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1 Executive Summary

E-TRANS® fentany! HCI 40 pg/dose system is the subject of NDA 21-338 submitted by
Alza Corporation. E-TRANS® fentanyl HCI system is designed to deliver 40 pg of fentanyl
by transdermal route for the management of postoperative pain in adults. The sponsor
adequately evaluated the pharmacokinetics of fentanyl following different sequences of E-
TRANS® system application for one to three days. Effects of site of application and
demographic factors on the pharmacokinetics of fentanyl from E-TRANS® system have been
adequately evaluated. The T ) designed for
determining fentanyl delivery from E-TRANS" systems, in vitro, is adequately validated.
The proposed IVIVC analysis for scale up and postapproval changes of E-TRANS® fentanyl
HCIl system is acceptable.

1.1 Recommendation

From a Clinical Pharmacology and Biopharmaceutics perspective the submitted data is
acceptable provided that a mutually acceptable agreement can be reached between the
Agency and Alza Corporation regarding the text in the package insert and in vitro release
method specifications. The release specifications should be modified as follows;

YAV

1.2 Phase 4 Comﬁtments
None
1.3 Summary of Important Clinical Pharmacology Biopharmaceutics Findings

Alza Corporation developed an electrotransport device (E-TRANS® system) for transdermal
delivery of fentanyl, a potent opioid, for the management of postoperative pain in adults.

The E-TRANS® (fentanyl HCI) System provides a nominal 40 pg dose of fentany! (base
equivalent) per activation, which is delivered over a 10-minute period. A maximum of six 40
ng doses per hour can be administered by the E-TRANS® (fentanyl HCI) System. Each
system operates for 24 hours, or until 80 doses have been administered, whichever occurs
first. The system becomes inoperable after this period.

Several clinical pharmacokinetic studies were conducted to compare absolute bioavailability
of fentanyl following application of different E-TRANS® systems capable of delivering 100
— 230 pA of direct current (Studies C-96-009, C-97-001, C-94-068, C-2001-009, C-2002-
027). Upon comparison with the pharmacokinetics of fentany! following intravenous bolus
administration, the sponsor determined that E-TRANS® systems employing 100, 140, 170,
200 and 230 pA deliver a transdermal fentanyl dose of 24.8, 35.1, 39.5, 49.5 and 53.9 pg,
respectively. The dose of fentanyl delivered in vivo was found to correlate with the amount
of direct current employed by the E-TRANS® system. E-TRANS® 170 pA fentanyl HCI
system, capable of delivering 40 pg of fentanyl was developed as the commercial
formulation. In addition, E-TRANS® 140 pA fentanyl HCI system capable of delivering 25



ng of fentanyl was also used in some clinical studies
— and also the exposure response relationship in the management of postoperative
pain.

Study FEN-INT-006 evaluated the safety and efficacy of IV infusion (over 10 minutes) of
fentanyl 20, 40 and 60 pg delivered by Patient Controlled Analgesia (PCA) to 150 patients
with moderate to severe pain after major abdominal surgery. It was observed that patients
receiving 40 pg of fentanyl IV infusion of 10 minutes had satisfactory analgesia in
comparison with the subjects receiving lower dose of 20 ug. In addition, the number of
adverse events was lower in this treatment group in comparison with the subjects receiving
fentanyl 60 png/dose. Hence, this study served as a proof of concept for developing the E-
TRANS® fentanyl HCI 40 ng/dose system. Observations from this study with regards to
exposure-response of fentanyl indicated strong evidence of a dose-effect relationship based
on both the patient global response and the visual analog scale. However, no correlation was
observed between measures of pain relief or respiratory depression, and fentanyl
concentration.

Mean (SD) Serum Fentanyl Pharmacokinetic Parameter Values Following  Pharmacokinetics of fentanyl

E-TRANS?® (fentanyl) Treatments . .
( YD) Treatmen following different sequences of

Parameters Treatments Statistical

a on-demand dosing with E-
Outcome’ ®
E-TRANS® 40 ng | E-TRANS® 40 pg TRANS™ system was studied. In
(1 day) (3 days) . .
" 2 25 comparison with IV bolus
Crva (ng/mL) 0.30 (0.13) 0.48 (0.19) S administration, fluctuations of
p=0.0001 fentanyl concentrations are small
Tomax () 1.66 (1.01) 1.33(1.01) NA dth f trati
o (B 404 YT S and therapeutic concentrations
(terminal half-life) p=0.0001 are achieved slowly. Passive
AUCos (ng:h/mL)* 120 (0.55) 188(0.71) p_of’mm absorption of fentanyl, equivalent
Core (ng/mL)? 0.21(0.08) 0.34 (0.13) s to 16 to 192 ug (over 24 hours),
p=0.0001 was observed following a 24
ty2' and ty;" (h)® 7.66 (2.22) 9.98 (9.13) NA . .
(halt-life values for hour application of the
dediine in concentration) commercial formulation of E-
Corrected 0.40 (0.29 0.54(0.32 NS
AUCas (ngrhimLy (029 032 ogss | TRANS® fentanyl HCI 40 pg
* o = 0.05, S=Significant, NA=Not applicable, NS=Not significant system without activation (C-

2002-027). Fentanyl pharmacokinetics is dose-dependent in that increase in elimination half-
life of fentanyl was observed between one-day and three-day on-demand dosing regimen.
The AUC of fentanyl increases with the more frequent administration and steady state levels
are achieved at approx1mately 60 hours following two on-demand doses every 4 hours.

FE )L

.Application of E-TRANS®
fentanyl HCI system to lower inner arm results in 20% less amount absorbed compared with
application to the chest and upper outer arm (Study C-93-019). Amount of fentanyl absorbed
was not significantly different in subjects belonging to different demographic groups such as
age (18- 45 years vs >65 years), gender, race (Blacks vs Caucasians), body weight (lean vs
obese) (Study C-94-060). Pharmacokinetics of fentanyl was not studied in patients with




hepatic or renal impairment. Pharmacokinetics of fentanyl absorbed from E-TRANS®
systems were not evaluated with regards to drug interactions.

Alza Corporation developed an in vitro release method with intent to request bioequivalence
study waiver for scale-up and post approval changes to the drug product. The in vitro release
of fentanyl dose delivered over 10 minutes from E-TRANS® system was determined

employing specially designed equipment / )
" Con51dermg the

novel nature and utility of = the sponsor validated the equipment with regards to its
performance and robustness in determmmg fentanyl dose delivered by E-TRANS® systems.
Accuracy and precxslon of fentanyl dose released ln vztro was determined with respect to

changes in the - S
Simultaneously, accuracy and precision of current output from E-TRANS® system was also
determined. In addition, accuracy and precision of drug recovery from . was

determined. Based on the data provided, the " — is adequately validated for the purpose of
evaluating in vitro release of fentanyl from E-TRANS® systems. Following

validation, the sponsor determined the amount of fentanyl released following 1%, 25", 47
and 77" activation of E-TRANS® systems (100 — 230 uA) utilized in clinical
pharmacokinetic studies C-96-009 and C-97-001. In vivo studies involved administration of
fentanyl by two on-demand doses every hour for upto 24 hours in naltrexone-blocked healthy
volunteers. It appears that the scheduled in vitro dose activations 1, 25 and 47, were planned
to coincide with the blood sampling at hour 0-1, 12-13 and 23-24 in clinical PK studies.
Amount of fentanyl dose absorbed from E-TRANS® systems (100 — 230 nA) was determined
by comparison of AUC;3.04 observations with intravenous bolus administration as shown in
the equation below.

The E-TRANS® system is functional only upto 24 hours or 80 doses, which ever comes first,
and in addition, it was assumed that steady absorption of fentanyl would be observed
following 24 hour application in vivo. Hence, AUCy3.4 data obtained from the 47" dose
activation in vivo was correlated with observations from 45" dose activation in vitro. The

E-TRANS

E-TRANS = AUC 224 N v .
Amount absorbed —%— X Doseps Equation 1
AUC(B. 4

amount of fentanyl released in vitro correlated very well with the amount of direct current
applied by E-TRANS® systems. The individual amount absorbed in vivo for each E-
TRANS® system was found to show a trend indicating direct relationship with the amount of
current applied by the systems. Furthermore, good correlation was observed between the
mean of observations of fentanyl delivered in vitro and in vivo (as shown in the figure
below). t
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Based on observations from in vitro release of fentanyl from E-TRANS® systems (Code
. utilized for stability studies, the sponsor arrived at the following specifications.

;o)

The sponsor indicated that the range limits for intervals 2, 3, and 4 were
established at » assuming a plasma concentrations > 1.2 ng/mL, and were based on the
observed lot-to-lot variability. There is potential risk for safety with the proposed ™.
specification for individual delivery. In addition, review of fentanyl release from E-TRANS®
systems used in clinical PK and stability studies indicates low variability of drug release at
indicated dose attempts. Following consultation with the reviewing chemist Dr. Agarwal, the
revised spemﬁcatlons are recommended.

ey




2 QBR
2.1  General Attributes of the Drug

Marketed formulations of fentanyl: Fentanyl is an opioid analgesic administered to
patients for the management of acute or post-operative pain or breakthrough cancer pain.
Currently, fentanyl! is approved for administration by intravenous (fentanyl citrate injection,
NDA 16-619), transdermal (Dura-gesic®, NDA 19-813) and oral transmucosal routes (Actiq®
lozenge on a stick, NDA 20-747). Highly lipid soluble fentanyl base is used in Duragesic®
transdermal patch, while aqueous soluble fentanyl citrate is used in formulations for
intravenous and oral transmucosal administration.

Mechanism of Action: Fentanyl acts as an analgesic by its p-opioid receptor agonist activity
in brain and spinal cord.

Pharmacokinetics: Fentanyl is poorly bioavailable following oral administration due to
extensive metabolism in GIT and liver by CYP3A4 to a pharmacologically inactive
metabolite norfentanyl. Following intravenous fentanyl administration, only 10% is
recovered in urine unchanged, 75% of dose is recovered in urine as metabolites and
approximately 9% of the dose is recovered in feces, mainly as metabolites. Plasma protein
binding of fentanyl is about 80-85%. Terminal elimination half-life of fentany! following
intravenous administration is approximately 7 (3 — 12) hours. Following passive absorption,
approximately 92% of fentanyl dose reaches systemic circulation from Duragesic
transdermal system. After Duragesic® system removal, serum fentanyl concentrations
decline slower (t2 in the range of 13-22 hours) compared to I'V infusion.

Proposed Drug Product: In the current submission, Alza Corporation developed an
electrotransport device (E-TRANS) for transdermal delivery of fentanyl hydrochloride. The
E-TRANS (fentanyl HC!) System provides a nominal 40 pg dose of fentanyl (base
equivalent) per activation, which is delivered over a 10-minute period with a current of 170
nA. To initiate administration of a fentanyl dose, the patient must press the recessed button
on the top of the system firmly twice within 3 seconds. An audio tone (beep) indicates the
start of delivery of each dose, and a red light from a light emitting diode (LED) remains on
throughout the 10-minute dosing period. A maximum of six 40 pg doses per hour can be
administered by the E-TRANS® (fentanyl HCI) System. Each system operates for 24 hours,
or until 80 doses have been administered, whichever occurs first. The system becomes
inoperable after this period. The maximum nominal amount of fentanyl that can be
administered from a single system over 24 hours is 3.2 mg (80 individual 40 pg doses).

2.2 General Clinical Pharmacology

Clinical pharmacology studies performed to support dosing or claims of efficacy:

The sponsor performed four clinical studies evaluating safety and efficacy of E-TRANS®
Sentanyl HCI systems in adult patients with post-operative pain. Two E-T. RANS® systems
capable of delivering 25 ug/dose and 40 ug/dose fentanyl were compared in safety and
efficacy study # C-93-023. In study # C-95-016, safety and efficacy of E-TRANS® fentanyl
HCI system 40ug/dose system was compared to placebo. In study C-2000-007, safety and
efficacy of E-TRANS® Sentanyl HCI 40 ug/dose system was compared with intravenous PCA
with morphine. The sponsor also investigated the postoperative analgesic effects of three
demand doses of fentanyl administered IV by PCA pump (Study FEN-INT-006).



2.2.1 Exposure-Response Information

What are the response endpoints? What is the basis for their selection? How were they
measured in clinical pharmacology studies?

The selected outcome measures for efficacy were a) pain intensity assessed on a visual
analog scale (VAS) and quality of analgesia (excellent, good, fair and unsatisfactory)
assessed immediately before and at several time points after the application of E-TRANS®
fentanyl HCI, b) patient and investigator global assessment of pain relief, c) number of
fentanyl demand doses requested. In addition, frequency of use of rescue IV fentanyl infusion
in patients receiving E-T. RANS® systems was also compared as an efficacy measure. The
outcome measures for safety were respiratory depression and oxygen saturation, monitored
continuously using a pulse oximeter.

What are the characteristics of the exposure-response relationship for efficacy or safety?

Plasma concentration of fentanyl did not correlate well with efficacy or safety measures
described above. However, with an increase in fentanyl dose less number patients sought
rescue medication and more patients expressed better pain relief. Clinically significant
dose/concentration-response with regards to respiratory depression was not observed.

Studies C-93-023 and FEN-INT-006 were reviewed by Dr. He Sun, to draw information with
regards to fentanyl dose-response or concentration response. A summary of study design and
conclusions are presented below (See Appendix for Study synopsis on pages 60 and 69).

E-TRANS® Fentanyl HCI system Pilot Efficacy and Safety Study in the Treatment of
Postoperative Pain (Study C-93-023)

The objective of this study was to compare safety and efficacy of PCA fentanyl doses of 25
ug and 40 pg. The study (n=253) was a multicenter, open-label, two-part design in patients
expected to have moderate to severe pain after surgery Qgerformed under general or regional

_ anesthesia. Postoperatively, patients had an E-TRANS”™ fentanyl system for 24 hours and
could administer up to six on-demand fentany! doses an hour as follows: 25 pg fentanyl
delivered over 10 minutes (Part 1) or 40 pg fentanyl delivered over 10 minutes (Part 2). If the
dosage did.not provide adequate relief, single or multiple 10 ug doses of IV fentanyl were
provided as rescue medication.

Study C-93-023 demonstrated that the 40 pg dosing regimen provided better efficacy than the
25 pg dosing regimen for management of postoperative pain. The 40 pg dosing regimen was
associated with fewer on-demand doses (Figure below, left) and IV supplements (Figure
below, right) as compared to the 25 pg dosing regimen.
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Mean Fertanyt Concentrations and Mean Pain Intensity Measures In addition’ VAS SCOres for pain
Following E-TRANS(fentany)) Treaiments for C-93-023 A A . X
' _ intensity (adjacent Figure) were
20 60 N
— 2509 conc (-5 - lower during the first 6 hours and
-~ 10 wpcone (=3 -G soupran (n=s) 5 mean fentanyl concentrations were
higher with the 40 pg dosing
regimen as compared to 25 pg.
After 6 hours, the mean VAS
profiles were similar for the two
treatments; however, the
concentrations were still
approximately 20% higher for the
00 0 40 ng dosing regimen compared to
oo oon om0 the 25 pg dosing regimen.

8
Pain Intensily grem on VAS)

12 1
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Relationship Between Pain Intensity Measures
and Fentanyl Concentrations

In the I’ight hand Slde ﬂgure, the Following E-TRANS(fentanyl) Treatments for C-93.023
individual pain intensity scores
versus the concentration of fentanyl
was plotted. A placebo treatment was
not included in this study, the likely .
course of postoperative pain intensity
without fentanyl is not known. A

direct correlation between fentanyl
concentration and pain scores

cannot be established from these

data.
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The adjacent figure presents the
individual respiratory rate as a
function of fentanyl concentration
from Study C-93-023. A
statistically significant trend of
lower respiratory rates with higher
fentanyl concentrations was
observed. However, the numbers
of observations are not evenly
distributed, and the trend may be
due to fewer numbers of
observations at higher (greater
than 6 ng/mL) fentany!
concentrations than at the lower concentrations (less than 2 ng/mL). Furthermore, no
correlation was observed between oxygen saturation and fentanyl concentration. The
presence of pain stimulus is known to increase respiratory rate and, therefore, the fentanyl
concentration-respiratory rate relationship is confounded.
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Investigation of the Postoperative Analgesic Effects of Three Demand Dose Sizes of
Fentanyl Administered by PCA (Study FEN-INT-006)

The primary objective of this study was to examine the effects of three different on-demand
dose levels of IV fentanyl (20, 40, and 60 pg) when administered over 10 minutes from a
PCA device (See Appendix page 69 for study synopsis). The study was a multicenter,
double-blind, randomized, parallel-group design. Fentanyl was delivered by PCA to 150
patients with moderate to severe pain after major abdominal surgery performed under general
anesthesia with a volatile anesthetic (supplemented by fentanyl). Postoperatively, all patients
were titrated with fentanyl in order to achieve an acceptable level of analgesia-a clinician
administered 10 pg doses of IV fentanyl every 1-5 minutes until the pain intensity was <2
(on a VAS scale of 0-10). Thereafter, the PCA device was connected, and patients
administered fentanyl according to one of these three regimens (dose duration and maximum
number of doses allowed per hour were set to mimic the E-TRANS® fentanyl system
design):

+ 20 pg fentanyl over 10 minutes (Treatment A)
* 40 png fentanyl over 10 minutes (Treatment B)
* 60 pg fentanyl over 10 minutes (Treatment C)

Patients could administer the drug up to six times per hour for a minimum of 24 hours unless
the investigator decided to change the method of analgesia because of inadequate pain relief
or severe opioid side effects. Blood samples for the determination of fentanyl plasma
concentrations were collected in one trial center at the following times: before surgery;
immediately after surgery but before the IV titration with fentanyl; at 9 minutes after the
start of the IV titration with fentanyl; after the IV titration with fentanyl, just before the start
of IV PCA fentanyl (0 h); and 4, 8, 12, and 24 hours after the start of the IV PCA fentanyl
treatments. The primary measure was the patient’s global assessment, and the secondary
parameters were as follows: pain intensity assessed on a visual analog scale immediately
before and after titration with IV fentanyl to acceptable analgesia, and at several time points
after the start of PCA; and the number of fentanyl on- demand doses requested. Respiratory
depression and oxygen saturation were monitored continuously using a pulse oximeter.

