


LpA 19-313

Alza Corporation
950 Page 111171 Road
Palo Alto, CA 943n3-0302

Attention: Virgil A. Place, H.D.
Senior Director, ledical and Regulatory Affairs

Gentlenen:

Please refer to your neu drug application dated December 21, 197
subrtitted pursuant to section 505{b) of the Federal Food, Jrug, and
Cosnetic Act for DURAGESIC (Fentanyl Transderrmal System) 25 ug/h, 50

ug/h, 75 ug/h and 100 ug/h.

\le a)égﬂacknow!edge your additional correspondence dated February
11, 1988, Fay 13, 1988, August 25, 1939, October 23, 1989, March 23,
1990, April 11, 1990, lHay 16, 1990, tay 17, 1290 and August 7, 1990

amending the application,

Reference is also made to your subnissions dated August 2 and 3,
1990 outlining various manufacturing and control changes and
connitnents. e remind you that additional suppliers and
rnarufacturing sites nust have approved supplenentary applications

pricr to use.

lle have conpleted the review of this application includina the draft
labeling uhich vas submitted on August 7, 1990 and have concluded
that adequate information has been presented to demonstrate that the
drug product is safe and effective for use as recomended.
kccordingly, the application is approved effective on the date of

this letter. —

PFlease subnit tuelve copies of the final printed version of the FPL
uvhen it is available. This subnission shculd be designated for
adninistrative purposes as "FPL for approved [IDA 19-813%. Approval
of this labeling is not required before the labeling is used.

Sheuld additional information relating to the safety and
effectivenass of this drug praduct becomne availahle prior to our
receipt of the final printed iabeling, revision of that labeling may

be required,

Ihile all ather aspects of this application have been found to he
approvable, the reauired validation of the analytical nethods has

not been conpleted.

In such cases, the policy of the Center for
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rug Evaluation and Pesearch is to proceed with anproval. ile expect
your cooperation to help resolve expeditiously any problems that may

occur with respect to validations.

As a reflection of our mitual understanding of the importance cf
initial promoticnal canpaigns on physicians' use of a new drug {or a
nev use of 2 drug), ve note vour cormitnent to develop with us and
with the Division of Drug Advertising and Labeling, a satisfactory
introductory advertising carpaign. Please subnit, in duplicate, all
advertising copy you intend to use in your propoesed {ntroductory
promotional and/er advertising campaign. Send cne copy to:

Bivision of Drug Advertising and Lakeling
HFD~-240, Room 10B-04

5600 Fishers Lane

Nockville, WD 20857

and one copy to: .

P{lot Drug Evaluation Staff
HFD-007, Room 9B-23

5600 Fishers Lane
Reckville, D 2085G7.

Should you have any questions please contact:
Janes P. Kannar, R.Ph.
Proiect Hanager
Pilot Drug Evaluation Staff (HFD-007)
Telephone: {301) 443-4250

He renind you that you must comply with the requirements for an
approved HDA set forth under 27 CFR 314,80 and 314.81.

Sincerely yours,

Carl C. Peck, H.D.

Director
Center for Drug Evaluation and Research




Division of Surgical - Dental Drug Products i'
Chemistry

1¢ Chemistry Review Number: Two

2¢ Dated July 17,1990

3* Type and Number of Application: NDA 19-813 E 3
4: Center's Therapeutic Classification: 2,3,8

5§ Status of Application: OJriginal

6: Name of Applicant: Alza Corporation

7+ Addresses:
Y |

The drug substance is incorporated into the Reservoir Gel. The Reservoir y

Gel is manufactured by:

a) Alza Corporation
950 Page Mi1l Road
Pao’o Alto, CA 94303-0802

b) Alza Corporation
700 Eubanks Drive
Vacaville, CA 95688 |

8: Product Names:

(a) Froprietary: Transdermal Therapeutic System (Fentanyl) TTS

(fentanyl)
{b) Established: ’ﬂ‘
&
USAN: Fentanyl
Usp: Fentanyl :
y
|

{c) Code Name and Number: CAS No: 437-38-7




kA 2
4
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(2)
93 Dosage Form(s), Strength/Potency and Route of Administration: ‘Q
TRAHSDERMAL THERAPEUTIC SYSTEM (FENTANYL)
Nominal Delivery Rate Drug Content Size
%
25 mcg/hr 2.5 mg 10 cm?
50 mcg/hr 5.0 mg 20 cml
75 mcg/hr 7.5 mg 30 cm
100 mcg/hr 10.0 mg 40 cm®
10: Proposed Marketing Status: Rx
11: Pharmacological Category and Indicatign: .
i
Narcotic Agonist Analgesic-Synthetic b'f\d Related to the Phenylpiperidines. 4
12¢ Structural Formula, Chemical Name, Empirical Formula Molecular Weight :?
. 1l

ar Names
Drug Substance: Fentanyl Base

N-phenyl-N-(1-2-phenylethyl) -4-piperidinyl]
propanamide

ALZA Code Number: 80285 \

Also Known As: Leptanal ‘

bt Structural Formula:

C!‘3CHZCO?‘Q—C"2CHZ'©

D
/ 1

Chemical Names: N-Phanyl-N-[1-2-(phenylethyl} -4-
pipsridinyl] propanamide |

N-{1~-phenethyl-4-piperidinyl)
propionanilide
\

N-{1-phenethyl-4-piperidinyl)-
N-phenyl propionamide




Chemical Abstracts Service Reg: No: 437-38-7 *

Wisswesswer Line Notation: TO6NTJ AZR & DNR & ¥2

Molecular Formula: CppHagHoO
Molecular Composition: C 78.53%, H 8.39%, N 8.33%, 0 4.76% "
Molecular Weight: 336.46 \

I

13x({a) Fentanyl and its Derivatives
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13:(b) Structural Formulas of Related Compounds: *

L

S FENTANYL CTZRATE {Sublimaze)

b PHENYRAMIDOL HYDROCHLORIDE

{Analexin)

o)
CHy—CH—NH,
@ CH,CH=CH,

alethamine

CHy  COCHy

(.H,-—CH N

propiram rum;me

14: Document Date:

Dec: 21,
Dec: 21,
Amendments:
review)

15+ CDB Date:

1987 - Cover tetter

16% Division Date: Dec: 2
17: Assigned Date:
18: Supporting Documents:

1987 - Form 356h (Chemistry Review #1)
Aug: 25, 1989, March 23, 1990, Jun 29, 1990 (ssbject of this

Dec: 29, 1987, Sept: 5, 1989, March 30, 1990, July 2, 1990
9, 1987, Sept: 5, 1989, Mar: 30, 1950, Jul 2, 1990
Jan: 7, 1988, Sept: 11, 1989, April 3, 1990, Jul:
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Authorization Letter dated May 26, 1987

There {s no specific description of the packaging aperations for TTS
(Fentanyl).

A deficiency letter was written
) that they describe the packaging operations and relevant
1n-process controls including sampling plan acceptance specifications
and test methodologies.
4,

b)
Their authorization-letter- is-dated. April 8,.1987.

master file does not contain any information:

Name of suppliers/manufacturers of the

1)
ii) The tests and specifications performed on the components.

1ii) A description of the manufacturing procedure and

iv) Their statement . ’
|

*The components cf this structure are approved for food
packaging under CFR 2, ADHESIVES, Para. 175.105, LOW
DENSITY POLYETHYLENE 175,105, 177-1520 IONOMER, 175.105,

177-33a."

is a misleading because they have not given the exact chemical
name of the components o relate to these regulations.
/|

Authorization Letter dated: December 21, 1987




(¢)

Comment: A deficiency letter dated October 28, 1987 concerning the
synthesis of fentanyl citrate has been written., In an {nitial submission
dated August 15, 1983, they submitted a synthesis description beginning

Since the above comment, the manufacturer/supplier has submitted the following
information in a letter dated March 23, 1988 and April 8, 1988:

a)

b)
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f‘r REVIEW OF CHEMISTRY AND MANUFACTURING CONTROLS
JON 14 g
NDAZ, 19-813
Division: HFD-120
Applicant: emist Review:
Sponsor: Alza Corporation Reviewing Chemist: Wilson Brannon
Address: 950 Page Mill Rd. Date Received: 5/18/88
Palo Alto, Ca Date Completed: 6/14/88

94303-0802 Received CDB:

Product Name:
Proprietary: Transdermal Therapeutic System TTS (Fentanyl)
Non-proprietary:

Compendium: Fentanyl Citrate

USAN:
Code Name/Number: CAS No. 437-38-7

Drug Classification:
Patent Number:

Dosage Form(s) and Route{s) of Administration: Transdermal Therapeutic System

Pharmacological Categqory and/or Principal Indication: Narcotic Analgesic

Structural Formula & Chemical Name:

Featanyl Citrate [/963} (fen”ta nil). USP. Cj;H2sN;0.CsHs-
O;.° 528.60. ([Fentanyl is INN.] (1) Propanamide, N-
phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-, 2-hydroxy-1,2,-

) 3-propanetricarboxylate  (1:1)
m,cn,con@—ca,m,@

]
CH,COCH

Fentanyl

. e
CHCH,CON N--CH, Ty ( ) CH,COCH
é s . HO—C~—COCH




MEETING MINUTES B s

NDA 19-313
MAR 7 Icse
DRUG: Transderamal Therapeutic System (Fentanyl)
SPONSCR: Alza Corporation
DATE: February 2, 1989
LOCATION:  Conference Room 10B-45
ATTENDEES: P. Leber, M.D. R. Temple (HFD-100)
F. Vocci, Fh.D. P. Botstein (HFD-100)

E. Nevius, Fh.D. (HFD-713) C. Kovacs, C30
P. Kelley, Fh.D. (HFD-713)

SUBJECT : Working Meeting

The firm’s application was transferred to this division in May, 1988. On June
17, 1988, the fimm was informed by a teleconfersence that their proposed labeling
claim was not supported by the typ2 of preclinical and clinical data submitted.
Instaad of withdrawing the NDA and re-sutmitting a new package to suprort a
revised claim, the firm amended their application with a revised indication:

"...for the control of mcderate to severe pain in patients requiring opioid
analgesia following surgery or for palliative therapy in patients with cancer.”

Dr. Leber stated that the purpose of this meeting was to discuss the difficulties
in reviewing this application. The followingz was discussed:

1. Dr. Vocci made a presentation of the clinical studies performed by the
firm in support of their post-op claim, their reported findings, and ADR's.
There were 6 controlled studies performed in the perioperative/post-
operative setting utilizing the fentanyl patch versus a placebo patch and
evaluating the need for supplemental morphine and changes in pain
intensity. Dr. Vocci pointed out the following:

(1). Data from 5 of the studies demonstrates that the patch reduces
but does not eliminate the need for supplemental morphine.

(2). This reduction in need for supplemental morphine occurs over the
12-24 hour post-op period. During the first (-12 hours post-op,
the patch has sub-therapeutic effects.

(3). Respiratory depression and nausez/vomiting increased in the fentanyl

ratch grougs.
(4). Instructions for th: patch recommend a belus of 100-300 micrograms

of fentanyl intrioreratively.

Dr. Relley stated that in the Caplan study, the p value is slightly in
favor of the fentanyl treatment.

Dr. Leber agreed that over the time interval selected, the firm does
demonstrate effectiveness of their product as an analgesic. However,

questions and concerns regarding safehy in the pericperative environment

shoculd not be mede by this Qi

tzicn. Dr. Laker recommended thai a

-




(MEETING MINUTES CONT., NDA 1%-813)

gpecialist (i.e., an anesthesiolcgist) be responsible for making the
clinical judgement.

Dr. Temple advised that a consult to HFD-160 with specific questions
and concerns be sent through his office. He will also recommend that the
portion of the application with the post-op claim be presented to an
Anesthesiology Advisory Committee. Furthermore, he stated that the 2
claims in this application nesd to be reviewed separataly by these with
the appropriate expertise.

|

Dr. Vocci presented an overview of the data submitied in support of the ‘

Of note clinically, all “

utilizing the fentanyl patch were open label studies, and no study had
aseay sensitivity. There was one T-day study performed in

- however, this study was a crossover desian and may have had carryover

effects since the patches were changed every 24 hours. 4

&I

Dr. Leber pointed out that inappropriate clinical studies were performed
in suprort of a (i.e., no safety data, only 1 pain model

uged). Dr. Temple agreed that this poriion of the aprlication should te
tiamed dosn on the basis of inadeauate clinical data.

3. The issue of the firm using a claim for without

rerforming carcincgenicity studies was discussed. Dr. Temple stated that

given the survival expectation he would

not impose this requirement cn the firm now, tut perhaps post-mariketing. 1

Dr. Leber disagreed that neccessarily have a .
should be performed, unless

short survival span and
a new policy is written. Dr. Temple suggested that the oncolegy group

be consulted in regard to

ACTION:
1. Dr. Vocci will develop a consult to HED-160 with specific questions
regarding clinical issues and concerns related to the firm’s post- ‘
op claim. This consult is to be sent through Dr. Temple’s office.
|
2. Dr. Leber has recommeied that the Anesthesiology Advisory Committee Y

be involved in this apolicaticn.

3. Dr. Kelley will perfora an analysis on the 7-day
study. ‘
|

4, Survival rate expectation for cancer patients with pain will need
to be determined. :

/ ! ]
é‘ oJ&f’é""—“

Révaes? €SO




8.

Chemistry Reviaw Humber: One

Division of Surgical-Dental Drug Productis N

Chemistry

ted 4-11-9%2
Pate »

Type and HNumber of Application: #DA 19-813

Center's Therapeutic Classification: 2,3,8

tatus of Application: Original

Name of Applicant: Alza Corporation

Addresses: :

The drug substance is incorporated into the Reservoir Gel. The

Reservoir Gel is manufactured by:

Product Names: |

(a)

(b)

(c)

Transdermal Therapeutic System (Fentanyl) TTS
|

Proprietary:
(fentanyl)
Established:
USAN: Fentanyl
use: Fentanyl
Code Name and Number: CAS No. 437-38-7 .
|
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Dosage Form(s), Strength/Potency and Route of Administration:

9.

TRANSDERNAL TEERAPREUTIC SYSTEN (PENTANYL)

Nominal Delivery Rate Drug Content Size
25 meg/hr 2.5 ag 10 ca?
58 meg/hr 5.0 mg 20 ca®
75 mcg/hr ) 7.5 mg 30 cnz
40

100 mcg/hr 10.0 mg

10. Proposed Marketing Status: Rx

11. Pharmacological Category and Indication:

Narcotic Agonist Anailgesic-Synthetic Opiod Related to the
Phenylpiperidines.
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12. Structural Formula, Chemical Name, Empirical Formula Molecular Weight )
%
&. Names
Drug Substance: Fentanyl Base
N-phenyl-N-{1-2-phenylethyl)-4-
piperidinyl jpropanamide
ALZA Code Number: 80285 !
Also Known As: Leptanal
b. 8tructural Formula:
cu:,cxzcou—G = ClipCHz— CHy
|
Celly |
)
Chemical Names: N—Phenyl-N—[l—z{bhenylethyl)—4— i
piperidinyl]propanamide

N-(1-phenethyl-4-piperidinyl)
propionanilide ‘

N-(1-phenethyl-4~-piperidinyl) -
N-phenyl propionamide w

Chemical Abstracts Service Reg. No. 437-38-7

Wisswesser Line Notation: T6NTJ AZR% DNR&V2

Molecuiar Formula: C22H23N20 ;

Molecular Composition: C 78.53%, H 8.39%,
N 8.33%, O 4.76% ‘

Molecular Weight: 336.46
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NDA 19-813
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13. Structural Formulas of Related Compounds:

FENTANYL CITRATE (Sublirnaze)

%

Dec. 21,

15. CDB Date:

l’ PHENYRAMIDOL HYDROCHLORIDE

(Analexin)

SRS

¢)
P~ CHa—CH—NH,
@ CH,CH=CH,

alethamine

' CH COC,H
e) T, biad

CH,—~CH—N

N7 N
O CaH, 0, </—=\>

propiram {umarate

14, Document Date:

Dec. 21, 1987 - Form 356h
1987 - Cover lLetter

Qec. 28, 1987

16. Division Date: Dec. 29, 1987
17. Assigned Date: Jan. 7, 1988

18. Supporting Documents:

cI:oc H,

CHICHw— N N
@ CgHeOy ‘\/l
O/CHCHII

KC! e

O,cn CHI—NH—// _\>

fenynpei HCl

§)  me_
00

0

pirfemdone

|
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20. Remarks
a) Presently the clinical studies are under review by the medical
officer.

b) The pharmacologist's review states the following conclusion:

Transdermal Therapeutic System (fentanyl) (TS (fentanyl)] has been studied
adequately in laboratory animals and has been shown in pe relatively safe and
efficacious. The toxicological profile which has been daveloped provides an
adequate basis for concluding that the drug can be adaquately labeled to
provide assurance of its relative safe use in humans.

c¢) Presently, we have not consuited a microbiologist. We are requesting

information of a microbial nature.

21. Conclusion and Recommendations:

The NDA application is not approvable under section 505[bJ(2)(3)(4)(5) and

(6) of the act and 21 CFR 314.50.
57Juanita Ross

Reviewing Chemist

See draft review of chemist letter item #24.

NDA 19-813
HFD-160
Doc. Rm. 180

R/D JRoss
R/D init by GPoochikian 5/6/88

F/T LSturdivant 5/139/88"
Wang 1880M Disk 0087M
CSG JIM HANNON -




D. Special Toxicity

ALZA Final Report TR-87-1772-026
USP XXI: Biological Testing of Film,
%

PET/EVA; Contxol No. 261487, (not
previously submitted]....cocoevevecnnannae

ALZA Final Report TR-~81-1702-030
USP XX: Biological Testing of Plastic
Containers -~ Implantation Test,
Systemic Injection Test, and Intracu-

taneous Injection Test of Film,
EVA (9% VA): 2 mil, Control No. 13628,

for Raw Material Qualification and
Quality Assurance; [not previously
Submitted].iceeeicteiiorecoonscscsensanass

ALZA Tinal Report TR-86-1774-007
USP XX: Biological Testing of Film,
FCD/Polyester, 3 mil, KT, Control
No. 220586,  for Quality Assurance;
(not previcusly submitted].seeeeececencns

Medical Grade Pressure Sensitive
Adhesive (99% solids); Lot 6250-25A (USP

Class V Extractables Test):; [original
submission vol. 5.1/183]......

¥edical Grade .Pressure~Sensitive
Adhesive (99% solids): Lot 6250-25A .
(Pyrogen Test):; (original submission ‘
VOl. 5.1/151]-00.0..00.0.0.:.. . . 2
|

-

Medical Grade Pressure-Sensitive
Adhesive (99%-sollds): Lot.6250-25A

{Tissue Cell Culture); [originmal
submission vol., 5.1/262)cceccncas

Medical Grade Pressure-Sensitive
Adhesiva (44% in Freon PCA); Lot 6250-25B

(Tissue Cell Culture); [original
subnmission vol. 5.1/283]...c0ccecs

- Medical Grade Pressure-Sensitive
Adhesivc {44% in Freon PCA); Lot 6250258
(Ninety~Day Implant Test); (original
submisszion vol. 5.2/001}.cccccnn.




Medical Grade Pressure-Sensitive
Adhesive (44% in Freon PCA); Lot 6250-253
(Guinea Pig Skin Sensitization):; [original

submission vol, 5.2/181).cccuennn

(1964) Supplement of
2/14/64~ (letter to
Dr. Kelsey), 26 June 1964....c0ecvvsccccsnns

_ ALZA Final Report TR-86-1772-023
Colorimetric assay for cytotoxicity of
fentanyl; [nct previously submitted}........

ALZA Final Report TR-85-1772-024
Evaluation of Transderma% Therapeutic
System (fentanyl), 10 cm” for Delayed
Contact Hypersensitivity in Guinea Pigs
Using a Modified Buehler Topical Closed-
Patch Technique; {original submission

T vol. 12.1/191) e iicenroccnnennes

ALZA Final Report TR-84-1772-015
Subchronis Skin Irritation Study of
TTS 10 ¢m“; [original submission
VOl. 5.1/120)cccccnncsnnccencss .
ALZA Final Report TR-83-1723-010 )
Primary Skin Irritation (PSI) of Drug
Reservoir Materials; {original submission
VOol. 1.1/212]ccvecencecncccacenns

ALZA Final Report TR-84-1772-022
Primary Skin Irritation (PSI) Study of
Drug Reservoir; (original submission
'vol. 1.1/226]...0..'......0.!’

ALZA Final Report TR-79-7830-004
PSI of Film EVA (9% VA): [not previously

submitted] . cieerercescoacacssancssoscennes

ALZA Final Report TR-84-1744-019
PST of FCD/PET Film; [not previously

submitted)..ceeercecsesscessseracsacsncnns




E., Reproduction

1963 and 1967b {not
previously submitted].ciieeererecnnaann.

TRR-111 intravenous admisistraticn -
on days 6-18 of gestation

TRR-44 subcutanesous administration for
21 days to 3 gestation

TRR-45 subcutaneous administration for
21 days

d F. Mutagenicity

Genetic Evaluation of
in Bacterial Reverse Mutation

Assays; (original submission
VOL: 542/252]x cneerennrncencsonencencnnanennns

ALZA Final Report TR-85-1772-059
In Vitro Microbiological Mutagenicity Assays

to ALZA Corporation Extracts Nos. 04330
and TO074: (original submission
VOLs 12.1/278) veecerernnsoncnssoncnasnnneaneas

ALZA Final Report TR=-85-1772-061
Mousg Lymphyma_Cell Mutagenesis Assay
(TK } of ALZA Ccrporation; Extract
Nos. 043390 and 7074, {original submission
wol, 12.1/319)hcevccarcacsenananas

v ALZA Final Report TR-85-1772-060
In Vitro Hepatocyte DNA Repair Assays of
ALZA Corporation Extracts Nos. 04330 and
TO074; [original submission
VOLl. 12.1/300]ceeennrecereoneasnnneronnnnnnncns

ALZA Final Report TR-85-1772-063
In Vitro Microbialogical Mutagenicity
Assays to ALZA Corporation Extracts with
Fentanyl: (original submission
VOl. 12.1/393)0ctcvccccvensnncnnas

ALZA Final Report TR-85-1772-066
In Vitro Hepatocyte DNA Repair Assay Wzth

Fentanyl for ALZA Corporation; [original
submission

vol. 12.1/343)........




