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1 Executive Summary
1.1 Recommendation

The submission is acceptable from a Clinical Pharmacology and Biopharmaceutics
perspective provided that (1) the sponsor commits to conduct the studies identified in
section 1.2 below as a post marketing requirement and (2) a mutually satisfactory
agreement can be reached between the sponsor and the Agency regarding the language in
the package insert.

1.2 Phase IV Commitments

Preferred tools for assessing drug interaction potential of a new molecular entity with
regard to CYP enzyme inhibition and induction are indicated in the Draft guidance for
Industry, Drug Interaction Studies — Study Design, Data Analysis, and Implications for
Dosing and Labeling (http://www.fda.gov/cder/guidance/6695dft.htm).

1.3 Summary of Clinical Pharmacology Findings

Background: MGI Pharma, now acquired by Eisai Pharmaceuticals Inc, submitted a
505(b)(1) application on 09/26/2007 seeking approval of Fospropofol injection for
sedation in adult patients undergoing diagnostic or therapeutic procedures

The sponsor proposed brand
namcs “LUCEAra” eummmmmms====after the initially proposed brand name “Aquavan” was
rejected. Hence, some parts of the review might refer to the drug product as “Aquavan”

- or “Fospropofol” or “Fospropofol disodium” interchangeably. Fospropofol disodium is a
water-soluble, phosphono-O-methyl prodrug form of propofol.

Clinical Pharmacology Data: Sponsor carried out nine Phase 1 studies, five Phase 2
studies, and three Phase 3 studies in which the pharmacokinetics (PK) and
pharmacodynamics (PD) of fospropofol and propofol following fospropofol disodium
injection were characterized.

A fospropofol-propofol PK-PD relationship was determined by correlating depth of
sedation, as determined by Modified Observer’s Assessment of Alertness/Sedation
(OAA/S) score to fospropofol and propofol plasma concentrations in patients receiving
colonoscopy and bronchoscopy (PR-AQUA-02-02). Study protocols 3000-0207, 3000-
0415, 3000-0520, and 3000-0522, and 3000-0524, contributed PD data that were
correlated with plasma fospropofol concentrations in the fospropofol population PK-PD
analysis.

1. Exposure (Dose)-Response of Efficacy:

The Exposure-Response of Fospropofol is discussed in reference to the following:

pld)
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a) Efficacy in clinical trials, and

b) Cardiac OT intervals in the Cardiovascular Report

The dose-response relationship between fospropofol dose and sedation success was
explored in dose finding study 3000-0520, clinical efficacy studies in patients undergoing
colonoscopy (3000-522) and bronchoscopy (3000-524). Population PK and PD analysis
of data from Phase 2 and Phase 3 studies was performed and reported in PR-AQUA-02-
02.

For the primary endpoint, the number and proportion of patients who met the criteria for
Sedation Success were calculated by treatment group in Phase 3 clinical studies 3000-
0522 and 3000-0524. Sedation Success was a composite endpoint that included both
efficacy and safety parameters. It measured the ability of the drug to effectively sedate
patients, in a manner that did not require advanced airway maneuvers, including manual
(bag valve mask) or mechanical ventilation. Specifically, the endpoint was defined as a
patient meeting all of the following criteria:

(1) Having 3 consecutive MOAA/S scores of <4 after administration of sedative
medication,

(2) Completing the procedure,
(3) Without requiring the use of alternative sedative medication (such as midazolam) and,
(4) Without requiring manual or mechanical ventilation.

a) Efficacy in Clinical Trials:

Dose-response in Study # 3000-520:

Patients undergoing colonoscopy were randomized to one of the following 5 groups
(n~25 per group) in a 1:1:1:1:1 ratio including 4 dose levels of fospropofol disodium (8.0
mg/kg, 6.5 mg/kg, 5.0 mg/kg, 2.0 mg/kg) and midazolam 0.02 mg/kg. As shown in the
figure below, six of 25 patients (24.0%) in the 2-mg/kg Fospropofol group, 9 of 26
(34.6%) in the 5-mg/kg group, 18 of 26 (69.2%) in the 6.5-mg/kg group, and 23 of 24
(95.8%) in the 8-mg/kg group achieved Sedation Success.
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Dose-Response in Study # 3000-522:

Patients in study 3000-0522 were randomized to one of the following 3 groups in a 3:2:1
ratio: fospropofol disodium 6.5 mg/kg; fospropofol disodium 2.0 mg/kg; and midazolam
0.02 mg/kg, respectively. Sedation Success Rate was significantly higher in the
Fospropofol 6.5 mg/kg group (86.7%) compared with the Fospropofol 2.0 mg/kg group
(25.5%). Sedation Success was achieved in 69.2% of the patients treated with
midazolam.
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Dose-Response in Study # 3000-524:

Patients in study 3000-0524 were randomized to one of the following 2 groups in a 3:2
ratio: fospropofol disodium 6.5 mg/kg (n=150) and 2.0 mg/kg (n=102), respectively. The
Sedation Success rate was significantly higher in the AQUAVAN 6.5-mg/kg group
(88.7%) compared with the AQUAVAN 2.0-mg/kg group (27.5%).
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b) Fospropofol exposure in reference to Cardiac QT intervals in the Cardiovascular
Report (See QT-IRT review dated 1/22/2008 by Dr. Christine Garnett)

In a randomized, open-label, positive- and placebo-controlled crossover study (# 625), 68
healthy subjects were administered single IV bolus dose of Fospropofol 6 mg/kg,
Fospropofol 18 mg/kg (3-times the recommended dose), placebo and a single oral dose of
400 mg moxifloxacin. At the anticipated clinical dose of 6 mg/kg, no significant effect on
the QTcF was detected. Following the 18 mg/kg dose, the largest upper bound of the two-
sided 90% CI for the AAQTCF at the 12-minute timepoint was greater than 10 ms which
is identified as the threshold for regulatory concern in the ICH E14 guideline. Mean peak
fospropofol and propofol derived from fospropofol plasma concentrations for the 18
mg/kg dose were approximately 3.6-fold higher than the peak concentrations following a
6 mg/kg dose. The overall findings are summarized in the following table.

FDA Analysis: The Point Estimates and the 90% CIs Corresponding to the Largest
Upper Bounds for Fospropofol (Fospropofol 6 mg/kg and 18 mg/kg) and the Largest
Lower Bound for Moxifloxacin

Treatment Time (min) AAQTCF (ms) 90% CI (ms)
AQUAVAN 6 mg 12 2.2 -1.7, 6.2
AQUAVAN 18mg |12 8.3 4.5, 12.1
Moxifloxacin 180 12.2 5.7, 18.0*

*Cl is adjusted with 11 post-baseline time points

The largest lower bound of the two-sided 90% CI for the AAQTcF for moxifloxacin was
greater than 5 ms indicating that the study was adequately designed and conducted to
detect an effect on the QT interval.

The Fospropofol doses evaluated in this study are acceptable. There are no known
intrinsic or extrinsic factors that can increase exposure to fospropofol and propofol
derived from fospropofol greater than what was observed following the supratherapeutic
dose (Clinical Pharmacology Table, section 6.1). The sponsor states the expected high
clinical exposure scenario is when a subject with low body weight receives the wrong
dose (e.g., a full vial of 1050 mg fospropofol) of Fospropofol.

2. Pharmacokinetics of Fospropofol:

Upon intravenous bolus administration, fospropofol plasma concentrations decrease in a
biphasic manner with an initial decline followed by a relatively slower terminal phase
(ti2 of 0.8 hours). Fospropofol remains preferentially in the extracellular component of
blood (blood-to-plasma ratio ~ 0.5) and is highly bound (97 -98%) to plasma proteins at
clinically observed concentrations (.01 — 10 ug/mL). Fespropofol and propofol have a
volume of distribution of about 0.39 and 5.3 L/kg, respectively. Upon administration of
14C-fospropofol in Long Evans rats, significant amounts of radioactivity were found in
the brain, the purported site of action. This indicates that the fospropofol-derived
moieties cross the blood-brain barrier and the active moiety is thought to be propofol.
Fospropofol is metabolized by alkaline phosphatase into propofol, formaldehyde and
phosphate. In vitro studies indicate that more than 66% of fospropofol disappears within
5 minutes of incubation with alkaline phosphatase at 37°C. The peak plasma



concentrations of propofol are noted around 8 minutes following fospropofol
administration (See Figure 1). Fospropofol and propofol have a short elimination half
life of about 0.8 and 2 hrs, respectively. Mass balance study conducted in humans after
oral administration of '*C-fospropfol revealed that 65% of radioactivity is recovered in
urine by 48 hours. While fospropofol and propofol were undetectable in urine, propofol-
glucuronide was detected as the major metabolite along with two minor metabolites
characterized as hydroxypropofol-glucuronides No.1 and No.2. The major metabolite,
propofol-glucuronide appears to persist in plasma longer than fospropofol or propofol. In
the IV bolus dose range of 6 — 18 mg/kg, dose-proportional increase in AUC of
fospropofol was noted, although increase in Crmax and AUC of propofol was slightly more
than dose-proportional (See table below).

Mean (standard devistion) Pharmacckinetic Parameters in Healthy
Subjects (Studies 3000-0625 and 3000-0521)
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3. Pharmacokinetics and Pharmacodynamics of Fospropofol and Propofol

Figure 1

Figure 1 presents the mean propofol
concentration over time profile upto 45
minutes following administration of
Diprivan 50 mg/min (red inverted triangles
and line) and Fospropofol disodium 10
mg/kg (blue circles and line).
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4 10 20 0 “©
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The pharmacokinetics and pharmacodynamics of Fospropofol disodium (10 mg/kg bolus)
and Diprivan (50 mg/min infusion) were compared in healthy volunteers in Study # 625.



In the first period, subjects received a 10 mg/kg bolus IV dose of fospropofol disodium
injection. The pharmacodynamic endpoints for the level of sedation were the bispectral
(BIS) Index (see Figure 2) and Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S) (see Figure 3). A BIS value near 100 indicates that the subject was awake,
and a BIS value of 0 indicated isoelectric EEG or the absence of brain activity. MOAA/S
evaluation placed a grading score of 0 (nonresponsive) to 5 (alert) in the category of
responsiveness. In the second period, after a 7-day washout period, each subject received
a 50-mg/min infusion of propofol injectable emulsion targeted to produce the same peak
EEG effect that was observed in that subject after administration of 10-mg/kg fospropofol
disodium injection. The propofol dose derived from fospropofol disodium injection
treatment (dose corrected for molecular weight=5.36 mg/kg) was higher compared with
the propofol dose from treatment with propofol injectable emulsion (50 mg/minute
infused for 2.06 to 4.60 minutes, total mean £+ SD dose of 2.30 + 0.39 mg/kg). The
results are discussed in figures 1 to 3.

Fospropofol PK profile is not indicated in this figure. Propofol plasma concentration
profiles were different for the 2 treatments. Following administration of a single IV bolus
dose of fospropofol, the median Trax for propofol was reached at a slightly later time than
it was following Diprivan administration by infusion. Following fospropofol dosing, the
mean propofol Cpax was lower and mean AUC,.inr was higher than following Diprivan
treatment without molar equivalent dose or bodyweight normalization. Following
administration of an IV infusion of Diprivan 50 mg/min, plasma concentrations of
propofol reached Cpax at @ median Tpmax of 4.0 minutes. The propofol concentration
increased rapidly, and then declined after the infusion was stopped.
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Figure 2 presents the mean BIS scores over time (+standard error [SE]) for the
Fospropofol disodium 10 mg/kg (Green Open triangles and line) and Diprivan 50
mg/min (Red Open Circles and line) treatment groups from first dose of study
medication to the last time point recorded (45 minutes).



Subjects treated with Diprivan reached their lowest BIS scores at about 5 minutes
(median) after drug administration and recovered (to a BIS of approximately 90) at about
21 minutes, when measurements were terminated. The dose of Diprivan was targeted to
match the pharmacodynamic effect of a single dose of fospropofol 10 mg/kg. However,
subjects treated with Diprivan went to a lower BIS score than those treated with
fospropofol. Peak effect for fospropofol was reached at 7 minutes (median) following
drug delivery. At 21 minutes after fospropofol administration BIS scores for the majority
of subjects had not returned to >90. Recovery from sedation, as judged by BIS score, was
slower after fospropofol disodium administration than after Diprivan infusion.
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Figure 3 represents the mean changes in MOAA/S scores versus time after
Fospropofol disodium 10 mg/kg (Green Open triangles and line) and Diprivan 50
mg/min (Red Open circles and line). MOAA/S scores reached a lower value and
recovered faster in subjects after Diprivan treatment than after fospropofol
administration. After fospropofol treatment, subjects spent a longer period of time at
MOAA/S scores of 2 to 4 than they did following treatment with Diprivan.

4. Effect of prognostic factors on PK-PD of fospropofol and propofol

Pharmacokinetic analysis of fospropofol and propofol suggested dependence of clearance
on total body weight. After compensating for the effect of body weight factors such as
Age, Race, Albumin concentration, alkaline phosphatase concentrations, and renal
impairment did not influence the pharmacokinetics of fospropofol and propofol.

Effect of albumin concentration on pharmacodynamics: The sponsor analyzed the
relationship between fospropofol concentrations and effects on Modified Observer’s
Assessment of Alertness/Sedation Scale (MOAA/S) using PK/PD models. For more
details of the analysis please refer to the pharmacometrics review.



The PK-PD model predicted that the EC50 values for fospropofol decrease with
decreasing plasma albumin concentrations. The estimated EC50 values for patients with
albumin concentrations of 2.5 g/dL and 3.0 g/dL were 49% (95% CI 40-58%) and 30%
(95% CI 25 - 36%) lower than for patients with albumin levels of 3.8 g/dL.

The prediction of the effect of albumin concentrations on the MOAA/S scores is shown
in Figure below.

Fospropofol concentration (upper left), effect compartment concentration (upper right), expected
Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) score (ESC, lower left) and rounded
expected MOAA/S score (ESC, lower right) are plotted versus time (min), The bold solid lines illustrate
model predictions for a typical patient with normal (> 3.8 g/dL) albumin level administered 6.5 mg/kg dose
followed one supplemental dose (25% of the initial bolus dose). The solid lines illustrate model predictions
for a typical patient with 3.0 g/dL albumin concentration administered 6.5 mg/kg dose followed one
supplemental dose (25% of the initial bolus dose). The dashed lines illustrate model predictions for a
typical patient with 2.5 g/dL albumin concentration administered 6.5 mg/kg dose followed one
supplemental dose (25% of the initial bolus dose).
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Although the PK-PD Model predicts that patients with low plasma albumin may reach
MOAA/S scores of less than 2 if administered the full 6.5 mg/kg dose, data from the
3000-0522 and 3000-0524 studies indicate that sedation depth (as measured by the
MOAA/S Scale) was not consistently influenced by albumin levels, even when
examining results based on age, ASA status, and weight.
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Influence of albumin levels on ECS50 for Studies 3000-0522 and 3000-0524 (data are
mean and SD) using model 356, PR-AQUA-02-02).