Results from Study FEN-INT-006 were consistent with those of Study C-93-023. Study
FEN-INT-006 also provided strong evidence of a dose-effect relationship based on both
the patient global response and the visual analog scale. The number of fentanyl demands
made during the study was significantly lower with both 40 pg and 60 pg dose levels as
compared to the 20 pg dose level. There was no significant difference in the number of
fentanyl demands between the 40 pug and 60 pg dose levels.

Relationship Between Mean Respiratory Rale
and Mean Fertanyl Concentralions
Following Fentanyl PCA Treatments for FEN-INT-006

. PCA20ug
o PCA40Ug
* PCABOUg

-~ RR= 3.19+-0.33ConC
. ®  Com=0.493, p-value = 0.0817

06

08 10 12 14
Fentanyl Concentralian (ng/mL}

The adjacent figure presents the mean
respiratory rate as a function of fentanyl
concentration from study FEN-INT-006
(individual data not show); as drug
concentration increased, respiratory rate
decreased, however, respiratory rates
were within normal limits. No
correlation was observed between
oxygen saturation and fentanyl
concentration.
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2.2.2 Pharmacokinetics

Wh‘at are the pharmacokinetic characteristics of the drug and its major metabolite?

Dose of fentanyl delivered by E-T. RANS® system correlates with the current delivered by the
system. Compared with intravenous infusion, therapeutic serum fentanyl concentrations
from E-TRANS® system are achieved slowly, have lower fluctuations, steady absorption of
fentanyl is achieved following several on demand doses. Absolute bioavailability data
indicates that a 40 ug of fentanyl dose is delivered by the proposed commercial E-TRANS®
170 uA fentanyl HCI system on demand.

Clinical pharmacokinetic studies were aimed at determining the dose of fentanyl absorbed
following application of E-TRANS® fentanyl HCI system. Pharmacokinetics of norfentanyl
which is the major and also inactive metabolite of fentanyl was not evaluated by the sponsor.
The sponsor studied the relationship between the amount of current employed by E-TRANS®
system and amount of fentanyl absorbed in healthy human volunteers (C-91-001, C-92-038,
C-94-067). Based on the results from these studies fentanyl dose absorbed from E-TRANS®
system was found to be directly proportional to the amount of current applied. These studies
were not reviewed in detail since similar conclusions from later studies, reviewed below,
were drawn using commercial E-TRANS® systems.

Clinical pharmacokinetic studies C-96-009 and C-97-001 were conducted to compare
absolute bioavailability of fentany! following application of different E-TRANS® systems
capable of delivering 100, 140, 170, 200 and 230 pA of direct current. Overall, these studies
were open-label, randomized, crossover design studies in naltrexone-blocked healthy adult
volunteers. Details of study designs and treatments are provided in the study synopses in the
Appendix (C-96-009 - page 73, C-97-001 — page 76). Subjects in study C-96-009 received
the following treatments:

« IV infusion of fentanyl (80 pg) over 20 minutes administered once every hour for 22.33
hours and 40 pg infusion over 10 minutes at Hour 23

« E-TRANS® fentany! systems administering fentanyl in two consecutive 10-minute doses
every hour for 22.33 hours and one 10-minute dose at Hour 23.

Serum fentanyl concentrations plotted against time intervals of Hours 0-1, 12-13 and 23-24
are presented in the figure below.

11




Mean fentanyl amounts absorbed, as calculated from the equation 1, are presented in the

table below.
Treatment
Pharmacokinetics IV {200 pA 230 pA|170 pA|140 pA [100 pA
(n=36) | (n=35) | (n=16) | (n=16) | (n=18) |(n=18)

Cmax (ng/mL) 2157 | 2225 | 2.636 | 1.954 | 1404 | 1.024
Tmax (h) 23,1871 23.319 | 23.291 | 23.427 | 23.340 |23.227
AUC(0-1) (ng-h/mL) 0.440 | 0.120 | 0.103 | 0.171 | 0.120 | 0.049
AUC(12-13) (ng-h/mL) 1228 | 1.296 | 1.575 | 1.097 | 0.863 | 0.660
AUC(23-24) (ng-h/mL) 1.624 | 1.962 | 2.350 | 1.760 | 1.251 | 0.899
Amount delivered/10-minute on- NA 55.3 63.8 40.4 404 | 27.6
demand dose (ug)
Mean amount absorbed/10- minute Ref 49.7 53.9 395 35.1 24.8
on-demand dose (ug)
(noncompartmental method)

The sponsor correlated the amount of current (100 — 230 pA) with the individual amount
absorbed at hour 23 as calculated from equation 1. At hour 23, the mean amount of fentanyl
absorbed per 10-minute on demand dose was 53.9 ng, 49.7 pg, 39.5 ug, 35.1 ug, and 24.8 pg
for currents of 230 pA, 200 pA, 170 pA, 140 pA, and 100 pA, respectively. Using linear
regression, the amount of fentanyl absorbed (noncompartmental method) per 10-minute on-
demand dose increased proportionally to the amount of current applied, with a slope of 0.23

Individual

I Absorbad (Norcompartmental Method)
by

for Each E-TRANS (fentanyl) Hour 23- 24

(n=35)
120

ssaion without

Reg Equ: Dose » 0.24 x Current

100
5 s
o |
20
%
[
o 30 80 20 120 160 180 210 240
Currant (uA)

and an intercept of 1.77. A new
model (slope=0.24 pg/uA)
without the intercept was fitted
to the data as shown in the
adjacent figure. Reanalysis of
this data confirmed the sponsor
proposed results where the
regression line fit the data with
an R? = 0.4954. In conclusion,
there is good correlation
between the current delivered by
the E-TRANS® system and the
amount of fentany! dose
absorbed in vivo.

A confirmatory study (C-97-001) was performed employing the E-TRANS® fentanyl HCI
delivering 100 pA and 170 pA current in an open-label, randomized, crossover design in
-naltrexone-blocked healthy adult volunteers. The following treatments were administered:

IV infusion of Fentanyl citrate (equivalent to 80 g fentanyl) delivered over 20 minutes

every hour for 23.33 hours.

12



E-TRANS® fentanyl systems administering fentanyl in two consecutive

- 10-minute doses every hour for 23.33 hours.

- 25 ug system with anode surface area of 1.4 cm? and direct current of 100 pA
- 40 pg system with anode surface area of 2.75 cm? and direct current of 170 pA

Mean fentanyl amounts absorbed, as calculated from the equation 1, are presented in the

table below.

Mean {SD) Fentanyl Pharmacokinetic Parameters
at Hour 23 In Study C-97-001
(excluding subjects 1011, 1032, 1039, and 1040)

E-TRANS®25up E-TRANS® 40 g IV fontanyl 40 ug

Parametor {n=31) {n=31) {n=31)
Crro (ngfmiL) 1.003 (0.653) 1.37 {0.30) 1.82 (1.23)
T 0.562 (0.238) 0.65 (0.25) 0.58 {0.27)
te (h)* 11.28 (3.37) 11.0{2.4) 126 (3.0)
AUC a4 {ng h/md) 0.80 (0.21) 1.23 (0.27) 1.34 (0.31)
Amount absorbed (ug)®  4B8.8 (13.9) 74.3 (12.5) Reference
Amount abzorbed, mean 24 4 37.2 Reference
(ug/dose)

* 25 pg, n=28; 40 pg, n=31; IV fentanyl, n=30
From two 10-minute, consecutive deses {Equation 1)
The sponsor intends to market the E-TRANS® fentanyl HCI 170 pA system which would
deliver approximately 40 pg/dose over a 10 minute interval and upto 240 pg fentanyl can be
administered over one hour. The rise and fall of serum fentanyl concentrations are blunted
with E-TRANS®-mediated transdermal delivery in comparison with intravenous fentanyl
infusion.

Passive delivery and pharmacokinetics of fentanyl from E-TRANS® system following
sequential administration for different durations:

Passive delivery:

The sponsor conducted two clinical pharmacokinetic studies C-91-001 and C-2002-027,
where in naltrexone-blocked healthy volunteers received E-TRANS® fentanyl HCI systems
without activation. Four subjects in study C-91-001 received E-TRANS® fentanyl HCI
system without current for 24 hours and fentanyl was not detected in serum from any of the
15 blood samples collected predose and upto 24 hours post application. An experimental E-
TRANS® platform capable of delivering 0- 1.2 mA of current using an ) was
utilized in study C-91-001. However, study C-2002-027 involved use of a functional drug
product similar to the final to-be-marketed E-TRANS® fentanyl HCI 40 pug/dose system
which was not activated. Maximum serum fentanyl concentrations in the range of — to

— ng/mL were detected by 16 — 24 hours post drug product application in a total of
twenty eight naltrexone-blocked healthy volunteers.

13
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Mean (SD) Serum Fentanyl Concentration Profiles
Run in Pericd Followed by Application of E—TRANS (fentenyl) 40 ug System without Activation

The serum fentanyl
concentration profile following
E-TRANS® system application
without activation is provide in
the adjacent figure. Based on
numerical deconvolution of the
serum fentanyl profile observed

1 during treatment A, the mean
]/L/ cumulative amount of fentany!

absorbed was calculated as 57.4
pg (range: — to ~ ug).

-2

Time (1)

2 |n different terms, the maximum

————- passive absorption of fentanyl

would relate to approximately 0.5 - 5 extra doses over a period of 24 hours. The mean
fentanyl average absorption rate was 2.3 pg/h (range: 0.7 to 7.9 pg/h) over the 24-hour
application (blood samples were collected through 0.5 hours post system removal). It is

noteworthy that highest individual fentanyl Cpax’ =

»ng/mL) observed in Treatment A is

comparable to the mean Cy,x in Treatment B. However, it should also be noted that such
Chmax levels in treatment A are achieved only after 24 hour application of E-TRAN s® fentanyl
HCI 40 pg/dose without activation. It is anticipated that the patients will administer two to
four 40 pg doses per hour, resulting in approximate absorption of 1.9 mg to 3.8 mg fentanyl
dose over 24 hours.

Fentanyl pharmacokinetics following different sequences of E-T. RANS® system application

upto 24 hours was determined in study C-2002-027:

Mean (SD) Serum Fenlanyl Pharmacokinetic Parameter Values Following Treatments

Treaiments

Fentanyi Concentration (ng/ml)

A B c D E
E-TRANS® | E-TRANS® | E-TRANS® | E-TRANS® | E-TRANS®
40 pg without 40 ug 40 ug 40 ug 40 ug
Parameter current 6 sequential | 18 sequential | 36 sequential } 80 sequential
activation doses over doses over doses over doses over
24h 1h 3h 6h 13.33h
n=28 n=20 n=20 n=20 n=20
Crax (ng/mL) | 0.08(0.05) | 0.27(0.18) | 0.72(0.20) 1.08 (0.48) 2.00 (1.24)
Torae (1) 24.15 (1.58) 1.88 (1.79) 3.45(0.33) 8.12{0.68) 13.00 (1.93)
tiz (h) NA 19.2 (6.0)° 10.5 (2.5) 10.4 (4.6) 20.5(7.2)°
(terminal half-
life)
Kk (h™) NA 0.040 0.070 (0.016) | 0.076 (0.025) 0.038
(elimination (0.013)° {0.015Y°
rate constant)
AUC® 0.53 (0.40) 1.68(0.83) | 467 (1.61) | 11.26(4.25) | 33.36 (14.04)
(ng-h/mL)
AUC, NA 278(1.43) | 575(2.13) | 12.87 (5.32) | 39.88 (18.34)
(ng-himL)
AUC, = NA 0.23 0.32 0.38 0.50
AUCi/#dose
(ng-himL) 12 doses 18 doses 38 doses 80 doses
NA=Not applicable ¥ n=17 P n=19 ¢ AUC1 = AUC up 1o the last detectable point
Mean (SD) Serum Fentanyl ‘Concentration Profiles
Following E—TRANS 40 ug (fentanyl) Treatments
35
“-G-- E_TRANS 40 Ly, 8 seq(2 Syvtoms) (n=28)
e E-TRAANS 40 19,18 seq. (n=28)
30 T E-TRANS 40 w95 Beg. (n=28)
©9 - E-TRANS 40 .80 3. (=26
25
20
15 P
10 -
~
08 ~1 I
T TTm— e I
00 Fooo ;::'::%:-;i;:vti“%% N
0 8 P 24 » - 40 48

Synopsis of this study is attached (see
Appendix page 81). The treatments and
the pharmacokinetic parameters of
fentanyl are presented in the table
below. For treatment B, two E-
TRANS® systems were simultaneously
applied for one hour to ensure that
serum fentanyl concentrations achieved
were above the limit of quantitation to
adequately characterize the
pharmacokinetic profile following 1
hour of dosing. Dose-normalized AUC
values for Treatments B, C, and D were
each significantly (p=0.001) different
from those for Treatment E. Dose-
normalized AUC values for Treatments
B, C, and D were 44%, 65%, and 72%
of Treatment E, respectively. Higher
serum fentany! concentrations are
achieved with more frequent dosing
with E-TRANS® system. Results of the
noncompartmental pharmacokinetic
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Log Concentration

analysis suggest that the dose-normalized AUC increases linearly with both time and number
of doses administered.

Study # 2001-009 (synopsis on page 85) evaluated effect of E-TRANS® system dosing
sequences (different from those employed in Study # C-2002-027) on the pharmacokinetics
of fentanyl. Noncompartmental analysis of data indicates E-TRANS® system dosing
frequency-dependent increase in AUC of fentanyl.

Pharmacokinetics of fentanyl following Single and Multiple-day application of E-TRANS®
system:

Corrected AUCwus, Significant accumulation of fentanyl occurs with
increased elimination half-life following
multiple-day application of E-T. RANS® system.
Following two simultaneous doses of 10 min
every 4 hours, steady state concentrations of
Jfentanyl were observed by day 3. Depending on
the frequency of the doses administered the time
to achieve steady state and concentrations
achieved may vary.

Study # C-94-068 is an open-label, two-period,
two-treatment, crossover study to evaluate
fentanyl pharmacokinetics following single- and
. ws  _wn_ multiple-day (3 days) dosing of E-TRANS®

Time (h)

Corrected AUCanas = AUC205 - (Cao / K) (1- &%) fentanyl HCI delivery two simultaneous 40 pg

Corrected AUCeg.73 = AUCqs73 - (Ces / k) (1- %) dose over 10 minutes in naltrexone-blocked
where k’ and k” are the rate of decline from Hour 25 to 30 healthy. volunteers (See Appendxx bage 89 for
Synopsis).

and Hour 73 to 78, respectively.

Mean (SD) Serum Fentanyl Pharmacokinetic Parameter Values Following

£ TRANS® (fentanyl) Treatments As shown in the adjacent table,

the mean maximum serum

Parameters Treatments Statistical . .

Outcome® concentrations (Cpax) following
E'TRGN;“;)“'O ug E'TR(/;";::S‘;O Hg the on-demand dose at Hour 20

n 25 25 (1-day treatment) and Hour 68 (3-

Crnan {ng/mL) 0.30(0.13) 0.48 (0.19) s day treatment) were significantly

o ST oy | wa | different (p=0.0001) at 0.30 and

tiz ()° 11.4 (7.4) 14.2 (7.1) S 0.48 ng/mL, respectively,

(terminal half-life) p=0.0001 occurring at approximately 1.66

AUCos (ng h/mL)* 1-20(0-59) 168(0.7) S and 1.33 hours, respectively. The
p=0.0001 . H .

Cre (ng/ML)Y’ 0.21(0.08) 0.34 (0.13) s terminal half-life was significantly
p=0.0001 : _ _

7 and g (O 766 2.22) YTXE) NA different (p=0.0001) for the 1-day

(half-life values for and 3-day treatments at 11.4 and

decline in concentration) 140 hOUI‘S res CCtiVCl The

Corrected 0.40 (0.29) 0.54 (0.32) NS ) ’ p Y-

AUCqs (ng-h/mL)° p=0.133 mean AUC,q.55 value of 1.20

“ o= 0.05, S=Significant, NA=Not applicable, NS=Not significant ngh/mL was signiﬁcantly lower

(p=0.0001) than the mean AUCgg.73 value of 1.88 ng-h/mL. It appears that fentanyl
accumulates during multiple-daily dosing and steady state concentrations were observed at
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approximately 60 hours, where mean serum concentrations were not significantly different
than those observed at 68 hours, the last evaluated predose concentration. The sponsor
recalculated AUCos for single and three day regimens, in order to correct for previous dose
accumulation using the following equations and the basis for correction is explained by the
figure above. Considering that only few serum samples were utilized in calculating the k,
the corrected AUC value is only an approximation.

The 90% Confidence Interval (CI) was constructed for the ratio of the mean corrected AUCt-
(t+5) (log transformed) values. The point estimate was 78% and the CI was 59.2 to 102.6%.
The CI estimate does not meet the 80 to 125% criterion for bioequivalence. The sponsor
indicates that this possibly could be due to low statistical power.

2.3 Intrinsic Factors

Does the site of application have an effect on the amount of fentanyl absorbed from E-
TRANS® fentanyl HCI system?

Application of a developmental E-TRANS® fentanyl HCI at chest and upper outer arm skin
sites produced higher (~20%) fentanyl exposure over that produced by application at the
inner lower arm skin site.

The observations from study C-93-019 were reviewed by Dr. Suresh Doddapaneni on
January 2, 1996 and the synopsis is attached to the QBR (See Appendix page 93). The
following table from Dr. Doddapaneni’s review shows, pharmacokinetic parameters (mean
(% CV)) of fentanyl after application at chest, lower inner arm, upper outer arm and upper
outer arm (15 mmutes prior to initiation

Crnax (ng/mL) 1.176 (40) 1.193 (27) [ 0.859 (39)
tmayx (hour) 23.6 (13) 23.5(16) 24.7 (6)
AUC ¢.48 25.372 (40) | 25.835(29) | 18.93 (40)
(ng hour/mL)

nd- not determined” - Standard deviation could not be calcutated as only onie subject had measurable concentrations.
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The following figure depicts the mean + SD serum fentanyl concentration profiles observed
following application of the developmental E-TRANS® system to the chest (triangle, solid
line), upper outer arm (circle, long-dashed line) and lower inner arm (square, dotted line).

