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1  Executive Summary

1.1 Recommendations

. The Office of Clinical Pharmacology and Biopharmaceutics / Division of Pharmaceutical
Evaluation II (OCPB/DPE-II) has reviewed the NDA submitted on 7/18/03.

From OCPB point of view, the information contained in the NDA is acceptable provided
that (1) the sponsor commits to address the additional data required for the finalization of
the in vitro'release method and specifications as a post marketing commitment, and (2) a
mutually satisfactory agreement can be reached between the Agency and Sponsor
regarding the text in the package insert.

1.2 Phase IV Commitments

1. Before the in vitro release method and specifications can be finalized,
additional data justifying the proposed method should be submitted.
Specifically, release profiles in other media should be submitted justifying the
selection of the proposed medium. In addition, quantifying the drug release in
the medium rather than drug retained should be explored. Until the method
and specifications are finalized, the proposed method can be used on an
interim basis.



1.3 Summary of CPB Findings

SkyePharma has submitted NDA 21-671 for the morphine sulfate sustained-release
liposome injection on 7/18/03. The pharmacokinetics (PK) of morphine have been
studied extensively in the past and has been reported widely. The goal for developing a
sustained-release formulation of morphine (also referred to as Skymorph in this NDA) for
epidural use was to maintain morphine concentrations for a prolonged period at the
epidural space, increasing analgesic duration of action. The Applicant submitted 7 PK
studies in the Clinical Pharmacology section. Majority of PK studies measured morphine
in the plasma; however, Study DTC96-003 also measured cerebrospinal fluid (CSF)
morphine concentrations, although the CSF PK analysis was limited due to few subjects
involved in the study (SkyePharma stated that there was considerable intersubject
variability).

There are three distinct concepts associated with this product. Firstly, following epidural
administration, the site of action is believed to be at the spinal level. Free morphine is
eliminated from the epidural space, and plasma concentrations mainly reflect removal
from the site of action following epidural injection. Thus, the systemic plasma
concentrations do not indicate the actual morphine concentration at the epidural space.
Additionally, the concentration-related adverse events at the site of action are not clear.
It is noted that the concentration of morphine in the CSF has been observed to be 100 to
400 fold higher than the plasma concentration. Since the concentrations in plasma are at
best an indirect measure of concentrations at the site of action, the concentration-effect
relationships are speculative.

Secondly, in clinical practice, it is likely that morphine liposomes will be administered
both with and without a test dose, a lidocaine/epinephrine solution, one of the methods
used to rule out misplacement of the epidural needle/cathether. SkyePharma studied the
effect of the test dose on the release of morphine from the liposomes by varying the time
between the morphine liposome and test dose injections.

Thirdly, the analgesia obtained from epidural morphine is not dependent upon systemic
- morphine concentrations and the duration of analgesia continues beyond the time during
which morphine may be detected in the plasma. Therefore, the relationship between
systemic morphine concentration and pain intensity may be misleading.

Concentration-response Relationship: SkyePharma stated that formal pharmacokinetic
/pharmacodynamic modeling was not conducted for two reasons. First, there are a limited
number of patients with paired effectiveness and plasma pharmacokinetic data; and
second, the concentrations in plasma are at best an indirect measure of concentrations at
the site’ of action. However, the relationship between the plasma morphine
pharmacokinetics and efficacy results from two pivotal Phase III clinical studies was
. examined. The results suggest an overall relationship between the dose of SKY0401 and
reduction in pain as measured by postoperative fentanyl use or VAS pain intensity scales.
The morphine AUC is observed to increase in a roughly dose-proportional fashion in a
subset of patients in the same trials.




Relative Bioavailability : The relative bioavailability of Skymorph was compared to that
of the reference listed drug, Duramorph, (immediate-release morphine sulfate injection;
NDA #18565; Elkins-Sinn, Inc.) in a Phase 3 study in patients undergoing lower
abdominal surgery (Study SKY0401-012B). A 5 mg Skymorph and a 5 mg Duramorph
were compared. Mean concentration-time curves for Duramorph 5 mg and SKY0401 5
mg are provided in the next figure, and a comparison of the pharmacokinetic results is
presented in following table (2.7.1.6). (Figure Average Morphine Serum Concentrations
Following Administration of Skymorph 5 mg or Duramorph 5 mg; the left-hand panel
shows the 48-hr time course and the right-hand panel contains a zoom of the first 12 hr.
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Variable SKY0401 5 mg (n=10) Duramorph 5 mg (n=9)
Cmax (ng/mL) 7.10 (3.40) 23.77 (12.81)
tmax (hr) [1] 1.00 (0.25-4.0) 0.25 (0.25-2.0)
AUCO-t (ng-hr/mL) 30.86 (11.82) 38.95(8.03) -
AUC (ng-hr/mL)[4}] 38.80 (10.35) 42.76 (8.35)
Az (h-1)[4] 0.1813 (0.05) 0.3112 (0.067)
T1/2 (hr) [2,4] 3.82 (1.00) 2.23 (0.49)
Cmax [3] 6.39 20.27
AUCO0-t [3] 28.74 38.34

AUC [3,4] 3741 42.15

[1] Median (min-max)

2] Harmonic mean and pseudo standard deviation of the jackknife variance

[3] Geometric mean of In-transformed variables -

[4] n=8 for the SKY0401 and Duramorph groups.

Skymorph's morphine early exposure was less than that of Duramorph (the mean Cmax

and AUC of Skymorph morphine were 70 % and 10 % less than that of Duramorph,
respectively).

Skymorph Dose proportionality/linearity:  In all studies, the pharmacokinetics of
SKY0401 appeared to be linear and dose-proportional (based on AUC) across the range
of 5 mg to 30 mg. In contrast, Cmax did not always exhibit dose-proportionality and
tended to increase by an amount less than the proportional change in dose. Results for
the 2.5 mg and 40 mg doses of SKY0401 are not included in the following table because
only 2 subjects received each of these doses.
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Mean (SE) Morphine Pharmacokinetic Parameters: Pooled Anal sis

Parameter Unencapsulated [SKY0401 SKY0401  [SKY0401 KY0401 [SKY0401 [SKY0401
Morphine 5 mg5 mg(n=14) [10 mg (n=36){15 mg (n=71)20 mg (n=63)25 mg (n=32)30 mg (n=25
n=26)

Cmax 20.01 (10.08) | 9.37(5.67) [20.01(9.51)(18.64 (10.43)[26.41 (18.57)[22.58 (15.36)47.25 (28.87)

ng/ml)

AUCO-t (ngﬂ 47.81(39.41) |30.85(11.82) [135.9 (116.7){100.9 (43.64)]160.8 (76.34){158.3 (55.73)[297.9 (134.8)

hr/mL) :

AUCO0-oo(ng 51.67 (34.76) | 40.98 (10.63) 124.89 131.62 185.94 207.26 341.51

hr/mL) (98.08) " (73.66) (81.42) (71.70) (136.88)

t1/2 (hr) 5.81(16.88) | 4.244 (2.10) 16.17 (19.66){19.97 (20.55)[23.90 (25.39)} 32.90 (24.2-|25.75 (14.58)

U]

Az (hr-1) 0.307 (0.101) | 0.194 (0.078) [0.116 (0.096){ 0.093 (0.10) | 0.096 (0.15) ] 0.038 (0.03) {0-041 (0.035)

CL/F 23.51(6.96) | 28.85(9.70) [23.30(13.53)[31.12 (21.83)|27.68 (12.09)[27.35 (10.63)] 22.43 (8.75)

'mL/min‘kg)

CL/F 1888.96 (520.47)| 2190.67 1896.28 2613.81 2165.19 2322.35 1779.10

mL/min) (696.95) (1201.45) | (2065.46) | (1075.97) | (925.98) (937.50)

Vz/F (L/kg) 6.39 (8.22) 9.85(3.79) [24.24 (26.55)38.20 (28.17){46.33 (40.19162.02 (31.16)[42.93 (16.68)

)
Vz/F (L) 495.10 (552.49) 767.18 1766.57 3026.43 3641.11 5346.45 3262.18
(341.10) (1562.62) | (2105.95) | (3217.03) | (2903.98) | (1429.60)

Skymorph Dose proportionality/linearity in patients: The Cmax and AUC of morphine

. appear to increase linearly with dose. A comparison of the pharmacokinetics between
healthy subjects (Study DTC96-003) and patients undergoing surgery (Study SKY0401-
008, -009. -011, -012B and -016) is presented below. The results of the comparison
appear to demonstrate higher Cmax, lower AUC, and shorter half-life for healthy subjects
compared to patients undergoing surgery. There were no apparent differences between

- healthy subjects and patients with respect to morphine CL/F, Az, and Vz/F. However,
because of the small sample size of healthy subjects at each dose, these results should be
interpreted with caution.

Appears This Way
On Original



Comparison of Mean (SE) Morphine Pharmacokinetics between Healthy Subjects and Patients
Undergoing Surgery: Pooled Analysis

ICmax IAUCOQ-c0 t1/2 Az CL/F z/F
ng/mlL) ng-hr/mL) hr) hr'!) mL/min/kg) L/kg)
Healthy Subjects

Unencapsulated | 26.0 (7.21) | 39.37(9.19) | 3.34(0.64) | 0.21(0.04) | 2591 (4.29) 7.62 (2.67)
MS (o=2)

5 mg SKY0401 | 15.07 (6.65) | 45.33 (11.26) { 4.37(3.17) { 0.22(0.12) | 29.91(8.37) 10.00 (4.84)
n=4)

10 mg SKY0401; 34.25 (3.60) | 86.30 (11.65) | 9.56 (8.08) | 0.11(0.08) | 27.45(10.34) 19.53 (13.17)
n=4)

20 mg SKY0401| 52.633 (2.28) |171.43 (18.28)| 11.27 (2.26) | 0.06 (0.01) | 30.51 (3.04) 29.94 (7.40)
n=3)

30 mg SKY0401| 58.85(22.73) | 281.15 (49.82) | 20.88 (6.00) | 0.04 (0.01) | 25.82(6.35) 44.42 (6.15)
n=4)

Surgery Patients

Unencapsulated | 19.56 (10.24) | 52.84 (36.17) | 6.04 (17.69) | 032 (0.10) | 23.28 (7.20) 6.28 (8.59)

MS (n=24)

5 mg SKY0401 | 7.10(3.40) | 38.80(10.35) | 4.18 (1.61) | 0.18 (0.05) | 28.32 (10.81) 9.77 (3.54)
n=10)

10 mg SKY0401} 18.23 (8.45) {131.91 (105.34){ 17.37(21.00)| 0.12 (0.10) | 22.55(14.10) | 25.10(28.46)
n=32)

20 mg SKY0401/ 25.10 (18.04) | 186.77 (83.63)| 24.62 (25.93)} 0.10(0.15) | 27.51 (12.41) | 47.28 (41.13)
n=60)

30 mg SKY0401( 45.04 (29.84) |355.71 (147.75) 26.89 (15.86) | 0.04 (0.04) | 21.64 (9.20) 42.58 (18.44)
n=21)

[Results presented in arithmetic means

Skymorph_interaction with_test dose: Mean dose-normalized Cmax for subjects who

received a test dose was approximately 63% higher than that for subjects who did not -
receive a test dose. However, the results indicated that a wait time of at least 10 minutes

substantially mitigates the effect of the test dose on Cmax. As expected, AUC was not

affected by administration of the test dose. Additionally, an examination of the effect of

a test dose across all clinical studies confirmed the results of Study SK'Y0401-016.

Effect of Test Dose and Wait Interval on Cmax

Cmax{1] AUCQ-c0

n [2} Mean (SE) n Mean (SE)
[Test Dose 167 5.87 (0.28) 146 42.19 (1.79)
INo Test Dose 48 3.60 (0.32) 42 38.38 (3.03)
[Test Dose Interval
[<3 minutes 21 8.70 (1.12) 20 36.96 (4.40)
4-9 minutes 7 5.98 (1.34) 7 42.14 (8.49)
10-14 minutes 14 4.61 (0.73) 13 44.11 (6.52)
15-30 minutes 4 5.76 (0.51) 43 40.04 (3.25)
>30 minutes 23 3.67 (0.45) 21 36.89 (4.29)
[1] Dose normalized to 5 mg
[2] Wait interval information was unavailable for patients in Study SK'Y0401-008 and SK'Y0401-009.
Therefore, the total n for the interval analysis is lower than that of the test dose group.

Morphine CSF concentration: The Cmax and AUC of morphine CSF levels were 100

to 400 times that of the systemic morphine concentrations. Morphine was detected in the
CSF as early as 5 minutes after injection. Following epidural administration of 2.5 and



5.0 mg of SKY0401, morphine concentrations in CSF were not detected after the 58-hour
time point. Following epidural administration of 20 mg SKY0401, CSF concentrations
of morphine stayed somewhat constant between 34 and 82 hours; however, at the 96-hour
time point, morphine concentrations were not detected. For 10, 30, and 40 mg dosing
cohorts, morphine concentrations in the CSF were measurable at 96 hours. In addition,
two subjects who were dosed with 30 mg SKY0401 and one subject dosed with 40 mg
SKY0401 had morphine CSF concentrations above 100 ng/mL at 96 hours.

arameter 5 mg (n=2) 10 mg (n=2) 20mg (n=1)

IAUCO ‘ng hr/mL.) 7825.20 27406.11 50462.75
CL/F (L/hr) 0.65 0.53 0.40
Fmax (ng/mL) 3324.75 7035.00 8560.00
MRT (hr) 4.31 457 6.02
max (hr) 0.58 1.00 3.00
Vz/F (L) : - 5.55 4.19 3.53
[1/2 (br) 6.13 10.29 6.17
Data Source: Table 12.3.2, Study DTC96-003

This study indicated that there were no signs of spinal metabolism. M3G was not
detected in CSF and only a trace of M6G was found in one CSF sample. Comparison of
elimination profiles for morphine from CSF and plasma for subjects with indwelling
catheters indicated that morphine was cleared with similar rates from CSF and plasma.
Generally, t1/2 values were comparable for each subject if the values were determined
over the same time period. The t1/2 and MRT values generally increased with increasing
dose of SKY0401. CSF concentrations of morphine at 24 hours after the epidural dose
appeared to be comparable to the minimal concentrations associated with analgesia (10.5-
101 ng/mL), suggesting that SK'Y0401 has the potential to provide analgesia for extended
periods, thereby reducing the need for repeated epidural doses.

Morphine-3-B-glucuronide: Plasma concentrations of inactive metabolite, M3G, were
generally about 10-fold greater than plasma concentrations of morphine.

Morphine-6-f-glucuronide: Plasma concentrations of the pharmacologically active
metabolite, M6G, peaked later than morphine and were also generally higher than plasma
morphine concentrations, although peak concentrations of M6G were less than 50% of
the morphine Cmax; overall mean AUC0-~ values for M6G were approximately 1.5-fold
higher than the corresponding AUCO0- values for morphine.

Metabolite-to-Parent Ratios: The pooled analysis of metabolite to parent (morphine)
ratios demonstrated no appreciable dose-related differences in metabolite AUC ratios.

Morphine dose Mean AUC M3G/M Mean AUC M6G/M
5 mg 7.96 0.85
10 mg 7.77 . 1.02
15 mg 9.89 1.53
20 mg 9.79 1.45
25 mg 8.29 1.96
30 mg 104 1.38
5 mg Unencapsulated 8.15 0.97




Age and gender:

Cmax

Analysns of Mean (SD) Dose-Normalized Cmax by Gender and Age, All Studies
Female Male <65 years >635 years

[Parameter n=128 =117 n=183 n=62

Cmax (ng/mL) 6.45 (0.39) 5.15(0.32) |5.87(0.30) 5.58 (0.49)

Ratio[1] 1.25 1.05

90% C.Linterval 1.09-1.45 0.89-1.24

[1] Ratio of the geometric least square (LS) means of female to mnld<65 years to >65 years

Female subjects exhibited a 25% higher Cmax than male subjects. This is likely due to
the typical differences in body weight and body mass index between males and females.
Subject age did not have an effect on mean Cmax. For subjects >75 years of age, due to
the small sample size, statistical analysis was not performed.

CL/F

Analysis of Morphine Clearance (CL/F) by Gender: All Studies, All Doses
Female Male 0%

Parameter n=109 n=105 Ratio[1] iconfidence interval

ICL/F (mL/min/kg 23.651 (1.027) 26.147 (1.157) 0.9045 0.816 1.002

ICL/F (mL/min) 1719.2 (78.089) 2283.3 (105.67) 0.7529 0.676  0.838

[1] Ratio of the geometric least square (LS) means of female to male

When mean CL/F results were corrected for subject weight, no significant dlfference was
observed between males and females.

Analysis of Morphine Clearance (CL/F) by Age: All Studies, All Doses

[£65 years 565 years | 90%
Parameter =162 n=52 [Ratio[1] confidence interval
ICL/F (mL/min/kg)  [25.610(0.911) P2.603 (1.420)  {1.1330 1.006-1.277
ICL/F (ml/min) 2066.4 (79.355)  {1718.8 (116.50)  11.2023 1.057-1.367
[1] Ratio of the geometric least square (LS) means of female to male

A slight effect of patient age was observed on SKY0401 CL/F. As the data show,
clearance of SKY0401 was approximately 13% slower in subjects >65 years of age

compared to those <65.

2 QBR

2.1 General Attributes of the Drug and Drug Product?

2.1.1 What is the description of the active drug?



International Nonproprietary Name: Morphine Suifate
Compendial Name: Morphine Sulfate, USP
Chemical Name:

7,8-Didehydro-4,54-epoxy-17-methylmorphinan-3,6&-
diol sulfate (2:1) (salt), pentahydrate

Chemical Abstracts Service (CAS) registry number:

Pentahydrate 6211-15-0
Anhydrous 64-31-3

Molecular formula

(C17HI9NO3)2 «H2504 +5H20

Formula weight

758.83

Structure of morphine sulfate:

-

HE =

11,50, 05H0

2.1.2 What is the description and composition of the drug product?

SKY 0401 (sustained-release encapsulated morphine) is a sterile, non-pyrogenic, white to

off-white aqueous suspension of multivesicular lipid-based particles (DepoFoam®)drug
delivery system) containing morphine sulfate, intended for local sustained release

following epidural administration.
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Role of Component in Formulation

Morphine Sulfate: Active drug substance.

DOPC: Zwitterionic phospholipid comprising the major constituent of the lipid
membranes. The lipid layers, along with the triglycerides triolein and tricaprylin,
provide the sustained-release properties of the product.

| DPPG: Negatively charged phospholipid included in the lipid membrane; helps prevent
aggregation during and after manufacture.
'| Cholesterol: Mechanical stabilization of the lipid membranes. :
Triolein Tricaprylin: ‘Stabilization of membrane junctions in the multivesicular liposomal structure.
Together with the lipid layers, provides the sustained-release properties of the
. product.
Sodium Chloride: Tonicity adjustment (external phase / suspending medium).
Water for Injection: ' ‘
|
L.

2.1.3 What are the highlights of the chemistry and physical-chemical properties of the
liposome ?

The development plan of a sustained-release formulation of morphine for epidural
administration, was to maintain morphine concentrations for a prolonged period at the
epidural space, thereby increasing analgesic duration of action. The multivesicular
liposome (MVL) that comprises the drug product is a lipid-based honeycomb of
numerous non-concentric aqueous chambers containing dissolved drug. The sustained-
release nature of the encapsulated morphine is imparted by the combination of lipids that
form the walls of the MVL particles. Particles are generally in the 17-23 pm diameter
size range. Lipids constitute approximately [ T of the total particle volume. The
particles are suspended in a 0.9% sodium chloride solution at a volume fraction (packed
particle volume, or lipocrit) in the range of .[_ 3 In the final product, the majority of
the drug in the suspension is encapsulated within the MVLs, with less than T T of the
total morphine appearing in the external phase. :

A typical scanning electron micrograph of an MVL particle is shown below:

Confocal photomicrographs of an MVL particle are shown below. The lipid phase of the
particle has been labeled with a red-fluorescent dye and the aqueous phase has been
labeled with a green-fluorescent dye. The images clearly show the multivesicular nature
of the particle.

10
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Muttivesicular Liposome Particle

Agueous

A typical particle size distribution is shown below. The volume-weighted median
diameter is on the order of 20 pm, with a d10 of 14 pm and a d90 of 28 pm.

.
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A typical in-vitro release (retention) profile is shown below. In this procedure, MVLs are
bathed in an aqueous BSA solution at 37°C with mild agitation. Samples are assayed at
various times for the amount of morphine retained in the particles. This system exhibits a
release profile over a 4-day period. From the clinical data, it appears that in vivo release
(i.e., plasma concentrations) occurs somewhat more rapidly, generally over 24 to 48
hours. In all, the current in-vitro release system is being used only as a QC tool to
characterize reproducibility of manufacture from lot to lot.
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2.1.4 What are the highlights of the formulation development?

The Applicant stated that the chain length of the triglyceride has a significant impact on
the release rate of drug from MVL systems. Based on this, a morphine MVL formulation

11
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with tricaprylin and triolein were compared. The in vivo and in vitro \CT

7Y tests were conducted with various ratios of the two triglycerides. Based
on the in vitro and in vivo results, a triolein to tricaprylin mole ratio - L.
3. was selected as the lead formulation for preclinical and initial human clinical studies.

2.1.5 What are the proposed mechanism of action and therapeutic indication(s)?

It is speculated that epidural administration of morphine sulfate results in analgesia
without general systemic adverse reactions (attendant loss of motor, sensory, or
sympathetic function). It appears that, as compared to systemic administration of
morphine at comparable doses, epidurally administered morphine results in improved
analgesia with increased duration.

Morphine, a pure opioid agonist, is a p-receptor, although it can interact with other opioid
receptors at higher doses. Opiate receptors include p (mu), kappa (kappa), and delta
(delta), which have been reclassified by an International Union of Pharmacology
subcommittee as OP1 (delta), OP2 (kappa), and OP3 (n). In addition to analgesia, the
widely diverse effects of morphine include drowsiness, changes in mood, respiratory
depression, decreased gastrointestinal motility, nausea, vomiting, and alterations of the
endocrine and autonomic nervous system.

Effects on the Central Nervous System (CNS): The principal therapeutic action of
morphine is analgesia, although the precise mechanism of the analgesic action is
unknown. Other therapeutic effects of morphine include anxiolysis, euphoria and
feelings of relaxation. Throughout the brain and spinal cord, specific CNS opiate
receptors and endogenous compounds with morphine-like activity have been identified
and are likely to play a role in the expression and perception of analgesic effects. As with
all opioids, morphine can cause respiratory depression, in part by a direct effect on the
brainstem respiratory centers; opioids depress the cough reflex by direct effect on the
cough center in the medulla. Antitussive effects may occur at lower doses. Morphine
may cause miosis, even in total darkness. Pinpoint pupils are a sign of opioid overdose;
however, when asphyxia is present during opioid overdose, marked mydriasis occurs.

Effects on the Gastrointestinal Tract and on Other Smooth Muscle: Morphine reduces
gastric, biliary and pancreatic secretions, and causes a reduction in motility. Digestion of
food in the small intestine is delayed and propulsive contractions are decreased;
propulsive peristaltic waves in the colon are decreased, while tone can be increased to the
point of spasm, often resulting in constipation. Morphine can cause a marked increase in
biliary tract pressure as a result of spasm of the sphincter of Oddi. Morphine may also
cause spasm of the sphincter of the urinary bladder.

Effects on the Cardiovascular System: In therapeutic doses, morphine does not usually
exert major effects on the cardiovascular system. Morphine produces peripheral
vasodilatation that may result in orthostatic hypotension and fainting. Release of



histamine can occur, which may play a role in opioid-induced hypotension.
Manifestations of histamine release and/or peripheral vasodilatation may include pruritus,
flushing, red eyes and sweating.

2.1.6 What are the proposed dosage and route of administration?
The proposed dosage and route of administration is a liposomal solution and by epidural

route, respectively. Plasma morphine concentration was measured as a surrogate to
indicate exposure of cerebrospinal fluid to morphine.

2.1.7 What are the lots used in the clinical trials?

Clinical Study # Phase SKY0401 Lots Used Scale
96-003 I ~ 96-0085 ] Pilotr ~—
97-0020 ‘ B
C0401-008 i - 97-0020 Pilot ___
: 98-0007
98-0008
99-0010*
IC0401-009 108 - 97-0020 ‘ Pilot .
97-0021 :
98-0007
98-0008
99-0007
ISKY0401-011 11 00-4007 Commercial
02-4004 o
02-4005
024007
ISKY0401-012 11 00-4007 Commercial
02-4004 —_
02-4005
02-4007
ISKY0401-015 0 02-4005 ICommercial
02-4007 -
ISKY0401-016 I 102-4005 Commercial
102-4007 .
ISK'Y0401-017 i 02-4004 [Commercial
) 02-4005 P e
02-4007 |

* This lot was made with a different formulation, SKY0401.1, described in Section 3.2.P.2.2.1
(Formulation Development). It was tested in preclinical studies and used briefly in clinical study
C0401-008, but not further pursued.

2.2 General Clinical Pharmacology
2.2.1 What is the basis for selecting the response endpoints, i.e., clinical or surrogate
endpoints, or biomarkers (also called pharmacodynamics, PD) and how are they

measured in clinical pharmacology and clinical studies?