30% of maximum effect: ALB = Albaguix; WT = weight

Source: 3000-0322 and 30000524, data rus usisg Model 356, 23 defined i Report PR-AQUA-02-02
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Although the sample size is different across various age, ASA groups, the lack a
consistent albumin effect on MOAA/S scores would indicate that dose adjustment would
not be needed for patients with different albumin levels.

Hepatic impairment: Sponsor included 7 subjects with hepatic impairment in study #

3000-523 where blood samples were collected for PK analysis. Because of incomplete
records on prothrombin time, the number of patients with mild/moderate/severe hepatic
impairment is not clear.

As such fospropofol is metabolized by alkaline phosphatases that are ubiquitously present
in various organs of the body apart from liver and hence its disposition is not expected to
be affected by liver impairment. Propofol, on the other hand, is extensively metabolized
by glucuronidation and oxidation possibly by hepatic involvement. The limited
information on propofol clearance data from individual patients with hepatic impairment
is not adequate to arrive at a recommendation for dose adjustment in patients with hepatic
impairment. Hence, it is acceptable to indicate that “AQUAVAN has not been
adequately studied in patients with hepatic insufficiency”. However, caution should be
exercised when using Fospropofol in patients with hepatic impairment.

Drug-Drug Interactions: Fospropofol is extensively metabolized by ubiquitously present
alkaline phosphatases. . Propofol appears to be directly glucuronidated as well as
hydroxylated by unknown enzymes.

Studies have not been conducted to evaluate the potential for fospropofol or propofol to
inhibit or induce major CYP enzymes. However, results from a clinical drug interaction
study revealed no effect of pretreatment of fentanyl, midazolam, meperidine and
morphine on the pharmacokinetics of fospropofol.
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The information provided is not adequate to assess the potential for CYP inhibition or
CYP induction by fospropofol or its major active metabolite propofol. Short term use
proposed for the current indication and short half-life of the circulating moieties are
noted. However, this issue will become relevant when the product use is proposed for
longer duration use. Hence, the sponsor should conduct in vitro studies to evaluate the
potential for major CYP inhibition or induction.

Overall, the clinical pharmacology submission is acceptable.
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2 QBR
2.1 General Attributes

MGI Pharma submitted a 505(b)(1) application on 09/26/2007 seeking approval of

Fospropofol injection for sedation in adult patients undergoing diagnostic or therapeutic h@‘)
procedures ) — - - . : memmem  [he

sponsor proposed brand names “Lucedra” emmmmesss=  after the initially proposed

brand name “Aquavan” was rejected. Hence, some parts of the review might refer to the

drug product as “Agquavan” or “Fospropofol” or “Fospropofol disodium”

interchangeably.

Fospropofol disodium (Mol. Wt. 332.24) is a water-soluble,

0\\ ONa
P~ phosphono-O-methyl prodrug form of propofol.

rd

\
j ONa  Chemical Name: 2,6-diisopropylphenoxymethyl phosphate,
disodium salt

Unlike propofol which is highly lipophilic, fospropofol
disodium is soluble in water
)

P —

' Fospropofol disodium structure

Mechanism of Action: Fospropofol is metabolized by alkaline phosphatase into propofol,
formaldehyde and phosphate. The exact mechanism of action leading to sedative-
hypnotic actions of fospropofol or propofol is unknown.

Proposed dosage and route of administration: In adults aged 18 to <65 years who are
healthy or have mild systemic disease (ASA P1 or P2), the standard dosing regimen of
Fospropofol is an initial [V bolus of 6.5 mg/kg followed by supplemental dosages of 1.6
mg/kg IV (25 % of initial dosage).

Adults >65 years of age or those with severe systemic disease (ASA P3 or P4) should
receive initial and supplemental intravenous dosages of 75 % of the standard dosing
_regimen.

2.2 General Clinical Pharmacology

1. What are the design features of the clinical pharmacology and clinical studies
supporting the dosing regimen and other claims?

Clinical Pharmacology studies supporting dosing or other claims were designed to derive

1. Pharmacokinetics, ie., distribution, metabolism and excretion, of fospropofol and
propofol was determined in healthy volunteers and patients undergoing
procedural sedation.

» Sponsor carried out nine Phase 1 studies, five Phase 2 studies, and three Phase
3 studies in which the pharmacokinetics (PK) and pharmacodynamics (PD) of

13



fospropofol and propofol following fospropofol disodium injection were
characterized. Clinical studies, 3000-0207, 3000-0415, 3000-0520, 3000-
0522, 3000-0523, and 3000-0524, contributed plasma fospropofol
concentrations for the fospropofol-propofol population PK analysis. Studies
3000-0522, 3000-0523, and 3000-0524 contributed plasma propofol
concentrations for the fospropofol-propofol population PK analysis. Study
protocol 3000-0521 contributed healthy subject data used for comparison of
PK model predictions for patients with observed PK data from healthy
subjects. Subjects with hepatic and renal impairment were recruited in the
open label safety study 3000-523 along with healthy patients for different
diagnostic or therapeutic procedures.

2. Pharmacodynamics of fospropofol and propofol was determined in healthy
volunteers and patients undergoing procedural sedation.

» A fospropofol-propofol PK-PD relationship was determined by correlating
depth of sedation, as determined by Modified Observer’s Assessment of
Alertness/Sedation (OAA/S) score to fospropofol and propofol plasma
concentrations in patients receiving colonoscopy and bronchoscopy (PR-
AQUA-02-02). Additionally, the PK-PD relationship between bispectral
index (BIS), a PD measurement, and plasma concentrations of propofol in
healthy subjects is included in PR-AQUA-02-01. Study protocol 3000-0522
contributed PD data that were correlated with plasma fospropofol
concentrations and with plasma propofol concentrations in the fospropofol-
propofol population PK-PD analysis. Study protocols 3000-0207, 3000-0415,
3000-0520, and 3000-0522, and 3000-0524, contributed PD data that were
correlated with plasma fospropofol concentrations in the fospropofol
population PK-PD analysis.

Clinical safety and efficacy of fospropofol was evaluated in three adequate and well-
controlled Phase 2 and Phase 3 studies (Studies 3000-0520, 3000-0522, and 3000-0524)
and a supportive Phase 3 study (3000-0523). Population PK and PD analysis of data
from Phase 2 and Phase 3 studies was performed and reported in PR-AQUA-02-02.
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Clinical/Clinical Pharmacology Studies are tabulated below:
~ Clinical Pharmacology/Clinical Studies
3000-0001  Phase 1 open label, single-dose, doss escalation, safety and tolerability,
pharmacokinetic/pharmacodynamic study of GPI 15715 in healthy subjects ,
3000-0102 _ Phase 1, open iabel study of Induction and maintenarice of sedation, aalety and tolefability,
pharmacokinetics/pharmacodynamics of GP! 15715 in healthy subjects

3000-0103 88 1, Gpen label, singie-bolus dose, A0sé escalation, safety and tolerabillty,
pharmacokinetic/pharmacodynamic study of AQUAVAN?® injection in heaithy subjects
3000-0205 _ Phase 1, open label, clinical pharmacokinetic and mass balance study of [ 'C] AQUAVAN? injection
in heanhy subjects ,
~3000-0206 _ Phase 1, open label, randomized safety, tolerabiity and_PharmacoKnelcphanmacoaynans

of AQUAVAN" injection in healthy subjects

3000-0308  Phase 1, opén Iabel, safety and tolérability study of AQUAVAN® injection in healthy su‘bjects
premedlmted with lidocaine HCI |njecﬁon

3000-0414 A Phass 1 Randomized, Double-bind, Placebo-controlied, Parallel-design, Drug Interaction Study of
AQUAVAN® Injection and Premedications in Healthy, Adult Subjects

3000-0521* A single-site, randoimized, 4-sequence, 4-tréatimient crossover shidy of a singlé adninistration of v
] AQUAVAN° injection compared with placebo and a positive control in healthy subjects
3060-0625* A Phase 1 , Opén labsl, single dose, crossover phaﬁhééﬁkmeﬁc-phannaceaynamlc study of

AQUAVAN“’ (fospropofol disedium) injection versus DIPRIVAN® injectable emuision in healthy
subjects

* Note in these studnes the propofol plasiia concentrations weré determined usiitg the new, improved PK safiple collectlon
method.

3000-0207 A Phase 2, two part study of AQUAVAN® injection in the presence of pre-medication n patients
undergoing elective colonoscopy
“3000-0415  APhase 2, randomized, open-label study 10 485ess the safety and eMcacy of AQUAVAN® injection
, versus midazolam HCI for sedation in elderly patients undergoing colenoscopy procedures
A randomized, double-blind, dose-response Study to assess the efficacy ana satety of AQUAVAI
injectian for procedural sedation in patients undergomg colonoscopy (Phase 2)

3000-0522* A Phase 3, randomized, double-biind, dose-controlled Study 1o assess the efficacy and salety of
AQUAVAN” (fospropofol disodium) mjectlon for sedation in patients undergoing oolonoscopy

3000-0523* A Phase 3 opon-labol smgle arm study to asseas the sahty 01‘ AQUAVA

A Phase 3, ranaam“izcd doublo-bhnd doso-cohh’olhd sludy to assess the eficac
AQUAVAN (fespropofol disoedium) injection for sedation in patients undergoing fiexible
bronchoscop
§ {prolonged infusion in mechanically ventilated patients)

W 00 0104 Phase 2 randommd study of AQUAVAN injection in elective Coronary artery surgory with

‘ comparison to Disoprivan® injectable emulsion
3000-0413 = A Phase 2, raindomized, open-label study to examine the safety and eéfficacy | > injection
for sedation of patients requiring intubation and mechanical ventilation in the intensive care unit setting
“FRote: n these stiidies the propofol plasina conccntrauons were determisied using the revised PK sainiphe collection mmethod.
Disoprivan® injectable emulsion and Diprivan® injectable emulsion are brand names for propofol injectable emulsion.

2. 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?

For the primary endpoint, the number and proportion of patients who met the criteria for
Sedation Success were calculated by treatment group in Phase 3 clinical studies 3000-
0522 and 3000-0524. Sedation Success was a composite endpoint that included both
efficacy and safety parameters. It measured the ability of the drug to effectively sedate
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patients, in a manner that did not require advanced airway maneuvers, including manual
(bag valve mask) or mechanical ventilation. Specifically, the endpoint was defined as a
patient meeting all of the following criteria:

(1) Having 3 consecutive MOAA/S scores of <4 after administration of sedative
medication,

(2) Completing the procedure,

(3) Without requiring the use of alternative sedative medication (such as midazolam) and,
(4) Without requiring manual or mechanical ventilation.

In a report by the American Society of Anesthesiologists (ASA) Task Force on sedation
and analgesia by Non-anesthesiologists, the responsiveness of patients to commands
during procedures performed with sedation/analgesia was recommended as a measure of
level of consciousness (Anesthesiology 2002; 96: 1004-1017). The sponsor employed
MOAA/S evaluation, described below, placed a grading score of 0 (nonresponsive) to 5
(alert) in the category of responsiveness.

Responsiveness Score
"Responds readily to name spoken in normal tone "5 (Aler)
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly and/or repeatedly 3
"Responds only after mild prodding or shaking 2
"Responds only after pamful trapezius squeeze 1

0

Does not respond to painful trapezius squeeze

3. Are the active moieties in the plasma appropriately identified and measured to
assess pharmacokinetic parameters and exposure response relationships?

Yes. Sponsor evaluated fospropofol and propofol levels in plasma from a variety of
Clinical/Clinical Pharmacology Studies. Please refer to the Analytical Section below for
details of validation for the methods employed in analyzing plasma levels of fospropofol
and propofol.

4. Exposure-response

a) What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for efficacy?

Phase 1 clinical PK-PD studies indicated an association between plasma propofol
concentration and sedation measured as MOAA/S scores. In Phase 3 studies, fospropofol
dose-related sedation success, time to sedation, duration of sedation and time to ready
Jor discharge were noted in patients undergoing colonoscopy or bronchoscopy.

Dose-Response: The dose response relationship between fospropofol dose and sedation -
success was explored in dose finding study 3000-0520, clinical efficacy studies in
patients undergoing colonoscopy (3000-522) and bronchoscopy (3000-524).

Study # 3000-520: Patients undergoing colonoscopy were randomized to one of the
following 5 groups (n~25 per group) in a 1:1:1:1:1 ratio including 4 dose levels of
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fospropofol disodium (8.0 mg/kg, 6.5 mg/kg, 5.0 mg/kg, 2.0 mg/kg) and midazolam 0.02
mg/kg. As shown in the figure below, six of 25 patients (24.0%) in the 2-mg/kg
Fospropofol group, 9 of 26 (34.6%) in the 5-mg/kg group, 18 of 26 (69.2%) in the 6.5-
mg/kg group, and 23 of 24 (95.8%) in the 8-mg/kg group achieved Sedation Success.
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Time to Sedation: Fospropofol produced dose-related decrease in time to sedation,
defined as time from first dose of study medication to the first two consecutive MOAA/S
scores <4. Median times to sedation were 12.0 minutes (range, 0-22) in the 2-mg/kg
Fospropfol group, 12.0 minutes (range, 2-34) in the 5-mg/kg group, 6.0 minutes (range,
0-18) in the 6.5-mg/kg group, and 4.0 minutes (range, 0-12) in the 8-mg/kg group.

Time (minutes) to Sedation
" AGUAVAN AQUAVAN AGUAVAN AGUAVAN  Midazolam
2 mg'kg Smgkg  6Smgikg 8 mg/kg 0.02 mg/kg
N=25 =26 N=2¢ N=24 N=26
Time (minutes) to Modified OAA/S Score of 54
N 23 23 24 24 25
"Mean 124 1.0 6.5 4.7 50
Standard deviation 50 6.9 45 24 42
Median 12.0 12.0 6.0 4.0 30
i 2 34 0,18 0,12 0,18

M L 0.2 2,34

Time to sedation was defined in the protocol as the time from first dose of study medication to the first of 2

consecutive Modified OAA/S scores <4.
Duration of Sedation: The duration of sedation as assessed by the median percentages of
time at MOAA/S scores of 2 to 4 from first dose of study medication to Fully Alert were
higher in the 6.5-mg/kg and 8-mg/kg Fospropofol groups than in the 2-mg/kg and 5-
mg/kg groups. The median percentages of time at MOAA/S scores of 2 to 4 were 50.0%,
58.6%, 72.7%, and 71.4% in the 2-, 5-, 6.5-, and 8-mg/kg Fospropofol groups,
respectively.