Mean (SD) Serumn Fentanyl Concentration Profiles
ETS Fentanyl (150 mcA) Applied to Three Sites
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The developmental E-TRANS® system employed in study C-93-019 is different from the
commercial formulation for the following reasons:

- The E-TRANS® system provided 150 pA of direct current.
- The anode hydrogel contained fentanyl HCl as 5 mg base equivalent.

Clinical studies (C-93-023, C-95-016, C-2000-007, C-2001-006) evaluating safety and
efficacy employed E-TRANS® fentany! system on the chest or upper outer arm. Based on
these results, the commercial formulation is intended for application to the chest or upper
outer arm. Considering strong evidence of relationship between current delivered by E-
TRANS® fentanyl HCI system and the dose absorbed, results obtained in this study using the

developmental E—T_RANS® may be extrapolated to the proposed commercial E-TRANS® 170
LA fentanyl system.

Do any demographic factors have an effect on the amount of fentanyl absorbed from E-
TRANS® fentanyl HCI 40 ug/dose system?

Demographic factors such as age, race (black vs caucasian only), gender or weight did not
show significant effect on the AUCyy of fentanyl following E-TRANS® fentanyl treatment.

Study # C-94-060 was an open-label, non-randomized, sequential, two-treatment study in
eight groups of naltrexone-blocked healthy subjects. The synopsis of study design, results
and conclusions are attached (see Appendix page 97 for synopsis). Briefly, each group was
characterized by three demographic factors and each subject received an E-TRANS® fentanyl
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40 pg/dose system treatment (three sequential 10 minute treatments delivered every hour for
3 hours). Following a 5-10 day washout period subjects in each group received IV fentanyl
citrate treatment (thirty minute infusion every hour for 3hours).

The sponsor proposed to determine the amount of fentanyl absorbed from E-TRANS® system
by determining absolute bioavailability. However, the sponsor indicated that due to
difficulties encountered while analyzing 1V infusion data, AUC;,s was not calculated and
hence did not attempt to determine the amount of fentanyl absorbed from E-TRANS® system
in subjects different groups. Hence, AUC;,r of fentanyl in only subjects receiving E-
TRANS® was compared. The following table indicates the demographics of subjects and
also shows comgarison of the pharmacokinetic parameters of fentanyl following treatment
with E-TRANS™ systems. The numbers in parenthesis under each PK parameter indicates
the number of subjects in each group.

Mean + SD (n) Fentanyl Pharmacokinetic Parameters
Following E-TRANS® (fentanyl) Treatment
All Available Subject Data

Age (yrs) Race/Ethnic Body Mass
Origin
Comax *t1n AUCiq
{ng/mL) th) (ng-h/mL)
18-45 White Lean 0.56 + 0.17 5.96 + 3.44 3.86+1.79
¢11) ) an
Cbese 0.53+0.18 3.45+£0.92 280+ 1.01
(8) ) 8
Black Lean 0.89+1.88 4.98 +1.90 532+£9.9
(12) ) (1
(Excluding 0.35+0.22 Not Applicable 235+1.19°
#3011) (11) (10)
Obese 0.49+0.17 4.58+153 269+08
® © ©
> 65 White Lean 0.48 £ 0.27 834+7.04 3.43+1.89
(4] ©) )
Obese 0.43+0.12 475 +1.81 313+1.49
(10) © (10)
Black Lean 0.41+0.42 3.91+0.02 272+1.12
3) @ @)
Obese 0.21+0.29 4.55+0.77 1.93 4 1.31
(10) ®3) (6)

® tuz values were not eslimable for all subjecis.
° Numbers In parentheses Indicale the number of subjecls in each group,
® This sublect had relatlvely high concentrations following the E-TRANS? (fentanyl) reatment.

i
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2.4 Extrinsic Factors

//
/

Effect of extrinsic factors such as drug-drug interactions on fentanyl pharmacokinetics
Jollowing application of E-T. RANS® system was not studied.

Considering the extensive metabolism of fentanyl by hepatic CYP3A4, drug interactions may
be possible upon coadministration with strong CYP3A4 inhibitors or inducers.
Coadministration of a potent CYP3A4 inhibitor, ritonavir, significantly reduced clearance of
intravenously administered fentanyl (Olkkola et al., Anesthesiology 91: 681-685. 1999).
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Coadministration of strong CYP3A4 inhibitors may result in decreased metabolic clearance
of fentanyl. On the other hand, CYP3A4 induction may result in faster clearance of fentanyl
requiring more number of doses per hour (maximum upto 6 per hour).

2.5 General Biopharmaceutics

The E-TRANS® (fentany! HCI) System is a novel electrically-assisted transdermal delivery
system designed for the management of acute pain in patients requiring opioid analgesia.
This product is recommended for use in a medically-supervised setting. The system is
patient-activated and provides on-demand systemic delivery of fentanyl by means of a small
electric current, which is a process known as electrotransport.

2.5.1 Drug Product

Electrotransport System (ETS) is a device for delivering active ingredient (drug) from a
hydrogel reservoir by application of electric current. In addition to the drug hydrogel, the
ETS contains delivery and return electrodes, a hydrogel at the site of the return electrode,
electronic control circuitry, associated housings to contain components, and adhesive for
attachment to the skin of a patient. A schematic of the E-TRANS® (fentanyl HCI) System’s
transdermal electrotransport of fentanyl cation is shown below. A source of electrical
energy, such as a battery, is part of a printed circuit board assembly (PCBA) that supplies
electric current to the body through two electrodes. The anode electrode and hydrogel
deliver the positively-charged therapeutic agent into the body. The cathode electrode and
hydrogel close the electrical circuit. Each hydrogel is placed in contact with the patient’s
skin on the upper arm and contains either the drug (for the anode electrode assembly) or a
pharmacologically inactive electrolyte (for the cathode electrode assembly).

[/

2.5.2 In Vitro Release Method

The sponsor developed an in vitro release method for the E-TRANS® (fentanyl HCI) System.
The method utilizes «  —

s
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2.5.3 In Vitro In Vivo Correlation

Good correlation was established between the in vitro fentanyl dose delivered and in-vivo
fentanyl dose absorbed at steady state as a function of electrical current. Both internal and
external validation of the IVIVC model was performed. The mean prediction errors were less
than 5% and 10%, respectively.

Dr. He Sun reviewed the IVIVC data provided by the sponsor. Since the [IVIVC is to predict
bioavailability (BA) of drug delivered over 10 minutes (one of 80 programmed dose), not for
predicting the concentration-time profile, and also considering that topical absorption
requires some time to “saturate” the skin disposition, it is important to check the time course
of BA. There appears to be an increase in amount of fentanyl absorbed as a function of time,
but the time-dependent increase in BA does not appear to be dependent on frequency of

dosing.
Mean* In Vitro Amount
The IVIVC was examined using

C_Sguej.((j))[ljg Curn;g(t)(p,A) No. of Szystems* Amounkz(;.lalDose_)" in vivo data from two
140 8 206 pharmacokinetic studies (C-96-
170 8 403 009 and C-97-001) and from in-
200 2 475 vitro data obtained via the —
230 8 56.6 —
— ;. Data from Study C-96-
€-97-001 100 & 222 009 were used to establish the
170 6 398 IVIVC and to perform internal
~+ Amount Seiwared s Dose # 45 1 1. ﬁ‘:‘éﬁﬁ%ﬁmy €-67-001; amount defivered at Dose # 45 validation, and data from Study C-
or 46 in SFTA test in Study C-96-009 97-001 were used to perform
Average Amount of Fentanyl Delivered In Vitro as a Function of Current external validation.

~
[=)

To assess the IVIVC, the amount
absorbed in vivo was estimated at 23
hours after treatment was initiated,
following the delivery of the 47th and
48th doses over 10 min. The amount
3 released in vitro was the amount
delivered at approximately the same dose
number (dose 45). The in-vitro data
collected for the various lots of E-
TRANS® fentanyl! systems used in
Studies C-96-009 and C-97-001 are
summarized in Table above (the amount delivered at dose 45 was evaluated to allow
consistency among data from the in vivo studies).

Data from Study C-96-009 were used to establish the IVIVC and to perform internal
validation, and data from Study C-97-001 were used to perform external validation. Figure
below shows the correlation between the fentanyl amount delivered in vitro and the amount
absorbed in vivo. There was good correlation between the in-vivo and in-vitro data as a
function of current. The regression equation presented in the figure below was used to
predict the in vivo BA from the in vitro amount released.
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Table below presents the amount absorbed in vivo, and the predicted amount and the
prediction errors for both the internal and external validation. The mean prediction errors
were less than 5% and 10%, respectively.

Observed and Predicted Amount Absorbed to Evaluate
the Internal and External Predictability of tho IVIVC

Study Current Maan In- Mean In-Vivo Prodiction Prediction

Vitro Amount Error*
Amount®
PA (ugiDose) PE (%)
Intemal 100 211 4.8 255 28
Validation b
08009 140 306 351 333 51
170 403 395° 414 48
200 475 4970 474 48
230 56.6 539" 54.9 19
Mean 3.8
Extemal 100 22 24.4° 264 82
Validation ¢
C-97-001 170 398 372 410 10.2

Mean 9.2

2.6 Analytical Section

The sponsor employed adequately validated analytical methods for the analysis of fentanyl in
human plasma. Table below (next page) provides an overview of the studies, the techniques
used to analyze the samples, and the laboratories that conducted the analyses.

— .developed and validated a method for the determination of morphine
in human serum samples ( — Method 18001 4) obtained from the C-2000-007 clinical
study. Study C-2000-007 was a safety and efficacy trial in which half of the patients were
treated with the 40 pg E-TRANS® fentanyl system and the other half were treated with a
standard IV PCA morphine regimen. Validation reports submitted as a part of each separate
pharmacokinetic study were reviewed and are acceptable. The summary of validation results
for the analytical methods used in the analysis of fentany! in human plasma are attached to
this review (see Appendix page 123).
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Summary of Clinical Studies and Methodologies Employed

Study No. Type of Study Analyte  Methodology Laboratory -

C-93-019 Bioavailability/Effect of Fentanyl RIA Janssen
Application Site

C-93-023 Pharmacokinetics/Safety Fentanyl RIA Janssen
and Efficacy :

C-94-080 Bioavailability/ Fentanyl RIA Janssen
Demographics

C-94-068 Bioavailability/ Fentanyl RIA Janssen
Single, Repeated dose

C-95-016 Safety and Efficacy Fentanyl RIA Janssen

C-96-009 Bioavailability Fentanyl RIA Janssen

C-97-001 Bioavailability/Dose Fentanyl RIA Janssen
Proportionality

FEN-INT-006 Dose-Ranging Fentanyl RIA Janssen

C-92-038 Bioavailability Fentanyl RIA Janssen

C-98-013 Pharmacokinetics Fentanyl LC/MS/MS -

C-94-067 Pharmacokinetics/Effect - Fentanyl LC/MS/MS -
of Dosing Regimens

C-2000-007  Safety and Efficacy Fentanyl LC/MS/MS —

Morphine

C-2001-006  Pharmacokingtics/ Fentanyl LC/MS/MS —
Pediatric

C-2001-009  Pharmacckinetics/Effect  Fentanyl LC/MS/MS -
of Dosing Regimens

C-2002-027 Pharmacokinetics/ Fentanyl LC/MS/MS -

Following Sequential
Application
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4.2 Individual Study synopses

4.2.1 C-93-023 synopsis

Original NDA 21-338: E-TRANS® (Fentany! HCI)

C-82-022-00, BROVWN® FINAL REPORT (Amended 07/17/01}

STUDY SYNOPSIS

PROTOCOL NUMBER (C-93-023-00

PROTOCOL TITLE ETS (fentanyl) Pilot Efficacy and Safety Study in the
Treatment of Postoperative Pain

STUDY DATES Part 1 (25 pg): December 15, 1993 - August 5, 1994
Part 2 (40 pg): August 8, 1994 - August 9, 1995

INVESTIGATORS

AND FACILITIES /

SPONSOR ALZA Corporation
1900 Charleston Road
PO Box 7210
Mountain View, CA, USA 94039-7210

REPORT DATE November 1995

Amended: 22 January 1996

Changes fo report:

Page xvi: changed Appendix 4 to Appendix 4-A, added
Appendix 4-B; changed Appendix 8 to Appendix 8-A,
added Appendix 8-B

Page 32: changed reference from Appendix 4 to
Appendix 4-A, added reference to Appendix 4-B

Page 47: changed reference from Appendix 8 to
Appendix 8-A, added reference to Appendix 8-B

Changed Appendix 4 to Appendix 4-A, added Appendix 4-
B; changed Appendix 8 to Appendix 8-A, added Appendix
8-B

COWIAREFORTIFINALAMEND2 RPT ARFE (Amended 07/ 17/01 )

I
ALZA CORPORATION — CONFIDENTIAL
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Original NDA 21-338: E-TRANS® (Fentanyl HCI)

C-93-023-00, BROWN: FINAL REPORT {Amended 07/17/01)

STUDY SYSTEM

PATIENTS

Amended: 17 July 2001

Changes to report:
8‘ n_opsls The aponsors address was updated In

fimen of ETS (fentanyl) who
requwed supplemental irtravenous fentanyl during
Hours 0-3 was corrected to read 81% (was 79%).

In Section 10.0 Conclusions: The percent of patients
receiving the 25 pg-on-demand dosing regimen of ETS
(fentanyl) who required supplemental intravenous fentanyl
during Hours 0-3 was carrected to read-81% (was 80%).

In Figures Following the Text: For both Figures 2 and 8,
the Y axis label, "Number of Patients," was corrected to
read "Percentage of Patients (%)."

ETS (fentanyl) consisting of the following components:
ALZA Model — On Demand-ETS Reusable Controller
Code number —  control numbers -

—

Disposable cathode
Code numbei —_—

S

Anode gel containing -5 mqg fentanyl
Code number S

Replaceabie power supply consisting of three 3-volt
lithium batteries
Code number ——

P

Seventy-nine patients, men or women 19 to 73 years of
age, who had undergone surgery, required parenteral
opioids for the treatment of postoperative pain, and were
expected fo have moderate to severe pain, used the

25 pg on-demand dose ETS (fentanyl) in this part of the
trial.
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OBJECTIVES

STUDY PLAN

A total of 174 patlents men or women 18 to 75 years of
age, who had undergone surgery, required parenteral
opioids for the reatment of pogtoperative pain, and were

expected to Have moderate to severe pain, used the
40 ng on-demand dose ETS (fentanyl) in this part of the
trial.

The objectlve of F’art 1 of thls open-label study was to
determine if a regimen of up to six 25 g fentanyl on-
demand doeses per hour for 24 hours administered by the
patient provided:safe and effective management of post-
operative pain.

The objectlve of F’art 2 of th is ﬁpen—label study was to
determine if a regimen of up torsix 40 ug fentanyl on-
demand doses per hour for 24 hours administered by the
patient provided safe and effective management of post-
operative pain.

The secondary objective of this study was to evaluate the
outcome measures to be used in the pivotal efficacy and
safety studies.

An ETS (fentanyl) was applied for 24 hours to each
patient who satisfied the inclusion and exclusion criteria
and met specified conditions after surgery. During the
treatment period, the patient préssed the on-demand
button as needed for ahalgesia. If required, the patient
could be titrated with single or multiple 10 g doses of
fentanyl administered intraveriously as a supplement.
Efficacy was evaluated by the patient and investigator,
and systemic safety was evaluated by observation,
measurement, and querying the patient. Topical safety
was evaluated 1, 6, and 24 hours after ETS (fentany!)
removal. During the 24-hour treatment period and for
12 hours after ETS (fentanyl) rémoval, blood samples
were taken (from the first 50 patients in Part 1 and the
first 52 patients in Part 2) for deétermination of
pharmacokinetic parameters. Part 2, in which 40 pg
on-demand doses were administered, was conducted

CO3023\REPORTWINALVAMENDZ RPT ARF (Arnen'ded 077501 KMIR)
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RESULTS

Efficacy

CHZOZRREPORTFIMALAMEND?

because an interim analysis demonstrated that the 25 g
on-demand doses wére hot as effective as desired.

25 pg On:demand dosing regimen

The following results dempnstrate that the 25 pg-on-
demand desing regimen: for ETS (fentanyl), with
supptemental intravenous fentanyl available as needed,
was effective and safe inthe management 6f pain after
surgery:

* Mean pain intensity visual analogue scores (0=no pain,
100=worst possible pain) by patients decreased as the
24-hour treatment pragressed. at Hour 6, 35% of the
patients rated their pain <20, as did 57% at Hour 12,
67% at Hour 20, and 1% at Hour 24,

« The quality of analgesia was rated as good or excellent
by 75% of the patients at Hour 6 and 91% of the
patients at Hours 12and 24.

= The investigator and the patients rated ETS (fentanyl)
highly based on global assessment data: the
investigator rated ETS (fentanyl) as goed or excellent
for 72(91%) of 79 patients; 68 (86%) of the patients
rated ETS (fentanyl):as good or excellent.

« Of the 64 patients froi whom answers to the
preference questions were recorded, 40 (62%) would
have liked to use ETS (fentanyl) for another 24 hours
and 54 (84%) would fequest the use of ETS (fentanyl)
for future surgeries. Of the 47 patients who had
previous surgeries, 41 {(87%) said the pain control
provided by ETS (fentanyl) was better than that
provided by other methods for previous surgeries.

< The frequency of on-demand dose administration
declined from an average of 4-5 doses in the first hour
after ETS (fentanyl) application to an average of
approximately two deses per hour from Hours 9 to 24.

* The number of on-demand doses delivered by each
patient after being discharged from the recovery room
to the ward ranged from 3 to 110 with the majority in

EPT ARF (Amanded 0701701 KMR)
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C-93-023-00, BROYWN: FINAL REPORT {Amended 07/17/01)

Safety

the range of 20-80 doses.