Pain intensity was rated by the patients using a Visual Analog Scale (VAS). As stated
above, following epidural administration, the site of action is believed to be at the spinal
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level. Due to limits on measuring morphine concentrations at spinal level, systemic
plasma concentration of morphine was measured as a surrogate to indicate exposure of
cerebrospinal fluid to morphine. It is should be noted that the pilot Study DTC96-003,
measured CSF morphine concentrations. In this study, due to small number of subjects
enrolled in the study, the results were variable. However, morphine CSF levels were 100
to 400 times the systemic morphine concentrations. No other CSF morphine
concentrations were obtained in the remaining PK studies.

2.2.2 Exposure-response

2.22.1 What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for efficacy? If relevant, indicate the time
to the onset and offset of the pharmacological response or clinical endpoint.

The relationship between the plasma morphine pharmacokinetics and efficacy results
from two pivotal Phase III clinical studies was examined (See below table; Studies
SKY0401-011 and SKY0401-012B). The results suggest an overall relationship between
the dose of SKY0401 and reduction in pain as measured by postoperative fentanyl use or
VAS pain intensity scales. The morphine AUC is observed to increase in a roughly dose-
proportional fashion in a subset of patients in the same trials.

The Applicant stated that formal pharmacokinetic /pharmacodynamic modeling was not
conducted for two reasons. First, there are a limited number of patients with paired
effectiveness and plasma pharmacokinetic data; and second, the concentrations in plasma
are at best an indirect measure of concentrations at the site of action.

Mean (SD) Pharmacokinetic and Pharmacodynamic Measures

Placebo 5mg 10 mg 15 mg 20 mg 25 mg
ISKY0401-011
[Total Fentanyl [1] 2091 (1803) 663 (715) 485 (715) 371 (675)

"~ IVAS 0-48 [2] 1462 (745) . 946 (767) {737 (663) 654 (714)
IAUC 0- [3] 163 (102) |189 (98) 219 (84)
ISKY0401-012B
Total Fentanyl [1] 1213 (1079) 995 (907) 060 (770) 1972 (982) 683 (620)
'VAS 0-48 2] 1125(798) (1078 (784) 1892 (686) 854 (725) 775 (602)
IAUC 0- [3] 39 (10) 93 (33) 128 (73) {176 (92) 189 (67)

[1] Total cumulative fentanyl dose 0 48 hours post-op (mcg) in all ITT patients

Study 011: N =49, 50, 49, and 46 for placebo, 15, 20, and 25 mg doses, respectively

Study 012B: N = 86, 70, 84, 79, and 83 for 5, 10, 15, 20, and 25 mg doses, respectively

[2] Area under the effect versus time curve 0-48 hours for VAS pain intensity at rest in all ITT patients
Study 011: N =48, 49, 47, and 45 for placebo, 15, 20, and 25 mg doses, respectively

Study 012B: N = 85, 66, 83, 75, and 82 for 5, 10, 15, 20, and 25 mg doses, respectively

[3) AUCO-( for serum morphine concentrations in PK evaluable patients

Study 011: N=19, 21, and 19 for 15, 20, and 25 mg doses, respectively

Study 012B: N =10, 12, 10, 12, and 10 for 5, 10, 15, 20, and 25 mg doses, respectively
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Study 011

The endpoint measuring the total amount of fentanyl use 0-48 hours post-dose showed
overall statistical significance (p <0.0001). The mean (SD) amount of fentanyl used
during the first 48 hours after surgery decreased with increasing SKY0401 dose. In
addition, the mean (SD) area under the effect versus time curve for VAS pain intensity at
rest (VASO0-48) decreased from 946 (767) in patients receiving SKY0401 15 mg to 371
(675). In the subset of patients with serum pharmacokinetic data, mean (SD) AUCO0-c0
increased in approximate proportion to the dosage across the same dosage range.

Study 012B

The endpoint measuring the total amount of fentanyl use 0-48 hours post-dose showed
overall statistical significance (p <0.0015). As was observed in Study 011, the amount of
fentanyl used in the first 48 hours and the VAS0-48 decreased as the dosage of SKY0401
increased in Study 012B. Serum morphine AUCO- also increased in a roughly dose-
proportional fashion.

2.2.2.2 Does this drug prolong the QT or QTc interval?

QT study has not been studied. However, morphine is not known to prolong QT interval.

2223 Is the dose and dosing regimen consistent with the known relationship
between dose-concentration-response, and are there any unresolved dosing or
administration issues?

It is well known that there is no predictable relationship between morphine serum levels
and analgesic response. Additionally, an analgesic response is patient-specific, with a
minimum effective analgesia plasma level. However, the minimum effective analgesia
plasma concentration of morphine varies from patient to patient. -

It is well known that several factors may affect a patient's response to a given opiate
agonist including age, prior opiate therapy, medical condition, and emotions. Also, there
is no relationship between morphine plasma levels and incidence of adverse events,
although higher levels are associated with more adverse events than lower levels.

2.2.3 What are the PK characteristics of the drug and its major metabolite?

Morphine CSF
A pilot Study DTC96-003 measured CSF morphine concentrations. In this study, due to

small number of subjects enrolled in the study, the results were variable. However,
morphine CSF levels were 100 to 400 times that of the systemic morphine
concentrations. Morphine was detected in the CSF as early as 5 minutes after injection.
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Following epidural administration of 2.5 and 5.0 mg of SKY0401, morphine
concentrations in CSF were not detected after the 58-hour time point. Following epidural
administration of 20 mg SKY0401, CSF concentrations of morphine stayed somewhat
constant between 34 and 82 hours; however, at the 96-hour time point, morphine
concentrations were not detected. For 10, 30, and 40 mg dosing cohorts, morphine
concentrations in the CSF were measurable at 96 hours. In addition, two subjects who

were dosed with 30 mg SKY0401 and one subject dosed with 40 mg SKY0401 had
morphine CSF concentrations above 100 ng/mL at 96 hours.

Mean CSF Morphine Concentrations for Subjects Who Received 20 mg SKY0401
Epidurally: Study DTC96-003

103000

| PR A Y e
15000 -
g 1000
100
g 10
!
0§
Timz (hri
Péramcter 5 mg (n=2) 10 mg (n=2) 20mg (n=1)
[AUCO0 (ng hr/mL) 7825.20 27406.11 50462.75
ICL/F (L/hr) 0.65 0.53 0.40
Cmax (ng/mL) 3324.75 7035.00 8560.00
MRT (hr) 431 4.57 6.02
max (hr) 0.58 1.00 © 3.00
V2/F (L) 5.55 4.19 3.53
1/2 (hr) 6.13 10.29 6.17
[Data Source: Table 12.3.2, Study DTC96-003

This study indicated that there were no signs of spinal metabolism. M3G was not
detected in CSF and only a trace of M6G was found in one CSF sample. '

Comparison of elimination profiles for morphine from CSF and plasma for subjects with
indwelling catheters indicated that morphine was cleared with similar rates from CSF and
plasma. Generally, t1/2 values were comparable for each subject if the values were

determined over the same time period. The t1/2 and MRT values generally increased with
increasing dose of SKY0401.

CSF concentrations of morphine at 24 hours after the epidural dose appeared to be
comparable to the minimal concentrations associated with analgesia (10.5-101 ng/mL),
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suggesﬁng that SK'Y0401 has the potential to provide analgesia for extended periods,
thereby reducing the need for repeated epidural doses.

Morphine

See below under single dose linearity and healthy vs. patients PK comparison sections.

Morphine-3-B-glucuronide

Plasma concentrations of inactive metabolite, M3G, were generally about 10-fold greater
than plasma concentrations of morphine.

Morphine-6-8-glucuronide

Plasma concentrations of the pharmacologically active metabolite, M6G, peaked later
than morphine and were also generally higher than plasma morphine concentrations,
although peak concentrations of M6G were less than 50% of the morphine Cmax; overall
mean AUC0-0 values for M6G were approximately 1.5-fold higher than the
corresponding AUCO-O values for morphine.

Metabolite-to-Parent Ratios

The pooled analysis of metabolite to parent (morphine) ratios demonstrated no
appreciable dose-related differences in metabolite AUC ratios.

Morphine dose . Mean AUC M3G/M Mean AUC M6G/M
5mg 7.96 0.85
10 mg 7.77 1.02
15 mg 9.89 1.53
20 mg 9.79 1.45
25 mg 8.29 ‘ 1.96
30 mg 104 1.38
5 mg Unencapsulated 8.15 0.97

2.23.1 What are the single dose PK parameters? (Provide tables to refer to in
subsequent questions in this section). How does the PK of the drug in healthy
volunteers compare to that in patients?

A comparison of the pharmacokinetics between healthy subjects (Study DTC96-003) and
patients undergoing surgery (Study SKY0401-008, -009. -011, -012B and -016) is
presented below. The results of the comparison appear to demonstrate higher Cmax,
lower AUC, and shorter half-life for healthy subjects compared to patients undergoing

surgery.

There were no apparent differences between healthy subjects and patients with respect to
morphine CL/F, Lz, and Vz/F. However, because of the small sample size of healthy
subjects at each dose, these results should be interpreted with caution.
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Comparison of Mean (SE) Morphine Pharmacokinetics between Healthy Subjects
and Patients Undergoing Surgery: Pooled Analysis

Cmax - IAUC0-0 Iti/2 Dz ICL/F Vz/F
ng/mL) ng-hr/mL) hr) ) ‘mL/min/kg) L/kg)
Healthy Subjects

. {Unencapsulated 6.0 (7.21)  B9.37(9.19) P.34(0.64) .21 (0.04) P591(429)  [1.62(2.67)
gﬁéns:gmm 1507 (6.65) 533 (11.26) W37(3.17) [0.22(0.12) P9.91(8.37)  |10.00 (4.84)
lr(l)_:l)gSKYMOl 3425(3.60) [86.30(11.65) 9.56(8.08) P.11(0.08) P7.45(10.34) [19.53 (13.17)
2%-:1)g SKY040152.633 (2.28) [171.43 (18228) [[1.27 (2.26) 0.06 (0.01) P0.5I1 (3.04)  [29.94 (7.40)
3?)31}31(\{0401 58.85(22.73) [281.15(49.82) [20.88 (6.00) [0.04(0.01) P5.82(635) W442(6.15)
n—= .

Surgery Patients

[Unencapsulated {19.56 (10.24) [|52.84 (36.17) 16.04 (17.69) 0.32(0.10) [23.28 (7.20) 6.28 (8.59)
gﬂxig(ns—lzi)MOI 7.10 (3.40) 38.80(10.35) HK.18(1.61) 0.18(0.05) [8.32(10.81) P.77(3.54)
11(1)_111(;)SKY0401 18.23 (8.45) {131.91(105.34)]17.37 (21.00) 10.12 (0.10) P2.55(14.10) [25.10 (28.46)
2[(1)_312g)SKY0401 25.10 (18.04) |186.77 (83.63) 124.62 (25.93) 0.10(0.15) [P7.51(12.41) (47.28 (41.13)
Bl:)zrfl(;)SKYMOl 45.04 (29.84) 1355.71 (147.75)26.89 (15.86) [0.04 (0.04) [21.64 (9.20) 42.58 (18.44)
I:e—si:t)s presented in arithmetic means

2.2.3.2 What are the characteristics of drug distribution?

Literature data: Morphine has an apparent volume of distribution ranging from 1.0 to 4.7
L/kg after intravenous dosage. Protein binding is low, about 36%, and muscle tissue
binding is reported as 54%. A blood-brain barrier exists, and when morphine. is
introduced outside of the CNS (eg. intravenously ), plasma concentrations of morphine
remain higher than the corresponding CSF morphine levels. Conversely, when morphine
is injected into the intrathecal space, it diffuses out into the systemic circulation slowly,
accounting for the long duration of action of morphine administered by this route.

2.2.3.3 What are the characteristics of drug metabolism?

Literature data: Metabolism of morphine occurs in the primarily in the liver but also may
occur in the brain and kidneys via cytochrome P450 2D6 enzymes. . Morphine is
conjugated with glucuronic acid to form 3-glucuronide (50%), 6-glucuronide (5—15%),
and 3,6-glucuronide and other minor metabolites. Morphine 3-glucuronide antagonizes
morphine and may cause hyperalgesia and myoclonus during high dose morphine
therapy. In addition, the 3-glucuronide metabolite may be important in the development
of tolerance to morphine. Morphine 6-glucuronide is a more potent analgesic than
morphine and may significantly contribute to morphine's activity. With chronic dosing of
morphine, the AUCs of the glucuronide metabolites are greater than that of morphine.
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Active metabolite, morphine-6-glucuronide; t1/2 = 4.0 £+ 1.5 hours. Steady-state ratio of
active metabolite to parent after oral dosing =4.9 + 3.8.

2.2.3.3 What are the characteristics of drug excretion?

Literature data: Excretion is largely in the urine and bile as the morphine-3-B-glucuronide
and 6-B-glucuronide metabolites, with smaller amounts as the secondary conjugate and
unchanged drug. Morphine is eliminated by the kidneys, 2 to 12% being excreted
unchanged in the urine. Within about 24 hours of the last dose given; total urinary
elimination is approximately 90%. Between 7—10% is excreted in the feces, mainly via
the bile. Terminal half-life is commonly reported to vary from 1.5 to 4.5 hours after
parenteral administration.

With SKY0401, the terminal half-life increased with increasing epidural doses. See

above table, section, 2.2.3.2.

2.2.3.4 Based on PK parameters, what is the degree of linearity or nonlinearity in the
dose-concentration relationship?

In all studies, the pharmacokinetics of SKY0401 appeared to be lincar and dose-
proportional (based on AUC) across the range of 5 mg to 30 mg.

In contrast, Cmax did not always exhibit dose-proportionality and tended to increase by an
amount less than the proportional change in dose. Results for the 2.5 mg and 40 mg
doses of SKY0401 are not included in the following table because only 2 subjects
received each of these doses.

Mean (SE) Morphine Pharmacokinetic Parameters: Pooled Analysis

Parameter [Unencapsulated |SKY0401 [SKY0401 KY0401 |SKY0401 [SKY0401 [SKY0401
Morphine 5 mg {5 mg (n=14) |10 mg (n=36)[15 mg (n=71){20 mg (n=63)R25 mg (n=32)30 mg (n=25),
n=26) .
ICmax (ng/mL) [20.01 (10.08) 9.37 (5.67) {20.01 (9.51) |18.64 (10.43)[26.41 (18.57)22.58 (15.36){7.25 (28.87)
AUCO-t (ng  147.81(39.41) 30.85 135.9 (116.7){100.9 (43.64){160.8 (76.34)158.3 (55.73)[297.9 (134.8)
hr/mL) (11.82)
AUCO-o(ng  [51.67 (34.76) 40.98 124.89 131.62 185.94 207.26 341.51
hr/mL) 10.63) 98.08) 73.66) 81.42) 77.70) 136.88)
t1/2 (hr) 15.81 (16.88) 4.244 (2.10) {16.17 (19.66)[19.97 (20.55)[23.90 (25.39)[32.90 (24.2- {25.75 (14.58)
0)
Az (hr-1) 0.307 (0.101) ~ 10.194 0.116 (0.096)[0.093 (0.10) 10.096 (0.15) 10.038 (0.03) 10.041 (0.035)
0.078)
ICL/F 23.51 (6.96) 28.85 (9.70) 123.30 (13.53)131.12 (21.83)[27.68 (12.09)[27.35 (10.63)[22.43 (8.75)
mL/min/kg)
ICL/F (mL/min) |1888.96 (520.47) [2190.67 1896.28 2613.81 2165.19 2322.35 1779.10
: 696.95) 1201.45) 2065.46) 1075.97) 925.98) 937.50)
[Vz/F (L’kg) 1639 (8.22) 9.85 (3.79) [24.24 (26.55)38.20 (28.17){46.33 (40.19 62.02 (31.16)|42.93 (16.68)
VZ/F (L) 495.10 (552.49) [767.18 1766.57 3026.43 3641.11 5346.45 3262.18
341.10) 1562.62) 2105.95) 3217.03) - £2903.98) 1429.60)
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2.3 Intrinsic Factors

2.3.1.1 Pediatric patients. What is the status of pediatric studies and/or any pediatric
plan for study?

Deferral of pediatric studies was discussed during the End of Phase 2 meeting held on Jan
13, 2000. The Division agreed, dated February 11, 2000, that pediatric studies should be
deferred until after SKY0401 approval in the adult population.

2.3.1.2 Gender and age

In the current application, SKY was studied in over 900 subjects; 253 were 65 years of
age and older and 53 of these patients were 75 years of age and over. With opioids,
elderly patients (65 years of age or older) may have increased sensitivity to morphine.
The Applicant stated that the efficacy and opioid adverse event profiles of these elderly
patients at the same or lower dose of SKY were similar to younger adults. Since
morphine liposome is intended for single dose usage, the morphine and its metabolites -
accumulation is not expected in elderly population

Across the six clinical studies described in this report, pharmacokinetic data are available
for 282 male and female subjects 18 years of age or older who received SKY0401 or
unencapsulated morphine. The mean (SD) age of all subjects was 53.4 (14.36) years, and
ranged from 18-83 years. There were 139 males and 143 females. Of the 282 subjects,
69 were 65 years of age. The elderly population consisted of 41 males and 28 females
with a mean (range) age of 71.6 (65-83) years.

The effect of age and gender on SKY0401 Cmax and clearance was assessed across all six
clinical studies. For the analysis of Cmax, the Cmax of each dose across all studies was
normalized to 5 mg and the pooled results were analyzed by gender and age.

Analysis of Mean (SD) Dose-Normalized Cmax by Gender and Age, All Studies

Female Male <59 yoars >65 years
Parameter n=128 n=117 n=183 n=62
Cmax (ng/mL) 6.45 (0.39) 5.15(0.32) |5.87 (0.30) 5.58 (0.49)
Ratiof 1] 1.25 ~1.05
90% C.Linterval 1.09-1.45 0.89-1.24
1] Ratio of the geometric least square (LS) means of female to malel<65 years to >G5 years .

Female subjects exhibited a 25% higher Cmax than male subjects. This is likely due to
the typical differences in body weight and body mass index between males and females.

Subject age did not have an effect on mean Cmax. For subjects 275 years of age, due to
the small sample size, statistical analysis was not performed.

20



Analysis of Morphine Clearance (CL/F) by Gender: All Studies, All Doses

Femnale Male 0%
Parameter ‘ n=109 n=105 Ratio[1] [confidence interval;
CL/F (mL/min/kg) 23.65(1.03) 26.15 (1.16) 0.90 0.82 - 1.00
ICL/F (mL/min) 1719.2 (78.09) 2283.3 (105.67) 0.75 0.68 -0.84
1] Ratio of the geometric least square (LS) means of female to male

When mean CL/F results were corrected for subject weight, no significant difference was
observed between males and females.

Analysis of Morphine Clearance (CL/F) by Age: All Studies, All Doses

<65 yoars >65 years 90%
Parameter n=162 =52 Ratio[1] confidence interval
CL/F (mL/min/kg) | 25.61(091) | 22.60(1.42) 1.13 1.01-1.28
ICL/F (mL/min) 2066.4 (79.35) | 1718.8 (116.50) 1.20 1.06-1.37
[1] Ratio of the geometric least square (LS) means of female to male

A slight effect of patient age was observed on SKY0401 CL/F. As the data show,
clearance of SKY0401 was approximately 13% slower in subjects >65 years of age
compared to those <65.

2.3.1.3 Renal impairment

Literature data: In patients with renal dysfunction, accumulation of the morphine-3
glucuronide and 6-glucuronide occurs leading to prolonged serum levels and increased
toxicity. It is reported that in renal failure, t1/2 may increase to 50 + 37 hours, resulting
in significant accumulation of active glucuronide metabolite after parenteral
administration. Since morphine liposome is intended for single dose usage, the morphine
and its metabolites accumulation is not expected in elderly population

Additionally, morphine CL/F was not affected by age, where the renal function is known
to decrease with age.

2.3.1.4 Hepatic impairment

Literature data: The half-life of morphine is significantly prolonged in patients with
cirrhosis or hepatic disease. Therefore, the formation of morphine- 3-B-glucuronide and
6-B-glucuronide metabolites may decrease. Since morphine liposome is intended for
single dose usage, the morphine and its metabolites accumulation is not expected in
elderly population with impaired hepatic function.
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2.4 Extrinsic Factors
2.4.1 Drug-Drug Interactions
2.4.1.1 Is the drug a substrate of CYP enzymes?

Literature data: Metabolism of morphine occurs in the primarily in the liver but also may
occur in the brain and kidneys via cytochrome P450 2D6 enzymes. Morphine is
conjugated with glucuronic acid to form 3-B-glucuronide (50%), 6-B-glucuronide (5—
15%), and 3,6-glucuronide and other minor metabolites:

2.4.1.2 What other co-medications are likely to be administered to the target patient
population?

In clinical practice, it is likely that morphine liposomes will be administered both with
and without a test dose, a lidocaine/epinephrine solution, one of the methods used to rule
out misplacement of the epidural needle/cathether. The Applicant studied the effect of
the test dose on the release of morphine from the liposomes by varying the time between
the morphine liposome and test dose injections.

Study SKY0401-016

Mean dose-normalized Cmax for subjects who received a test dose was approximately
63% higher than that for subjects who did not receive a test dose. However, the results
indicated that a wait time of at least 10 minutes substantially mitigates the effect of the
test dose on Cmax. As expected, AUC was not affected by administration of the test dose.
Additionally, an examination of the effect of a test dose across all clinical studies
confirmed the results of Study SKY0401-016.

Effect of Test Dose and Wait Interval on Cmax

max{1] UCQ-00
n[2)} Mean (SE) n Mean (SE)
[Test Dose 167 | . 587(0.28) 146 42.19(1.79)
INo Test Dose 48 3.60(0.32) 42 38.38 (3.03)
Test Dose Interval
<3 minutes 21 8.70 (1.12) 20 36.96 (4.40)
4-9 minutes 7 5.98 (1.34) 7 42.14 (8.49)
10-14 minutes 14 4.61 (0.73) 13 44.11 (6.52)
15-30 minutes 44 5.76 (0.51) 43 40.04 (3.25)
30 minutes 23 3.67 (045) 21 36.89 (4.29)
1] Dose normalized to 5 mg

[2] Wait interval information was unavailable for patients in Study SKY0401-008 and SKY0401-009.
[Therefore, the total n for the interval analysis is lower than that of the test dose group.
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2.5 General Biopharmaceutics

2.5.1 What is the in vivo relationship of the proposed to-be-marketed formulation to the
pivotal clinical trial formulation in terms of comparative exposure?

The to-be-marketed formulation was used throughout the clinical studies.

2.5.2 What is the relative bioavailability of Skymorph modified-release liposomes?

The relative bioavailability of Skymorph was compared to that of the reference listed
drug, Duramorph, (immediate-release morphine sulfate injection; NDA #18565; Elkins-
Sinn, Inc.) in a Phase 3 study in patients undergoing lower abdominal surgery (Study
SKY0401-012B). A 5 mg Skymorph and a 5 mg Duramorph were compared. Mean
concentration-time curves for Duramorph 5 mg and SKY0401 5 mg are provided in the

next figure, and a comparison of the pharmacokinetic results is presented in following
“table.
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Figure Average Morphine Serum Concentrations Following Administration of Skymorph

5 mg or Duramorph 5 mg; the left-hand panel shows the 48-hr time course and the right-
hand panel contains a zoom of the first 12 hr.

Variable SKY0401 5 mg (n=10) Duramorph 5 mg (n=9)
Cmax (ng/mL) 7.10 (3.40) ©23.77(12.81)
tmax (hr) {1] 1.00 (0.25-4.0) 0.25 (0.25-2.0)
IAUCO-t (ng-hr/mL) 30.86 (11.82) 38.95 (8.03)
IAUC (ng-hr/mL)[4] 38.80(10.35) 42.76 (8.35)
Az (h-1)[4] 0.1813 (0.05) 0.3112 (0.067)
t1/2 (hr) [2,4] 3.82 (1.00) 2.23(0.49)
Cmax [3] 6.39 20.27
IAUCO-t [3] 28.74 38.34
IAUC [3,4] 3741 42.15

[1] Median (min-max) ]

[2] Harmonic mean and pseudo standard deviation of the jackknife variance

[3] Geometric mean of In-transformed variables
[4] n=8 for the SKY0401 and Duramorph groups.
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Morphine early exposure was less with Skymorph, with a mean Cmax of Skymorph which
was 31.5% of Duramorph. Skymorph morphine mean AUC was 88.6% of that of
Duramorph. Additionally, this study also looked at 10, 15, 20 and 25 mg Skymorph
concentrations. The data indicated that ratios of M3G and M6G to that of the parent
morphine was consistent throughout the dose levels. Thus, there did not appear to be any
meaningful dose or dosage form-related differences in morphine metabolism based on
molar ratios of metabolite AUC to parent (morphine) AUC.

