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Background: This report presents results from four preclinical studies evaluating safety and
pharmacokinetics (PKs) of liposome bupivacaine following intravascular (intravenous [IV],
intra-arterial [IA]), epidural, and intrathecal administration in dogs.

Methods: Intravascular administration was initially tested in a pilot study to determine maxi-
mum tolerated doses, and then in an expanded study of systemic adverse effects and PKs. An
epidural study compared properties of liposome bupivacaine alone and in combination with
lidocaine/epinephrine vs bupivacaine HCI. Another study assessed effects after intrathecal
administration.

Results: In the initial intravascular studies, maximum doses at which no meaningful adverse
events were observed with liposome bupivacaine were higher than for bupivacaine HCI
(4.5 mg/kg IV vs 0.75 mg/kg IV, and 1.5 mg/kg IA vs 0.1 mg/kg 1A, respectively). In the expanded
intravascular study, there was no mortality or changes in pathology; adverse clinical signs included
convulsions, lying on side, and decreased muscle tone (all were transient). In the epidural study,
liposome bupivacaine was well tolerated at doses up to the highest dose tested (40 mg), with
no evidence of spinal cord damage and with less motor blockade than bupivacaine HCI 15 mg.
Intrathecal administration of liposome bupivacaine 40 mg was not associated with meaningful
safety concerns and resulted in less motor blockade than bupivacaine HCI 15 mg. PK analyses
showed that maximum plasma bupivacaine levels following administration of liposome bupiva-
caine (4.5 mg/kg IV and 40 mg epidural) were similar to maximum plasma bupivacaine levels
following a threefold lower dose of bupivacaine HCI (1.5 mg/kg IV and 15 mg epidural).
Conclusion: Liposome bupivacaine has a favorable safety profile compared with bupivacaine
HCI when administered to dogs via intravascular, epidural, and intrathecal routes. This favor-
able safety profile is likely related to the liposome-bound nature of bupivacaine in the liposome
bupivacaine formulation.

Keywords: bupivacaine, local anesthesia, spinal injections, drug administration routes

Introduction
Local and/or regional analgesic techniques are principal components of many mul-
timodal analgesic techniques, as they have been shown to improve pain relief as
well as reduce opioid requirements, thereby reducing the potential for opioid-related
adverse events.! For many superficial and minimally invasive surgical procedures,
local infiltration anesthesia can be used for pain control, while for more involved
procedures, regional blockade (peripheral nerve blocks and neuraxial analgesia) with
a local anesthetic may be more appropriate.'

Although local anesthetics generally have favorable safety profiles,** uninten-
tional excessive doses of local anesthetics at effect sites can result in serious central
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nervous system (CNS) toxicities (ranging in severity from
numbness to convulsions to respiratory depression), and
cardiovascular toxicities that can be potentially fatal.*>’
Neural damage and prolonged sensory and motor deficits
have also been reported in human and animal studies when
large doses have been administered via epidural or sub-
arachnoid injection.”

Bupivacaine liposome injectable suspension (EXPAREL®:
Pacira Pharmaceuticals, Inc., Parsippany, NJ, USA) is a lipo-
somal formulation of bupivacaine indicated for single-dose
administration into the surgical site to produce postsurgical
analgesia.® Bupivacaine is encapsulated in a liposomal for-
mulation as phosphate salt, but concentration is expressed
as bupivacaine free base. This needs to be taken into con-
sideration when comparing with traditional formulations
such as Marcaine® (AstraZeneca, Sodertalje, Sweden) or
Sensorcaine® (Fresenius Kabi USA, Lake Zurich, IL, USA),
for which concentration is expressed as bupivacaine HCL. As
an example of comparison, 40 mg of bupivacaine base in the
liposomal formulation is equivalent in strength to 45 mg of
bupivacaine HC1.’

