating almost complete absorption.
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e Administration of bupivacaine solution concomitant with or prior to SKY0402
produced systemic exposures which were similar to the sum of exposure when
each was given separately. This was true for both the 1:1 (Groups 5, 7, and 9)
and the 4:1 (Groups 6, 8 and 10) ratios of SKY0402 to bupivacaine solution.

e Apparent half-life and tmax for bupivacaine were not altered by administration of
bupivacaine solution concomitant with or prior to SKY0402.

Pharmacokinetic Parameters for Bupivacaine in Minipigs by Group

Bupivacaine dose
(mng/kg)
= = Time" AUC s 240r AUC i 06br AUC.. T tin Timax
Group | SKY0402 | solution | (mim) | (hreng/mL) | (hreng/mL) | (hreng/mL) | (ng/mL) (hr) (hr)
1 2 0 NA 1790595 2810+628 2820629 181102 | 10.6%2.15 | 0.197+0.0462
2 4 0 NA 2020+463 5850+652 64301200 | 234+139 | 19.62891 16.1+£27.6
3 0 1 NA 1050252 1460+265 1480263 428+119 | 14.5£1.91 | 0.1970.0462
4 0 2 NA 2570460 3210+332 3230355 911+£292 | 10.3£5.77 | 0.1970.0462
5 2 2 1 2900=779 5310+1070 5490+1170 | 592+205 | 18.1+7.58 | 0.168+0.0835
6 4 1 1 2920+335 87201490 972042350 | 573+120 | 22.2+11.3 | 0.22330.462
i 2 2 3 4490=892 7310+1080 74801100 | 12604347 | 15.9+6.05 | 0.141+0.0502
8 4 1 3 3120+397 8170+716 8380577 642+183 | 13.0+5.64 | 0.141+0.0502
9 2 2 15 3360=676 74802110 8890+1240 | 871+370 | 36.2+17.5 | 0.112+0.0502
10 4 1 15 3490=800 7850+562 8160730 677258 | 16.9+£2.77 | 0.168+0.0835
11 2 2 premuxed | 3320=508 5330£1210 5380=1220 | 667+224 | 11.9+1.18 | 0.197+0.0462
12 4 1 premuxed | 4260=1710 | 12800=3200 | 14300=4460 | 886=310 | 22.4=828 | 0.197£0.0462

*Time between administration of bupivacaine solution and SKY0402.
Note: All values above were rounded to three sigmificant figures.
NA = not applicable.

In summary, consistent with its slow-release properties, SKY0402 has a relatively
modest effect on plasma concentrations when used in combination with bupivacaine
HCI solution (pre-mixed) or after sequential administration of bupivacaine HCI solution
followed by SKY0402 at doses up to 4 times that of bupivacaine solution and a wait time
of up to 15 minutes.

PK profile of bupivacaine after concomitant use of SKY0402 and lidocaine hydrochloride

Non-GLP study S07580 (pilot study) and GLP study S07607 — These PK drug
interaction studies were designed to assess the feasibility of concomitant use of
SKY0402 with lidocaine HCI with epinephrine (Lido/Epi) in the clinic. Lido/Epi was
employed since it is commonly used for local anesthesia/analgesia at the beginning of
surgery. In addition, the epinephrine (as a vasoconstrictor) is expected to maximize any
potential local interaction by reducing the rate of absorption. The objectives were 1) to
quantitate the degree of drug-drug interaction by measuring systemic exposure of
lidocaine and bupivacaine in plasma samples, 2) to obtain an estimate of dose
response by studying different doses and dose ratios of lidocaine HCI and SKY0402,
and 3) to assess the influence of time intervals between the administration of lidocaine
HCI and SKY0402 in mitigating a potential drug-drug interaction.