Morphine dose Mean AUC M3G/M Mean AUC M6G/M

Smg 7.96 085

10 mg 7.77 1.02

15mg - 9.89 : 1.53

20 mg 9.79 ' 1.45

25 mg 8.29 1.96

30mg 104 1.38

5 mg Unencapsulated 8.15 0.97

2.6  Analytical Section

2.6.1 How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies? For all moieties measured, is free,
bound or total measured? What bioanalytical methods are used to assess
concentrations?

Yes, the total plasma concentrations of morphme and morphine metabolites were
determined using C . J
methods developed at L ' 7

2.6.1.1 What is the range of the standard curve? How does it relate to the
requirements for clinical studies? What curve fitting techniques are used?
What are the lower and upper limits of quantification (LLOQ/ ULOQ)? What
is the accuracy, precision and selectivity at these limits? What is the sample
stability under the conditions used in the study? C
1 What is the QC sample

plan?

A typical assay method is described below for morphine, M3G, and M6G. Morphine,
M3G, M6G, and their respective internal standards, morphine-d3 (ISTD1),
morphine-3-f-glucuronide-d3 (M3G-d3) (ISTD2) and morphine-6- B-glucuronide-d3
(M6G-d3) (ISTD3), were L ]

- Summary of Method Validation Results for Determination of Morphine, Morphine-
3-B-glucuronide, and Morphine-6-f-glucuronide in Human Serum
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Parameter : Morphine I ) M3G ]

M6G

Standard Conceatrations [\
{ng/mL)

QC Concentrations (ng/ml)

Linearity {mean r)

Linear Range {ng/ml.)

LOQ (ng/ml)

luéra-assay Precision {(2CV)

Intra-assay Accuracy
(% difference from theoretical)

Inter-assay Precision (Y%CV)[2]

R R S N N

later-assay Accuracy [2]
% difference fromt theoretical)

Recovery (%)

[1] Analyzed after S-fold dilution with analyte-free matrix

[2] Inter-assay precision and accuracy based on low, mid, and high controls enly.

Note: Pregision and aceuracy results are based on replicate determinations of QC samples.
M3G = Morphine-3-B-glucuranide; M6G = Morphine-6-8-glucuronide; QC = Quality Control

3

Detailed Labeling Recommendations

Overall, the Applicant's proposal is acceptable. However, there are minor changes
(strikeeuts, and addition in ifalics) recommended for the Clinical Pharmacology section

o

f the label. The Applicant's wording is in Font Arial.

CLINICAL PHARMACOLOGY

Mechanism of Action

r
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4 Appendices

4.1 Proposed Péckage Insert

TRADEMARK™

(morphine sulfate sustained-release liposome injection)
CIl..

Rx Only

DESCRIPTION
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Protect from freezing. Store in the refrigeratbr at 2° to 8°C (36° to 46°F) until ready to use.

Manufactured for:
Endo Pharmaceuticals Inc.
Chadds Ford, PA 19317 PHARMAGELTIGALS

Manufactured by:

SkyePharma Inc. —
== SkyePharma

San Diego, CA 92121

* & *k

PCDoc#86775

4.2 Individual Study Review

Study DTC-96-003

A Phase 1 Dose Escalation Study of the Safety, Pharmacokinetics, and
Pharmacodynamics of Sustained-Release Encapsulated Morphine (SKY0401)
Administered Epidurally in Normal Volunteers

Note: The Applicant stated that this is a pilot Phase 1 study; the first study in which SKY0401 was
administered to humans. Phase 1 safety study, a subgroup analysis was not planned.

Name of Investigational Product: SKY0401: Sustained-Release Encapsulated Morphine (formerly known
as C0401)

Title of Study: A Phase I Dose Escalation Study of the Safety, Pharmacokinetics, and Pharmacodynamics
of Sustained-Release Encapsulated Morphine (SK'Y0401) Administered Epidurally in Normal Volunteers

Principal Investigator: L 1
Study site: [ J

Objectives:
To assess the safety, pharmacokinetics, and pharmacodynamic profile of escalating single doses of
sustained release encapsulated morphine (SKY0401) administered via epidural injection.

Methodology:
This was an open-label, dose escalation study evaluating single doses of SKY0401 (2.5, 5, 10, 20, 30, and

40 mg) and commercial unencapsulated morphine sulfate (2.5 or 5 mg) administered epidurally to healthy
subjects. Subjects were followed for 96 hours after dosing to determine the safety, pharmacokinetic, and
pharmacodynamic profile of SKY0401.

Note: Original Study design: Approximately 30 subjects were to be enrolled. Successive treatment
groups of subjects (n = 2 per treatment group) were to receive SKY0401 at escalating doses of 5, 10, 20,
30, 40, 50, or 60 mg. Dose escalation was to continue until dose-limiting toxicity (DLT) occurred. As DLT
was reached at 40mg, the 50- and 60-mg doses were not administered. A subsequent group (per
Amendment 01) then received 2.5 mg SKY0401 in an effort to determine the ‘no effect’ dose. Amendment
01 also added two additional treatment groups (n = 2 per treatment group) of 2.5 and 5 mg of
unencapsulated morphine sulfate. Amendment 01 permitted CSF samples to be obtained via lumbar

40



puncture instead of by an intrathecal catheter in order to characterize the adverse event profile of SKY0401
without potentially confounding adverse events due to the indwelling intrathecal catheter.

Study drug was administered epidurally (L2-L3 intervertebral space). The lumbar intervertebral space was
first identified and anesthetized with 1% lidocaine (without epinephrine). An epidural needle was then
advanced through the lumbar intervertebral space until the epidural space was identified using a loss of
resistance technique. A test dose of 3 mL of 1.5% lidocaine with 1:200,000 epinephrine was injected to
assure that the catheter was indeed in the epidural space (rather than positioned intrathecally or
intravenously). Inadvertent intrathecal injection was ruled out by a lack of sensory block produced by the
lidocaine within 5 minutes of injection. Inadvertent intravenous injection was ruled out by a lack of
hypertensive and/or tachycardic response. Provided that both intrathecal and intravascular injection had
been ruled out by the test dose, the fult dose of SKY0401 was then administered via the epidural catheter as
a bolus over 15 seconds.

Pharmacedynamic Analyses

The investigator was responsible for recording and analyzing pharmacodynamic evaluations. These'
analyses were not verified independently by the sponsor. The analysis of assessments was modified from
the protocol (refer to Section 9.8). Pain tolerance and pain threshold were summarized separately for each
dermatome. Stimulus response was fit to a logistic growth model for each timepoint and subject using SAS
PROC NLIN. This model contained two parameters — a ceiling and slope parameter. For baseline data, the
ceiling parameter was assumed to be 100, so that only the slope parameter was estimated. The means and
standard errors for each timepoint and dose were calculated using PROC MIXED. An exchangeable
correlation structure was assumed within each subject. Data from ARCI, VAS, and Maddox ng were
summarized as the mean value for each treatment group.

Protocol deviations on pharmacodynamic efficacy measures:

ABGs were deleted at 12 and 18 hours post-dose.

Mental Status assessments were deleted at 0.25, 0.75, 1, 2, 3, 4, 5, 6, 12, 18, 60, and 84 hours
post-dose; assessments were added at 2.25, 3.75, 34, 58, and 82 hours post-dose.

Trail Making Test was deleted.

Experimental Pain Model assessments were deleted at 0.25, 0.75,1,2,3,4,5, 6, 12, 18, 36, 60,
and 84 hours post-dose; assessments were added at 2.25, 3.75, 5.75, 34, 58, and 82 hours post-
dose.

Arterial plasma PK samples were deleted at 12 and 18 hours post-dose. Venous plasma PK
samples were deleted at 36, 60, and 84 hours post-dose; assessments were added at 34, 58, and 82
hours post-dose.

CSF PK samples were deleted at 12, 18, 36, 60, 84 hours post-dose; assessments were added at
34, 58, and 82 hours post-dose.

The planned analysis for pharmacodynamic measurements was not performed as stated in the original
protocol.

Number of subjects (planned and analyzed): Planned: 30 subjects ,
Total Enrolled: A total of 26 subjects were enrolled and received study treatment; 24 subjects completed
the study. A total of 22 subjects were administered single doses of SK'Y0401 via epidural injection: 2.5 mg
(n=2), 5 mg (n=4), 10 mg (n=4), 20 mg (n=4), 30 mg (n=6), or 40 mg (n=2). Four subjects received single
doses of commercial unencapsulated morphine sulfate (Astramorph/PF.) via epidural injection: 2.5 mg
(n=2) and 5 mg (n=2).

Diagnosis and main criteria for inclusion:

Malé and female healthy subjects,.aged 18 to 45 years, with no prior history of chronic use of analgesics
(other than acetaminophen) were eligible for this study.

Investigational product, dose and mode of administration, batch number:
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SKY0401 doses of 50 and 60 mg were also planned but were not administered. SKY0401 lot numbers 96-
0085 (5, 10, 20, 30, and 40 mg) and 97-0020 (2.5 mg) were used.

Duration of treatment: A single epidural dose was injected over less than 15 seconds.

Reference therapy, dose and mode of administration, batch number:
Commercial unencapsulated morphine sulfate (Astramorph/PF™) was administered epidurally at single
doses of 2.5 mg (n = 2) and 5 mg (n = 2) and was supplied by the study site. Astramorph/PF lot numbers
602090 (2.5 mg; Subjects 090 and 091) and 704030 (5 mg; Subjects 021 and 022) were used. The epidural
dose of SKY0401 was prepared as a standardized volume of 5 mL (diluted as needed with saline). The
drug suspension was to be gently mixed immediately prior to injection.

Criteria for evaluation:

Pharmacodynamics: Pharmacodynamic (“efficacy’) measurements included the following:

Antinociceptive activity — Cognitive/psychomotor evaluations — Tonic and Phasic Reaction Times, and
Maddox Wing Ocular Test; Subjective effects of opioids - Addiction Research Center Inventory (ARCI)
and Visual Analog Scales. No formal efficacy assessments were performed. Pharmacodynamic
assessments were performed to characterize the antinociceptive activity, cognitive/psychomotor and
subjective effects of escalating single doses of SKY0401. These assessments included the following:
Antinociceptive activity — pain tolerance, pain threshold, and Stimulus Intensity-50 (SI50) were determined
in three dermatomes (C2, L4, T10) using an experimental electrical pain model; Cognitive/psychomotor
assessments — Tonic and Phasic Reaction Times and Maddox Wing Ocular Test; Subjective opioid effects -
Addiction Research Center Inventory (ARCI) and Visual Analog Scales; Subjects received training during
the screening visit for these assessments in an effort to ensure consistency and accuracy.

The Visual Analog Scale is a self-administered questionnaire used to measure the subjective effects of
opioids. The checklist consisted of 20 symptoms that were rated on a 100 mm visual analog scale from 0
(“not at all”) to 100 (“extremely”). Subjects completed the questionnaire following the ARCI. The
symptoms rated were the following:

Sweaty Floating Carefree

Good Mood Skin Itchy Drunken

Sick Turning of Stomach (Nauseous)  Energetic

High Sleepy Heavy or Sluggish Fegling
Any Drug Effect Flushing Confused

Good Effects Dry Mouth Lightheaded

Bad Effects Coasting or Spaced Out

Safety: Safety parameters included adverse event assessments, vital signs (heart rate, blood pressure, and
respiratory rate), electrocardiography, arterial blood gases, hemoglobin oxygen saturation determined by
pulse oximetry, physical examinations, and routine laboratory tests.

Pharmacokinetics: Morphine and morphine metabolites (morphine-3-glucuronide and morphine-6-
glucuronide) concentrations were measured in plasma, CSF, and urine. Arterial blood samples were
obtained pre-dose and at 5, 10, 15, and 30 minutes, and 1, 2, 3, 4, 6, 8, 10, and 24 hours post-dose. Venous
blood samples were taken at 34, 48, 58, 72, 82, and 96 hours post-dose. CSF samples, obtained via an
indwelling intrathecal catheter or lumbar puncture (per Amendment 01), were collected pre-dose and at 5,
10, 15, and 30 minutes, and 1, 2, 3, 4, 6, 8, 10, 24, 34, 48, 58, 72, 82, and 96 hours post-dose in some
subjects. Urine was collected at the following time intervals post-dose: 0-6, 6-12, 12-24, 24-36, 36-48, 48-
60, 60-72, 72-84, and 84-96 hours.

Drug Concentration Measurements
The pharmacokinetic profiles of morphine and its metabolites (morphine-3-glucuronide and morphine-6-
glucuronide) were determined from plasma, CSF, and urine. All samples were analyzed using {

¥ The lower limits of quantification (LLOQ) for the

validated assay as noted below:
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LLOQ (ng/ml.)

Plasma | CSF 1 Urine
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Statistical methods:

Data were summarized using frequency tables and descriptive statistics. No formal statistical tests were
planned or performed.

Results Reported by the Applicant:

AdoD ehgssod 1524

1. Demographics
Variable SKY0401 Morphine Sulfate
(n—22) (n—4)
Age (yeursy
Mean 3t 26
Eis] G.80 5.48
Range 22-43 20-32
Gender., n %) -
Mule 11 (S0%2) 4 (100%)
Fetnale 11 §5a%) Q
Race, n (%)
Caacasion A(?s5%)
Africun Amaricun 1 25%)
Anian o
Hisponic [¢]
Heiwght (in)
Meun 7.8
2.66
G974
177.0
13,6
1603-193

Source: Appendix (6.2, Table 1
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Page 1 of 1
DIC 96-043 Phage T Doses Recalatioca study
Table 1
Demographics
All gubjects (H-26)
XY0401 TreAtEARE Groups

2.5 5 0 20 EL 40 m;:% 2 :‘ S., ey
2.5 mg mng 10 mg SEY 1 J5 mg ns
- 2y - 4) (- 4} - 4 {n- 6} (n-.g) (n=22) (ma« 2) tﬂ-g) {n- &2
Tex Nale a0 2 (50 3{76%} 2(50%) (508 1(50%) 11{50%} 2(100%) 2(100%) 4 (100%)
Female 2(1009) 2(50%) 1(25%) 2(50%) 3(509) 1(509)  11(50®) () 0 (%) 0(0y)
Race Caucasian l (50\! 0(0%) 1({25%) (25 107 8(0%) 4(18%) 1(50%) 2(100%) 3(75%
Black 00 2(60%) 1(26%) 2(60%) 3(60Y) 2(100%) 10 (459) 1(60%) 0(0%) 14{26%}
Asian 0 (0'!7 0(0%) 1(25% 1(25%) 010%) 0(0%) 2(%%) Q(0%} a¢a%; 04{0%)
Hispanic 1(50%) 2(50%) 1(25%) a (0%} FTkELS) 0(0%) 6(27%) 0(0%) 0(0%) oY
Age (yaars) Nean 37.50 26.75 24.50 37.00 30.67 2$.50 .23 24.80 27.50 26.00
0 7.7 §.19 7.95 4.55 6.22 <18 £.00 6.36 6.36 5.4
Hin 32.00 22.00 23.00 33.00 23.400 24.00 22.00 20.00 23,00 20.00
Hax 43.00 33k.00 40.0¢ 43.00 39.00 35.00 43.60 25.00 32.00 32.00
Nedian 37.50 25.00 15.50 36.00 29.580 2%.50 31.00 24.50 27.50 26.49
Height (inches) n 2¢2008)  4(100%) 4(100%  4(100%)  6(100%)  2(100%) 22(300%) 2(100%} 2(100%) 4 (100%)
Mean 1.80 .76 9.00 . 0 7.30 .17 71.80 2.00 :
6D 2 4.99 9.02 2.94 4.2¢ 4.00 3.54 .00 2.0
Ain 60.00 61.00 62.00 66.00 63.00 63.00 60.00 69.00 72.00 §9.00
Hax §3.00 71.00 70.00 72.00 71.40 73.00 13.¢0 74.00 72.00 74.00
Hedian §1.50 65.50 €8.00 €9.00 66.00 6¢9.00 67.50 71.50 72.080 72.00
WNeight (pounde) n 2¢100%) I (100&) 4(1000 4(100%) 6 (100%) 3100 22(100% 2(100%) 2(100%) 4 (1009
Mean 165.00 166,25 156.25 158.50 43.50 56.2 170.00 104.00 177.00
S0 31.31 9 00 32.44 23.50 30.70 20.51 25.3% 14.14 12.73 13.64
Hin 157.00 13¢.00 122.00 125.00 6.00 133.00 122.00 160.00 175.00 160.00
Nax 173.00 151.00 158.00 197.00 200.00 1%2.0¢ 200,90 3180.00 193.00 193.00
Nedian 185.00 145.00 172.50 161.50 18650 147.5¢ 154.60 178.08 144.00 177.60
2. Efficacy Results:

Data Sets Analyzed: A total of 22 subjects received protocol-specnﬁc doses of SKY0401 (2.5 mg, n=2; 5
mg, n=4; 10 mg, n=4; 20 mg, n=4; 30 mg, n=6; 40 mg, n=2). Four subjects received commercial
unencapsulated morphine sulfate (Astramorph 2.5 mg, n=2; Astramorph 5 mg, n=2). Pharmacodynamic
data were summarized for the 19 subjects that were administered SKY0401 correctly into the epidural
space. The three subjects in whom SK'Y0401 was assumed to be inadvertently administered outside of the
epidural space were excluded from this analysis. In addition, pharmacodynamic data were not analyzed for
the four subjects who received unencapsulated morphine sulfate. Overall, dose-dependent trends were
generally demonstrated for antinociceptive activity evaluations but were less readily observed with
subjective and cognitive/psychomotor assessments. An increase for all antinociceptive activity evaluations
(pain tolerance, pain threshold, SIS0 values) in all three dermatomes was observed following 20, 30, and 40
mg SKY0401. Only minimal effect was observed following 2.5, 5, and 10 mg SKY0401. Time to peak
effect for antinociceptive activity evaluations generally occurred between 5.75 to 10 hours post-dose.

3. Safety Results:

Adverse events observed following SKY0401 were pharmacologlcally predictable for an epidural opioid
and no unexpected adverse events were reported. The adverse events most commonly reported were
consistent with opioids (e.g., pruritus, nausea, vomiting, headache, somnolence, urinary retention). A dose
response relationship was generally not observed for the most common opioid-related adverse events. No
subjects were prematurely terminated from the study due to an adverse event. One serious adverse event
(fever and chills) occurred in a subject who received 20 mg SKY0401 and was judged by the investigator
not to be related to SKY0401. Two subjects treated with 40 mg SKY0401 experienced dose limiting
toxicity, as defined per protocol (i.e., severe episodes of pruritus, oxygen desaturation, hypercapnia, and
low systolic blood pressure). The 30 mg dose of SKY0401 was generally well tolerated by six subjects and
was therefore determined to be the maximally tolerated dose.

4. Pharmacokinetic results

Pharmacokinetic analyses of plasma, CSF, and urine concentrations of morphine and morphine metabolites
(morphine-6-glucuronide and morphine-3-glucuronide) are described in detail in a separate report (Report
‘No. 042-00006). A brief summary of these results is provided here.

a) Summary of Pharmacokinetic Results

Following epidural administration of SK'Y0401, morphine was rapidly absorbed into the systemic
circulation, and peak plasma concentrations were reached within 10 minutes. Overall, the mean Cmax,
AUCinf , and t1/2 increased with escalating doses of SKY0401, as summarized below.
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TABLE 13.1.1 MEAN PLASMA MORPHINE CONCENTRATIONS

SKY0401 (n=19)
Parameter 2.5 mg Smg | 0mg 20 mg A mg 40 mg 5 mg Morphine
{units) <n2) {n=4) (n=4) (a=1) (n=4) (n=2) Sulfate (n=2)
AUC,¢i{ng 5 brx ml"y 21.1 453 86.3 1714 2812 394.2 394
Co (ngéink) 12.0 15.1 343 326 589 103.1 260
tan (ho) 0.24 0.21 0.17 0.14 0.13 0.13 0.21
t:, (hr) 2.6 44 9.6 11.3 20.9 209 3.34

Source: Report No. 042-00606
Excludes Subject 006, 007, and 008 [SKY0401] and Subjects 096 and 091 [2.5 my MS]

Plasma concentrations of morphine-3-glucuronide were generally about 10-fold greater than
plasma concentrations of morphine, while plasma concentrations of the pharmacologically active
metabolite, morphine-6-glucuronide, peaked later than morphine but generally were lower than morphine
concentrations (Table 13.1.2): '

TABLE 13.1.2 MEAN PLASMA MORPHINE-6-GLUCURONIDE CONCENTRATIONS

SKY401 (n=19)
Paramcter 2.5mg Smg 10 mg 20 mg 30 mg 40 mg S mg Morphiane
(units) (0=2) (n=4) (n=4) {n=3) (n={) {n=2) Sulfate (n=21)
AUC,(no x hrx ml™") nia 58.5 102.8 2704 5103 736.6 450.9
C,,. (ngiml) - 5.4 1.0 12.3 21.7 19.9 43.5 43.6
Laae CB15) £5 23 1.5 1.7 2.8 3.0 . L§
1 (hr) n‘a 4.6 3.7 11.8 283 23.6 9.5

Source: Report No. 042-00006
nfa — not available;
Excludes Subjects 006, 007, and 008 [SKY0401] and Subjeds 090 and 091 {2.5 mg M5)

Morphine was detected in the CSF as early as 5 minutes post-dose. Mean CSF concentrations
were 100 to 400-fold higher than plasma concentrations. The CSF peak concentrations occurred later than
peak concentrations in plasma. Cmax was achieved between 0.58 to 3 hours for the 5 to 20 mg SKY0401
doses (Table 13.1.3). Even though very high concentrations of morphine were found in the CSF, there were
no signs of metabolism in the CSF. Morphine-3-glucuronide was not detected in CSF and only a trace of
morphine-6-glucuronide was found in one CSF sample.

TABLE 13.1.3 MEAN CSF MORPHINE CONCENTRATIONS FOR SUBJECTS WITH AN
INDWELLING INTRATHECAL CATHETER

SKY040( (n=5)
Parankter Smg 10 mg 20 mg
{units}) {n=2) {n=2) {n=1)
AUCqur(ng x he x mL 7,825.2 . 27,406.1 30,462.8
Cpne {netfinil.) 3348 7,035.0 8,560.0
Tt () 0.5% 10 30
t;; (he) a3 16.29 6.17

Source: Report No. §42-00006

The urinary excretion profile of morphine and morphine metabolites indicated that the majority of the dose
was excreted within 96 hours following SKY0401. Only 5.6% to 7.3% of SKY0401 was excreted as
morphine. Approximately 46% to 70% was excreted as morphine-3-glucuronide and approximately 10% to
14% was excreted as morphine-6-glucuronide.

b) Plasma concentrations of M-3-G and M-6-G relative to those for morphine following
epidural administration of 30 mg C0401:
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c) Relationship between Dose and Plasma Pharmacokinetics of Morphine

For all doses of SKY040!1, morphine given epidurally appeared very rapidly in the
systemic circulation. Within 5 minutes after administration, morphine was detected in blood.

Mean morphine plasma concentration-time curves following 2.5, 5, 10, 20, 30, and 40 mg epidural doses:
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Mean Plasma Morphine Pharmacokinetics

The rate of elimination of morphine from plasma was dose dependent.