Liposome bupivacaine utilizes DepoFoam® technology
(Pacira Pharmaceuticals, Inc.), which consists of an aqueous
suspension of multivesicular liposomes organized in a non-
concentric, honeycomb-like structure.'®! The liposomes are
made up of multiple drug-containing vesicles. Each vesicle
is surrounded by a lipid bilayer that provides mechanical
stability and allows for controlled release of drug over sev-
eral days. As the outermost liposomes rupture, a portion of
the encapsulated drug is released. The lipid membranes of
the inner vesicles then reorganize, the vesicles enlarge, and
eventually release their contents in a successive manner until
all of the drug is released.’>** In clinical studies, infiltra-
tion of liposome bupivacaine into the surgical site has been
shown to provide effective analgesia with reduced opioid
consumption for up to 72 hours after surgery across a range of
surgical models (eg, soft tissue and orthopedic surgeries).'>!¢
Also, liposome bupivacaine is being investigated for use in
peripheral nerve block.!7!8

Given the increased use and possibility of new indications
for liposome bupivacaine, it is important to understand the
safety and pharmacokinetic (PK) profiles of this formula-
tion compared with bupivacaine HCl when administered via
atypical routes to assess the potential for toxicity following
inadvertent administration. This report presents results from
four preclinical studies evaluating safety and PK outcomes
with liposome bupivacaine following intravenous (IV), intra-
arterial (IA), epidural, and intrathecal administration.

Methods

Animal welfare/ethics

All four studies used beagle dogs (Canis familiaris) supplied by
Marshall BioResources, USA, Inc., North Rose, NY, USA. The
study protocols were reviewed and approved by the Institutional
Animal Care and Use Committee prior to study initiation. All
studies, except the IV/IA dose-finding study, were conducted
according to the International Conference on Harmonisation
guidelines, in accordance with good laboratory practice (GLP)
principles as set forth by the US Food and Drug Administration,
Title 21 Code of Federal Regulations Part 58, and as accepted by
regulatory authorities in the European Union (Organisation for
Economic Cooperation and Development Principles of GLP),
Japan (Ministry of Health, Labour and Welfare), and Canada
(Canadian Council on Animal Care).

Study designs

IV/IA dose-finding study

The objective of this study was to evaluate potential acute
toxicity and determine the maximum tolerated dose (MTD)
of liposome bupivacaine after IV or [A administration in five
female dogs (~9—18 months of age; 8.7-10.6 kg). The study
was conducted at Charles River Laboratories, Montreal,
Canada. For 12 days prior to the study, animals were acclimated
to the laboratory environment and underwent pretreatment
health checks. Animals were randomized using a computer-
ized randomization procedure and stratified by body weight.
Each conscious, telemetered animal was administered up to
four doses of the following study drugs: IV and IA liposome
bupivacaine 4.5 mg/kg and 9.0 mg/kg; IV bupivacaine HCI1
1.0 mg/kg, 1.8 mg/kg, and 2.5 mg/kg; or IA bupivacaine HCI
0.1 mg/kg and 1.0 mg/kg (Table 1). A minimum 3-day washout
was allowed between each dose. Study drug was administered
by IV injection into the saphenous or cephalic veins, or by A
injection via an access port into the carotid artery. Cardio-
vascular safety outcomes included blood pressure (BP) and
electrocardiogram (ECG) waveforms at each dosing; derived
parameters were logged as 5-second means from at least
1 hour prior to each dose (baseline) to at least 2 hours after
each treatment. Respiratory rate was measured as the average
of three assessments at =2 minutes, 10 minutes, 30 minutes,
and 90 minutes postdose by counting the number of breaths in
three 30-second intervals over a 5S-minute period. No formal
statistical evaluations were conducted.

IV/IA expanded study
Based on results from the dose-finding study, an expanded
study was conducted at Charles River Laboratories
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Table I IV/IA study designs

Test material

Dose |

Dose 2

Dose 3

Dose 4

IV/IA dose-finding study
IV bupivacaine HCI 7.5 mg/mL

IV liposome bupivacaine 13.3 mg/mL
IA bupivacaine HCI 7.5 mg/mL
IA liposome bupivacaine 13.3 mg/mL

1.0 mg/kg (Animal I)

4.5 mg/kg (Animal 2)
1.0 mg/kg (Animal 3)
4.5 mg/kg (Animal 4)

Dose level (mg/kg)

1.0 mg/kg (Animal 3)
1.8 mg/kg (Animal 1)
9.0 mg/kg (Animal 2)

9.0 mg/kg (Animal 4)

Dose concentration

2.5 mg/kg (Animal 1)

9.0 mg/kg (Animal 5)
0.1 mg/kg (Animal 3)

Number of animals,

1.8 mg/kg (Animal 2)
4.5 mg/kg (Animal |)

4.5 mg/kg (Animal 3)