’ ¥

ALZA Final Report TR-85-1772-067
Mou;;_Lympg ma Cell Mutagenesis Assay .
(TK -> :) with Fentanyl for ALZA 1

Corporation; [original submission ,

VOle 12.1/359) cuiceveocrvescnccocasnssnssnaannss

*

o

ALZA Final Report TR-86-1772-014
Zvaluation <f Fentanyl in Balb/C-313
Transformatiorn Assay;: [not previously
SUPEIEted] st eseeecsercrsnosesocssossessrasonnsns

RLZA Final Report TR-87-1772-015
In Vitro Chromosomal Aberration Assay in

CHO Cells with Fentanyl:; [not previously
submitted].veeeeeererecerccssoscsacoasannassns K

G. Absorption, Distribution, Metabolism, Excretion

ALZA Final Report = June-December 1986
Lack of Evidence for the Metabolism of
Fentanyl- by Human Keratinocytes; (not
previously submitted]....c.cceeeececenen

Nonclinical Laboratories

Sponsor

GLP Statement: Adequate

oS e
. D Al WP
Paxme v




3ehavior
Gardocki and Yelnosky gave 5 groups of 10 male white mice analgesic doses

of fentanyl (0.91-1 mg/kg, s.c.). At 0.05 mg/kg or less, mice showed
slight increases in motor activity and at 9,10 mg/kg, activity increased
moderately accompanied by Straub tail reaction and circling, At 0.5
mg/kg, mice showed a marked increase in activity and increased muscle
tone, HNear-lethal and lethal doses of fentanyl (1-300 mg/kg) procuced an
increased severity of the above effects with an increased responsiveness
to touch and auditory stimuli, colonic convulsions, wind limb paralysis
and corneal blanching leading to death (mortality ranged from 20% at 10
mg/kg to 100% at 300 mg/kg). ODuration of these changes was about 1 hr
with 1,0 mg/kg, ranging up to 16 hr with near-lethal doses. Deaths

occurred within 24 hr,

Gardocki and Yelnosky reported that in dogs, 0.0125-1 mg/kg, i.m. fentanyl
produced decreased motor activity, ataxia, decreased responsiveness to
auditory stimuii, bradycardia, respiratory depression (occasionally

tachypnea), salivation and defecation., ODuration of effects increased with

increasing dose (40 minutes to 20 hr),

study in 4 dogs (0.3 mg/kg fentanyl intra-arterially) showed
decreased activity, bradycardia, loss of righting reflex and convulsion (1

dog). Al1 dogs recovered in 24 hr, (Pharmacologist review of
7-19-57)

Brown et gl (8r. J. Anaesth, 52: 1101-1106, 1980) studied effects of

single and repeated i.v, injections of fentanyl on respiration in 14

spontaneously breathing, conscious rabbits, Maximum depression occurred 5
Fentanyl (1.25 mcg/kg) caused significant decreases

min after injection,
in respiratory frequency and minute volume up to 10 min; significant
Following injections

decreasas lasted up to 15 min with 2.5 and 5 mcg/kg.
of 2.5 or 5 mcg/kg, PCOZ increased sign1f1cant1y but returned to normal
after 20 min, Concurrent decrease in serum pH showed a similar pattern.

Repeated i.v. injections (every 15 min for 1 hr) produced stepwise
decreases in respiratory rate; howevar, tidal velumg progressively

increased so that changes in m1nute volume were: not s1gn1ﬁlfant1/
Maximum changes in PCO;

4ifferent from those of saline controls,
differed significantly from saline coatrols, and by the thfrd dose, 20>

had not returned to baseline values befare the next injection,

+ 324-327, 1977) administered fentanyl

Stephen and Cooper (Anesthesia 32:
0.025 @ag/kg, i.p. to newborn rabbits 30 min, prior to inducing anoxia.

Rabbits showed ;ignificant respiratory depression (dyspnea, apnea and
gaspang’ sardocki and Yelnosky gave dogs fentanyl (0.010-0,040 mg/kg,
i.v,) which produced an immediate decrease in respiratory minute volume,




Cardicvascular Effects

Gardocki and Yeidosky gave dogs 2 doses of fentanyl (0.0025 and 0.005
mg/kg, i.v., 15 min apart). 3lood pressure decreased 20%, heart rate

remained unchanged in 2 dogs and decreased (140-190 bpm) in ! dog., E£CG

was unaftfected, In another dog study, 0.019-0.040 mg/kg, i.v, caused

immediately decreased bloud pressure (maximum effect in 10 min) which %

lasted 30 mia and bradycardia within 2 min, ECG showed ventricular

orepature contractions at 0.010 mg/kg, i.v. and prolongation of the P-R .

interval (1 animal at 2.010 mg/kg and all dogs at 9.040 mg/kg). .
pharmacologist review, 8-7-75) reported slight

hypotension and intense bradycardia in nonanesthetized dogs receiving 0.03

Atropinization- predisposes the dog to a pressor )

mg/kg, i.v. fentanyl,
response to fentanyl,

) Emesic
':

Gardocki and Yelnosky reported no emetic activity in dogs in doses up to
10 mg/kg, i.m.

gzggtension

Gardocki and Yelnosky reported that dogs given 4 doses of fetanyl
(0.01-0.04 mg/kg, i.v.} at 30 min, intervals showed that the animals
rapidly develop tolerance to the hypotensive effect of the drug.

’ Withdrawal
reported that fentanyl suppressed the withdrawal
symptons of morphine-addicted wonkeys at 1/75 the morphine dose, ‘When
Innovar was given to monkeys for 2 wezks (b,i.d., s.c.) at the highest
tolerated dase and abruptly withdrawn, signs of abstinence were very mild.

Neuromuscular Transmission
|

Gardocki and Yelnosky reported that fentanyl (up to 0.16 mg/kg, i.v,) did-
not affect neuromuscular transmission in anesthetized cats,

remoral Slood Flow

Gardocki and Yelaosky reported that intrz-arterial injections of 3.750 !

fentanyl did not affect femoral bdlood flow,
. |
. 1

. reported that when heparinzed dog blood (1 =l)
was added to either 0.05, 0.1, 0.25, 0.5, 0.75 or 1 ml of 6.01% fentanyl ‘
solution at the highest d4ilution there was 7% hemolysis. \

|




ACUTE_TOXICITY

Respiratory deaths occur in rats from doses of fencanyl which are

(1963, 1364 and 1967b
and Gardocki and Yelnosky 1964)

Spoecies Roucze
mouse p.o.
i.v.
.c.
rat i.v.
s.c.
hamstar i.m.
dog L.v
i.m.
s.c.
guinea - i.v.
iz i.m.
i.v,

zonkay

ag/kg

1330 {zange)

LT

112 (7.4-16.8)
62 (27-142)

approximately 1/4 chat of the calculated LD.,.

fentanyl base.

Values are in taras of

Observations - Toxic sizns

For boch i.v. and s.c. routzes-
inicial depression was followed
by stimulacion, increasad aozor
aczivicy, circling, straub

tail response, aydriasis,
respiratory depression, and
convulsions. Onset of sizns
were 1-2 minutes: all deatzh

in 24 hours. These signs are -
similar to those seen with

morphine.

Reduced sensitivity to neise,

igidizy, prostration,
respiracory deprassion, and
cyanosis.

. (108) daach)

o,




Group

Hode of
Adwmipifscyation

MULTIDOSE TOXICITY STUDIES

Doses

wp/lke/day

Duration
{wks)

laboratory

Report No.

2M, 2F

204, 20F
15H, 15F

104, 10¢

Diet
intramuscular
fntramusculax

futravenous

topical

topical

intramuscular
fnctvamuscular

incravenous

5,10,20,40,
80,160,320

0
0.1, 0.4

0,0.01,0.02,
c.e.c.cgu.
o.~

2

Janssen labs
Janssen labs
McNeil Labs
Janssen labs
MceNeil Labs
Al.ZA

ALZA

Janssen, McHefl

Junssen, McNeil

BRR-130

TRR-9

TRR-126

TR-85-1772-025

TR-85-1772.026

TRR-9

TRR-108

2

1Avesuay - ALI3IXO0L 3SO0ILINK
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SUBCHRONIC TOXICITY
v
RAT
1 a4
BRR-130-14 dav scudv: in diet (August 1963 and July 1967b a* ﬂ
submission ¢ ’
No. of animals/level 24 and 2F ‘
Dosage levels (mg/kg) 3, 10, 20, 40, 80, 160, and 320 per day
Duration and route 14 days: in the diec - |
Growth effect Weight loss with dosas of 20 mg/kg and greater ia by |
spite of increased food consumption. Weight gain [
- on the 5 and 10 mg/kg levels. :
\
Mortality No deaths at 5 mg/kg; 2 deaths at 10, 20, and 40
mg/kg: 4 deaths ac 30 and 320 mg/kg; 1 death ac
160 mg/kg. . |
|
Signs . . The surviving animals on the 40 and 160 mg/kg
T doses hadt tiocd around the mouth and lower j
abdomen, -tlcody urine, and diarrhea during the
firsc week. .
|
IRR-9 _-30 dav studv; {ntramuscular iniection (August 1963 and |
July 1967b
No. of animals/level 20 M and 20 T on control; 153 M and 13 F on test
levels :
Dossges levels (mg/kg) O, 0.1 and 3.4 (per day) “‘
4 wveeks, i =, .
|
. - ‘
N

Duration and royte
Growch effect Reduced waizht gain on low dose, slight weizhz

A |
loss on the hign dose

dorcalizy 4 deaths at 0.1 mg/kg, 8 deachs at 0.4 mg, kg

Food consumptien Not measurad

"Hematology Normal values
il

Clinical chemiscry Not done

Organ veights Normal




—

14

SUBCHRONIC TOXICITY

RAT

Gross pathology Hemorrhage at site of injection in several
animals in both contrel and tesc groups.

Histopathology None related to drug adminiscration.

Muscle sites not examined or noc submittad for

Other comments
examinacion. .

TRR-125 - 30 dav szudv: intravenous injection July 1967b

No. animals/level 20

Dosage levels .(mg/kg)

30 days; i.v.

Mortality (3) 0, 0, 10, 45, 71, 67, and 83 (100% of males at
C.1 mg/kg).

Duration and routs

Sizgns No gross abnormalities among survivers. Cardiac
. lesions notad were not dose relatad buc due to

cardiac puncture. Some increase in SGOT lewvels

were noted.

ication studv - ALZA

6 famale

Wo. znimals/level

Dosagz levels (mg/kg) O and 0.7 (per day)

Durazion and xoute Daily for 28 days: cranscutaneous
Morzalicy None
Growth effeczs None
Signs No ctreacment related signs observed
Organ weights At p <0.05, no statistically significant

differences for organ wt, organ wt/kg
body wt, or organ wt/gram brain wc.

0, 0,01, 0.02, 0.03, 0.05, 0.075, and 8.1 (pex dav)




SUBCHRONIC TOXICIT

RABBIT

Gross necropsy Normal

Histopachology Skin sites treated with gauze pads, TIS Placebo
and TTS (fentanyl) had reversible subtle micro-
scopic changes. Organs were normal.

TR-85-1772.0246: 90 dav raneacad application - ALZA

No. animals/level 6 male and 6 female

Dosage level (mg/kg) 0 and 0.66 (per day)

Duration and rouce Daily for 90 days; transcutaneous
Mortalicy ’ One TTS (Zentanyl) treated male died
on day 78, cause unrelated to drug
administration; probable cause
aerogenous bactarial infection

Growth effects None
Signs None
Hematology Normal values, consistentc among the 3 groups

-

Clinical Chemicals No drug ralated differences 3
Gross ?Pathology None related to drug adminiscracion S
Skin histopathology Reversibls subcle microscopic changes to sham
T1S Placebo. and TTS (fantanyl) treated sit:

Syszenic pathology None ralated o drug administracion

.
None related to drug adainistration

Histopathology

LY
Y N
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SUBCHRONIC TOXICITY

”

TRR.9-30 dav scudv: intramuscular injection (July 1967b

No. of animals/level

Dosage level {(mg/kg)
Duracion and route

Growth effects

Mortalicy
Food consumption

Hematology

Clinical chemistry

Gross pathology

TRR-108 - 30 dav study

- _intravenous iniection

& M and & F on control; 3 M and.3 F on each dose

level,

0. 0.1, and 0.4 (per day) ’

4 weeks:; i.m.
Test dogs did not gain weighc, one at each test
level lost more than one kg during the study.

No deaths

Not measured

Slight increase in hemoglobin concentration in
test males, some decreased WBC in both test males

and females (in low normal range).

Not done

None, normal organ wts and organ wt/body wt
ratios.
(May 12, 1967

and July 1967b

No. animals/level
Dosage levels (mg/kg)
Duration and route
Morzalicy

Growcth effaccs

Signs

Organ veights

. * Gross necropsy

Histopathology

3 male and 3 female

0, 0.1, 0.3, and 1.0 (per day)
30 day; L.«
None

Decreased body weight at 1l mgsKg

Sedation and dose ralatad convulsions were
observed.

Dose relacted decrease in spleen -and gonads.

Normal

Possible mild cholestasis at high dose.
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SPECIAL STUDIES =
Material STUDY TYPE Laboratory Report No. m
o)
Film, USP Class VI-Plastic Containev ALZA TR-87-1772-026 = \
Film, mouse systemic tnjeccion ALZA TR-81-1702-030 - '~
Film, rabbic intracutaneous. injecction : ALZA TR-86-1774-007 S
rabblit intramuscular implant
silicone Adheslive usp, Class V \  Dow Corning H8412-v
. pyrvogen test v Dow Coruning MB412-P
Lissue cell culouve \ how Corulng M8412-C
. Dow Corning M8413-C
] “ _
90 day subdermal jmplancacion " pow Corning M8413-N
juplancation, rabbits
sensitization, puinea pigs Dow Corning MB413-S
Fentanyl cytotoxiclity assay ALZA TR-86-1772-023
Trs (fentanyl) sensitizatlion, gulnea plg ALZA TR-85-1772-024
Trs (fentanyl) primary skin irvitation ALZA TR-84-1772-015
7 day skin frrication ALZA TR-84-1712-015
) primary skin irritatioun ALZA . TR-83-1723-010
hrug reservoir primary skin irritation ALZA TR-84-1722-022
. . primary skin frritacion ALZA TR-79-7830-004
. ALZA FR-B4-1144-019

primary skin lrritation
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SPECIAL STUDIES .

*

USP Biological Tests - Plastic

he folloving studies met the requirements of Class YI - :

()

fals in
S50°C [lascties.

TR-87-1772-026 - €ilm

TR-81-1703-030 - film,
|

TR-86-1774-007 - film,
. |

amine resiscant silicone adhesive
as evaluaced for safety by

L L ass V_- 19C plascics
The maczerial met the test requiremencs.
’ \

pvrogen test
The matarial met the requirements for absence of

pyrogens.

No cytopathic zffacts were procducad by 2 lots of the achesive or cheilr

extracss.

99 day subdeym3dl imolsnzazion in rabbits
Tissue responses to * ware essentially aquivalent to the
US? polrethylane contrbl over all exposure intarvals: 3, 10, 30, and
R 90 cavs.’ : . .
-I‘ -

3 - I I3 3., .s s
guine3a D1g SINS1CY23ILicn - :inaste

zization rasponse was observad.
s Test method 3 has 3 ainimal skin seasitizac

(7]
v
2
u
ree

Therefore, under the condizi:n '
ion

Muscle irvizacion sgudv with fentanwl
]

A siagle 0.5 ml i.m. dose (0.1 mg basasml) showed a slighc tissue
r2sponse compared to a severe response o tetracycline (125 mg/ml)




SPECIAL STUDIES

{ fentanvl - ALZA * !
|
Fentanyl was compared to compounds showing severa to no cytotoxicity and
appears not to be strongly cytotoxic. There was no cycotoxicity below
0.3 mg/ml. |
g |
TR-85-1772-024; zuinea oig sensitization TIS (fencanwvl} - ALZA J
The results of this cest, utilizing a modified Buenlear tachnique for "
topical induction, indicate TTS (fentanyl) is 2 weak sansitizer in guinea 3
pigs.
TR-84-1772-015: pri - N
ALZA
) |
Single 24 hour exposure and 7 day repeated applicacions of TTS (fencanyl)
to clipped skin of 6 rabbits resulted in miid ctopical irrication.
. TR-83-1723-010; orinarv skin irvicasion of ' - ALZA
Miid irricanc
dl
¥ild irritant |
. |
TR-79-7830-004: primary skin ivyizacion of film, - al2d
Mild irricant “d
R |
7 A== - . . . . - - /
TR-85-1772.019;: orimarv skin irvizstion of film ALZA
1|

Mild izrizant . .
. g ’
o~ - . )




NDA 19-813 ‘ )
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Applicant: Alza Corporaticm
Palo Alto, CA 94303-0802

Review #1

Date of Review: March 1l, 1988

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
Original Summary
Date of Receipt - December 28, 1987

brug: Transdermal Therapeutic System (fentanyl) [TTS (fentanyi)]

Fentanyl Base (Leptanal)

Alza Code Number:; 80285 .

Molecular Weight: 336.46

Molecular Formula: CppHogh0 m,cu,co;«-_@-cuzcx,_ Coy
Colty -

N-(1-phenyethyl-4-piperidyl) propionanilide

TTS (fentanyl) is a transdermal system providing continuous controlled
systemic delivery of fentanyl, a narcotic agonist anaTgesic, for 72 hours.
Four system sizes are available: 10, 20, 30 and 40 cme., Each system
contains 2.5 mg fentanyl and G,1 ml of alcchalt USP-perZIO c¢mé, The amount

of fentanyl released from each system, 25 mcg/hr/10 cme, is directly
propertional to the area, The compositfon per unit area of all four system

sizes is identical. _ -

TTS (fentanyl) is a rectangular, transparent unit cohpris1ng a peel strip and
four functional layers praceeding from the outer surfaca toward the surface
adhering to the skin: 1) a backing layer of polyester film; 2) a drug

' 3)

reservoir of fentanyl and alcohol USP
an A . .. membrane that coatrols the rate of
fentanyl delivery to the skin surface; and 4) a silicone adhesive,

-

Qcctusive  Bacacg
Otcg  Aesetvoir

Release Memdrane

/Aanum

_‘L\‘

Protecuve  Lindt

Seated Ecges




Formulation:

Cumpenent Weight per Dosage Form (mg)

Nominal Delivary Rate 25 mcg/hr
(10 cma)

Delivery Area (Size)

Component

Occlusive Backing

Film,

Drug_ Reserveir

Fentanyl Base
(Active Component)

- - -

Purified Water, USP
Ethanol, 95%, USP

Release Membrane

Film,

%

Contact Adhesive

Silicone Adhesive (amine
resistant)

Protective Liner

Film,

Total Weight:
is a procrssing aid and is not a component of the final system

75 mcg/hr

50 mcg/hr
(30 cma2)

(20 cm=)

2.5

106 mcg/hr
{40 cmz)

10

ng




Categoryi

Gelated IND:

Marketing Indication:

3

Narcotic Agonist Analgesic - Synthetic Opioid Related to the
Phenylpiperidines

- Transdermal Therapeutic System (TTS) - Fentany!
HDAs:

Prolonged control of moderate to severe pain requiring
narcotic analgesia,

Each TTS (fentanyl) should be applied to non-irritated
skin on the upper torso and may be worn continuously
for 72 hours befere applying a new system on a
different skin site. For surgical use, a dose of
50-100 mcg/hr TTS {fentanyl) is applied 1 - 2 hours
prior surgery. For chronic use, a recommended dosage
jncrement is 25 mcg/hir every 72 hours, TTS (fentanyl)
- 100 is approximately equivalent in analgesic
activity to 60 mg morphine IM (10 mg every 4 hours)
administered over a 24-hour period., Analgesia may
persist 6-12 hours after TTS (fentanyl) removal.

Mew Preclinical Studies and Testing Laboratories

Pharmacology -~ Literature Review

Acute Toxicity
Multidose Toxicity
1. Rat .

1, 2-week diet

b, 4-week i.m,
c. 4-week i,v,

2. Rabbit

a. 4-week topical
b. 13-week topical

3. Dog

a, 4-week {.m.
b, 4-week i.v. i
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REPRODUCTLON STUDIES ’ ’ =
Spuecies Group Mude of Duses Duration Labutatory Report Nu.
Admintsteat loa mg/kg/day days .
A
Rat 25F fntravenous 0,0.01,0.03 PDay 6-18 . TRR=111
a—=~ea. subcutancous c.%._o.c.ww. :ew 0-21 TRR~44
Ly, " 0.60,1.25, gestation,
12, 6 all groups .
- awnwc. 9,0.16,0.32, :
6,0,3
aw:ucc..w 0,0.16 Ny
100,5, subcutuaneous 0,0.04,0.08, bay (0-21 TRR=44-02
5,6 0.16
200,20, subcutancous 3,0.16,0.32, ay  0-21 TRR~45 -
20,20,20 0.64,1.25
41,28, subcutancous 0,0.01,0.1, Day 14-21 1986

28,28,28 tutusion .5 '




RAT

IRR-111: {.v. adninisc

cion
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REPRODUCTION STUDIES

(May 12, 1967 and July 1957b

No. of animals/level
Dosage levels (mg/kg)
buration and route

Evaluacions

Abnormalities

Resorptions

Mortalicy

25 bred females
0, 0.01 and 0.03 (per day)
Day 6-18 of gesrtaciom; i.v.

Half the dams were killed on Day 20, 172 were
allowed to live until pups were 35 days oid.

No abnormalicies in 417 offspring
H oios £ Aizan

31 resorptions at high dose and 6 in concrol
group. A

For those permitted to deliver, more
offspring of high-dose females diad
than ofispring of conctrols

No differences in litter size or weight of pups.

IRR-44: subcutaneous - 231 davs times 3 genevations (May 1967
Appendix to Pharmacologist Review p. 12 and July 1967b

animals/level

tn

No. o

Dosage levels

T

Durazion and route

Resulzs

G, 100, 13, 11, 12, 6

G2 50, 6, 5, 3

G 200, 3

G, = 0,0.15, 0.32, 0.64, 1.25 mg/kg
G, =0, 0.15, 0.32, 0.66 ng/kz

G3 0, 0.15 ag/kg

For first
generations; s.c.

4

21 days of pregnancy for three

A significanc decrease in pregnancies in treatad
group. An increase in number of still born but
no change in litrer size. No significant

malformacions.

&
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) REPRODUCTION STUDIZS:

RAT

I2R44-G2: subcutaneous adminigerazion  (May 12, 1967 and

July 13967

Ne. of animals/level 100 in concrol, 5-6 per test dose

Dosage levels (mg/rac) 0, 0.04, 0.08, and 0.16 (per day)

Duration and route During gestationm, s.c.
Morcalicy Gne or two died at each test dose.
Results 80 litters were born at concrol level.
4 licsers at low dose, and 1 licter each at tRe
higher doses. Mo fetal abnormalicies. Yo
decrease in litter size of successful

pregnancies.

Decreased birth weights and an increase in
resorpcions were noted at higher doses.