Morphine

concentrations in plasma were measured beyond the 96 hour time point for both subjects administered 40

mg epidurally.
Mean pharmacokinetic parameters of morphine:

25 mg | 5mg C0401 | 10 mg C0401 20 mg C0401 30 mg C0401 40 mg

€0401 co401
Parameter Units (n=2) (n=4) {n=4) {n=3) (n=4) {n=2)
AUCinf(+ SEM) | ng x hr x | 21.05 45.33(+ 86.30(+5.83) | 171.42(+ 281.15(+ 394.16

ml! 5.63) - { 10.55) 24.91)
AUMCinf(+ ng x ht” x | 68.17 259.94(+ 855.47(+ 2268.04(+ 7379.66(+ 9106.28
SEM) mt” 105.65) 371.18) 654.52) 1341.84)
CUF Linr 121.82 11532 117.58 117.52 109.03 105.50
{+ SEM) (+1362) | (+8.46) (+6.90) (+8.79)
Cmax ng/mt 12.00 15.07 3425 52,63 58.85 10310
(+ SEM) (+3.32) {+1.80) (+1.31) (+ 11.36)
MRTinf hr 3.08 529 9.39 12.89 25.82 24.36
(+ SEM) {+1.53) (+3.63) (+2.87) (+3.41)
tmax hr 0.21 0.21 0.17 014 0.13 013
(+ SEM) {+0.02) (+0.00) (+0.03) (+0.02)
VzIF L 419.75 | 653.20 1516.39 1885.60 3276.98 3340.95
{+ SEM) (+163.95) | (+569.53) (+109.62) {+ 576.48)
t/2(+ SEM) hr 2.56 4.37(+ 1.59) | 9.56(+ 4.04) 11.27(+1.31) | 20.88(+3.00) | 20.92
f) .Plasma Pharmacokinetics of Morphine after Doses of SKY0401 or Morphine Sulfate

Subjects 01-021 and 01-022 were dosed epidurally with 5 mg of unencapsulated
morphine sulfate and subjects 01-001 and 01-003 were dosed epidurally with 5 mg of SKY0401.
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Time (he)
5 mg C0401 Smg MS
Paramater Units {n=4) {n=2)
AUC ¢ ng x hr x mL’ 45.33 39.37
AUMC, ng x hr* x mL"’ 259.94 131.10
CVE LAw 11532 130.56
C ngimL 15.07 26.00
MR T, hr 5.29 3.41
tnone e 0.21 0.21
\/Z/E L 653.20 643.90
ti fir 4.37 3.34

g

Relationship between Dose and Plasma Pharmacokinetics of Morphine
Metabolites i
M-3-G was the predominant morphine-related compound circulating in plasma (mean
plasma M-3-G concenirations as a function of time at 2.5, 5, 10, 20, 30, and 40 mg):
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Meén Cmax and AUCinf values for M-3-G over the entire range of SKY0401 doses were
2-fold and 12-fold higher than corresponding values for morphine, respectively. Mean pharmacokinetic

parameters for M-3-G are shown below:

2.5mg C0401 | Smg C0401 | 10 mg C0401 | 20 mg C0401 | 30 myg CO401 | 40 mg CO401
Parameter | Units {n=2) {n=4) (n=4) {n=3) (n=4) m=2)
AUCin ng xhr 215.07 &77.64 1101.24 2705.13 3256.94 4606.37
{+ SEK) xmL? {+ 47.00) (123.21) (+ 188.40) (+184.51)
AUKCa | ngxhr 1455.08 14343.72 31795.73 §7637.30 141463.73 14782147
{+ SEM} xmt? 2220170 | (£ 4766.38) | (+13317.79; {+ 12709.77)
CIF Litw 11.63 744 9.47 8.50 0.26 8.94
{+ SEM) £+ 0.40) (+1.18) {+0.78) (+049)
Crrex nig/mL 2610 43,93 61.60 132.67 106.28 223,50
{+ SEM) {+ 5.65) (+8.15) (£ 22.04) &+ 17.74)
MR T hr 6.78 20.85 28.61 24.71 43.11 33.86
{+ SEM} +2.32 (+2.76) {(+4.39 *1.71)
tax tr 250 2.25 2.00 1.33 2.75 2.5
{+ SEM) : i+ 0.63) {+0.58) {+0.33) {+ 0.48)
VzZiF L 70.13 169.67 26154 224,87 415,78 300.85
{+ SEM) ¢ 17.86) {+ 7.561 & A17T) (+30.29)
tuz hr 4.18 16.16 2152 17.34 31.72 21.72
| (- SEM (238 (+248 | 205 £4.18)

Below figure shows the mean plasma M-6-G concentration as a function of time

following epidural administration:
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Mean Plasma Morphine-6-Glucuronide Pharmacokinetic Parameters:

2.5 mg C0401 | 5.0 mp C0401 | 10.0 mg C0401 | 20.0 mg CO401 | 30.0 mg C0461 | 40.0 mg Co401
Parameter |  Units =2 (n=4) (n=d) (n=3) (n=4) {n=2)
AUCk | maxhrk NA $8.52 102.84 270,39 $10.32 73659
* {+ SEM) ! {+6.20)  16.52) (+ 21,243 {+22.09)
AUMCr | ngxhéx NA 449.29 693.81 5245.77 20763.35 23,634.45
(£ SEM) mL* {+75.69) {+ 146.35) {+ 2489.39) (+ 2898.25)
CIF Lr NA 8742 10356 74.84 59.00 §4.79
(& SEM) (£9.44) {+ 19.61} {+5.59) (+ 2.36)
Corex ngimL 544 6.95 1228 21.73 19.88 43.45
(£ SEM) (+,1.09) (+ 0.96) {+0.64) (+2.16)
MRTer hr NA 779 6.61 18.65 4041 3283
(+ SEM) ‘ (+1.39) {+ 0.48) (+7.24) (+4.58)
tanx hr 150 250 1.50 167 275 3.0¢
i+ SEM) {+0.50) {+0.29) {+0.33) @110
VZiF L NA 605.61 546.31 121517 2382.22 1881.28
{+ SEM) {4 201.42) {+ 75.34) (+ 271.59) (+ 29741}
tirz hr NA 4.63 372 11.76 .34 23.60
R s 1.06) 919 (£ 3.60) {£4.39)
h) CSF Pharmacokinetics of Morphine and Metabolites

CSF Concentrations of Morphine
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The first six subjects treated [01-001 and 01-003 (5 mg dose), 01-002 and 01-004 (10 mg
dose), and 01-005 and 01-006 (20 mg dose)] had indwelling catheters for serial collection of CSF samples.
Note that for Subject 01-006 (20-mg dose of C0401), the dose was not delivered into the epidural space,
and the morphine concentrations in CSF were very low (<5 ng/mL) during the period from 1 to 10 hours
after the dose. For the remaining 18 subjects, only 2 or 3 CSF samples were collected by LP during the 96
hour period. Concentrations of morphine in the CSF and plasma for subjects with an indwelling catheter,
and the ratio of the CSF to plasma concentration for each sampling time for the first 24 hours after the dose
-are sumnmarized below: :

Subject

Time Subject Subject Subject Subjact

{hry 01-0M1 01-002 01-003 Of004 01005
CSF |Plasma] Ratio | CSF | Plasma | Rafio { CSF { Plasma | Ratio | CSF | Plasina | Ratio | CSF | Plasma | Ratio

0 a 0 ) 1] [ 0 0 0 Q ['] [']

0.03 10.9 8.01 1.81 282 Z2190 133 | 5640 3.80 1266 | 1260 254 486 | 137 545 |2514
0.17 108 105 10.3 210 309 6.62 | €820 5.1 1337 { 2730 37 738 ] 1940 | Z26 | 3688
0.25 263 14.3 184 | 531 26 218 | 3120 £.89 521 | 4740 31.6 160 | 3540 § 463 | 7646
0.5 838 119 704 | 2480 19.1 130 § 1250 5.37 233 | 7480 22.5 332 | 4960 { 3%9 | 13%
1 1520 | 682 23 3070 12 331 583 5.94 948 | 10100 F 123 821 | 7830 | 55 |3W071
2 1430 | 452 318 | 2720 105 250 2 4.85 458 | 6430 884 727 | €840 | 155 |#M17
3 NS 4.04 NA 1820 7.34 248 833 3.68 240 | 5560 127 760 | 3560 § 10.7 { 8BGO
4 _ NS 391 NA 1190 56 213 515 3.62 142 { 3570 6.44 554 ] 4460 | 826 | 540
8 NS 3.16 NA NS 357 NA 505 3.28 154 | 2830 | 4.13 685 | 2470 | 541 | 4566
8 358 184 1199 HS 2.35 NA 231 1,37 160 | 1220 284 430 | 15706 | 391 | 4016
10 728 145 502 NS 147 NA 118 1.02 116 6 216 183 | 1160 | 300 |375.4
24 10.§ 0.52 20.3 HS Q NA 16.6 q - NA 76.8 0.53 146 101 1681 J 6273
tdaan 101 151 385 410 3038

NA, naot applicable; N-S._ 0 sample.

As early as 5 minutes after the epidural dose, morphine was detected in CSF.. Peak
concentrations of morphine in CSF occurred in 1 to 3 hours. Overall, the morphine concentrations in CSF
greatly exceeded corresponding concentrations in plasma. Mean CSF to plasma ratios for each subject
ranged from 100 to 400. CSF mean morphine concentrations are similar for the subjects that received the
10 or 20 mg doses, but substantially different for the subjects that received the 5 mg dose.
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A) 5 mg SKY0401 B) 10 mg SKY0401 C) 20 mg SKY0401; Mean CSF
morphine concentrations. CSF was sampled by either LP or IT catheter

Maximum Observed Morphine CSF Concentrations for Subjects Who Were Sampled By Using Lumbar
Puncture: ‘

Time Dose Concentration

Subject (hr) (ms_;_) {ng/mlL) Fomulation
01-023 30 25 1210 C0401
01-024 100 25 19 C0401
61-019 1.0 5.0 : 4240 C0401
01-020 10.0 50 719 C0401
01-021 40 50 1160 MS
01-022 1.0 | 50 1750 M3
01017 0.5 10.0 26860 Co401
01-018 10 10.0 3630 Co401
a1-015 10.0 200 1700 CO401
01-016 40 20.0 1330 C0401
01-007 100 300 243" Co4M
01-008 80 30.8 8.01" . Codn
01-011 40 30.0 7360 0401
§1012 . 8.0 : 30.0 2660 0401
01013 44 300 60320 CO401
01-014 6.0 30.0 3300 C0401
01-009 20 40.0 . 8010 C0401
01-010 6.0 40.0 4400 CC401

* Subtjecl apparentty dd nol recshae thee doss Ini the spidural spxce.
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i) Urinary Excretion of Morphine and Metabolites

The following table summarizes the cumulative urinary excretion of morphine, M-3-G,

and M-6-G within 96 hours following epidural injection of SKY0401. Overall, a high percentage of the
dose (62 to 91%) was recovered in the urine. Only 5.6 to 7.3% of the dose was excreted as morphine.
Approximately 46 to 70% and 10 to 14% of SK'Y0401 was excreted as M-3-G and M-6-G, respectively. At
the lower doses of SKY(0401, the majority of morphine and metabolites was excreted within 48 hrs
following C0401 administration. ’

Cumulative Urinary Excretion of Morphine, M-3-G and M-6-G:

Percent of Dose Excreted in 96 hr

C0401 Dose

Morphine M-3-G M-6-G Total
2.5 mg C0401 6.05 63.28 11.77 81.10
5.0 mg C0401 7.34 66.40 12.26 86.00
10 mg C04(1 6.82 76.27 14.36 91.45
20 mg C0401 6.37 62.47 11.86 80.70
30 mg C0401 5.56 46.36 9.96 61.88
40 mg C0401 6.18 60.91 12.29 79.38

The following figure illustrates the percent of dose that was excreted as morphine, M-3-G, and M-6-G,

respectively, in the urine for various intervals during the 96 hour study period.
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Study SKY0401-016

ffects of Lidocaine/Epinephrine Test Dose Administration on the Pharmacokinetic (PK)
d Pharmacodynamic (PD) Profiles of a Single Epidural Dose of Sustained-Release
Encapsulated Morphine (SKY0401) in Patients Undergoing Major Upper Abdominal
Surgery
Investigators / Study Centers:: Multicenter study in the United States
{Study Period: 06 May 2002 to 18 February 2003 Clinical Phase: Phase 1
rimary Objective: To evaluate the effects of lidocaine/epinephrine test dose
dministration on the PK profile of a single epidural dose of SKY0401 in patients
undergoing major upper abdominal surgery.
Secondary Objective: To evaluate the safety and efficacy profile of SKY0401, with and
without a lidocaine/epinephrine test dose, in patients undergoing major upper abdominal
lsurgery.
E'lethodology: This was a Phase 1, multicenter, randomized, open-label, parallel group
d

Eﬂiﬂe of Study: A Randomized, Open-Label, Parallel Group Study to Evaluate the

tudy to evaluate a single epidural dose of SKY0401 (15 mg) in a 5-mL volume,
ministered with or without a preceding 3-mL test dose containing lidocaine (1.5%)

with epinephrine (1:200,000) in patients undergoing major upper abdominal surgery via a|
midline incision.
No. of Patients (Planned and Analyzed): Planned enrollment was for a total of 50
patients. Patients were randomized to one of five treatment arms: Group 1 received no
test dose prior to administration of study drug, followed immediately by 1 mL
ladministration of normal saline to flush the epidural line. Groups 2, 3 and 4 received-a
test dose followed by al-mL flush with normal saline and then, after a waiting period (3
minutes for Group 2, 10 minutes for Group 3, and 15 minutes for Group 4), received
SKY0401 immediately followed by 1 mL of normal saline to flush the epidural line.
Group 5 received a test dose without a saline flush and then, after a 3-minute wait,
received SKY0401 immediately followed by a flush with 1 mL of normal saline. All
patients received a 15 mg dose of SKY0401. Thirty-nine patients were enrolled. Of these,
8, 8, 7, 8, and 8, patients, respectively, were randomized to Groups 1 through 5. The 39
atients were included in both the intent-to-treat (ITT) and the safety analyses.

[Diagnosis and Main Criteria for Inclusion: Males or females (118 years of age,

scheduled for major upper abdominal surgery via an upper abdominal midline incision
under general anesthesia, American Society of Anesthesiology (ASA) Class 1, 2, or 3,
willing and able to use a patient-controlled analgesia (PCA) pump, to receive only IV

. ffentanyl for 72 hours to control post-operative pain, and to remain hospitalized for a
minimum of 72 hours post-dose.

Test Product: SKY0401 (Sustained-Release Encapsulated Morphine) Lot Numbers:
02-4005 and 02-4007

[Dosage: A single dose of SKY0401 (15 mg) in'a 5-mL volume

‘IDuration of Treatment: Approximately 30 minutes prior to the start of surgery, a single
5-ml. dose of 15 mg SKY0401 was administered by epidural injection at a controlled rate

over 15 seconds.
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.[Criteria for Evaluation:
Pharmacokinetics: Blood samples for serum concentration measurements of morphine and
morphine metabolites were collected prior to study drug administration and for 72 hours post-

dose. Pharmacokinetic parameters (AUCO- tlast, AUCO- o , Ctlast, Cmax, tmax, kel, A z, t1/2¢1)

were then determined. Efficacy: Efficacy was evaluated by the assessment of the total
mount of IV fentanyl used through 72 hours post-dose, the time to first post-operative [V
Eentanyl usage, and pain intensity evaluations. Safety: Safety was assessed by recording vital
igns, including respiratory rate (RR), heart rate (HR), and blood pressure (BP), and
conducting brief neurological checks and sedation scores through 72 hours post-dose.
Additional safety data were collected by conducting physical and neurological examinations

lat Screening (i.e., £ 21 days prior to study drug administration) and on Day 4 (where Day 1

is the day of study drug administration), and by recording all AEs following study drug
dministration through Day 7 and selected AEs (to identify any potential neurological
Eequela[e] of epidural analgesia) and serious AEs (SAEs) through Day 30.

Statistical Methods: '

Efficacy Analyses: Efficacy analyses were conducted on the ITT population, which consisted
of all randomized patients who received any study drug and who underwent the planned
lsurgical procedure. Patients were analyzed according to the dosing regimen received.
Analysis of variance (ANOVA) was used to compare the average amount of total I'V fentanyl
famong the treatment groups. The time from study drug administration to the first post-
operative use of IV fentanyl was summarized with medians and Kaplan-Meier curves and
compared among treatment groups using logrank tests. Pain intensity evaluations using

cores from a Visual Analog Scale (VAS) were analyzed using ANOVA. Pain intensity
valuations using scores from a categorical scale (CAT) were analyzed using the Mantel-
aenszel test.- All other analyses were conducted using ANOVA or Fisher.s exact test.

Safety Analyses: Safety analyses were conducted on the safety population, which included all
ndomized patients who received any study drug whether or not they underwent the planned
urgical procedure. Patients were analyzed according to the dosing regimen received.
Summary tables and individual patient listings were provided for all safety measurements.
Descriptive statistics were used to summarize safety data where appropriate. All AEs were
listed, documenting the course, outcome, severity, and causality to study drug. Verbatim
terms on CRFs were mapped to preferred terms and related system organ classes using the
Medical Dictionary of Regulatory Activities (MedDRA). The percentage of patients with
AEs and the severity of AEs were displayed by body system for each study group. The
numbers and incidence of SAEs (including those that resulted in death) by study group was
plso displayed. Incidences of AE and SAEs among study groups were compared using
Fisher.s exact test. Pharmacokinetics Analyses: The methods used in the analysis of the PK
data are presented in a separate report.

SULTS

fficacy Results ITT Population, N = 39):

ean total fentanyl usage through 72 hours post-dose in Groups 1 through 5 was 1258.8,
860.6, 1718.9, 1000.3, and 1001.3 mcg, respectively. There were no statistically
ignificant differences observed among treatment groups.

o significant differences were observed among the treatment groups in terms of total
entanyl usage from 0 to 24, > 24 to 48, or > 48 to 72 hours post-dose. Similarly, mean

pioid usage (converted to fentanyl equivalents) through 72 hours post-dose was similar
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famong the treatment groups.

No significant differences were observed among the treatment groups in terms of the
time to first post-operative fentanyl usage.

{No significant differences were observed among the treatment groups at any time point
in terms of VAS and CAT assessments of pain intensity at rest (VAS-R and CAT-R,
respectively) and with activity (VAS-A and CAT-A, respectively). The one exception
was the VAS-R scores at the first request for pain medication. In Groups 1 through 5, the
mean VAS-R scores were 69.7, 23.5, 30.5, 55.0, and 59.5, respectively, with a significant
differences noted among the treatment groups (p = 0.0425).

Safety Results (Safety Population, N = 39):

Adverse events from Days 1 to 7 were reported by all patients in each treatment group.
The total number of AEs reported was 146, including 29, 24, 17, 37, and 39 in Groups 1
through 5, respectively. The most frequently reported AEs were hypotension, nausea,
pruritus, and pyrexia, the majority of which were related to opioid administration. There
were no significant differences observed among the treatment groups. The majority of
AEs (> 90%) in each treatment groups were mild to moderate in severity. Seven severe
AEs were reported, including 1 (3%), 2 (5%), and 4 (10%) in Groups 1, 4, and 5,
respectively. Fifty-nine AEs (40%) were considered related (possibly or probably) to
tudy drug, with the most frequently reported including hypotension, pruritus, and
ausea. Neurological AEs from Days 8 to 30 were reported by 3 patients (8%), including]
1 patient each (13%) in Groups 2, 3, and 4, respectively. All of the neurological AEs
were mild or moderate, none were considered related to study drug, and there were no
isignificant differences reported among the treatment groups.

|
Pharmacokinetic Results: The results of the analyses of the PK data are presented in a
eparate report.

ONCLUSIONS: This Phase 1, parallel-group study was designed to evaluate the
ffects of a lidocaine/epinephrine test dose on the PK profile of morphine following the
dministration of SKY0401. Although increasing the time between test dose
dministration and SK'Y0401 administration does flatten the PK profile of morphine,

these PK changes have no clear effect on the PD profile of SKY0401. Overall, the
limited data presented in this report indicate that the use of dosing regimens designed to
modulate the PK profile of morphine following the administration of SKY0401 have no
clear effect on either the safety or efficacy of SKY0401. Moreover, any differences
observed among the groups should be interpreted with caution, due to the very small
number of patients in each of the treatment groups.

Patients were to be randomized in a 1:1:1:1:1 ratio to one of the following dosing
regimens:
. Group 1: No test dose + SKY0401 + flush with 1 mL normal saline
. Group 2: Test dose + flush with | mL normal saline + 3-minute wait + SKY0401 +
flush with 1 mL normal saline

. Group 3: Test dose + flush with 1 mL normal saline + 10-minute wait + SKY0401 +
flush with | mL normal saline
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. Group 4: Test dose + flush with 1 mL normal saline + 15-minute wait + SKY0401 +
flush with 1 mL normal saline

. Group 5: Test dose + No flush + 3-minute wait + SKY0401 + flush with 1 mL normal

flush, 13 minute vaig; 3 -
S0 = Standard deviation

2)
a.

are plotted:

; ASA
Saurce: Section 14,1, Tables 3.

PK Results

Morphine Concentralion inginlj

and Appendix 16.2, Listinzg 4.

Morphine Results
Mean morphine concentration-time curves for each SKY0401 treatment group
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1) Demographics
Treatment Group Number'
1 2 3 4 R Total
Patients (n} 8 B 7 g 8 19
Age (vears)
Mean (SD) 48.9(16.8) 61.4(16.0) { 56.0(10.9) | S9.5(110) | 643 (12.4) | 58.1(14.1)
Median 30.0 395 58.0 59.0 64.G 59.0
Min-Max 26 - 72 39~ §2 4170 46 - 73 45 - 78 26 -82
Age Group (years)
<63 7 (§8%) 3 (6G3%) 5(71%) 3(63%) 5(63%%) 37 (69%)
65-75 1{13%) 0 (13%) 2{29%) 3(38%) G (%) 7 (18%)
> 75 G 0%) 2(25%) 0 {0%) (3 (0%) 3 (38%) 5 (13%)
Giender
Mate 3(38%) 4050%) | 29 | 6% | s | 20¢1%)
Female 5{63%) 4600 | smw) | 205w | 338w | 1949
Race .
Caucasian 7 (88%) 8 (160%:) 6 (86%) 6 (75%) 8 (160%%) 35 (90%)
Black 0 (0%) 0{0%) [ (14%) 2¢25%) @ (0%) 3 (8%
Asian G{0%) 0 (0%) 6{0%) 0 (0%) 0(0%) 0 (0%)
Hispanic 1 (13%} {3 (6%) 0 {0%) 0 (0% 0 (%) 1 (3%)
ASA ‘
Class 1 1(i3%) 0 (0%) 0 (0%) 0 (0%) 0 (6%) 1(3%)
Class 2 4 {50%) 6 (75%) 6 (86%) 4 (50%) 6 {73%0) 26 {67%)
Class 3 3 (38%} 2 (25%) 1 {14%) 4 (50%) i (25%) 12 (31%)
“I'reatment Groups: |

Test dose,
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Mean (SD) PK Parameters for Morphiné by Treatment Group

Group 1 Group 2 Group 3 Group 4 Group 5§
Variable {n=6) {n=8) (n=7) (n=8) {(n=8)
Cmax (ng/mL) 1147 (7.347) 30.24 (8.485) 15.58 {9.287) 1138 (6.401)  25.56 (10.061)
tmax () {1} 2.00(0.17-60) 0.17(0.08-025) 0.25(0.08-20) 0.50(0.17-1.0) 021(0.08-2.0)
AUCq,4 (ngehrfmL) 85.62 (31.419) 98.52 (44.206) 100.88 {52.213)  81.03 (43.589)  92.37{29.183)
AUCp. (ngehr/mL)[4]  120.23 (40.816)  114.35(46.490) 14246 (77460) 97.64 (51.446) 111.80(40.842)
he (hr'hy{4) 0.1062 (0.0719)  0.0884 (0.0811)  0.0507 (0.0439)  0.1206 (0.1544) 0.1215 (0.1305)
tiz (hr) {2.4) 6.53 (4.732) 7.84 (8.649) 13.66 (13.859) 5.75 (10.805) 5.71 (8.045)
CLF (mLimin‘kg) {4] 27.67 (7.032) 33.14 (14.675) 25.42 (11.374) §0.25 (52.019) 30.38 (8.857)
CLF (mlimin) [4] 226880 (753.17)  2512.5(954.16)  2357.3 (1430.88) 4507.9 (4818.71) 25197 (923.74)
VoiF (Lkg) {4] 25.76 {19.768) 38.12 (23.3§9) 43.84 {21.752) 41.89(20.844)  46.06 (51.440)
Vi (L) [4] 1904.05 (1196.833) 3019.5(1974.33) 3588.3 (125043) 3686.2 (2645.70) 3177.1(3154.90)
Cenax[3] 9.59 29.01 13.70 924 2405
AUCy4{3] 80.32 89.97 87.58 63.32 88.52
AUCo. [3.4] 114.56 106.50 123.56 . 78.87 105.34
{1] Median (min-riax)

[2] Harmonic mean and pseudo standard deviation of the jackknife variance
{3} Geometric mean of In-transformed variables

[4] n=6 for Group 3

Graup 1 = No test dase, Group 2 = Testdose + flush + 3 min wait, Group 3 = Test dose + Flush + 10 min wait,
Group 4 = Test dose + Flush + 15 min wait, Graup 5 = Test dose + 3 min wait

Early Systemic Drug Exposure by Treatment Group

Partial AUC Ratio (%) [1]

#uco.¢ (0-0.5hr)
#ucgt (0-1hr)
aueo.¢ (0-2hr)
#uco. (0-4hr)
#4%p.¢ (0-8hr)
#ucgt (0-12hr)

Group 1
(n=6)
3.6

7.3
16.7
35.9
66.5
83.2

Group 2
(n=8)
9.1
17.0
27.6
40.4
58.0
69.2

Group 3
(n=7)
5.5
10.9
19.3
324
50.3
60.3

Group 4
(n=8)
4.3

9.3
17.4
304
50.6
62.8
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Group 5
(n=8)
9.7
17.3
28.5
46.9
68.3
78.4

[1] Pércentage of morphine AUC measured during indicated time interval relative to AUCo-+t (measured from time O
to the last concentration > the LOQ). Calculated as partial AUC
Group 1 = No test dose, Group 2 = Test dose + flush + 3 min wait, Group 3 = Test dose + Flush + 10 min wait,
Group 4 = Test dose + Flush + 15 min wait, Group 5 = Test dose + 3 min wait

o/Total AUCo-t x 100.