Number of animals,

(mg/mL) main study recovery study
IV/IA expanded study
IV saline control 0 0 3 male/3 female 2 male/2 female
IV bupivacaine HCI 1.5/0.75* 7.5 3 male/3 female 2 male/2 female
IV liposome bupivacaine 1.5 133 3 male/3 female 2 male/2 female
IV liposome bupivacaine 4.5 13.3 3 male/3 female 2 male/2 female
IA saline control 0 0 3 male/3 female 2 male/2 female
IA bupivacaine HCI 0.1 7.5 3 male/3 female 2 male/2 female
IA liposome bupivacaine 1.5 133 3 male/3 female 2 male/2 female
IA liposome bupivacaine 4.5/3.0° 133 3 male/3 female 2 male/2 female

Notes: *Animals in the recovery study received |.5 mg/kg; this dose was reduced to 0.75 mg/kg for animals in the main study based on observed clinical signs; *animals in the
recovery study received 4.5 mg/kg; this dose was reduced to 3.0 mg/kg for animals in the main study based on observed clinical signs.

Abbreviations: |A, intra-arterial; IV, intravenous.

(Montreal, Canada) to further characterize the acute toxic-
ity, including potential reversibility of adverse effects after
a 14-day recovery period, and PK properties of liposome
bupivacaine compared with bupivacaine HCI. Experiments
were conducted in 40 male and 40 female dogs (6—7 months
of age; 6.0-10.7 kg). Animals were acclimated to the labo-
ratory for at least 21 days. Randomization was stratified by
body weight, and male and female animals were randomized
separately. Animals were randomized to one of eight treat-
ment groups (ten per group) and received a single dose of the
following: I'V saline (control); IV bupivacaine HC1 0.75 mg/
kg and 1.5 mg/kg; IV liposome bupivacaine 1.5 mg/kg;
IV liposome bupivacaine 4.5 mg/kg; 1A saline (control);
IA bupivacaine HCI 0.1 mg/kg; IA liposome bupivacaine
1.5 mg/kg; and IA liposome bupivacaine 3.0 mg/kg and
4.5 mg/kg (Table 1). IV doses were administered into the
saphenous or cephalic veins; IA doses were administered
via an access port into the carotid artery. Blood samples
(4 mL) for PK assessments were collected before study drug
administration, at 5 minutes, 15 minutes, and 30 minutes
after administration, and at 1 hour, 2 hours, 4 hours, and
6 hours after study drug administration and were assayed
using a validated high-performance liquid chromatography
and mass spectrometry (HPLC/MS) analytical procedure.
Key outcomes included general health/mortality, clinical
signs, ECG and hemodynamic measures, PK parameters
(C_,timeto C__ [t ], area under the concentration—time

max’ max " max

curve [AUC,_], apparent terminal elimination half-life ¢, ,]),

and histopathology. PK assays measured plasma levels of
bupivacaine existing as the free base. Two datasets were
analyzed (one for each route of administration [IV and [A]).
Homogeneity of the dosing groups within each dataset was
assessed using ECG at the 5% significance level.

Epidural study

The objectives of this study were to evaluate the potential
local and systemic toxicity of liposome bupivacaine (including
motor blockade) after epidural administration, and to examine
changes to the lumbar spinal cord. The study was conducted at
MPI Research Laboratories, Mattawan, MI, USA. Male dogs
(5-8 months of age; 6.5-12 kg) were acclimated to the labora-
tory for at least 1 week, and then randomized (six per group)
to receive liposome bupivacaine 40 mg, liposome bupivacaine
40 mg plus lidocaine 1.5% (27 mg) with epinephrine 1:200,000,
bupivacaine HCI 0.5% 15 mg, DepoFoam placebo, or saline.
The liposome bupivacaine plus lidocaine/epinephrine group
received lidocaine/epinephrine followed by 0.8 mL of saline,
and then liposome bupivacaine 15 minutes later. Lidocaine
has a strong interaction with liposome bupivacaine, and co-
administration accelerates release of free bupivacaine from the
liposomal vesicles.'” DepoFoam placebo had the same lipid
composition as liposome bupivacaine but without bupivacaine.
At the start of the dosing procedure, dogs were anesthetized
using a mixture of nitrous oxide, oxygen, and isoflurane.
General anesthesia was maintained with isoflurane and oxy-
gen, as needed. An incision was made, and a 22-gauge spinal
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needle was inserted in the epidural space under fluoroscopic
guidance. Treatments were given by a slow bolus 3 mL injection
(0.2 mL/min; L7-S1 vertebrae). Blood samples (2-3 mL) for
PK assessment were collected before study drug administra-
tion, and at 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours,
24 hours, 48 hours, 72 hours, and 96 hours after study drug
administration and were assayed using a validated HPLC/MS
analytical procedure. Dogs (three per group) were necropsied
after 72 hours and after a 2-week observation period. Outcomes
included clinical signs, histopathology, and PKs. Clinical signs
of impaired hind limb motor function were recorded daily over
22 days to quantify onset, incidence, and reversibility of motor
blockade. Spinal cord tissue underlying the injection site was
examined using an amino cupric silver stain method to measure
the extent of neural degeneration.?’ Stain intensity was recorded
for dorsal, lateral, or ventral funiculi (white matter tracts), or
gray matter, on a scale from 1=minimal to 5= severe. An overall
pathology score was assigned to each group using an average of
severity scores. A parallel set of hematoxylin-and-eosin-stained
cervical, thoracic, and lumbar sections was examined on days 4
and 22 to measure the extent of inflammation and tissue dam-
age; stain intensity was recorded on a scale from 1= minimal
to 4= severe.