« Supplemental intravenous fentanyl was administered to
81% of the patients during Hours 0-3, to 27% of the
patients during Hours 3-8, and to 19% during Hours 6-
24.

= The mean rates of fentanyl delivery from ETS (fentanyl)
were 102 pg/h during Heurs 0-3, 82 pg/h during
Hours 3-6, and 48 ug/h during Hours 6-24.

= No patients withdrew due to inadequate pain control.

Hypoventilation.or hypoxia or both were reported in six
patients. All of these events were determined to be either
related to treatment or of unknewn relationship and
resolved with or without hasal exygen. Four patients had
episodes of hypotension andtwo patients had intermittent
episodes of taghycardia. There were no episodes of
respiratory depression. No patients were withdrawn from

the Part 1 of the study due to safety considerations.

Of the' 79 patients enroiled in Part 1 of the trial, 69 (87%)
reported adverse events. The most frequently reported
adverse events:were nausea (61%) and vomiting (38%);
all but one epigede of nausea were judged to be mild to
moderate. Other commonly reported adverse events
included nauséa and vomiting (18%), dizziness (14%),
back pain (13%), and headache (13%).

Topical effects following use of ETS (fentanyl) were
mostly mild: 78% of the patignts had no or barely
perceptible erythema at the (fentanyl) anode site and 95%
had no or barely perceptible erythema at the cathode site
24 hours after removal. The following were the
incidences of gther topical effegts 24 hours. after removal:
11% of patients had edema, 9% had some itching, and
8% had papules at the anode site while 6% of patients
had edema, 9% had itching, and 13% had papules at the
cathode site.

The followmg results demonstrate that the 40 pg on-

CU3023REPORTHINALMAMEND2 RPT ARF (Amended 07/17/01 KMR)
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Efficacy

COAZNREPORTEINALARME AL RE)

demand desing regimenfor ETS (fentanyl), with
suppleméntal ititravenous fentanyl availdble as needed,
was effective and safe inthe management of pain after
surgery:

Mean pain intensity-visual analogue scores (0=no pain,
100=worst possiblie pdin) by patients decreased as the
24-hour treatment pregressed: at Hour 6, 43% of the
patients rated their paifi <20, as did 51% at Hour 12,
64% at Hour 20, and 70% at Hour 24.

The quality of analgesia was rated as geod or excellent
by 87% of the patients‘at Hour 6 and 94% and 95% of
the patients at Hours 12 and 24, respectively.

The investigator and the patients rated ETS (fentanyl)
highly based on global assessment data: the
investigator rated ET8:(fentanyl) as good or excellent
for 162 (95%) of 171 patients; 158 (93%) of 170
patients rated ETS (feritanyl) as good or excellent.

Of the patients for whem answers to the preference
questions were recorded, 146 of 168 (87%) would have
liked to use ETS (fentanyl) for another 24 hours and
158 of 167 (88%) would request the use of ETS
(fentanyl) for future surgeries. Of the 124 patients who
had previous surgeries, 98 (92%) said the pain control
provided by ETS (fentanyl) was better than that
provided by other means for previous surgeries, 8 (8%)
said it was not better, and 18 did not respond.

- The frequency of on-demand dose administration

declined from an average of 4-5 doses in the first hour
after ETS (fentanyl) application to an average of
approximately one dose per hour from Hours 9 to 24.

The number of on-demand doses delivered by each
patient after being discharged from the recovery room
to the ward ranged from 2 to 80, with the majority in the
range of 20-60 doses.

SR L ted DT B
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Safety

- Supplemental intravenous fentanyl was administered to
approximately 46% of the patients during Hours 0-3, to
4% of the. patients during Hours 3-6 and 3% during
Hours 6-24,

* The mean rates of fentanyl delivery from ETS (fentanyl)
were 137 pg/h during Hours 0-3, 80 H@/h during
Hours 3-8, and 50 pg/h during Hours 6-24.

+ No patients withdrew due to inadequate pain control.

Hypotension was reported for fifteen patients; of these,
three were categerized as severe. Two patients were
withdrawn from the.study: one who became hypotensive
due to blood loss during her abdominal hysterectomy and
one who had an episode of lowered oxygen saturation,
shallow respiratioh, hypotension, dhd sfupor 20 minutes
after a dose of ETS (fentanyl). Following intravenous
administration of 0.2 mg Narcan, axygen saturation, blood
préssure, and mental status of the latter patient returned
to normal. Hyperténsion was reported for eight patients;
all were categorized as mild or moderate.
Bradycardia'was reported for two patients. The
bradycardia of one resolved within 4 hours. The other
patient had bradycardia and hypertension throughout the
study.

Hypoxia was reported for five patignts; two required
supplemental oxygen but none were withdrawn from the
study. Hypoventildtion was reported for two other patients
whose symptoms were either of unknown relationship to
the study drug of judged to be probably not related.

There were.no episodes of respiratory depression.

Of the 174 patients enrolled in Part 2 of the trial, 160
(92%) reported adverse events. The most frequently
reported adverse events were nausea (56%), vomiting
(36%), and nhausea and vomiting (18%); 99% of the
episodes of hausea, 98% of the episodes of vomiting, and
100% of episodes of nausea and vomiting were judged to
be mild to moderate in severity. Other frequently reported
adverse events were fever (18%), headache (17%), back
pain (14%), nausea and vomiting (14%), and pain (13%).

CO3023REPORTWFINALAMENDZ RPT ARFE (Arencled 07/17/01 KR
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Topical effects followlng.use of ETS (fentanyl) were

mostly mild by 24 hourgafter removal: 80% of the
patie no or bargly perceptible erythema at the
(fent ode site td 95% at the cathode site.

s observed a’t 18-(11%) anode sites and at 8

(4%.);*(: e sites 24-Hours after removal. The following
were the incidences of other topical effects 24 hours after

removal: 4% of patients had itching, 3% had pustules,
and 1% had papules dtthe anode site while 3% had
itching, 5% had papules, and 1% had papules at the
cathode site.

Pharmacokinetics

CONCLUSIONS

CAANLNREFPORTFIFALARE N2

A total of 899 samples.were drawn from 102 patients (50
from Part 1 and 52 from Part 2) and anhalyzed for serum
fentanyl-egncentrations: The mean fentanyl clearance
estimated for the post-gperative patients in this study was
35.1 L, similar to that estimated for healthy subjects.

fthis study demonstrated that an
ETS (feﬂtanyl) dosing régimen comprised of six 25 ug on-
demand doses of fentanyl available per hour provides
good efficacy for management of moderate to severe
post-operative. pain durmg the first 24 hours after surgery.
This efficacy is indicatéd in the VAS scores that
decreased over the 24-hour treatment period, the patient
ratings of quality of analgesia that improved over the
24-hour treatment period, and the high percentage of
patient and investigator global assessment ratings of
"good" or "excellent". In addition, the safety of this on-
demand dosing regimen was confirmed by Part 1 of this
study.

However, 81% of the patients receiving the 25 ug on-
demand dosing regimen of ETS (fentanyl) required
supplemgntal intravenaus fentanyl during Hours 0-3, and
27% of the patients required supplemental fentanyl during
Hours 3-6. In addition t6 this supplementary fentany!,
patients delivered an average of 4-5 on-demand doses of
fentanyl during the first hour and about 2 doses per hour
from Hours 9-24. Because the 25-ug on-demand ETS
(fentanyl) regimen required both large numbers of on-

RET ARE {Arnsnded 1771707 KMR
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demand doses and substantial supplement with
intravengus fentanyl to- provide: adequate pain
management, and because thgre were no safety
caoncerns with'the 25 ug ETS (fentanyl) dosing regimen, a
decision was made to investigate the safety and efficacy
of a higher (40 1g) on-demand dose level.

The results of Part 2 of thls study demonstrated that an
ETS (fentanyl) dosing régimen comprised of six 40 ug on-
demand doses of fentanyl available per hour provides
better efficacy for managemernt of moderate to severe
post-operative pain duritig the first 24 hours after surgery
than does a régimen comprisgid of six 25 pg on-demand
doses of fentanyl available per hour. The improved
efficacy of the 40 ug rela y the 25 Hg on-demand
dosing regimen is indicated bythe lower VAS scores over
the 24-hour trédtment pefiod far the 40 pg regimen, the
lower average number of 40 Hg than of 25 pg on-demand
doses of fentanyl delivered over the 24-hour treatment
period, the higher proportion of patients rating the quality
of anesthesia s "good" or "exgellent” at intervals during
the 24-hour treatment period with 40 Hg versus 25 pig on-
demand doses, and the higher percentage of patients and
mveshgators giving global assgssment ratings of "good"
or "excellent” for the 40-ug regimen. In addition, a good
safety profile was demonstrated with the 40 ug on-
demand dose ETS (fentanyl) regimen.

Overall Coneclusion

Based on the improved efficacy for the 40 yg on-demand
dose regimen (Part 2) for ETS. (fentanylj compared with
that for the 25 ug on-demand dose regimen (Part 1), as
well as on the comparable safgty profiles for both dosing
regimens, the combined resulfis of this study indicate that
of the two dosg levels tested, the 40 g on-demand dose
regimen is preferable for use in the commercial ETS
(fentanyl) product.

5
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422 FEN-INT-006 study synopsis

JRF - FEN-INT-6 ®
Original NDA 21-338: E-TRANS" (Fentany!l HC)

SYNOPSIS
Trial identification and protoco

Company: JANSSEN®
Finished product: Fen

Actlve ingredient; femanyl G& 4@63)

Reference:

Trial period; Start: 4 July 1994
End: 21 Apil 1995

Indication / objectives: PCA in e
prove the superiority ineﬁcacybftm
Secondary to compare the. safety of

Trial design: Randomized, double-blind, lelel gtoup muweenm:

Patient selection
« Inclusion criteria:
Preoperative
- male or female patients
- age 21-75 years
- ASAClass,DorHl

>1 hour

postoperatively
- signed informed consent.
Postoperative
extubated
- responsive to name ard place.
- respiratory rate of § bpm or greater.
- O, saturation greater than 50%
- moderate to severs pain (1.6.VAS »5)
- titrated to acceptable analgesia (Le. VAS <2).
= Exclusion criteria:

vasoactive agents, or admission 1o an-intensive cars unit

- opioid treatment for chroriic pain within 3 days befme surgery

- history of substance or alcohol abuse.

- significant CNS or cardiopulmonary disease, hepatic or renal insufficiency
- significant blood loss prior to surgery

- allergy or hypersensitivity 1o fentanyl

- 50% below or 50% above ideal body weight

- treatment with an investigational dfig in the previous 30 days

- unable 1o operate a PCA device
- not expected o remain in the hospital for the 24-hour observation period

- scheduled major abdominal surgery, such as major colon surgery or rectal surgery lasting

- moderate to severe pain requiring parenteral opioids for a minimum of 24 hours

procedures requiring postoperative sedation, ventilatory support, teatment with

likely to require another surgical procedisre within 36 hours of the end of surgery

fertile women who were pregnant, bréast feeding or not using adequate birth control
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Original NDA 21-336: E-TRANS® (Fentanyl HCI
Treatment

Form - dosing routs

Medication

Fentanyl
60 ng

Batch number

Dosage

ially:available Fentanyl

Duration

Assessments

24 hours

¢ Enty

- History and physical

examination

« Efficacy

- VAS pain score

- Number of demand doses

- Patients® global agsessment

- Investigators® global assessment
« Safety

- Adverse Events

- Pulse oximetry

- Respimatory ratc

- Heart rate and BP

Fentanyl plasma concentrations
(not required acconding to prowcol)

e e
> M

X

bk e

Cal ol a ol a

P M AP NN

Statistical methods

Inteat-to-treat arialysis, Kruskal Wallis analysis of
variance, Fistierexact grobability ist; Cochran

Maifel-Haensze) tst, Vin Elteren test,
Cochran-Armitage test, Jonckhesre-Terpstra test,

Breslow-Day test

ALZA Corporation - CONFIDENTIAL
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assessment score of "very good” or
"exceilent” and no severe opioid
adverse effects)

= Global evaluations (% of patients):

o viii
Original NDA 21-338: E-TRANS® (Fenta o
Main features of the t¥in e and summary of the results
Baseline charavteristics - Fentanyl 20 pg | Fentanyl 40 pg | Pentanyl 60 pg-
patient disposition
Number of patients entered (M/P) 2371 206 3
Age: median (min-max), ” 5558-1) | 5502270 | 59.0(21-7)
Drop-outs reason
. adverss event 1
» insufficient response 1 2 1
« insufficient resporise + witlidtew
consent 1
« ran out of trial material 1
Effectiveness Fentanyl 20 pg | Fentanyl 40 pg | Fentanyl 60 pg
(n = 150} n=50 n=50 n=50
Primary parameter
« Responders (patient’s global 42% 52% 68%

60 pg > 20pg; 40 pg = 20 pg; 40 pg = 60 pg

- Patient / irivéstigator
poor 62 8/6 8/8
fair 1220 4/4 4/6
good 40736 2722 16/14
very good 2626 37149 42/44
excellent 16/16 24/18 30728
Secondary parametetrs
+  Pain scores: mean % AUC
standardized to the maximom
possible scare
- rest 239 22.0 18.1
- movement 36.8 346 289
Rest: 60 pg > 20 pg; 60 pg > 40 pg;
Moveinent: 60 pg > 20 ug
= Mean total number of demand
doses
valid demands* 518 41.1 35.7
invalid demands* 123.6 4.4 847

* a valid demand results in a fentanyl
delivery, an invalid demand delivers no
fentanyl

40 pg = 60 pg

Valid: 40 pg > 20 pg; 60 pg > 20 pg; 40 pg = 60 pg
Invalid: 40 pg> 20 pg; 60 pg > 20 pg;

> indicates significantly more effective; =

indicates no significant difference in efficacy
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Original NDA 21-338: E-TRANS® (Fentanyl HEl)

Safety Fentanyl 20 pg | Fentanyl 40 pg | Fentanyl 60 pg
{n = 150) =50 =50 n=50
Adverse events (AE)
» Prestudy to end titration
No. (%) with one or more AE 13 (26) 8 (16) 13 (26)
No. (%) with one or-miare severe AE 5 (10) 1(2) 3 (6)
Ne. (%) with enc or more serions AE 0(0) 0(0) 0 (0
No. (%) treatment stopped due 1o AE 0(0) 0 (0) 0 (0)
+ Double-blind phase, n (n severe)
Respiratory system disordérs
0 0 3D
hypoxia 0 1 0
respiratory depression 0 1 1(1)
respiratory insufficiency 0 0 2Q1)
Other adverse events, reported in more
than 2 patients in any group
nausea 12(1) 18 12
vomiting 7 3 2
somnolence 2Q) 2(1) 3()
No. (%) with one or more AE 21 (42) 27 (34) 22 (44)
No. (%) with one or more. severe AE 12 2 (4 3()
No. (%) with one or mote sérious AE 0(0) 0(0) 0(0)
No. (%) treatment stopped die 1o AE 0(0) 2(4) 12)
Heart rate and Blood Pressure No clinically sigiificant ¢hine at any dose level
Respiratory rate: No. (%) of patierits
| with <8 tredths/min 0O 3@®) 3 (6)

rcsplllwfymtealtltolzhaﬂusmofPCA
treatiien i

gnificantly Jower at 60 jig than at
20ug;at6huwaslowet'wnh60pgtbanwnh40;:g

Fentanyl plasma concentrations

The results of the present trial demonstrate that:
« fentanyl at 40 pg on-demand dose is of similar efficacy to fentanyl at 60 pg on-démand dose
and is superior o 20 g on-demand dose in controlling postoperative pain in patients who

have undergone majos-abdominal sungery.
+ the 40 pg dose level is associated with a lgwer incidencs of respiratory adverse events than
the 60 pg and is the preferred dose for this fotm of analgesia.
+  with the 40 pg dose, fentany! plasma. concéntiations are O average approximately 1 ng/ml.

Average fentanyl plasma concentration, 07-12 10-12 10-16
ng/mi

No. (%) of patients with 21 1(8) 0 5(50)
observation >2 ng/ml

Conclusions
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423 C-96-009 study synopsis
Originat NDA 21-338: E-TRANS® (Fentanyl HEI)

Company: ALZA Corporation
Finished product: E-TRANS®
(fentanyl HCI) System

Active ingredient: fentanyl
hydrochloride

Title of Study: Pharmacekiné’ti
Delivered by Various. Curregts
Investiaator{sV/Studv Center

Publication (referen:

Study perlod Ay gust

over a 10~ mlnute period from vanous E-T]
currents.

Methodology: This was a sihgle-cen’ter‘q y
treatment, 12-sequence crgssoversti
were randomized to sequeiices 1 to 6 B G, and D. Those ifi group 2 were
randomized to sequences 7 to 12:6 rék ,and F. All subjécts received the
intravenous (IV) treatrent (Treatmient A):in‘the first penod Treatments B through F used the E-
TRANS® fentanyl systerns'dnd weré diffeteritidted by the elésirical cuirent and fentanyl dose
delivered. The opioid effects of fefitanyk were | goni¢omitant administratiori of the opiate
antagonist naltrexone. The IV treatment was. 80 g over 20 minutes every hour for 22.33 hours and
40 pg over 10 minutes at-hour 23; E-TRANS® ‘treatiment wasitivo consecutive doses over 10 minutes
every hour for 22.33 hours and-one dosesover 10 minutes at hour 23. Treatments were- separated by
a 3-day (or longer) washout period.

tho 2 groups. Those in group 1

Number of patients (planned and afialyz ize. of 36 volunteers was targeted to
ensure completion by at feast 30 subjects; Thi gnrelled and 34.completed the study.

;A sampl'

Diagnosis and main criteria for |nclusinn: Subjects were‘healthy male volunteers 18to 45 years
old, with no clinically relevant abnormallt s gs determined by medical history, physical examination,
cllnlcal laboratory tests, and electrocardiograrm. They welghe" between 60 and 90 kg; were within
10% of ideal body weight, were normete ne drug screen results at the time of
the study screening and at theck-in befo the study period, agreed to use a
medically acceptable method of contraceptlon throughout thig'study and for 1 week dfter study
completion; passed an opioid withdrawal tést (prestudy Nalagone challenge); and were able to read
and understand English.