[RRLS5: subcutaneous - 21 davs (May 12, 1967 and July 1967

No. of anizals/levzl 200 controls; 20 per trzatzent level

Dosage levels (mgs/kg) 0, 0.16, 0.32, 0.64, 1.25 (per day)
S
duration and route 21 days. s.c.

ramn

A decrease in pregnancies and averags

Resulizs
pups occurred due to drug. Yo change 2
size. The number of resorptions inmcraased wi:in

dose,

et e,

.y 1983

Subeuraneous adminisgration

32 in conctrol, 25, 15, 13 per tast dose

Yo. of animals/level :

Dosage lavels (mcg/kg) O, 10,100,500 (per day)

Duration and ‘route Prebreeding 2 weeks, during breeding and cayr
: of gestation (about 45 days): subcutaneous

continuous infusiom.
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REPRODUCTION STUDIES
-
RAT el
Evaluation All dams were xilled on day 2! and uteri wara J
examined.
|
Morcality 4 of 28 dams at high dose died during prabreeding -
period; there were no other deaths.
|

. Results 34 dams wera ewvaluatad in conzrol, 25, 153, and i3
dams were evaluated in the respective low, amid.
and high zest doses. Yo differences in

reproductive indices and no fetal abnormalizies

were observed.
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MUTACENICITY STUDLES

Laboratory

Material Srudy
Silicone adhesive Amues Assay

OECDH Drafe,

highest soluble
concentration

TR-8%-0110-04

Protocols 419, 420

Placebo extract Amus Assay
MIA
ubs
Fentanyl Ames Assay
ups
MILA

v

Placebo extract in
54 ethanol 5-200

TR-85-1772-059

24 and 10% of TR-85-1772-061

1% and 108 of TR-89-1772-060

8-2100 mcg/plate
0.4-84 mepg/ml
13-126 mep/mt

TR-85-1772-068
TR-85-1772-066
TR-85-1772-067
TR-86-1735-014

transiormationtassay

2.5-250 mep/ml

chromosome aberyat fon

ol omonompe

0.6-2500 meg/ml TR-87-1172-015

abervation Jiterature




Report Numbey

Ames Salmonella mucagenicicy TR-85-1772-068

Primary rat hepatocyte/Ubs TR-85-1772-066

Mouse lymphoma mutagenicity TR-85-1772-067

BALB/c-3T3 transformation TR-86-1772-014

Chinese hamster ovary cells TR-85-1772-015
- aberrvations
Human lymphocyte chromosome Wagner, 1971
aberracions .

¥

T
~

X

Without S9

Summary Results of Mutagenicity Assays on Fentanyl

with SY

Cone . Ranpe*

\
8.4-2100 wmcg/plate

0.4-84 meg/ml
(0.001-0.25 mM)

13-126 mcg/ml
(0.039-0.39 mM)

aConcentration range in which results were obtained.

Result

Nepative

2,5-50 mcg/ml Negacive
(0.007-0.15 uM)
0.62-650 mcg/ml Negative
(0.002-1.95 wM)
0.37-2.52 mcg/ml Negacive
(0.001-0.007 wM)

F4

Negacive

Result Conc. Ranpex
‘Negative 8.4-2100 mcp/ml
Negative Not applicable

13-126 mcg/ml
(0.039-0.39 wM)

Posicive

10-250 mcg/ml
(0.03-0.74 wM)

Negative

0.62-2500 mcg/ml’ ° Negative
(0.002-7.50 uM} .

Not done .

5¢
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MUTAGENICITY STUDIES

85-0110-9¢4

Salmonells tvohinurium and Reverse Mutation

Assay -

Assays OECD Draft Protocol Nos. 419 and 420
Dosage Highest soluble ‘concentration
Result No evidence of genetic activity

TR-85-1772.059: placebo extract - Ames assay - ALZA

Assay Placebos were extracted in 5% ethanol for 72 hrx
at 50° C. This extract was evaluated in five

tester strains of §. tvphinurium
Dosage %-200 mcl per plate

Result No evidence of genetic activity

TR-85-1772-061; placebo extract - mouse lvmphoma assay - ALZA

Evaluation for mutagenic activicy at the

Assay
thymidine kinase locus in LE178Y mouse lymphoma
cells in the absence and presence of metabolic
activation

Dosage 2% and 10V of excrace g

Resul: No evidence of genetic accivity

TR-85-1772-060: placebo ewvcrscz - unscheduled DNA svnthesis

Assay Primary culcure of rac hepatocytes

' 1% and 10% of a2xtract

)
Result No evidence of genetic activicy
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IR-85-1772-068: Ames Salmonella assay - ALZA

Strains TA-1535, TA-1537, TA-1538, TA9% and

Assay

TA100, with and without metabolic aczivation
Dosage 8-2100 mcg per plate fentanyl
Result No evidence of mutagenicity

TR-85-1772-066; unscheduled DNA svnchesis assay - ALZA

Primary culture of rat hepatocytes

Assay
Dosage 0.4 to 84 mczg/ml fentanyl
Result No evidence of genotoxicity

TR-85-1772-067; mouse }vmphoma assay - ALZA

Evaluation for mutagenic activity at the

Assay
thymidine rivase locus in L51784 mouse lymphora
cells in the absence and presence of metabolic
activarion

Dosage 13 to 126 mcg/ml fentanyl

Resulet Wichout activation there was no evidence of
Wich accivation the mutation

mutagenicity.
frequencies of the cultures treated with 37
and 62 mcg/ml wera significantly increased
over control and the results were consideresd

>

positive.

TR-86-1772-014; cell transformation assav - ALZA

BALB/C-3T3 transformation assay with and without

Assay
‘ metabolic activation
Dosage 25-250 meg/ml .
Result Fentanyl did noc induce cell transformation
S

—d.
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TR-87-1772-015: chromosomal aberration_assay ig CHO cells - ALZA

Assay In vitro chromosomal aberration assay in Chinese
hamster ovary (CHO) cells with and without meca- . W

bolic activation.

Dosage 0.62 to 2050 mcg/ml

Result Compound was toxic in non-activated assay above :
615 mcg/ml and nontoxic in the activated assay at . N |

2050 meg/ml. The results indicated that fentanyl

did not cause chromosomal aberrations in vitro in

CHO cells.

=t

- Wagner (1971

Chromosome Abbe jio

Assay Human lymphocyte chromosomes |
Dosage 0-3.7x 10'6 mol/l fentanyl

Result No evidence of cytogenic activity ‘
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ABSORPTION, DISTRIBUTION, METABOLISH, EXCRETION

N

G.

Fentanyl was not metabolized in vitro by human keratimocytes, or skin
homogenates.

Primary metabolic pathway for fentanyl involves oxidative dealkylaticn in
the liver to phenylacetic acid and norfentanyl, and small amounts of

hydroxy(phenethyl) fentanyl. Chronic drug exposure had no impact on meta-
bolic pathways or distribution of metabolites., Renal elimination of meta-

bolites predominates.

ALZA Research Report; June - December 1986.
1988

35(3): A173, 1981

0

Witham ec al. (1986) - pharmaceutical Research 3(5):54%,

Goromaru and associates (1981 and 1985) . Anesthesiology

Lehmann and associages (1981, 1982, and 1983)
- Anaesthesist 3C:461-466, 1981

- Anaesthesist 3}:221-227, 1¢82

- Anzesthesist 32:i55-173, 1083

-
RS

Hess and colleagues (1971 and 1972) - |, Pharmacol. and Exp. Ther. 176(3}:474-184,13
Eur. J. Clin. Pharmacol. 4:127-141, 1972 i

i




Evaluation

Transdermal Therapeutic System {fentanyl), also known as [TTS (fentanyl)], is
a transdermal system providing continuous controlled systemic delivery of
fentanyl, a Schedule Il controlled substance and potent narcotic analgesic,

for 72 hours. TTS (fentanyl) is a narcotic agonist analgesic, a synthetic
opioid related to the phenylpiperidines, approximately 100 times more potent
than morphine, which is indicated for prolonged control of moderate to severe
pain, Each TTS {fentanyl) should be applied to non-irritated skin on the

upper torso and may be worn continuously for 72 hours before applying a new
system an a different skin site, For surgical use, a dose of 50-100 mcg/hr

TTS (fentanyl) is applied 1 to 2 hours prior to surgery. A 40 em? system

would provide 2.4 mg fentanyl per 24 hr, corresponding to 0.048 mg/kg/50 kg
subject. For chronic use, a recommended dosage increment is 25 mcg/hr every

72 hours. TTS (fentanyl) - 100 is approximately equivalent in analgesic
activity to 60 mg morphine IM (10 mg every 4 hours) administered over a

24-hour period, Analgesia may persist 6-12 hours after TTS (fentanyl) removal,

Fentanyl is the active ingredient in two approved drugs: Innovar (fentanyl
citrate+droperidol) Injection (NDA 16-049) and Sublimaze (fentanyl citrate)

Injection (NDA 16-619). Fentanyl (0,05 to 0.1 mg, i.v.) produces immediate
The therapeutic dose ranges from 0,05 to

onset and lasts from 30-60 minutes.
Following intramuscular administration,

0.10 mg repeated every 1-2 hours.
onset is 7-8 minutes; duration is 1 to 2 hours and t 1/2 is 1.5-6 hoyrs.

Fentanyl, administered acutely, in mice, rats, guinea oigs, dogs and monkeys
causes death by respiratory depression, similar %o morphine, and has shown

the following LDgg values (mg/kg):

i.v, S.Co
- mouse mae 62
D rat 2.3 9.5 - -
guinea pig 3 -~
L dog: - - . 14.9 1.2
monkey 0.03
yl have been conducted in rats (2-week

Subchronic toxicity studies of fentan
diet, 4-week i.,v and i.m.), rabbits (4 and 13-week topical) and dogs (4-week
i.v. and i.m.). .

In rats, 2-week diet studies of fentanyl (5-320 mg/kg/day) showed mortalities
at 10 mg/kg and above. Four week i.v, studies in rats {0.01-0.1 mg/kg/day)
showed dose-related mortalities beginning at 9,02 mg/kg with increased SGOT
Four week i.m. studies in rats (0.1-0.4 mg/kg/day) showed mortality

The NOEL in rats was 5 mg/kg orally and 0.01 mg/kg
These data were obtained from by the applicant..

levels,
at both levels,
intravenously.




-

N

In New Zedland White rabbits, 28-day and 90-day repeated applications of
2 systems with nominal delivery of 0.6 mg/24 hr,

TTS-Fentanyl-25 (10 cm
equivalent to 0.2 mg/kg, which is approximately 4 times the maximum daxly

human transdermal dose of fentanyl), produced mild irritation which was
No apparent drug-related .

comparable to that in placebo and sham controls.
toxicity was vbsarved., Measurements of residual drug content of the app]led

systems resulted in an inferred dose of 9.7 mg/kg,

In dogs, 4-week i,v. studies of fentanyl (0.1-1.0 mg/kg/day) showed decreased
body weight at 1,0 mg/kg, dose- related decreases in spleen and gonad weights
and possible mild chelestasis at 1.9 mg/kg, Four week i.m, studies (0.1 and
0.4 mg/kg/day) also showed decreased body weight at both levels. These data

were also obtained from by the app11\ant

Spec1a1 toxicity studies were conducted on raw material films anc
amine-resistant silicone adhesive ) employed in the TTS
(fentanyl).

8ased upon USP Biological Tests - Plastic Containers (single dose systemic
injections in mice, intracutaneous injections in rabbits and implantation of
films intc the paravertebral muscle of rabbits), requirements of Class VI-50
degree C Piastics were met by Film, ° Film, .. and Film

Extracts of Medical Grade Pressure-Sensitive Adhesives passed the ISP
Class V-121 degree C Plastics test in mice and rabbits, demonstrated no

pyrogenicity in rabbits, showed no cytopathic effects in a minimal essential
nedia tissue cell cu]ture test, passed 90-day subdermal implantaton tests in
rabbits (responses were comparable to USP polyethylene control) and showed

minima} skin-sensitizing potential in guinea pigs.
Fentanyl citrate (single 0.5 ml i.m.} in rabbits showed slight irritation at
72 heurs compared to pyralgin (moderate ta severe) and tetracycline (savere).

fentanyl in human keratinocytes tissue culture showed no cytotoxicity at
concentrations below 1 mM (0.3 mg/ml) and was not strongly cytotoxic.

A guinea pig skin senstization test, using a modified Buehler technique for
topical induction, indicated that TTS (fentanyl) is a weak sensitizer in this

species,
Rabbit primary skin irritation tests on intact and abraded skin of rabbits

showed that TTS {fentanyl) is a moderate irritant (2,2) and the placebo is a
The drug reservoir materials {fentanyl, hydroxyethyl

aild irritant (2.0).
cellulose, and 30% ethanol in water) without surrounding membranes were
categorized as mild irritants; Fiim, and Film were mild

irritants,
A 7-day repeated application study in rabbits placed both the TTS {fentanyl)
and placebo in the mild irritant category. ~°
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Applicant refers to reproduction studies of fentanyl, reported by
their submission to . In a study in which rats
received fentanyt (0.01 and.0.03 mg/kq, i.v.) from day 6-18 of gestation,
there was an increase in the 24-hour pup death rate and an increase in the
number of resorptions among high dose’rats permitted to. deliver, When
fentanyl was given subcutaneous\y (0.04-0.31 mg/kg - 1st generation; 0.04-0.15
mg/kg - 2nd generation; 0,04 mg/kg - 3rd generation) to female rats during the

first 21 days of pregnancy for 3 generations, there was a significantly

decreased pregnancy rate in treated rats; litter size was unaffected and there
In rats which received fentanyl

were no drug-related malformations.

(7.04-0.31 mg/kg, s.c.) for the first 21 days of pregnancy, there was a

dose-related decrease in the number of pregnancies, a dose-related decrease in
i Results

the birthweight of offspring and an increased number of resorptions.
of these studies are reflected in the Pregnancy - Category C labeling for

Sublimaze,
Fujinaga et al (Anesth Analg 65:51-S170, 1986) infused 4 groups of rats
(28/group) for 30 days before and dur.ng pregnancy with fentanyl (0, 100
or 500 mcg/kg/day) delivered from rate-controlled osmotic pumps. P]asna

1.3 and 8.5 ng/ml, (Plasma levels

levels of fentanyl were approximately 0,25
of fentanyl during human surgery have been reported to be between 0.5 and 10

ng/ml.) Groups showed no differences in reproductive indices and fetal
morphological examinations revealed no adverse treatment effects., Similar
results were reported by Mazze et al (Teratology 34:51-57, 1986).

Mutagenicity assays of fentanyl (Ames: 8-2100 mcg/plate; mouse lymphoma
s mammaliaa cell

13-126 mcg/ml; unscheduled DNA synthesis: 0.4-84 mcg/ml
transformation: 2.5-250 mcg/ml; chromosomal aberration (0.37-2500 mcg/ml)

silicone adhesive (Ames) and placebo extract (Ames, mouse lymphoma and
i i Results

unscheduled DNA synthesis) showed no evidence of genetic activity,
from the mouse lymphoma assay with metabolic activation indicate a mutagenic
potential associated with fentanyl at concentrations of 37 mcg/mi (2,000 times

the th‘.;rapeutic plasma level for fentanyl).

Keratinocytes, a predominate cell type of the epidermis, possess enzymes
associated with the metabolism of drugs and other xenobiotics. When human
14C-fenantyl for 6

keratinocytes were exposed to growth medium contafning
days, no metabolites of fentanyl were found in either the medium or the cell
Witham et al (Pharmaceutical Research 3(5):54S, 1986) also reported

extracts.
that fentanyl was not metabolized by skin homogenates, hairless mouse skin or
In vitre studies of tritiated fentanyl with

human epidermal homogenates.

adult Wistar rat liver homogenates, in vivo studies of tritiated fentanyl in
NMRI mice and Wistar rats and studies of equimolar mixtures of fen'ary] and
deutarium-labeled fentanyl in male Wistar rat and male Hartley guinea pig
hepatocytes have shown that the primary metabolic pathway invclves oxidative
dealkylation in the liver into phenylacetic acid and norfentanyl, and small
amounts ‘of hydroxy (phenethyl) fentanyl and 4-(N-propionylanilino)

piperidine.
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Studies Jin rabbits with 3H-fentanyl (20 mcg/kg) have shown that the fall in
plasma concentration and urinary excretion were more rapid in rabbits thaa in
man, s1gn1fy1ng a slower metabolism and longer biological half-life of

fentanyl in humans .than in rabbits.
The proposed labeling is acceptable from the standpoint of pharmacology.

Conclusion
Transdermal Therapeutic System (fentanyl) [TTS (fentanyl)] has been studied

adequately in laboratory animals and has been shown to be relatively safe and
The toxicological profile which has been developed provides an
|

efficacious.
adequate basis for concluding that the drug can be adequately labeled to
provide assurance of its relative safe use in humans.

|

(4 O Cly oo 1
”]yde G Oberlander
Pharmacologist

cc: NDA 19-813
QFN-MO. Doc. Rm. 160
VR/D:C. Oberlander:3/11/88
R/D init. by:Dr. Inscoe:3/14/88
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NDA 19-813 *
Alza Corporation

Palo Alto, CA 94303-0802

Type of Submission: Original NDA
Date of Submission: December 21, 1987

Date of Receipt: March 8, 1990 )
Date of Review: July 18, 1990 Review #2 %

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
ADDENDUM TO PHARMACOLOGY REYIEW OF March 11, 1988

Drug: Duragesic
Transdermal Therapeutic System (fentanyl)

DURAGESIC is a transdermal system prov1d1ng
continuous controiled systemic delivery of
fentanyl, a potent opioid analgesic, for 72
hours.® The chemical name is
N-(1-phenylethyi-4-piperidyl) propionanilide.
The structural formula is

Ce¥s
/ '

The molecylar weight of fentanyl base is y/
336 5, and the molecular structure is
NZO The n-octanol:water partition !

coef icient is 860:1. .
i
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TTS (fentanyl) is a rectangular,
four functional layers proceeding

adhering to the skin: 1)
reservoir of fentany! and alcohol USP gelled with

an

fentanyl delivery to the skin surfac

membrane that controls the rate of
e; and 4) a silicone adhesive.

......

......

Ocstusive Sacarg
Orcy Reservorr

Release Memorane

/AGMSWO

System Components and Structure

T

Sealed Edges 7

The amount of fentanyl released from each
system (25 pg/h per 10 cm®) is directly -
proportional to the surface aréa. The
composition per unit area of all four system
Each system also

contains 0.1 mL of alcohol USP per 10 cm?,

sizes is identical.’

Dose Size
(wo/h)  femd)
25 10
50 20
75 30
100 40

{ma)

2.5

5.
7.5

10

Fentanyl Content

N

Pratecuve Liner

transparent unit comprising a peel strip and
eedin from the outer surface toward the surface
2 tacking layer of polyester film; 2) a drug

3)
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The NDA was previoﬁs?y reviewed by Reviewinb pPharmacelogist (Clyde Oberlander)
All preclinica’ studies and data were listed and evaluated

on March 11, 1988:
and no new preclinical study has b2en submitted since March 11, 1988: This
review serves as addendum to that review:

Summary and Evaluation:

The application is for Transdermal Therapeutic Systeﬁ (fentanyl), which
according to the applicant delivers the potent narcotic agent fentanyl
continousouly at a controlled rate with a single application for 72 hrs:

Fentanyl, M-(1-Phenethyl-4-piperidinyl) propionanilide, is a synthetic
narcotic analgesic of phenylpiperidine group: It is the active ingredient of
two approved products: Innovar Injection and Sublimaze Injection (marketed

since 1968):
The TTS system and the proposed four systems to be marketed are described on

page 1 and 2 of this review:

Duragesic is indicated for the control of moderate to severe pain in patients
requiring opioid analgesia following surgery or for palliative therapy in

patients with cancer:

The efficacy and safety of parenteral fentanyl citrate as an analgesic have

been established in the laboratory animals and through long marketing
experience: No new pharmacology study.was conducted: The summaries of
Titerature survey on preclinical pharmcology data were submitted by the

applicant and can be found in the Pharmacology Review of March 11, 1988 on

pages 8-10u

The studies conducted by the applicant and mostly related to safety were (1)
two subchronic {28-day and 90-day) topical toxicity studies in rabbits, (2)
several studies on the TTS fentanyl and/or its components to evaluate the

toxicity (according to USP Biological Tests), irritation petential and
mutagenic potential, and (3) one in vitrc study to evalua.e the extent of

metabolism of fentanyl by human keratinocytes: In addition, one published
reproduction study in rats was submitted:

No efficacy or pharmacokinetic data on the TTS fentanyl {an approved drug in a
new delivery system) were generated from the laboratory animals: These data,
critical for application review, should be obtained from clinical studies:
Previously the efficacy and pharmacckinetic of the active ingredient-fentanyl
citrate-have been adequately studied in the laboratory animals:
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In the 28-day and 90-day topical application studies in rabbits, TTS fentany)
at 0:7 mg/kg did not show systemic adverse effects; No significant local
irritation was observed for both placebo and TTS fentanly. The results from
three rat and two dog studies were previously obtained by Janssen and
described in the Pharmacology Review of March 11, 1988: No target organ
toxicity was established in either species following 4 weeks of intramuscular
or intravenous administrationss Mortalities were observed in rats from 20

mcg/kg (isv.), but not in dogs up to 1 mg/kg (isvs)s

Special studies were conducted according to the USP Biological Tests on the
occlusive backing, release membrane, contact adhesive and protective liner:

The results showed that these components met USP requirements:

Using guinea pig skin sensitization test, TTS fentany! was shown to be a weak
sensitizer:
From the results of rabbit primary skin irritation tests, the following

categorizations can be made: TTS fentanyl was moderate irritant whereas all

other components including TTS placebo, the drug reservoir materials
(fentanyl, and 30% ethanol in water) without surrounding

membrane, Film, ~ and Film, ~ “were all mild irritants: A
seven-day repeated topical application in rabbits showed that both TTS
fentanyl and TTS placebo were mild irritants: Previously intramuscular
injections of fentanyl citrate revealed slight tissue responses in rats, dogs
and rabbits: Furthermore, fentanyl at concentration of 0.3 mg/ml or below was
not cytotoxic in human keratinocytes: Taking the data together, TTS fentanyl
may cause mild irritation, however, significant local irritation is not

. .. anticipated in human use:

Reproduction studies showed no teratogenic effect in rabbits and rats.
Fentany! was embryotoxic (increased resorptions) to rats at 30 mcg/kg (iwv:)
and at 310 meg/kg (s:c:): In rats, dose-related decreases of pregnancy rate
and birth weight of pups were observed at 40-310 mcg/kg (szc:). The resuits
were described under Pregnancy Category C in the package insert: Published
reports revealed no adverse reproductive effects {no teratogenic or
embryocidal) in rats following continuous mini-osmotic pump infusion up to
500 mcg/kg/day (suce) from 14 days prior to mating, continuing through mating

and 21 days of gestation:

Mutagenicity studies on fentanyl (Ames Test, mouse lymphoma forward mutation
assay, unscheduled DNA synthsis, mammalian cell transformation and chromosomal
aberration assays in human lymphocytes and Chinese hamster ovary cells) were
negative except the mouse lymphoma assay which showed positive for fentanyl
from 37 mcg/ml (2,000 times therapeutic plasma level from TTS fentanyl) in the
presence of rfetabolic acitvation: Mutagenicity studies on silicone adhesive

{Ames test) and the TTS placebo extract (Ames test, mouse lymphoma and
unscheduled DNA synthesis) were negative,

In vitro study using 3y-fentanyl did not reveal significant metabolism by
auman keratinocytes.
Typographic errors and addendum to the preclinical studies were amended (see
New Correspondence of 7/7/9G).
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Conclusions:
From the preclinical studies in the laboratory animals and in vitro

studies, it can be concluded that:

(1) TTS fentanyl is relatively safes
(2) TTS fentanyl can be a mild irritant and a weak sensitizer.