Intrathecal study

The objectives of this study were to compare the local and
systemic toxicity of liposome bupivacaine 40 mg, bupiva-
caine HCI 0.5% 15 mg, DepoFoam placebo, and saline after
intrathecal injection in dogs (six per group). The study was
conducted at MPI Research Laboratories, Mattawan, MI,
USA. Male dogs (5-8 months of age; 6.4-12.2 kg) were
anesthetized using the same procedure as in the epidural study
and randomly assigned to treatment group. A small incision
was made over the L3-L4 vertebrae, and a 22-gauge spinal
needle was inserted in the intrathecal space under fluoroscopic
guidance. Treatments were administered by a slow bolus
3 mL injection (0.2 mL/min). Blood samples (2—3 mL) for PK
assessment were collected before study drug administration,
and at 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours,
24 hours, 48 hours, 72 hours, and 96 hours after study drug
administration and were assayed using a validated HPLC/MS
analytical procedure. The clinical outcomes and assessments
in this study were the same as those in the epidural study.

Results

IV/IA dose-finding study

The maximum doses at which no severe adverse events were
noted were determined to be 1.8 mg/kg IV and 0.1 mg/kg

IA for bupivacaine HCI based on observations of marked
increases in BP and heart rate (HR), and clinical signs of
decreased activity, prostration, labored breathing, tremors,
and convulsions when the dose was pushed higher. The
maximum dose of liposome bupivacaine at which no severe
adverse events were noted was determined to be 4.5 mg/kg
for both IV and IA administration; a dose of 9 mg/kg resulted
in increased BP and HR, vomiting, and convulsions in some
animals. One animal was euthanized due to the severity of
adverse effects.

IV/IA expanded study

At the doses studied (IV bupivacaine HCI 0.75 mg/kg
and 1.5 mg/kg, IV liposome bupivacaine 1.5 mg/kg and
4.5 mg/kg, IA bupivacaine HCI 0.1 mg/kg, and IA liposome
bupivacaine 1.5 mg/kg, 3.0 mg/kg, and 4.5 mg/kg), there
was no mortality or treatment-related changes in clinical
or gross/microscopic pathology. One animal that received
bupivacaine HCI 1.5 mg IV had sustained convulsions,
and other animals treated with this dose showed exces-
sive licking and increased respiratory rate and/or emesis.
Tremors and uncoordination were noted in one animal that
received bupivacaine HCI 0.75 mg/kg IV. Clinical signs
observed with liposome bupivacaine 1.5 mg/kg or 4.5 mg/kg
IV were generally mild. Increased activity and vocalization
were noted in two animals that received liposome bupiva-
caine 1.5 mg/kg I'V, and no specific treatment-related CNS or
motor effects were observed in animals treated with liposome
bupivacaine 4.5 mg/kg IV.