Time to Ready for Discharge after procedure: Dose-dependent increases in time to
Ready for Discharge from the end of the procedure were observed across Fospropofol
dosing groups with the exception of the 2 mg/kg Fospropofol group. The supplemental
medications administered in the 2-mg/kg Fospropofol group could be the reason for this
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group being an exception to the dose-response. Median times to Ready for Discharge
from the end of the procedure were 6.0 minutes (range, 0-65), 4.0 minutes (range, 0-43),
7.5 minutes (range, 1-30), and 11.5 minutes (range, 1-61) in the 2-, 5-, 6.5-, and 8-mg/kg
Fospropofol groups, respectively (See Figure below).
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Dose Response in Study # 3000-522:

Patients in study 3000-0522 were randomized to one of the following 3 groups in a 3:2:1
ratio: fospropofol disodium 6.5 mg/kg; fospropofol disodium 2.0 mg/kg; and midazolam
0.02 mg/kg, respectively. Sedation Success Rate was significantly higher in the
Fospropofol 6.5 mg/kg group (86.7%) compared with the Fospropafol 2.0 mg/kg group
(25.5%). Sedation Success was achieved in 69.2% of the patients treated with
midazolam.
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Dose-Response in Study # 3000-524:

Patients in study 3000-0524 were randomized to one of the following 2 groups in a 3:2
ratio: fospropofol disodium 6.5 mg/kg (n=150) and 2.0 mg/kg (n=102), respectively. The
Sedation Success rate was significantly higher in the AQUAVAN 6.5-mg/kg group
(88.7%) compared with the AQUAVAN 2.0-mg/kg group (27.5%).
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b) What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for safety?

Exposure-response relationship for safety has not been evaluated.

¢) Does this drug prolong the QT or QTc interval? Does the thorough QT study
report show that AQUAVAN does not cause QT prolongation?

There is dose-dependent lengthening of the QTcF interval following the administration of
AQUAVAN.

In a randomized, open-label, positive- and placebo-controlled crossover study (# 625), 68
healthy subjects were administered single IV bolus dose of Fospropofol 6 mg/kg,
Fospropofol 18 mg/kg (3-times the recommended dose), placebo and a single oral dose of
400 mg moxifloxacin. At the anticipated clinical dose of 6 mg/kg, no significant effect on
the QTcF was detected. Following the 18 mg/kg dose, the largest upper bound of the two-
sided 90% CI for the AAQTCF at the 12-minute timepoint was greater than 10 ms which
is identified as the threshold for regulatory concern in the ICH E14 guideline. Mean peak
fospropofol and propofol derived from fospropofol plasma concentrations for the 18
mg/kg dose were approximately 3.6-fold higher than the peak concentrations following a
6 mg/kg dose. The overall findings are summarized in the following table. FDA
Analysis: The Point Estimates and the 90% CIs Corresponding to the Largest
Upper Bounds for Fospropofol (Fospropofol 6 mg/kg and 18 mg/kg and the Largest
Lower Bound for Moxifloxacin
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Treatment Time (inin) AAQTCF (ms) 90% CI (ms)
AQUAVAN 6 mg 12 2.2 -1.7, 6.2
AQUAVAN 18mg | 12 8.3 45, 12.1
Moxifloxacin 180 12.2 5.7, 18.0*%

*ClI is adjusted with 11 post-baseline time points
The largest lower bound of the two-sided 90% CI for the AAQTcF for moxifloxacin was
greater than 5 ms indicating that the study was adequately designed and conducted to
detect an effect on the QT interval.
The Fospropofol doses evaluated in this study are acceptable. There are no known
intrinsic or extrinsic factors that can increase exposure to fospropofol and propofol
derived from fospropofol greater than what was observed following the supratherapeutic
dose (Clinical Pharmacology Table, section 6.1). The sponsor states the expected high
clinical exposure scenario is when a subject with low body weight receives the wrong
dose (e.g., a full vial of 1050 mg fospropofol) of Fospropofol.

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

The dose and dosing regimen is consistent with the dose- and concentration-response
noted in Phase 1/2 studies.

Concentration-Response of Fospropofol and Propofol

The pharmacokinetics and pharmacodynamics of Fospropofol disodium (10 mg/kg bolus)
and Diprivan (50 mg/min infusion) were compared in healthy volunteers in Study # 625.
In the first period, subjects received a 10 mg/kg bolus IV dose of fospropofol disodium
injection. The pharmacodynamic endpoints for the level of sedation were the bispectral
(BIS) Index and Modified Observer’s Assessment of Alertness/Sedation (MOAA/S). A
BIS value near 100 indicates that the subject was awake, and a BIS value of 0 indicated
isoelectric EEG or the absence of brain activity. MOAA/S evaluation placed a grading
score of 0 (nonresponsive) to 5 (alert) in the category of responsiveness. In the second
period, after a 7-day washout period, each subject received a 50-mg/min infusion of
propofol injectable emulsion targeted to produce the same peak EEG effect that was
observed in that subject after administration of 10-mg/kg fospropofol disodium injection.
The propofol dose derived from fospropofol disodium injection treatment (dose corrected
for molecular weight=5.36 mg/kg) was higher compared with the propofol dose from
treatment with propofol injectable emulsion (50 mg/minute infused for 2.06 to 4.60
minutes, total mean £ SD dose of 2.30 + 0.39 mg/kg). The results are discussed in
figures below.
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Propofol Concentration (ng/mL.)
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Figure above presents the mean propofol concentration over time profile upto 45 minutes
following administration of Diprivan 50 mg/min (red inverted triangles and line) and
Fospropofol disodium 10 mg/kg (blue circles and line). Fospropofol PK profile is not
indicated in this figure. Propofol plasma concentration profiles were different for the 2
treatments. Following administration of a single IV bolus dose of fospropofol, the median
Tmax for propofol was reached at a slightly later time than it was following Diprivan
administration by infusion. Following fospropofol dosing, the mean propofol Crax Was
lower and mean AUC.ir was higher than following Diprivan treatment without molar
equivalent dose or bodyweight normalization. Following administration of an IV _
infusion of Diprivan 50 mg/min, plasma concentrations of propofol reached Cpay at a
median T,y of 4.0 minutes. The propofol concentration increased rapidly, and then
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declined after the infusion was stopped.
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Figure above presents the mean BIS scores over time (+standard error [SE]) for the
Fospropofol disodium 10 mg/kg (Green Open triangles and line) and Diprivan 50
mg/min (Red Open Circles and line) treatment groups from first dose of study medication
to the last time point recorded (45 minutes). Subjects treated with Diprivan reached their
lowest BIS scores at about 5 minutes (median) after drug administration and recovered
(to a BIS of approximately 90) at about 21 minutes, when measurements were
terminated. The dose of Diprivan was targeted to match the pharmacodynamic effect of a
single dose of fospropofol 10 mg/kg. However, subjects treated with Diprivan went to a
lower BIS score than those treated with fospropofol. Peak effect for fospropofol was
reached at 7 minutes (median) following drug delivery. At 21 minutes after fospropofol
administration BIS scores for the majority of subjects had not returned to >90. Recovery
from sedation, as judged by BIS score, was slower after fospropofol disodium
administration than after Diprivan infusion.
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Figure above represents the mean changes in MOAA/S scores versus time after
Fospropofol disodium 10 mg/kg (Green Open triangles and line) and Diprivan 50 mg/min
(Red Open circles and line). MOAA/S scores reached a lower value and recovered faster
in subjects after Diprivan treatment than after fospropofol administration. After
fospropofol treatment, subjects spent a longer period of time at MOAA/S scores of 2 to 4
than they did following treatment with Diprivan.

5. What are the PK characteristics of the drug and its major metabolite?
a) What are the single dose and multiple dose PK paramefers?

In clinical studies, fospropofol was administered as a single IV bolus dose followed by a
supplemental IV bolus dose. The pharmacokinetic characteristics of fospropofol and the
major metabolite propofol are described below:

Upon intravenous bolus administration, fospropofol plasma concentrations decrease in a
biphasic manner with an initial decline followed by a relatively slower terminal phase
(t12 of 0.8 hours). Fospropofol is metabolized by alkaline phosphatase into propofol,
formaldehyde and phosphate. In vitro studies indicate that more than 66% of fospropofol
disappears within 5 minutes of incubation with alkaline phosphatase at 37°C. The peak
plasma concentrations of propofol are noted around 8 minutes following fospropofol
administration (See Figure below).
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Fespwopefol Concetration (mcg/mL)

258

~o=AQUAVAN 6 my/kg
=t~ AQUAVAN 18 mg/kg

Time (minutes)
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Pharmacokinetic Parameters of Fospropofol in males and females (Study#3000-521)

AQUAVAN AQUAVAN
Parameter Sex n 6 mg/kg B 18 mg/kg
Male and female 69 4.00 68 2.00
combined (1.00-8.00) (1.00-6.00)
Tonax (min) 4.00 4.00
Median (Min-Max) Male 38 1 (1.00-8.00) | 38 | (1.00-4.00)
4.00 1.00
Female 311 1008000 | 30| (1.00-6.00)
Macliifb}.:::;ale 69 | 787(154) | 68 | 211(48.6)
Cuuax (ng/mL)
Mean (SD) Male 38 78.1 (16.3) 38 202 (45.9)
Female 31 | 793 (144) | 30 | 223 (49.9)
Male & Female
; 69 | 192355 | 68 | 50.1(8.63)
AUCy e (hopg/mL) Combined
Mean (SD) Male 38 18.3 (3.08) 38 48.8 (8.3)
Female 31 | 203(3.83) | 30 | SL.7(3.88)
Maéi&blfezfle 68 | 1920359 | 68 | 50384
AUCq.iof (hopg/mL) oo
Mean (SD) Male 37 | 183(3.10) | 38 | 49.0(8.39)
Female 31 | 203(3.85) | 30 | 51.9(8.93)
Male & Female
o Combined 68 | 081008 | 68 | 0.81(0.09
Mean (SD) Male 37 | 0.85(007) | 38 | 0.383(0.10)
Female 31 | 0.77(0.08) | 30 | 0.79(0.09)
Male & Female
. 68 | 0.280(0.0528) | 68 | 0.320(0.0585)
CL, (L/b/kg) Combined _ , _
Mean (SD) Male 37 | 0293 (0.0533) | 38 | 0.326 (0.058)
Female 31 | 0.265(0.0484) | 30 | 0.310 (0.0577)
Maé‘ ig‘;’:‘f" 68 | 0327 (0.0686) | 68 | 0.374(0.0724)
Va(L/kg) ombin
Mean (SD) Male 37 | 0.357(0.0669) | 38 | 0.388 (0.072%)
Female 31 | 0.291 (0.0517) | 30 | 0.352 (0.0671)

Tra=time to maximum plasma concentration; Min=minimum; Max=maximum; Cp~observed plasma drug concentration
at T AUC=area under the congentration versus time curve; AUC.,~AUC from the time of dosing to the last
quantifiable congentration; AUC.i=AUC from the time of dosing to infinity; ty,=terminal elimination half-life;

CL,=plasma clearance; Vs=volume of distribution; NA=not applicable
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b) How does the PK of the drug and its major active metabolites in healthy
volunteers compare to that in patients?

Pharmacokinetics of propofol, the major active metabolite, following administration of
Jospropofol were evaluated in healthy volunteers (Studies # 3000-521, # 3000-625) and
patients (Studies # 3000-522, #3000-524) in separate studies. Population PK analysis

revealed that PK of fospropofol and propofol were similar in healthy volunteers and
patients.

Pharmacokinetics of propofol following administration of Fospropofol 6 mg/kg and
Fospropofol 18 mg/kg in healthy volunteers are described below. Plasma concentrations
of propofol reached Cmax at a median Tmax of 12 minutes for Fospropofol 6 mg/kg and
8 minutes for Fospropofol 18 mg/kg. Concentration profiles showed biphasic elimination
with a mean t;, 0f 2.06 hours for Fospropofol 6 mg/kg and 1.76 hours for Fospropofol 18
mg/kg. Mean Cmax values were 1.08 pg/mL and 3.90 pg/mL, and mean AUCO-inf

values were 1.70 hepg/mL and 5.67 hepg/mL, for Fospropofol 6 mg/kg and 18 mg/kg,
respectively.

5000 «

=0=AQUAVAN 6 mg/kg
so0d T+ ~&@=AQUAVAN 18 mg/kg |
4000 4

Propofol Concetration (ag/mL)
8

2000
1500
1000
. —
ok d .
150

Thme (minutes)

PK parameters of propofol are tabulated below. The increase in propofol exposure was
slightly more than dose proportional. A 3-fold increase in Fospropofol dose (from 6 to 18

mg/kg) led to a 3.6-fold increase in mean propofol Cmax and a 3.3-fold increase in mean
propofol AUC 0-inf.
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Pharmacokinetic Parameters of Propofol Following IV Fospropofol Administration

AQUAVAN AQUAVAN
Parameter Sex n i 6 mg/kg 1] 18 mg/kg
Male and female 69 12.00. o 8.00
T (anin) combined (4.00-60.00) (4.00-60.00)
max IHD) 12.00. 8.00
Median (Min-Max) Male 38 | 40060000 | 3 | (4002000
12.00. 8.00
Female 311 40033000 | 3° | (3.00-60.00)
Male and female
Con (ug/ul) combined 69 1.08 (0.33) 68 3.90 (0.822)
Mean (SD) Male 38 1.14 (0.366) 38 4.06 (0.868)
Female 31 1.01 (0.270) 30 3.69 (0.719)
Male an:. f‘g’ale 69 | 133(0244) | 68 | 4.63(0.958)
AUCq35 (hopg/mL) combne
Mean (SD) Male 38 1.38 (0.239) 38 4.93 (0.981)
Female 31 1.27(0.239) 30 4.25(0.791)
Male and female
. 67 1.70 (0.290 68 5.67(1.28
AUCo.z¢ (bopg/mL) combined o0 =
Mean (SD) Male 37 1.78 (0.266) 38 6.11 (1.34)
Female 30 1.60 (0.290) 30 5.11 (0.963)
Male and female
O combined 67 2.06 (0.77) 68 1.76 (0.54)
Mean (SD) Male 37 2.06 (0.51) 38 1.79 (0.51)
Female 30 2.06 (1.02) 30 1.74 (0.58)
Male a‘f. f:g’ale 67 | 19500345 | 68 | 1.79(0.390)
CL,/F (L/hvkg) combmn , '
Mean (SD) Male 37 1.85 (0.283) 38 1.65 (0.317)
Female 30 2.08 (0.376) 30 1.96 (0.406)
Male and female
VR (Lke) T combined 67 5.76 (2.14) 68 4.46 (1.38)
Mean (SD) Male 37 5.50 (1.59) 38 4.19 (1.30)
Female 30 6.07 (2.66) 30 4.80 (1.43)

Tum=time to maximum plasma concentration; Min=minimum; Max=maximum; Cpn=observed plasma drug concentration
at Tyy; AUC=area under the concentration versus time curve; AUCy1,4=AUC from the time of dosing to the last
quantifiable coneentration; AUCq.;~=AUC from the time of dosing to infinity; t;;=terminal elimination half-life;

CL,/F=apparent plasma clearance; Vy/F= apparent volume of distribution; NA=not applicable
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¢) What are the characteristics of drug absorption?