(3) TTS fentanyl does not appear to be mutagenic potential
{4) TTS fentanyl does not appear to be significantly metabolized by human

keratinocytes:

(5) The occlusive backing (Film, ", drug reservoir components
{fentanyl, , ethatnol), release membrane (Film

and contact adhesive (silicone adhesive, amine resistant) all met USP

Biological Tests requirements and are cons1dered safe:

{6) The efficacy and pharmacokinetic data on TTS fentanyl (an approved drug
in a new delivery system) are critical for application review and should be
generated from clinical studies: No such data are available from preclinical

studies:

The active ingredient of the TTS fentanyl-fentanyl as a citrate salt-has
been previously shown to be efficacious and relatively safe in the laboratory
In addition, long marketing experience has documented its efficacy

Fentanyl has not been shown to be teratogenic in

animalsy
gcreased pregnancy

and safety in human use:
rodents: Adverse reproductive effects, however, inciuded

rate and embryocidal effects from 40-310 mcg/kg in rats:

Recommendations:
Based on the conclusions (1)-(5), the toxicological profile which has been
developed provides an adequate basis for concluding that the product can be

adequately labled to provide assurance of its relative safe use in humans:
Therefore, from the standpoint of pharmacology, the app11cat1on is approvable:

Recommendations to reviewing Medical Officer:
The efficacy and pharmacokinetic data om 11S fentqnyl, critical for

application review, should be generated from clinical studies:

Pharmacology Portion of Letter to Applicant:

Nore:
A JLPKC?;{L~‘*1,fg2£24<~«,r
Dou Huey Jeam, Phab¢
Pharmacoiogist
cCs
NDA 19-813

HFD-007/Dive File
HFD-007 /DHJean
HFD-007/JPHannan
HFD-007/Shekitka

HFD-340

R/D Init by (2pchen /19/%0

F/T by DHJean, 7/18/90 374/ ( %)
Jang F0500P 7Pt
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August 7, 1990

Food and Drug Administration
Pilot Drug Evaluation
Division (HFD-007)

Room 9B-45
5500 Fishers Lane
Rockville, MD 20857 ; o

i
Attention: John Harter) MD, Director . |
Pitot Drug Evaluation Division

Subject: Submission.éf final draft package insert

Dear Dr. Harter:

At the request of Dr. wr1ght we are providing the enclosed copy of the final
~ draft package insert foy DURAGESIC,

If you require add1t1ona1 information, please ‘contact Janne Wissel at (415)
494-5059 or me at (415)[404 5543

Sincerely, ;

Mary A. Scutham, Ph.D. |
Product Registration Manager .
i

LI 1. RATION, 950 PAGE MILL RGAD, PO, BOX 10950, PALO ALTO, CA 943030802 (415) 4945000  TELEX 5626
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DURAGESIC® - CII
Fentanyl Trapsderma? System

August 7, 1990 8:52am

WARNING: May be habit :forming.

DESCRIPTION

DURAGESIC is a transdenmal system providing
continuous systemic deﬂmvery of fentanyl, a
potert gpioid analgesid, for 72 hours. The
chemical name is N- Phdny]-N-(l-
2-phenylethyl-4-piperidyl) propanamide. The
structural formula is

CRghgcon -
el o ‘ Y= CHrcup ooy
oy

The molecular weight off fentanyl base is 336.5,
and the empirical formula is CpHy,N,0. The
n-octancl:water partition coef%%c:ent is 860:1.

The pKa is 8.4.

P.3/30

System Components and %tructura

The amount of fentanyl [released from each system
per hour is proportionaﬂ to the surface area

(25 pg/h per 10 cm?) . : The composition per unit
area of all system sizes is identical. Each
system also contains 0. 1 mL of alcohol USP per

10 emé.

Dose* Sizg Feﬁtany] Content
{oa/h) {cm®) b (mg)

25 10 . 2.5

5w 20 s

755% 30 1.5

100% 40 | 10

|
*Nominal delivery rate per hour -
**EOR USE IN OPIOID TOLERANT PATIENTS

DURAGESIC is a rectangular transparent unit
comprising a protective liner and four

trp2\ndada\bigone.2
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functional layers. Proteeding from the outer

surface toward the surface adhering to skin,
these layers are:

|
1) a backing layer of pplyester film; 2) a drug
reserveir of fentanyl agd alcohol USP gelled %
with hydroxyethyl cellujose; 3) an
ethylene-vinyl acetate copolymer membrane that
controls the rate of fentanyl delivery to the
skin surface; and 4) a fentanyl containing
silicane adhesive. Before use, a protective
Tiner covering the adhesive layer is removed and

discarded.

Backing Grug Flaservorr

.,_447' = -

it Srbebd e S DL D 2NN AL L AL LTI T
—
~—

——

Avieane Membrane  Adhesive Proteciive tner

(noi to scale)

The active component of |the system is fentanyl.
The remaining components are pharmacologically
inactive. -Less-than-0:2-ml—of-alcohol—is also
released from the systeq during use.

CLINICAL PHARMACOLOGY @ :
i

Pharmacology

Fentanyl is an opioid aralgesic, Fentanyl
interacts predominateiy ‘with the opioid
p-vreceptor. These g-binding sites are
discretely distributed in the human brain,
spinal cord, and other tissues.

In ¢linical settings, fentanyl exerts its
principal pharmacologic effects on the central
nervous system. Its primary actions of
therapeutic value are analgesia and sedation.
Fentanyl may increase the patient’s tolerance
for pain and decrease the perception of
suffering, although the presence of the pain
itsa/f may still be recognized. .

|

In addition to analgesiz, alterations in mood,
euphoria and dysphoria, and drowsiness commonly
|

trp2\adada\bigone.2 2
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occur. Fentanyl depresses the respiratory
centers, depresses the cough reflex, and
constricts the pupils, Analgesic blood levels:
of fentanyl may cause nausea and vomiting
directly by stimulating the chemoreceptor
trigger zone, but nausea and vomiting are
significantly more common in ambulatery than in

recumbent patients, as is postural syncope.

Opioids increase the tone and decrease the
propulsive contractions of the smooth muscle of
the gastrointestinal tnact, The resultant
proiongation in gastrointestinal transit time
may be responsible for jthe constipating effect
of fentanyl. Because dpjoids may increase
biliary tract pressure, som- patients with
biliary colic may experlience worsening rather

than relief of pain,

While opioids generally increase the tone of
urinary tract smooth muscle, the net effect
tends to be variable, in some cases producing
urinary urgency, in others, difficulty in

urination.

At therapeutic dosages, fentanyl usually does
. -=not.exert major_effects_on_the_cardiovascular
system. However, some patients may exhibit
orthostatic hypotension and fainting.

Histamine assays and skin wheal testing in man
indicate that clinically significant histamine
. release rarely occurs with fentanyl
administration. Assays in man show no
clinically significant | histamine release in

dosages up to 50 pg/kg.

Pharmacokinetics (see itable and graph)

DURAGESIC releases fentanyl from the veservoir
at a nearly constant amount per unit time. The
concentration gradient -existing between the
saturated solution of drug in the reservoir and
the lower concentration 7n the skin drives drug
release. Fentanyl move's in the direction of the
Tower concentration at a rate determined by the
copolymer release membrane and the diffusion of
fentanyl through the skin layers. While the
actual rate of fentanyl. delivery to the skin

trp2\ndads\bigenc, 2
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varies over the 72 hour application period, each
system is labeled with a nominal flux which
represents the average amount of drug delivered.
to the systemic circulation per hour across
average skin.

While there is variation in dose delivered among
patients, the nominal flux of the systems (25,
50, 75, and 100 pg of fentany} per hour) ave
sufficiently accurate as to allow individual
titration of dosage for a given patient. The
small amount of alcoho] which has been
incorporated into the systen enhances the rate
of drug flux through the rate-1imiting copolymer
membrane and increases the pereability of the
skin to fentanyl.

Following initial DURAGESIC application, the
skin under the system absorbs fentany), and a
depot of fentanyl concentrates in the upper skin
layers, Fentanyl then-becomes available to the
systemic circulation. -Serum fentanyl con-
centrations increase gradually following
DURAGESIC application, :generally leveling off
batween 12 and 24 hours and remaining relatively
- - -——~—constant ;~with-some—fluctuation, for the
renainder of the 72 hour application period.
Peak serum levels of fentanyl generally occurred
---------- between 24 and 72 hours after a single
application. Serum fentanyl concentrations
achieved are proportional to the DURAGESIC
delivery rate. After several sequential 72-hour
applications, patients reach a steady state
serum concentration that is determined by
fndividual variation in skin permeability and
body clearance of fentanyl (see graph and Table

.

After system removal, serum fentanyl
cencentrations decline gradually, faljing about
50% in approximately 17 (range 13-22) hours,
Continued absorption of fentanyl from the skin
accounts for a slower disappearance of the drug
from the serum than is 'seen after an IV
infusior, where the apparent half-life ranges
from 3-12 hours,

: 1

trp2\ndada\bigans.2 4
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Serum Fentanyl Concentrations Following Multiple Applications of
DURAGESIC 100 kg/h . i
| ,
i x
51 Puragasic Appliad Duragesic Removed

k3
A

(2]
P

Serum Fentanyl Concentration (ng/mL}
n

4 H Syeees

0 o ——— : v v v v }
De;1 Deyd  Day? [ Day10 Day13 Dayte Day1s Deyié Oey17 Dayis Day1d
t 1 " . n " . — b e - —
4 Applications 1 Appication
Duragesic Application: §
Removal 8
|
! B
i
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P.8-30

Range of Pharmacokinetic Parameters of Fentanyl in Patients

Maximal Time to

YVolume of
Distribution Half Life Concentration Haximal
Clearance | Ves ty2 Concentration
{L/n) {L/xg) {h) {ng/nL} (h)
Range Range Range Range Range
(70 kq)
IV Fentanyl
Surgical Patients 27 -175 | 3-8 I~
Hepatically Impatred
Patients 3 - 8o*! 0.8 - 8" 4.2

Renally Impaired :
Patients 30 -78

DURAGESIC 26 wg/h
DURAGESIC 50 ug/h —
OURAGESIC 75 ug/h :
DURAGESIC 100 wg/h

0.3-1.2 26-18
06-13" u-12*
1.1-2.6 24 - 48
1.9 - 3.8 25 - 72

trpe\ndadebigens.2

* tstimated

* After system removal there is continued systemic absorption from re<idual fentanyl in the skin so
that serum concentrations fail:50X,-on average. in-17-hours ————m= -

Fentanyl plaima protein binding capacity
increases with increasing ionization of
the drug. Alterations:in pH may affect
its distribution between plasma and the
central nervous system. Fentanyl
accumulates in the skeletal muscle and fat
and is released slowly into the blood.

The average volume of distribution for
fentanyl is 6 L/kg (range 3-8, N=8), The
average clearance in patients undergoing
various syrgical procedures is 46 L/h
(range 27-75, N«8). The kinetics of
fentany] in geriatric patients has not
been well studied, but-in geriatric
patients the clearance of IV fentanyl may
te reduced and the terminal half-tife
greatly prolonged {see PRECAUTIONS).
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Fentanyl is metabolized primarily in the
liver. In humans the drug appears to be
metabolized primarily by N-dealkylation to .
norfentanyl and other inactive metabolites
that do not contribute :materially to the
observed activity of the drug, Within

72 hours of IV fentanyl administration,
approximately 75% of the dose is excreted
in urine, mostly as metabolites with less
than 10% representing ynchanged drug.
Approximately 9% of the dose is recovered
in the feces, primarily as metabolites.
Mean values for unbound fractions of
fentanyl in plasma areiestimated to be
between 13 and 21%. i

Skin does not appear tq metabolize
fentanyl delivered transdermally. This
was determined in a human keratinocyte
cell assay and in clinical studies in
which 92% of the dose delivered from the
system was accounted for as unchanged = .
fentanyl that appeared:in the systemic .
circulation.

DURAGESIC 1s a strong opioid analgesic.
The appreximate analgesic potency of
transdermally administered fentanyl to
parenteral morphine ranges from 1:20 to
1:30 in non opioid-tolerant patients in
acute pain. )

Minimum effective analgesic serum
concentrations of fentanyl in opioid naive
patients range from 0.2 to 1.2 ng/mL; side
effects increase in frequency at serum
Tevels above 2 ng/mL. Both the minimum
effective concentration and the
concentration at which toxicity occurs
rise with increasing tolerance. The rate
of development of tolefance varies widely
among 1individuals. [

1
!

trp2\ndada\bigonc.2 7
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Respivatory Effects

At equivalent anaigesic serum
concentrations, fentanyl and morphine
produce a similar degree of
hypoventilation., A small number of
patients have experienced clinically
significant hypoventilation with
DURAGESIC. Hypoventilation was manifest
by respiratory rates of less than
8 breaths/minute or a pC0, greater than
55 mm Hg. In clwnicaxitr1als of 357
nontolerant patients uging DURAGESIC,
13 patients experienced hypoventilation.
As a consequence, 10 of 13 nontolerant
patients received nalojone, two patients
had their dose reduced:iand one patient
required no treatment beyond verbal
stimulation. Of the 13 events, seven were
. associated with DURAGESIC 100 pg/h and six
were associated with DURAGESIC 75 pg/h.
The incidence of hypoventilation-was - - -
higher in nontolerant women (10) than in
men (3) and in. patients weighing less than
63 kg (9 of 13). Althgugh patients with
impaired respiration were not common in
= ~—==———the{rials;they had higher rates of
hypoventilation.

— While most patients using DURAGESIC . T e
chronically develop tolerance to fentanyl
induced hypoventilation, episodes of
slowed respirations may occur at any time
during therapy; medical intervention
generally was not required in these
instances. i

{
Hypoventi1at1on can occur throughout the
therapeutic range of fentanyl serum
concentrations. However, the risk of
hypoventilation increases at serum
fentanyl concentrations greater than
2 ng/mL in non opioid-tolerant patients,
especially for patients who have an
underlying pulmonary condition or whe
receive usual doses ofiopioids or other
CNS drugs asiociated with hypoventilation
in addition to DURAGESIC. The use of
- DURAGESIC should be monitored by clinical
evaluation. As with other drug level
measurements, serum fentanyl

trp2\ndads\eigone.2 8
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concentrations may be useful clinically,
although they do not reflect patient
sensitivity to fentanyl and should not be
used by physicians as a sole indicator of _
effectiveness or toxicity. J
|

See WARNINGS, PRECAUTIONS, and GVERDOSAGE
for additional information on
hypoventilation. :

Cardiovascular Effects

Intravenous fentanyl may infrequently

produce bradycardia. The incidence of

bradycardia ir clinical trials with .
DURAGESIC was less than 1%. o

CNS Effects

In opioid naive patients, central nervous
system effects increase when serum
fentanyl concentrations are greater than

3 ng/mL.

! - .-
CLINICAL TRIALS g
DURAGESIC was studied {n patients with

acute and chronic pain:{postoperative and
cancer pain models). .
|

The analgesic efficacy:of DURAGESIC was
demonstrated in an acute pain model with
surgical procedures expected to produce
various intensities of pain (eg
hysterectomy, major orthopedic surgery).

Clinical use and safety was evaluated in .
patients experiencing chronic pain due to .
malignancy. Based on the results of these 1
trials, DURAGESIC was determined tc be

effective in both populations, but safe /
only for use in opioid;tolurant patients.

Because the risk of hypoventilation (4%

incidence) in non opioid-tolerant . ,
patients, DURAGESIC should not be used for
-pastoperative analgesia (see PRECAUTIONS).

trp2\ndada\bigonc.2
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DURAGESIC as therapy for pain due to
cancer has been studied in 153 patients.

- In this patient population, DURAGESIC has
been administered in doses of 25 ug/h to
600 ug/h. Individual patients have used -
DURAGESIC continuously for up to 866 days.
At one month after initiation of DURAGESIC
therapy, patients generally reported lower
pain intensity scores as compared to a
prestudy analgesic regimen of oral
morphine (see graphj. [

P.12-30

10

trp2\ndada\bigonc.2
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Yisual Analogue Score df Pain Intensity
Ratings at Entry in thd Study and After
Cne Nonth of DURAGESICiUse
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Pain Intensity on Pre-Study Analgesic Regimen

INDICATIONS AND' USAGE .

DURAGESIC is indicated in the management
of chronic pain in patients requiring

-opioid analgesia,——

DURAGESIC 1is not recommended in the
management of postoperative pain because
1t has not heen adequately studied in
these patients and because of the
interpatiert variability in absorption and
disposition of fentanyl. seen in the
controlled clinical trials. Based on the
information available, [it is not possible
to identify factors to be used to select a
dose which will be safel and effective in
individual postoperative patients.

In patients with chronic pain, it is
possible to individually titrate the dose
of the transdermal system to minimize the
risk of adverse effacts while providing

" analgesia. For the majority of these

patients DURAGESIC is a safe and effective
alternative to other opioid regimens (see
DOSAGE AND ADMINISTRATION).

trp2\ndada\bigonc.2 1
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CONTRAINDICATIONS

DURAGESIC 1s contraindicated in patients
with known hypersensitivity to fentanyl or
adhesives. i

NARNINGS

PATIENTS WHO HAVE EXPERIENCED ADVERSE

EVENTS SHOULD BE MUNITORED FOR AT LEAST

12 HOURS AFTER DURAGESJC REMOVAL SINCE

SERUM FENTANYL CONCENTRATIONS DECLINE

GRADUALLY AND REACH AN|APPROXIMATE 50%

REDUCTION IN SERUM CONCENTRATIONS 17 HOURS
- AFTER SYSTEM REMOVAL.

DURAGESIC SHOULD 3E PRESCRIBED ONLY BY
PERSONS KNOWLEDGEABLE IN THE CONTINUOUS
ADMINISTRATION OF POTENT OPIOIDS, IN THE
MANAGEMENT OF PATIENTSIRECEIVING POTENT
OPIOIDS FOR TREATMENT OF PAIN, AND IN THE
DETECTION AND MANAGEMENT OF
HYPOVENTILATION INCLUDING THE USE OF
OPICID ANTAGONISTS.

- THE CONCOMITANT USE QF OTHER CENTRAL
NERVOUS SYSTEM DEPRESSANTS, INCLUDING
OTHER QPIOIDS, SEDATIVES OR HYPNOTICS,
GENERAL ANESTHETICS, PHENOTHIAZINES,
TRANQUILIZERS, SKELETAL MUSCLE RELAXANTS,
SEDATING ANTIHISTAMINES, AND ALCOHOLIC
BEVERAGES MAY PRODUCE ADDITIVE DEPRESSANT
EFFECTS. HYPOVENTILATION, HYPOTENSION AND
PROFOUND SEDATION OR COMA MAY OCCUR. WHEN
SUCH COMBINED THERAPY IS CONTEMPLATED, THE
DOSE OF ONE OR BOTH AGENTS SHOULD BE
REDUCED BY AT LEAST 50%.

PRECAUTIONS
Genpral

DURAGESIC doses greater than 25 ug/h are
-too high for initiation of therapy in non
opioid-tolerant patients and should not be
used to begin DURAGESIC therapy in these
patients.

trp2\ndada\bigonc.2 12
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DURAGESIC may impair mental and/or
physical ability required for the
performance of potentially hazardous tasks
(eg driving, operating machinery).
Patients who have been given DURAGESIC
should not drive or operate dangerous
machinery unless they are tolerant to-the
side effects of the drug.

Patients should be instructed to keep both
used and unused systems out of the reach
of children. Used systems should be
folded so that the adhesive side of the
system adheres to jtself and flushed dows
the toilet immediately upon removal,
Patients should be advised to dispose of
any systems remaining from a prescription
as soon as they are no llonger needed.
Unused systems should be removed from
their pouch and flushed down the toilet.

Hypoventilation (Respiriatory Depression).

Hypoventilation may occur at any time
during the use of DURAGESIC.

LA O . ]

Bacause significant ameunts of fentanyl

are absorbed from the skin for 17 hours or
more after the system iis removed, e
hypoventilation may persist beyond the

removal of DURAGESIC. Consequently,

patients with hypoventiiation should be

carefully observed for degree of sedation

and their respiratory rate monitored until

respiration has stabilized.

The use of concomitant CNS active drugs
requires special patient care and
observation. See WARHINGS.

Chronic Pulmonary Disease

Because potent opioids can cause
hypoventilation, DURAGESIC should be
administered with caution to patients with
preexisting medical conditions
predisposing them to hypoventilation, In
such patients, normal analgesic doses of

trp2\ndada\biganc.2 13
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opioids may further decrease respiratory
drive to the point of vespiratory failure.

Head Injuries and Incraased Intracranial
Prassure P %

DURAGESIC should not b used in patients
who may be particularly susceptible to the
intracranial effects off CO, retention such
as those with evidence iof increased intra-
cranial pressure, 1mpa3red consciousness,
or coma. Opioids may gbscure the clinical
course of patients with head injury.
DURAGESIC should be used with caution in
patients with brain tumors.

Cardfac Disease !

Intravenous fentanyl may produce
bradycardia, Fentanyl -should be
administered with caution to patients with
bradyarrhythmias.
{
- e -
Hepatic or Renal Disease

i
At the present_time_ingufficient _ _
information exists to make recommendations
regarding the use of DURAGESIC in patients
with impaired renal or thepatic function.
If the drug is used in these patients, it
should be used with caution because of the
hepatic metabolism and renal excretien of ‘
fentanyl. i

patients-with Fever

Basad on a pharmacokinetic modei, serum . :
fentanyl concentrations could
theoretically increase by approximately
one third for patients with a body
_ temperature of 40°C (102°F) due to
temperature-dependent increases in
fentanyl release from the system and
increased skin permeability. Therefore,
patients wearing DURAGESIC systems who .
develop fever should be monitored for

trp2\ndada\bigenc.2 . 14 h




Lt

— .___;.~._-_Ambulagory—Pa%ients J

RUG O7 ’SB ©83:28 PLZA CORP

E August 7, 1990 8:52am

opioid side effects and the DURAGESIC dose
should be adjusted if necessary.

Central Nervous System Depressants

When patients are receiving DURAGESIC, the
dose of additional opioids or other CNS
depressant drugs (including
benzodiazepines) should be reduced by at
Teast 50%. With the concomitant use of
CNS depressants, hypotension may occur.

Drug or Alcohol Dependince

Use of DURAGESIC in combination with
alcoholic beverages and/or other CNS
depressants can result -in increased risk
to the patient. DURAGESIC should be used
with caution in individuals who have a
history of drug or alcohol abuse,
especially if they are‘outside a medically
controlled environment{

|

Strong opioid analgesigs impair the mental
-or physical-abilities required fuor the
performance of poteniially dangsrcus tasks
such as driving a car or operating
machinery. Patients xho have been given
DURAGESIC should nut deive or operate
dangerous machinery uni:ss they are
tolerant to the effecty of the drug.