SKY0402 (lot 07PD-002) and Lido/Epi were injected subcutaneously as equally
distributed 6 serial bolus injections along a 5 cm long virtual incision line into Yucatan
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mini-pigs (1 male and 1 female/group in pilot; 3 males per group in the definitive study).
The pharmacokinetic profile was compared to the plasma concentration data observed
in the control groups that received either SKY0402 or lidocaine HCI alone. All doses of
SKY0402 with or without lidocaine/epinephrine were well tolerated in both studies even
when two formulations were infiltrated in close physical and temporal proximity at the
highest doses of SKY0402 and lidocaine of 4 mg/kg. At high doses of 4 mg/kg the dose
would be ~150 mg at the median minipig body weight of 37.5 kg. The highest approved
daily human doses are 400 mg (~7 mg/kg) for bupivacaine (Marcaine) and ~250 mg (4
mg/kg) for lidocaine for a 60 kg human.

In the pilot study, the analytical results suggest that the susceptibility of SKY0402 to
interact with lidocaine could be reduced with incorporation of a 1-minute time interval or
longer (up to 10 minutes tested) after administration of Lido/Epi before SKY0402
injection (no data reported in this summary). In addition, the sustained-release profile of
bupivacaine was altered after co-administration of 2 mg/kg SKY0402 and 2 mg/kg
Lido/Epi (only admixture group of either study). For systemic exposure to bupivacaine,
the Cmax was ~300% higher with the 24 hour, 96 hour, and infinity AUC values also
increased by ~200%, 90%, and 70%, respectively. Bupivacaine was also eliminated
more rapidly with a ~3-fold decrease in terminal tq,.

The definitive study was conducted to expand on these preliminary findings for up to a
40 minute dosing interval time period. Plasma bupivacaine concentrations produced by
SKY0402 did not appear to be affected by pretreatment with lidocaine for up to 40
minutes except when the high dose of lidocaine was given 5 or 10 minutes before the
high dose of SKY0402 (see figures for 5 minutes and 20 minutes).

_ 5000
= —— SKY0402, low -0+ SKY0402, high
= 4000 - El —h— SKY0402 low, lidocaine low & SEY0402 low, lidocaine high
E i —8— SKY0402 high, lidocaine low -8 SKY0402 high, lidocaine high
£ 3000 4 &
‘2 2000 1
E 1000 4L
e .
! ”'I"il"'l'l'l'l'l'l'”””.”i“”“”””.““.”””””“"""ﬁ
0 4 8 12

Time (hr)

Mean Plasma Concentrations of Bupivacaine after a 2 mg/kg (Low) or 4 mg/kg
{High) Subcutaneous Dose of SKY0402 5 minutes following a 2 or 4 mg/kg Dose
of Lidocaine
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800
- —+— SKY 0402, low % SKY0402, high
E —&— SKY 0402 low, lidocaine low s SKY0402 low, lidocaine high
%I 600 —m— SKY0402 high, idocaine low -2 SKY0402 high, lidocaine lugh
1
% 400
z i
5 200
z

Time (hr)

Mean Plasma Concentrations of Bupivacaine after a 2 mg/kg (Low) or 4 mg/kg
{High) Subcutaneous Dose of SKY 0402 20 minutes following a 2 or 4 mg/kg
Dose of Lidocaine

Plasma concentrations of lidocaine were not affected with the subsequent

administration of SKY0402 except when the high dose of SKY0402 followed the high
dose of lidocaine by 5 minutes (see figures for 5 minutes and 10 minutes).

20000

—&— SKY 0402 low, lidocaine low & SKY0402 low, lidocaine high
—8— SKY 0402 high, lidocaine low 8 SKY0402 high, lidocaine high

15000 710

Plasma lidocaine (ng/mL)

Time {hr)

Mean Plasma Concentrations of Lidocaine after a 2 mg/kg (Low) or 4 mg'kg
{High) Subcutaneous Dose of SKY0402 5 minutes following a 2 or 4 mg/kg Dose
of Lidocaine
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Plasma lidocaine {(ng/mL)

The analytical results suggest that the susceptibility of SKY0402 to interact with

Reviewer: Gary P. Bond, Ph.D.