Test product, dose and mode of adminigtiation, batch nuiber:

E-TRANS® fentanyl: There were five E-TRANS® fentanyl trésitments (Treatments B through F),
providing transdermal delivery of feritanyl by iontephoresis atdifferent current and dose levels.
Doses from all E-TRANS® fentanyl treatriénts were delivered for two consecutive 10-minute doses
every hour for 22.33 hours, and were expected to be 40 g, 46 pg, 34 ug, 28 pg, and 20 pg,
respectlvelv overa 10- mlnute period for Treatmients B through F. Treatment B (200 uA): Code No.

_ Treatment C (230 pA): Code No —
Treatment D (170 uA): Code No. — 3. Treatment E (140 pA). Code No.
—_— 8. Treatment F (100 pA): Code No —_— E-

TRANS® fentanyl anode gel surface areas were 2.75 cm® in treatments B- E, 1.38 cm® in treatment F.
Opioid antagonist: Naltrexone hydrochloride, 50 mg, / — £) was administered
orally every 12 hours beginning 14 hoursbefore the start of each fentanyl treatment and was
continued until 11 hours after each treatrient regimen was completed.

Challenge and Rescue medication: Naloxone hydrochloride

Duration of treatment: 24 hours for each:treatment

Reference therapy, dose and mode of adiinistration, bafch number: Treatment A was IV

ETRANS\WNZ\synopsis.doc 07/20/01 8:21 AM i
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Original NDA 21-338: E-TRANS® (Fentanyl HCI)
SYNOPSIS

Company: ALZA Corporation
Finished produet: E-TRANS®
(fentanyl HCI)-System

Active ingredient; fentanyl
hydrochloride

fentanyt citrate, Batch No. i 40 éb,.ug-;ov§r%minu_,t'esimc'e»'ev,ery hour for 22.33 hours and 40

ug over 10 minutes.at Hour:23.

Criteria for evaluation:
Pharmacokinetics: Blgod:samples were drawn frequently during the 24-hour treatment periods for
quantitation of serum fentanyl ¢ohcentrations.

Safety: Systemic adverse events and vital signs were monitered throughout the study during each
fentanyi treatment and for 13 hours after the-end ofeach treatrmerit. Physical examinations and
laboratory tests were performed;at screenmg and n the final day of the study. Topical effects were
evaluated at 1, 6, and-24 # S

Statistical metheds N _
emand dose at Hour 23 from

an E- TRANS® fentanyl treatinent was calulatsd. o Jar he observed AUC 3.4 value with that
observed following the adniinistration-of a kiiown dose (40 pgH 0 minutes) of the reference IV
treatment.

The amount absorbed followlng each E-TRANS® fentanyl treatnient was also estimated using
nonlinear regression using NON MEM. The IVt ent was: modeled to a two-compartment model.
A first-order absorption process:was usedto de
fentanyl administration and the: dbsorption para
estimated with the dlSpOSItlon parareters. rest g rom mo
parameters.

ling the:intravenois data as fixed

The amount of fentanyl abserbed, estimated by.ngncompartmental methods as a function of current,
was examined by regression anaIySIS (alpha= The amieunt.of fentanyl absorbed (by subjects
during each treatment), estimated by compar [and nonoompartm ental methods, was compared
by regression analysis; a similar magnitude-of ‘error was assumed in each method.

Summary:
The mean AUC p3.04) valug for the E-TRANS® fe
total amount of current applied. The coefficient

the five E-TRANS® fentanyl treatments, sugges : NE
add to the inherent variability iri fentanyl seriifn edr¢éntrations.

s.ingreased proportionally with the
es were similar for the IV and
entanyl drug delivery does not

Reducing the current and anode surface area of the target treatment by half (200 uA/2.75 cm? to 100
uAA 38 cm?), thereby maintainiing the same current density, resultedin a proportional decrease in the
amount of fentanyl delivered.

Good correfation was observed when the noncompartmental and compartmental methods were used
to estimate the amounts of fentanyl absorbed.

ETRANSWZ\synopsis.doc 07/20/01 8:21 AM il
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Original NDA 21-338: E-TRANS® (Fentanyt HCI)

SYNOPSIS:

Company: ALZA Corporatlon
Finished product: E-TRANS®
(fentanyl HCI) System

Active ingredient: fentanyl
hydrochloride

Treatment

IV (n=36)

200 pA (n=35)

230 pA (n=16)

170 pA (n=16)

: 140 pA (n=18)

"""!?."."P.’??

- 100 pA(n=18) 1.024

[Y

mean amount absorbed per 10x mlnute

Safety resuffs: No serious: adverse even

a single subject, and mlld natisea and :
unknown relationship to.drug). During
for 5 (14%) of 35 subjects during Tre_atment B (200 uA), 2 (13
(230 uA), 5 (31%) of 16 subjects during Treatment D (170p
Treatment E (140 pA), and none during Treatment F (100 1

by more than one subject during any of the E-TRANS® fentanyl treatments AEs of probable or
unknown relationship to stidy drug during E- TRANS® fentanyl treatments were- mild application site
pain in one subject, mild ecchymosis at tlie edge of the appli¢ation site in one subject, and mild
abdominal pain in one subject. Topical effects consisted pfi 1Iy of erythema and were mlld o
moderate in severity. Of those topical effects followed to ¢ 1
system removal. The incidence and sevérity of erythema w i 3
highest current densities; scores of 3 (beét redness) were Fife and observed only at the hlghest
currents (230 pA and 200 pA). At the24-hour assessmeritaftér system remayal, topical effects
(combined percentage of subjects with seores for erythemi; of 2 2 [definite redriess] and for papules
of 2 2 [>50% of occluded area]) were highest for the 230 uA (43.8%), 200 A (32:8%) and 170 yA
(36.7%) treatments.

Conclusions: The amount absorbed from the E-TRANS® fentanyl system increased proportionally
to the amount of electric current applied. The 170 pA and 100 pA currents applied over 10 minutes
were identified to deliver a nominal fentanyl dose of 40pg and 25 ug, respectively. The majority of
topical effects were mild to moderate after removal of the E-TRANS® fentanyl systems.

Date of the report: July 1998

ETRANSWNZ\synopsis.doc 07/20/01 B:21 Ahd i

ALZA CORPORATION -- CONFIDENTIAL

75



4.2.4 C-97-001 study synopsis
ALZA Stady No. C-97-001, Amnendad Fine! Report Oﬂgtnai NDA 2¢-338: E-TRANS® (Fentanyt HC))

Finished pxoduet' B RANW@ vh)
ctive ingredient; fenits ,\.":,mmlﬁmnk fmaaug). fentanyl

Subject selection:
o Inclusion ériterfa:

for fentanyl deliy
of fentan labs

Males or fcmghsbﬁmﬂ 18 and 45 years of age;
Healthy volmﬁﬁsﬁiﬂ? 10 &

it; abnmmiiﬁw:
Consented $& 113 amedncsﬂy i meshod offeunittaciption throughout the entire trial
period and i gi wompleteds
Normqtcnslw $00-140 mus: f—Ig systglic and 50-90 mm Hg diastolic

after sitting for 5 iiliutes;
Negative urine diig#oreen and aksoho¥ breath test reaults at screening and within 24 hours
before each Tenitaby] doping periad,

Negative sciéeriinig prégrancy test for women of childbearing potential,

¢ Exclusion criferia:

Clinically significant me dical problems;

History of earben divxide (CO3) retention, pnor fung diseass, or asthma;
Active skin disensie on the uppee ous
Males with hempglabin less than. 125
History of aflergy or hypersensitivityin.
chioride;

Subjects who would normally be exolisded from the use of opioid agents;

Pregrant or braast fispding fampdes;

Plamed use of digalibwed meéieamm while in the trial;

Use of an investi; ?ml drug Vf’iﬂm] month ptim' to t¥ia} enkry or, if longer than 1 month,

dl. and fomles with hemoglobin less than 11.5 g/dL;
Maﬂyl anidlar skiivadhesives and/or cetylpyridinium

cIT001/Report/97-001-AmFR . doc, 8 Feb 2002, amended SMI
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ALZA Study No. C-97-001, Ammended FinilRepore  OriginalNDA 21-338: E-TRANS® (Fentanyl HED

Subject selection (contiitied):
+ Exclusion criteria (eontirved):
- History or presérice of drug or-alééliel: dépendensefabuse or consumption of more than 2 drinks
every day; '
- History of. smokmg of tobacgo. e Wi
- Consumption ofiaiio
- One or more s

- Unable to im.
Treatment C
Medication / Fentanyl citrate
Form - B TRANSTM 2% p,g
dosing 100pA/1.4 e P
route ¢ Tr:nsdermql E Tratisdermal IV infusion
Electrotransport System Elec;rotrasispon System
Batch Code #: 00 i
number Control #: MV ) 21576
Dosage 2 conséctitive oxi—del_ﬂ_{mﬂ equivalerit to 80 pg
doses gach delivered over fentanyl over 20 minutes
10 minutes q Ih for q Th for 23.33 hows
23.33 hours

Naltrexone 50 mg was gﬁmiﬁi‘steredvqf_ra u ) q 12h duiring eacti treatment regimen,
beginning 14 hours befoe the start of each fréatment and endingapproximately 11 hours
after completion of each treatment.

Duration of
treatment

Upto24h

Duration of
trial

4 weeks

Disallowed | Prescription medicatioti{except for sex horfone replacement or birth control
medication | medications) 14 days piior to frial start and throughouit the trial period, and over-the-

counter medications (exeept for acetaminephen-and birth control medications) 3 days

prior. to starting the trial and fhroughout the trial period.

! Fentanyl hydrochioride.

FAT00 1R e portsa

APPEARS THIS WAY
ON ORIGINAL
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ALZA Study No. C-97-001, Ainended Final Report  Original NDA 21-338: E-TRANS® (Fentanyl HCI)

During

Before Each | Each Study
Assessments Prestady Study Period Period Post-study
Medical history X
Physical examination X X
Vital signs . X, X X
Nighttime respiratory rate X
ECG X X
Clinical lab tests X X
Urine dimg screen X X
Alcohol breath test X X
Utine pregnancy test' X X
Naloxone challenge x?
Blood sampling X
System adherence X
Adverse events X
Assessment for topical a; e-events.in x4
the 2 hows after E-TRANS™ removal
Erythema assessmient 24 hours after x*
E-TRANS™ removal,

! Only for women of childbearing poténiial
2 Assessment was performed 6nlybefore the first treatment period.

3 Effccts noted during this observation period were categorized as adverse events (AEs).
* Assessment was only performed in study periods that evaluated E-TRANST,

Pharmacokinetic paramefers. Maximum observed serum concentration (Crawd), time to maximum
coneeniration (Ti), the area tfider the sétiim coricéntration tirne profile (AUC), apparent elimination
rate constant (k), apparent half:life (t,),-and anioiirit absorbed

Measurement of serum fentanyl concentrations; Validated radioimmunoassay with a quantification
fimit of 0.10 mg/mL

Statistical methods: A mixed effects model, whichincluded fixed efféots-treatment, period and
sequence and the random effect sub_]ect-Wlthm-seqmnce was wsed for the aralysis-of the log-

transformed fentanyl parameters (Crox and AUCg354) from the ¥ E-TRANS™ (fentanyl) treatments
normalized by dose.

APPEARS THIS WAY
ON ORIGINAL
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ALZA Study No. C-97-001, Amendéd BindiRipor:  OnigindFNDA 21-338: E-TRANS® (Fentanyl HCY)

Main features of the subject saiple and simnigiy of the results:

Al v
1 subjeets fentanyl

Planned/Randomized 49 40
Entered treatment 40 37
Completed treatmierit 35 36
Dropotts' - reason 5 1
¢  Withdrew consent 1 0
¢ Personal reasons 1 0
¢ System failure 1 0
o Adverse event (AE) 2 1
Evalugble subjects’ “ 31 31

Prematurc discontinuation from treatment.
All subjects who completed all 3. treatmerity (n—35), cxc]udmg 4 gubjects with unexpectedly high serum fentanyl
concentration during Treatment C (IV feritanyl) ]

Two subjects withdrew (Subjcct #1020 for pcmona.l reasons; #1004 for AE) after completing both E-TRANS™
treatment periods but prior to entering the: IV fentanyl tredtment périod.

Pharmacokinetics: 90%
TV fentanyl Confidence
Parameters =31 {(ri=31) Intervals®
Cinax (ng/mL), o L
mean [SD]' 1.00'70.65] 1.37 [0:30] 1.82[1.23] —
1.45° 133
e (NZ/mLY? (log tra.nsformed (log Uansformed — 96.79, .123.06
T (W), mean [SD] .6 0.58[0.27] 7320, 101.21
t1 (), mean [SD]* 11.3 [3 4] 11.012: 4] 12.63.0] 93.24, 111.82
AUCag 24) (ngh/mL), 1 r
mean [SD] 0.80°[0.21] 1.2310.27] 1.3410.31] .
70"
nAUCgs24 (ngh/mLYy (log wansformed — 95.56, 110.45
Amownt absorbed (ng), o 214 ¢ , .
mean [SD]A 48.8[13.9] 74.3 {12.5] Reference —

! SD=standard deviation.
2 nChy, and nAUC, 5, 54 - log transformed LS mean values (normalized to 80 pg) from analysis of variance

{ANOVA) table converted to normal scale (Display 7.1.2; Appendix 3.8 pages 2 of 8, pages 4 of 8).

# 25 pg, n=26; 40 ug, n=31; IV fentanyl, n=30.
 Frorn 2 conssentive doses,
® Analysis of the log transformed dose normalized pharmacokinetic parameters for the 25 pg and 40 pg

E-TRANS™ (fentanyl) systeme, with the 40 pg system as reference (Display 7.1.2, post-text Table &),

APPEARS TH)s wp
Y
ON ORIGINAL
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ALZA Study No. C-97:001, Amended Final Report  Original NDA 21-338: E-TRANS® (Fentanyl HCI)

Safety: E-TRANS™ (fentanyl)
25 ng 40 pg IV fentanyl
n=39) (n=40) ®=37)
Reporting at least 1 AE 39(100.0) 39:(97.5%) 5 (13.5%)
Deaths 0 0 0
Serious AEs 0 17! 0
Discontinued due to-AE 0 17 1

Most frequently reportéd AEs
(210% subjects reporting)

Application site reaction-erythema’ 38 (97.4) 39 (97.5) 0
Nausea 7(17.9) 6 (15.0) 2 (5.4
Headache 7(17.9) 4 (10.0) 12.7

Subject #1004 developad acute appendicitis that ocourred after sompletion of E-TRANS™ (fentanyl) 40 pg and
before I'V fentanyl.

3ubject with acute appendicitis, see above.

Subject #1027 developed nausea less than 3 hours after start of IV fentanyl.

The majority of application site reaction-crythema reports were judged mild in severity.

AT

Safety (continued):
Erythema assessment.24 hours after E-TRANS™ (fentanyl)
system removal or at time of dischirge’, 25 pg 40 pg IV fentanyl
n (%) n=39) (n=40) 0=37)
¢ Anode —
— None 5{12.8) 3(71.7)
- Mild 27 (69.2) 30 (76.9)
~ Moderate 7(17.9) 6(15.4)
— Severe 0 0
e Cathode —
— None 7¢17.9) 2(5.1)
- Mild 23 (59.0) 25 (64.1)
~ Moderate 9(23.1) 12 (30.8)
— Severe 0 0

! Severily is the erytherm severity reported for a subjectat 24 hours after system removal.

Conclusions: Results of this trial indicate that the pharmacokinetic. parameters following 25 pg and
40 pg BE-TRANS™ (fentanyl) were dose-proportional. The amounts absorbed over a 10-minute period
following 25 pg and 40 pg B-TRANS™ (fentanyl) were 24.4 and 37.2 pg respectively. B-TRANS™
(fentanyl) was associated with mostly mild application site erythema. No serious adverse events were
attributed to E-TRANS™. (fentanyl) blocked with naltrexone.

APPEARS THIS WAY
- ON ORIGINAL
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4.2.5 (C-2002-027 study synopsis

Original NDA 21-338; E-TRANS® (Fentanyl HCI)

C-2002-027-02, Kisicki: FINAL REPORT

SYNOPSIS

Company: ALZA Corporatlon
Investigational product: E-TRANS® (fen
Active ingredient: fent

anyl HGT) System

Title: Phamtacokirigtics P{Fe g System Followin :
Administration of Doses Over Various @Jratlons and EvaIUation of:Passive Del |very»(Protoco| C-2002-
097- 02)

Publlcatlon (referenc _

Study period:
Date first E—TRANS system apphed 3

s) fi
(E-TRANS® fentanyl) 40 g system To: evaluate passwe dmg absorption from E—TRANS® fentanyl
40 ug system.

Methodology: This was-a smgle-cent’
Treatment A first followed by th (e
treatment sequence (foursway ¢ro
periods. Naltrexone (50 mg) was:
14 hours before _the s_tart:pf.'éza».eh

- .B) Enrolled dand received at least one
aritg:A; B, C, dnd D (n=28); Recéived
Treatment E (n=26). Completed five tre frients with no-su ’ected technical failures (i=20).

Diagnosis and main criteria for: lhcluslon Heaithy adulbs between 18 and 45 years of age who
provided written consent to pammp ewere allowed to emroll in the study. The following subjects
suijeotsrw" h-a history or the presence of drug or
M-IV, a hig sfioking or folidcco use within the last

alcohol dependence/abuse as 1 _
3 months, or subjects who con fieine per day.