Carcinogenesis, Mutagenesis, and
Impairment of Fertility

Because long-term animal studies have not
been conducted, the potential carcinogenic
effects of DURAGESIC are unknown. There
was no evidence of mutagenicity in the
Ames Salmonella mutagenicity assay, the
primary rat hepatocyte unscheduled DNA
synthesis assay, the BALB/c-3T3
transformation test, and the human
1ymphocyte and CHO chromosomal aberration
in-vitro assays.

trp2\ndada\bigone.2 15
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In the mouse lymphoma assay, fentanyl
concentrations 2000 times greater than
those seen with chronic DURAGESIC use were
only mutagenic in the presence of
metabolic activation.;

i
Pregrancy -- Br_gqms;i&mgm

Fentanyl has been shown to impair fer-
tility and to have an embryocidal effect
in rats when given in intravenous doses
0.3 times the human dose for a period of
12 days. No evidence of teratogenic
effects has been observed after
administration of fentanyl to rats. There
are no adequate and well-controlled
studies in pregnant women. DURAGESIC
should be used during pregnancy only if
the potential benefit justifies the
potential risk to the fetus

Labor and Delivery

— —— DURAGESIC—is-not recommended for analgesia— - —= ———=-=~--=—" "=~

during labor and delivery.

Nursing Mothers

Fentanyl is excreted in human milk;
therefore DURAGESIC is not recommended for
use in nursing women because of the
possibility of effects-in their infants.

trp2\ndada\bigens.2 16
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Pediatric Use

The safety and efficacy of DURAGESIC in
children has not been established.

Geriatric Use

Information from a pilot study of the
pharmacokinetics of IV-fentanyl in ~
geriatric patients indicates that the
clearance of fentanyl may be greatly
decreased in the population above the age
of 60. The relevance ¢f these findings to
transdermal fentanyl 1? unknown at this
time, i

Since elderly, cachectic, cr debilitated

patients may have altered pharmacokinetics

due to poor fat stores, muscla wasting, or
altered clearance, they should not be . . ... ....
started on DURAGESIC doses higher than

25 pg/h unless they are ajreazdy taking

more than 135 mg of ordl morphine a day or

an equivalent dose of 3nother opicid (see
_DOSAGE_and .ADMINISTRATION) _—

Information for Patienés e e e e e

Instructions for the application, removal,
and disposal of DURAGESIC are provided in
each carton.

Disposal of DURAGESIC °

DURAGESIC should be kept out of the reach
of children. DURAGESIC systems should be !
folded so that the adhesive side of the )
system adheres to itself, then the system
should be flushed down the toilet
immediately upon removal. Patients should
dispose of any systems remaining from a
_prescription as soon as they are no longer
needed. Unused systems should be removed
{ro? their pouch and flushed down the
oilet.

trp2\ndada\bigone.2 17
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If¥ the gel from the drug reservoir
accidentally contacts the skin, the area
should be washed with ¢lear water.

ADVERSE REACTIONS

The safety of DURAGESIC has been evaluated
in 357 postoperative patients and 153
cancer patients for a total of 510
patients, Patients with acute pain used
DURAGESIC for 1 to 3 djys. The duration
of DURAGESIC use varied in cancer
patients; 56% of patients used DURAGESIC
for over 30 days, 28% gontinued treatment
for more than 4 months; and 10% used
DURAGESIC for more than 1 year.

Hypoventilation was the most serious
adverse reaction observed in 13 (4%)
postoperative patients:and in 3 (2%) of
the cancer patients. Hypotension and
hypertension were observed in 11 {3%) and
4 (1%) of the opioid-naive patients.

Various adverse eventsiwere reported; a

P.20/30

wemt o —CaUSal-relat ionship-to:DURAGES IC-was—not
always determined. The frequencies
presented here reflect the actual
frequency of each adverse effect- in
patients who received BURAGESIC. There
has baen no attempt to:correct for a
placebo effect, concomitant use of other
cpioids, or to subtract the frequencies
reported by placebo-treated patients in
controlled trials, .

The following adverse reactions were
reperted in 153 cancer patients at a
frequency of 1% or greater; similar

reactions were seen in-the

357 postoperative patients studied.

Body as 2 Whole: abdoﬁinal pain*,
headache* .

Cardiovascular: arrhythmia, chest pain
Digestiva: nausea**, vomiting**,

constipation**, dry mouth**, anorexia*,
diarrhea*, dyspepsia*, flatulence

tro2\nsadanigs-:.2 18
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Nervous: somnolence**, confusion**,

asthenia**, dizziness*, nervousness*,

hallucinations*, anxiety*, depression*,

euphoria*, tremor, abnormal coordination,

speech disorder, abnormal thinking, "
abnormal gaft, abnormal dreams, agitation, i
paresthesia, amnesia, syncope, paranoid

reaction :

Respiratory: dyspnea*i hypoventilation*,
apnea*, hemoptysis, pharyngitis, hiccups

Skin and Appendages: sﬁeating**,
pruritus*, rash, application site
rgaction - erythema, papules, itching,
edema

Urogenital: urinary retention¥*

* Reactions occurring in 3% - 10% of
DURAGESIC patients :

#* Reactions occurring iin 10% or more of
DURAGESIC patients [

The following adverse effects have been
reported in less than 1% of the 510

. postoperative-and-cancer patients studied;
the association between these events and
DURAGESIC adininistration is unknown. This
information is listed to serve as alerting
information for the physician.

Digestive: abdominal distention
Nervous: aphasia, hypertonia, vertigo,
stupor, hypotonia, depersonalization,
hostility :

Respiratory: stertorous breathing,
asthma, respiratory disorder

skin and Appendages, Gener2i: exfoliative
dermatitis, pustules

Special Senses: amblyopia.

Urogenital: bladder pain, oliguria, -
urinary frequency

trp2\ndzdabigone.? 19
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DRUG ABUSE AND DEPENDENCE

Fentanyl is a Schedule II controlled
substance and can produce drug dependence
similar to that produced by morphine.
DURAGESIC therefore has the potential for
abuse. Tolerance, physical and
psychological dependence may develop upon
repeated administration of opioids.
Iatrogenic addiction following opioid
administration is reiatively rare.
Physicians should not let concerns of
physical dependence deter them from using
adequate amounts of opioids in the
management of severe pain when such use is
indicated.

OVERDOSAGE

Clinical Prasentation -

The manifestations of fentanyl overdosage
are an extension of it§ pharmacologic

P.22730

effect being hypoventilation,

Treatment

For the management of hypoventilation
immediate countermeasures include removing
the DURAGESIC system and physically or
verbally stimulating the patient. These
actions can be followed by administration
of a specific narcotic antagonist such as
naloxone. The duration of hypoventiiation
following an overdose may be longer than
the effects of the narcotic antagonist’s
action (the half-l1ife of naloxone ranges
from 30 to 81 minutes). The interval
between IV antagonist doses should be
carefully chosen because of the
possibility of re-narcotization after
system removal; repeated administration of
naloxone may Fe necessary. Reversal of
the narcotic effect may result in acute
onset of pain and the release of
catecholamines.

trp2\ndada\bigone.2 20
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If the clinical situati'on warrants, ensure
a patent airway is established and
maintained, administer oxygen and assist
or control respiration :as indicated and
use an oropharyngeal airway or
endotracheal tube if necessary. Adequate
body temperature and fvuid intake should
be maintained. .

If severe or persistenﬁ hypotension
occurs, the possibility of hypovolemia
should be considered and managed with’
appropriate parenteral,f1u1d therapy.

DOSAGE AND ADMINISTRATiON

As with all opioids, dosage should be
individualized. The most important factor
to be considered in determining the
appropriate dose is the extent of
preexisting opioid tolerance. Initial
doses should be reduced in elderly or
debilitated patients (see PRECAUTIONS).

P.23/30

DURAGESIC-should-be-applied to
non-irritated and non-irradiated skin on a
flat surface of the upper torso. Hair at
the appiication site should be clipped- -
(not shaved) prior to system application.
If the site of DURAGESIC application must
be cleunsed prior to application of the
system, do so with clear water. Do not
use soaps, oils, lotions, alcohol, or any
other agents that might irritate the skin
or alter its characteristics. Allow the
skin te dry completely:prior to system
application.

DURAGESIC should be applied immediately
upon removal from the sealed package. The
transdermal system should be pressed
firmiy in place with the palm of the hand
for 10-20 seconds, wmaking sure the contact
is complete, especially around the edges.

Each DURAGESIC may be worn continuously

for 72 hours. If analgesia for more than
72 hours is required, a new system should
ba applied to a different skin site after

trp2\ndads\bigone.2 21
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removal of the previous transdermal
system. f

DURAGESIC should be kept out. of the reach
of children. Used systems should be
folded so that the adhesive side of the
system adheres to {tself, then the system
should be flushed down the toilet
immediately upon removal. Patients should
dispose of any systems remaining from 2
prescription as soon as they are no longer
needed. Unused systems should be removed
from their pouch and f]ushed down the
toilet, i

|

]

!

Dose Selection

DOSES MUST BE INDIVIDUALIZED BASED UPON
THE STATUS -OF EACH PATIENT AND SHOULD BE
ASSESSED AT REGULAR INTERVALS AFTER
DURAGESIC APPLICATION. * REDUCED DOSES OF
DURAGESIC ARE SUGGESTED FOR THE ELDERLY
AND OTHER GROUPS DISCUSSED IN PRECAUTIONS.

In selecting an initial DURAGESIC dose,
.attention_should_be_given to_ 1) the daily
dose, potency, and characteristics of the
opioid the patient has -been taking
previously (eg whether it is a pure_______
agonist or mixed agonist-antagonist), 2)
the reliability of the relative potency
estimates used to calculate the DURAGESIC
dose needed (potency estimates may vary
with the route of administration), 3) the
degree of opioid tolerance, if any, and 4)
the general condition and medical status
of the patient. Each patient should be
maintained at the lowest dose providing
acceptable pain control.

nitial DU € Dos f lection

There has been no systematic evaluation of
DURAGESIC as an initial opioid analgesic
in the management of chronic pain, since
most patients in the c¢linical trials were
converted to DURAGESIC from other
narcotics. Therefore, unless the patient
has pre-existing opioid tolerance, the

trp2\ndada\bigone.2 22
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Towest DURAGESIC dose, 25 pg/h, should be
used as the initial dose,

To convert patients from oral or paren- r
teral opioids to DURAGESIC use the '
following methodology:l ‘ %

1. Calculate the previdus 24-hour
analgesic requirement.

2. Convert this amount to the
equianalgesic oral morphine dose using
Table B. :

3. Table C displays the range of 24-hour
oral and IM morphine doses that are
approximately equivalent to each
DURAGESIC dose. Use this table to find
the calculated 24-hour morphine dose
and the corresponding DURAGESIC dose,
Initiate DURAGESIC treatment using the
recommended dose and titrate patients
upwards (no more frequently than every
3 days after the initial dose or than
every 6 days thereafter) until
analgesic efficacy is attained. For

de}ivery rates_in excess of 100 ug/h, —- e e e e

multiple systems mayi be used.

troZ\ndadatbiganz. 2 23
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Table 3
EQUIANALGESIC POTENCY CONVERSION

Equianalgesic Dose {mg)
N ) PO

Name
morphine 10 80
hydramorphone 1.5 7.5
(01 laudide) |
1
methadone 10 ! 20
(Dolophine®)
oxycodons 15 : 30
(Parcocet®)
levorphanol 2 : 4
(Levo-Dromoran®)
oxymorphone 1 10 (PR)
(Numorphan®) .
haroin . 5 80
meperiding 7% -
{Damerol®) .
codeine 130 200
Note: A1 1N and PO doses in this chart are
considered equivalent %o 10 mg of IMmorphine __ __ . o
in amalgesic off‘cz. I¥ denotes .

intramuscular, PO oral, and PR ractal.

8 Based on single-dose studies in which an intramusculer e e e
dose of each drug listed was compared with morphine to
astablish the relative potency. Oral doses are those
recommended when changing from parenteral to an oral
routs. Im

Refersnce: Foley, K.M. (13985) m treatment of cancer
pain. KNEJM 313(2): 84-95. :
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Table ¢
DURAGESIC DOSE PRESCRIPTION BASED UPOK
DATLY MORPHINE EQUIVALENCE DOSE

Oral 24-haur IM 24-hqur DURAGESIC

rphine Morphins Dose
(mg/day) {mg/day) {ug/hr)
45134 8-22/! 2%
135-224 23-37!} 50
225-314 38-52 75
315-404 53-67 100
405-484 68-82 125
495584 83-97 150
585-674 98=112 175
§75-76% 113-123 200
765-854 128-142 228
855-944 143-157 250
9845-1034 158=172 275
1035-1124 173-18% 300

NOTE: The analgesic activity ratio of 60 mg morphine to
100 pug IV fantany) was used to derive the equivalence of
morphine to DURAGESIC. Thus, ai60 mg oral dose of
morphine every 4 hours for 24 hqurs (total of 360 mg/day)
was considered approximately equivalent to DURAGESIC 100
ug/hr. :

]

1

The majority of patiends are adequately
maintained with DURAGESIC administered

Fects o

every 72 hours. -A small-number-of:
patients may require systems to be applied
every 48 hours. [

Because of the increasd in serum fentanyl
concentration over the ‘first 24 hours
following initial system application, the
initial evaluation of the maximum
analgesic effect of DURAGESIC cannot be
made before 24 hours of wearing. The
initial DURAGESIC dosage may be increased

after 3 days (see Dosg.zjzgxigg).

During the initial application of
DURAGESIC, patients should use short
acting analgesics for the first 24 hours
as needed until analgesic efficacy with
DURAGESIC is attained. Thereafter, some
patients still may require periodic
supplemental doses of other short-acting
analgesics for ’breqktﬁrough’ pain.

]
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Dose Titration

The conversion ratio from oral morphine to

DURAGESIC is conservative. and 50% of

patients are likely to:reauire a dose

increase after initialiapplication of y
DURAGESIC. The initial DURAGESIC dosage

may be increased afteri3 days, based on

the daily dose of supplemental analgesics

required by the patien} in the second or

third day of the initial application,

Physicians are advised|that it may take up
to 6 days after increasing the dose of
DURAGESIC for the for the patient to reach
equilibrium on the newidose (see graph in
CLINICAL PHARMACOLOGY). Therefore,
patients should wear a higher dose through
two applications before any further
increase in dosage is made on the basis of
the average daily use of a supplemental
analgesic. .

Appropriate dosage increments should be

based on the daily dosé of supplementary

opioids, using the ratio of 90 mg/24 hours S
of oral morphine to a 25 pg/h increase in

DURAGESIC dose.

Discontinyation of DURJQES]Q

Some patients will require a change to

other methods of opioid administration

when the DURAGESIC dose exceeds 300 ug/h.

To convert patients to another opioid,

remove DURAGESIC and initiate treatment

with half the equianalgesic dose of the ,
new opiaid 12 to 18 hours later (it takes X
17 hours or more for the fentanyl serum
concentration to fall by 50% after system
removal). Titrate the dose of the now
analgesic based upon the patient’s report
of pain until adequate .analgesia has been
attained. For patients requiring
discontinuation of opioids, a gradual
downward titration is:recommended since it
is not known at what dose level the opioid
may be discontinued without producing the
signs and symptoms of abrupt withdrawal.

trp2\ndada\bigonc. 2 2
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HOW SUPPLIED

DURAGESIC® 1s supplied: in cartons
containing 5 individually packaged
systems. See chart fop information

regarding individual systems.

DURAGESIC System | Fentanyl

Dose Size | Content NDC

fwy/m) (?) | (m) _ bumber
OURAGES1C®-25 10 2.5 £n478-033-25
DURAGESTC®-50* 20 .5 50458-033-50
LURAGESICO-75* 30 1 75 SMS8-033-75
DURAGESICO-100* 40 10 50458-033-100

*Far usa only in opioid to'lcran% patients.

. Safety and Handling_

b DURAGESIC is supplied in sealed
transdermal systems which pose little risk

. .of .exposure to health care workers., If
the gel from the drug reservoir
accidentally contacts the skin, the area
should be washed with copious amounts of
water. Do not use soad, alcohol, or other
solvents to remove the jgel because they
may enhance the drug’s |ability to
penetrate the skin.

Do not store above 86°F (30°C). Apply
immediatel{ after removal from
individually sealed package. Do not use
if the seal is broken. - r mal

use only. |

CAUTION: Federal law Jrohibits dispensing
. without prescription

DEA order form required. A schedule CII
narcotic.

(L1}
~d

trp2\ndadal\bigone.2
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DURAGESIC™ (fentanyl transdermal system)
Instructicns for Fse
YOUR DOCTOR HAS PRESCR]IBED. DURAGESIC FOR YOUR
USE ONLY. DO NOT LET ANYONE ELSE USE IT.
KEEP THIS AND ALL OTHER DRUGS OUT OF THE
REACH OF CHILDREN. WHEN YOU REMOVE A
DURAGESIC YOU HAVE WORN, FOLD IT WITH THE
STICKY SIDE INSIDE AND!FLUSH IT DOWN THE
TOILET IMMEDIATELY. DISPOSE OF ANY DURAGESIC
SYSTEMS REMAINING FROM:A PRESCRIPTION AS SOON
AS THEY ARE NO LONGER NEEDED.

This leaflet will provide you with specific
information about how to use DURAGESIC.
Please read it carefuily before you use
DURAGESIC. If you have any questions or want
more information, ask your doctor.

What is DURAGESIC?
DURAGESIC 1s a thin, adhesive, rectangular

system (patch) that is|placed on-your skin. --- -~
DURAGESIC delivers-a drug called fentanyl, 7 &5\
continuously through the skin and into the ,_//7 A\
bloodstream to control your pain around-the-
clock. Opioid analgesics (including Peieass Memiree  Adhewwe Prosceve Lrer
fentanyl)} are used to manage chronic¢ pain.

How and Where to Apply -DURAGESIC

In the hospital your doctor or another
qualified medical person will apply DURAGESIC
for you. At home, you or a member of your
family may apply DURAGESIC to your skin,

Step 1. Each DURAGESIC is sealed in its own
protective pouch. Until you are
ready to use DURAGESIC, do not
remove it from the pouch, When you
are ready to put on DURAGESIC, tear
open the pouch at the small slit on
the edge of the pouch.

ilw\fentanyl\ppi 07/20/90 1
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Step 2.

Step 3.

Step 4.

Step §.

1 August 1990

A stiff protegtive liner covers the
sticky side of the DURAGESIC--the
side that will be put on your skin.
With the oversized, stiff, clear
liner facing you, puli the liner
from DURAGESIC by holding the system
at the tab thgt sticks out from the
system (try tg touch the sticky side
as little as possible). Throw away

the liner.

Immediately after you have taken
DURAGESIC from the pouch, apply the
sticky side of the DURAGESIC to a
non-hairy, dry area of your front or
back above the waist. If the area
you select ha§ body hair, clip (do
not shave) the hair close to the
skin with scifsors. Do not put
DURAGESIC on skin that is
excessively ¢ily, burned, broken
out,. cut, irritated or damaged in
any way. If you need to clean the
skin where the system will be
applied, use only clear water. Do

not use soaps, oil1s; Totions;
alcohol or other products that might
irritate the skin under the system.

Make sure that the 'skinis
completely dry. Press the DURAGESIC

firmly on your skin with the palm of
your hand for:about 10 to 20
seconds. Make sure it sticks wall
to your skin,:especially around the
edges of the system.

Wash your hands when you have
finished applying DURAGESIC.

M
After wearing. DURAGESIC for 3 days,
remaove it (seg Disposing of
DURAGESIC). Then choose a different
place on your skin to apply a new
DURAGESIC and: repeat steps 1 t& 4,
in order,

SiW\fentanyl\ppi 07/20/90 2
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When to Apply DURAGESIC

If you need continued [pain control, wear %
DURAGESIC continucusly for three days
{approximately 72 houns), or as directed by
your doctor and then remove the system and
replace it as directed by your doctor, Do
not apply the new DURAGESIC to the same place
where you removed the 7ast DURAGESIC.

Your doctor may increase your DURAGESIC dose
if your pain is not adequately controlled.
IF }02 CONTINUE TO HAVE PAIN CALL YOUR
DOCTOR. :

Water and DURAGESIC
You can bathe, swim, or shower while you are

wearing DURAGESIC. If the system does fall

off, put a new DURAGESIC on your skin.

Before putting on_a_new_DURAGESIC, make_sure —— e
the new skin area you Fave selected is dry.

Disposing of DURAGESIC

Before putting on a nej DURAGESIC, remove the
system you have been wearing. Fold the used
DURAGESIC in half so the sticky side sticks
to itself. Flush the used DURAGESIC down the
toilet immediately,

Throw away any DURAGESIC systems that are
left over from your prescription as soon as
they are no longer needed. Remove the left
over systems from their protective pouch and
remeve the protective liner. Fold the
systems in half and flush the system down the
toilet. Do not flush the pouch or the
protective liner,

Jiw\fenzanyl\ppl 07/20/90 3
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Safety and Handling

DURAGESIC is supplied Jn sealed systems which
will keep the gel fromigetting on your hands
or body. If the gel from the drug reservoir
accidentally contacts the skin, the ares
should be washed with large amounts of water.
Do not use soap, alcohol, or other solvents
to remove the gel because they may increase
the drug’s ability to ?o through the skin.

|

Storage Instructions

Keep DURAGESIC in its Jrotective pouch until
you are ready to use it.

KEEP DURAGESIC OUT OF fHE REACH OF CHILDREN.

Do not store DURAGESIC !above 86°F (30°C)(room
temperature). Remember, the inside of your
car can reach temperatyres much higher than
this in the summer. !

s n e s e 0

!

$hv\fentanyWppr 07/20/90 4

08. 07. 33 12:45 PX PCZ

e e e e »M._q._”__g‘-—




MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOL AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: ARR 10 =0

FTRCM: Mathematical Statistician, HFD-713

THRU: Satya D. bukey, Fa.D. i S N
- Acting Diractcr, HFD-710 S;::> T

HoDE A
SUBSECT: NDA .19=8297” Adjusting the placebo tg Fentanyl ..
*- - = - supplemantary Morohine compariscn to a Commen - -

Pain Intensity Rating.

TO: Curtis Wright, M.D., HFD-007 -

1. Introduction

In the appendix are two graphs you provided. One graph is for
cumulative morphine usage in a protocol whers the patient can
regulate his/her supplementary morphine use to control excess pain.
The second graph shows the pain levels each treatment group
attained. The issue is to estimate what the cumulative morphine
graph would have been if the patients in the placebo and the
fentanyl groups had dosed themselves to attain the same pain
intensity curves.

What follows is a "one try" recommendation which is intended to
focus on robustness with possibly some loss of precision.

The following are implicit assumptions:

a. As a first approximation, there exists for each patient
a linear relationship between pain intensity difference
and the dose of rescue morphine. This relationship
provides for zero pain relief when zero morphine has been
delivered to the patient.

b. Pain scores for each patient can be considered to he pain
intensity difference scores because, according to Dr.
Wright, these patients suffer no preoperative pain.

c. At time T, the expectation of each patient's morphine
dose-pain relief regression is the same as at any other
time during the trial. Deviations from this straight
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line are considered to be due to chance.