—h— SKY 0402 low, idocaine low
—8— SKY 0402 high, lidocaine low

e SKY 0402 low, lidocaine high
B SKY 0402 high, lidocaine high

4

Time (hr)

Mean Plasma Concentrations of Lidocaine after a 2 mg/kg (Low) or 4 mg/kg

{High) Subcutaneous Dose of SKY 0402 10 minutes following a 2 or 4 mg'kg

Dose of Lidocaine

lidocaine could be reduced with incorporation of a 20- or 40-minute time interval after
administration of the Lido/Epi mixture, prior to SKY0402 injection. In both studies, the

PK profile of bupivacaine appeared to be altered (i.e., higher Cmax and AUC in

combination) when both compounds are injected within short time intervals. A
separation of at least 20 minutes between administration of Lido/Epi and SKY(0402

appears to substantially reduce the risk of drug interaction (see tables from definitive
study below for PK values).

Pharmacokinetic Parameters for Bupivacaine after Subcutaneous Administration of SKY 0402 with or without
lidocaine/epinephrine (Mean =STD; N=13)

Time
Lidocaine between
(1% or 2% Lidocaine
with and
1:200,000 SEY0402
epinephrine) | SKY0402 | Formulations AUC 2 AUC.. AUC, .. Dose Crax C oo/ Dose tie Tmax
Group (mg'kg) (mg/kg) (min) (hrsng/mL) | (hrsng/mL) (hr+*ng/mL) (ng/mL) (ng/mL) (hr) (hr)
1 0 2 NA 1890=171 3970311 1980155 372+£89.1 186=445 12.3=1.86 | 0.333=0.144
2 0 4 NA 2240721 | 6630=1080 1660=269 519230 130=57.6 16.326.16 0.170=0
3 2 2 5 1950383 | 4230=1000 2120502 350135 173=67.6 17.820.06 0.170=0
6 4 2 3 1870115 4840420 24202135 807=+808 404404 3922754 0.230=0
7 2 4 3 2100445 | 78401050 1960263 658259 163=64.7 3102225 | 0223200462
2 4 4 5 4370° 9580° 2400° S5730° 1430° 24 0.167"
o 2 2 10 1470236 35602068 1780=453 404314 202=40.7 27.5=17.6 | 0.168=0.0835
10 4 2 10 1710206 3300881 1650441 388+£76.5 194=383 22020095 | 047320458
11 2 4 10 2080278 6190=393 1550983 359888 80.6+22.2 12.4=1.84 | 0.197=0.0462
12 4 4 10 3370=1980 | 9580=3300 2400823 865488 216122 048265 0.170=0
13 2 2 20 1490397 3150643 1580=321 388643 194=32.2 11.6=3.06 | 0.141=0.0502
14 4 2 20 1990261 | 3830=1340 1920=670 421=44.8 211=224 14.4=0.19 | 0.168=0.0835
15 2 4 20 2380317 6330374 15802036 363£28.6 o0.8£7.15 14.226.82 1442221
16 4 4 20 2100=180 3800=021 1470230 412+113 103=28.3 18.0=5.39 | 03070172
17 2 2 40 1640324 3000380 1550=190 458+137 220=68.7 18.1=12.6 | 0.197=0.0462
18 4 2 40 1650312 3430393 1710=197 303£85.7 152=429 13.8=10.2 | 0.280=0.191
19 2 4 40 2070513 6300252 1600=63.1 358+£872 89.6x21.8 17.4=8.28 | 0.168=0.0835
20 4 4 40 2150410 | 6120=1020 1330255 422+119 105+29.9 13.7+6.32 0.170=0

* N =21 Animal # 8690 recerved 55% of the intended dose of bupivacaine. Data were not used in calculation of mean and SD.
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Pharmacokinetic Parameters for Lidocaine after Subcutaneous Administration SKY0402 with or without
lidocaine/epinephrine (Mean £STD; N = 3)