Individual Partial AUC by Treatment Group, 0-12 hr

Prurticd ALKS 002 Ar

HEE
5 ]

(1 X}
HHioen

Vermarviomat Canteres

FAartid ALKE 01,0 b

ekt

Facis) AU 0-2 He

Kbt KX
38085 508

Vermsivist Cormaps

Partial AU B-a e

UatimAL

Rpe Al

oyt
M
LI NN ]

T ep—

56



b) Metabolite Pharmacokinetic Results

Morphine-3-glucuronide 0-72 hr Morphine-3-glucuronide 0-12 hr
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able 6: Mean (SD) PK Parameters for M3G by Treatment Group
IGroup 1 IGroup 2 IGroup 3 iGroup 4 Group §
Mariable {n=6) n=8) -~ [n=7) n=8) n=8)
ICmax (ng/mbL) 192.25 (45.320) 87.53 (16.534) [78.60 (12.201) 63.88 (25.355) 101.80 (25.118)
Rmax (hr) [1] 6.0 (4.0-12.0) 4.0 (1.0-6.0) 4.0 (2.0-6.0) 4.0(2.0-12.0) 6.0 (2.0-8.0)
JAUCO-t 1306.55 (616.960) 1327.30 (386.209) 1497 .86 (466.613) 1302.22 (447.011) {1707.71 (583.361)
ngCthr/mL.)
AUCO-0) 1460.09 (709.184) 1670.20 (563.747) 2102.64 (1245.98) 1679.92 (743.035) 2232.68 (1030.446)
Lo TRO SR 75 8
'fHP-‘r)'tK]"""‘" 10.0344 (0.0149) 0.0223 (0.0112) 0.0311 (0.0164) 0.0258 (0.0101) _ 0.0307 (0.0256)
Z
k (hr}) [2.4] 120.153 (9.004) 31.07 (15.554) 22.26 (12.604) [26.87 (10.121) 122.57 (23.109)
1/2 )
Cmax [3] 83.17 B86.15 77.73 58.13 9.10
AUCO-t {3] 1214.10 1273.39 1424.37 1212.77 1606.11
3,4] 1344.82 1582.55 1829.59 1504.22 2003.64
UC0o-[]
[1] Median (min-max)
[2] Harmonic mean and pseudo standard deviation of the jackknife variance
[3] Geometric mean of In-transformed variables
[4] n=6 for Group 3
Group 1 = No test dose, Group 2 = Test dose + flush + 3 min wait, Group 3 = Test dose + Flush +10 min wait,
Group 4= Test dose + Flush + 15 min wait, Group 5 = Test dose + 3 min wait
Data Source: Appendix A, Table 6 :
[Table 7: “[Mean (SD) PK Par ters for M6G by Treati t Group
Group 1 [Group 2 Group 3 IGroup 4 iGroup 5
Variable n=6) n=8) (n=7) n=8) n=8)
Cmax (ng/mL)  ||13.61 (6.469) 15.68 (4.216) 13.32(2.232) 9.83 (4.013) 16.20 (4.720)
x (hr) [1] 6.0 (4.0-12.0) 1.0 (1.0-4.0) 4.0 (2.0-6.0) 6.0 (2.0-8.0) 4.0 (1.0-8.0)
IAUCO-t 158.84 (98.901) 194.81 (103.491) [209.23 (89.326) {170.87 (85.733) {210.95 (113.720)
ngCIhr/mL) i
ng hr/mL) [4] 225.90 (118.066) R86.89 (167.148) 317.61 (115.076) 230.98 (155.95) ~ 315.63 (221.821)
Co-(] :

Khe-1) [4] 0.0927 (0.0414) 0.0443 (0.0397) 0.0338 (0.0295) 0.0566 (0.0466)  10.0835 (0.0738)
T1/2 (hr) [2.4] [7.48 (3.429) 15.63 (17.202) [20.48 (25.118) 12.24 (11.489) 18.30 (8.651)
ICmax [3] 12.22 15.21 13.15 9.03 15.61
IAUCO-t [3] 138.68 167.30 187.42 148.71 186.42

3,4] [207.68 245.97 281.56 190.79 254.27
JAUCO-O0 -

1] Median (min-max)

[2] Harmonic mean and pseudo standard deviation of the jackknife variance

13} Geometric mean of In-transformed variables

[4] n=5, 6, 7, and 7 for Groups 1, 3,-4, and 5, respectively

Group 1 = No test dose, Group 2 = Test dose + flush + 3 min wait, Group 3 = Test dose + Flush +10 min wait,

Group 4= Test dose + Flush + 15 min wait, Group 5 = Test dose + 3 min wait

Data Source: Appendix A

, Table 7

Study SKY0401-008

Tide of Study: A Phase 2, Open-Label, Dose Escalation/De-Escalation Study of Sustained-Release
Encapsulated Morphine (SKY0401) Administered Epidurally for the Treatment of Post-Operative Pain in
Patients Undergoing Total Hip Arthroplasty

Note: The Applicant stated that this is a Phase 2 pilot study to assess efficacy and safety.

- Study Centers: Multicenter — 6 study sites located in the United States. One site did not enroll patients.
Studied period (years): 2 years; First patient enrolled: 19 June 1998; Last patient completed: 10 June 2000
0bjec)ives: To assess the safety, antinociceptive activity and pharmacokinetics of various doses of

sustained-release encapsulated morphine (SKY0401) following epidural administration in patients
undergoing hip surgery under regional (intrathecal) anesthesia in comparison to unencapsulated morphine.
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Additionally the protocol was amended to also assess an alternate formulation of sustained-release
encapsulated morphine (SKY0401.1) and unencapsulated morphine.

Methodology: Open-label, dose-ranging study evaluating single epidural doses of SKY0401, SKY0401.1
and unencapsulated morphine at various doses in serial cohorts of patients undergoing total hip arthroplasty
under regional anesthesia with intrathecal bupivacaine.

This Phase 2 study was the first study in which SKY0401 was administered to patients undergoing surgical
procedures. The subject population comprised patients undergoing total hip arthroplasty under regional
(intrathecal) anesthesia. This study was initially designed to investigate the efficacy, safety, and
pharmacokinetics of SKY0401 administered epidurally. The protocol was subsequently amended to also
evaluate an alternate formulation of SKY0401 (referred to as SKY0401. 1) and an active control
(unencapsulated morphine).

Number of patients (planned and analyzed):
Planned: Approximately 45 patients; Enrolled: 51 patients were enrolled:

726 received SKY0401 (n=4 [10 mg], n=1 [15 mg], n=12 [20 mg], n=1 [25 mg] and n=8 [30 mg])

_ 13 patients received 5 mg unencapsulated morphine sulfate _

"11 patients received an alternate sustained release morphine formulation SKY0401.1 (n=1 [20 mg] and
n=10 [30 mg])

"1 patient assigned to the SKY0401.1 dosing group did not receive study drug.

The study drug administered was as follows:
~Part 1: cohorts of patients received a single epxdural dose of SKY0401 at one of the following doses: 10,
15, 20, 25, or 30 mg.

"Part 2: cohorts of patients received either SKY0401.1 (an alternate formulation of SKY0401) at 20 or 30
mg or an active control (5 mg of unencapsulated morphine sulfate). (A sub-objective of this Part of the
study was to evaluate if SKY0401.1 would result in significantly lower serum morphine peak levels or
extended duration of morphine release compared to that observed for SKY0401.)

Diagnosis and main criteria for inclusion: Men and women, aged 18-65 years, undergoing total hip
arthroplasty under regional anesthesia and who were capable of using a patient-controlled analgesia (PCA)
device were enrolled. Following surgery, patients were permitted to self-administer IV fentanyl via a
patient-controlled analgesia (PCA) device if needed for pain management; fentanyl usage was quantified
through 48 hours post-dose.

Test product, dose and mode of administration, batch number: SKY0401 at doses of 10, 15, 20, 25 and 30
mg was administered as a single epidural dose approximately 30 minutes prior to surgery. Lot numbers 97-
0020, 98-0007, and 98-0008 were used. SKY0401.1 at a dose of either 20 mg or 30 mg was administered
as a single epidural dose Approximately 30 minutes prior to surgery. Lot number 99-0010 was used. After
épidural administration of study drug, regional anesthesia was to be induced via intrathecal admlmstratlon
of bupivacaine in the lumbar region.

SKY0401 and SKY0401.1 contained the following other ingredients in the concentrations indicated:

ISKY 0401 ISKY0401.1
Cholesterol 3.3 mg/mL mg/mL
Triolein 0.1 mg/mL mg/mL
[Tricaprylin 0.3 mg/mL mg/mL
DOPC 3.9 mg/mL mg/mL
DPPG . 0.85 mg/mL mg/mL
I ] 0< 2.0 mg/mL * mg/mL
Y - ﬁ o

Duration of treatment: Single epidural dose was administered over a 15-second period within 30 minutes
prior to surgery.
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Reference therapy: Controlled patlents received 5 mg unencapsulated morphine (Astromorph/PFTM or
Duramorph) supplied by the hospital pharmacy.

Criteria for evaluation:

Efficacy: Fentanyl consumption over 24 and 48 hours post-dose, time to first post—operatlve narcotic
analgesic medication post-dose and after recovery room arrival, pain intensity ratings at rest and with
activity by visual analog and categorical scales through 72 hours post-dose; global patient ratings of pain
medication at 24, 48 and 72 hours.

Safety: Adverse events and changes in physical examination, vital signs, capnometry, pulse oximetry,
laboratory tests and electrocardiograms. (The primary efficacy endpoint was fentanyl usage through 24 and
48 hours following study drug administration. The additional efficacy endpoints were: time between dosing
and first dose of fentanyl for post-operative pain and time from recovery room arrival to first dose of
fentanyl for postoperative pain. Pain intensity was assessed by two methods (Visual Analog Scale [VAS]
and global categorical ratings [CAT]), at the time of first dose of fentanyl for post-operative pain and at 2,
3, 4,6, 8,10, 12, 18, 24, 30, 36, 48 and 72 hours (NONE, MILD, MODERATE, SEVERE). The patients
_ performed an overall rating of .the study medication at 24, 48 and 72 hours post-dose (POOR, FAIR,
GOOD, VERY GOOD, EXCELLENT). Safety parameters were followed through 72 hours. Serum
morphine levels were also assessed at baseline and at 0.5, 2, 4, 8, 12, 18, 24, 48, and 72 hours following
dosing as well as at the time any significant opioid toxicity was observed.)

Statistical methods: Data were summarized using frequency tables and descriptive statistics. Four way
comparisons of morphine sulfate, 10 mg, 20 mg and 30 mg of SKY0401 were made. P-values for the
categorical counts were determined using Fisher’s Exact test. P-values for the mean scores were determined
by the Kruskal-Wallis test. Median time-to-event analyses were calculated by the Kaplan-Meier product
limit estimates.

Pharmacokmetlcs

Blood samples were drawn from patients for serum determination of free morphine and morphine
metabolites levels at baseline (just prior to study drug administration) and at 0.5, 2, 4, 8, 12, 18, 24, 48 and
72 hours following study drug administration. In addition, a blood sample was to be drawn for
determination of morphine and morphine metabolites levels at any time a significant opioid toxicity was
observed. PK parameters were listed and summarized by means of descriptive statistics (n, arithmetic
mean, standard deviation, minimum, median, maximum). In addition, for t1/2el, harmonic means were
calculated, and for AUC and Cmax, geometric means and between-subject variability (CVb) were also
calculated. PK analysis was performed by SkyePharma AG using WmNonlm Software, Professional 3.1
version (Pharsight Corp., CA, USA).

Results:
L Efficacy Results: :

See medical review regarding the fentanyl usage. The pain inténsity scores were comparable
among the treatment groups. This is not unexpected, since patients in all treatment groups were permitted
to self-titrate supplemental pain medication to optimize pain relief. At 48 hours, pain control medication
was rated as “excellent” by '15.4% of unencapsulated morphine patients and by 46.2% of SKY0401
patients. '

2. Safety Results:

SKY0401 was generally well tolerated by this population of patients undergoing hip surgery under
regional (intrathecal) anesthesia. The adverse events most commonly observed were consistent with events
often observed following surgery, intrathecal anesthesia and/or opioid administration. The incidence of
most adverse events following SKY0401 administration did not show a dose-response pattern, except for
hypoxia. For SKY040! patients, adverse events related to alterations in respiratory function, such as
hypoxia, hypercapnia or hypoventilation, tended to be mild-to-moderate in severity and either required no
intervention or were treated with supplemental oxygen: no SKY0401 patients required naloxone for the
treatment of respiratory depression. All significant respiratory adverse events had an onset during the first
24 hours following study drug administration. No serious/unexpected events, deaths, or premature study
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terminations due to adverse events occurred in the study. The adverse event profile of the alternate
formulation of encapsulated morphine SKY0401.1 did not show any advantages over SKY0401. In fact,
SKY0401.1 exhibited increased incidence of respiratory depression required naloxone administration and
hypotension compared to SKY0401.

3. Pharmacokinetic Results:

Note: Not all patients with PK samples drawn were included in all PK analyses. No baseline corrections
were done for 3 patients who had quantifiable pre-dose levels of morphine and/or metabolites.
Extrapolated PK parameters (i.e. AUC and MRT) should be interpreted with care because of the significant
number of values for which extrapolation exceeded 20%.

Summary:

From the mean profiles, roughly proportional pharmacokinetics over the dose range of
10-30 mg were observed for the SKY0401 formulation, extended and confirmed over the
dose range of 5-30 mg by the results obtained for 5 mg unencapsulated morphine sulfate
and the alternate SK'Y0401.1 formulation.

Results of the PK analysis for the control unencapsulated morphine sulfate are in good
agreement with those previously observed in the literature. Average peak morphine
serum levels of 13.9 ng/ml occurred at ~0.5 h, and then declined monoexponentially with
an average t1/2el value of 2.14 h (range 1.48-2.70 h, when excluding 1 patient with
t1/2el =83.2 h).

Whatever the SKY0401 or SK'Y0401.1 dose, morphine Cmax occurred on average very
early (median of ~0.5 h). For the two metabolites, Cmax occurred at about 4 h (except for
2 patients dosed with the 10 mg SKY0401 showing a higher Cmax at 72 h than at 4 h, for
the M3G), and both the up- and downslope of the concentration-time curve were more
prolonged than for morphine.

Point estimates for the ratio of sustained-release encapsulated to control unencapsulated
morphine formulation AUC (based on average AUCO-t) were superior for SKY0401
(102% for 30 mg and 88% for 20 mg) compared to SKY0401.1 (85% for 30 mg and 74%
for 20 mg). The decrease in Cmax when comparing SKY0401.1 to SKY0401 was 24%
for 30 mg and 14% for 20 mg.
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a)

Demographics

ISummary of Demographic Data of All Patients Receiving Study Drug in Parts 1 and 2.
[Age (years) eight (kg) [Height (cm)

IN 50 150 150

Mean 150.4 79.6 ) 170

Range R5-72 49.9 - 136 147-193

morphine sulfate. The present results do not show a significant reduction of morphine serum peak

concentrations or extension of duration of the serum morphine availability with the alternate formulation
SKY0401.1. '

b) Figures

Part 1:
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Part 2:
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Mean morphine serum concentration vs. timé curves following epidural SKY0401.1
administration (Part 2). Open circle ) 20 mg and (closed circle ) 30 mg doses.
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Mean morphine serum concentration vs. time curves following epidural administration of unencapsulated
morphine sulfate (Part 2). (open circle ) 5 mg dose.
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Mean morphine serum concentration vs. time curves following epidural SKY0401
administration at 10, 20 and 30 mg (Part 1) versus following epidural administration of 5 mg
unencapsulated morphine sulfate (Part 2). Symbol types refer to: (open circle) 5 mg unencapsulated
morphine sulfate (closed circle ) 10 mg, (closed triangle ) 20 mg, and (closed square ) 30 mg doses.

64



Formulation comparison 401 vs 401.1
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were below LOQ mean is shown as a dotted line.
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Led,
c) Individual Cmax AUC dose normalized {.?ﬁ
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Individuai Cmax and AUC dose-normalised versus dose for morphine and its
metabolites. Symbol types refer to: (open circle ) SKY0401 (Part 1), (closed circle ) to SKY0401.1 (Part 2)
and (closed triangle ) to unencapsulated morphine sulfate.

d) Summary of Pharmacokinetic Parameters for Morphine after Epidural Administration of
the SKY0401 Formulation (Part ).

P [Dose IMean oefficient of inimum IMaximum
unit) fvariation, %
Cmax (ng/ml) 10 MG 18.5 0.2 AN .
15 MG 25.0 g
20 MG 222 [2.1 ;
25 MG 149.3
30 MG B4.5 885 !
kmax (h) 10 MG 525
15 MG 0.450 '
20 MG 0.525
25 MG 0.533
B0 MG 0.542
IAUCO-tlast 10 MG 177 69.1 1
Kog/ml O h) 15 MG 148 i i
20 MG 154 155.8
RS MG 155
B0 MG 268 K29
h) 10 $.08 1 0.654 a
1/2el MG
15 4.43 2
MG
20 8.313 5.19a
IMG
RS 8.28 2
IMG
B0 1384 18.7a
IMG
i0 1121 B.82
AUCO-0 MG
15 155 2
'ng/mi O h) MG
20 180 3b [41.8
MG
2s 1722
MG
30 326 4b 154.3
MG
IMRTOtlast (h) [0MG h1.0 6.7
15 MG 14.53
20 MG i3.1 90.4
RS MG 16.05
B0 MG 14.2 M8.5
10 M.45 1 104 .
IMRTO_O (h) MG
15 (5.40 2 s -
MG
R0 18.8 3b 115
MG
RS 9.16 2
IMG
30 28.5 4b 74.4
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‘Mean’ refers to geometric mean for Cmax, AUCO-tlast, AUCO-o0, to harmonic mean for t1/2el, to median for tmax and
to arithmetic mean for MRTO-tlast, MRT0—co, Sample size = 4 for the 10 mg, 1 for the 15 mg, 12 for the 20 mg, 1 for
the 25 and 8 for the 30 mg doses. 1: n=2 patients, 2: n=1 patients, 3: =8 patients, 4: n=7 patients. apseudo standard
deviation, bincluding values for which AUC and/or AUMC extrapolation exceed 20%.

Summary of Pharmacokinetic Parameters for Morphine-3-Glucuronide after
Epidural Administration of the SK'Y0401 Formulation (Part 1).

Dose Mean fficient of inimum aximum
unit) 1 [variation, %
ax (ng/ml) 10 MG 0.1 hed
15 MG 103
o MG 133 0.7
25 MG 141 .
Bo MG 137 Bd4 i \
fmax (h) 10 MG 0.1
15 MG B.10
boMG . B.04 ]
s MG p.33
30 MG 6.02 ]
UT0_dast 10 MG 1686 [70.2
(ng/ml O h) 15 MG 1648 . ]
0 MG 2596 8.7 !
hs MG hs52 .
Bo MG hos2 4.3 :
1/2¢l (h) [0 MG 58.8 7
B 7]
MG
ko ho.7° 14.6*
MG
bs MG 8.4t
B0 MG hs.s? 5.81 ¢
o0 10 MG 1422
: 15 7
ng/ml O h) MG
o MG B135 ™ k7.0
25 MG 760 ™
B0 MG lio49 ™ 51.8
KTo_ttast 10 MG hs3 46.9
1S MG 00.7
ko MG k3s B1s
bs MG hs2
Bo MG b5 7.6
Too® 10 MG fs2 ™
15 h
MG
RO MG ho.1® n2.1
5 MG lg9.7 T
0 MG p64® ps.5

‘Mean’ refers to geometric mean for Cmax, AUCO-tlast, AUCO-«, to harmonic mean for t1/2el, to median for tmax and to arithmetic mean for MRTO-tlast, MRT0-<0. Sample size
=4 for the 10 mg, 1 for the 15 mg, 12 for the 20 mg, I for the 25 and 8 for the 30 mg doses. 1: n=1 patients, 2: n=0 patients, 3: n=7 patients, 4: n=3 patients. apseudo standard
deviation, bincluding values for which AUC and/or AUMC extrapolation exceed 20%.
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Summary of Pharmacokinetic Parameters for Morphine-6-Glucuronide after
Epidural Administration of the SK'Y0401 Formulation (Part 1).

Parameter Dose ean [Coefficient of M m aximum __|
(unit) variation, % I
(ng/ml) 10 MG 19.8 D6.9 ! 1
15 MG b6.3 ]
boMG h6.2 k9.3
Bs MG 016 \ ]
B0 MG B2s S1.5 7
ax (h) 10 MG B.01 \ ]
is MG 00 ]
0 MG .02 ]
P25 MG 33 ]
o MG ol ]
UCOtfast 10 MG B78 105 ]
ng/ml O h) 15 MG 34 ]
ko MG 72 672
hs MG 172 ]
ho MG 1506 106 -]
172¢l () 10 MG 6.48 | ]
15 MG 5397 1
ho MG 5.697 (32" ]
s MG 5497 ]
B0 MG 8147 la.86* ]
] lo MG paoT ]
{ng/ml O h) 15 MG pos ¥ ]
ho MG i34 7 115
D5 MG b16 ™ ]
B0 MG 36 ™ 114 ]
FRT0 "dlast ™ [0 MG 73 894 ]
5 MG 726 _
0 MG £0.8 9.6 1
25 MG f5.44 1
B0 MG 199 23 ]
Moo © 10 MG 10.5™ ]
15 MG P60 T ]
o MG 13.5% 65.7
25 MG I5.40 1 ]
BOMG 198" 707 -
e) Summary of Pharmacokinetic Parameters for Morphme after Epidural
Administration of the SKY0401.1 Formulation (Part 2).
[Dose Mean Coefficicnt of Maximum
umit) variation, %
max (ng/ml) ho MG 192 T
B0 MG 062 507
'max (h) o MG 0.500
B0 MG o517
[ C0tlast 20 MG 129 \
ng/ml O h) Bo MG h24 B0.5
h) 20 I
12el MG
3o MG 737 284"
ho 1
00 MG
ng/ml 0 h) 30 MG b6l 16
To-tlast ® o MG 13.2
BoMG bis B1.0
bo I
Rl ™ MG
B0 MG B9.3 % 87.3

“Mean’ refers to geometric mean for Cmax, AUCO-tlast, AUCO-cc, to harmonic mean for t1/2el, to median for tmax and to arithmetic mean for MRTO—tlasl MRTO0—o0. Sample size
i values for which AUC and/or AUMC extrapoalation exceed

20%.

= 1 for the 20 mg and 10 for the 30 mg doses. §: n=0 patient, 2: n=2 patients.

udi

P

dard deviation, b

68



Summary of Pharmacokinetic Parameters for Morphine-3-Glucuronide after
Epidural Administration of the SKY0401.1 Formulation (Part 2).

Dose ean Coefficient of IMaximum
unit) fation. %
‘max (ag/mi) 0 MG 773
30 MG 103 64.4
2x (h) 00 MG }4.00
30 MG 3.96 \
FUCOtlast 20 MG 1607 X : \
ng/mi O h) B0 MG 2061 13.7
h) ho i
1/2¢et MG
30 1
MG
20 1
-0 MG
30 1
ng/mi O h) MG
T0-tlast & 20 MG R5.3
30 MG 8.1 3.1
20 I )
Iﬂo_u ) MG
30 1
MG

Summary of Pharmacokinetic Parameters for Morphine-6-Glucuronide after

Epidural Administration of the SKY0401.1 Formulation (Part 2).
Dose ean i Coefficient of A Maximum
unit) Gation, %
ax (ng/ml) bo MG 117
Bo MG P24 B3.2
ax () 20 MG 2.00
B0 MG 3.96
U0 tlast R0 MG 5.2
‘ag/ml O h) BOMG 253 116
112¢l (k) P0 MG .03
B0 MG f5.82 7 P67"
%00 o MG NN .
ng/ml O h) Bo MG P63 T 52.0
0-tlast ™ 20 MG .30
80 MG 16.0 109
"Moo & D0 MG b.87°
Bo MG paa ™ i59
) Summary of Pharmacokinetic Parameters for Morphine after Epidural
Administration of the Morphine Sulfate Unencapsulated Formulation (Part 2).
Dose IMean Coefficient of ini aximul
unit) variation, %
max (ng/ml) 5 MG 13.9 P6.9
ax (h) 5 MG 0.500 \
[TC0tlast 5 MG 3.8 687
ng/ml O k)
172eL () s MG p.147 0.824 *
%D s MG s1.a® I57.0
ng/ml O h)
RTp_flast ™ . 5 MG 539 189
[T o ® 5 MG 1351 D54

Summary of Pharmacokinetic Parameters for Morphine-3-Glucuronide after

Epidural Administration of the Morphine Sulfate Unencapsulated Formulation (Part 2).

[Dose ean iCoefficient of IMaximum
unit) [variation, % B
‘max (ag/mi) 5 MG I51.7 [44.5
fmax (h) 5 MG h.23 \
. PO tlast 5 MG 499 182 \
ng/ml O h) ]
1/2¢l (h) s MG 5.097 2.40¢
] 5 MG asg ™ 7.3
ng/ml O h) i
R1D_tlast ™ 5 MG 13.0 127
To-p® s MG P22 424
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Summary of Pharmacokinetic Parameters for Morphine-6-Glucuronide after
Epidural Administration of the Morphine Sulfate Unencapsulated Formulation (Part 2).

Dose ocfficient of m

‘unit) fation, %

‘max (ng/ml) 5 MG 104 4.5

[O) 5 MG b12
[0~ tlast 5 MG p6.9 7i3 \
fng/ml 0 ) ‘
172l (h) 5 MG 1997 (s(* i
B 1

™0-0 5 MG 54.7° 43.6
fg/ml O B

H0-tlast ™ s MG 2.74 31.6 '

Ton® 5 MG 5.36° Bs.2 J

£) Individual Pharmacokinetic Parameter Values Gathered | er Treatment for Morphine after

Epidural Administration of the SKY0401 Formulation (Part 1).