2. Procedure

This method adjusts only the placebo patient's supplementary
mcrphine usage. This mcrphine dose adjustment is an attempt to
bring placebo patients mathematically to the same observed level
of pain experienced by the Fentanyl patients. Let i rerresent a
patignt identification number for patients in the placebc group.

: “A; "~ For' each patient- i in the piacebo -group,- obtain -the
observed morphine rescue dose and pain intensity difference (= pain
.intensity Scorz) pairs at each obsérvaticn time t. Call these
pairs of values [P(%,i), D(t,i)]). If, at any time point, cne cr
both of these values is not racorded, the data pair is dropped at
that particular time. -

B. For each patient i, compute across all times t, the median
pain intensity differsnce P*(i) and the median supplementary
morphine dose D*(i).

c. Computs across patients, the median pain intensity
difference P** and the median morphine dose D#*#*,

D. At each time point t, the increment dD by which the
placebo patients morphine dose is adjusted upward is computed from
the observed difference in pain intensity 4P at time t by the
eguation

dD = D** (dP/Px*)

E. The adjusted cumulative morphine dose for the placebo
patients is then recomputed.

3. Concluding Comments

The procedure just proposed is to be considered purely exploratory.
I have not examined or evaluated the data in question and have no
understanding of the appropriateness of the implicit assumptions
a, b, or c described in this memo.

Richard A.Stein, Ph.D.
Mathematical Statistician

This memoc contains 3 pages of text and 2 appended graphs.
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U BENEFICIAL EFFECTS
CUMULATIVE USE OF RESCUE MEDICATION
.Study: CAPLAN 3
& » Paich On [ Paich Gff
. I
50
Curnulative ) : N
_..Merphing .- RS B R o O
.- f g, j R S
0 1 'll 1 i - 1 i ]
_ 0 6 12 18 24 20 26
....... Eentanyl Hours Post TTS Applicaticn
] i i i i I 1
Mean 00 37 987 18.0 157 175 217
SD 00 36 68 98 131 152 195 ;
N 20 20 20 20 20 20 20 9
PLACEBO
Mean 00 64 178 251 303 350 410 )
SD 00 56 102 134 156 177 212 o
N 20 20 20 20 20 20 20 “
\ |
TOTAL |
Mean 00 49 137 19.0 23.0 263 313 |
SD 00 48 95 181 16,0 -185 224
N 40 40 40 40 40 40 40
|
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BENEFICIAL EFFECTS

FAIN INTENSITY RATINGS
Study: CAPLAN

Worst Pessible FairlGo

| Patch On - Patch Off
:‘ - é § ': is~
1 S A ;
e , .‘:\} o l \""‘*-«--_‘\\
No Pain 0 7 ] ] ,
0 5] 12 18 24 30
T Fentanyl Hours Post TTS Application
1 { 1 { i i
FENTANYL
Mean 342 382 29.0 272 204 223
SD 303 225 212 243 194 19.9
N 17 20 20 20 20 20
PLACEBO
Mean 523 525 522 448 389 376
SD 283 205 2.7 185 240 213
N 19 20 20 20 20 20
TOTAL \
Mean 432 453 406 360 297 30.0
SD 301 224 242 231 235 21.8
N 37 40 40 49 40 40
} ! ] ] 1 |




Statistical Review and Evaluation
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Indication: Prolonged control of noderate to severe pain.““i&* = -

2 T \.99 ‘4’ N

Documents Reviewed: Vol 1.1, 1.12, 1.25-1.31, 1.37, 1.49, 2.1,“7ﬁ1ﬁ0
2.2, 5.1-5.4, 8.1, 14.2-14.4, 24.1
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The reviewing medical officer for this submission is Curtis Wright,
M.D., HFD-007.

1. Background
TTS Fentanyl is designed to deliver the narcotic agent fentanyl

through a transdermal patch at a controlled rate for 72 hours.
Patch sizes are 10, 20, 30, 40 cm square which are designed to

deliver respectively 25, 5¢, 75, 100 mcg/hr of fentanyl.

2. Study cCharacteristics

A total of 280 patients scheduled for surgeries expected to produce
moderate to severe pain were randomized in double blind fashion to
fentanyl or placebo. The characteristics of the 6 studies reviewed
are summarized in Table 1. Before surgery, the fentanyl patch was
applied to the patient's skin and the patients also received bolus
fentanyl as a component of their analgesic treatment. At 24 hours
~after surgery, the fentanyl patch was removed. Patients were
evaluated for efficacy from the time of surgery to a minimum of 36
hours post surgery. For more detail, the reader is referred to the

medical officer's review.

There were essentially 2 clinical outcome efficacy variables in
these studies; the amount of supplemental morphine reguested by the
patient and pain experienced by the patient. The applicant defined
the primary efficacy variable to be the amount of supplemental
morphine requested by patients in the active and placebo study
arms. However, for supplemental morphine to be a direct treatment

it must be assumed that patients in each arm will

comparator,
Yequest enough supplemental morphine so that the expected levels
In these studies,

of pain in each treatment arm will be the sane.
the expected did not happen. In the four studies where the

applicant showed fentanyl to be statistically more effective than

|90 reboiclt, He FDA review XQ_AL.\«&A(
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placebo, the applicant also showed that placebo patients had
significantly higher pain.

3. Applicant's Statistical Analyses and Resuits:

Efficacy was evaluated for 5 discrete time intervals, i.e.,
a. The postanesthesia recovery room (PAR) period.
b. Ward - 12 hours after fentanyl patch appllcatlcn.
c. 12 - 24 "
d' 24 - 30 " " " \LJ "
e. 30 - 36 " 1" " " "
using a Wilcoxon Rank Sum Test which was applied to patients
selected as follows:
A. Only patients who wore the patch the full 24 hours
B. Early removals were included if they wore the
patch for the duration of the time interval
defined above.
C. Using Gould's method of rank assignment.
D. Early removals were assigned the mean of the 2
highest values of morphine use in their treatment
group for each study interval.

Independently of the patient selection/analysis chosen, the
applicant's statistical results, based on supplemental morphine
taken in 'isolation, for the studies of Hotchkiss, McLeskey, and
Nimmo showed the effectiveness of fentanyl/placebec for the full
period of time the patch was worn and 6 hours beyond when the patch
was removed (i.e. O to 30 hours). With the exception of the PaR
period, the Caplan study showed the same outcome. The studies of
Plezia and Stanski did not show the effectiveness of fentanyl;
however, mean morphine consumption for all time intervals up to 30
hours inclusive was always higher for the placebo patients. The
statistical effectiveness of fentanyl %eyond 3¢ hours was only
shown directly for the Hotchkiss study.

There is a second ;nteresting feature of the applicant's results.
We would imagine a-priori that placebs and fentanyl patients would
use enough supplemental mcrphine to bring themselves to comparable
pain levels. This is not the case (Vol 1.1, pages 168-197). The
studies of Caplan, Hohtchkiss, MclLeskey, and Nimmo show pain
experienced by placebo patients to be significantly higher than the
fentanyl patients. This cdoes not detract from efficacy conclusions
based on supplemental morphine usage since to bring placebo
patients to the same level of pain as the fentanyl patients, it
seems reasonable to’ assume that placebo patients would have to
widen still further the morphine consumption gap.
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4. Reviewer's Comments:

In the sense that fentanyl patients required less supplemental
morphine than placebo patients, the conclusion that fentanyl is
effective remains intact despite the fact that the pain levels of
placebo patients were statistically higher than for fentanyl. This
difference in pain level does create a dilemma at the next stage
of review. What size patch should be used? It will be seen that
the 50 mcg/hr patch patients don't seem to need more supplementary
rorphine than the 100 mcg/hr patients, despite the fact that
according to Dr. Wright, the 100 mcg/hr patch shows clearly more
toxicity.

A. Patch size determinations based on the studies reviewed
are compounded, if not created by study design flaws. This
does not mean that mathematical techniques to adjust for
these flaws can nct be attempted. It does mean that we
should be prepared to be skeptical, and let toxicity
considerations guide the choice of fentanyl patch size.
These flaws are:

1. Each investigator used only one size active fentanyl
patch. Therefore, an extra degree of uncertainty about
the dose response relationship that is being sought is
induced by heterogeneity in investigator measures of
differential morphine use and pain scores.

2. Some investigators performed only one kind of surgery.
Therefore, extra uncertainty about dose effects is
introduced through differences in the inherent painfulness
of a given type of surgical procedure.

3. To further complicate the use of these studies for
making dose comparisons, some types of surgery involved
patiencs of only one sex. This creates some speculation
about differences in treatment effect being induced by
differences in pain tolerance between the sexes. ’

4. It appears to be wrong, given present day analgesic
practices, to believe that placebo patients can request
supplementary morphine in amounts large enough to reduce
their pain to the level of patients receiving transdermal
fentanyl.

B. A graphical and mathematical analysis follows. If one
looks at raw morphine sulfate use in the group of patients
receiving fentanyl, it appears that as the fentanyl patch
gets larger, the demand for morphine gets 1larger too
(Figure 1). This idiosyncracy might be partially explained
from Figure 1 by noting a second idiosyncracy, i.e. in
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similar fashion, as the placebo patch size gets larger, the
demand for morphine gets larger.

Figure 2 is a refinement of Figure 1 designed to see how
well the explanation suggested in the previous paragraph
eliminates the first impression that patients with a larger
patch needing more supplemental morphine. Figure 2 is an
improvement, but it is still not sufficient. Figure 2 does
not make the 100 mcg/hr patch appear any more effective
than the 50 mcg/hr patch.

The next refinement is to ask what role might adjustments
for unequal levels of pain play in clarifying Figure 2.
Unfortunately, I believe pain score adjustments will have
little effect in suggesting that the larger the fentanyl
patch, the less the patient needs supplementary morphine.

Figure 3 is a basic display of mean pain score over the 36
hour test period, and is relatively uninformative. Figure
4 shows the difference in pain score between placebo and
fentanyl patients. The pattern of points labeled by
investigator in Figure 4 is remarkably the same as the
pattern in Figure 2. If the pattern in Figure 4 had
clearly shown that the pain differential between fentanyl
and placebo got larger as the patch got larger, then the
effect would have been to adjust the placebo patient’'s
supplemental morphine requirements upwards for patients
wearing larger patches. This is what we would want to see
happen for an effective fentanyl patch. Seeing the same
pattern for Figures 2 and 4 indicates that adjusting
supplemental morphine for dose, will not change the
position of the 50 mcg/hr patch relative to the 75 and the
100 mcg/hr patches.

An alternate approach is to note that based on Figure 2,
"the McLeskey study has too great a morphine sparing effect
relative to the other studies. The McLeskey study was the
only one to use the 50 mcg/hr patch, and it studied only
gynecological surgery. It is reasonable to ask how did the
McLeskey patients compare to the gynecology patients in
other studies. Unfortunately, only Hotchkiss and Plezia
recruited patients having the same kind of surgery as
McLeskey; and they recruited a total of 1 and 6 patients
having gynecological surgery. With so few directly
comparable patients, this approach 1is not to be
recommended.




5. Comments which may be Conveyved to the Anbl}cant:

(1) The applicant has provided satisfactory statistical
evidence of the effectiveness of fentanyl.

(ii) There is an apparent lack of a morphine use fentanyl
patch size dose response relationship. This would
appear to be created by what this statistical reviewer
considers to be design flaws. These are that each
investigator used only one patch size, and the only
investigator to use the 50-mcg/hr patch did only
gynecological surgery. These facts make it difficult
to decide how the drug should be labeled.

~ . =
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\'\'_{' val) T A C N
Richard A. 5tein, Ph.D.

Mathematical Statistician

This review contains 5 pages of text and 5 appended pages.

Peer Reviewer: Dr. Leung } I 7/ 7.

RN

cc:
Orig. NDA 19-813

HFD-007

HFD-007/Dr. Wright

HFD-007/Dr. Stein

HFD-007/Mxr. Hannan

HFD-713/Dr. Dubey ([File: DRU 1.3.2)]
R.A. Stein/x4594:ras:7/18/90:#ileid=FEN02

Lok




Randomized: Controlled Clinical Study Characteristics

Table 1:
]
)% |
\
|
Invest- fentanyl — No. of Patients — 2~tail |
igator (mcg/hr) Recruited Evaluable p-value (1] f
McLeskey 50 (28, 26) (26, 24) [2] 0.05 '
|
Caplan 75 (22, 20) (20, 20) 0.06 j
Nimmo 75 (23, 23) (23, 18) 0.03 .
Plezia 75 (22, 21) (16, 21) 0.30 g
.
Hotchkiss 100 (25, 24) (22, 21) 0.04 ‘
Stanski 100 (23, 23) (19, 20) 0.60
|

Total: (143,137) (126,124)
\

{1] FDA assigned p-value based on applicant's Wilcoxon Rank
Sum Tests up through 30 hours inclusive post-~-op.
|

{2] Counts are respectively (fentanyl, placebo)
|




Total 36-hour Morphine Sulfate Use

Figure 1
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Figure 2: Differential Morphine Use over 36 Hours

Omitting Non-Evaluable Patients
(placebo minus fentanyl)
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Figure 3: Mean Pain Score overd6-hour Period

Mean Pain Score

Onmitting "non-Evaluable" Patients
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| | placebo pain

B fentanyl pain

Caplan 75
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Author'sPreface
|

The clinical reviéw of the Fentanyl Fatch has baen divided into several
parts and is'not complete in this volume, which is cunfined to a discussion of . ‘
the pivotal and supporting efficacy studies. This is partly due to the intrinsic
novelty of the patch as the first transdermal opioid delivery system (Vol. II), % 0
and partly to historical accidents iz the handling of the NDA. If the reader
wishes & complete discussion of the TTS Fentanyl Patch and its properties he |

or she is directed to the following companion documents.

TTS Fentany! Clinical Review Volume II- Pharmacokinetics and Pharmacodynamics
TTS Fentanyl Clinical Review Volume III- Integrated Analysis of Efficacy Data |
TTS Fentanyl Clinical Review Volume IV- Integrated Summary of Clinical Safety
TTS Fentanyl Clinical Review Volume V- Abuse, Addiction and Diversion Potential

|

The reader is also advised that certain aspects of the pharmacology of
the patches are not discussed at length to spare the reader the tedium of
reviewing a great deal of negative material. Suffice it to say that the fentanyl

patch has all of the pharmacodynamic properties of fentanyl and of the mu
opioids in general. In consequence, a detailed analysis of the gxpected opioid |

side effects have not been performed in this volume (see Vol IV}, and only the

serious adverse events such as respiratory depression have been discussed on ‘
a study by study basis. The only pharmacologic effect of fentanyl which has not

been observed with the patch are the myoclonic effects on skeletal and
respiratory musculature seen in high-dose anesthetic practize.

The following report is organized around the four pivotal postoperative
studies and the two clinical utility studies in cancer pain. Each study is |
presented as an abstract followed by a discussion in detail and finally by
copies of summaries of the most significant data. No attempt has been made in
this submission to integrate the studies across dose levels or to discuss the
relative anaigesic strength of the patch (Vol. III). In a similar fashion the abuse ‘
polential, addictiveness, and diversion risk of the patch are sufficiently

complex to deserve separate discussion (Vol. V).




History of the Submission

The IND for TTS Fentanyl was submitted in 1985, and followed by an
NDA for the same product in December of 1987. The IND and NDA have
been under review by both HFD-120 and HFD-150 at different periods in

the develogment of the drug, but primary responsibility for the NDA was
shifted to HFD-007 in July of 1989. The drug is proposed for an NDA .

Day in mid-1990.
Therapeutic and scientific background for the drug

Fentanyl TTS (Transdermal Therapeutic System) is a extended release
transdermal system. which was developed to deliver a narcotic analgesic
at a nearly constant rate for use as a supplemental analgesic in post-
operative and cancer pain. It was not intended for non-cancer chronic
pain, or as a single analgesic agent for all patients, and has been tested
in trials where another analgesic agent (rescue medication) was available
on demand to patients requiring additional analgesia beyond that

provided by the transdermal system.

The parent drug substance, fentanyi, is a stable, highly lipophilic opioid
analgesic (octanol/water coefficient 860:1) which is modestly bound to
plasma protein (80%) , and has a 2:1 muscle/plasma, 5:1 brain/plasma,
and 35:1 fat/plasma distribution ratio in animal studies. In consequence,
the pharmacokinetics of the drug are dominated by redistribution to
body fat in a fashion quite similar to thiopental or other lipophilic
anesthetic drugs. Most clinical experience with the drug has taken place
intra-operatively with doses of 50-150 ug at 30-60 minute intervals in
balanced anesthesia or at higher doses in so-called "high dose fentanyl "
techniques. This type of dosing gives an apparent half-life of 4 hours,
clearance of 0.75 1/kg-h and an apparent volume of distribution (Vss) of

4 liters/kg in clinical studies.

Fentanyl is an effective analgesic in opioid naive individuals at blood
levels between 0.6-3.0 ng/ml, single dose surgical analgesia is usually
achieved at blood levels of 15-25 ng/ml, and intubation or median
sternotomy is possible in opioid-naive patients who receive bolus doses
which give levels of 40 ng/ml and above. The drug has been in clinical
use for about 20 years, but has always been restricted to intravenous- -
administration in the operating room, ICU, and recovery room
environments because of a poor oral bicavaiia2ility due to a high first-

pass metabolism.

TTS fentanyl is the first dosage form of this Jrug subsiance which could
be used for chronic administration without inie¢ctions.

Basic Anatomy and Pharmacology of the Transdermal Systexn
The transderimal system consists of a drug reservoir consisting or a gelled

ethanolic solution containing 2.5, 5, 7.5 or 10 mg of fentanyl base and
bounded on its skinward surface by a rate limiting semi-permeable

membrane. The systems are labeled as delivering 25, 50, 75, and 100 ug of
fentanyl! base per hour, rather than by the actual amount of fentanyl




they contain. The sponsor was asked to justify labeling the systems as
delivering a fixed rate of drug, when this was clearly improbable based
on the thermodynamics of the system. The sponsor replied that they had
considered labeling the systems by weiﬁht of fentanyl contained, but had
opted for identifying them by nominal delivery rate instead, citing
experience with nitrate systems where different products containing the
same amount of drug delivered at different rates had created a safety
problem. This argument is sound and suggests that the slight inaccuracy
caused by the reference to a fixed rate of delivery is acceptable in order
to avoid potential toxicity caused by substitution among transdermal

systems.

The thermodynamic drive for the delivery system is the concentration
difference between the reservoir side and the adhesive covered skinward
side of the. membrane. The in-vitro delivery rates for the reservoir-
membrane system are reported in the later volumes of the NDA and
represent the maximal rates of delivery of drug through the membrane
into an infinite sink. When these data are transformed and replotted in a

semi-logarithmic plot:

In-Vitro Release Rate From
TTS-Fentanyl 100 & 75 ug/hr
0.0 12% of the fentanyl dose is held

in the patch adhesive and promptly
builds high dermal levels of drug.

S
(9]
Lo

Ad

-1.0 ]

At

The kinetics of the
reservoir are first order.

1 Ln(4) = (-0.0247 * ) -0.1263

Ln of Percent Fentanyl
o
28
1

Remaining in Reservoir

™ T } T Y Y T T T 1

20 40 60 80
Hours

ro
o
o

The release from the reservoir of the 75 and 100 ug/hr dosage forms (in-
vitro) is first-order with a half-life of about 28 hours, and can deliver
dru% at rates ranging from a maximum of 200 ug per hour to a minimum
of 50 pg/hbr (at 72 hours) for a 10 mg system. The upper limit of drug
delivery at 72 hours for the transdermal system is about 85% of the dose
in the Teservoir. These in-vitro studies are the basis for the sponsor's
assertion that the TTS system membrane provides about half of the




resistance to the delivery of the drug, with the stratum corneum
providing the other half, an assertion which was tested in human
studies. Despite the high lipid solubility of fentanyl, pilot work by the
sponscr showed that the presence of ethanol in the reservoir was
required to provide a high concentration gradient and to alter the

permeability of the stratum corneum under the TTS system. If ethanol is
not present in the reservoir, or the reservoir contents are applied directly
to the skin the rate of absorption is reduced below levels that are

clinically useful (1/5-1/10 the enhanced rate).

The sponsor performed two studies without bolus administration of
fentanyl, # 85-047 & # 87-011. The data from these studies are plotted
below and show that the blood levels resulting from TTS system
application are still rising up until system removal at 24 hours. Details
of these studies suggest that about 10% of the drug in the system is in
- the adhesive layer and rapidly builds a skin "depot" under the TTS
system. About 25-50 % of the dose in the reservoir is delivered at a
nearly constant rate in the first 24 hours of TTS system application, and
the 0.5-1.5 mg in the skin depot is slowly absorbed after the system is
removed, extending the apparent half-life of the fentanyl due to

continued absorption from the skin site.

Data from 85-047 & 87-011 TTS
Fentanyl 75 & 100 (8 per group)
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These data were used to estimate the pharmacokinetic parameters for
fentanyl given by the TTS system, assuming nominal rates of 100 & 75
u%/ hr (based on actual delivery from TTS system content analysis). The
blood levels at 24 hours suggested that the minimum effective TTS

system size was likely to be the 75 “f
pharmacodynamically effective bloo

TTS system, based on a minimum
level of 1 ng/ml.




z Analysis of 87-011 & 85-047
as constant rate infusioens

k=171
Css (75) = 1.10 ng/ml

Css (100) = 2.795 ng/ml

-3.5
40T 7T T7T T 7T
0 2 4 6 8 10 12 14 16 18 20
Hour

Using the nominal rates of 100 & 75 pg/hr for the TTS system the
estimated clearances for 75 and 100 ug TTS systems are 75*1000/1.10 =
68 1/hr and 100*1000/2.795=35 1/ar , giving a volurne of distribution
between 204 and 397 liters ( 3-5 1/kg). The half life of the drug
calculated from the administration phase of these studies is 0.693/.171 =
4 hours. These results are consistent with the reported ﬁndin%? of
Intravenous studies of fentanyl kinetics and suggest that the TTS system

i kinetics can be approximated by a one compartment open model
assuming constant rate intravenous infusion during the period of TTS
system application. These studies demonstrated that bolus fentanyl must
be given if analgesic (0.5-1.0 ng/ml) concentrations of fentanyl were to be
achieved within several hours of TTS system application.

Neither 2 one compartment open model nor the more complex tri-
exponential model of fentanyl kinetics can explain all of the features of
TTS system performance. Data from the pharmacokinetic studies show
that there is a substantial “"skin depot" built up (preswmably above the
stratum corneum). After TTS removal the skin depot is slowly absorbed
resulting in a loager apparent half-life for fentanyl than expected
following TTS system removal, based on parameters established in IV
kinetic studies.