Lidocaine (1% or Minutes
204 with 1:200,000 post AUC,.
epinephrine) Lidocaine AUC) 24 AUC, ... Dose Con: CaaDose tyn -
(mg'kg) SKY0402 dose (hreng/mL) | (hreng/mL) | (hreng/mL) (ng/mL) (hr) (hr)
2 low (1%) - NA 032=306 0232204 461147 1538411 2340882 | 0307=0.172
4 lugh (2%) - NA 3490=1160 | 3540=1200 884=+300 268207 4.20=1.70 03
2 low (1%) low™ 5 T68=184 985=1234 492+117 116+36.4 27.9=18.2 04
4 high (2%) low'™ 5 2120=827 2270871 567218 374024500 035=1130 19.8=10.6
2 low (1%) high 5 912=369 1360683 682+342 584404 292=202 17.9£7.15 0.230=0
4 high (2%) high 5 3170=1860 | 5610=2080 1400519 18600=3472 | 4640=1370 | 11.9=3.17 | 0.194=0.0964
2 low (1%) low™ 10 792104 859=127 430=63.3 92 (=649 460=324 13.1=7.95 | 0.168=0.0833
4 lugh (2%) low™ 10 2460=870 2630=010 657227 1260=850 316=213 13.0=4.74 0.500=0.433
2 low (1%) high 10 59573 6 694=63.0 347315 313106 156331 14.34.17 0.170=0
4 high (2%) high 10 1720202 1760=197 440=492 1200=104 200260 3.35=1.26 0.170=0
2 low (1%) low™ 20 979=357 1050=402 323201 47592 8 237464 B857=5.79 | 0.141=0.0502
4 lugh (2%) low™ 20 1870=388 1930=395 483149 1000=85.3 251£213 3.86=1.30 0.083=0
2 low (1%) high 20 1110=260 1210274 607137 354=38.4 177+192 16.2+4.14 1.42£224
4 high (2%) high 20 2200269 2530=£327 631=816 723206 181+31.5 1162545 | 0.223=0.0462
2 low (1%) low™ 40 6332249 674=204 337147 296=14.3 148+7.17 11.9+12.1 | 0.197=0.0462
4 high (2%) low™ 40 1640=1310 | 1720=1400 431=350 401118 12320 4 11.6=6.44 | 0.168=0.0833
2 low (1%) high 40 658=118 730=133 365=66.4 272909 136454 11.3=3.51 | 0.141=0.0502
4 lugh (2%) high 40 1980=827 2080=880 521220 T74x127 193£31.9 19.3=142 | 0.139=0.0964

NA =Not applicable: low = low dose (2 mg'kg): high = Iugh dose (4 mg'kg)
Note: Total injected volume is 0.27 mD kg (Groups 1. 2); 0.2 mL/&kg (Groups 3. 4): 047 mL kg (0.2 mL lidocaine 1% or 2% and 0.27 ml SKY0402)
* SKY0402 (15mg/ml) was diluted by half with saline

Retention of bupivacaine and liposome carrier after SC dosing

Non-GLP study RES-73965 — The retention of bupivacaine and the
dierucoylphosphatidylcholine (DEPC) component the DepoFoam liposome carrier at the
injection site were observed following subcutaneous (SC) injections of
DepoBupivacaine (SKY0402 — batch 02Bup01-115) or DepoFoam placebo (containing
DEPC) in eight male rats and five male guinea pigs at a dose volume of 0.5 mL (~2
mL/kg for 300 mg rats) or 1 mL (~2 mL/kg for 600 mg guinea pigs). Five additional male
guinea pigs also received an intradermal (ID) injection. After injection, animals were
sacrificed immediately after dosing with further individual interval animal sacrifices up to
14 days in rats and 7 days in guinea pigs (SC) and 21 days in guinea pigs (ID). The
maximum proposed human dose volume is @@ at the highest proposed dose.
Injection sites and surrounding tissue were assayed for bupivacaine and DEPC content.

In rats following SC injections, bupivacaine levels were 16% of the original injection site
dose after 3 days with no detection by 7 days. DEPC levels were 58% after 3 days and
10% by 14 days after dosing (see table). In guinea pigs following SC injections,
bupivacaine levels were 50-60% at 3 days after injection and 23% at 7 days. DEPC
levels were ~90% through 7 days after injection. This data indicates the delayed release
of bupivacaine and the continued presence of the DepoFoam at the injection site. AS
listed in the table, this report contains the results from three separate studies which
were not individually submitted by the applicant.
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Remaining Dose of Bupivacaine and Dierncoylphosphatidylcholine at the Injection Site Treated with DepoBupivacaine or