Subject Bubject Fmax - ax 1/2¢l 01 F%%-0 R0 -0

Dose Number nitials ng/mL) h) h) ng.h/mL) ng.h/mL) (k) kb
10 P1-016 i 14.7 0.433 L P76 b 6.2 h

1o p1-011 10.7 0.550 b B33 h ko7 h

1o 3-001 \ [9.6 0.500 .69 102 109 p.38 . 12¢
o 01019 5.3 1.97 - Bl 105 s B.57 4.77c
IS 01-012 p5.0 0.450 .43 148 Iss .53 .40
ho 2003 ] I 0.533 A hés h a2 h

20 02-005 178 115 5,42 1354 166 .47 b.27c
bo 02-004 43.2 0.450 65.74 P14 024 1.99 6.26¢
D0 01-004 113 225 158.0 181 80b D43 70.3b
po 02-00: bié b.co 14.9 72 Bo7 14.0 R0.4¢c
20 01-01 1.1 0.467 23 168 B 1.0 B

0 01-00 14.3 0.533 .08 6.3 l92.76 h.03 6.04b
po 1-002 16.4 0.500 3 106 h .42 3

po 01-005 p1.7 o.500 13.7 136 194b 17.67 18.4b
o 01-013 Bo2 .517 (1.0 106 127 .33 b.37c
20 102-001 05.8 0483 h 173 A 10.9 h

po 01-001 18.1 R.00 6.07 145 154 l8.61 10.1
s Di-014 149.3 p.533 [2.28 155 72 6.05 b.16c
30 02-006 B1.8 0.517 18.9 B1s - 424 152 Ri.8c
30 01-005 10.2 .98 8.40 125 142 .17 t2.5¢
bo 01-006 f54.5 0.517 0.7 46 406 13.3 P2.8¢c
Bo 01-018 K 0533 .54 190 197 .59 K.33c
Bo 01-010 20.7 0.550 B2.7 223 p38b 3.2 b2.0b
30 bi-015 102 o.433 I51.4 a0g 499 {1.6 i6.1c
B0 01-007 19.0 p.o7 h D59 b D4.5 h

Bo o1-008 B3.5 1.97 [6.6 B6o [s60b R3.1 169.8b

h) Assay Validation
L 3

SkyePharma Inc. Document Number:
Validation Report L Fuge 1 ol 20
Validation Repori for Quantitation of Meorphiase aud ita Metabolitey in Hurman Scorow by
I Effcctive Dace: o g 9 1998 l
1- Seoepe:
1.1, The pssey validated is an HPLC imsthod that 10 dewcrming the concenuration of

Morphine and ides, Morph

£-giusoronide, Marphing-6-13-

I
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Study 009

CLINICAL PHARMACOKINETIC REPORT PROTOCOL NO. SKY0401-009
IND No. 52,113

A Phase 2, Randomized, Placebo-Controlled, Dose-Finding, Double-Blind Study of Sustained-Release
Encapsulated Morphine (SKY0401) Administered Epidurally for the Treatment of Post-Operative
Pain in Patients Undergoing Hip Arthroplasty Procedures

Objectives:

“To determine the efficacy and duration of post-operative analgesic effect of various doses (10, 20, or 30
mg) of SKY0401 compared to SKY0401 placebo.

“To evaluate the safety profile of various doses (10, 20, or 30 mg) of SKY0401 compared to SKY0401
placebo.

“To establish an appropriate dose range for future Phase 3 clinical studies.

“To determine the pharmacokinetic (PK) profile of morphine and its metabolites following epidural
SKY0401 administration (selected centers only).

Rationale for study design

The three doses of SKY0401 selected for this study were based on the results of the initial Phase 1, dose-
escalation study. In that study, doses less than 10 mg were not associated with any significant-
antinociceptive activity and a dose of 40 mg was associated with dose-limiting opioid toxicity. Thus,
SKY0401 doses of 10, 20, and 30 mg were selected for this study. The use of a placebo contral group was
ethical, as an opioid analgesic (i.e., IV fentanyl PCA) was available to all patients post-operatively through
48 hours post-dose. SKY0401 placebo (SKY0401 DepoFoam particles without morphine sulfate) was
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utilized as placebo since its appearance was identical to SKY0401, thereby preserving the double-blind of
the study.

Number of patients:

Planned: 120 patients

Total Enrolled: Of the 126 patients enrolled, 120 received study drug: SKY0401 (10 mg, n = 34; 20 mg, n
= 32; and 30 mg, n=26) and 28 received SKY0401 placebo.

Total Sampled for PK: Of the 120 patients dosed, 54 had samples drawn for PK SKY0401: o = 16 for 10
mg, n = 14 for 20 mg, n = 13 for 30 mg, and n = 11 for SKY0401 placebo).

Diagnosis and main criteria for inclusion: ,

Eligible patients included males and females aged 18 to 75 years undergoing a hip arthroplasty (total
primary arthroplasty, hemiarthroplasty, or revision of a previous hip arthroplasty).

Investigational product, dose and mode of administration, batch number

SKY0401 (sustained-release encapsulated morphine) at a single dose of 10, 20, or 30 mg was administered
epidurally at a lumbar intervertebral space. Lot numbers 97-0020, 97-0021, 98-0007, 98-0008, and 99-0007
were used.

Duration of treatment

A single 5 mL dose was injected epidurally at a controlled rate over 15 seconds.

Reference therapy:

SKY0401 placebo (DepoFoam particles without morphine sulfate) was administered epidurally at a lumbar
intervertebral space. Lot number 98-0005 was used.

Criteria for evaluation:

Efficacy: The primary efficacy parameter was the total amount of fentanyl used over 48 h post-dose.
Secondary efficacy parameters included the time of the first use of narcotic ‘pain medication post-
operatively, patient-rated evaluations of pain intensity (visual analog scale and categorical scale) at rest and
with activity, and patient-rated evaluation of study medication (categorical scale).

Safety: Safety was assessed by recording: vital signs (temperature, respiratory rate, heart rate, and blood
pressure), physical examinations, electrocardiograms, pulse oximetry (to determine oxygen hemoglobin
saturation), capnometry (to determine PETCO2), routine clinical laboratory tests, and adverse events.
Pharmacokinetics: Blood samples for determination of serum concentration-time profiles of free morphine
and its metabolites, morphine-3-glucuronide and morphine-6-glucuronide, were drawn predose and at 0.5,
2,4, 8, 12, 18, 24, 48 and 72 h post-dose. PK parameters were estimated from those data for each patient
receiving SKY0401, using only concentrations above LOQ.

Statistical Methods:

Efficacy and Safety: See separate report.

Pharmacokinetics: PK parameters were listed and summarized by means of descriptive statistics (n,
arithmetic mean, standard deviation, minimum, median, maximum). In addition, for t1/2el, harmonic means
were calculated, and for AUC and Cmax geometric means and between-subject variability (CVb) were also
calculated. PK analysis was performed by SkyePharma AG using WinNonlin Software, Professional 3.1
version (Pharsight Corp., CA, USA).

Results:

Appears This Way
On Original
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1. Demographics and Baseline Characteristics (N = 120)

Measure Placebo 10 mg 20 mg 30 mg P-value
(n=27) SKY0401 SKY0401 SKY0401

(n=3%5) n=32) (n=26)
Age (years) -
Mean 57.7 54.1 56.4 54.6 0.079"
Range 26-75 29-75 18-75 27-73
0 65 years n (%) 11 (40.7%) 8 (22.9%) 11 (34.4%) 8 (30.8%) 0.381%
Sex :
Male 12 (44.4%) - 20 (57.1%) 17 (53.1%) 13 (50.0%) 0.871%
Female 15 (55.6%) 15 (42.9%) 15 (46.9%) 13 (50.0%)
Race
Caucasian 22 (81.5%) 25 (71.4%) 27 (84.4%) 22 (84.6%) 0.514%
Black 5 (18.5%) 8 (22.9%) 3(9.4%) 3 (11.5%)
Hispanic 0 1 (2.9%) 2(6.3%) 1(3.8%)
Other 0 1(2.9%) 0 0
Height (cm) R
Mean 170.0 171.0 169.3 170.6 0.938"
Range 150-185 150-188 147-193 152-188
Weight (kg)
Mean 78.6 79.6 81.6 82.6 0.604"
Range 45-113 60-113 48 -118 45-123

2. Efficacy

The epidural administration of a single dose of SKY0401 resulted in dose-related post-operative
analgesia, as evidenced by a reduction in use of supplemental narcotic pain medication, an increased time
to use of additional narcotics, and improved overall pain intensity ratings compared to placebo. Mean
fentanyl usage through 48 hours post-dose was 2434 mcg for placebo patients and 1321, 905, and 652 mcg
in the 10, 20, and 30 mg SKY0401 dose groups, respectively (p < 0.001). Through 48 hours post-dose, 4%
of SKY0401 placebo patients and 6%, 16%, and 27% of patients in the 10, 20, and 30 mg SKY0401
treatment groups did not use supplemental fentanyl (p = 0.042). The median time to the first post-operative
fentanyl use was 3.2 hours for placebo patients and 13.5, 24.8, and 16.1 hours for the 10, 20, and 30 mg
SKY0401 dose groups, respectively (p < 0.001). Pain intensity scores (rest and with activity) were
significantly higher (i.e., worse) in the placebo group than in the SKY0401 treatment groups throughout 18
hours post-dose; thereafter, pain scores were comparable across groups, as would be expected as patients
self-titrated PCA fentanyl as needed to comparable levels of pain relief.

3. Safety

SKY040!1 exhibited a side-effect profile typical for an opioid analgesic agent. The side effects that
tended to be observed more frequently with SKY0401 than with placebo were common opioid side effects,
such as headache, constipation, nausea, vomiting, somnolence, hypoxia, hypoventilation, pruritus, and
urinary retention. The incidence of these events was not obviously dose-related. The onset of opioid
adverse events, such as respiratory depression, usually occurred 2.5 to 18 hours post-dose and were
reversible with opioid antagonist therapy. Five (5%) of the 97 patients receiving SKY0401 experienced
respiratory depression that was rated as severe and lasted for 20 to 66 hours. For these patients, the onset of
respiratory depression was at 3 to 5 hours following study drug administration. No patient exhibited the late
initial onset of respiratory depression (i.e., after 24 hours) with no preceding evidence of respiratory
. depression or somnolence at earlier timepoints. As SKY0401, like other narcotic analgesics, can reduce
blood pressure and respiratory drive, patients should be observed for at least 24 hours following SKY0401
administration. Patients exhibiting evidence of respiratory depression or excessive somnolence during the
first 24 hours should be followed closely until all evidence of opioid toxicity has resolved. SKY0401
should only be administered by personnel experienced in the administration of epidural agents and familiar
with the use of narcotic antagonists. No new adverse events were observed which were not consistent with
opioid profile. Other safety variables, including clinical laboratory evaluations, ECGs, or physical
examination findings, did not reveal any findings of clinical concern. No deaths occurred in the study. No
patients terminated from the study prematurely because of an adverse event.

4. PK
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a. Figure 1: Mean morphine and its metabolites serum concentration vs. time curves following epidural

SKY0401 administration.
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than half of the

values were below LOQ, mean is shown as a dotted line.
b. SKY0401 formulation exhibited roughly proportional pharmacokinetics over the dose range of 10-30

mg.
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Summary of Pharmacokinetic Parameters for
Administration of the SKY0401 Formulation

Oase (my)

Morphine and its metabolites after Epidural

Morphine:

Parameter
(unit)
Cmax

(ng/ml)
tmax (h)

AUCO tlast
(ng/m! s h)

t(h)
1/2el

AUC’D
(ng/ml 0 h)

MRTO tlast
(h)

MRT’0
(h)

SKY0401
Dose
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG

10 MG
20 MG
30 MG
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG

Mean

17.4
27.1
36.8
0.558
0.500
0.500
119
170
263
5.19'

8.90°
19.13

135'
180%
318%
13.6
10.3
14.0
25.31
15.3%
25.5%

CoefTicient of Minimum Maximum
variation, %

51.7

443

81.2

112
449
66.4
5.99°

5.34°
183°

108

35.1
554
79.7
70.0
47.1
131

78.3
48.7

Mean refers to geometric mean for Cmax, AUCO-tlast, AUC™™ to harmonic mean for t1/2el,
to arithmetic mean for MRTO tlast, MRT? and to median for tmax. Sample size = 16 for the

10 mg, 14 for the 20 mg, and 13 for the 30 mg dose. na for not applicable.': n=9 patients, %
n=11 patients, *: n=10 patients. *pseudo standard deviation, bincluding values for which AUC

and AUMC extrapolation exceed 20%.
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Morphine-3-glucuronide

Parameter
(unit)
Cmax

(ng/ml)
tmax (h)

AUCO tlast i
(ng/ml 0 h)

t ()
1/2el

AUC'O
(og/ml O h)

MRTO tlast
®

MRT’0O
()

SKY0401
Dose

10 MG
20 MG
30 MG
10 MG
20 MG
30 MG
10 MG
20 MG

Morphine-6-glucuronide

Parameter
(unit)
Cmax

(ng/ml)
tmax (h)

AUCO tlast
(ng/ml O h)

t(h)
1/2el

AUC'D
{ng/m] O h)

MRTO tlast
(h)

MRT’O
t)

SKY0401
Dose
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG
10
MG
20
MG
30
MG
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG
10 MG
20 MG
30 MG

Mean

91.9
116

188

401

4.00
3.92
1255
2171
3917
8.08'

25.37
25.1°

1592
2585%
4947%
17.5
20.0
21.2
25.5
36.5%
- 33.%

Mean

12.1
16.5
254
4.03

4.00
4.00
86.4
194

409

547"

8.09?
18.5°

162"
293%
634
10.5
124
16.7
11.8"
31.5%
43.6%

Coefficient of

variation, %
455
435
48.8

121
535
554
641°

146°
648"

85.6
40.5
553
67.0
317
33.0
754
42.0
33.7

Coefficient of

variation, %
46.5
52.8
54.8

179
974
114
2.87°

481°
14.5*

371
84.6
824
113
13
65.5
313
187
86.3

_ Minimum

Minimum

Maximum

Maximum
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Study 011

Title of Study:

A Phase 3, Randomized, Double-Blind, Placebo-Controlled, Parallel Group, Dose-Ranging Study to
Evaluate the Safety and Efficacy of a Single Epidural Dose of Sustained-Release Encapsulated Morphine
(SKY0401) in the Management of Post-Operative Pain in Patients Undergoing Hip Arthroplasty

Analytical Study Site:

L , ]

Study Period:

First Patient Enrolled: 29 January 2001

Last Patient Observed: 29 July 2001

Objectives: ,

The primary objective of this study was to confirm the efficacy of post-operative analgesic effect of various
doses (15, 20 or 25 mg) of SKY0401 compared to placebo.

Secondary objectives were to (1) evaluate the safety and efficacy profile of various doses (15, 20 or 25 mg)
of SKY0401 compared to placebo; (2) assess the effects of SKY0401 on post-operative pain intensity,
patient activity, and patient/surgeon ratings of pain control, and, (3) gain additional

information on serum morphine and morphine metabolites pharmacokinetics (PK) following epidural
SKY0401 administration (selected centers only).

This report is limited to the pharmacokinetic analyses of the PK evaluable population.

Methodology:

This was a Phase 3, multicenter, randomized, double-blind, placebo-controlled, paraliel group,
dose-ranging study comparing the safety, efficacy, and pharmacokinetic profile of single epidural doses of
SKY0401 (15, 20, or 25 mg) compared to placebo for the treatment of post-operative pain in patients
undergoing hip arthroplasty performed under general or regional (intrathecal) anesthesia. Study drug
administration occurred prior to induction of general or regional (intrathecal) anesthesia and approximately
30 minutes prior to the start of surgery. Patients were permitted post-operatively to self-administer
intravenous (IV) fentanyl via a patient-controlled analgesia (PCA) pump. Opioid medications other than IV
fentanyl PCA were not permitted through 48 hours post-dose. Patients were assessed for efficacy, safety,
and PK parameters (selected centers only) for a total of 48 hours post-dose while hospitalized.

Number of Patients:
Planned: 200 patients (at least 50 patients per treatment group)

Total Enrolled: 200 patients were enrolled, 150 received study drug SKY0401 (15 mg,n=51;20 mg, n=
50; and 25 mg, n= 49) and 50 received placebo.

Total Sampled for PK: Of the 200 patients enrolled, 92 had blood samples drawn for PK analysis.
Twenty-four patients were not analyzed for PK because they were randomized to receive placebo. Of the
68 patients who received SK'Y0401, 66 were evaluated for PK (15 mg, n =23; 20 mg, n=22; 25 mg,n =
21). Two patients were excluded from all PK analyses because they had insufficient serum data.

Diagnosis and Main Criteria for Inclusion:

Males or females >18 years of age, scheduled for unilateral hip arthroplasty (primary total arthroplasty,
hemiarthroplasty, or revision of a previous hip arthroplasty), willing and able to use a patient-controlled
analgesia (PCA) pump, to receive only IV fentanyl for 48 hours to control post-operative pain, and to
remain hospitalized for a minimum of 48 hours post-dose.

Investigational Product, Dose and Mode of Administration, Batch Number:
SKY0401 (sustained-release encapsulated morphine) single doses of 15, 20, or 25 mg were
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administered epldurally into a lumbar intervertebral space Lot numbers 00-4007, 02-4004, 02-4005, 02-
4007, and were used.

Duration of Treatment:

A single 5-mL dose was injected epidurally at a controlled rate over 15 seconds. Treatment Group
Dilutions :

15 mg SKY0401 Dilute 1.5 mL SKY0401 with 3.5 mL normal saline

20 mg SKY0401 Dilute 2 mL SKY0401 with 3 mL normal saline

25 mg SKY0401 Dilute 2.5 mL SKY0401 with 2.5 mL normal saline

Placebo 5 mL of 0.9% normal saline

Reference Therapy:
Placebo (injectable, preservative-free, 0.9% normal saline without DepoFoam. particles) was
administered epidurally at a lumbar intervertebral space at a controlled rate over 15 seconds.

Criteria for Evaluation:

Efficacy: The primary efficacy endpoint was the total amount of IV fentanyl usage through 48 hours post-
dose. Secondary efficacy endpoints included the time to first use of IV fentanyl post-operatively, the _
proportion of patients receiving no fentany! post-operatively, patient-rated evaluations of pain intensity at
rest and with activity using the visual analog scale (VAS) and a categorical scale (CAT), activity scores,
and patient and surgeon ratings of pain control.

Safety: Safety was assessed by recording vital signs, including respiratory rate (RR), heart rate (HR), and
blood pressure (BP), and conducting brief neurological checks and sedation scores through 48 hours post-
dose. Additional safety data were collected by conducting physical and neurological examinations and

" routine clinical laboratory tests at Screening (i.e., < 21 days prior to study drug administration) and on Day
3 (where Day 1 is the day of study drug administration), and by recording all adverse events (AEs)
following study drug administration through Day 7 and neurological AEs (to identify any potential
neurological sequelafe] of epidural analgesia) and serious AEs (SAEs) through Day 30.

Statistical Methods:

Efficacy Analyses: Efficacy analyses were conducted on the ITT population, which consisted of all
randomized patients who underwent the planned surgical procedure, regardless of whether they received
their assigned study drug according to the randomization procedure, and who were followed for use of
fentanyl or other opioid medications. Analysis of variance (ANOVA) on ranked data was.used to compare
the average amount of total IV fentanyl among the treatment groups. If the primary analysis revealed a
significant effect among treatment groups, Dunnett.s test, a multiple comparison procedure, was then used
to compare each dose of SKY0401 with placebo. The linear model included terms for treatment group and
type of anesthesia. For secondary analyses, the time from study drug administration to the first post-
operative use of IV fentanyl and time to first post-operative opioid usage were summarized with medians
and Kaplan-Meier curves, and logrank tests was used to compare treatmnent groups. All other secondary
endpoints were analyzed using ANOVA or Fisher.s exact test, followed by pairwise tests with placebo if
the overall effect was significant.

Safety Analyses: Safety analyses were conducted on the safety population, which included all randomized
patients who received any study drug whether or not they underwent the planned surgical procedure.
Summary tables and individual patient listings were provided for all safety measurements, and the results
were presented separately by treatment (analyzed according to the study treatment actually received), as
well as for all SKY0401 groups combined. Descriptive statistics were used to summarize safety data where
appropriate. In addition, laboratory values were summarized with shift tables (i.e., low-normal-high at
baseline versus low-normal-high at Day 3 or a 3-by-3 contingency table) to assess changes in laboratory
values from baseline to Day 3. All AEs were listed, documenting the course, outcome, severity, and
causality to study drug. Verbatim terms on Case Report Forms (CRFs) were mapped to preferred terms
and related system organ classes using the Medical Dictionary of Regulatory Activities (MedDRA). The
percentage of patients with AEs and the severity of AEs were displayed by body system for each study
group. The numbers and incidence of SAEs (including those that resulted in death) by study group was
also displayed. Incidences of AE and SAEs among study groups were compared using Fisher.s exact test.
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Pharmacokinetics: Blood samples for determination of serum concentrations of morphine and its
metabolites, morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G), were collected predose
and at 0.25, 0.5, 1, 2, 4, 8, 12, 18, 24, 36, and 48 hours post-dose. PK parameters were estimated from data
for each patient receiving SKY0401, using only concentrations above LOQ. PK parameters except t1/2
were listed and summarized by descriptive statistics (n, arithmetic mean, standard deviation, CV%, median,
minimum, maximum). Summary statistics for t1/2 included n, harmonic mean, pseudo standard deviation
of the jackknife variance, CV%, median, minimum and maximum. In addition. for AUC and Cmax
geometrlc means were also calculated. PK analysis was performed by £, . 1sAs
version 8.2 was used to calculate all parameters except Oz and t1/2, where Kinetica 2000. software
(InnaPhase Corp., Philadelphia, PA, USA) was used.

Results:

1. Efficacy Resuits (ITT Population, N = 194):

[ Patients treated with SKY0401 at 15, 20, and 25 mg demonstrated a significant reduction in the need for
IV fentanyl through 48 houss post-dose compared with patients receiving placebo (p < 0.0001). With
increasing doses of SKY0401 (15, 20, and 25 mg), a decrease in the mean total fentanyl usage through 48
hours was observed (663.0, 485.4, and 370.6 mcg, respectively).

(lIn patients > 65 years of age, pain control (as evidenced by a decreased requirement for post-operative
fentanyl) was achieved with 15 mg SKY0401 and was comparable with that achieved with 20 mg
SKY0401 in younger (< 65 years of age) patients.

[JSecondary analyses of the primary endpoint comparing fentanyl usage at 4- and 24-hour intervals
consistently demonstrated a significant reduction of fentanyl usage with SKY0401 at all doses compared
with placebo.

[JThere was a significant delay in the time to first fentanyl usage with SKY0401 treatment at all doses
compared with placebo (p <0.0001).

[) There was a significant decrease in the proportion of patients requlrlng post-operative fentanyl with
SKY0401 treatment at all doses compared with placebo.

{JMean VAS and CAT pain intensity ratings at rest and with activity were generally lower for SKY0401-
treated patients. Importantly, the VAS-R in terms of AUC through 48 hours was significantly decreased in
all SKY0401 treatment groups compared with placebo (p = 0.0005, < 0.0001, and < 0.0001 for SKY0401
15, 20, and 25 mg, respectively).

[JAlthough all patients were allowed to self-administer IV fentanyl via a PCA pump, more SK'Y0401-
treated patients (83%) rated their pain control as good or very good compared with placebo-treated patients
(67%) at 48 hours post-dose. These ratings were consistent with those of the surgeons (75% and 57%,
respectively).

(JThere were no clear effects of test dose administration (no test dose, test dose administered < 15 minutes
prior to study drug, or test dose administered > 15 minutes prior to study drug) on the efficacy of SKY0401
in terms of total fentany] usage.

2, Safety Results (Safety Population, N = 183):

O'The most frequently reported AEs in the SK'Y0401-treated patients were consistent with opioid treatment.
Adverse events other than those expected for opioid agents were comparable among the treatment groups,
indicating the absence of AEs that were related to DepoFoam. The most common AEs from Days 1 to 7 in
the SK'Y0401 and placebo treatment groups were nausea, pyrexia, hypotension, vomiting, pruritus, and
anemia, with the incidence of vomiting, pruritusy and urinary retention increased with SKY0401 treatment.
[JThe majority of AEs were mild to moderate in severity.

OThere was no clear relationship between the dose of SKY0401 and the number, seventy, or relationship
to treatment of AEs reported. :

C'There were no differences in the neurological AEs reported among the SKY0401 and placebo treatment
groups. Few neurological events were reported from Days 8 to 30, and all were mild and not serious.
[JThere were three SAEs, hypotension (SKY0401 25 mg), hypoventilation (SKY0401 25 mg), and
somnolence (SKY0401 20 mg), that were related to SK'Y0401 treatment. All were related to the opioid
profile of SKY0401.