Following oral administration of fospropofol plasma levels of fospropofol and propofol
were detected and sedative effects were noted in healthy volunteers.

As such absorption of fospropofol is not relevant for the proposed intravenous dosing
regimen. However, absolute bioavailability of fospropofol was evaluated following oral,
duodenal or IV administration of 400 mg fospropofol (Study# 3100-0401). The mean
absolute bioavailability (F) of fospropofol was 1% after oral administration and 0.1%
after duodenal administration. The plasma propofol levels could not be estimated
reliably due to problems with the analytical assay.

Mean fospropofol plasma concentration vs time profiles

GP1 15715 mean*

0.
] —-3- Tt Ol (=7
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8
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In another study (#3100-402) pharmacokinetics of fospropofol following single
ascending doses was evaluated in healthy volunteers. Dose-related increase in plasma
fospropofol levels were noted in this study. Again, plasma levels of propofol could not
be reliably estimated in this study due to problems with the analytical assay. However,
significant sedative effects were felt by the subjects following oral and duodenal
administration of fospropofol.

Fospropofol plasma Cmax or AUC plotted against oral dose
“ 8
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The implications of fospropofol oral absorption as it applies to abuse and misuse have
been addressed by Dr. Patricia Beaston in the controlled substances staff’s assessment of
- fospropofol’s abuse liability.

d) What are the characteristics of drug distribution?

Fospropofol remains preferentially in the extracellular component of blood (blood-to-
plasma ratio ~ 0.5) and is highly bound (97 -98%) to plasma proteins at clinically
observed concentrations (0.01 — 10 ug/mL). Fospropofol and propofol have a volume of
distribution of about 0.39 and 5.3 L/kg, respectively. Upon administration of '*C-
fospropofol in Long Evans rats, significant amounts of radioactivity were found in the
brain, the purported site of action. This indicates that the fospropofol-derived moieties
cross the blood-brain barrier and the active moiety is thought to be propofol.

The potential for protein binding interaction between fospropofol and propofol was
assessed in human plasma collected from three separate individuals. Propofol (0.05 -5
ng/mL) had minimal effects on protein binding of fospropofol. Fesprepofel (0.01 — 200
ng/mL) did not affect the protein binding of propofol.

¢) Does the mass balance study suggest renal or hepatic as the major route of
elimination?

Fospropofol appears to be mainly eliminated by renal route followed by extensive
metabolism.

Seventy one percent of total radioactivity from a 400 mg dose of Fospropofol Injection
(containing 100 pCi radioactivity) was recovered in urine and less than 1% was
recovered in feces in 8 days; 28% of radioactivity was not recovered. The majority of
radioactivity (65%) was recovered in urine in the first 48 hours and accounted for
moieties other than fospropofol.

Amount of Radioactivity Recovered in Urine and Feces in Fospropofol equivalents

Parameter Urine Feces
(N=8) (N=7)* (N=8) (N=7)*
246 7 1.76 177
CumAe (mg) (130) (24.6) (1.18) (1.28)
o 3 na 0.51 0.51
(3.76) (3.95) 0.34) 037

%Fe = 100*CumAe/344.62
f) What are the characteristics of drug metabolism?

Fospropofol is metabolized by alkaline phosphatase into propofol, formaldehyde and
phosphate. Propofol is further metabolized by glucuronidation.

In vitro studies indicate that more than 66% of fospropofol disappears within 5 minutes
of incubation with alkaline phosphatase at 37°C. PK charactefistics of propofol formed
following administration of fospropofol are described in the above sections.
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In study#3000-0205, eight healthy male subjects received a single i.v. infusion of 400 mg
of ['*C] fospropofol disodium injection (100 uCi) over 10 minutes. Blood, plasma, urine,
and feces samples were collected for determination of total radioactivity; plasma
fospropofol and propofol concentrations.

The study demonstrated that, on the basis of ratios of AUCO-inf values for radioactivity
© in plasma to plasma AUC,.iyr values for fospropofol, 21.4% of the total radioactivity in
plasma was associated with unchanged fospropofol. An average of 71.3% of total
radioactivity was recovered in urine in 8 days (192 hr). The majority of radioactivity
(65%) was recovered in urine within 48 hours following dosing. Less than 1% of
radioactivity was detected in feces.

Proposed biotransformation of fospropofol disodium in humans
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*M6 and M7 were detected in phsna by LOMS but were niot detected by radioactivity.

Propofol, quinol, and hydroxypropofol were not detected by LC/MS or radioactitivy.
St are Ry '

C-fospropofol was detected in plasma but not urine. The major metabolite observed
was propofol glucuronide (M10), and represented a mean value of 34.8% of the dose in
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urine through 24 hours. Three other metabolites were observed at relatively low levels:
quinol-4-sulfate (M2), quinol-1-glucuronide (M4), and quinol-4-glucuronide (M6),
representing mean values of 4.59%, 11.1%, and 5.13% of the dose, respectively, in urine
through 24 hours. Two other minor metabolites were detected: hydroxypropofol-
glucuronide No. 1 (M7), and hydroxypropofol-glucuronide No. 2 (M8), representing
mean values of 0.81% and 0.26% of the dose, respectively, in urine through 24 hours.

'g) What are the characteristics of drug excretion?

Fospropofol and propofol have a short elimination half life of about 0.8 and 2 hrs,
respectively. Mass balance study conducted in humans after oral administration of '*C-
fospropfol revealed that 65% of radioactivity is recovered in urine by 48 hours. While
fospropofol and propofol were undetectable in urine, propofol-glucuronide was detected
as the major metabolite along with two minor metabolites characterized as
hydroxypropofol-glucuronides No.1 and No.2.

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

Fospropofol pharmacokinetics is linear in the dose range of 6 — 18 mg/kg; propofol
pharmacokinetics is slightly nonlinear around 18 mg/kg dose compared to the 6 mg/kg
dose.

Fospropofol median Tmax was observed at 4 minutes (range, 1 to 8 minutes) for subjects
who received 6 mg/kg and at 2 minutes (range, 1 to 6 minutes) for those who received 18
mg/kg of fospropofol disodium injection. Mean fospropofol concentrations exhibited an
approximate 2-fold decrease between 4 minutes and 12 minutes and an approximate 10-
fold decrease between 4 minutes and 30 minutes following administration of single bolus
doses of fospropofol disodium injection (see Table below). The initial decline was
followed by a slower terminal phase with a mean ti2 of 0.81 hour.

Propofol median Tmax was 12 minutes for subjects who received 6 mg/kg and 8 minutes
for subjects who received 18 mg/kg of fospropofol disodium injection (see Table below).
Concentration profiles showed biphasic elimination with a mean t1/2 of 2.06 hours for
subjects who received 6 mg/kg and 1.76 hours for subjects who received 18 mg/kg of
fospropofol disodium injection. :

Mean (standard devistion) Pharmacokinetic Parameters in Healthy
Subjects (Studies 3000-0625 and 3000-0521)
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i) How do the PK parameters change with time following chronic dosing?

Given the short duration of action need for the proposed indication, multiple dose PK
studies in the conventional sense, i.e., up to steady state, were not conducted.

j) What is the inter- and intra-subject variability of PK parameters in volunteers
and patients, and what are the major causes of variability?

Low to moderate unexplained inter-individual variability was noted with estimates of
14.6% CV (2.9-23%), and 31.6% CV (27.7-47.3%) for central volume of distribution (V)
and clearance (CLg), respectively.

The population PK parameter estimates are presented in the table below. In particular,
typical fospropofol volume was estimated as V1 =4.41 L (4.23 - 4.56 L) and clearance as
CLr =0.312 L/min (0.197 - 0.331 L/min).

Population PK parameter estimates

“Parameter Model 010
notation “Population Relative  Bootstiap median Relative
Estimate __ SE (%) (95% Cl) SE (%)
Vi (L) ;8 441 1.81 4.4(4.24 - 4.56) 1.76
Cle (Umin) 6, 0.312 367 0.312(0.197 - 0.331) 203
Kiz{1/min) - 0.0147 135 0.0147(0.0122 - 0.0397) FIXED
Kz {(1/min) 8 0.0128 29.1 0.0131(0.00302 - 0.0215) 126
Vipese 6 0.236 9 0.232(0.19-0.272) 8.85
Clepose - 0.138 16.8 0.134(0.0757 - 0.185) 16.4
Vi.ew 8y -0.19% 291 -0.196(-0.314 - -0.0827) 274
Clras [ 34 105 3.44Q2.72-4.79) 103
Clrae B4t 0.117 44 0.124(0.046 - 0.208) 323
Clrsu 8 0.0322 295 0.0313(-00517 - -0.00638)  29.1
Cleenc, 8n -0.0738 75.7 -0.069(-0.166 - 0.0289) 54.1
Clyasa B4 1.2 353 1.21{1.13-1.34) 35
Wiy Q(t1.1) 0.0214 586 0.0221(0.000843 - 0.0529) 60.2
Rycionwee  1,2) 0.0187 539 0.0193(0.0036 - 0.0426) 538
Wi 022) 0.0938 137 0.101(0.0767 - 0-223) 124
20d B 0.191 333 0.184(0.0422 - 0.358) 301
Ooop 1% 0.111 9.16 0.109(0.091 - 0.131) 9.14
) Variability estimates (derived)

CVis 1000(1,1)"2%  146% : 149(29-23)

Rewvr 0.405 0418(0.117-1)

CVe, 1000(2.2)*%  31.6% 31.8(27.7-413)

SDugranse V2 0.437 0.429 (0.205 - 0.595)

CVagnaery 100 64”2 33.3% 33.0(302-36.2)

2.3 Intrinsic Factors

1. What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure and/or
response and what is the impact of any differences in exposure on the
pharmacodynamics?

Significant impact of body weight on pharmacokinetics of fospropofol and propofol was
noted. These findings support the weight based dosing algorithm proposed by the
sponsor: The dosage of Fospropofol is limited by lower and upper weight bounds of 60
kg and 90 kg, respectively. Adults who weigh >90 kg should be dosed as if they are 90
kg; adults who weigh <60 kg should be dosed as if they are 60 kg.
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The population pharmacokinetics of fospropofol was adequately described by a two-
compartment model. Population pharmacokinetic analysis evaluated the effect of race,
age, gender, body weight, albumin concentration, alkaline phosphatase concentration,
renal impairment and hepatic impairment on the pharmacokinetics of fospropofol and
propofol derived from fospropofol. None of the prognostic factors except body weight
affected PK of fospropofol or propofol (See attached Pharmacometrics review).
Allometric scaling adequately described the dependence of fospropofol population PK
parameters on body size measures. Body weight (WT) was normalized to a reference
weight of 70 kg. For both fospropofol and propofol central volume of distribution
increased linearly with weight (WT/70), and clearance increased as (WT/70)** while rate
constants decreased as (WT/70)"*. After adjusting for body weight renal impairment
and hepatic impairment did not significantly affect fospropofol pharmacokinetics.

Relationship between CL, V for fospropofol and propofol and total body weight in
patients without extreme parameter values.

Fospropotol Clsscance
Propolol Clearance

¥ Valuma of C

Prepoiol Volume of Cislribuion

Pharmacokinetic-pharmacodynamic (PK-PD) analysis was conducted to evaluate the
relationship between venous plasma concentrations of fospropofol and propofol, and
Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) score following
administration of therapeutic bolus dose(s) of fospropofol injection. Effect of prognostic
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factors such as age, race, gender, body weight, albumin concentration, alkaline
phosphatase concentration was evaluated on sedative effects of propofol. The analysis
indicated that older patients (age > 65 years) were more sensitive to fospropofol
treatment. The changes to the effective concentration for fospropofol to produce 50% of
maximal sedative effect (ECsq) were evaluated in the population PK-PD analysis.
Decreases in ECso with a decrease in albumin concentration for different strata of patients
based on age, ASA status, and weight. However, Sedation depth (as measured by the
Modified Observer’s Assessment of Alertness/Sedation Scale) was not consistently
influenced by albumin levels across these populations. Hence, dose adjustment is not
recommended with respect to albumin concentrations.

2. Based upon what is known about exposure-response relationships and their
variability, and the groups studied (volunteers vs. patients); what dosage
regimen adjustments, if any, are recommended for each of these subgroups
(examples shown below)?

a) elderly

Patients 2 65 years age should receive 25% lower dose at any given weight range
compared to patients <65 years age.

b) pediatric

The sponsor has not conducted any clinical studies in pediatric patients. The sponsor is
requesting a deferral of clinical studies of fospropofol disodium in pediatric populations
including neonates, infants, children, and adolescents.

¢) renal impairment
Dose adjustment is not needed with respect to renal impairment.

A total of 7 renally impaired patients were included into population PK analysis. Five of
these patients had normalized creatinine clearance between 10 and 30 mL/min/1.73m2.
Two patients had normalized creatinine clearance less than 10 mL/min/1.73m2 . The
data from these patients with renal impairment were merged along with other patients and
the pharmacokinetic parameters were determined. Significant relationship was not noted
between random effects on clearance of fospropofol (left) or propofol (right) with regard
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to creatinine clearance (See Figure above).
d) hepatic impairment

Recommendation cannot be made with regard to dose adjustment in patients with hepatic
impairment. Caution should be exercised when using fospropofol in patients with hepatic
impairment.

Fospropofol data from seven patients (five patient data for propofol) with hepatic
impairment were merged along with other patients and the pharmacokinetic parameters
were determined. Five of these patients were present in the main data set of the
fospropofol — propofol population PK analysis (population analysis report for MGI Study
number PR-AQUA-02-02). Data for two additional patients with hepatic impairment
became available after the main analysis was completed and NDA submitted to the FDA.

Demographic information for the seven patients is presented below.