Meetings between the sponsor, HFD-007 and Biopharmaceutics resulted
In a consensus that the TTS system could adequately be modeled using a
system-skin-body model, using the established single compartment
kinetic parameters for the apparent volume of distribution and clearance
of fentanyl, a first-order permeability constant for the TTS system
membrane, and estimated first-order permeability constants for the
adhesive layer and the skin (assumed to be related to the characteristics
of the stratum corneum, dermal blood flow, local concentration of the
ethanolic enhancer, and the closeness of the coupling across the
adhesive layerj. This model was tested using the data from an 8 patient
pharmacokinetic study available in the NDA (Vol 18.1), and a
satisfectory fit of the data was accomplished .
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A computer model of this system was developed and was evaluated in
HFD-007. 1t showed that application of the TTS system caused a rapid
flux of fentanyl held in the adhesive layer into the epidermis, rapidly
establishing a skin depot, but with no systemic delivery of drug until a
substantiakskin depot (0.5-0.75 mg) was established. Once the skin site
was "full" of fentanyl and fully modified by ethanol, the flux to the body
increased until it began to be limited by the loss of both fentanyl and
ethanol from the reservoir. The interplay between these two fluxes
account for the shape of the fentanyl blood level curve during TTS

system application and removal.

TTS Fentanyl Patih-Glue-Skin Model
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Appropriate constants for the TTS system are Vss=398 liters, Cl=46 1/h,
and MRT = 9.78 hours.

History of the Clinical Investigations

The intended labeling for this product was for a method of delivering
high levels of opioid analgesia to cancer patients without having to use
an injectable dosage form. Fentanyl was chosen as the, opioid on the
basis of its physical characteristics and the TTS system technology
available to the sponsor. The pain model for TTS fentanyl were conditions
In which doses of 10-15 mg of IM morphine are required at variable
intervals to control a nociceptive stimulus with exacerbations due to
emotional state, movement, or other transient conditions. The sponsor
has labeled the drug for usage in peri-operative and post-operative
analgesia and chronic cancer pain. The model of pain in either case is
sketehed below: :




Variable Pain Model

) Maximum
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If the dose of an analgesic drug is adequate to control the most intense
pain in a day it may be too great for the minimum pain pericds. In the
best clinical practice this is usually managed by allowing a patient to
take a reduced dose or to skip a dose at times of low analgesic demand
and to time medication administration so that there will be adequate
analgesia for meals, bathing, and transfers. Controlling drug delivery is
thought to be important, since current analgesic theories suggest that
analgesic medication levels ought not to be allowed tc drop too low, in
that restoring analgesia may be more difficult than maintaining it.

The sponsor's stated goal for the TTS system was to provide a convenient
method for delivering a constant amount of opioid, resulting in stable
blood levels of analgesic drug capable of relieving a patient's median
pain. TTS fentanyl was not intended to be given in doses which abolish
all pain in all patients, but rather as a baseline anaigetic with
supplementation as needed by short-lived opioids to cover peak pain
periods. In post-operative pain the goal was to provide long acting
analgesia over the first 1-3 post-opcrative days, while in cancer pain the
goal was to provide convenient stable analgesia with little peak to
trough variation in baseline opioid levels. -

These goals resulted in the clinical hypothesis that TTS fentanyl would
reduce concomitant analgesic demand while providing satisfactory pain
relief scores in both cancer pain and post-operative pain.

Clinical studies
Owing to the technical difficulties of analgesic studies in chronic cancer

pain, the company solicited the advice of the FDA's drug abuse staff
prior to development of the investigational plan. Studies were proposed




using continuous IV fentanyl infusions in ICU settings to determine the
expected fentanyl requirements and kinetics of the drug, followed by
efficacy studies in postoperative analgesia, and Phase III trials in

chzonic cancer patients. An inventory of the studies performed is

supplied in the next section, showing the pivotal clinical efficacy studies
in italics. , o :

The conduct of the clinical studies of the drug was ureventful, but it

was soon learned that the onset of meaningful analgesia in the
postoperative efficacy studies lagged TTS system application by at least
six and as long as twelve hours. In consequence, the majority of the
post-operative studies utilized a bolus dose of fentanyl given at
operation, and provided prn rescue-medication . As will be seen later, the
slow onset, extended duration of action (72 h +), and use of a bolus dose
of fentanyl did not allow the usual methods of single-dose analgesic trial
analysis to be used in these studies. Instead, the cumulative and interval
use of rescue medication and global efficacy ratings were the primary
clinical outcome variables and pain relief scores reflected the combined

analgesic effects of the TTS system and the rescue medication used by

the patient.

The same TTS system-PRN rescue combination was used in later cancer
analgesia trials, but without any bolus doses of fentanyl. In those trials
the patients were usually stabilized on morphine, converted to TTS
fentanyl systems in a theoretically equianalgesic dose, then followed for
pain relief and use of rescue analgesics. As in the postoperative trials,
there was a high rate of use of rescue narcotics resulting in a .
combination of effects being measured for not only pain relief, but

adverse effects as well.
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Inventory of Studies
Significant Chemical Studies
Report$.1 _  6.1:030 Basic Kinetics of the system membrane.

Significait Pre-Clinical Studies

McNeil 1.4:64 LD-50 Monkey=30ug/kg IV
85-1772-025 1.4:68 28 day rabbit repeated application study
85-1772-026 1.4:127 80 day rabbit repeated application study

85-1772-004-067 1.6:001-196 - Mutagenicity/chromosome studies .
TRR-111,44,&45 1.6:226-246 Teratogenicity studies
NONE No appropriate withdrawal studies in animals
NONE No carcinogenicity studies in animals
Pharmacokinetic studies of Fentanyl Drip Analgesia
83-008-00 Stanski 1.22 45 ICU Fentanyl Drip
84-015-00 Nimmo 1.26 45 Drip efficacy
84-011-01 Miser 1.33 23 - Drip doses

Gourlay 5.9:023 30 Fentanyl Dose-Effect Levels
Pharmacokinetic Studies of TTS Fentanyl in Patients

87-011-01 Stanski 5.8 8 ‘TTS Bioavailability
85-018-01 Niland 1.34 10 Conversion tc TTS
85-042-00 Hotchkiss 1.20 6 Pilot 100
85-030-01 a&b  Nimmo 1.17-18 21 Pilot 100
85-046-01 Caplan 1.21 10 Pilot 75
85-047-00 Plezia 1.23 8 Pilot 75
85-038-00 Jackson 1.19 8 Pilot 50
85-051-00 McLeskey 1.24 8 Pilot 50
85-005-02 Stanski 1.13 10 TTS 50
85-052-01 Larijani 1.14-15 20 TIS 75
85-046-01 Caplan 1.32 21 Ventilatory Response 75
85-032-011 Mather 5.1 14 25-100 New TTS Daily x2
Pilot Studies of TTS Fentanyl in Post-operative analgesia
85-038-00 Jackson 1.27 5 TTS 50
85-032-0111 Mather 5.2 40 New TTS Daily X2

Pivotal Studies of TTS Fentanyl in Post-operative analgesia

8504200 Hotchldss 1.28 49 TTS 100
8503001 Nimmo 1.26 46 TTS 100
85-046-01 Caplan 1.29 43 TIS 75

85-051-00 Mcleskey 1.31 54 TTS 50




-

Supportive Studies of TTS Fentanyl in Post-operative analgesia

85-047-00 Plezia 1.30 43 TTS 75
85-005-02 Stanski 1.25 46 TTS100
85-053-00 Muller 14.3 43 . TTS 75

87004 Latasch 14.4 60 ' TTS 76

Utility/Ef:ﬁcacy Studies of TTS Fentanyl in Cancer Analgesia

87-010-01 Payne 14.2 54 Open.label 0-27 months
86-003901 11 Levy 5.4 46 Controlled Trial 2 wk. x-over
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Individual Study Reports
Pivotal Studies in Postoperative Pain
s e
85-042-00 Hotchkiss 100 ug/h TTS Fentauyl

Abhstract

This was a 49-patient, randomized, double-blind, placebc-controlled,
parallel -group trial of TTS fentanyl 100 in post-operative pain after head
& neck, upper abdominal or thoracic surgery. TTS systems were applied 2
hours before surgery and suppiemented in both experimental and control
groups by a 300 ug intra-sperative fentanyl bolus. Significantly better
pain controi was observed in 18 fentanyl patients over 21 placebo *
patients as measured by lower pain intensity ratings, less supplemental
morphine use, and better global pain control in the fentanyl group. Mean
blood levels of fentanyl ranged from 1.0-2.0 in this study and three
feritanyl patients with blood levels between 2.0 and 3.0 who had
undergone chest surgery were withdrawn from the study for respiratory

depression.

This study was a 49-patient, randomized, double-blind, placebo-
controlled, parallel-group efficacy study of TTS-100 vrs placebo-TTS
system. It was carried out by Richard Hotchkiss at Emory University
between Apr-Nov 1986 on a group of 31 men and 18 women who were
mosily ASA class JII patients. The study hypothesis was that patients
who had a TTS-100 system applied 2 hours before induction of
anesthesia with 300 pg fentanyl & 2-3 mg/kg thiopental (subsequent
technique was nitrous-enflurane) would have better analgesia and
require less supplemental morphine in the 24 hours following system
application than 2 placebo-system group. The measures used were:

Efficacy Safety
Respiratory rate

Supplemental morphine use Blood levels of fentanyl

Pain intensity scores Adverse effect counts

Global pain control scores Withdrawals for cause
Episodes of respiratory depression
Sedatlior: scores

Outcome variahles were assessed hourly for 24 hours of TTS application
and for 12 hours after removal. Serum levels of fentanyl were taken at
0.4,8,12, 16, 20 & 24 hours: after system application and 6,16,24,& 30
hours after removal. Global pain ratings were done for 0-24, 24-36, and
36-48 hours after TTS application. The TTS skin site was examined at

1,6.& 24 hours after ajiplication.




Patients who dropped out pre or intra-operatively due to disqualifying
alterations in anesthetic technique or in the proposed surgery were
excluded from efficacy analysis but included in the safety data.

49 patients were randomized to two §roups of 25 fentanyl and 24
placebo, wijh 3 fentanyl patients and 3 placebo patients withdrawing
from the study immediately for procedural reasons. JFour additional
patients in the fentanyl group (all thoracotomy patients) developed
respiratory depression and withdrew for medication related adverse
effects. This left 18 fentanyl and 21 placebo patients who completed the

study.
Selection , Withdrawals, and Mistakes

Review of the demographic data on both groups revealed a 28-70 year
men and women undergoing thoracotomy (27),

old group of 53-99 ?
upper abdominal (15) or HEENT (7) procedures. Most of the group was
ASA class III, and of average hieight, weight, and body mass index.

Review of the case summaries showed an unremarkable group of past
medical histories and an average number with heavy alcohol and
anal%esic use. The group was typical for a large private or university
CHEST or ENT clinic, and there were no clinically or statistically

raeaningful differences between the two groups.

Four TTS Fentanyl patients had the system removed at 6-12 hours after
application due to respiratory rates less than 8 breath per minute (blood
levels 2-3 ng/ml). Data were collected on these four patients at all time
points, but data collected after the removal of the system were not

included in the summary statistics.

It is likely that the withdrawal of these patients had the effect of
modestly reducing the observed differenced between the treatment

groups.
The investigators had the expected number of deviations from protocol.
Five patients were re-classified as ASA class IV and not Class III, 18% of
the fentanyl and 33% of the placebo patients received IV morphine
instead of IM on at least one occasion, and one placebo and one fentanyl
patient received an additioral bolus of sufentanil in the OR. At best,
these violations would be expected to modestly reduce the differences
between the two groups by providing the placebo group higher levels of

morphine analgesia.
Results and Analysis

The TTS system-holus technique was effective in providing analgetic
blood fentanyl levels, with the mean blood level for the experimental

group ranging from 1 ng/ml at 4 hours to 2.0 ng/ml at 24 hours. This
degree of drug delivery resulted in a four-foldi reduction in the use of
supplemental morphine by the fentanyl group. As may be seen, the active
TTS system reduced pain intensity ratings. improved global pain control,
and markedly increased the number of adverse experiences (28 v 16).
Review of the pattern of side effects reported in the study shows no




obvious pattern other than a higher incidence of CNS complaints (11
fentanyl v 5 placebo).

There were four patients in the study who had episodes of significant
respiratory depression. SCN 213, SCN 243, SCN 249, and SCN 255 were
all post-thgracotomy patients who developed adverse respiratory events,
chiefly slowed respirations (<8 BPM) and hypercapnea (>50 mm hg see
safety summary for details). These events all occurred at a mean fentanyl
level of > 2.0 ng/ml. All of these reactions must be considered to be a
fentanyl-disease interaction, but must not be considered to be unusual
post-thoracotomy. Of critical interest is that removal of the system did
not result in an immediate fall in fentanyl levels, and that naloxone was

given in addition to system removal.

Review of the blood gas data for both fentanyl and placebo groups
revealed that both groups had significant hypercarbia, which was related
more to the type of surgery than to system application or morphine
administration.

Adverse topical effects from the system were limited to mild erythema and
pruritds for several hours after system removal.

Pharmacologic Performance

There was considerable variation in peak blood level, Tmax, and 24 hour
dose among the fentanyl group. Case reports for twe of the ixndividuals
with the lowest blood levels and two with the highest blood i=vels were
reviewed to see if a ready explanation for the variation could ve found.
Subjects 233 & 242 had the lowest blood levels, and were a 69 kg, 67
y.o. male who had a rib resection and a 59 kg, 57 y.o. female who had a
bronchoscopy. Both had exceptionally good pain relief from the TTS
systems . Cases 226 & 237 had the highest fentanyl levels, and were a 53
year old 88 kg man who had gastric surgery and a 175 cm 56 kilo 28 year
old female with a thoracotomy. The male in this case had few signs of
opioid effects but good analgesia, while the female had pronounced
opioid effects and stiil had poor pain control. In only one of these cases
(237) was the fentanyl level obviously related to body habitus.

Additional Analyses

The sponsor provided a plot of cumulative supplementai morphine use
which is an effective method of visually interpreting this kind of data,
and is analogous to the plot of pain intensity differences in more usual
analgesic trials. As an experiment, the data from the pain intensity
ratings were plotted as cumulated pain scores in a effort to show the
data in an analogous fashion. These plots clearly show the differences
between the two groups and are reproduced below:
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Conclusion

This study shows that post-operative pain in patients who have had a
TTS 100 fentanyl system applied is lower than that experienced by
controls, both by self-report and by the measurement of morphine
demand. Fentanyl is clearly absorbed in amounts adequate to cause both

- intended and adverse effects, and it is also clear that this increased.

analge

was too great

sia was accomplished by an increased total narcotic dose which
for four patients with impaired respiration. TTS fentanyl is

not a first-line choice for post-pulmonary resection.
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Study Type: Postoperative
C-85-042, Il: TTS (fentanyl)-100 (40 cm?)

HOTCHKISS

This was a 49-patient, randomized, double-blind, parallel-group trial of a single dose level of TTS fentanyl

{100 ug/hr) vs placebo in post-operative pain afier upper abdominal or thoracic surgery. Patches were

applied two hours before surgery and supplemented in both experimental and control groups by a 300 ug

intra-operative fentanyl bolus. Significantly better pain control was observed in 18 fentanyi patients over

21 placebo patients as measured by lower pain intensity ratings (fentanyl 2.1/placebo 4.8), less supplemen- iy
tal morphine use (fentanyl 14.1 mg/placebo 42.3 mg), and better global pain control (fentanyl 1.7/ N
placebo 3.5). Mean blood levels of fentanyl ranged from 1.0-2.0 with a peak mean level of 2.0 = 0.9 ng/ml.

The fentanyl group had an increased incidence of opioid side effects, and three fentanyl patients with blood

levels between 2.0 and 3.0 who had undergone chest surgery were withdrawn from the study due to

respiratory deprassion.

FENTANYL PLACEBO TOTAL
n=25 n=24 n=49

SEX
MALES 15 16 31
FEMALES 10 8 18
SURGERY
THORACIC 17 10 27
MAJOR ABDOMINAL 6 9 15
HEAD-NECK 2 5 7
ANESTHETIC
NITROUS/NARCOTIC 24 24 48

TIME (MEAN HOURS)

TTS APPLICATION TO INDUCTION 1.5 3.5
SURGICAL PROCEDURE 43 3.8 !
CONCOMITANT MEDICATIONS
PREMEDICATIONS - DIAZEPAM 11 10 21 !
- OTHER 10 10 20
INTRAOPERATIVE NARCOTIC - FENTANYL 300 ug ___ 24 24 48
ADJUNCTIVE .MEDS - ANTI-EMETIC 3 7 10
- SEDATIVE/TRANQUILIZER 2 2 4
USE OF RESCUE ANALGESIC - MORPHINE 15 20 35
DROPOUTS -
PRE-SURGERY 1 0 1
DURING SURGERY 0 0 0
PROTOCOL VIOLATION 2 3 5
LACK OF EFFICACY 0 0 0
ADVERSE EVENTS 4 0 4
TOTAL 7 3 10
ADVERSE EVENTS REQUIRING
MEDICAL EVALUATION 7 1 8

K1\MISC\85-042-2.ABS. 03/22/90 SPS
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BENEFICIAL EFFECTS
FENTANYL SERUM LEVEL
i Study: HOTCHKISS
5 '
2.0 ] ]
. " §
Fentanyl Serum 1-3 / '
Concentration
(ng/ml) 1.0+
0.5
Patch On Paich Off
0.0 = T I T T
0 6 12 18 24 30 36
- Hours Post TTS Application
. 1 1 1 I i i 1
FENTANYL
Mean i1 16 18 19 19
SD 0.7 038 0.8 0.8 0.9
N 22 22 22 22 19
1 ] A | )] 1

\b
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BENEFICIAL EFFECTS _
CUMULATIVE USE OF RESCUE MEDICATION N
Study: HOTCHKISS
" :

Patch On IPatch off ;

Cumulative b

Morphine : j —————

(mg)25q L _?,.—"' ?
04 I i T T
0 6 12 18 24 30 36
_______ *;fanctggg' Hours Post TTS Application
1 T T T T T I
FENTANYL
|Mean 12 42 64 78 9.0 129
SD 26 6.1 87 108 119 1563
N 2 22 2 2 2 2
PLACEBO

Mean 23 94 178 259 349 423
SD 46 91 120 170 222 26.7

N 21 21 21 21 .21 21

DIFFERENCE

Mean i1 52 114 18.1 258 29.3
SE 11 23 32 43 54 66
P 0.35 0.03 <0.01 <0.01 <0.01 <0.01

1 | 1 1 1 ! 1

{7




BENEFICIAL EFFECTS e
PAIN INTENSITY RATINGS Q.
) Study: HOTCHKISS
Worst Possible Pain 9 '
k ;Patch On Patch Off
o] i o
3
No Pain 0~ . , | T e
0 6 12 18 24 30 36
_______ ;fancfggtvjl Hours Post TTS Application -
R ] I 1B | T 1
FENTANYL | 0-36
Mean 29 24 24 18 15 17 2.1
SD 3.1 24 21 18 13 20 1.6
N 14 21 22 21 19 19 22
PLACEBO
Mean 57 53 49 43 51 3.8 4.8
SD 35 28 26 2.1 20 23 1.9
N 9 20 21 21 21 21 21
DIFFERENCE
Mean 28 29 25 25 36 21 2.7
SE 14 08 07 06 05 07 0.5
P 0.05 <0.01 <0.01 <0.01 <0.01 <0.01| <0.01
i ] i 1 ] |
(<

__—h




ADVERSE EFFECTS
RESPIRATORY RATE
Study: HOTCHKISS

3/21/90

§Patch On Patch Off
0l | |
Respiratory Rate ] ' ...... .........
(breaths/min) 44 _ \\‘__*____
14 4
- o 6 12 18 24 30 36
_______ P?:ggggl Hours Post TTS Application
1 1 | 1 { 1
FENTANYL 0-36
‘IMean 172 168 162 16.0 171 18.6 | 16.8
SD 36 35 43 46 23 29| 32
N 16 20 20 20 19 19 22
PLACEBO
Mean 18.0 19.0 192 185 177 18.1 | 185
SD 17 32 36 43 23 21 2.3
N 9 20 21 21 21 21 21
DIFFERENCE
Mean -08 22 -30 25 -06 05| -1.7
SE 13 11 12 .14 07 08| 09
P 0.54 0.05 0.02 0.08 042 054 0.05
1 - 1 i ! ] 1

|1




Only Awakened+ 5

SEDATION

ADVERSE EFFECTS
Study: HOTCHKISS

When Araused

Mostly Sleeping 4 -

Dozing Intermittently 34

Patch On

Patch Off

3/21/90

Drowsy 2-
Wide Awake 1 ' T 1 . ]
6 12 18 24 30 3
_______ S?;‘c‘gﬁ‘ Hours Post TTS Application
E T T T T T T ]
 |FENTANYL 0-36
‘IMean 39 38 38 36 26 25 3.3
SD 12 09 11 1.2 1.1 1.2 0.7
N 15 21 22 21 19 19 22
PLACEBO
Mean 35 33 385 33 26 26| 3.1
SD 19 09 06 10 1.1 0.9 0.5
N 10 20 21 21 21 21 21
DIFFERENCE
Mean -04 04 -03 -03 -00 01| -0.3
~|sE 06 03 03 03 04 03] 02
( P 052 0.15 027 045 092 0.70| G.18
1 1 i 1 | 1

20
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ADVERSE E+FECTS
( ADVERSE EVENTS CURVES
‘ Study: HOTCHKISS

1do

Patch On IPatch Off
75
Percent of Patients
Who Have Had At 50- ;
Least One Symptom [ B '
25 - '
O 1
0 24 36
_______ gg\éggg' Hours Fost TTS Application
1 1 i 1 H { L
FENTANYL
"Mean 0.0 182 36.4 50.0 54,5 59.1 72.7
95% Cl - 2-34 16-56 29-71 34-75 39-80 54-91
N 2 22 22 22 22 22 22
PLACEBO
Mean 00 95 143 28.6 33.3 429 429
95% Cl - 022 029 9-48 13-53 22-64 22-64
N 21 21 21 21 21 - 21 21
DIFFERENCE
; e - 041 0.0 0.15 0.16 0.29 0.05
i 1 L i i | |




Hot .hkiss

Adverse Events Kequiring
Medical Evaluation or Intervention

T1S_- Fentanyl

SCN 213 Pt 7.25, PCO, 55, RR 8;
Lethargic & d1ff1cu]t to arouse.
Naloxone given

SCN 215 Intraoperative bleeding. ‘Blood transfusions intra and
postoperatively. Continues to fniave bleeding. Expired 6
days later due to disease progression.

SCN 237 ABG’s called for. Rouses easily. Falls back to sleep
quickly, RR 10/min.

SCN 242 Very drowsy, PCO, increased, probably secondary to relaxant,
NAHCO, given. 5§ albumer. 250cc, 1VF’s increased for

decreased blood pressure.

{ SCN 243 Atrial fibrillation with rapid vent1]atory response,
lethargic, drowsy. During transfer to ICU, RR 8/min.
. Naloxone administered.