Placebo
gl;&ly Species Route Bupivacaine Dose DEPC Days Remaining Dose of Remaining Dose of
Number mL (mg) Dose Post- Bupivacaine, mg DEPC, mg
mL (mg) Dose” (% of injected dose) (% of injected dose)
RES-0801- Rat 5.C. 0.5 0.5(3.1) 0* 11.6 (99 3.7(119)
DO402-063 ' (11.75) 1 5.9 (50) 2.0(65)
3 1.9 (16) 3.2 (105)
7 None detected 1.8 (58)
14 None detected 0.3 (9.8)
Rat s.c. 0 0.5(3.1) 0 None detected 3.0(97)
3 None detected 2.2(71)
7 None detected 0.8 (25.8)
RES-0801- Guinea Pig id. 1.0 1.0(6.1) 3 1.3(5) 6.4 (105)
D0402-058 (23.5) 5 0.4 (L.7) 5.9(97)
7 1.0 (4.3) 5.7(93)
14 0.2 (1) 0.5 (8)
21 None detected None detected
RES-0901- | Guinea Pig gich 1.0 1.0 (6.1} 0" 20.8 (89) 6.6 (108)
D0402-064 (23.5) 1 15.4 (66) 5.2 (85)
2 14.8 (63) 5.6 (92)
4 11.2 (48) 5.3 (87)
7 5.3 (23) 5.7(93)

i.d.: Intradermal/intracutaneous; s.c.. Subcutaneous; “Day 0: Immediately following injection; ° Relative to Day 0

Gradual disappearance of bupivacaine after DeopBupivacaine exposure was supported
by the comparative plasma profiles in rats with prolonged presence for bupivacaine after
subcutaneous dosing compared to Marcaine dosing as reported in Abbott Laboratories
study 97d-018-AP01 which also was not submitted separately in this NDA (see figure).

Rat Plasma PK Study #97d-018-AP-01
Comparison of DepoBupivacaine vs Marcaine (Unencapsulated Bupivacaine HC1)

—*—Marcaine, 0.5% dose

| —&—DepoBupivacaine, 2.6% dose

Plasma Bupivacaine (ugiml}
—

Time {h)

Plasma Bupivacaine Levels in Rats Following DepoBupivacaine vs. Bupivacaine
HCI Solution (Marcaine) Administration

The results of these two studies taken together suggest bupivacaine release form the
liposome carrier in a zero order fashion over an extended time period compared to initial
peak plasma levels with a rapid decline after Marcaine dosing. Based on these results,
it could take up to approximately 2 weeks for bupivacaine not to be detected and
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greater than 2 weeks for DEPC (i.e., DepoFoam) not to be detected. DEPC was not
detected at 21 days post dosing.

Distribution

Non-GLP study QPS 137N-0401 (SkyePharma D0402-94712) - Quantitative whole-
body autoradiography (QWBA tissue distribution) was conducted under “GLP-like”
conditions (e.g., quality oversight) in male Long Evans rats following a single
subcutaneous (SC) dose of ([1-'*C]-2Erucoyl)DEPC DepoFoam (aka SKY0402
Placebo). Seventeen rats received 2.5 mg of the radioactive formulation SC with a
single rat being sacrificed from 1 hour after dosing up to 28 days after dosing.

([1-"*C]-erucoyl)DEPC-derived radioactivity was widely distributed from 1 to 28 days
post-dose with the highest concentrations observed in most tissues occurring at 2 to 4
days post-dose. The highest concentrations observed among a comprehensive list of
tissue sections measured were in the lymphatic (up to ~16 mcg equivalents/g tissue),
excretory (up to ~17 mcg equivalents/g tissue), and adipose tissues (up to ~8
mcg/equivalents/g tissue) and at the injections site (up to ~9500 mcg equivalents/g
tissue) for highest day’s reading. Concentrations of radioactivity in the central nervous
system were near or below quantifiable limits (0.6 mcg equivalent/g tissue). In general,
radioactivity concentrations in tissues declined with time and most were near or below
quantifiable limits by 28 days post-dose, except for high concentrations in lymph nodes
proximal to the injection site (~2 mcg equivalents/g tissue). ['*C]DEPC-related
radioactivity was not selectively associated with melanin containing tissues. In
summary, based on measurement of the radioactive label, the SKY0402 liposome
component was widely distributed in the body with less than quantifiable levels
identifiable 28 days after dosing except for concentrations in the lymph nodes proximal
to the injection site which were still <1% of the original radioactivity.