There were no treatment-related observations with bupi-
vacaine HC1 0.1 mg/kg IA. Decreased activity, emesis, and/or
uncoordination were observed in dogs treated with liposome
bupivacaine 1.5 mg/kg IA. One animal treated with liposome
bupivacaine 3.0 mg/kg A had sustained convulsions, saliva-
tion, uncoordination, increased vocalization, and increased
respiratory rate; other animals treated with this dose showed
uncoordination, decreased activity, tremors, salivation, and/
or emesis. Liposome bupivacaine 4.5 mg/kg IA was associ-
ated with convulsions, lying on side, decreased muscle tone,
tremors, and/or salivation in two animals, and other animals
treated with this dose showed decreased activity, uncoordi-
nation, tremors, salivation, and/or emesis. In general, these
clinical signs appeared shortly after dosing and resolved
within 1 hour.

There were no notable effects on BP, HR, or ECG
after administration of bupivacaine HCI 0.75 mg/kg IV or
0.1 mg/kg IA, or after administration of liposome bupiva-
caine 1.5 mg IV or IA. No male dogs treated with liposome
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bupivacaine 4.5 mg IV showed any adverse cardiovascular
effects; however, one female dog had significantly decreased
BP followed by an increase in HR; these effects were tran-
sient and resolved by 5 minutes postdosing. The effects
of liposome bupivacaine 3.0 mg/kg A were variable; one
female dog had significant increases in BP and HR, followed
by convulsions and increased respiratory rate, another female
dog had an increase in HR, and two male dogs had a tendency
toward decreased BP. In general, the clinical signs described
above appeared shortly after dosing and resolved within an
hour. In summary, the maximum doses at which no severe
adverse events were noted with IA administration were
determined to be 0.1 mg/kg for bupivacaine HCI compared
with 1.5 mg/kg for liposome bupivacaine. The maximum
doses at which no severe adverse events were noted with
IV administration were determined to be 0.75 mg/kg and
4.5 mg/kg for bupivacaine HCI and liposome bupivacaine,
respectively (Table 2).

Mean bupivacaine PK parameters are shown in Table 3,
and plasma bupivacaine levels after I'V administration of bupi-
vacaine HCI 1.5 mg/kg and liposome bupivacaine 4.5 mg/kg
are shown in Figure 1. Maximum bupivacaine plasma con-
centrations were reached 5 minutes postdose for bupivacaine
HCI and 5-15 minutes postdose for liposome bupivacaine.
The mean C__ in animals that received IV liposome bupi-
vacaine 4.5 mg/kg was similar to the mean C___observed in
the I'V bupivacaine HCI 1.5 mg/kg group, despite the greater
than threefold difference in doses used between the two treat-

ment groups. In general, 7, was shorter with bupivacaine

1/2
HCI compared with liposome bupivacaine.

Epidural study

No evidence of motor block or limb impairment was observed
in animals treated with epidural liposome bupivacaine 40 mg
alone. In contrast, the majority of animals treated with
bupivacaine HCI 15 mg (4/6) showed limb impairment that
resolved after day 1 (Table 4). Liposome bupivacaine 40 mg
plus lidocaine/epinephrine also showed limb impairment
that resolved after day 1 (5/6). These effects were consistent
with a bupivacaine-related response and were not considered
adverse. Some impairment may have been procedural, as

Table 2 Maximum dosages of study drug that were associated
with no meaningful adverse events

Route of Bupivacaine Liposome
administration HCI bupivacaine
Intravenous 0.75 mg/kg 4.5 mgl/kg
Intra-arterial 0.1 mg/kg 1.5 mg/kg

one of six animals in the placebo group and two of six in
the saline group had transient limb impairment. There was
a slight, treatment-related prolongation of activated partial
thromboplastin time in dogs receiving bupivacaine HCI or
liposome bupivacaine plus lidocaine/epinephrine.

There was no evidence of any other neuraxial effects.
Any red discoloration of the skin subcutis or spinal cord at
the injection site was attributed to hemorrhage from needle
penetration. Histological findings showed no damage to the
spinal cord or adjacent tissues, other than mild local reactions
at the needle site as would be expected from the procedural
technique. Occasionally, animals that received liposome
bupivacaine or placebo had minimal chronic inflammation,
characterized by the presence of a few large macrophages
with abundant foamy cytoplasm in adipose tissue around
nerves. Mean severity scores from silver staining for all
treatment groups except liposome bupivacaine plus lidocaine/
epinephrine were at or slightly above the minimal score,
indicating that treatment-induced neural degeneration was
minimal in all but the bupivacaine plus lidocaine/epinephrine
group (Table 5).