1B Usubjid AGE WT LBW BMl  sEX ASA  ALB ALP  CREA  BHI CRCGL
yrs) (k@) (o) (kgim) (gdt) (UL) (mg/idl] (mgidl) (mimin/1.73m’)
230 5203650001 53 100 677 33 Male P2 42 68 11 24 887
444 5235500002 59 80 621 252 Male P3 28 134 1.0 21 786
450 5235650016 53 7 51 269  Female P3 33 206 08 14 90.9
453 6235650023 60 §0 381 208  Female P3 25 203 06 5.9 928
612 5245440003 61 74 667 272 Male P4 27 94 08 08 96.8
703 5235610001 53 84 654 251 Male P3 27 149 0.6 18 141.9
704 5235650025 85 60 434 234 Female P3 33 105 0.9 41 46.2

The hepatic impairment noted in these patients as per the Child-Pugh scores is indicated
below. Prothrombin time was not collected in all patients and 1 point was assigned to
each patient. With the adjustment one patient with mild, three with moderate and two
patients with severe hepatic impairment are recorded.

Child-Pugh Scores for Patients with Hepatic Impairment (Score of 5-6 indicates
mild, score of 7-9: moderate and a score of >9 indicates severe hepatic impairment)

0520- 0524- 0523- 0523- 0523- 0523- 0523- 0523-
365-0001 | 544-0003 | 547-0006' 559-0002 { 565-0016 | 561-0001 | 565-0023 | 565-002¢
Encephalopathy grade® 1 1 1 1 2 1 1 2
Ascites? 1 1 1 1 2 2 2 2
Serum bilirubin, mg/dL 1 1 1 2 1 2 3 3
Serum albumin, g/dL 1 3 3 3 2 3 3 2
Prothrombin time, sec pm_longed’ 1 1 1 1 1 1 1 1
Child-Pugh Score 5 7 7 8 8 9 10 10

! While this patient met the criteria for hepatic impairment, PK samples were not available for this patient, and the patient was not
inchuded in the PR-AQUA-02-03 analysis.

2 Encephalopathy grade and ascites determined by medical history taken at baseline.

} Prothrombin time was not collected; all patients were assigned 1 point for this assessment.

Propofol data for one patient with hepatic impairment (Patient 0520-365-0001, ID=230)
were not available and unreliable in another patient (0523-565-0023). The PK
information for individuals
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The individual clearance value for fospropofol noted for each patient with hepatic

impairment
Patient No. | Child-Pugh Score | Child-Pugh CL :
Classification | = F
(L/min)
All Patients - - 04
(N=667) |
5203650001 5 A (mild) 0.439 54.6 14.7
5235590002 8 B (moderate) 0.53 49 12.8
5235650016 8 B (moderate) 0.37 50.7 18.1
5245440003 7 B (moderate) 0.543 46.6 12.3
5235610001 9 B (moderate) 0.478 50.4 144
5235650023 10 C (severe) 0.433 45.6 16.8
5235650025 10 C (severe) 0.305 48.7 15.6

a
Normalized CL , was computed as CL /(WT/70)

’ Predicted AUC from time 0 to infinity after single bolus fospropofol dose of 6.5 mg/kg. Patients weighing less than
60kg (greater than 90 kg) were administered 390 mg (585 mg) dose. Dose for 65-years old and older patients was
reduced by 25%.

Mean of fospropofol PK parameters in “all patients” was estimated by Population PK Model 120

The individual clearance value for fospropofol and propofol noted for each patient
with hepatic impairment

Patient No. | Child-Pugh Child-Pugh cL’ v AUC o
Score Classification P 12 (0-0)
(L/min) (min) | (megehr/mL)
All Patients - - 35 68 i 1.2
5203650001 5 A (mild) NA NA NA
5235590002 8 B (moderate) 2.92 90.8 1.44
5235650016 8 B (moderate) 2.24 63.2 1.85
5245440003 7 B (moderate) 4.31 43.3 0.958
5235610001 9 B (moderate) 3.56 58.9 1.2
5235650023 | 10 C (severe) - - -
5235650025 10 C (severe) 1.64 89.1 1.79

a -
Normalized CL, was computed as CLP/(WT/70)0'7>

’ Predicted AUC from time O to infinity after single bolus fospropofol dose of 6.5 mg/kg. Patients weighing less than
60kg (greater that 90 kg) were administered 390 mg (585 mg) dose. Dose for 65-years old and older patients was
reduced by 25%.

*Excluded from propofol PK evaluation due to inconsistent and extremely low values
NA: propofol data was not available

Mean of propofol PK parameters in “all patients” was estimated by Population PK Model 120

As such fospropofol is metabolized by alkaline phosphatases that are ubiquitously present
in various organs of the body apart from liver and hence its disposition is not expected to
be affected by liver impairment. Propofol, on the other hand, is extensively metabolized
by glucuronidation and oxidation possibly by hepatic involvement. The limited
information on propofol clearance data from individual patients with hepatic impairment
is not adequate to arrive at a recommendation for dose adjustment in patients with hepatic
impairment. Hence, it is acceptable to indicate that “AQUAVAN has not been
adequately studied in patients with hepatic insufficiency”. However, caution shouid be
exercised when using Fospropofol in patients with hepatic impairment.
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¢) what pregnancy and lactation use information is there in the application?

No clinical studies were conducted in pregnant and lactating women.

Clinical studies were not conducted in pregnant and lactating women with fospropofol.
Reproduction studies have been performed in rats and rabbits at doses up to 3.5 and 5.4
times the anticipated cumulative human dose of fospropofol. Please refer to the
Pharmacology toxicology review for the information on effects of fospropofol on fertility
and fetus.

Fospropofol is not recommended for use in labor and delivery, including Cesarean
section deliveries. Based on published information propofol is known to cross the
placenta, and as with other sedative-hypnotic agents, the administration of Fospropofol
may be associated with neonatal respiratory and cardiovascular depression (Gin T et. al.
1990, Anaseth. Intens. Care 18: 180-184, He Y et. al. 2002 Anesth. Analg. 94:1312-
1314). Fospropofol is not recommended for use in nursing mothers because propofol has
been reported to be excreted in human milk (Nitsun M et.al. 2006 Clin Pharm Ther. 79:
549-557). :

2.4 Extrinsic Factors

1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence exposure and/or response and what is the impact of any differences in
exposure on pharmacodynamics?

Dosage adjustment is not required with respect to concomitantly administered drugs such
as midazolam, fentanyl, morphine, and meperidine from a pharmacokinetic interaction
perspective.

Effect of herbal products and smoking on pharmacokinetics and pharmacodynamics of
fospropofol have not been evaluated. Food or alcohol is not expected to be
coadministered with fospropofol and as such a change in the pharmacokinetics of
fospropofol is not expected.

2. Drug-Drug Interactions

a) is there an in vitro basis to suspect in vivo drug-drug interactions?

There is no basis to suspect in vitro drug-drug interactions between fospropofol and
coadministered drugs. The potential for drug interactions with propofol, the major and
active metabolite, however, has not been addressed.

Fospropofol is extensively metabolized by ubiquitously present alkaline phosphatases.
Propofol appears to be directly glucuronidated as well as hydroxylated by unknown
enzymes.

b) is the drug a substrate of CYP enzymes?
Fospropofol is not a substrate of CYP enzymes. It is rapidly and extensively metabolized
by alkaline phosphatase.

In vitro incubation of fospropofol in the absence of NADPH did not result in significant
disappearance of the drug.

37



c) is the drug an inhibitor and/or an inducer of CYP enzymes?
Studies were not conducted to evaluate the effect of fospropofol on CYP inhibition or
induction. '

Sponsor clearly indicated in the clinical pharmacology summary that “No induction or
inhibition of CYP450 enzymes were observed in vivo in nonclinical studies of
fospropofol disodium (in vitro results of fospropofol interaction with CYP450 enzymes
are summarized in Module 2.6.4). Upon examination of the information provided it was
found inadequate to conclude the potential for fospropofol to induce or inhibit CYP
enzymes. Briefly, following 14 day exposure of dogs (Study # 3000-15715-00-06G) to
fospropofol or propofol, the samples of liver were analyzed for total protein and CYP450
content.

The information provided is not adequate to assess the potential for CYP inhibition or
CYP induction by fospropofol or its major active metabolite propofol. Short term use
proposed for the current indication and short half-life of the circulating moieties are
noted. However, issue of drug interaction will be relevant when the product use is
proposed for longer duration use. Hence, the sponsor should conduct in vitro studies to
evaluate the potential for major CYP inhibition or induction.

d) is the drug a substrate and/or an inhibitor of P-glycoprotein transport
processes?
Status of fospropofol as a substrate or inhibitor of P-gp has not been evaluated.

e) does the label specify co-administration of another drug and, if so, has the
interaction potential between these drugs been evaluated?

A number of medications are expected to be coadministered related to the procedure
(bronchoscopy or colonoscopy). Pharmacokinetic changes in fospropofol are not
expected when fospropofol is coadministered with midazolam, and opiate analgesics such
as fentanyl, meperidine and morphine. Although a PK drug interaction between
lidocaine and fospropofol has not been evaluated, the use of this combination in
bronchoscopy patients has been studied.

PK drug interaction study between fospropofol and fentanyl, midazolam and
meperidine: In clinical studies, an opioid premedication (fentanyl citrate 50 mcg IV) was
administered prior to the initial dose of Fospropofol. Pharmacokinetic drug interaction
between fospropofol when coadministered with midazolam and opiate analgesics such as
fentanyl, morphine, and meperidine was evaluated in study #3000-414. Subjects
randomized to morphine (0.1 mg/kg) received pretreatment 15 minutes prior to the initial
bolus dose of Fospropofol (8 mg/kg). Subjects randomized to fentanyl (1 pg/kg),
meperidine (0.75 mg/kg), or midazolam (0.01 mg/kg) received pretreatment 5 minutes
prior to the initial bolus dose of Fospropofol (8 mg/kg). To ensure maintenance of the
blind, subjects randomized to morphine received placebo 5 minutes prior to
administration of Fospropofol and those randomized to fentanyl, meperidine, or
midazolam received placebo 15 minutes prior to the initial bolus dose of Fospropofol.
Subjects randomized to placebo received a placebo injection at both 5 and 15 minutes
prior to initial AQUAVAN bolus administration. Supplemental doses (2 mg/kg) of
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Fospropofol could have been administered to achieve the target sedation level (Modified
OAA/S score $3).

Plasma concentrations of Fospropofol were generally similar in all treatment groups. The
initial rapid decline was followed by a slower terminal phase with half-life of 0.44 to 0.52
hour, and this pattern was similar for all groups. Mean Cmax and AUCo-inf were similar
for all treatment groups and ranged from 74.8 to 88.5 pg/mL and from 20.9 to 29.6
h-pg/mL, respectively. Mean weight normalized clearance (CLp) and mean weight
normalized volume of distribution (V4) were also similar for all groups, and ranged from
0.32 to 0.41 L/h/kg and from 0.22 to 0.31 L/kg, respectively. Although ANOVA
comparison of AUCo-inf showed statistically significant difference (p=0.045) among
treatment groups, pairwise comparisons between the placebo and all other premedication
groups did not show a significant difference.

Mean (3D) Fospropofo! Plasma Pharmacokinetic Parameters After

AQUAVAN Treatment by Premedicatic
Parameter
n 11
Tomar~ 0.07 0.07 0.07 0.07 0.07
(h) (0.07-0.27) (0.07-0.20) (0.05-0.13) (0.05-0.07) (0.07-0.07)
Camin 80.46 87.23 84.91 74.79 87.25
_(ugimL) (18.06) (12.41) (16.83) (18.59) (15.67)
Crmax 84.40 8848 86.11 74.79 87.25
_(pg/mL) (18.18) (12.50) (16.27) (15.59) (15.67)
AUCqon 29.19 28.61 24.40 20.66 23.28
(hepg/iml) (9.32) (9.63) (8.71) (6.72) (5.79)
AUCpi 29.61 28.97 2471 2092 2348
(heyg/iml) (9.44) (9.34) (5.83) (6.81) (5.85)
ti2 0.50 047 045 0.52 044
(h) {0.1) (0.08) (0.09) (0.21) {0.08)
Clp 0.36 0.32 ’ 0.35 0.41 0.28
(Lvkg) (0.09) (0.06) ___(0.10) (0.11) (0.07)
Va 0.25 0.22 0.22 0.31 0.24
(LK) (0.05) (0.04) (0.05) (0.16) {0.05)

Trmax= Time to maximum plasma concentration; Cy min= Observed plasma drug concentration at 4 min; AUC= Area

under the time-concentration curve; AUCq.1u AUC from the time of dosing to the last quantifiable concentration;

AUCy5= AUC from the time of dosing to infinity; t;,= Terminal elimination half-life; CLy« Plasma clearance;

V4= Volume of distribution.
The sponsor reported propofol pharmacokinetic data was not considered for review due
to unreliable bioanalytical results. The study was not designed to identify effect of
fospropofol on coadministered drugs’ pharmacokinetics and as such plasma levels of

concomitant medications were not assessed.

Use of fospropofol with lidocaine: Concomitant use of lidocaine with fospropofol has
been studied in two different settings.

1. Most of the patients undergoing bronchoscopy in study # 3000-524 were
administered lidocaine as a topical anesthetic for suppression of cough upon
introduction of the flexible bronchoscope.

2. Paresthesias such as burning and tingling sensations were common adverse events
with Fospropofol administration. A study (#3000-308) was conducted to
determine the lowest dose levels of lidocaine that would reduce or eliminate the
paresthesias associated with administration of Fospropofol.
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Study#3000-0524 is a Phase 3, Randomized, Double-blind, Dose-controlled Study to
Assess the Efficacy and Safety of Fospropofol Disodium Injection for Minimal-to-
Moderate Sedation in patients undergoing flexible bronchoscopy. All patients were to
receive lidocaine as a topical anesthetic for suppression of cough upon the introduction of
the flexible bronchoscope. The recommended lidocaine dose for this study was < 300 mg,
or < 4.5 mg/kg (whichever was less on a per patient basis), per procedure. Lidocaine was
administered in most patients that underwent the procedure (see table below):

NUMBER OF PATIENTS WHO TOOK LIDOCAINE ON THE DAY OF PROCEDURE
SAFETY POPULATION

AQUAVAN AQUAVAN All
2 mg/kg 6.5 mg/kg  AQUAVAN
(N=103) (N=149) (N=252)
n (%) n (%) n (%)
Lidocaine was administered at <= 300mg or <= 4.5 mg/kg 78 (75.7) 116 (77.9) 194 (77.0)
Lidocaine was administered at > 300mg or > 4.5 ng/kg 22 (21.4) 24 (16.1) 46 (18.3)
Lidocaine was not administered 3 (2.9) 9 (6.0) 12 (4.8)

A number of other concomitant medications (Study # 3000-524, bronchoscopy trial) were
administered as required for the procedure (See table below). Plasma levels of lidocaine
or any other concomitant medications were not assessed as it was not an endpoint of this
study.