[DThere were no deaths or study discontinuations due to AEs.
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There were no clinically significant hematology or biochemistry abnormalities related to SKY0401
treatment.

QFollowing the administration of study drug, statistically significant decreases were noted in RR, systolic
BP, and diastolic BP in all treatments groups, including placebo. The decreases in the SKY0401 treatment
groups were dose related, with the most consistent decreases over time observed in the SKY0401 25 mg
dose group. These effects may have been the result of drug effects upon the respiratory and cardiovascular
centers, or reflective of enhanced pain control achieved with SKY0401.

(JCompared with patients who received 15 or 20 mg, the administration of 25 mg SKY0401 resulted in
longer periods of sedation.

QThirteen percent of SKY0401-treated patients had saturated oxygen monitoring in response to an AE
compared with 4% of placebo-treated patients. Within the 13% of SKY0401-treated patients, there were 4
(8%), 9 (20%), and 6-(12%) patients in the 15, 20, and 25 mg treatment groups, respectively.

{JAn opioid antagonist was administered to 17 SKY0401-treated patients (13%) and 0 placebo-treated
patients (0%), including 4 (8%), 4 (9%), and 9 (21%) in the 15, 20, and 25 mg SKY0401 groups,
respectively. For the majority of SKY0401-treated patients (88%) who received an opioid antagonist, the
initial administration time occurred with 24 hours post-dose. No SK'Y0401-treated patients received an
opioid antagonist after 48 hours. _

[IThere were no apparent effects of test administration (no test dose, test dose administered < 15 minutes
prior to study drug, or test dose administered > 15 minutes prior to study drug) on the safety profile of
SKY0401.

3. Pharmacokinetics:

a. Sample analyses were performed by L. 3 Serum morphine and
morphine metabolite concentrations were determined using €

-3 The lower limit of quantitation (LLOQ) for morphine in human serum
was ~ ng/mL, with linearity demonstrable to £ }ng/mL (upper limit of quantitation, ULOQ). The
LLOQ for M3G in human serum was{  §ng/mL, with linearity demonstrable tof ~ Jag/mL. The LLOQ
for M6G in human serum wasj  3ag/mL, with linearity demonstrable to { ¥ng/mL. The LLOQ and

ULOQ of M3G were changed to §~ ¥ng/mL in a subsequent method validation
Demographic Data for Pharmacokinetic Population Receiving Study
Drug
Demographic Overall n=66
Gender
Female 33 (50.0%)
Male 33 (50.0%)
Race
Caucasian 58 (87.9%)
Black 7(10.6%)
Hispanic 1(1.5%)
Age (years)
Mean (SD) 58.1(12.8)
Median 585
{Min-Max) (19 83)
Height (in.)
Mean (SD) 67.95 (4.1)
Median 68.0
(Min-Max) (60.0 77.0)
Weight (Ib) .
Mean (SD} 183.84 (37.0)
Median 185.1
(Min-Max) (113.5253.8)
BMI (kg/m?)
Mean (SD) 27.97 (4.9)
Median 270
{Min-Max) {19.0 40.0)
b. Morphine Results

Mean morphine concentration-time curves for each SKY0401 dose group are plotted:
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An overall summary of the individual and mean morphine PK results by treatment group is provided

Mean (SD) PK Parameters for Morphine by SKY0401

Dose

15 mg 20 mg 25 mg
Variable n=23 n=22 n=21
Cmax (ng/mL) 17.40 (10.563) 23.35417331N 24,91 (16 R16)
tmax (hr){1] 050 — 0.75: — 050 —
AUCO-t (ngOhr/mL) 112.97 (47.447) 149.58 (84.582) - 168.87 (60.569)
AUCO0-0 (ngOhr/mL)[4] 162.57 (101.546) 189.42 (98.125) 218.74 (84.294)
0z (hr-1){4] 0.0568 (0.0585) 0.0364 (0.0285) 0.0327 (0.0246)
t1/2 (hr)[2,4] 12.20 (13.849) 19.02 (15.552) 21.20 (16.800)
CL/F (mL/min/kg){4] 25.06 (13.888) 27.05 (12.830) 26.50 (10.166)
CL/F (mL/min)[4] 2171.62 (1457.646) 2279.40 (1344.803) 2217.23 (913.837)
Vz/F (L/kg){4] 42.52 (23.899) 69.25 (45.503) 62.75 (25.877)
Vz/F (L){4] 3559.51 (2037.161) 5588.33 (3595.906) 5180.11 (2151.430)
Cmax [3] 14.16 18.61 20.60
AUCO0-t[3] 102.84 [30.54 159.47
AUC0-0 {3,4] 137.13 167.26 203.09

[17 Median (min-max)

[2] Harmonic mean and pseudo standard deviation of the jackknife variance
[3] Geometric mean of [n-transformed variables
[4] n=19, 21, 19 for the 15, 20, and 25 mg SKY 0401 dose groups, respectively.

Data source: Appendix A,
Table 5

The results for Cmax and AUC demonstrated dose-proportional pharmacokinetics of SKY0401 across the
dose range of 15 to 25 mg. The relationship between dose and CL/F was analyzed using a fixed effects
analysis of variance (ANOVA). In the analysis, no statistically significant dose-related differences in CL/F
were observed (p=0.8742).

¢. . Effect of Lidocaine/Epinephrine on SKY0401

The mean concentration-time curves by test dose administration illustrate that Cmax is blunted and that
tmax appears to be shifted to the right, as would be expected with a sustained-release delivery system,
when no test dose is administered. The highest mean Cmax values and most rapid tmax values were

observed in those patients who received the test dose within 15 minutes of study medication.

Mean Morphine Serum Concentration-Time Curves by Dose Group and Test Dose Administration
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Across all three dose groups, Cmax was greater than 20 ng/mL in 16.7% (3/18) of patients who did not
receive a test dose compared with 37.5%:(12/32) of patients who received a test dose at least 15 minutes
prior to study medication and 66.7% (10/15) of patients who received a test dose within 15 minutes of
study medication (Table 4). The individual patient plots demonstrate the variability between..

Effect of Test Dose on Individual Cmax after SKY0401 Administration

No Test Dose Test Dose (115 Minutes Test Dose <15 Minutes
Dose Cmax >20 (Cmax Range) Cmax >20 (Cmax Range) Cmax>20  (Cmax
v Range)
15 mg 1/7 2/10 £ 5/6 L
20 mg 2/8 4/10 1] 3/4
25 mg 0/3 3 6/12 _ 1 2/5

Individual Morphine Serum Concentration-Time Curves Through 4 Hours Post-Dose: 15 mg Dose
Group
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Individual Morphine Serum Concentration-Time Curves Through 4 Hours Post-Dose. 25 mg Dose

Group
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.d. Metabolite Pharmacokinetic Results

Mean concentration-time curves for the morphine metabolites, M3G and M6G, are plotted :

Average Morphine-3-Glucuronide Serum Concentrations by SKY0401 Treatment
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The serum.concentration profiles of both metabolites were comparable across all three doses. For the two

metabolites, median tmax for all three doses occurred at 4 hours.
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A summary of the individual and mean serum concentrations for M3G is provided below.

Mean (SD) PK Parameters for M3G by SKY0401 Dose

15 mg 20 mg 25 mg
Variable n=23 n=22 n=21
Cmax (og/ml) N 91,56 (49.085) 109.55 (56.772) 120.54 (60.032)
tmax (ho)[1] 40, — 4.0 - 4.0: —
AUCO-t(ngOhr/mL) 1272.23 (663.361) 1814.04 (1084.201) 2062.46 (1470.931)
AUCo-0 (ngDhr/mL)[4] 1890.11 (1223.841) 3072.95(2371.174) 3290.86 (2183.347)
Oz (he-1){4] 0.0393 (0.0282) 00.0316(0.0331) 0.0318 (0.0274)
172 (hr)[2,4] 17.66 (13.152) 21.96 (227.374) 21.81 (20.062)
Cruax [3] 81.01 93.56 107.92
AUC0-t(3] 1136.73 '1506.71 1746.76
AUCO0-0 [3,4] . 1625.23 2364.28 2767.05
{1] Median (min-max)
[2} Harmonic mean and pseudo standard deviation of the jackknife variance
{31 Geometric mean of In-transformed variables
4] n=21, 20, and 20 for the 15 thg, 20 mg, and 25 mg SKY0401 dose groups, respectively.
Data source: Appendix A, Table 6 .
Table 6: Mean (SD) PK Parameters for M6G by SKY0401

Dose

15 mg 20 mg 25mg
Variable n=23 n=22 =21
Cmax (ng/mL) 11.75 (4.96R8) 16.47 (8 RAR) 18.51 (9.089)
tmax (hr)[1] 40: 40, — 4.0 -
AUCO-t (ngChr/mL) 162.85 (90.707) 257.42 (167.797) 299.06 (203.063)
AUCO-inf (ngClhr/mL)f4]  290-13 (168.842) 454.70 (316.821) 526.51 (279.632)
Oz (hr-1 %[4]] 0.0496 (0.0481) 0.028 (0.034) 0.0226 (0.0201)
t1/2 (hr)[2,4 13.97 (14.851) 23.66 (34.621) 30.64 (32.530)
Cmax (3] : 10.77 13.89 16.70
AUCO0-t[3] 141.28 206.53 254.91
AUCO-inf [3,4]) 242.93 374.49 455.77

[1] Median {(min-max) ]

'{2] Harmonic mean and pseudo standard deviation of the jackknife variance

{3} Geometric mean of In-transformed variables

[4] n=10, 18, and 13 for the 15 mg, 20 mg, and 25 mg SKY0401 dose groups, respectively.
Data source: A ppendix A, Table 7

Study 12B

Title of Study:
A Phase 3, Randomized, Double-Blind, Dose-Controlled, Parallel Group, Dose-Ranging Study to
Evaluate the Safety and Efficacy of a Single Epidural Dose of Sustained-Release Encapsulated
Morphine (SKY0401) in the Management of Post-Operative Pain in Patients Undergoing Lower
Abdominal Surgery

Study Centers:

Multicenter — 50 study sites located in the United States and Australia
AEJaIWical Study Site:

Study Period:

First Patient In: 8 April 2002

Last Patient Observed: 9 January 2003

Objectives:

The primary objective of this study was:

» To confirm the efficacy of SKY0401 in the management of post-operative pain following lower
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abdominal surgery. The primary efficacy parameter was an assessment of the reduction in the
use of IV fentanyl for 48 hours following study drug administration for patients receiving 10, 15,
20, and 25 mg SKY0401 compared with 5 mg SKY0401 (dose control arm).

Secondary objectives were: _

» To evaluate further the safety and efficacy profile of various doses (5, 10, 15, 20, or 25 mg) of
SKY0401 compared with 5 mg of unencapsutated morphine and investigate the dose-response
relationship among the SKY0401 doses.

» To assess the effects of SKY0401 on post-operative pain intensity, patient/surgeon ratings of
pain control.

» To gain additional information on serum morphine and morphine metabolites pharmacokinetics
(PK) following epidural administration (selected centers only). '
Methodology:

This Phase 3, multicenter, randomized, double-blind, dose-controlled, paraliel group, dose-
ranging study evaluated the safety, efficacy, and pharmacokinetic profile of single epidural doses
of SKY0401 (5, 10, 15, 20, or 25 mg) compared with unencapsulated morphine (5 mg) for the
treatment of postoperative pain in patients undergoing lower abdominal surgery performed under
general or regional (intrathecal) anesthesia. Lower abdominal surgery was defined as surgery via
“an abdominal incision below the umbilicus excluding laparoscopic surgery, transurethral
prostatectomy, cesarean section, hernial repair, appendectomy, and lower abdominal vascular
surgery. Study drug administration occurred prior to induction of general or regional (intrathecal)
anesthesia and approximately 30 minutes prior to the start of surgery. Patients were permitted
post-operatively to selfadminister intravenous (IV) fentanyl via a patient-controlled analgesia ]
(PCA) pump. Opioid medications other than |V fentanyl PCA were not permitted through 48 hours
post-dose. Patients were assessed for efficacy, safety, and PK parameters (selected centers
only) for a total of 48 hours post-dose while hospitalized. While originally designed as a placebo-
controlled trial (8KY0401-012), the study protocol was amended (SKY0401-012B) to change the
placebo arm of the study and include additional treatment arms of a single 5 mg dose of
SKY0401 (dose control arm) and a single 5 mg dose of unencapsulated epidural morphine.

Number of Patients:

Planned: 504 patients (at least 84 patients per treatment group)

Total Enrolled: Of the 546 patients enrolled, 5 were randomized to receive placebo (under the
originally planned placebo control design) and 541 were randomized to receive active study drug;
452 received SKY0401 (5 mg, n=91; 10 mg, n=88; 15 mg, n=92; 20 mg, n=91; and 25 mg, n=90),
and 89 received unencapsulated morphine (5 mg).

Total Sampled for PK: Of the 546 patients enrolled in this study, 69 had blood samples drawn for
PK analysis, including 1 patient who received placebo. Of the 68 patients who received active
treatment and who had blood samples collected, 65 had sufficient samples and/or data for PK
analysis: (SKY0401: 5 mg, n=10; 10 mg, n=12; 15 mg, n=10; 20 mg, n=12; 25 mg, n=10; and
unencapsulated morphine 5 mg, n=11).

‘Treatment Group Dilutions

S mg SKY0401 ) Dilute 0.5 mL SKY0401 with 4.5 mL normal saline
10 mg SKY 0401 Dilute 1 mL SKY0401 with 4 mL normal saline

15 mg SKY0401 Dilute 1.5 mL SKY0401 with 3.5 mL normal saline
20 mg SKY0401 ‘ Dilute 2 mL SKY0401 with 3 mL normal saline

25 mg SKY 0401 Dilute 2.5 mL SKY0401 with 2.5 mL normal saline

5 mg unencapsulated morphine 5 mL of 0.1% Duramorph/Astramorph/PF

Diagnosis and Main Criteria for Inclusion: .

Eligible patients included males and females £18 years of age undergoing lower abdominal
surgery via an abdominal incision below the umbilicus.

Investigational Product, Dose and Mode of Administration, Batch Number:
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SKY0401 (sustained-release encapsulated morphine) at a single dose of 5, 10, 15, 20, or 25 mg
was administered epidurally at a lumbar intervertebral space. Lot numbers 00-4007, 02-4004, 02-
4005, and 02-4007 were used. The 5 mg SKY0401 dose also functioned as a dose control arm.

Duration of Treatment:

A single, 5-mL dose was injected epidurally at a controiled rate over 15 seconds.
Reference Therapy:

Unencapsulated morphine 5 mg (Duramorphe/Astramorph/PF~) at a single, 5-mL dose was
injected epidurally at a lumbar intervertebral space.

Criteria for Evaluation:

Efficacy: The primary efficacy endpoint was an assessment of the reduction in the use of IV fentanyl used
through 48 hours post-dose. Secondary efficacy endpoints included the time to the first use of IV fentanyl
post-operatively, the proportion of patients receiving no fentanyl post-operatively, patient-rated evaluations
of pain intensity at rest and with activity using the visual analog scale (VAS) and a categorical scale (CAT),
and patient and surgeon ratings of pain control. .

Safety: Safety was assessed by monitoring continuous pulse oximetry for 24 hours post-dose (48 hours
post-dose for those patients who received study drug, but did not undergo surgery), by recording vital signs,
including respiratory rate (RR), heart rate (HR), and blood pressure (BP) through 48 hours post-dose, and
by conducting physical and neurological examinations at Screening (i.e., < 21 days prior to study drug
administration) and on Day 3 (where Day 1 was the day of study drug administration). Additional safety
data were collected by performing brief neurological checks and sedation scores through 48 hours post-
dose, by conducting routine laboratory tests at Screening and on Day 3, and by recording all adverse events
(AEs) following study drug administration through Day 7 and neurological AEs (to identify any potential
neurological sequelale] of epidural analgesia), serious AEs (SAEs), and deaths through Day 30.

Pharmacokinetics: At selected centers, blood samples for the determination of serum concentration
measurements of morphine and morphine metabolites were collected at pre-dose and through 48 hours
post-dose. Pharmacokinetic parameters, including Cmax, AUC, t1/2, and tmax were subsequently
determined.

Statistical Methods:

Efficacy Analyses: Efficacy analyses were conducted on the ITT population, which consisted of all
randomized patients who were, enrolled after Amendment 02 who underwent the planned surgical -
procedure regardless of whether or not they received study drug. All efficacy analyses were performed
according to the treatment group assigned. A linear dose-response relationship comparing the total IV
fentanyl used for 48 hours following study drug administration was assessed using a least-squares
regression analysis adjusted for type of anesthesia. Analysis of variance (ANOVA) on ranked data was
used to compare the average amount of total IV fentanyl used through 48 hours post-dose among the
treatment groups. The linear model included terms for treatment group and type of anesthesia. If the
primary analysis revealed a

significant effect among the treatment groups, a multiple comparisons procedure was then used to compare
10, 15, 20, and 25 mg doses of SKY0401 to 5 mg of SK'Y0401, according to a dose-control study design. In
addition, each dose of SKY0401 was compared to MS.

For secondary analyses, the time from study drug administration to the first post-operative use of IV
fentanyl was summarized with medians and Kaplan-Meier curves, and a logrank test was used to compare
treatment groups. All other secondary endpoints were analyzed using ANOVA or Cochran-Mantel-
Haenzsel (CMH) tests, followed by pairwise tests of the 10, 15, 20, and 25 mg SKY0401 groups with the 5
mg SK'Y0401 group if the overall effect was significant.

Safety Analyses: Safety analyses were conducted on the safety population, which included all randomized
patients who received study drug (pre-and post-Amendment 02) according to the study treatment actually
received. Summary tables and individual patient listings were provided for all safety measurements, and
the results were presented separately by treatment (analyzed according to the study treatment actually
received), as well as for combined SKY0401groups. Differences among treatment groups were compared
using ANOVA with treatment and type of anesthesia terms, the CMH test stratified by type of anesthesia,
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or Fisher.s exact test, as appropriate. Descriptive statistics were used to summarize safety data where
appropriate. In addition, laboratory values were summarized with shift tables (i.e., low-normal-high at
baseline versus low-normal-high at Day 3 or a 3-by-3 contingency table) to assess changes in laboratory
values from baseline to Day 3. All AEs were listed, documenting the course, outcome, severity, and
causality to study drug. Verbatim terms on Case Report Forms (CRFs) were mapped to preferred terms
and related system organ classes using the Medical Dictionary of Regulatory Activities (MedDRA). The
percentage of patients with AEs and the severity of AEs were displayed by body system for each study
group. The numbers and incidence of SAEs (including those that resulted in death) by study group were
also displayed. Incidences of AE and SAE among study groups were compared using Fisher.s exact test.
Pharmacokinetic Analyses: The methods used in the analyses of the PK data are presented in a separate
report.

Results:

1. Efficacy Results (ITT Population, N = 487): ,
(IMean total IV fentanyl usage though 48 hours post-dose in the 10, 15, 20, and 25 mg SKY0401 treatment
groups was 995.1, 958.4, 972.0, and 682.5 mcg, respectively, compared with 1213.3 and 1217.7 mecg in
the5 mg SKY0401 and MS treatment groups, respectively. The need for fentanyl through 48 hours was
significantly reduced in patients treated with 10, 20, and 25 mg SKY0401 compared with 5 mg SKY0401
(p = 0.0447, 0.0222, and < 0.0001, respectively) and in the 10, 15, 20, and 25 mg SK'Y0401 treatment
groups compared with the MS group (p = 0.0094, 0.0320, 0.0040, and < 0.0001, respectively).
UThere were no significant differences among the treatment groups in terms of the time to the first post-
dose usage of IV fentanyl.
QOThrough 48 hours post-dose, a significantly higher proportion of patients received no IV fentanyl in the
10, 15, 20, and 25 mg SKY0401 groups compared with MS (p = 0.0015, 0.0029, 0.0121, and 0.0028,
respectively). ]
OMean pain intensity ratings at rest (VAS-R) were significantly lower through 48 hours (using AUC) with
15, 20, and 25 mg SKY0401 treatment compared to both 5 mg SKY0401 (p = 0.0265, 0.0141, and 0.0013,
respectively) and MS (p = 0.0107, 0.0056, and 0.0004, respectively). It is important to note that these
significant differences were observed even though patients in all treatment groups had IV PCA fentanyl
available at all times to self-treat pain.
[JPain intensity ratings with activity (VAS-A) were also reduced with SKY0401 treatment through 48
hours (using AUC), with significantly lower scores demonstrated in 10, 15, 20, and 25 mg SKY0401
compared with 5 mg SK'Y0401 (p = 0.0448, 0.0299, 0.0202, and 0.0052, respectively) and in the 20 and 25
mg SKY0401 groups compared with the MS group (p = 0.0384 and 0.0106, respectively). It is important to
note that these significant differences were observed even though patients in all treatment groups had IV
PCA fentanyl available at all times to self-treat pain.
(TWhen the pain intensity data were analyzed as an integrated rank at rest using the VAS scores and [V
fentanyl usage data, there was a significant reduction in combined pain intensity at rest and IV fentanyl
usage over the entire 48-hour time period (using AUC) in the 15, 20, and 25 mg SK'Y0401 treatment
groups compared with the 5 mg SK'Y0401 group (p = 0.0395, 0.0052, and 0.0001, respectively) and in the
10, 15, 20, and 25 mg SKY0401 groups compared with the MS group (p = 0.0282, 0.0045, 0.0004, and <

- 0.0001, respectively). The integrated analysis of the VAS scores with activity and the IV fentanyl usage
demonstrated significantly lower scores over the entire 48-hour period (using AUC) in the 10, 15, 20, and
25 mg SKY0401 groups compared with both the 5 mg SKY0401 (p = 0.0202, 0.0332, 0.0108, and 0.0002,
respectively) and MS groups (p = 0.0071, 0.0120, 0.0036, and < 0.0001, respectively). Ratings of pain
intensity using the CAT scale demonstrated generally lower scores with SKY0401 treatment. CAT-R
scores were significantly lower in the 15, 20, and 25 mg SKY0401 groups compared with the 5 mg
SKY0401 at 8 (15 and 25 mg; p = 0.0270 and 0.0001, respectively), 12 (p = 0.0313, 0.0252, and 0.0035,
respectively), 24 (p = 0.0033, 0.0013, and 0.0003, respectively), 30 (p = 0.0024, 0.0148, and 0.0009,
respectively), and 36 hours (20 and 25 mg; p = 0.0078 and 0.0061, respectively) post-dose. Compared with
the MS group, CAT-R scores were significantly lower in the 15, 20, and 25 mg SKY0401 groups at 8 (25
mg only; p=0.0043), 12 (p =0.0012, 0.0012, and 0.0001, respectively), 18 (p =0.0012, 0.0081, and
0.0015, respectively), 24 (p = 0.0137, 0.0045, and 0.0015, respectively), 30 (p = 0.0001, 0.0016, and <
0.0001, respectively), and 36 hours (20 and 25 mg only; p = 0.0006 and 0.0004, respectively) post-dose.
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2. Safety Results (Safety Population, N = 519):

JFive hundred and seven patients (98%) reported an AE from Days 1 to 7, including 96%, 95%, 96%,
100%, 99%, and 100% of patients in the 5 mg MS and 5, 10, 15, 20, and 25 mg SKY0401 treatment
groups, respectively. A total of 2421 AEs were reported. The most common AEs were nausea (344
patients, 66%), pruritus (267 patients, 51%), pyrexia (171 patients, 33%), vomiting (130 patients, 25%) and
hypotension (113 patients, 22%), the majority of which were consistent with epidural opioid treatment.
Significant differences were demonstrated among the treatment groups in terms of flatulence {p=0.0122),
pruritus (p = 0.0301), urinary retention (p = 0.0346), anemia (p = 0.0395), and allergy to chemicals (allergy
to surgical occlusive dressing; p = 0.0468). The highest incidence of pruritus was observed in the 20 mg
SKY0401 group (51 patients, 61%), with the highest incidence of urinary retention in the 25 mg SKY0401
group (12 patients, 14%). The majority of AEs (97%) were mild to moderate in severity.

(INine hundred and four AEs (42%) in the SK'Y040!-treated patients and 115 AEs (45%) in the MS-treated
patients were considered possibly or probably related to study drug.

[JForty-four SK'Y0401-treated patients (10%) and 5 MS-treated patients (8%) reported neurological AEs.
Of the 81 total neurological AEs, 74 (91%) were mild to moderate in severity. Of the 7 severe neurological
AEs, 5 (39%) were in the 20 mg SKY0401 group, with 1 each in the MS group (5%) and 15 mg SKY0401
group (17%). Seven neurological AEs (10%) in the SK'Y0401-treated patients and 1 (9%) in the MS-
treated patients were regarded as possibly or probably related to study drug, including weakness, back pain,
paraesthesia, headache, muscle cramps, and hypoaesthesia.

U There were no significant differences among treatment groups in terms of neurological status at Day 30.
[DThere were 2 deaths during the study. The death of patient 74132 (15 mg SKY0401), the result of s
myocardial infarction exacerbated by respiratory distress secondary to pneumonia, was not related to study
drug. Patient 83119 (20 mg SKY0401) died as the result of a cardiac arrest and, in the absence of an
autopsy, this was classified as related to study drug. A third death occurred after the Day 30 time point and
was not considered part of the study. This involved patient 11106 (5 mg SKY0401) who died as a result of
renal, respiratory, and multi-organ failure, and this death was not related to study drug.