PK results showed that plasma bupivacaine disappeared
more rapidly when given as bupivacaine HCI than as lipo-
some bupivacaine (with or without lidocaine/epinephrine)
(Figure 2). The depot effect of liposome bupivacaine was
evidenced by a similar mean (standard deviation [SD]) C
in animals receiving liposome bupivacaine 40 mg and those
receiving the threefold lower dose of bupivacaine HCI 15 mg
(319 [504] ng/mL vs 271 [126] ng/mL).

Intrathecal study

Limb impairment occurred on the day of study drug
administration in four of six dogs treated with liposome
bupivacaine 40 mg; the impairment resolved over the next
1-3 days (Table 4). In the bupivacaine HCI 15 mg group,
limb impairment was observed on the day of study drug
administration in all six dogs, and took up to 8 days to
resolve. No dogs in the liposome bupivacaine group expe-
rienced respiratory arrest compared with three of six dogs
in the bupivacaine HCI group. There were no differences
in the incidence or severity of spinal cord lesions between
groups; red skin discoloration at the injection site was pre-
sumed to be a result of hemorrhage from needle penetration.
Histology staining for degeneration was observed in
all sections of the spinal cord, with more degeneration
observed in white matter tracts than in the gray matter.
Mean severity scores ranged from 1.83 to 2.71, indicating
that lesions were mild to moderate (Table 5). There were
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Table 3 Mean bupivacaine PKs following IV or IA administration of bupivacaine HCI or liposome bupivacaine
Formulation Dose Sex C ... t C, . Jdose AUC , AUC /dose t,
(mgl/kg) (ng/mL) (min) (ng-kg/mL/mg)  (ng-h/mL) (ng-h/mL/mglkg) (h)
Bupivacaine HCI IV 1.5 Female 2,050 5 1,370 1,110 738 0473
Male 2,750 5 1,830 1,320 879 0.520
Liposome bupivacaine IV 1.5 Female 782 5 521 1,130 751 I.11
Male 1,510 5 1,000 2,260 1,510 0.800
4.5 Female 1,760 15 390 3,030 674 0.839
Male 1,810 15 402 3,720 826 1.06
Bupivacaine HCI 1A 0.1 Female 187 5 1,870 62.6 626 0.267
Male 205 5 2,050 71.1 711 0.264
Liposome bupivacaine 1A 1.5 Female 1,950 5 1,300 1,590 1,060 0471
Male 2,070 5 1,380 1,740 1,160 0.539
45 Female 3,410 15 758 3,560 791 0.744
Male 5,400 15 1,200 7,450 1,650 0.787

Abbreviations: AUC, area under the concentration—time curve; Cmax, maximum plasma concentration; A, intra-arterial; IV, intravenous; PKs, pharmacokinetics; t terminal

elimination half-life; t__, timeto C_ .

no toxicologically relevant differences in total severity
scores between groups.

The PK profiles of intrathecally administered liposome
bupivacaine and bupivacaine HCI are shown in Figure 3. Mean
[SD] peak bupivacaine plasma concentration was similar for
liposome bupivacaine (442 [251] ng/mL) and bupivacaine
HCI (404 [98.3] ng/mL), despite administration of a three-
fold higher dose of liposome bupivacaine (40 mg vs 15 mg).
/dose was threefold
lower with liposome bupivacaine than bupivacaine HCI
(84.3[41.7]ng/mL vs 256 [35.6] ng/mL, P<<0.05). Mean [SD]
t,, was 14.2 [4.6] hours with liposome bupivacaine compared
with 3.25 [0.96] hours with bupivacaine HCI (P<<0.05).

After dose normalization, mean [SD] C

max

Discussion
The American Society of Regional Anesthesia and Pain
Medicine (ASRA) recognizes that local anesthetic systemic

3,000

Bupivacaine HCI, 1.5 mg/kg

2,000 —— Liposome bupivacaine, 4.5 mg/kg

concentration (ng/mL)

1,000 -

Mean (SD) plasma bupivacaine

0 1 2 3 4

Time (h)
Figure | Plasma bupivacaine pharmacokinetic profile following intravenous
administration of bupivacaine HCl 1.5 mg/kg versus liposome bupivacaine

4.5 mg/kg.
Abbreviation: SD, standard deviation.

toxicity can result in potentially serious CNS and car-
diovascular adverse effects, and recommends using the
lowest effective dose of local anesthetics to limit systemic
exposure.* In the 2010 practice advisory, ASRA recognized
the future potential of sustained-release technologies, such
as liposomes, for providing less toxic, longer-acting local
anesthetics.* Such technology now exists, and the goal of
the studies reported herein was to compare the safety of
liposome bupivacaine with that of standard bupivacaine HCI.
A range of routes of administration were tested, including
IA administration, which is recognized as the most rigorous
method for assessing local anesthetic toxicology.