Metabolism - metabolism of bupivacaine is well characterized; no metabolism studies
were conducted with SKY0402.

Elimination - excretion of bupivacaine is well characterized; no excretion studies were
conducted with SKY0402.

5.2 Toxicokinetics
Information is included with studies reviewed as part of the General Toxicology section.
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6  General Toxicology

6.1 Single-Dose Toxicity

Subcutaneous dosing

@ study #20995 from IND 69,198 - A GLP single-dose subcutaneous toxicity
study of SKY0402 was conducted in Sprague-Dawley rats for the purpose of
determining systemic toxicity and local irritancy of different concentrations of
bupivacaine in SKY0402. Acute subcutaneous administration was saline (negative
control), bupivacaine (reference drug) at 7.5 mg/mL, or SKY0402 at 7.5, 15.0, or 25.0
mg/mL (test article). All dose volumes including saline were 0.25 mL. Two lots of
SKY0402 were used for the 25.0 mg/mL concentration (lot #01-2009 and #01-2011) as
both these lots are to be used for initial clinical studies. Animals were sacrificed after 2
or 14 days observation. Cage-side observations made daily did not detect evidence of
clinical signs and no changes in food consumption, body weight or clinical pathology
parameters were noted to be treatment-related. Post-mortem assessment consisted of
a full necropsy with macroscopic observation of organs and tissues which were
considered normal. Organs weighed included the heart, kidneys, liver and spleen only.
On Day 3 sacrifice (2 days observation) female rats were observed to have slightly
decreased kidney weights in both the bupivacaine and 25 mg/mL SKY0402 groups
(~-10%; p<0.05) though female rats administered the second batch of SKY0402 given
at 25 mg/mL demonstrated a non-significant reduction in kidney weight (-6%). This
finding was not observed in animals sacrificed on Day 15 (14 days observation). Spleen
weights were treatment and dose-relatedly decreased in male rats only on Day 15
compared with saline-treated rats, though a non-significant trend was noted by this
reviewer (Adam Wasserman) on Day 3:

Spleen weight (Males)
Saline | Bupivacaine SKY 0402
7.5 mg/mL 7.5 mg/mL 15 mg/mL 25 mg/mL 25 mg/mL
(lot #01- (lot #01-
2009) 2011)

Day 3 - 0 +2% 0 -8% -10%
Day 15 - -13%* -6% -17%** -17%** -220%**
* p<0.05: **p<0.01, by ANCOVA (terminal kill body weight covariate)

No significant difference was detected between the bupivacaine and SKY0402-treated
rats in regards to organ weight. Histopathologic assessment was conducted only on the
injection site which included the skin around the injection site and the underlying
muscle. Day 3 observation indicated evidence of minimal to mild subacute and chronic
inflammation at the injection site in the high dose SKY0402 group which did not appear
qualitatively different from the bupivacaine reference control. Rats administered lower
levels of SKY0402 appeared no different from saline-treated rats though some
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inflammatory evidence was found in these groups and was attributed by the sponsor to
the injection procedure. Rats sacrificed on Day 15 showed general resolution of the
inflammation though some evidence was still seen in the subcutis area in both SKY0402
25 mg/mL and bupivacaine-treated rats. It is unclear why there would be chronic
inflammation at the injection site by Day 3 and it is possible that some prior process was
underway at the site. Histopathologic assessment of a secondary location not directly
part of the injection site was not conducted so no conclusion can be made. The sponsor
did not identify a NOAEL for this study but noted that the histopathologic findings were
mild but more obvious in the 25 mg/mL SKY0402 which they attributed to the test article
but noted that this was not severe, was similar in nature to findings in rats given the
reference drug bupivacaine and thus should be considered of acceptable tolerability.
The reviewer notes the changes observed in spleen weight which appeared to be dose-
related and demonstrated a “delayed” effect, showing statistical significance at 15 days
post-drug administration in male rats only but trending towards a decrease by Day 3.
With the observation that the SKY0402 DepoFoam remains at the injection site for
several weeks (data presented by Sponsor in Pharmacology Summary) it is possible
this is a real effect of either the prolonged release of bupivacaine or the DepoFoam lipid
microparticles. It is unknown whether recovery of organ weight occurs. Although the
histopathology does not contribute to the establishment of the NOAEL the reviewer
(Adam Wasserman) identifies the NOAEL in males as 7.5 mg/mL SKY0402 while in
female rats the NOAEL is > 25 mg/mL due to changes in absolute and relative spleen
weight in males.