Medications Taken on the Day of Procedure in 2 3 Patients

(Safety Population)
AQUAVAN AQUAVAN
2.0-mg/kg 6.5-mg/kg Overall
N=103 N=149 N=252
Number and Percent (%) of Patients
Patients with 2 1 medication 103 (100.0) 149 (100.0) 252 (100.0)
Lidocaine' 99 (96.1) 139 (93.3) 238 (94 4)
Oxymetazoline 21(20.4) 28 (18.8) 49 (19.4)
Afropine 14 (13.6) ' 20(13.4) 34(13.5) -
Salbutamol 13 (12.8) 18 (12.1) 31(12.3)
Cetacaine 13 (12.8) 16 (10.7) 29 (11.5)
Normosol 11 (10.7) 18 (12.1) 29(11.5)
Sodium chloride 12 (11.7) 17 (11.4) 29(11.5)
Xylocaine/epinephrine 10 (8.7) 8(6.0 19 (7.5)
Benzocaine 8(7.8) 9(6.0 17 (8.7)
Dextrose/sodium chloride injection 439 10(6.7) 14 (5.8)
Glucose injection 8 (5.8) 7(4.7) 13(5.2)
Phenylephrine HCI 5(4.9) 7(4.7) 12 (4.8)
Paracetamol 4(3.9) 5(34) 9(3.6)
Acetylcysieine 2(1.9) 3(2.0) 5(2.0)
Acetylsalicylic acid 1(1.0) 3(20) 4(1.6)
Levosaibutamol 0 4(2.7) 4(1.6)
Promethazine 1(1.0) 3(20) 4(1.8)
Combivent 2(1.9) 1(0.7) 3(1.2)
Enoxaparin 0 3(2.0) 3(1.2)
Methyiprednisolone 2(1.9) 1(0.7) 3 1.%)
rednisone 1(1.0) 2(1.3) 3(1.2)
_rlmn — 2(1.9) 10.7) 3(1.2)
T docnine and Lo T O e L haine .
Note: The same patient may have been counted in more than 1 category.
Note: Oxygen, fentanyl, and alternative sedative medications are not included in this table.
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Study 3000-0308 was conducted to evaluate safety of a single bolus dose of 12.5 mg/kg
Fospropofol following premedication with lidocaine HCI injection. The first cohort of 5
subjects received pretreatment with 50 mg lidocaine followed by 12.5 mg/kg Fospropofol
at the 35-mg/mL concentration. If the paresthesias were successfully mitigated at this
dose combination, additional cohorts of 5 subjects each were tested at decreasing doses of
lidocaine (ie, 40 mg, 30 mg, 20 mg) until either the lowest dose of lidocaine had been
administered or a dose was tested that did not mitigate paresthesias, at which point the
study was to be completed. The first cohort of 5 subjects (Subjects 001 — 005) received
Fospropofol at the 35-mg/mL concentration, the second cohort of 5 subjects (Subjects
006 — 010) received Fospropofol at the 20-mg/mL concentration. Paresthesia or
paresthesia-related adverse events were reported for all 10 subjects; therefore, per the
protocol, no further cohorts were dosed. A 3 lead ECG was used to continuously monitor
subjects during the study. Any 3-lead ECGs that are reported as abnormal were to be
printed and retained in the study records and a 12-lead ECG was performed as soon as
possible following this abnormal finding. QT prolongation related adverse events were
not reported in this study.

f) are there any in vivo drug-drug interaction studies that indicate the exposure
alone and/or exposure-response relationships are different when drugs are co-
administered?

None

2 is there a known mechanistic basis for pharmacodynamic drug-drug
interactions, if any?

None

Appears This Way
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2.5 General Biopharmaceutics

Fospropofol disodium injection is prepared in saline at a concentration of 20 mg/mL for
intravenous use. Two different Fospropofol disodium formulations were administered

(35-mg/mL and 20-mg/mL formulations) in different clinical studies (see table below).

Considering the intravenous use, the bioavailability of fospropofol is not expected to be

different between the different strengths/formulations used in the clinical studies.

Formulation Lot# Study# Phase

3000-0001 1

Fospropofol disodium as a sterile aqueous solution in 0.4% 1214-07 3000-0102 1

saline at a concentration of 20 mg/mL for intravenous (i.v.) 3000-0103 1

injection. Each vial contained 20 mL of solution. 3000.0104 5

14-1
1214-10 3000-0206 1

['*C] Fospropofol disodium as a sterile aqueous solution in

0.4% saline at a concentration of 20 mg/mil. for i.v. injection.

Each vial contained 20 mL. of solution and 100 uCi of [“C]- 1921702 3000-0205 1

labeled fospropofol. The {C] label was contained in the

phenyl group of the fospropofol molecule.

Fospropofol disodium as a sterile aqueous solution in 0.4% 3000-0207 1a 2

saline at 20 mg/mL, suitable for i.v. administration. Each vial 1214-10 5

contained 20 mL of solution. 3000-0308 1

Fospropofol disodium as a sterile aqueous solution in 0.4% 3000-0207 1b 2

saline at 35 mg/mL, suitable for i.v. administration. Each vial 17610603 5

contained 20 mL of solution 3000-0308 1
3000-0409 3
3000-0410 3
3000-0411 3
3000-0412 3

Fospropofol disodium as a sterile aqueous solution at 3000-0414 1

concentration of 35 mg/mL, suitable for i.v. administration. i

Fommnulation included contains monothioglycerol (MTG; GAA002 3000-0415 2

0.25%) and tromethamine (TRIS; 0.12%). Each vial

contained 30 mL of solution. 3000-0520° 2
3000-0521 1
3000-0522° 3
3000-0524° 3
3000-0413 2

Fospropofol disodium was supplied as a sterile solution

containing 35 mg/mL of fospropofol disodium ready for i.v. 3000-0523* 3

injection. Formulation includes contains monothioglycerol 1

(MTG; 0.25%) and tromethamine (TRIS; 0.12%). Each vial 900015

contained 30 mL of solution. 3000-0625 1

42



2.6 Analytical

Analytical methods for determining fospropofol, propofol, and formate concentrations in
plasma were developed and validated for linearity, accuracy, precision, specificity and
limits of quantitation and detection (see tables below). The analytical methods were
found to have satisfactory precision and accuracy for measuring fospropofol and formate
concentrations in plasma samples from clinical studies.

Fospropofol Analytical Assay

Fospropofol concentrations in human plasma and urine were determined by a method

utilizing separation by high performance liquid chromatography (HPLC) and detection by

a tandem mass spectroscopy (MS/MS) system. The fospropofol assay methods in plasma

and urine were validated for linearity, accuracy, precision, specificity and limits of

quantitation. A e msmemem . Was used as the internal standard. High

and low assay ranges were validated to cover the wide range of fospropofol

concentrations observed in clinical samples. Fospropofol was quantified by peak area m
ratio to its internal standard. Fospropofol and — (internal “\
standard) were extracted from plasma and urine using . .
- . Samples were then analyzed by MS/MS detection using a
selective reaction monitoring mode (for fospropofol m/z=287.1—579.1, for e

) , and for . The
performance characteristics for the method validations and performance evaluation of
assay method in each study are summarized in the Table below. Plasma fospropofol
assays in study 3000-0207 were conducted at == —

S Plasma fospropofol assays in studies 3000-0520, 3000-0522, 3000-
0523 and 3000-0524 were conducted at _ .
Plasma fospropofol assays in study 3000-0521 were conducted at — ———————
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Summary of the LC/MS/MS Assay Performance Characteristics for Fospropofel (GPI 15713)

3000-0207

APhase 2, Two—nan.
Study of AQUAVAN
Inection in the (Lm) Pasma | St s | QCAt7 acs 64 416
Presence of Pre- M.val: ' 1000 ace101 acc 54 : exc | -
medication in Patiants 000828/0XS) QcC-C 988 .
Undergoing Elective
Colonoscopy .
NA LCMSMS Assay 139
Validation Of GPI Pasma | 5t s |ocA10 Qc-A112 Days
15715 in Homan 48-0401 1000 Qca 105 Qc-B 72 @20C - 10
Plasma (Low Assay Qacc 1 QaccC 74
Ty Rannal n -70°C
LC/MSMS
Validation Of GPI Plasma | 50010 | spp |QCA 953 QC-A84 ]
15715 in Human 48-0522 100, Qc8 103 QCB54 Pays - 100
Ptasma (High Assay 000 QC-C 96.1 Qc-c92 @-70°C
APhase 3,
o400 Randomized, Open-
Labe! Study to Assess QC-A*18.3,
the Safety and Eficacy 5t0 « -
ol AQUAVAN®Inisction | o viar-48.0401 Plsma | 10008 |, [SCAIRI 100 L aes | - 4 .
Versus Midazolam HCL 4 500 to ot > @ -20°C
T Sonato o tonts and 48-0522) 100,000 Qc-c*989,105 | QC-C*7.3,57
Undargoing Flexible
Bronchoscopy
3000
frtd APhase 3,
Label Study to Assess QC-A*18.3
he and Ef 5% ¢ =
A AGURVANS oo (M 430401 Pasma | 10008 | o OEE RN | S0 aesaes | - 304 .
Versus Midazotam HCL. 7 500 to toa o 108 3 ag @-20°c
M e and 48-0522) 100,000 Qc-C*939,108 | Qc-€'7.3,57
Undergoing
Colonoscopy
Procedures
3000,
i1t A ""‘”.f;d
Labe! Study to Assess Qc-At183,
The Safaty And E 489515 St QcAt102,101 |98
S‘Wm"’m“ 0| et 8040 Plasma | 10008 | 5 [acstess,ors | acetss,es . 0?1‘!’0 -
Tor Sedation b oationts and 48-0522) 100,000 QC-C* 88.9,105 | QC-C*7.3,57
Undergoing
Percutaneous Coronary
{PC) Procedures
Summary of the LC/MS/MS Assay Performance Characteristics for Fospropefol (P 15715) continued
Duration
Project D Analytical | sample | A3 | 110q | Accuracy Precision | Stabiiity | of Sample
Snoy # Study Title (Method ID) b | Mewix M {ng/mL) ™) % Days) | storage | OF
gL {Days)
3000- Prase
0415* A 2 Open-
Labe! Study o Assess aCAt183,
the Safety and Efficacy Sto Qc-A* -
of AQUAVAN® Injection | oy ::,qu;_g‘m Plasma | 10008 5 |ocs' ;g% ?115 %&. 58.85 R 304 .
Versus Midazolam HCL nd 4 500 to <an 6 10 Boghs @-2'c
for Sedation in Ekderty and 48-0522) 100,000 Qc-c* 989,105 | QC-C*7.3,57
Patients Undergoing :
Colonoscopy
Procedures
| 30000473 | A Prase 2,
Randomized, Open-
Labe! Study to Examine ' %80
the Safety and Efficacy QC-A® 96.0, (]
of AQUAVAN? irjaction 43-0516A prasma | 1 :O‘g‘ 813 $2C;A 29, a2
for Sedation of Patients | (M.val: 43-0401 500 to 5 |QCBM7,103 | naaecs oy - “10°c -
Requiring intubation and48.0522) 100,000 qCC B8 | goct 35,49 e
and Mechanical i 909 p
Ventilaton in the
Intensive Care Unit
|| Seltng
3000-0414 | A phase 1,
Randomized, Double- .
Conmata Far B acAters, 28 | 1B
o | v o pmma | se | s |GemitR | awerne | - | g% | -
Intaraction Study Qc-C*98.6,99.1 | QC-C* 45,
AGQUAVAN® injection 104
And Premedications In
Healthy, Adult Subjects
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3000-0520 Snmma.om
ind,
Study To Assess The St ocfA' 9.1, QC-AT204,
Efficacy And Safety of 4805258 Plasma | 10008 10 8
oca' 102,995 | QC-8°7.1,89 " @ -7t

AQUAVAN’ miection | (MVak 48-0401 10008 | s
and 48-0522) 100,000 QC-C* 99.8,104 | QC-C*41.57

or Procedural
smﬁon In Patients

NA Quantitation of GPI
15715 In Human
Ptasma via HPLC with LCMS 378 Piasma | 5t 5 &5 %3 ”wélé o
MS/MS Detwction (Low 1000 acc 102 QCCAD

Assay Range
Validation)

NA Quantitation of GPI
15715 In Human

Plasma via HPLC with Plasma | 500t QC-A 958 QAC-A102 78
MS/MS Detection (High LCMS 378.1 jooco0 | 500 |ace gg.; g_g 5522 1&: -

[ 30060521 | A single-gite,

Sequence, 4-Treatment "
Crossover Study of @ BLP & BLP2 ; b | 5o |acAtmz o [GGATTL. o
AGURVAN * | Sdicwsaran ggﬁl}gﬁ?,;’ ace* 47,54 | @70 -
A P - 100,000 QC-C* 35,40

0 Assass

EMicacy Ang Salety Of 68.0608A acA 101 Qc-A259 151
AQUAVAN® Mo a2) Plasma | 8000 | s0 |acs 101 ac8 42 . -
(Fospropolol Disodium) | " : acc 100 acc 81 0

30000523 | A Phase 3, Open-Labe,

AQUAVAN® ac-A 920 Qc-A 96
(Fospropolol Disodium) 68-0609A pasma | soow | oo | 9G4 92 aca as 165

Injection for Minimakto- |  (M.Vak 48-0522) 100,000 e e Q-10°C -

Efficacy Al Safety of 68.0610A Plasma | 50810 QC-A993 QC-A 92 7
AQUAVAN® 500 | QC-B 106 Qac-s 10.3 - .
(M.vak: 43-0522) 100,000 ace 107 acaas @-10°c

Summary of the LC/MS/MS Assay Performance Characteristics for Fospropefol (3™ 15713) continued

Duration
sndy # study Tite Project ID Anaiytical | sample | A8 | 1,09 Accuracy Precision | Stability | of Sample
(Method ID) Lab | Mawix (“"‘"” tngimi) %) [ (Days) m
30000525 | x phass 1, Open-Label,
Single-Dose, Crossover
Pharmaggynan St QC-A* 56,04
c ]
Sty ol AGUAVAN® | 4 Var 48.0401 Pasma | 1008 | 5 | Gcgejoe i0a | QCEI4L00 | B
{Fospropolot Disodtum) | “and 48-0522) 100.000 Qc-C* 104, 104 8-
DIPRIVAN® Injectable
Emuision in Healthy
Volunieers
D= diiotiot mmnm & M'§-Mzss




Propofol Analytical Assay

Propofol concentrations in human plasma were determined by an HPLC method with
fluorescence detection at excitation and emission wavelengths of 276 nm and 310 nm,
respectively. The propofol assay method in plasma was validated for linearity, accuracy,
precision, specificity, and limits of quantitation and detection. Propofol and s

e (internal standard) were extracted from plasma by e—————— and

mjected into an HPLC with fluorescence detection. Propofol was quantitated by peak

height ratio to its internal standard. The performance characteristics for the method

validations and performance evaluation of assay method in each study that is reported are ‘4)
summarized in the attachment. Plasma propofol assays in study 3000-0207 were b
conducted at  en——————— rmE——————— Plasma propofol

assays in studies 3000-0520, 3000-0522, 3000-0523 and 3000-0524 were conducted at
—————————  Plasma propofol assays in study 3000-

0521 were conducted at  enm————————

However, during the drug development program, it was discovered that factors associated
with plasma sample processing had affected measurement of propofol concentration. As
a result, data related to propofol concentrations from earlier studies (identified in table
below) were not considered reliable for quantitative assessment of propofol PK. Sponsor
did not take into account the Propofol PK data from these studies for the population PK
analysis (see table below).