Combined results from both the intravascular dose-
finding and expanded studies showed that the MTD of
bupivacaine HCI was 0.75 mg/kg given IV and 0.1 mg/
kg given IA. Although increased activity and vocalization
were noted in the group receiving liposome bupivacaine
1.5 mg/kg 1V, these symptoms were temporary, and no
CNS or motor effects were observed in the group receiving
4.5 mg/kg IV. Therefore, the MTD of liposome bupivacaine
was 4.5 mg/kg when given IV and 1.5 mg/kg when given
IA. Notably, in the dose-finding study, the IA catheter was
placed in the carotid artery, resulting in drug delivery directly
to the brain, which would not be expected with surgical site
infiltration and extremely rare during nerve blocks, assuming
that proper precautions are taken. Similarly, IV injection of
the entire local anesthetic dose is highly unlikely in routine
clinical practice.

Lidocaine is known to interact with liposome bupi-
vacaine and cause a rapid release of free bupivacaine from
the liposomal carriers in liposome bupivacaine.' This
may explain the observation that higher doses of liposome
bupivacaine alone were not associated with clinical signs of
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Table 4 Incidence of neurologic effects (limb impairment) following epidural and intrathecal injection

Number of animals with clinical signs of limb impairment®

Study day (postdosing)

1 2 3 4 5 6 7

Epidural treatment (day |)°
Liposome bupivacaine 40 mg 0 0 0 0 0 0 0

(%]
o
o
o
o
o
o

Liposome bupivacaine 40 mg
with lidocaine/epinephrine

Bupivacaine HCI 15 mg 4 0 0 0 0 0 0
Placebo 0 0 0 0 0 0 0
Saline 0 0 0 0 0 0 0

Intrathecal treatment (day 1)°

Liposome bupivacaine 40 mg 4 2 | | 0 0 0
Bupivacaine HCI 15 mg 6 3 3 3 3 3 3
Placebo 0 | | | | | |
Saline 2 2 | | | 0 0

o o
o o
o o
o o
o o
o o
o o
o o
o o
o o

0 0 0 0 0 0
| 0 0 0 0 0
| | | | | |

o — O o
o — O o
o — O o
o — O o

0 0 0 0 0 0

Notes: *No animals had clinical signs of limb impairment beyond day 17 until the last day of observation (ie, day 22); "six male dogs per group.

limb impairment, while limb impairment was observed in
most dogs when the same liposome bupivacaine dose was
administered in combination with lidocaine/epinephrine,
similar to most dogs that received bupivacaine HCI 15 mg.
These results are likely due to differences in local release of
unencapsulated bupivacaine between liposome bupivacaine
and bupivacaine HCI as measured by the appearance of
bupivacaine in the systemic circulation. Specifically, C
values of liposome bupivacaine were several-fold lower
than comparable and even higher doses of bupivacaine HCI.
This suggests that when administered epidurally, the lipo-
some maintains the bupivacaine in a lipid-bound state with
insufficient release of free bupivacaine to generate motor
blockade. Also, the use of lidocaine followed by liposome
bupivacaine can result in bupivacaine toxicity. Of note, three
of the 12 animals in the placebo and saline groups showed
signs of limb impairment, which may be due to technical
issues with epidural placement. Results from the intrathecal

study also indicate that a 15 mg/kg dose of bupivacaine
HCI resulted in more severe, longer-lasting signs of limb
impairment than a threefold higher dose (40 mg) of lipo-
some bupivacaine.