Test product, dose and:mode of adn [stratlon baj imber:

Test Product E-TRANS® feritanyl 40 ug System

Dose Treatment A 24 hours (h) run- in perigd-without an E-TRANS® system followed by
an E-TRANS® syste ied for 24 h with no current

TreatmentB 2 E- TRANS® fentanyl 40 g systems, 6 sequential doses (each
deliveéred over 10 minutés), given over approximately 1 h

Treatment C E-TRANS® fentanyl 40 ug system, 18 sequential doses (each
delivéred over 10 minutes), given over appreximately 3 h

Treatment D E-TRANS® fentdnyl 40 ug system, 36 sequential doses (each
delivéred over 10 minutes), given over approximately 6 h

Treatment E  E-TRANS® fentanyl 40:1g .system, 80 sequential doses (each
delivered over 10.minutgs); given over approximately 13.33 h

Mode of Transdermal delivery by iontophoresis
administration

Applied current/

anode surface 170 uA2.75 cm”
area

Code Number 0012096
Control Number 0116435

C 200202 TrepoeC2002027FR doc 06 May 202 KR 3
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Original NDA 21-338: E-TRANS® (Fentany! HCI)

C-2002-027-02, Kisicki: FIMAL REPORT

SYNOPSIS

Company: ALZA Corporation
Investigational product: E-TRANS® (fentanyl HCI) Systern
Active ingredient: fentanylh id

Test product, dose and :'qf atimin

Fentanyl content !EE(

Duration of Treatment A System worn-for 24 hours h ne current activation (no doses
treatment given)

Treatment B Approximately 1 h
Treatment C  Approximately 3 h
Treatment D Approximately 6h
Treatment E  Approximately 13.33 h

Duration of trial 4 weeks

Reference therapy: none

Criteria for evaluation:

Phanmacokinetics: Blood samples were collected during each E-TRANS® system treatment at the
time points specified below.

Treatment Blood samglmg times (hours)

Treatment A
Run-in W|th no system followed by an ),2,4,0,8 [
E-TRANS® fentanyl 40 pg system for ANS 19 applied without current
24 h with no current activation eapplic 6,8, 12, 16, 20, 24

g 5

Treatment B (2 systems) 0 (predose) 05, 0.78, 1 (system removed), 1.17,

6 sequential doses over 1 hour 1.75, 2.5, 3,45, 6,8, 12 15, 18, 22

Treatment C 0 (predose); 0:5, 1,:2:5, 3 (system removed),

18 sequential doses over 3 hours 3.17,35,4,5,6, 9 12,15, 18, 20, 24
Treatment D ‘ 0{predose), 1, 2, 3 5. 6 (system removed), 6.17,
36 sequential doses over 6 hours 85,7, 8, 10; 13 v_0,2.4, 28,32

Treatment E O(predose) 2,5,8, 11, 12.5, 13.33 (system

80 sequential doses over 13.33 hours removed), 135, 14, 15, 17, 20 24,27,30, 36, 47

Safely: Adverse events (AEs), skin-site assessments, vital signs, EKG, and clinical laboratory
results.

Statistical Methods: The primary hypothesis to he tested was that there.was no difference in the
dose normmalized AUC, between Treatments B, C, D, and E. Thig hypathesis was tested at a
significance level o = 0.05, with all tests two-sided.

Descriptive statistics were calculated for the followirig pharmacokinetic parameters: the maximum
observed serum concentrations (C .,,), time to makimum concgntratiths (Trmax), €limination rate
constant (k), half-life (1), area under the serum concentration time: pbfile from Hour 0 to the last
detectable concentration at time t (AUC,), and AUC .extrapolated to iffiity. Dose normalized AUC
(AUC,) was determined for Treatments B, C, D, afid E as follows:

AUC, = AUC;f12: Treatment B

AUC,=AUC;;/18: TreatmentC

AUC,=AUC,,/36: TreatmentD

AUC,= AUC;;/80: TreatmentE
A mixed effects analysis of variance (ANOVA) modgl, which included treatment, period, sequence,
fixed factors, and subject within sequence, was used for the analysis of the log transformed fentanyl
AUC, foIIowmg Treatments B, C, D, and E (Chow-& Liu 1992).

C2002027veport\C2Z002027FR doc 06 May 2003 KMR 4
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C-2002-027-02, Kisicki:

FINAL REPORT

Original NDA 21-338; E-TRANS® (Fentanyl HCI)

SYNOPSIS.

Company: ALZA Corporation

Investigational product: E-TRANS® (fentanyl HCI) System

Active ingredient: fent'a‘rjyl hydrabhl‘or:[g_é

Statistical Methods continued: Tha &
90% confidence interval aroungdthe r&
Compartmental pharmacokinetic mode}
5.1) was also conducted to characterize

Treatments B, C, D, and E.

For TreatmentA observed serum eona
over the 24-hour application per

Pharmacokinetic results: Only data ft
hadno suspected techniczl failures are:
comparisons between treatments. Data’from dll-28 subj

ations were

i sutbjects cofi
cluded inthe

5t square estlmﬂte ‘of the rmean nofmalized-AUC and the
- bs‘(Schmrmann 1987) are presented

M'version

[ .éerum fentanyl,; ancentratlon proﬁles followmg

d, and the average absorption rate

ng Treatments B C, D,-and E and who
ifnpartrierital pharm acoklnetlc
t¢ are reported for Treatment A.

To estimate the passive absorptioh from the E- TRANS® fehitanyl systeri, tHe system was applied for
24 hours without current activation _(Tre’a_;tjment» A). Basedion'the numerical deconvalution of the
serum fentanyl profile observed durina thisitreatment, the-migan curulative ariount of fentanyl

absorbed was 57 4 ua (ranae:

2.3 yg/h (range:

’

—

7 ug), and the mean: fentanyl average absorption rate was

~——  h)over the: 24-hour application (blood samples were collected through
0.5 hours post system rerioval).

Mean (SD) Serum Fentanyl Phafinacokinetic Parameter Values Follo wing. Treatments

Treatments
A B [o D E
E-TRANS® | E-TRANS® | E-TRANS® | E-TRANS® | E-TRANS®
40 g without 40 ug 4GHg 40 4g - 40 g

Parameter current 6 sequential | 18 sequerntial | 36 sequential | 80 sequential

activation doses over doseas.over doses over doses over

24 h 1h 3h 6h 13.33h
n=28 _n=20 n=20 n=20 n=20

Crmax (/ML) 0.06 (0.05) | 0.27(0.18) | 0.72(0.20) 1.08 (048) 2.00 (1.24)
Trmax (h) 2415 ¢1.58) | 1:86.(1 .79) 3.45.(D.33) 6.12 (0.68) 13.00 (1.93)
tip (h) NA 19.2 (6.0)° 10.5 (2.5) 10.4 (4.6) 205 (7.2)
(terminal half-
life)
k(hh NA 0.040 0.070 (0.016) | 0.076 (0.025) 0.038
(elimination (0.013)” (0.015)°
rate constant)
AUC® 0.53 (0.40) 1.68 (0.83) 4.67 (1.61) 11.26 (4.25) | 33.36 (14.04)
(ng-h/mL)
AUC NA 2.79(1.43) 575(2.13) 12.87 (5.32) | 39.88 (18.34)
(ng-h/imb)
AUC, = NA 0.23 0.32 0.36 050
AUCifftdose
(ng-h/mL)
NA=Not applicable
n=17
®n=1g

" AUC,= AUC up to the last detectable time point
Source: Tables 11.1.2-1t0 11.1.2-3
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Original NDA 21-338: E-TRANS® (Fentanyl HCI)

C.

(]

002-027-02, Kisicki: FIMAL REPORT

SYNOPSIS

Company: ALZA Corporation
Investigational product: E-TRANS® (fentanyl HCI System
Active ingredient: fentanyl hydr'ochloride

Pharmacokinetic results continued: The mean maximum serum coficentrations (Cmax) for
Treatments B, C, D, and E were ebserved to increase as a function gftime -and the dose-normalized
AUC increased with i increasing treatment duration. Results suggest'that the dose-nonmnalized AUC
increased linearly with both time and numbér of dos&s administered.

A compartmental model analysis was conducted to ¢haracterize the phamacokinetics of four
E-TRANS® treatments (Treatments B, C, D, and E) andto explain ttie differences in the AUC/dose
ratio between the treatments. Results from the nonlinear regréssion: analysis also suggest that the
bioavailability (extent of absorption) increases with the i lncrease-m tregtment duration.

Safety results: No serious adverse everits (SAEs) were rep gthe study, and no subjects
who received fentanyl withdrew early. Two subjects did not pat téin Treatment E (both during
Period 3) for personal reasons, but did not tefminaté from the study th subjects were allowed to
continue with Periods 4 and 5. Twenty-six subjects completed all trégtinent periods. With the
exception of one report of severe nausea, AEs were mild to modérate. Most AEs were judged related
to treatment. Application-site reactions (ASRS) were:the mosf frequ _y_reported AEs, with erythema
the most common, occurring in-all subjects. Otherthan ASR's, the most.common AE was nausea.
AEs were reported at similar rates across all treatment périods; Th imum severity of erythema
24 hours after system remioval térided to bé greater after longer dpplications of the E-TRANS® system
(Treatment A[24 hours, no current activation] and Treatment E [1 i Hours, B0 doses]). The
maximum severity of erythema at the anodé site was mild acrogs.all tréatments Moderate enthema
was observed at the cathode site 24 hours:after Treatments A (7 subjegts [25. 0%]) and E (1 subject
[3.8%]). All ASRs resolved without treatment.

Conclusions: To estimate the passive absorption from the E-T RANS® fentanyl system, the system
was applied for 24 hours without current activation (Treatment A). Based on the numerical
deconvolution of the serum fentanyi profile observed during this treatment, the mean-cumulative
amount of fentanyl absorbed was:57.4 pg, and the mean fertanyl avepdage absorption rate was

2.3 pg/h over the 24-hour application (blood samples were collected through 0.5 hours post system
removal).

Results of the noncompartmental pharmacokinetic analysis suggest that the dose-normalized AUC
increases linearly with both time and number of doses administered.

Results from the nonlinear regression analysis also suggest that the bioavailability (extent of
absorption) increases with the increase in treatment.duration.

No serious adverse events (SAEs) were reported during the study, and no subjects who received
fentanyl withdrew early. Application-site reactions (ASRs) were the mast frequently reported AEs,
with erythema most common. All application site reactions were mild-gr moderate, considered
treatment related and resolved without treatrnent. No new saféty issues were |dent|ﬂed with the
E-TRANS® fentanyi systens in this subject population.

Date of the report: 6 May 2603
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4.2.6 C-2001-009 study synopsis
C-2001-009-02, HOELSCHER: FINAL REPORT

Original NDA 21-338: E-TRANS (Fentanyl HCI)

SYNOPRSIS

Active ingredient: fepfanyt hydroghile

Company: ALZA Corporation
Investigational produet: E-TRANS® (fentanyl HCI) Systerm

! :'Ifle

Title: Effect of Dosing Frequency:-on Fentanyl Defivery from E-TRANS® (fentanyl HEI) 40 ug System
(Protocol C-2001-008:02)

Investigator(s)/Study Genter :

Publication (reference): none

Study period:

Date first subject treated; 20 Qctober 2001
Date last subject completed: 17 Decem

Phase of Development: |

Objective:

To investigate:-the.amal
(fentanyl HCP) [E-TRAN ;

Methodology: This wa§ @ sirig
sequence crossaver demgn Each €

t-of feritanyt delivered during three different E-TRANS®
egimens.

opén-ldbel, rafdornized, three-péeriod, three-tredtment, six-
received the thiee treatments of E-TRANS® fentanyl with a
5 to 10 day washout period between ‘gach tréatment. Each subject received haltréxone as the opioid
antagonist starting 14 hours before system application, twice daily during application, and ending 10
to 24 hours post system removal,

Number of subjects (planned and analyzed):
Planined (n=30). Enrolied and received at least one E-TRANS® fentanyl system (n=31). Per
Treatment (n=29). Completed three tegtments (n=23).

per day.

Diagnosis and main criteria for inctdsion: Healthy adults between 18 and 45 years of age who
provided written consent to.participate swere allowed to éntoll in the study. The foliowing subjects
were excluded from patticipating in the: study subjects with a history or the presence of drug or
alcohol dependencefabuse as deﬁnedper DSM-IV; a histery of smoking or tobaceo use within the last
3 months, or subjects who consumed Mare than 36 0z (1080 mL) of a caffeine-containing beverage

Test product, dose and mode of adinihistration, batch number:

Test Product E-TRANS® (fentanyl HCI) 40 pg System

Dose 2 sequential 40 nig 6 sequentidl 40 ug doses | 80 sequential 40 pg
doses (each dose (each dose delivered over | doses (each dose
delivered .over 10 10 minutes) every 3 hours | delivered over 10
minutes) every hour for | for a totdl of 24 doses minutes) for a total of
a total of 48 doses given over approximately 80 doses given over
given over 10 hours. approximately 13 hours
approximately 23 hours and 20 minutes.
and 20 minutes.

Mode of Transdermal delivery by iontophoresis

administration

Medication Treatment A [ Treatment B [ Treatment C

Code Number 0011807

Control Number 0109004

Fentanyi content 10 mg 10mg 10 mg.

Duration of 23 hours and 20 10 hours 13 hours and 20

treatment minutes minutes

Duration of trial 4 weeks

Reference therapy: none
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C-2001-009-02, HOELSCHER: FINAL REPORT Original NDA 21-338: E-TRANS (Fentanyl HCI)

SYNOPSIS

Company: ALZA Corporation
Investigational produect: E-TRANS® {fentanyl HCI) System
Active ingredient: fentanyl hydrochloride

Criteria for evaluation:
Pharmacokinetics: Blood:samples were colleéted during each E-TRANS® system treatment at the
time points specified below.
Time Point (hours)
Study Period Treatment A Treatment B Treatment C
2 sequential 40 ug 6 sequential 40 g 80 sequential 40 pg
doses qlhfor 23.33-h  doses g3h for 10'h doses over 13.33 h

Start of treatment 0 0 0
Post treatment 4,417,433, 4.42, 05,1,2,3,3.33, 2,5,8,11, and 12.5
initiation (hours) 45 475,5, 8,817, 367,4,45 5 6,

8.33,85,875,.8,12, 65,7,75,8,9, and
1217,1233,125, 95

12.75, 13, 16.0,

16.17, 16.33,16.5,

16.75, 17, 20, 20.17,

20.33, 20.5, 20.75,

21.0,22.0,230, and

23.17
System removal 2333 10 13.33
(hours)
Post system 23.42, 235, 23.75, 10.25,105, 11, 12, 13.42,13.75, 14,
removal (hours) 24,25, 27 30, 36, 13,15, 18, 22, 28, 15,17, 20, 24, 27,
and 47 30, 36, and 47 30, 36, and 47
Total number of 48 24 80
doses

Time point 0 = Initiation of E-TRANS® system freatment

Safety: Adverse events; skin-site assessments; vital signs, EKG, dnd clinical laboratory results.

Statistical Methods:

The primary hypothesis was that there was no significant difference in the dose-nermalized area-
under-the-serum-concentration-time profile (AUC,) between each of the E-TRANS® treatments
(Treatments A, B, and C); all tests of the hypathiasis were two-sided. Descriptive statistics were used
to calculate the following pharmiacokinetic pararfieters: the maximum observed serum concentrations
(Crax); time to maximum: cericéntratioris {Timax); Elimination rate constant (k); half-life (4,;); and area
under the serum concentration time profile for édch treatment group, (AUC;y.o4 and AUC3.54 for
Treatment A, AUC,and AUC extrapolated to infifity [AUC;] for Treatments B and C). AUC normalized
to the number of doses- administered in each treatment during the time sample collection period were
collected to estimate the AUC was determined as follows:

AUC, = AUC 2304/2 : Treatment A
AUC,=AUC /24 . Treatment B
AUC, = AUC,, /80 . Treatment C

A mixed effects analysis of variance (ANOVA) model that included freatment, period, sequence as
fixed factors, and subject within sequence as @ Fandom factor, was:-used for the analysis of log
transformed fentanyl AUC, (Chow and Liu, 1992). The least square estimate of the ratio of the mean
AUC, and the 80% confiderice interval (Cl) around the mean ratio of any two treatments (Schuirmann,
1987) was presented.
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C-2001-009-02, HOELSCHER: FINAL REPORT Original NDA 21-338: E-TRANS (Fentanyl HCI)

SYNOPSIS

Company: ALZA Corporation
Investlgatlonal product E—TRANS" (fentanyl HCI) System

INMEN version
5.1) was also conduct owirig the three

E-TRANS® treatmerits.

Phamacokinetic results:

Mean (SD) Serum Fentanyl harmacotinetic Parameter Values Following Treatments

Treatrhients
E-TRANS® E-TRANS® E-TRANS®

Parameter (2-sequence) (6-sequence) (80-sequence)

n=23 n=23 n=23
Crnax (NGIML) 1.30 (0.30) 0.91 (0.39) 1.94 (0.43)
Traax () 22.74 (1.46) 10.07 (0.69) 12.11 (1.24)
t, (h) (terminal half-life) 16.1 (5.5) 151 (7 4) 22.00(10.0)
k (W' (elimination rate 0.048 (0.015) 0.061 (0.038) 0.037 (0.014)
constant)
AUCs5 (ng.h/imL) 1.08 (0.30) NA NA
AUC,354 (ng.h/imlL) 1.14 (0.26) NA NA
*AUC, NA 8.79(3.31) 33.15 (8.98)
AUC, (ng.h/mL) NA 10.30 (3.80) 40.80 (12.70)
nAUC = AUC/#dose AUCx.04/2=057 AUC; /24 =043 AUC; /80 = 0.51

(0.13) (0.16) (0.16)

NA=Not applicable:
? AUC= AUC up to the last detgctable time point.
Source: Tables 11.1.2-1to 11.1.2-6

Results of the noncompartmental pharmacokinetic analysis showed that dose normalized AUC values
for Treatment A (AUC,3.24/2) and Treatment C) were bioeguivalent (80% confidence irterval was
79.99-97.25%). The dose-normalized-AUC following Treatment B was 73% and 83% of the dose-
normalized AUC following Treatments A and C, respectively.

Compartmental Model Analysis: Both one- and two-compartmental models were fitted to the serum
fentanyl concentration data. Based on the objective function, the two-compartment model was
selected for further analysis. The observed versus predicted concentration profile using the two-
compartment model suggested that the extent of absorption (bioavailability) could vary for different
treatments and, further, the bioavailability could increase as a function of time. Separate linear time-
dependent bioavailability terms with pesitive slopes were introduced in the model for each treatment
(F=1+ slope x time). The performance of this model suggests that bipavailability increases as a
function of time. Furthermore, the time-dependent incredse in bioavailability is not likely to be
dependent on the frequency of dosing. .

| Safety results:

» No serious adverse events were reported on study.