3. Demographic Data for Phar kinetic Population Receiving Study Drug
Demographic Overall n=65
Gender
Male 31 (47.7%)
Femate 34 (52.3%)
Race
Caucasian 46 (70.8%)
Black 13 (20.0%)
Hispanic 6(9.2%)

Age (years)

Mean (SD) 54.1 (13.41)
Median 510
(Min-Max) (27-81)
Height (in.)

Mean (SD) 67.46 (4.165)
Median 67.0
(Min-Max) (59.0-77.0)
Weight (ib)

Mean (SD) 186.28 (44.397)
Median 180.1
(Min-Max) (100.0-305.8)
BMI (kg/m?)

Mean (SD) 28.57 (5.059)
Median © 280
(Min-Max) (18.0-43.0)
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4. Morphine Results
Mean morphine concentration-time curves for each SKY0401 dose group and the 5 mg
unencapsulated morphine group are plotted:

Average Morphine Serum Concentrations by Treatment and Time

Morphine (-48 he Plorphine 0-12 hr

BRRBES

Morphine Concentration il
N
Herphine Cocentratisn ingiml )
3

T 4 © 12 10 20 24 26 3Z 37 40 4 40
Tine (s} Twnes (house)

—®— SKYU4OT By em=10

=10
—O— Unencap, Marphine 3 mo n=11

Mean (SD) Morphine Pharmacokinetic Results

SKY0401 SKY0401 SKY0401 SKY0401 SKY0401

Smg
5mg 10 mg 15mg 20 mg 25mg
unencapsulated

Variable (n=11) (n=10) (n=12) (n=10) (n=12) (n=10)
Cmax (ng/mL) 2535 (12.005) 7.10 (3.399) 16.24 (8.764 18.25 (7.753) 24.25 (28.726) 15.01 (5.326
tmax (hr) [1] 0.25 (SHRED) 1.00 (@RNOP 0.25 0.50 1.50 025
AUCO-t 39.24 (8.095) 30.86 (11.821) 73.26 (22.765) 102.14 (45.705) 142.59 (56.131) 136.48 (41.884)
(ngOhr/mL)
AUC0-0 44.07 (7.954) 38.80 (10.347) 92.77 (33.220) 127.66 (73.213) 175.85 (91.526) 188.97 (66.731)
(ngOhr/mL){4] . :
Oz (hr-1)[4] 0.3084 (0.0612) 0.1813 (0.0485) 0.0814 (0.0568) : 0.1323 (0.1430) 0.0825 (0.0991) 0.0426 (0.0379)
{ (hr) [2,4] 2.25 (0.451) 3.82 (0.998) 8.52 (6.107) 5.24 (7.627) 8.40 (13.251) 16.27 (16.324)
12 :
CL/F (mL/min) {4]1941 (312.2) 2325 (783.0) 2043 (781.5) 2545 (1351.7) 2325 (1111.3) 2512 (1014.0)
CL/F 22.05 (5.229) 28.32 (10.805) 25.39 (8.376) 3297 (12.951) 29.08 (12.904) 28.35 (12.285)
(mL/min/kg)[4]
Vz/F (L)[4] 385(67.5) 824 (354.4) 2410 (1677.7) 1948 (1362.0) 3466 (2726.6) 6023 (3987.5)
Vz/F (Lkg)(4] 4.32(0.789) 9.77 (3.544) 36.66 (35.223) 27.99 (21.985) 44.54 (37.543) 64.45 (40.261)
Cmax 3] 22.08 6.39 14.08 1647 17.74 14.03
AUCO-t [3) 38.59 28.74 70.19 93.74 131.07 " 13082
AUC[34] 43.48 3741 87.13 111.53 158.33 177.57

[1] Median (min-max)

[2] Harmonic mean and pseudo standard deviation of the jackknife variance

{3] Geometric mean of In-transformed variables

[4]) 0=10, 8, and 11, for the 5 mg unencapsulated, 5 mg SKY0401 and 10 mg SKY0401 groups, respectively.

The relationship between dose and CL/F was analyzed using a fixed effects analysis of variance (ANOVA).
In the analysis, no significant dose-related differences in CL/F were observed (p=0.6882), demonstrating
that the pharmacokinetics of SK'Y0401 were linear. A summary of this analysis is provided in Appendix A,
Table 9.

5. Effect of Lidocaine/Epinephrine on SKY0401

Of the 65 patients evaluated for PK, 36 (55.4%) received a lidocaine with epinephrine test dose and 29
(44.6%) did not receive a test dose. The majority (33/36, 91.7%) of patients who received a test dose
received it at least 15 minutes prior to the administration of study medication. Examination of the effect of
test dose on morphine PK was not originally planned, and thus, no formal statistical analyses were

performed.

Summary of Mean Morphine Serum Concentration (ng/mL) by Treatment, Time, and Test Dose
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In the 5 mg unencapsulated morphine treatment group (immediate release), mean Cmax was similar
between the patients who received a test dose and those who did not (22.5 ng/mL [test dose] and 28.2
ng/mL [no test]); however, in the SKY0401 5 mg group, the mean Cmax was 8.0 ng/mL for patients who
received a test dose and 4.5 ng/mL for those who did not.

Effect of Test Dose on Individual Cmax after SKY0401 Administration

No Test Dose Test Dose 0115 Minutes
Dose “max >20 ©Cmax Range) “max >20 “max Range)
Unencapsulated 5 mg 4/5 4/6 ’ ”
5 mg SKY0401 o/s \ /5
10 mg SKY0401 1/4 477 \
15 mg SKY0401 0/2 3/8
20 mg SKY0401 277 3/4
25 mg SKY0401 1/6 0/3
Data are presented as th e aumber of patints with Cppax >2 - 4L Cmax range, ng/ml.)

Data Source: Appendix A, Table 2.1 and Table 5.

6. Relative Morphine Bioavailability

The design of this study was amended to include an active control arm for a comparison of morphine
bioavailability following administration of SKY0401 relative to an approved, immediate-release epidural
morphine product (Duramorph/Astramorph/PF).

Mean concentration-time curves for unencapsulated morphine 5 mg and SKY0401 5 mg are provided:

Average Morphine Serum Concentrations Following Administration of SKY0401 5 mg or
Unencapsulated Morphine 5 mg '

Morphine 046 hr siorphine 0-12 hr
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Mean (SD) Morphine Pharmacokinetic Results, 5 mg Treatment Groups

SKY0401 5 mg Unencapsulated MS § mg
Variable (a=10) (o=11)
Crmax (ng/mL) 7.10 (3.399) 25.35 (12.005)
tmax (br) [1] 1.00 P 0.25 p
AUCO-t (ngDhe/mL) 30.86 (11.821) 39.24 (8.095)
AUCO-0 (ngOho/mL)[4]  38.80 (10.347) 44.07 (7.954)
Dz (he-1)[4] 0.1813 (0.0485) 0.3084 (0.0612)
@0 [24] 3.82 (0.998) 225 (0.451)
t12 '
Cnax [3] 639 22.08
AUCO0-t [3] 28.74 38.59
[3.4] 37.41 43.48
AUCO0-O

[1] Median (min-max)

[2] Harmonic mean and pseudo standard deviation of the jackknife variance

[3] Geometric mean of In-transformed variables

[4] =8 and 10 for the SK'Y0401 and unencapsulated morphine groups, respectively.
Data Source: Appendix A,

Table 5

7. Metabolite Pharmacokinetic Results -
Mean M3G and M6G concentration-time curves for all treatment groilps are plotted

Average Morphine-3-Glucuronide Serum Concentrations by Treatment and Time
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Average Morphine-6-Glucuronide Serum Concentrations by Treatment and Time
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Mean (SD) PK Parameters for M3G by Treatment Group

5mg SKY0401 SKY0401 SKY0401 SKY0401 SKY0401
unencapsulated 5mg 10 mg i5mg 20 mg 25 mg
Variable (n=11) - (n=10) (n=12) (n=10) (n=12) . (0=10)
Cmax (ng/mL) 66 1 M08 33.9(13.55) 578(13.12) 99.9 (49.46) 129.9 (113.46) - 81.5(24.98)
tmax (br) (1} 26 4.0 (A 4.0¢ Ve oW  oEmes
AUCO-t (ngDhr/mL) 601.6 (219.76) 361.3 (109.40) 852.3 (322.28) 14428 (675.57)  1722.0(928.66) 14825 (432.38)
AUC (ngOhr/mL){4] 656.1 (243.37) 452.3 (146.80) 1074.6 (458.48) 1616.4 (842.33)  2809.6 (1610.84)  2153.0 (860.31)
Oz (hr'){4) 0.102 (0.0594) 0.051 (0.0365) 0.048 (0.0235) 0.058 (0.0291) 0.051 (0.0626) 0.033 (0.0118)
t(hr) [2,4] 6.8 (3.92) 13.6 (10.63) 144 (707 12.0 (6.44) 13.5 (23.92) 21.1(7.26)
12
Cmax [3] 634 315 - 56.4 90.8 105.8 710
. AUCO0-t [3] © 569.0 3455 8049 13224 1543.1 1426.7
AUC[34] 616.6 429.6 993.8 1454.8 2466.1 2019.3
[1] Median (min-max)
[2] Hanmonric mean and pseudo standard deviation of the jackknife variance
3]G ic mean of In- formed variables

[4]v=10, 8, 11,9, 9, and 8 for the unencapsulated morphine 5 mg, SKY0401 5 mg, 10 mg, 15 mg, 20 mg, and 25 mg groups,
respectively.
Data Source: Appendix A, Table 6

Mean (SD) PK Parameters for M6G by Treatment Group

5mg SKY0401 SKY0401 SKY0401 SKY0401 SKY0401
unencapsulated 5mg 10mg 15mg 20mg . 25mg
Variable (n=11) (n=10) _(n=12) (n=10) (n=12) (n=10)
Cmax (ng/mL) 11.2(2.88) 5.4(2.27) 9.4 (2.15) 154 (5.21) 22.3(22.39) 133 (3.67)
traax (hr) (1] 2.0 ) 4.0 D> 2.0 gy 4.0 () 4.0 6.0
AUCO-t (ngThr/mL) 72.7(31.25) 32.6(17.33) 1189 (71.82) 193.4 (75.73) 263.3(147.61) 233.4(49.77)
AUC (ngDhr/mL){4] 92.1(24.81) 59.9 (N/A) 175.2 (120.76) 297.0 (182.70) 406.8 (264.07) 642.9 (681.48)
Dz (br')[4] 0.182 (0.0404) 0.162 (N/A) 0.090 (0.0563) 0.075 (0.0561) 0.074 (0.0940) 0.028 (0.0204)
t (hr) [2.4] 3.8 (0.86) 4.3 N/A) 7.7 (4.95) 9.3 (7.38) 9.4 (16.45) ©25.1(19.11)
12
Cmax [3} 109 5.0 9.1 14.7 172 12.7
AUCO-t [3] 67.1 273 1043 181.2 2337 227.8
AUC [3,4] 89.2 59.9 144.0 2543 3389 462.0

[1} Median (min-max)

{2] Harmonic mean and pseudo standard deviation of the jackknife vaciance

[3] Geometric mean of In-transformed variables

[4]n=5,1,9,9, 10, and 9 for the unencapsulated morphine 5 mg, SKY0401 5 mg, 10 mg, 15 mg, 20 mg, and 25 mg groups,
respectively. .

Data Source: Appendix A, Table 7

Study 018

'Effect of the Time between Administrations on the Potential Interaction between a
Single Therapeutic Dose of Lidocaine/Epinephrine Administered Epidurally and a
Single Dose of Sustained-Release Encapsulated Morphine (SKY0401) Administered
Epidurally to Healthy Volunteers '

PROTOCOL SKY0401-018

Title of Study:
Effect of the Time between Administrations on the Potential Interaction between a Single Therapeutic Dose

of Lidocaine/Epinephrine Administered Epidurally and a Single Dose of Sustained-Release Encapsulated
Morphine (SKY0401) Administered Epidurally to Healthy Volunteers

Investigator: [ ]

Study Center: T_

Publication (reference): None

Study Period (years): July 21 to August 29, 2003 Phase of Development: 1

Objectives: The objective of this study was to assess the effect of the inter-dose interval (i.e., the time
between administrations) on the potential interaction between a single, fixed therapeutic dose of
lidocaine/epinephrine administered epidurally and a single, fixed dose of SKY0401 administered
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epidurally. This potential interaction was assessed by measuring the serum concentrations of morphine
after dosing.

Methodology:

In this Phase 1, single center, randomized, open-label, cohort-sequential study, each healthy subject
received the following sequence of treatments:

1. Test dose of 3 mL of 1.5% lidocaine with epinephrine (1:200,000) administered epidurally

2. Anesthesia of 20 mL of 1.5% lidocaine with epinephrine (1:200,000) administered epidurally (manually
over 1 minute) followed by 1-mL normal saline flush 3. 15 mg SKY0401 in a 5 mL volume administered
epidurally (manually over 15 seconds) followed by a 1-mL normal saline flush

Treatment groups were defined by the time interval between the administration of the lidocaine/epinephrine

anesthesia and SKY0401. The 15 subjects in Cohort 1 were randomized to one of five inter-dose interval

groups: 3, 15, 30, 60, and 120 minutes. If an inter-dose interval group had no more than 1 subject with a

Cmax >20 ng/mL, it was evaluated again in Cohort 2. (A serum concentration threshold of >20 ng/mL was

chosen based on data from Study 0401-016.) Based on the results in Cohort 1 and Protocol

Amendment No. 1, 18 subjects were randomized in Cohort 2 to one of three inter-dose interval groups: 60,

90, and 120 minutes. Naltrexone 50 mg was administered during the trial to block the opioid effects of

SKY0401. Subjects were followed for pharmacokinetic (PK) parameters for 72 hours post-dose.

Following confinement at the [ 1 clinic the evening prior to treatment, subjects were transported to the
L A Center for the epidural procedure. When released by the anesthesiologist, subjects

were transported to the £ 3 clinic by ambulance to complete the trial.

Duration of Treatment: :

Subjects received a single dose of SKY0401 and two doses of lidocaine/epinephrine (test dose and

anesthetic dose) on Day 1.

Criteria for Evaluation:

Efficacy: Not applicable in this study.

Pharmacokinetics:

The serum concentrations of morphine and morphine metabolites were assessed pre-dose and 5, 10, 15, and

30 minutes and 1, 2, 4, 6, 8, 12, 24, 36, 48, and 72 hours after SKY0401 administration. PK parameters

were calculated for morphine, morphine-3-glucuronide, and morphine-6-glucuronide for each inter-dose

interval across both cohorts.

Safety:

Safety assessments included the monitoring of adverse events, vital signs, and oxygen saturation.

Statistical Methods:

Efficacy: Not applicable in this study.

Pharmacokinetics:

Using standard non-compartmental methods, PK parameters were calculated for all subjects who received
SKY0401 and had adequate (i.e., above the lower limit of quantification) serum concentration data. The
pharmacokinetic parameters for serum morphine were calculated for each inter-dose interval group across
both cohorts (combined for the two cohorts). Serum concentrations and PK variables were summarized by
inter-dose interval group using the following descriptive statistics: mean, standard deviation, coefficient of
variance percent, median, minimum, and maximum. Categorical variables were tabulated by inter-dose
interval group using the number and percentage of subjects by category. Ninety-five percent confidence
intervals were calculated for mean values. There was no imputation of missing data. All analyses were
performed using SAS®, Version 8.2 (SAS Institute).

Safety:

All subjects who received SKY0401 were included in the summaries of safety data. Safety data was
combined for the two cohorts. Adverse events were classified using the Medical Dictionary for Regulatory
Activities Version 6.0. Concomitant medications and the frequency of adverse events were summarized by

inter-dose interval group. Descriptive statistics for blood pressure, heart rate, respiration rate, and oxygen
saturation were provided at each time point for each inter-dose interval group.
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Analytical Methodology
Sample analyses were performed at C ) _ , , _
3 Serum morphine and morphine metabolite concentrations were determined using L

d
assay (Method C 1 The lower limit of quantitation (LLOQ) for morphine in
human serum was { 1 ng/mL with linearity demonstrable to L 3 ng/mL (upper limit
of quantitation, ULOQ). The LLOQ for morphine-3-glucuronide (M3G) in human serum
was L Tng/mL with linearity demonstrable to [ 1 ng/mL. The LLOQ for morphine-6-
glucuronide (M6G) in human serum was L 3 ng/mL with linearity demonstrable to
[ 1 ng/mL. Table 8-3 below provides details about the analytical method.

Table 8-3 Analytical Method Validation for Morphine and its Metabolites
Morphine M3G M6G

Assay range (ng/mL)

Linearity (correlation coefficient) [

Intrabatch precision (% CV)

Intrabatch accuracy (%RE)

Interbatch precision (%CV) ]

Interbatch accuracy (%RE)

Accuracy and precision of QC

samples

morphine concentrations = L

M3G concentrations =

M6G concentrations = J

Results

1. Efficacy Results: Not applicable in this study.

2. Pharmacokinetic Results:

a. Using Cmax >20 ng/mL as a threshold, this study qualitatively assessed the effects of 3-, 15-, 30-,
60-, 90-,and 120-minute intervals between epidural doses of 20 mL of 1.5% lidocaine with epinephrine
(1:200,000) and 15 mg of SKY0401. As previously demonstrated in other studies, the incidence of subjects
with Cmax >20 ng/mL generally decreased as the interval increased.

b. . The incidence of subjects with Cmax >20 ng/mL in the 60-, 90-, and 120-minute inter-dose
interval groups was less than the incidence of subjects with Cmax >20 ng/mL in the 3-, 15-, and 30-minute
inter-dose interval groups.
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d. Mean (SD) Morphine PK Parameters by Inter-dose Interval Treatment Group

Inter-dose Interval Treatment Group (Mean SD)

3 Minutes 15 Minutes 30 Minutes - 60 Minutes 90 Minutes
Variable (n=3) (n=3) (n=3) (0=8) (0=8)
Cmax (ng/mL) 37.02 r4 Q1N 24.74 2 002 34.10 (21.969) 14.91 44.324) 19.71 (10.768)
Tmax (hr)” 050, — 025( — 025. — 1.00: — 063 —
AUCQ¢ 172.02 (61.390) 109.60 (12.929) 132.30 (39.416) 124.91 (43.859) 112.52 (31.301)
(ng hr/ml) .
AUCQ.co 189.01 (62.613) 119.14 (15.925) 142.71 (42.930) 135.28 (46.088) 124.56 (29.136)
(ng ho/mL)
4 o ®EYr-1) 0.0649 (0.0522) 0.1023 (0.0456) 0.1101 (0.0943) 0.1055 (0.1204) 0.0719 (0.0179)
T (hr) 15.85 (10.302) 7.96 (4.107) 10.03 (7.140) 10.73 (5.026) 10.23 (2.770)
Cl (mL/min) 1411.58 (404.746)  2122.03 (266.140)  1872.49 (609.910) 2131.16 (1037.26)  2145.65 (692.261)
Yz(L) 1876.11 (1404.52)  1404.60 (541.476)  1385.69 (674.905) 1674.08 (656.469)  1988.90 (1207.83)

Data Source: Appendix 16.2.2, Table 6
“Median (minimum-maximum)

e. Morphine Serum Concentration by Subject in 90-Minute Inter-dose Interval
Group, 0-2 Hours Post-Dose

90-Minute Inter-dose Interval Group 0-2 Hours Post-Dosc
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f. Metabolite Pharmacokinetic Results

Mean Morphine-3-glucuronide Serum Concentrations by Treatment Group:
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12.45 (2979
1.50 —~
117.44 (24.756)

128.99 (25.416)
0.0638 (0.0111)
11.23 (2.388)

1999.91 (360.649)
1927.58 (435.677)
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Mean Morphine-6-glucuronide Serum Concentrations by Treatment Group:

Morphine-6-glucuronide, 0-72 tHours

M8G Concantraton (ngitL)
K6G Concentraton (ng/ml)

MMorphine-6-glucuronide, 0-12 Hours

0 0 12 18 24 30 36 42 498 S4 60 68 72

Time (hours)

—— 3-MimKs Interval, n=3
- Q.- 1S-Mirwite Interval, =3
—w—— 30-tinute Interval, n=3
—-- 60-Minute interval, o8
~m— 120-Minute Intervai. n=8
--0-- 90-Minute Interval, n=g

Time (hours)

Mean (SD) Morphine-3-glucuronide PK Parameters by Inter-dose Interval Treatment Group

3 Minutes 15 Minutes
Variable (©=3) (6=3)
“max (ng/mL) 149.27 (42.531)  120.58 (28.797
Tmax (hr)* 200, — 200. —

AUCOt(ng hr/mL)  1390.9 (318.600) 1168.3 (77.199)
AUCQ.co (ng hr/mL) 1680.5(194.461) 1363.4 (40.202)
i g KE) (-1 0.0616 (0.0365)  0.0799 (0.0217)
TV (hr) 13.65(6.108)  9.09 (2.324)
Data Source: Appendix 16.2.2, Table 7

“Median (minimum-maximum)

Inter-dose Interval Treatment Group (Mean + SD)

30 Minutes
(@=3) _
95.15 (28.396)
4.00 hae
1260.9 (281.528)
1594.4 (371.354)
0.0598 (0.0348)
15.22 (9.878)

60 Minutes
(@=8)

95.13 (18.930)
4.00 —
1253.9 (244.448)
1544.9 (319.629)
0.0592 (0.0168)
12.71 (4.216)

90 Minutes
(0=8)

77.05 (27.889)
400 ~—
1013.3 (431.818)
1288.5 (491.769)
0.0682 (0.0109)
10.42 (1.887)

Mean (SP) Morphine-6-glucuronide PK Parameters by Inter-dose Interval

Treatment Group

3 Minutes 15 Minutes
Variable (n=3)" (0=3)
Cmax (ng/mL) 33.40(7.435)  26.18 (3.077)
Tmax (hr)” 200: — 200 T
AUt (ng hr/mL)  283.18 (16.936) 262.45 (46.882)
4UCo.c0 (ng hr/mL) 333.94 (12.090) 303.63 (41.380)
1 g (KB thr-) 0.0573 (0.0303)  0.0705 (0.0167)
T¥% (hr) 14.14 (5.750)  10.18 (2.251)

Data Source: Appendix 16.2.2, Table 8
“Median (minimum-maximum)

Inter-dose Interval Treatment Group (Mean

+ SD)

30 Minutes
(n=3)

21.45 (5.623)
200
272.20(57.172)
337.13 (51.328)
0.0564 (0.0222)
13.56 (4.991)

60 Minutes

. (n=8)

22.01 (6.631)
300 ~—
259.14 (74.105)
314.34 (80.794)
0.0623 (0.0139)
11.85 (3.849)

90 Minutes
(n=8)

18.28 (6.59)
200 —
216.7 (90.94)
272.4 (98.09)
0.07 (0.01)
10.55 (1.80)
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4.3 Consult Review (including Pharmacometric Reivews) — Not applicable.

4.4 Cover Sheet and OCPB F iling/Review Form

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number . 21-671 Brand Name TBD
OCPB Division (1, IT, III) I Generic Name Morphine Sulfate sustained-
rel liposome injection
Medical Division HFD-170 Drug Class Opioid
OCPB Reviewer - David Lee Indication(s) For post-operative pain
OCPB Team Leader Suresh Doddapaneni Dosage Form Injection
Dosing Regimen Single dose
Date of Submission 7/18/03 Route of Administration Epidural
Estimated Due Date of OCPB Review 4/20/04 Spousor SkyePharma, In¢
Medical Division Due Date 4/26/04 Priority Classification S
PDUFA Due Date
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
bmitted reviewed
STUDY TYPE )
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: X
multiple dose:
Patients-
single dose: X
multiple dose:
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting multiple dose:
Drug-drug interaction studies -
In-vivo effects on primary drug: X Comparison with test dose
) (lidocaine/epinephrine)
In-vivo effects of primary drug:
In-vitro:
Subpopulation studies -
ethnicity: |
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gender:

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:
Phase 2:
Phase 3:
PK/PD:
Phase 1 and/or 2, proof of concept:
Phase 3 clinical trial:
Population Analyses -
Data rich:
Data sparse:

II. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Biocequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(AVIVC):

Bio-wavier request based on BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

Filability and QBR comments

“X” if yes

Comments

Application filable ?

X

Reasons if the application is not filable (or an attachment if applicable)
For example, is clinical formulation the same as the to-be-marketed one?

Comments sent to firm ?

Comments have been sent to firm (or attachment included). FDA letter date
if applicable.

QBR questions (key issues to be considered)

Other comments or information not
included above

Primary reviewer Signature and Date

Secondary reviewer Signature and Date
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this page is the manifestation of the electronic signature.

David Lee
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BIOPHARMACEUTICS

FYI : 11/17/03 submission contains Study 018 (test dose
of 20 mL of lido). One Phase 4

Commitment comment.

Suresh Doddapaneni
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