The four preclinical studies conducted suggest a dif-
ferential toxicity profile of liposome bupivacaine when
compared with bupivacaine HCI as manifested by differ-
ences in well-tolerated doses observed in the IV and IA
studies, and as differences in the propensity for motor
blockade in the epidural and intrathecal studies. The expla-
nation for this difference in toxicity could be rooted in the
encapsulation of bupivacaine in the liposome bupivacaine
formulation compared with the traditional bupivacaine HCI
formulation, in which all bupivacaine exists in a free state.
Importantly, the dose of bupivacaine within the liposome
delivery system can be much larger than a given dose of
traditional bupivacaine HCI and still present an equal or
lower C . Bupivacaine-related CNS toxicity, cardiac

Table 5 Microscopic observations (silver stain) in lumbar spinal cord after epidural and intrathecal drug administration

Mean severity scores (days 4/22)*

Mean severity

Dorsal funiculus

Lateral funiculus

score (all scores)

Ventral funiculus Gray matter

Epidural dosing treatment (day 1)°

Liposome bupivacaine 40 mg 1.00 1.00
Liposome bupivacaine 40 mg 2.33 2.33
with lidocaine/epinephrine

Bupivacaine HCI 15 mg 0.67 0.67
Placebo 0.67 1.60
Saline 1.33 0.67

Intrathecal dosing treatment (day |)°

Liposome bupivacaine 40 mg 2.00 2.00
Bupivacaine HCI 15 mg 3.17 2.67
Placebo 2.83 2.83
Saline 2.50 2.50

0.67 1.33 1.00
2.17 2.67 2.38
1.33 1.00 0.92
1.67 1.00 1.23
0.33 0.50 0.71
2.50 0.80 1.83
2.83 2.17 2.71
2.83 2.17 2.54
2.67 0.83 2.13

Notes: *Minimal severity scores excluded (grade |, background staining); "six male dogs per treatment group.
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Figure 2 Plasma bupivacaine pharmacokinetic profile following epidural
administration of bupivacaine HCI |5 mg versus liposome bupivacaine 40 mg (with
and without lidocaine/epinephrine).

Abbreviation: SD, standard deviation.

toxicity, and motor blockade are associated with high drug
concentrations resulting from exposure to free bupivacaine.
Data from the intravascular studies showed that bupivacaine
C . following administration of liposome bupivacaine is
one-third of the C_observed following a comparable dose
of bupivacaine HCI, while the overall exposure, as deter-
mined by the AUCs, is similar (PK assays measure plasma
levels of free bupivacaine). Based on the IV dosing data,
we speculate that the liposome bupivacaine particles may
potentially be marginated in capillaries or be taken up by
the reticuloendothelial system.

Interestingly, the C _ values following epidural admin-
istration of higher doses of liposome bupivacaine (40 mg)
were similar to C__ values associated with much lower
doses of bupivacaine HCI (15 mg). The overall PK results

—+— Liposome bupivacaine 40 mg

Bupivacaine HCI 15 mg

1,000

Mean (SD) plasma bupivacaine
concentration (ng/mL)

0 24 48 72 96
Time (h)

Figure 3 Plasma bupivacaine pharmacokinetic profile following intrathecal
administration of bupivacaine HCI 15 mg versus liposome bupivacaine 40 mg.
Abbreviation: SD, standard deviation.

of the epidural study suggest that the majority of epidurally
administered liposome bupivacaine remains liposome bound
and is trapped in the epidural space, while the free fraction
of bupivacaine diffuses into the systemic circulation. The
inability to perform statistical analysis comparing the groups
studied limits the interpretation of the results.

We recognize that clinical observations from animal
studies cannot be extrapolated to human populations and
should be interpreted with appropriate caution. Nevertheless,
results from this preclinical epidural study are consistent
with results from an epidural PK study in humans showing
that liposome bupivacaine produced prolonged anesthesia
without increasing symptoms of motor blockade seen with
shorter-acting bupivacaine HCI.?!

The favorable safety and PK profiles observed in these
four preclinical studies are not unexpected. Aside from lipo-
some bupivacaine, DepoFoam technology has been in use
for >15 years in prolonged-release formulations of medica-
tions such as cytarabine (DepoCyt®, Pacira Pharmaceuticals,
Inc.) and morphine (DepoDur®, Pacira Pharmaceuticals,
Inc.).!%1314The DepoFoam-based formulations of cytarabine,
morphine, and bupivacaine have each been shown to have
safety profiles that are similar to standard formulations of
the active drug.>?*2*

Conclusion

In conclusion, results from these four preclinical stud-
ies suggest that liposome bupivacaine has a favorable
safety profile compared with bupivacaine HCI, even when
administered via atypical, and often accidental, routes of
delivery. The difference in the safety profiles of these two
formulations appears to be associated with the liposome-
bound nature of the bupivacaine within the multivesicular
liposomes of the liposome bupivacaine formulation, which
allows for the slow release of, and lower exposure to,
bupivacaine.
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