GLP studies ®® 947-017 and ©®® 947-018 - The objective of these studies was to
evaluate the potential local and systemic toxicity of SKY0402 compared with
bupivacaine hydrochloride (HCI) solution when administered by the subcutaneous (SC)
route in beagle dogs.

In the preliminary dose-range finding study ( ®® 947-017), one male and one female
dog were administered single escalating SC doses of SKY0402 (lot PP04-048) on Day
1 (15 mg/kg, 1 mL/kg, 15 mg/mL) and on Day 5 (30 mg/kg, 2 mL/kg, 15 mL/kg).
Following a four-day washout period, a single SC dose of bupivacaine HCI (2 mg/kg
bupivacaine, 5 mg/mL Sensorcaine, 0.4 mL/kg) was administered. Each dose was
administered as a single bolus injection into the scapular region. SKY0402 was
tolerated at 30 mg/kg based on no significant treatment related effects on mortality,
clinical signs, body weight, and food consumption. Bupivacaine HCI (2 mg/kg) was also
tolerated based on the same criteria.

In an expanded acute SC toxicity study ( ®® 947-018), five dogs/sex/group were
administered saline, SKY0402 Placebo (lot 02BUP04-185), SKY0402 (lot PP04-045), or
Sensorcaine (bupivacaine HCI) at dose volumes of 2 mL/kg except for the bupivacaine
HCI groups with a dose volume of 0.4 mL/kg. Animals were sacrificed on days 2 or 15
after dosing.
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Group Assignments
Bupivacaine
Group Dose Level Number of Animals
Number (mg/kg) Treatment Male® Female®
1 0 Saline 5 5
2 0 SKY0402 placebo 5 5
3 30 SKY0402 5 5
4 .0 Sensorcaine” 5 5
® Three animals were submitted to necropsy on Day 2 and the two remaining animals
were submitted to necropsy on Day 15.

All animals were observed twice daily for morbidity, mortality, injury, and the availability
of food and water. Body weights for all animals were measured the day of arrival, prior
to randomization, prior to dosing, and daily during the study. Food consumption was
recorded daily for all animals scheduled for necropsy on day 15. A comprehensive
assessment of clinical chemistry, hematology, urinalysis, ophthalmology, macroscopic
pathology, organ weights, toxicokinetics (day 1), and histopathology (full tissues set on
Day 2; affected organs site on Day 15) was conducted. Day 15 histopathological
evaluations included injection site and skin.

The following organs were weighed and evaluated microscopically:

- Adrenal (2)*

- Aorta

- Bone with marmrow [fenor]

- Bone with mamrow [rib]

- Bone with manmrow [stermam]

- Bone marrow smear [2 collected]®

- Brain [cerebrmm midbrain, cerebellum,

medulla’‘pons]*

- Epadadymuas (237

- Ewye mmcluding optic nerve (2}
- Gallbladder

- Gastromtestinal tract:

esophagus

- Injection site [scapular]

Laryos

Liver [3 sections collected; 2 examined]™*
Lung [2 sections examined]®

Lymph node, mandibular [2 collected: 1 examined)]
Lymph node, mesenteric

Lymph node_ trachesbronchial
Mammary gland [process females only]
Wictitans gland (2]

Pancreas™

Peyers patches

Pituitary™

FProstate™

Salivary gland, mandibular [2 collected; 1 examined;

Urinary bladder
Ttesus [both horns] with cervix™®

stomach [cardia. fundus. and pylorus] only right was weighed]*
duodenun - Balivary gland, sublingual [2 collected: 1 exanuned]
Jejunumn - Salivary gland, parotid [2 collected; 1 examuned]
ileumy - Scafic nerve
cecum - Skeletal mmscle, biceps femoris
colon - Skin
rectumm - Spinal cord [cervical. thoracic, and lumbaxr]
- Gomnads: - Splesn®
owvary (23 - Thymus*
testis {2)= - Thyroid/parathyrodd (23*
- Gross lesions - Tongue
- Heart™* - Trachea