+  One subject discontinued from the study because of an adverse event, a mild generalized
maculopapular rash that was considered possibly related to E-TRANS® fentanyl treatment.

+ Application-site erythema was the most frequently reported adverse event after each treatment
period and was generally of mild or moderate severity.
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C-2001-008-02, HOELSCHER: FINAL REPORT Original NDA 21-338: E-TRANS (Fentanyl HCI)

SYNOPSIS

Company: ALZA Corporation
Investigational product: E-TRANS® (fentanyl HCI) System
Active ingredient: fentanyl hydrochloride

Safety results (continued):
+  The majority of erythema;initially- reported as moderate had-become mild or resolved by 24
hours post-system removal.

Conclusions: Results of the:noncompartmental pharmagokinetic-analysis showed that dose
normalized AUC values for Treatment A (AUG,34/2) and Treatment C were bioequivalent (30%
confidence interval was 79.99-97.25%). The dose-normalized AUC following Treatment B was 73%
and 83% of the dose-normalized AUC of Tréatiments A atid'C, respectively.

A compartmental model analysis was conducted to characterize the pharmacokinetics of all three
E-TRANS® treatments and to explain the differences in the AUC/dose ratio between the treatments.
Results from the nonlinear regression analysis suggest that the bioavailability (extent of absorption)
increases as a function of time over the 24-hour treatment duration. Furthermore, it appears that the
time-dependent increase in bioavaitability is not likely to be dependent on frequency of dosing for
E-TRANS® fentanyt.

No serious AEs were reported during this study. One subject discontinued treatment because of a
generalized maculopapular rash that was considered possibly related to study medication.
Application-site erythema, of mild or moderate-severity, was the most frequently reported AE after
each treatment period. The majority of enthema initiallyreported as moderate had become mild or
resolved by 24 hours post-system removal. No new safety issues were identified with E-TRANS®
fentanyl in this subject papulation

Date of the reporf: 18 .July: 062

APPEARS THIS WAY
ON ORIGINAL
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4.2.7 (C-94-068 study synopsis
Original NDA 21-338: E-TRANS® (Fentanyl HCI)

C-94-068-01, LILIEDAHL: FINAL REPORT

SYNOPSIS

Company: ALZA Corpaoration
Finished product: E-TRANS®
(fentanyl HCI}

Active ingredient: féntanyl!
hydrochloride

Title: Comparison of Phamacokin Single and-Multiple Applications of

E-TRANS® (fentanyl)-40 pg

investigator(sj/Study Genter:

Publication (reference): nore

Study period: Phaseof Development: |
Date first subject treated: 30 Janus g
Date last subject completed: 5

98

» jkiritic. parameters of fentanyl following single (1 day)
and multiple (3 days) applications 6fthe E-TRANS® (feritanyl HCI) System [E-TRANS®
(fentanyl)] delivered by 10-miin iiand dosgs.

Objectives: To compaté the phia

Methodology: This wag a single:¢ open-label, tawh

! gle-center; open-label, tWo-geriod, two-treatment, crossover study
of single- and multiple-day (3 days) désing of E-TRANS® (fentanyl). A 1-day washout separated
the two freatments.

Number of subjects (planned and andlyzed): Twenty-eight volunteers.were to be enrolled to
ensure that at least 24 subjects completed the study.

Twenty-eight subjects were erralle: & study and 25.¢ompleted both téeatments. Only data
from subjects completing both tré -were ifcluded it the pharmacokinetic comparisons
between treatments. All-28 subji cluded in afety evaluation. .

Diagnosis and main critéria-for: itidludion: Healthy ddiilts between 18 ahd 45 years of age
who provided written censent to partidipate; were allowedto enroll in the study.

Subjects with a history or the presence of drug.or aleohiol dependencefabuse as defined per
DSM-IV, subjects with a history of smpking:or tobaceco ysewithin the last 3 months, and
subjects who consumed rriore than 38 o7 (1080 mL) of 4 caffeine-containing beverage per day
were excluded from the study.

Test product, dose and mode of adiministration, batch number:

Test product E-TRANS® (fentanyl)

Dose 40 pg delivered over 10 minutes with two 10-minute doses given every
4 hours

Mode of administration Transdermal delivery by iontophoresis

Applied currentfanode 170 pAf2.75 cm?

surface area

Code Number 0007074

Control Number M\v8720363

Duration of treatment 1 day (Treatment-A) and 3 days (Treatment B)

Reference therapy: none

C94068\REPORT\FINALRPT.DOC 09/06/01 KMR
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Original NDA 21-338: E-TRANS® (Fentanyl HCI)
C-94-068-01, LILIEDAHL FINAL REPORT

SYNOPSIS

Company: ALZA Corporation
Finished product: E-TRANS®
(fentanyl HCI)

Active ingredient: fentanyi
hydrochloride

Criteria for evaluation: _

Pharmacokinetics: Blood samples were collected throughout the treatment periods and were
collected frequently following the on-demand doses delivered at Hour 20 during the 1-day
treatment and at Hour 68 during the 3-day treatment. Blood samples were collected before the
on-demand dose (at Hour 20 or68) and at 10, 15, 20, 25, 30, 40, 50, 60, 75, 90, aid 105
minutes and 2, 3, and 5 hours after the on-demafid dose. Blood samples were also collected on
the third day of the 3-day treatment at 48, 48, 50, 51, 52, 54, 56, 60, 64, and 68 hours after the
start of the treatment. Some ofthese samples were collected just before an on-demand dose.

Safely: Adverse events, skin-site assessments, vital signs, ¢linical laboratory results

Statistical Metheds: Serum fentanyl coricer ins as a funetion .of time were compared for
the single- and multiple-day E-TRANS® {fentanyl) freatment periods. The fentanyl
pharmacokinetic parameters C,,, (maximum observed serum coneentrations), T, (time to
maximum concentration), and AUC, 4.5 (thear inder the serum concentration time profile
from time t to time £+3 fours) were estimated follawing the on demand dose at Hour 20 of the
single-day and Hour 68 of the multiple-ddy treatment (t = Hour 20°or 68) from blood samples
collected at 10, 15, 20, 25, 30, 40, and 50 minutes-and at 1, 3, and 5 hours after the on-demand
dose. The cohcentrations priorto the dn-demand-dose (Cyre) dt 20 hours (1-day treatment) and
68 hours (3-day treatment) were also summarized. The fentanyl phammacokinetie parameters k
{apparent elimination rate constant) and t;, (appatent halflife) were-estimated for both the
single- and multiple-day treatments. The-appatent elimination rate constant (k) was estimated
by linear regression of the |eg-transformed serum concentrations during the terminal log-linear
decline phase. The apparent half-life (t;;) value Was calculated as 0.693/k.

Descriptive statistics were calculated for the pharfacokinetic:parameters described above. A
mixed effects analysis of variance (ANOVA) madefthat included treatment as a fixed factor and
subject as random effect was used for the analysis of the log-transformed fentanyl
pharmacokinetic parameters AUC, 4.5), Cprax, and C,.. and for the analysis of the untransformed
half-life values.

An ANOVA model with treatment and subject effect was used to analyze the log-transformed
predose concentration at 48, 52, 56, 60, 64, and 88 hours post initiation of the 3-day treatment.

A 90% confidence interval (Cl) was constructed for the ratio of the mean AUC, .5 values (log
transformed).

The demographics and important clinical variables at entry were summarized for all subjects.

Summary:

Pharmacokinetic Results:

The mean AUC,q,5 value was significantly lower than the mean AUCg; 75 value suggesting that
the absorption or the disposition of fentanyl changes with multiple-day dosing of the E-TRANS®
(fentanyl) system. However, the predose concentrations at Hour 20:and Hour 68 for the 1-day
and 3-day treatments, respectively, were significantly different (p=0.6001) from each other
suggesting that steady state was not attained by'hour 20 ofthe 1-day treatment. Therefore, to
compare the pharmacokinetics of fentanyl fallowing the two treatments, the AUC,;_ 45 and
AUCgg 73 values were corrected for the contribution from a previous dose to reflect the AU Cos
values for the dose administered at Hour 20 (1-day treatment) and Hour 68 (3-day treatment).
The corrected values for AUCy.55 and AUCgg.;5 were not significantly different from each other
indicating that the pharmacokinetics of fentanyl is not chariging with multiple-day dosing of the
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Criginal NDA 21-338: E-TRAH

T T ————

C-94-0688-01, LILIEDAHL - F AL REPDITY
SYNOPEIS

Company: ALZA Catppr
Finished product: B«?’RANB"
{fentanyl HC)

Acti\vemgredlmt fentiinyl
 hydta. 10

E- TRANS‘*' (fenpn'

Woan (55) Pham; ihie

T Gtatistes] Outoome’

Dose

Parameters

n 25

Criax (ng/mL) - pu8 {919)

Tmax (h)

tip ()
(terminal haltlife)

AUCq; (ng-h/mLY 120/ {8.55) ' 1.88(0.71)

Cpre (n@/mL)° 0.2¢ (0.08) 0.34 (0.13)
p=0.0001

tz and bz (h)' "766(2.20) ge8 (013 NA
(halflife values for
decline in concentration)

Corrected T 0.A40:(0,29) T 054032 NS
AUCos {(ng-h/mLy p=0.133

a 0.05, S=Significant, NA=Nuot applicatiie, NS=Not-significant
“ns23 See Tables 11,4,2-2 an 4

i AU Cx s for the 1-day treatment a
Concentrahon at 20 hours forthe

L "cﬁe»ra‘ fcrmg';&-day treatmem

12.1.8-2 1 8-2

reactions (ASRs), all GfWhich '
other than ASRs reported dufin lﬂ
safety issues were identified with the
population.

id ated ¥
Mets 1 re refated 1% smdy Fiy. No new
NS (fentanyl) systems studisd in this subject
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Original NDA 21-338: E-TRANS® (Fentanyl HCI)

C-94-088-01, LILIEEDAHL: FINAL REFPORT

SYNOPSIS

Company: ALZA Corporation
Finished product: E-TRANS®
(fentanyl HCI)

Active ingredient: fentanyl
hydrochloride

Conclusions: Based 6nAUC values correctedor predose coneéritration, the
pharmacokinetics of fentanyl do not appear to-change with multiple-day dosing. Steady state
appears to have been attained by 48 to 80 hours. The 90% Cl estirnate did not meet the 80 to
125% criterion for bioequivalence; however, the analysis had low power.

No new safety issues were identified with the E-TRANS® (fentanyl) systems studied in this
subject population.

Date of the report: 6 September 2001

Y
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42.8 (C-93-019 study synopsis

Original NDA 21-338:
E-TRANS® (Fentanyl HCI)

CONFIDENTIAL

C-93-019-00, NIMMO: FINAL REPORT

Protocol Number

Protocol Title

Study Dates

Investigators and
Facilities

Sponsor

Study Monitor
Medical Monitor
Reported By
Report Date

Study Medications
and Device

Study Synopsis
C-93-019-00

The Effect of Site of Applicdtion of ETS (fentanyl) on
Fentanyl Pharmacokinetics in Healthy Subjects

January 24 to April 8, 1994

.

ALZA Corporation

PO Box 10950

950 Page Mill Road

Palo Alto, CA 94303-0802

s

January 11, 1895

ETS (fentanyl)

Electrotransport Therapeutic System (ETS) Fentanyl,
contained 5 mg of fentanyl and consisted of the following
components (assembled at the investigator's facility):

Fentanyl anode ge!l: Code humber AA-00705,
Control number 500121

ETS (fentanyl} 5 mg Disposable Component
ALZA Code number AA-00708, Control humber 500121

Model — On-Demand Reusable Controllers set at
150 pA: Code 091106, Control 500127

Lithium batteries, each 3 volts, Code number 84231,
Control number 230301

ALZA Corporation

Palo Alto, California 94303
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Original NDA 21-338:
E-TRANS® (Fentanyl HCI)

CONFIDENTIAL

C-93-019-00, NIMMO: FIMNAL REFORT

Subjects

Treatments

Objectives

Study Plan

Opioid Antageonist
— (haltrexone hydrochloride)
T, — —_ s ¢

— )

Challenge and Rescue Medication
—  naloxéne hydrochloride)

[

A total of 34 heaithy subjects, 21 male and 13 female,
enrolled in this study; 29 completed all four treatments.

The mean age of all eniolled subjects was 26.9 years. Five
subjects discontinued prematurely.

Subjects received each of the following treatments in a
randomized order with ETS {fentanyl) applied as described
below for 24 hours and 20 minutes (Treatments A, B, and
C) or 5 hours and 20 minutes (Treatment D):

Treatment A: ETS (fentanyl) was applied to the chest
immediately prior to initiation of the first dose.

Treatment B: ETS (fentanyl) was applied to the lower
inner arm immediately prior to initiation of the first dose.

Treatment C. ETS (fentanyl) was applied to the upper
outer arm immediately prior to initiation of the first dose.

Treatment D: ETS (fentanyl) was applied to the upper
outer arm for 15 minutes prior to initiation of the first dose.

The primary objective of this study was to investigate the
pharmacokinetics of fentanyl when ETS (fentanyl) was
applied at the following skin sites: upperarm, lower arm,
and chest. The secondary objective was to evaluate the
effect of a 15-minute application period prior to initiation of
the first dose.

During this randomized, open-label, crossover study, each
subject receivedthree 24 hour and 20 minute fentanyl
treatments and one 5 hour and 20 minute fentanyl
treatment. To minimize the opioid effects of fentanyl, each
subject received five doses of naltrexone: two before
treatment, two during treatment and one 10 hours after the
last dose

C930TAREPORT\REFORT FIN 01/11/95 ARF il
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Original NDA 21-338: CONFIDENTIA
E-TRANS® (Fentanyl HC)
C-93-019-00, NIMMO: FINAL REPORT

To defermine the pharmagakinetic parameters, blood
samples were drawn frequeritly during each treatment
period thretigh 48 hours after treatment initiation
(Treatments A, B, and C)-er 24 hours after treatment
initiation (Tr dtiment D). nsure safety, each subject
was given-a complete p al examination (ineluding
clinical labsratory tests “electrocardiogram) before and
after the study and was asked about any effects during
treatment. Heart rate, blood pressure, and respiratory rate
wefe monitored during thg-study. Topical safety was
evaluated by examining the application site for evidence of

local effects at 1, 6, ahd 23.67 hours-after ETS (fentanyl)
removal.

PPEARS THIS WAY
’ ON ORIGINAL
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OnglnaINDA21 338: CONFIDENT'AL

E-TRANS® (Fentanyl HCI)
C-93-019-00, NIMMO: FINAL REPORT

Results and
Conclusions

This single application, multiple administration 24 hours cressover study compared
serum fentanyl concentrations after - del rom ETS (fentanyl) administered for
20 minutes every hour at three different sites (chest, lower inner arm, outer upper
arm) for 24.33 hours; a fourth treatment, ana pplication on the upper outer arm for
5.33 hours, was included to evaluateth ct of system preapplication on the
initial pharmacokinetic profile. The results:glipport the follewing conclusions:

+ Forthe 24.33 hour ETS (fentanyl) treatments, the serum fentany!
concentration profiles and AUC values:at Hour 24 were highest when ETS
(fentanyl) was applied to the chest and upper outer arm.

» Based on residual analysis, the ameunt of fentanyl delivered was greatest
when ETS (fentanyl) was applied toithe chest or upper outer arm. The mean
amount of fentanyl delivered was 1.3 mg, 1.0 mg, and 1.3 mg when applied to
the chest, lower inner arm, and outer upper arm, respectively, for 24.33 hours.

« The difference between mean fentanyl AUC values of men and women was
not statistically significant.

+ The mean serum fentanyl concentration profile of the 15 minute preapplication
treatment was similar to the profile obtained when ETS (fentanyl) treatment
was initiated immediately after application. This demonstrates that
preapplication had no influence on the subseguent delivery of fentanyl.

» The most commonly reported adverse effects were headache, nausea, and
dizziness; each was reported by 3 to 4 subjects during one of the treatments.

« Most topical effects were mild to moderate after removal of ETS (fentanyl).
The incidence of etythema was lowestwhen ETS (fentanyl) was applied to the
upper outer arm and was less for cathede sites than for anode sites.

Nearly all the-anode sites on the chest and lower inner arm shiowed mild to
moderate erythema 24 hours after removal; most of the anode sites on the
upper outer arm had negligible to mild erythema. The incidence of other
observed topical effects was lowest.on the upper outer arm or chest
compared to those observed on the lawer innerarm.
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4.2.9 (C-94-060 study synopsis ,
Original NDA 21-338: E-TRANS? (Feritanyl HCI)

C-94-080-04, MULTICENTER: FINAL REPORT

SYNOPSIS

Company: ALZA Corpqration_
Finished product: E-TRANS® (fentaryl) system
Active ingredient: fentanyl hydrochloride

Title: Effect of Demographic Factors-anAbsomtion of Fentamy from E-TRANS® (fenfanyl) System
(FEN-USA #28) (Protocol No. G-04-060:0

Investigators/Study Centers: —’——7- / s / /

Publication (reference): none

Study period: Phase.of Devélopment: |
Date first subject treated: 11 December !
Date last subject completed: 4-March

Objective: To investigate:the: effect' i
of fentanyt absorbed from an E-TRANS (fen ,,:)»system

Methodology: This was a multi-center,;
in eight groups of healthy subjects. Ea
factors. Each subject received.an E-TF
nominal 40 pg doses defivered every h
(thirty minute IV infusion of fentanyf citr:
antagonize the opioid effedts of fentany
every 12 hours, hegmnlng 14 hours b
approxmately 7.5 hours after completioh-of the treatment There was a minimum 5- dayand a
maximum 10-day washolit period between:treatments.