Summary of the HPLC/fluorescence Assay Performance Characteristics for Propofol (Clinical Studies with

Propefol Data not Reported) continued

Dusation
Project ID (Method | Analytical | Sampie | A33%Y | 1160 | Accuracy | Precision | Stabitity
Stuay s Swudy Titie ) Lab | Marix | RO8 | gy | T ow) %) | (Days) | Somple | OF
{Days)
3000- | APhase 2, Two-Part Study of -
3 AAD4445-UGT QC-A980 | QCA 94

0207 AQUAVANS® Injoction in the Presence 5t0 R 24
gmhmm {LC-5-6347-03) ' Fesma | o 5 gg-g ?6; % :;,g oarc |

NA HPLC/Fiorescence Assay Vaidaton 5t 5 QCA 112 | QC-A 40 7 5
o Propolatin 2500 ace i | Boc s | 8¢ b

W;“' APn;nTam.nmog:m.

2409 Study To Assess And
Efficacy Of AGUAVAN® Injection 480515 Plasma | 51 5 | Sham] ke 04 |0
Versus Midazotam HCL For Sedation |  (M.val: 48-0504) 2500 e 101 | oo a8 Q-20%
tn Patients Undergoing Flexible

Procedures
o410* & .:A‘ssoss Safs !
10 [ the and
Efficacy Of AQUAVANG® Irjection 480515 Prasma | 51 P e BRI |
Versus Midazotam HCL For Sedation {M.val: 48-0504) 2500 acc 10t | acc a8 Q-20°¢
in Patients Undergoing Colonoscopy "

3000, |"A Phasa 3, Randomized, Cpen-Label

0411 Study to Assess the Safety and acA 103 | aca 04
Efficacy Of AQUAVANS Injecion 480515 Posma | 5% 5 acBas4 | QOB 62 . 304 10

versus Midazolam HCL For Sedation (M.val: 43-0504) 2500 ace 01 | aoe 48 Q-20°c
in Patients Undergoing Percutaneous
| Coronady (PC) Procedures ____

3000. | A Phase 2, Rangomized, Opan-Label

0415' | Studyto Assess the Safety And QCA 103 | e 91
Efficacy of AQUAVANG® Injection 430515 rasma | 5® 5 a8 | a8 a2 ; 304 1
versus Midazolam HCL for Sedationin |  (M.val 43-0508) 2600 834 aoe 48 @-20°c
Eiderty Patients Undergoing Qc-C 101 .

Procedures
s | & Elii)
3} to the and
4805168 Qc-A 102 | acA 24

Efficacy of AQUAVAN® Injection for 10% . 283
Sedation of pakents Requiing (Mval: 48-0526) Pasma | good [ %91961 ggg %g @-70%
intubation and mechanical ventiation
| in the intensive care unit setting__

3000- | A Phase ), Randomized, Double-Biind,

0414 Pacebo-Controted, Paraliel-Design, 4805178 1010 QC-A 105 | QCA 55 131
Drug inkesaction Study Of AGUAVAN® | (M.val: 43-0526) Plasma | o0 10 |ac8919 | acB 52 - o-zgc&-
injection At Premedications in Qc-c982 | QC-C 53 L]
Healthy Acult Subjects

3000~ | A Randomized, DOutie-Bind, Dose-

0520 Response Study To Assess The 48-0525A 10% QC-A957 | QCA 29 o
Emmmsmuammvm (M.val: 48-0526) ' Pasma | g0l 1 |ace 91| qcs 21 - @70%
Injection For Procedural Sedation In Qac-C 990 | acc 2t
Paium

“Di= dilt performance liquid chromatography

NA—N«MU.OQ-InwsmdqmmmQCA-Lmthymlsmk,Q&B-\MqumkymudmkmdQCC—qumymdmh

NOTE: Plasma samples had sodinm heparin added

°Wemmuwmdﬂwammuﬁxmymlym

and precision from samples analysis from 2 separate batches
TSamples from studies vrere combined for analysis
No PX assessment performed
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Formate Analytical Assay

Formate concentrations in human plasma were determined by gas chromatography (GC)
using a MS detection method. The formate assay method in plasma was validated for
linearity, accuracy, precision, specificity, and limits of quantitation and detection. A
calibration standard (in water), plasma sample, or quality control sample in plasma was
mixed with «=smmm (internal standard) and concentrated sulfuric acid in a vial. The
vial was tightly capped, mixed, and incubated at 37°C for 30 minutes, followed by
injection of an aliquot of vapors from the headspace of the vial into the GC/MS. Formate
was quantified by peak area ratio to its internal standard. The performance characteristics
for the method validations and performance evaluation of assay method in each study are
summarized in the table below. Formate concentrations were not measured in every
clinical study; blood samples were collected for determination of formate concentrations
in only the studies described in this table.

Summary of the GC/MS Assay Performance Characteristics for Formate

Duration
Project ID (Method | Anatytical | sampie | A%%3Y | 110q | Accuracy | Precision | Stability | of Sample
* v THie 0} teb | Mabe | RO | oy | o ) (Days) | Sworage | OF
bamt) (Days)
3000 | APhase 2, Randomized, Open-
0413 | Labei Study o Examine the
and
AQUAVAN® Injection for (MWS%S- Pasma | 15w | o | 9CA 101 | ocA 83 ) 28
fon are i ) 150 acc 14 | accsa @-70°¢c
Wtubation and Mechanical -
Ventiation in the Intensive Care
Unit Setti
3000- | A Phase 2, Randomized, Open
R by amere g B S05-047 acA 1s | acA NC
AQUAVAN® Injection Versus | (M. val.: BRRS05- Pasma [ 1910 | 15 | oc8 107 | acs NC PN
Midazolam HCL for Sedation in 045) aoe 108 | ace ne
Exdery Patenss Undegoing
DF = dilution chfunaoy:ﬂ:y-NE-Mas

spectroscopy
NA-Naupphcable:NC-notakukwd. LLOQ=Lower limit of quantitation; QC- A—Mmmmqos-mmmmch&mym
controt sample
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Introduction
Fospropofol injection (fospropofel disodium) is a water-soluble prodrug of propofol
developed for minimal-to-moderate sedation during brief diagnostic and therapeutic

procedures. The pharmacolegically active compound is not fospropofol, but prepefel its
metabolite.

Recommendations

The Pharmacometrics group in Office of Clinical Pharmacology has reviewed the
" submitted information and edited the label to reflect the findings based on population PK

and PK/PD analysis.

Comments to Medical Officer

None
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Regulatory Issues

in the current submission, the sponsor conducted extensive population
pharmacokinetics (PK) and pharmacekinetic-pharmacodynamic (PK/PD) analysis of
data collected from several studies as shown in Appendix-l. The review will focus on
addressing the two [abeling statements as discussed below:

Pharmacokinetic analysis showed dependence of body weight on clearance and volume
of distribution of fospropofol and propofol. After accounting for the affect of body weight
on PK parameters of fospropofol and propoefol, Figure 1 and Figure 2 in Appendix-i
shows that there is no relationship between random effects (between patients; ETA for
CL, V of fespropofol and propofol) and prognostic facters such as race, age and alkaline
phosphatase after adjustment for body weight. Hence the pharmacokinetics of
fospropefocl and propofol would not be dependent on race, age and alkaline
concentrations. _
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Figure 1. Relationship between race, age, alkaline pheosphatase, albumin clearance
and randem effects of clearance, volume of distribution (after adjusiment for body

weight) for fospropofol.
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Figure 2. Relationship between race, age, alkaline phosphatase, albumin clearance
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The sponsor-analyzed the relationship between fospropefol concentrations and effects
on Modified Observers Assessment of Alertness/Sedation Scale (MOAA/S) using
PK/PD models. For more details of the analysis please refer to Appendix-il.

The PK-PD model predicted that the ECS0 values for fesprope!el decrease with
decreasing plasma albumin concentrations. The estimated EC50 values for patients
with albumin concentrations of 2.5 g/dL. and 3.0 g/dL were 48% (95% CI 40-58%) and
30% (95% C1 25 - 36%) lower than for patients with albumin levels of 3.8 gIdL

The prediction of the effect of albumin concentrations on the MOAA/S scores is shown
in Figure 3 below,

Figure 3. Fospropofol concentration "(v_upper left), effect compartment concentration
(upper right), expected Modified. Observer's Assessment of Alertness/Sedation
(MOAA/S) score (ESC, lower left) and reunded expected MOAA/S score (ESC lower
right) are plotted versus time (min), The bold solid lines illustrate mo redictions for
a typical patient with nermal (> 3.8 g/dL) albumin level administered 6.5 mglkg dose:
followed one supplemental dose (25% of the initial bolus dose). The solid lines illustrate
model predictions for a typical patient with 3.0 g/dL albumin concentration administered
6.5 mg/kg dose followed one supplemental dose (25% of the initial bolus dose). The
dashed lines illustrate model predictions for a typical patient with 2.5 g/dL albumin
concentration administered 6. 5 mglkg dose followed one supplemental dose (25% of

the initial bolus dose).
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'Ievels even when exammmg Tesults. based on’ age ASA status and welght as: shown m"
Flgure 4.

I O I A B S - I RE R

mmaamm,umnqmua Qulﬁu‘-mn JQW

Although the sample size is different ‘across various age. ‘ASA ‘groups; the lack a
consistent albumin affect on MOAASS scores would indicate that dose adjustment would
not-be needed for patients with different albumin levels.

Reviewer's Comments

I
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Appendix-

Dose Finding

Sponsor conducted several dose finding studies in heaithy subjects and patients with
the aim of achieving predictable sedation and minimizing the likelihood of reaching deep
levels of sedation. Studies conducted in the initial clinical development used a relatively
high, fixed dose regimen in which the same dose, in milligrams (mg) was administered
to all patients who fell within a bioad weight range and the data showed that a single IV
dose of between 10 and 12.5 mg/kg sedated the majority of pa’ﬂents (mdy 3000-0207).
However, resuits of subsequent series of studies (3000-0409, 3000-0410, 3000-0411,
3000-0412, 3000-041 5) indicated that this regimen led several paﬁcnts to inappropriate
levels of sedatwn This cbservation led to the development of a revised dose titration
(based on bodyweight, age, health status etc) regimen that weuld sedate the majority of
patients while minimizing the number of patients reaching deep sedation.

The updated dosing regimen was used o evaluated the effectiveness of fospropofol in 3
contrelled studles

Study 3 0: Dese ranging study in patients undergoing colonoscopy.

Study X 22 Pivotal study in patients undergoing colonescopy.

Study 3 5‘24 Pivetal study in patients undergoing flexible bronchescopy.

Patients in study 3000:0520 were randomized to one of the following S groups in a
1:1:1:1:1 ratio mcludmg 4 dose levels of fospropofol! disodium (8.0 mgikg 6.5 mg/kg, 5.0
mg/kg, 2.0 mg/kg) and midazolam 0.02 mg/kg. Patients in study 3 3000-0522 were
randomized to one of the following 3 groups in a 3:2:1 ratio: fespropefol dmdium 68
mg/kg; fespropofol disedium 2.0 mg/kg; and midazolam 0.02 mg/kg, respectively.
Patients in study 3000-0524 were randomized to one of the following 2 groups in a 3:2
ratio: fospropofol disadlum 6.5 mg/kg and 20 mg/kg rospoeﬁve!y

All patients in studies 3000-0520, 3000-0522, 3000-0523, and 3000-0524 received
supplemental oxygen, naally (4 lem) ﬂmughout the desing pcﬁed and until the
patient met the enteﬂaferready for discharge. All patients in studies 3000-0520, 3000-
0522, 3000-0523, and 3000-0524, received fentanyl at an initial dose of 50 mcg as
anaigesic prefreatment 5 minutes prior to administration of the initial dose of study
sedative medication. If the patient was experiencing pain during the procedure, 1
additional dese of 25 meg of fentanyl was allowed per protocel. At least 10 minutes
were to have elapsed between the initisl fentany! dose and the single additional fentam
dose aliowed per protocol. Sites were instructed that if additional m!gcscmm
was required, only fentany! 0.5 mcg/kg (not to excaed 50 meg) was to be administered.

Tm dosing regimen in Phase-lil studies is shown in Table 1 below.
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‘ Sedagun tenance
« @s‘
.5 mg/kg 0.5mg/kg
2.0mg/kg Noless than 120mg. | Nolessthan30mg. | Noless than30mg.
. No more than 180 mg. _|["No more than 45 mg. No more thian 45 mg

Fospropofol disodium | 6.5 mg/ke 1.6 mg/kg 1.6 mg/kg:
6.5 mg/kg No less than 390'mg: ‘No less than 97.5 mg. No less than 97.5 mg:

' Nomore than 585 mg. | Nomoreithan 146mg. | No more than 146 mg.
‘Midazolam® 0.02 mg/kg T0mg 1.0mg

Notto exceed 2.5 mg.

'llmhaldoseofsmdysedahveadmnmstuedSnmﬂesaﬁs&ntmyladmunsmm

> The lower and upper dosing limits were based on a weight boundary of <60 kg or >90 kg.

* Patients who were > 65 years of age or ASA:P4:(or P3 at the discretion of the Investigator) received doses
that were 75% of the proposed standar dose.

“* In the Sedation Initiation phase, supplemental doses were administered only as required to reach a

. ModtﬁedOAAISscoreonandtostmtﬂwpmcedrm

> Midazolam was isicluded only in the 3000-0522 study.

Source: Study 3000-0522, Protocol, Section 6, page 420

The primary ‘efficacy endpoint, Sedation Success, was a composits endpoint that

included beth ‘efficacy and saMy paramot.rs It measured the ability of the. drug to
offectively sedate patients, in a manner that did not require advanced airway

maneuvers; including manual (bag valve mask) or mechani¢ vontnlmen Specifically,

the endpoint was defined as a patient mesting all of the following &
M huvmg 3. consecutive MOAAIS scores of <4 afer léwmstn&en of sedative -
modiedion

(2 co ing the procedure,

¥ wi&eut requiring the use of altemative sedstive medication (such as ‘midazolam)
and,

(4) without requiring manual or méchanical ventilation.