- Jeoint, tibiofemoral
- Kidney (2)*

Wagina

* Bone marrow smears were collected at scheduled necropsies and held
* Organ weighed
(2) Paired organ

In summary, no notable bupivacaine treatment related effects were observed after
single SC dosing with SKY0402 or bupivacaine HCI. Systemic effects were also not
observed after SC treatment with SKY0402 placebo or saline. A possible transient test
article-related effect on the skin (thickened and leathery) was seen in 3/10 animals on
Day 2 in the high dose (30 mg/kg) SKY0402 group. Pharmacokinetic (PK) values
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obtained on day 1 indicated consistent AUC values after bupivacaine HCI at 24 and 96
hours after dosing, but increasing values for SKY0402 treated animals as AUC
increased from approximately 10,000 ngeh/mL to 20,000 ng+h/mL from 24 to 96 hours
(see table). As expected because of the differing bupivacaine absorption profile, the
Tmax for SC bupivacaine was less than for SKY00402 (~2 hours versus ~8 hours).

Mean pharmacokinetic parameters (= standard deviation) for plasma bupivacaine after
subcutaneous injection of SKY0402 or bupivacaine HCI solution in dogs.

Treatment Last Gender == == Cpax/Dose AUC. AUC),
timepoint @r) (ng/mL) (ngekg/ (ngehr /mL) /Maose
(hr) mgemL) (ngehr+kg
/mgemL)
Bupivacaine 24 Male 3202492 1452416  72.5:208 1820459 912+230
T¥C1 solution Female 1.00=0.00 293282 147+141 1910+802 955+401
2 mg/kp) M+F  210£348 2194205  110+103 1870618 933309
96 Male 2 2 2 2800° 1400°
Female = = = 1360° 678°
M+F : 2 . 2080867  1040+434
SKY0402 24 Male  7.80%102  804=358 26.8=119° 975023710  325=124°
(30 me/ke) Female 7.80=102  652+203 21.7£6.77 919024560  306=152°
M+F  7.80£9.65 728+286 2432963 94703930 316131
96 Male = 2 = 20500° 683"
Female : : : 22800° 761°
M+F z z . 217004720  722+157

Note: M= Male; F=Female. * These values were determined using only the 24 hour data SD not calculated
for N=2. “Significantly different from corresponding value for bupivacaine HCI solution, Student’s t test,
p<0.05.

In conclusion, SKY0402 was tolerated at SC doses up to 30 mg/kg. No effects related to
the test article were observed except for a possible transient effect on the skin. This
single dose SC NOAEL for SKY0402 had gender combined mean AUC PK values of
9,470 ngeh/mL at 24 hours after dosing and 21,700 ng+h/mL at 96 hours after dosing.
The Cmax value for 30 mg/kg SKY0402 was 728 ng/mL for the 24 hour sampling
period.
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Intravascular dosing

Non-GLP study RES 050524-D0402-611 — This dose range-finding intravenous study
was conducted in female rats to assess the intravascular (IV) toxicity of SKY0402 (lot
KP2078) and also Bupivacaine HCI (Sensorcaine — lot 04-2502)) in the event that there
was accidental IV exposure instead of the intended subcutaneous exposure. No
pharmacokinetic analyses were conducted. The dosing regimens are listed in the table:

s nucrlnﬂons}f'l‘reatmentGrom
G'oumetm Buptmeaine ”Buyuuln- nm Numhunf_

... Sensorcaine . Intravenou ;10 .05 3
" Secnsorcaine .~ Intravemous . 175"
_ SKY0402  Twmavemows 25 125
" SKY0402  Intavemows. . 50 25

'_;-_mmmmu 2.Smglkg,'Baudmmgehbdyweightnﬂ§om : : _
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Each dose was administered by slow bolus injection into the tail vein over approximately
3 minutes. The injection volume was 0.5 mL/animal for all groups. All animals were
observed for morbidity, mortality, injury, and ava