Dpen-label non-randomized, sequentlal two-treatment study
: iqu haracterized by three demographic

1ent (three- sequéntial 10 minute

ed by an:Iv- fentany1 citrate treatment

Number of subjects (planned:and anq[}‘,y,z,;ed:): Up to 80.volunteers were tobe enrolled to ensure
that at least 64 subjects (gight per group} completed the study.

Seventy subjects enrofled in the study afid'64 subjects coripleted both treatrients.

The distribution of all serum fentanyl congentration data hasibeen evaluated for each tfreatment. All
observed serum concentration data are listed for all subjects receiving treatment.

A large number of high-contentration samples occurred spéradically:among:the samples taken-during
the IV fentanyl treatment. These observations created greaf unceitainty in the pharmacokinetic
parameters for the [V treatment. Therefore the serum fenfanyl concentration-data for the IV fentanyl
treatment were not further analyzed, and no pharmacoklnetlc parameters were.calculated for the Iv
fentanyl treatment; V fentanyl was not used to calculate fentanyl absorption from E-TRANS®
(fentanyl).

The mean values for the eshmated parameters {Cpqx, AUGy and tyyp) sum manzed in the report text
include all avallable subjects. One subjéet{Subject 3011). had very high concentrations following the
E-TRANS® (fentanyl) treatment relative fo other subjects inthe group. Asa result, summary values
for the E-TRANS® (fentanyl) pharmacokinetic parameters were also done without this subject.

The statistical analysis was dane onily with:the E- TRANS® {fentanyl) AUG; data.
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Original NDA 21-338: E-TRANS® (Fentanyl HCH)

C-94-060-04, MULTICENTER: FINAL REPORT

SYNOPSIS

Company: ALZA Corporafion
Finished product: E-TRANS® (fentanyl) system
Active ingredient: fentanyl hydrochloride

Diagnosis and main criteria for inclusion:

Healthy adults between 18.and 45 years of age, orgreater than 65 years of age, who prowded written
consent to participate were allowed to enroll i the steidy.

Individuals were excluded from the study if they had a:history or. the presence of drug or alcohol
dependence/abuse as defined per DSM-V, a history o ) or tobacco use within the last
3 months, or consumed more than 24 oz (720 mL):0fa cafféing- -containing beverage per day.

Test product, dose and mode of administration; batch number:

Test product E—TRAJI\[S"D (fentanyl ransdermal System

Dose Three sequential 10 mipute nomi

Mode of administration lgﬁtﬁp.hofét_

Applied current/anode
surface area

Code number

Control number

Duration of treatment

Reference therapy: IV fentanyl citrate—thirty mimite IV infusion of Tentanyl citrate (equivalent to
120 pg fentanyl) every hoar for 3 hours

Criteria for evaluation:
Pharmacofdnetics: Blood samples were collected atthe same fimes and throughout the treatment
periods for both treatments. Blood samples were gollected at'the»s
the following hours after the start of drug admini
2.0,2.25,25,258,2.75,3.0,6.0,90,12.0, 18.0; and240

Safety: Adverse events, skin-site assessments, vital signs, clinical labgratory resuits

Pharmacokinetic Methods: Serum fentanyl conigeritrations as’a:fiy
the E-TRANS® (fentanyl) and IV fentanyi citrate treatm ent
parameters were estimated only for the E-TRANS® {fentanyl) freat
elimination rate constant was estimated by linear essior of
concentrations during the terriinal log-linear decling:phase), tar: (apparent half Ilfe values were
calculated as 0.693/k), AUC, (area’ under the seruit oncentration tiimé prefile ffom hour 0 to the last
detectable concentration it time twas determined by the:linear trapezoidal method), AUG; (AUC
value extrapolated to.infinity was caleulated asthe sum of AUC, and the area extrapolated to infinity,
calculated by the concentration at time t (Cy) divided.by k).

Statistical Methods: Descriptive statistics were caleulated for the pharmacoklnetu, parameters
described above. The statistical analysis was only:done with E-TRANS® AUG; data.

The primary analysis was ‘an analysis of variance hg the effect of demographics
on E-TRANS® fentanyl AUGiy. Since there was a ibution, this moadet included
four demographic factors (lean versus obese, young versus old, white'versus black, and male versus
female), as well as the two-factor |nteract10ns of these demographlc factors.

The least squares mean of the differences between demographlc groups and their 95% confidence
intervals were calculated.

4
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C-94-060-04, MULTICENTER: FINAL REPORT

SYNOPSIS
Company: ALZA Corporation
Finished product: E-TRANS® (fen
Active ingredient: fentanyl hydroghlonide
Pharmacokinetic Sumrmariz:
inr Values
ir»eéiti"n'erit
Age Race/Ethnic | Body tass N AUG;,¢(ng-h/mL)
(yrs) Origin
1845 White | Lean 11 386+1.79
Obese 8 2.80+1.01
Black Léan 11 5:32+9.90
a(Excluding'#3301 1) 10 235+ 119
Obese 9 269+ 080
> 65 White Lean 7 3431189
Obese 10 3.13+ 140
Black Lean 2 272+112
Ohese 6 1.93%1.31

? This subject had relatively high concentrations following the E-TRANS® (fentanyl) treatment.
Source: Tables 11.1.2-3

APPEARS THIS WAY
ON ORIGINAL

5
ALZA Corporation — CONFIDENTIAL
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Original NDA 21-338: E-TRANSP® (Fentanyl HCI)

C-94-060-04, MULTICENTER: FINAL REPORT

SYNOPSIS

Company: ALZA Corporation
Finished product: E-TRANS® {fentanyl) system
Active ingredient: féntanyl hydroehloride

Results: On the basis.of the AUG,, it was coneluded that-the demaographic factors of age, body
weight, race, and gender did not:affect the systemie: exposure to fentanyl following E-TRANS®
{fentanyl) treatment Nene of the demographic faet ctions had a statistically
significant effect on the AUG;y value following E- atment. The analysis
outcomies were similar regardléss of the inelusion.gr ect 3011; Subject 3011 had
concentrations relatively higher than all the. other subjects after E-Ti ANS® (fentanyl) treatment.

Safety Results: No deaths or serious AEs occurred during the study Mosst Aks were considered
mild or moderate. System application was well tolerated at the skin'sites. There were no clear-cut
dlfferences in saféety amoeng'the: treatment groups. No new safety issues were identified with the
E-TRANS® (fentanyl) systems studied in this subject population.

Conclusions: None of the four-demographic factors—welght (leanfobese), age, race, or gender, had
a significant effect.on the.AUG; s value following E- TRANS® (fentanyf):treatment. In addltlon the
interaction terms between-any.two demographic factors (eg, age race) were not significant.

Date of the report: 27 February 2002

APPEARS THIS WAY
ON ORIGINAL

6
ALZA Corporatioh — CONFIDENTIAL
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43 Consult Review(s)

C-93-023 and C-2001-006-02 study pharmacometrics review by Dr. Meiyu Shen

NDA 21338 _ E-TRANS®
Submission Date: September 23, 2003 Pharmacometrics Section

Pharmacometrics Review

NDA: 21-338
Product Trade Name: E-TRANS®
Active Ingredient/s; fentanyl HCL
Indication: - Management of acute pain
Submission Date: Septernber 23, 2003
Sponsor: ALZA Corporation
Type of Submission: Original
Reviewer date: March 30, 2004
Pharmacometric Reviewer: Meiyu Shen, Ph.D., QMR
Pharmacometrician: He Sun, Ph.D., OCPB
QMR Staff director: Stella Machado, Ph.D.

Primary NDA Reviewer: Srikanth Nallam

Summary

The sponsor proposed using the patient-activated, on-demand transdermal Electrotransport
Therapeutic System (ETS) for fentanyl as an alternative to invasive parenteral delivery of opioids.

Study C-93-023-00 was an open-label study of the safety and efficacy of fentanyl delivered by an
ETS. A two-compartment model was selected to describe the fentanyl coneentration profiles in
the sponsor’s report.

[} This population pharmacokinetic model is not acceptable due to large discrepancies
between the individual predicted concentrations and the observed concentrations. Also
there is a strong negative trend between weighted residuals and individual predicted
concentrations, evidencing the inadequacy of the model.

2) Examination of the estimated population pharmacokinetic parameters reveals that the
coefficient of variance (CV) of the between subject variability of the volume of
distribution was 266%, which means that the sponsor did not have enough information to
estimate the quantity.

3) Incorporating individual dernographic variables and their combinations into the structure
model did not have a significant effect on reduction of the between-patient variability of
clearance {CL) and volume of distribution (Vss).

4) The sponsor did not conduct any simultaneous pharmacokinetic and pharmacodynarmic
modeling m their report.

The sponsor did not condnct a formal safety and efficacy analysis although they tabulated and

described the safety and efficacy data. The sponsor did not conduct any simultaneous
pharmacokinetic and pharmacodynamic modeling in their report.

// VY A
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NDA 21338 E-TRANS®
Submission Date: September 23, 2003 Pharmac ometrics Section

Recommendation

The population pharmacokinetic analysis for adults is not adequate. The structure model treating
the patch as infusion w4s too simplistic to-describe the: goncqhtrali/oa-ﬁmq,proﬁle. -

Dated,
Meiyu Shen, Ph.D., Statistician, QMR/OB/QpaSS

Dated
He Sun, Ph.D., Pharmacometrics, DPE2/OCPB

Dated
Stella Machado, Ph.D., QMR 'staff"director,! QMR/OB/OPaSS




NDA 21338 ‘ E-TRANS®
Stibmission Date: Septerrber 23, 2003 Pharmacometrics Section

Background

The sponsor proposed using the pafient-activated, on=demand transdgéintial Electrotransport
Therapeutic System (ETS) for fentanyl ag an alternative to invasive patenteral delivery of opioids.

Objectives

Study C-93-023-00-was an ETS (fem
postoperative pain. A total of 899
from part 2) and analyzed for serum: fentanyl concentrations. T Amary objectivein Part [ was to
determine if up to six 25 pg fentany en-demand doge per hour for 24 hou.rs admifiistered by the
patient provided safe and effective TrEnagemerit of post-operative pain. The primary objective in
Part II was to determine if up to six40 g fentanyl on-demand doses per hour for 24 hours
administered by the patient provided safe and effective management. of post-operative pain. The
secondary objective of this study was to evaluate the outcome measuresto be: used in the pivotal
efficacy and safety studies.

i) pﬂot off ‘eaey and safety smd inithetreatment of -
St 50f|:omPartland52

Study design

Study C-93-023-00 was an open-label study of the safety and efﬁcacy of fentanyl delivered by an
ETS. Patients who were expected to have moderate'to severe pain after surgery were enrolled.
Patients had the ETS applied for 24 hours-and were followed closely for another 12 hours (36
hours total) after ETS application. Topical effects were evaluated 24 hotus after ETS removal (48
hours total). Patients could self-administer feritanyl by pressing the on-demand button up to 6
times/hour. In Part [ of study, fentanyl doses of 25 ug were delivered over 10 minutes after each
demand. In Part I of study, fentanyl doses of 40 pg were delivered over 10 tminutes after each
demand. The duration of the frial was expected to be five to six months.

/Y
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NDA 21338 E-TRANS®
Submission Date: September 23, 2003 Pharmac ometrics Section

Data
In study C-93-023-00, bloed samples (5 mL eM) were drayn ﬁom the seiected panents amm
opposite to the: one-used fer the ETS pplic 08

gﬂﬁﬁi\tsum 2 ofﬂus

Pharmacometric review and findings

Study C-93-023-00

1. Demographics

Ad09 3181S50d 1538

ETS {fentanmyly
fzseling yariablis (=73}
A (vears) - n(¥} 78 (1)
= a1 132.9%)
a8 A; E%l%;
» 9% .
Mean 1 50 # ¢ iDJZ
(Hin, Hax) (19, M)
Sex - ) 79 ¢ 190%
Hale 13 (‘.15,.-'-!35
Fennle 66 (83.5K
Ethnic Origin - n€s) 79 (_100%
€ a;ig 81 17 2t£
Native Bew Zealand 17 {21
Agian 1413y
He gt (o) ..
It 9
Hean ¢ S0 164 2 9.9
(Min, Maxd {130, 1883
kewt (kg) -
fi :
n 4 $0 137
(’gﬁnn. M) [{ 48* 110)

Tabte 1
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NDaA 21338 B-TRANS®
Submissivh Date: Séptamber 23, 20 Prisrimscometrios Section

A smrs) nl¥}
ﬂ
5 + 50
fmn. nm
e+ nits
iﬁaz‘eﬂl i 11% (?{
Ferale 1‘33‘ 178, iﬂ)
Eugl\ grigin - MK iy REELLE )
‘t‘iﬁm Eeatand g
Hispanic { §.65
Heigﬁ £ 3]
Mean EH 56 le
3 |(
{Mim. Max) {340, mh
Hﬂ’ggm £593
F
Hean 2 SO ?2 1 14 5
{Min, #e0 {39, 1

Table 1 and Table 2 showﬁmnmnymore f:ﬁmalc pawm were enrolledin study than male
patients.

widlgsis

2. Population phatrmmeckientic.
ed to describe the fentanyl concentration profilesin the

A two-compartment model was sélee

report,
a) This population pharmacckinétic model is not adequate since Figure 1 shows evidence of large
fnal predicted concentrations and the observed

discrepancies betwesn the individua
shows that there is a strong fiegative trend between

concentrations. Iaddition, Fi (
weighted residuals and individual predicted concentrations,

Weigined Residusl (ngpmi)

Indhaduat Predicted Concantraton tngiml)
(=)

2 -
1
0 - . 4 ' , ;
o 2 4 3 [ 0 ' 2 3
(it Pregiciad Goncentision (nghily
Figure 1 Individual predicted concemraﬁon Figure 2 Weighted residual versus
versus observed concentration predicted observed concentration
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NDA 21338 E-TRANS®
‘Subrmission Date: September 23, 2003 Pharmac ometrics Section

b) The estimated populatlon pharmacokineti¢ parametérs are shown in Tablé 3. Here the

cocfficient of variance (CV) of the betwssn subject-variathlity of the vohure of distribution
was 266%, which meéans that the sponisotdid ot lave efiouigh Infermation to estimate the

quantity.

Table 3 Sponsor’s:analysis

1) Dna Canpartaent Nodel 623 o B
‘ a3 ..?:I"" timte e A
! Betw Suby OV za 7%

within Subg &F = 783

277 o &
Estinate ag'; z§;§ @
Béte Suby v MR &
Within Subj O « 583

76 { 8 ) &
stimat £ a3 22 10)
gy mate Wl A% B
Batw Suby) C¥ PR ) £ 2658 61X

Within Subj G¥ = 58%

): o gm 'hich suggcsts that inclision of
demogmp}uc fnctors in the sixucmral mode% tkght not improvesthe model fit,
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cotrpartment model of fentanyl

3) Safety and efficacy-analysis
The sponsor did not conduet a formal safety and efficacy analysis although they tabulated and
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NDA 21338
Submission Date: September 23, 2003

described the safety and efficacy data,

E-TRANS®
Pharmac ometrics Section

4) Pharmacokinetic-and pharmacodynamie modeling
The-sponsor-did not conduct any dhoniitaneous pharimaeckinetic and pharmacodynamic modeling
for thei tepert
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‘ E-TRANS®
Pharmac ometrics Section

Condéiusion

The population pharmacokinetic analysis for adults is not ideal. The structure model indeed was
over simplistic to describe the concentration-time profile: New analys13 of a similar information

that can be obtainied from ther trials is Tiot needed. —_

/ / / /

NDA 21338 ‘
Submission Date: Septemnber. 23, 2003

APPEARS THIS WAY
ON ORIGINAL
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44  Cover Sheet and OCPB Filing/Review Form
Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form
Information Information

NDA Number 21-338 Brand Name E-TRANS?® fentanyl
HCI system

OCPB Division (I, H, 11I) DPE Il Generic Name Fentanyl HCI
transdermal patch

Medical Division DACCADP Drug Class Opioid Analgesic

OCPB Reviewer

Dr. Srikanth C. Nallani

Indication(s)

Post-operative pain

management
OCPB Team Leader Dr. Suresh Dosage Form Transdermal
Doddapaneni Electrotransport
device
Dosing Regimen 40 g per
Date of Submission 9/23/2003 Route of Skin
Administration
Estimated Due Date of OCPB June 30, 2004 Sponsor Alza Corporation

Review

1900 Charleston
Road

P.O. Box 7210
Mountain View, CA
94039

PDUFA Due Date

7/23/2004

Priority Classification

Standard

Division Due Date

6/23/2004

Clin. Pharm. and Biopharm. Information

“X” if Number Critical Comments if any
included of studies of
at filing submitted studies
reviewe
d
STUDY TYPE
Table of Contents present and
sufficient to locate reports, tables,
data, etc.
Tabular Listing of All Human
Studies
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase |) -
Healthy Volunteers
single dose: X 4 Application of single
patch but for multiple
doses
multiple dose: X 1 Application of One patch
per day for 3 days
Patients-
single dose: X 2 24 hour administration of
drug with single patch
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multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting mulitiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:
Subpopulation studies -
ethnicity: 1 Black Vs Caucasian only,
Part of demographics
study
gender: 1 Part of demographics
study
pediatrics: ’
geriatrics: 1 1 Part of demographics
study
renal impairment:
hepatic impairment:
PD:
Phase 2:
Phase 3:
PK/PD:
Phase 1 and/or 2, proof of concept:
Phase 3 clinical trial: 3
Population Analyses -
Data rich:
Data sparse: 2
il. Biopharmaceutics
Absolute bioavailability: 2 2
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
{raditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies:
Dissolution: 1 1 {Drug Release)
(IVIVC): 1 1

Bio-wavier request based on BCS

BCS class

lll, Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

15

12

Some studies focus on
multiple aspects hence
grand total is less than the
number marked
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Filab

ility and QBR comments

“X if yes

Application filable ?

Reasons if the application is not filable (or an attachment if
applicable) .

For example, is clinical formulation the same as the to-be-
marketed one?

Comments sent to firm ?

date if applicable.

Comiments have been sent to firm (or attachment included). FDA letter

QBR questions (key issues to be
considered)

Other comments or information
not included above

Primary reviewer Signature and
Date

Secondary reviewer Signature and
Date
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