For the primary endpoint, the number and proportion of paécnts who met the criteria for
‘Sedation Success wm calculated by reatment group.

The dose response relationship from Study 3000-05200 is shown in Figure 5. The
:Mnnoaef 2and 65 mglkgdeuwiﬁahdm pivatal trials. The results of the
pivotal trials are shown in Figure 6.
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Figure 5. Dose repanse relationship in Study 3000-0520.
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Figure 6, Sedation Success in Studies 3000-0522, Colonoscopy and 3000-052
Bronchoscopy. 4
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Appendix-i|
Pharmacokinetic-Pharmacodynamic (PK/PD) Modeling
Introduction

The objectives of this population analysis were to investigate the fallowing population

models:

¢ A pharmacokinetic (PK) model of fospropofel in venous plasma concentrations
following administration of an initial bolus dose and up to several supplemental
doses of fosprepefol injection

e A PK model of fospropofel and propofol in venous plasma concentrations following
administration of an initial bolus dose and up to several supplemental doses of
fospropefol injection ‘ v

e A pharmacokinetic-pharmacodynamic (PK-PD) mode! of the relationship between
venous plasma concentrations of fospropofol and propofol, and Modified Observer's
Assessment of Alertness/Sedation (MOAA/S) score following administration of
therapeutic bolus dose(s) of fospropofol injection

e A PK-PD model of the relationship between venous plasma concentrations of
fospropofol and MOAA/S score following administration of therapeutic bolus dose(s)
of fospropofol injection.

Data

Table 2 lists the dose groups, number of patients and observations in studies utilized for
the PK and PK/PD modeling. The data collected was adequate to develop PK/PD
models

Table 2. List of dose groups, number of pahcnts and observations in studies utilized for
PK and PK/PD modeling.

3000-0207: A phase 2, two-part study of AQUAVAN o Injection in the presence of
premedication in patients undergoing elective colonoscopy. Part 1. Open Label,
Adaptive Dose Ranging, Randemized, Muiti-Center, Pilot Study of AQUAVANG Injection
Following Pre-Medication with Fentany! Citrale Injection;

3000-0415: A phase 2, randomized, open-label study to assess the safety and efficacy
af A&UAVAN@ Injeeaen versus Midamhm HCL for sedation in eiderly patients

3000-0520: A randomized, double-blind, m«muwytemm efficacy
and safety of AQUAVAN® injection for procedural sedation in patients undergeing
colonoscepy

3000-0521: A single-site, randomized, 4-sequence, 4-ireatment crossover study of a

WQMMAQUAVMMnWMMWM‘
control in healthy velunteers.
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0-0522: A phase 3, randomized, double-blind; dose-controlied study to assess the
ommey and safety of AQUAVAN® (fespropofol disedium) injection for minimal: to
moderate sedation in patients undergoing colonoscopy.

3000-0523: A phase 3 open-label, single arm study to assess the safety of AQUAVAN®
(fospropofel disodium) injection for minimal-to-moderate sedation in patients undergoing
minor surgical procedures.

3000-0524: A phase 3, randomized, double-biind, dose-controlled study to assess the
efficacy and safety of AQUAVAN® (fosprepofol disodium) injection for minimak
tomoderate sedation in patients undergeing flexible bronchoscopy.

Speemally study protecols 3000-0207, 3000-0413, 3000-0520, 3000-0522, 3000-0523,
and 30000524 contributed tbsprepafel dah for fospmpefol and eembmed fesprepefol-
propofol p@puhtion PK analysis. Study protocols 3000-0522, 3000-0523, and 3000-
0524 contributed propofol data for combined fesampafel-pmpofel populatson PK
analysis. Study protocel 3000-0522 contributed data for fesprepofakpropefal-scdaﬂon v
populatien PK—P& analysus Study protocols 30000207, 3000-0415, 3000-0520, 3000-
0522 and 3000-0524 cantnbuted data for fospropofol-sedation population PK-PD
analysis. Study pmteeol 3000-0521 contributed healthy volunteers data used for
comparison of PK model pr‘edietiens' for patients with observed heaithy volunteers PK
data.

Methodology
The sequence of model development methodology by the sponser is described below:

o Development of fospropofel pepulation PK medcl

¢ Development of the combined fospre ropoefol population PK madel.

o Development of fospropofol-prepefol PK/PD model using data from Study
3000-522 (Colonoscopy). The individual PK parameters from fospropofol-
propefol PK model were used to predict the concentrations of fospropafel and
propefol. The PD effect of fospropofol was described by the model that
depicted the probabiiities of being at er below each sedation (MQAA/S) level.
Logits of these probabilities were presented as a sum of the effect and the
baseline values. Effect was related (by linear or EMAX function) to the
propofot or faspropefol concentration in the effect compartment.
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EFF=Epx*CENECs5+CE);
4; = B;* EFF, i=04
C} = exp(4d), =04
=C/1+Cy), i=04
Probabzlzty of a particular MOAA/S score:
PRs=(1-Py), PRy = (P#P3)
PR; = (P3-P3), PR, = (P»-Py)
PRy =(Pr-Py), PRy= Py
Expected score:
ESC = 5 PRs+4 PR+3 PR;+2 PRy+PR;

° Development of fospropofol PK-PD model usmg data from studies 3000-
0207, 3000:0415, 3000-0520, 3000-0522, 3000-0523, ‘and 3000-0524. Theé
PD model details are as described above for fospropofol—propofol ‘Patients
from sub-therapeutuc 2 mgkg dosmg ‘groups were excluded from the
populatlon PK:PD analysis.

s After the PK-PD mod noscopy procediire was' developed, data’from
bronchoscopy Study 3000- ) 4-:were added: The combined model was re-
estimat { re-(colenoscopy versus:bronchoscopy) on
the: parameters of the medel was mvesngated .

was gulded by’ vanous goo@n_ess- ‘*ena mcludmg ebagnqsnc

pefameteis
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Figure 7 shows the time course of fospropofel and propofol concentrations after
intravenous adininistratien of fespropofol.

Figure 7. Time course of fospropofol and propefol concentrations after intravenous:
‘administration of fospropefol

W&

Fospropafol Congentralion (meg/mL)

Time (min)
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The bascmedel for fospropofol included
(A) Allemetric scaling of the population parameters

V1 was scaled weight-proportionally;

o CL/F was scaled as weight in % power

o Rate constants K12 and K21 were scaled as weight in -%4
(B) Assumption that fospropofol clearance and volume, relative to the 6.5 mg/kg dose,
increases with per-kilogram dose (Based on diagnostic plots of the mode! indicated
dependence of the random effects on V1 and CLF on the sedation dose: patients who
received sub-therapeutic doses of fospropofol injection (2 mg/kg) had, on average,
smalier values of both V1 and CLF.

The full Model 010 was constructed by inclusion of all covariates of interest. Specifically,
Medel 010 included

¢ Power-dependence of the fospropofol central volume on BM! (Body Mass
Index).

e Linear dependencies of fospropofol clearance on laboratery values
(Albumin: ALB, Alkaline Phosphatase: ALP, Bilirubin: BiLl) and normalized
creatinine clearance. Dependence of fospropofol clearance on albumin
concentration was linear up the lower bound ef the normal range (3.8
g/dL) and then was flat.

Overall, the model provided adequate fit of the data as shovm in Figure 8. The
estimates of the parameters are shown in Table 3. '

Appears This Way
On Crigingj
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T-‘tgure § Diagnostic f ‘Iots for model 01 0'(Fospropofol PK Model) (A) Obsérved Versus |
: sma: s, {l ‘ ;eryeq versus: _poquaupn pre lcted
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Model 010 (Source Téble ; .6?; n Pa

Parameter NONME

notnt:on

Bootstrap median
{95% Cl}

i e
Cle (Umin) 8.
Ka(lmn)y 6y
Ka(timin) 8
Vipose 8
Cleposs O
Vi %
Clens B
Cleas 5
Clesa 012

CViy 100 0(1,1)72%

CVa 100.0(22)"*%

SDsgranss 65”2
~N7 L ,’003112

135

168

105
44
295
"75 7
353
586
539

137

333
916

4:4(4.24 - 4.56)
0:312(0.197 - 0:331)
0.0147(0.0122 - 0:0397)
0.0131(0.00302 - 0.0215)
0.232(0.19-0.272)
0:134(0.0757 - 0.185) _
-0.196(-0.314 - -0.0827)

344(272-479)

0.124(D.046 - 0:208)

-0.0313(-0.0517 - -0.00638)
40.069(-0.166-0.0289)

121(1:13- 1:34)
0:0221(0.000843 - 0.0529)

v 00193(0 0036 - -0.0: 26)

0.101(0.0767- 0:223)
0.184(0.0422 - 0:354)
0.109(0.091- 0:13%)

Vmbility estimates: (denved)
14.9 29 :‘_23)

M8 E1T-413)

0:429 (0:205 - 0:695)

330(302-362)
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A combined PK modet for belh Fosproporel and Prop
shown in Figure S below.

folwas develeped. The medel is

‘FiDosé: Ft = .
gy . R
Fospropafol Central . =
wﬂ atl” 1 Fnslgopofol - ;m Claas Clace CL san Cliscn 8“4 gipliny),
"V Cly r— Nllmtnut Kiz= 8 (WTTOYS,.
: Ku . :: i = 6 mo)-lx
. L= X
Kip=CL/V;
- § K= Ou(WTHO)‘”‘ axpini)-
‘Intermediate Vi ‘01 (WT/TD) exp( nd
Compartmeat 3 CLe=Bi{WT/TOP™ i
. C(-PMCerCLP,uCLPMGu exp(na)
K Kag = 8 (WT/70)%5
i 5 Ke Kss= Q:ﬂWTﬂD)"'x
“Propatol Centr el ot
oopelatCranral . Propofolhlipheul
Compartmestd | s erorn
hcbiind S Ci= AW:
[ Kee Fospropofol: ¥ = in(C7) + (851C,* +e.)‘"=;.
. =y w Y’h(c)"(ﬁslc, §°=‘) &
kd*CI.,’N‘. 1 3
ALPR'AIPMJ CLW - 1’00"ALP,R CLP,” = ' M
BILR=BILIO.5-1 Clipgy = 1+0BILR o ik
CRCLR=CRCLM001, CLrin = 14uCRELR S = veitnctn
| Clrasa=0(®P1or 2} 1 (P30cPa): | |
— —

The relationship  between body weight and clearance, volume .of distributien for
fospropefol and propef owing fosprope el adminisiration Is: ‘shown in Figure 10.

The medel inciuded al ling for the PK parameters. Figure 12 and Plgun 13'
shows the individual random "omdsﬁ'tmmohs for clesrance and volume of distribution’
of fespnpefel and prepefel versus race, age, alkaline phosphatase, and ,tllmmh
There is ne rmﬁonshlp between individual random: effects osﬁmalos tnd race, alkcllno'
phosphatase and age lndleting that these facters do nol In '
abumin on PK .of fespropofol can be clearty seen and hence ms Indmhd as f
pregnesiic factor in the final model.
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Figure 10. Relationship between CL, V for fospropofol and propofol and total body
weight.

Propofol Clearance

Fospropofol Clearance

Total Body Weight

Fospropofol Volume of Distribution
5 1
|
Propofol Volume of Distribution

Total Body Weight
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Figure 11. Relatianship between CL, V for fospropofol and prepofol and total bedy
weight in patients without extrems parameter values. A clear relaﬁonship between
clearance; velume of distribution and tota bodyweight can be seen in comparison to
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Figure 12. Relationship between race, age, alkaline phosphatase, albumin clearance

and random effects of clearance, volume of distribution (after adjustment for body

weight) for fospropofol.
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Figure 13. Relationship between race, age, alkaline phosphatase, albumin clearance
a‘nq .fanéejm effects of clearance, velume of distribution (after adjustment for body
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Flgure 14 shows the- goodns‘ of fit plots for tospropofol and propofol for the PK model
incorporating only body weugh»;__.-effects on’PK. parameters

A-Tlgure‘ 14 Basnc Goochess-of ﬁots of T—’o'_ ropofol ... pmpofol Model 1.0-5—- ,

,on's (mcgme) Umt lines are:
'umn Condmond welght_eq
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Tﬁgure 15. Basic. Goodness-ofﬁtplots of Fospropofol— Propofol Model 103. Propotol Fit |
Fir cdumn Observed fospropofol concentration (mcg/mL) are plotted: versus
] “mal ﬂ wer plot) predlcnons of fospropofol
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The estimated structural and stochastic parameter values for the PK model is'shown in
Table 4 below:
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Sponser also evaluated the effect of renal and hepatic impairment on the
pharmacaokinetics of fospropofel and propefol.

Study Repoit PR-AQUA-02-03: Populatien Pharmacokinetic-Pharmacodynamic
Modeling of Fospropofol Injection in Patients: Evaluation in Hepatically Impaired
Patients. The data from 7 patients with hepatic impairment were merged along with
other patients and the pharmaceokinetic parameters were determined. The
pharmacokinetic analysis in patients with hepatic impairment did not include
classification of patients as per Child-Pugh scores. The sponsor sheuld conduct a study
in patients with hepatic impairment to provide clear information in the drug label.

Study Report PR-AQUA-02-04: Population Pharmacokinetic-Pharmacedynamic
Modeling of Fospropofol Injection in Patients: Evaluation in Renally Impaired Patients.
A total of 7 patients were included into this additional analysis. Five ef these patients
had normalized creatinine clearance between 10 and 30 mL/min/1.73m% Two patients
had normalized creatinine clearance less than 10 mL/min/1.73m?. The data fiom these
patienst with renal impairment were merged along with other patients and the
pharmacokinetic parameters were determined.

Figure 16 shows that the clearance of faspropofol, propofol are not influenced by renal
function. This is also supported by the fact that fospropofol is metabolized to propofol
and propoefol subsequently undergoes conjugation. The conjugated metabolites are
eliminated via renal pathway.

Figure 16. Roh&onshxp between randem effects of clearance of (Lm) Fospropofol

(Right) Propofal versus creatinine clearance.
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The influence of the prognostic factors such as age, renal function etc on the
L . of fospropofol and propofol is summarized in Table 5.

‘Table 5' Hlnﬂuence ouf' prognostic factors on the pharmacokmencs of fospropofol - and
ﬁgggofol

Prognostic Factor " Timpacton PK
Body Weight: ‘Significant impact on PK ‘of Fospropofol -and
‘ Propofol [ hese ﬁndngs support the weight based

| Gender
Fentanyl
| Race
_A_igg : n-PK.
Albumin Significant impact on PK: of Fospropofol ‘and
'Profol

— “Typical, ALE > 3.8.g/dL
— ALB=25g/dL

g -
B\ -~ ALB=3.0, g/dL

of Concentration mwmu
|
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