SCN 249 Drowsy, aroused and coached to breathe. Respiratory rate <8
and pCO, 60. End tidal CO, monitor did not sense ? W O~
respiration. Patient requested patch not be removed because’74\r(:g
f good feeling and n. Nal tered.
of goo eling and no pai aloxone administere 7 ;»C&L S )

SCN 255 Naloxone given for extubation intra-op. Hypotension,
lethargy and increased pCO, in PAR.

Placebo

SCH 240 Complaint of dizziness. No focal deficit on neuro exam.
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85-030-02 Nimmo 100 pg/h TTS Fentanyl
Abstract

This is a 4§ patient randomized, double-blind, single-dose, parallel-
group, placebo-controlled study of TTS Fentany! in the relief of post-
operative pain in men and women following major upper abdominal
¢argery. Each patient had a 100 ug/h or placebo system applied 2 hours
sefore surgery, all received a 200 ug operative fentanyl bolus, and all
were followed for 24 hours of system application and for an additional 24
hours post system removal. The investigators found significantly better
pain control in 22 fentanyl patients over 18 placebo patients as measured
by lower pain intensity ratings , less supplemental morphine use, and
higher giobal pain control ratings in the fentanyl group. Mean blood
levels of fentanyl ranged from 1.5-2.0 ng/ml during system application
and in this study and the only withdrawal for an adverse event was

from the placebo group.
Resume

This study was carried out by Walter S. Nimmo of the University of
Sheffield Medical School in the United Kingdom between October 1986
and January of 1987. The study group consisted almost entirely (37 /46)
of elective choiecystectomies. The majority of the subjects were female
(28/46), but the study groups were otherwise comparable as to height,
weight, & age . The study hypothesis was that patients who had a TTS
100 system applied 2 hours before induction of anesthesia would require
less morphine analgesia in the 24 hours following system application
than placebo. The outcome variables were identical to other studies in

this series.

Efticacy Safety
tratory rate
Supplemental morphine use Blood levels of fentanyl
Pain intensity scores Adverse effect counts
Global pain control scores Withdraivals for cause
Episodes of respiratory depression
Sedation scores

All patierits had an active or a placeba system appiied two hours before
the induction of general anesthesia and received 1no pre-operative
sedative. Induction of anesthesia was accomplished with a 200ug
fentanyl bolus and 5 mg/kg thiopentone, following which anesthesia was
maintained with nitrous, enflurane and a muscle relaxant (Vecuronium)
if required. Post-operative analgesia was available to both groups via a
patient controlled analgesia device (PCA) which was a computer-
controlled infusions system which provided 2.5 mg/actuation IV
morphine with a 10 minute lockout in the post anesthesia recovery room
{(PAR), and 1 mg/actuation morphine sulfate with a 20 minute lockout on
the ward. This system provided a maximal rate (upper limjt) of morphine




infusion of 15 mg/hr in the PAR, and 6 mg/hr thereafter. Actual usage
rates were 6-26 mg/ur in the PAR and 0.1-5.7 mg/hr on the ward.

All patients were monitored for the 24 hours of system application and
for 24 hours thereafter. This study differed from the other studies in this
series in that the morphine was administered by PCA and in that pain
scores, sedation scores, and adverse effect queries were collected at 4
hour intervals instead of hourly.

Patients who-dropped out pre or intra-operatively due to changes in the
operating schedule or type of surgical procedure (N=5) were excluded
from efficacy analysis but included in the safety data.

Selection , Withdrawals, and Mistakes

This study provides information regarding the use of this medication in
elective upper abdominal surgery in an older, heavier (70-75 kg)
predominantily female group. It is a healthy group, containing 35 ASA
class I patients & i1 ASA class II patients , and no ASA class III or IV.
The study groups were egquaily matched, and represent a typical selection
of choiecystectomy patieiits scheduled for elective inpatient surgery.

The 46 patients were randomized ic two groups of 23 fentanyl and 23
placebo. Five of the patients in the placebo group were withdrawn at or
about the time of surgery, as two had their surgery canceled, two had
protocol violations, and one developed endotoxic shock. There were three
intra- & postoperative withdrawals in the study. when one patent had
the TTS removed by a student nurse who did not understand its
function, one patient's PCA jammed, and one patient received morphine
rather than fentanyl as a bolus. These withdrawals and violations are
ailequa&lely explained and plausible and would not be expected to bias

e results.

The investigators had five minor protocol violations in addition to the
above, when the PCA device failed (after the 24 hiour study interval). The
investigator's handled this missing d~ta for the post-TTS application
interval by substituting the group mewns for the missing values for each
of these five patients. ile this is an unbiased method of extrapolation,
it does reduce the power and the reliability of the data from the 24-48
hour periods. This would not be expected to bias the results for the TTS
wearing period during the 0-24 hours interval.

Results and Analysis

The results of the study are shown on the following pages. As may be
seen, the use of morphine by the fentanyl group was reduced over
placebo at all time periods, as were pain intensity ratings. Serum fentanyl
rose to therapeutic levels (1-2 ng/ml) over the first 12 hours and resulted
in a lowed mean respiratory rate and an increase in opioid side effects

over the placepo group.




This study differed somewhat from the American studies, since the pain,
sedation, and adverse effects were collected twice per shift rather than
hourly. In-addition, the use of PCA rather than nurse administration of
morphine or differences in anesthetic technigque may have altered the
total morphine use since the patients in this study used nearly twice as
much total norphine’ (52 v. 27 mg) than in a parallel trial by Hotchkiss

in which medication was administered by the study nurse..

Adverse Events

The investigators have shown that patients in the fentanyl group had a
consistently better level of analgesia and required less morphine than
the placebo group. They have also shown that the fentanyl group had a
geater frequency of adverse opioid side effects than the placebo group.
oth of these observations are most consistent with the observadon that
the fentanyl group probably received a higher total dose of opioid
(fentanyl effect + morphine effect) than the placebo group, and that the
greater analgesia is due to the patients having received more analgesic.
The side effects reported in this trial consisted mainly of nausea &
vomiting and were more common in the TTS fentanyl group. The very low
numbers of adverse events in comparison with other trials (11 this trial/
35-80 other trials) reflected a low sensitivity to adverse events due to
the method of survey, the patient group, or the method of delivery of
rescue medication (PCA). There were no episodes of significant respiratory
depression or excessive sedation in any patient in this study.

Adverse topical effects from the system were limited to mild erythema and
pruritis for several hours after system removal. These effects were seen in
both fentanyl and placebo system groups. There were no reported
episodes of delayed hypersensitivity or system allergy.

Pharmacologic Performance

The blood levels at 24 hours ranged from 0.97 ng/ml to 4.55 ng/ml, and
the case reports for several of the patients with high values and low
“values were reviewed. Cases 638 & 648 had low fentanyl levels (0.97 &

0.98 ng/ml), were 99 & 58 kg respectively, and both had a
cholecystectomy. Patient 638 had poor relief as shown by pain scores of
7-8 and high morphine use , while patient 648 had poor relief with

scores of 7 and similar use of rescue medication.

Cases 654 & 635 had high blood levels (4.55 & 2.90 ng/ml), were 50.6 &
82.5 kg respectively, both had a cholecystectomy , neither reported
significant pain (scores 2-4) or used morphine supplementation to any

appreciable extent.
Conclusion

This study shows that post-operative pain experienced by patients who
have had a TTS 100 fentanyl system applied is lower than that
experienced by controls, as measured by both self-report and by the
measurement of morphine demand. Fentanyl is clearly absorbed in
amounts adequate to cause both intended and adverse effects, but it is




( not possible to determine if the total narcotic demand (fentanyl +
morphine) was reduced for these patients since the relative potency of
fentanyl aifid morphine has not been tested in this system.

N




Study Type: Postoperative
C-85-030, Il: TTS (fentanyl)-100 (40 cm?)

NIMMO ‘

This was a 46 patient randomized, double-blind, parallel-group, single-dose lev  study of TTS fentany} (100
pg/hr) vs placebo in the relief of post-operative pain in men and women following major upper abdomirai

surgery. Each patiegt had a 100 ug/hr or placebo patch applied two hours before surgery; all received a
200 ug operative fentanyl bolus; and all were followed for 24 hours of patch application and for an
additional 24 hcurs post patch removal. Twenty-three patients receiving the fentanyl patch experienced
significantly better pain control over 18 placebo control patients as measured by lower pain intensity ratings
(fentanyl 3.5/placebo 5.3), less supplemen:al morphine use (fentanyl 50.0 mg/placebo 77.1 mg) and better
global pain control ratings (fentanyl 2.0/ptacebo 3.4) in the fentanyl group. Mean blood levels of fentanyl

ranged from 1.5-2.0 ng/ml during patch application and there were no withdrawals from the fentanyl group ‘

for adverse events.

FENTANYL PLACEBO TOTAL ' g
.n=23 n=23 n=46

SEX ‘
MALES 8 10 18 y
FEMALES 15 13 28 }
SURGERY
MAJOR ABDOMINAL 23 23 48
ANESTHETIC
NITROUS/NARCOTIC 23 23 48
TIME (MEAN HOURS)
* TTS APPLICATION TO INDUCTION 25 25

1.6 17

SURGICAL PROCEDURE

CONCOMITANT MEDICATIONS
N |

PREMEDICATIONS - NONE

INTRAOPERATIVE NARCOTIC - FENTANYL 200 ug 23 23 46
ADJUNCTIVE MEDS - ANTI-EMETIC 10 5 15
- SEDATIVE/TRANQUILIZER 0 0 0

|

USE OF RESCUE ANALGESIC - MORPHINE 23 18 41 |

DROPOUTS |

PRE-SURGERY 0 2 2 1

DURING SURGERY 0 c 2 2 )

PROTOCOL VIOLATION 1 0 1 ‘

LACK OF EFFICACY 0 0 0 ‘

ADVERSE EVENTS 0 0 0 |

TOTAL 1 4 5 4

|

ADVERSE EVENTS REQUIRING . 4

0 1 1 |

|

MEDICAL EVALUATION
\

KNMISCI85-030-2.ABS, 03/23/%0 SPS |
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| ‘ BENEFICIAL EFFECTS
( CUMULATIVE USE OF RESCUE MEDICATION
Study: NIMMO
75— - ;
Patch On ﬁ_Patch of |
50 - |
Cumulative
Morphine
(Mg) e .
0 { i 1 i i I
0 6 12 18 24 30 3B
_______ gfangggg‘ Hours Post TTS Application
i i i i ] T |
FENTANYL
1Mean 14.3 22.1 26.8 32.7 37.8 423
SD 59 83 118 153 17.6 19.6
N 23 23 23 23 23 23
PLACEBO
Mean 19.2 30.8 38.5 48.6 575 66.0
SD 53 106 136 17.1 202 234
N 18 18 18 18 .18 18
DIFFERENCE
Mean 49 86 116 158 197 23.7
SE - 18 3.0 40 51 59 67 .
{ P _ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
| i | § ! 1 |

N
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BENEFICIAL EFFECTS
- PAIN INTENSITY RATINGS
Study: NIMMO
Worst Possible Pain %
i 5 Patch On Patch Off
4 L
64 |
3l
No Pain 0_ ] , T -
0 6 12 18 24 30 36
_______ Fertany| Hours Post TTS Application
T T T T = T
FENTANYL 0-36
1Mean 48 3.4 2.5 3.5
SD 27 1.9 1.7 1.6
N 19 23 22 23
PLACEBO
Mean 69 5.1 45 5.3
SD 1.7 1.7 2.0 1.5
N 15 18 17 18
DIFFERENCE
Mean 21 17 2.1 1.9
» SE 08 0.6 0.6 0.5
\ P 0.01 <0.01 <0.01 <0.01
1 1 ] | A




ADVERSE EFFECTS

3/21/90

( RESPIRATORY RATE
' Study: NIMMO
22 ‘ T \
‘; EPatch On Patch Off
204 | '
18- é ------------------------
Respiratory Rate '
(breaths/min) 4¢ |
14 -
12 | 1 1 1
0 6 12 18 24 30 36
_______ gfa%fggg‘ Hours Post TTS Application
‘ T T T T T T
{ |FENTANYL 0-36
"Mean 17.2 16.0 16.4 16.4
SD 2.7 3.8 3.5 2.5
N 22 23 22 23
PLACEBO
Mean 19.4 18.9 19.0 19.1
SD 50 3.1 3.1 2.4
N 18 18 17 18
DIFFERENCE
Mean 22 -2.8 2.6 2.7
SE 1.2 1.1 1.1 0.8
P 0.08 0.01 0.02 <0.01
i | | i !
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ADVERSE EFFECTS
SEDATION
Study: NIMMO

No Response %
Patch On Patch Off

Responds Only 3_
To Strong Stimulus

Sleepy, Responds 2
To Modepr%te Sti?nulus 2

Sleepy, Responds 1 |
To Vocal Stimulus

Awake 0

5 & 1 18 24 3
_______ Fentanyl Hours Post TTS Application
( ! I T T T T
" |FENTANYL 0-36
1Mean 0.7 0.3 0.0 0.4
SD 10 05 0.0 0.4
N 22 23 22 23
PLACEBO _
Mean 06 0.2 0.1 0.2
SD 09 03 0.3 0.4
N 18 18 17 . 18
DIFFERENCE
Mean 01 -0.2 iy -0.1
SE 03 0.1 0.1 0.1
L |P 0.73 0.25 0.10 0.39
i ! ] 1 1 1

SYS
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| ADVERSE EFFECTS
f ADVERSE EVENTS CURVES
Study: NIMMO
160
Patch On IPatch Off
75-
Percent of Patients
\Who Have Had At 59- I l I '
Least One Symptom _
25 4 . . . ' .
SN l ......... l A !
0 fat l; ‘‘‘‘ f f s T J
0 6 12 18 24 30 36
_______ S?QS%’ Hours Post TTS Application
i ki LI 1 R i
FENTANYL
Mean 00 87 304 348 348 34.8 34.8
95% Cl - 0-20 12-49 15-54 1554 1554 15-54
N 23 23 23 23 23 _ 23 23
PLACEBO
Mean 00 56 111 111 111 111 111
95% Cl - 016 026 0-26 0-26 0-26 0-26
N - 18 18 18 18 18 . 18 18
DIFFERENCE
P . 070 0.14 0.08 0.08 0.08 0.08
1 i 1 1 | A 1




Nimmo

Adverse Events Requiring
Medical Evaluation or Intervention

TTS - Fentanyl

None

Placebo

SCN 626 Endotoxic shock in OR.




85-046-01 Caplan 7& pg/h TTS Fentanyl
Abstract

This is a 43 patient randomiz2d, double-blind, placebo-controlled study
of TTS Fentanyl in the relief of post-operative pain in men and women -
following major upper abdominal surgery. Each patient had a 75ug/hr or
placebo system applied at induction of regional analgesia, received a 100
ug operative fentanyl bolus, and were followed for 24 hours of system
application and for an additional 24 hours after system removal. The
investigators found significantly better pain control in 20 fentanyl
patients over 19 placebo patients as measured by lower pain intensity
ratings , less supplemental morphine use, and better global pain control
ratings in the fentanyl group. Mean blood levels of fentanyl ranged from
0.5-1.5 ng/ml during system application in this study and the only
withdrawal for an adverse event was from the placebo group.

This study was a 42-patient, randomized, double-blind, placebo-
controlled, parallel-group study of TTS-100 vrs placebo-system which
was carried out by Robert A. Caplan of the University of Washington
Medical School between January 1986 and February of 1987. The study
group consisted of 30 men and 12 women with a mean age and weight of
41 years and 79 kg who were undergoing elective shoulder surgeries with

regional anesthesia.

All patients had an active or a placebo system applied at the induction of
regional anesthesia and received no pre-operative sedative. Interscalene
block anesthesia was accomplished with 40 ml. carbocaine and
accompanied by a 100 pg fentanyl bolus. Post-operative analgesia was
available to both groups in the post anesthetic recovery room (PAR) as 2
mg morphine sulfate IV every 5-10 minutes, and as 5 mg morphine sulfate

IM every 2 hours thereafter on the ward.

This system provided a maximal rate (upper limit} of morphine infusion of
12 mg/hr in the PAR, and 2.5 mg/hr thereafter. Actual usage rates
between 1-2 1ng/h in both locations. After TTS removal the

ranged betw
subjects could request either IM morphine or oral acetaminophen with
codeine which was converted to an equivalent dose of morphine at a
fixed ratio (Foley NEJM 313, 84-95) for both groups.

All patients were monitored for the 24 hours of system application and
for 24 hours thereafter . Significant safety and efficacy variables

included:

Efficacy Safety
Resgiratory rate

Supplemental morphine use Blood levels of fentangl

Pain intensity scores Adverse effect counts

Global pain control scores Withdrawals for cause
Episodes of respliratory depression

Sedation scores




The study hypothesis was that patients who had a TTS-75 system
applied at induction of anesthesja would have better analgesia and
require less supplemental morphine in the 24 hours following system

application than the placebo-system group.

Patients wiho dropped out pre or intra-operativelj were excluded from
efficacy analysis but included in the safety data.

Selection , Withdrawals, and Mistakes

This study provides information regarding the use of this medication in

elective orthopedic surgery in a 40 year old, 78-80 kg, predominantly
male group. Itis a healthy group, containing 30 ASA class I patients, 10
ass I patients , and no ASA class III or IV. The study groups were

ASA
equally matchied, and represent a typical selection of orthopedic patients
scheduled for elective inpatient surgery..

The 42 patients were randormized to one group of 22 {fentanyl) and one
group of 20 (placebo) . Twa of the patients in the fentanyl group had the
system applied at the time of induction but were excluded from the
efficacy analysis after they required general anesthesia. Similarly, one of
the placebo patients was removed for morphine associated nausea and

|

vomiting.

These withdrawals and violations are adequately explained and
plausible and would not be expected to bias the results.
|

The investigators had one minor protocol violation in addition to the
above. Subject 42Z could not tolerate codeine in the post-TTS removal ‘
phase and received cxycodone instead. This would not be expected to
bias the results for the TTS wearing period during the 0-24 hours

|

interval.
Results and Analysis

The results of the study are as shown on the following pages. The

cumulative morphine use shows that TTS fentanyl application resulted in

less use of morphine rescue medication during all study periods, and

provides indirect evidence that the asszy is sensitive since there is a

markedly higher rate of use of morphine during the 4-12th postoperative

hours than at later periods. Examination of the pain intensity ratings

shows that the fentanyl group experiernced less pain postoperatively, and

expressed a greater global satisfaction with pain control than the placebo :
1

group.
The investigators have shown that patients in the TTS 75 group had a
consistently better level of anaigesia and required less morphine than
the placebo group. They have alse shown (below) that the fentanyl group
has a greater frequency of adverse events and opioid side effects than
the placebo group. Both of these observations are most consistent with
the observation that the fentanyl group probably received a hi%xcr total
dose of opioid (fentanyl effect + morphine effect) than the placebo group,

: and that the greater analgesia is due to the patients having received
more narcotic.




ey

Adverse Events

Review of the pattern of side effects reported in the study shows that
fentanyl patients reported 69 adverse events while placebo patients had
38. These events were all episodes of opioid side effects such as nausea. -
and vomiting, urinary retention, pruritus, and similar complaints.

There were no episodes of significant respiratory depression or excessive
sedation in any patient in this study, aithough three fentanyl patients
had episodes of slowed respirations (respiratory rates of 5-10/minute)
which were were recorded as adverse effects, but did not require medical
intervention. Respiratory effects for the group as a whole were limited to
a mean reduction of 1-2 breaths per minute during system application.

Adverse topical effects from the system were limited to mild erythema and
pruritis for several hours after system removal ( 4% fentanvi/40%
placebo) . These effects were seen in both fentanyl and placeso system
groups. There were no reported episodes of delayed hypersensitivity or
system allergy. One particularly hairy subject {452) had very poor
adhesion and low uptake from the system (6.66 mg residual fentanyl i
the system after 24 hours vrs group mean of 4.8 mg).

Pharmacologic Performance

The blood level profiles for all fentanyl patients are as shown in the
figures. Observed blood levels at 24 hours ranged from 0.3 ng/ml to 4.00
ng/ml, and the case reports for several of the patients with high values
and low values were reviewed. Cases 426 & 440 had low fentanyl! levels
(0.3 & 0.7 ng/ml), and were 100 & 67 kg respectively.

Patient 426 had avera%i relief as shown by pain scores of 5§0-60 mm. (max
100mm) and low morphine use , while patient 440 had excellent relief
with scores of 2-20 mm and similar use of rescue medication.

Cases 415 & 447 had high blood levels (4.0 & 3.4 ng/ml), were 56 & 62
kg respectively, reported pain intensity scores of 27 & 68 mm respectively,
and neither used morphine supplementation to any appreciable extent.
Case 447 had one episode of slowed respiration, which required :io
intervention.

Conclusion

This study shows that post-operative pain experienced by patients who
have had a TTS 75 fentanyl system applied is lower than that
experienced by controls, as measured by both self-report and by the
measurement of morphine demand.

This study establishes the efficacy of TTS fentanyl in postoperative pain.




Study Type: Postoperative i
C-85-046, ll: TTS (fentanyl)-75 (30 cm?)

CAPLAN *

This is a 42 patient randomized, double-blind, single dose level study of TTS fentanyl (75 pg/hr) vs placebo
in the relief of post-operative pain in men and women following major upper abdominal surgery. Each
patient had an active $r placebo patch applied two hours before surgery, received a 100 ug intra-operative
fentanyl bolus, and was followed for 24 hours of patch application and for an additional 24 hours after
paich removal. The 20 fentanyl patients experienced significantly better outcomes than 19 placebo controls
as measured by lower pain intensity ratings (fentanyl 2.5/placetio 4.1), less supplemental morphine use
(fentanyl 21.7 mg/placebo 42.1 mg), and better global pain control ratings (fentanyl 36.2/placebo §6.2).
Mean blood levels of fentanyl ranged frcm 0.5-1.5 ng/ml during patch appfication and the only withdrawal
for an adverse event was from the placebo group.

FENTANYL PLACEBO TOTAL
n=22 n=20 n=42
SEX
MALES 16 14 30
FEMALES 5 6 12
SURGERY
ORTHOPEDIC 22 20 42
ANESTHETIC .
NITROUS/NARCOTIC 2 0] 2
PERIPHERAL/LOCAL 20 20 40
TIME _(MEAN HOURS)
‘ TTS APPLICATION TO INDUCTION 0.1 0.2
SURGICAL PROCEDURE 3.2 2.8

CONCOMITANT MEDICATIONS
PREMEDICATIONS - DIAZEPAM 16 15 31

- OTHER 2 1 3
INTRAOPERATIVE NARCOTIC - FENTANYL 100 ug 22 20 42
ADJUNCTIVE MEDS - ANTI-EMETIC 12 8 20

- SEDATIVE/TRANQUILIZER 1 7 8
USE OF RESCUE ANALGESIC - MORPHINE 19 20 39
DROPOUTS -
PRE-SURGERY 0 0 0
DURING SURGERY 0 0 0
PROTOCOL VIOLATION 0 0 0
LACK OF EFFICACY 0 0 0
ADVERSE EVENTS 4] 1 1
TOTAL (4] 1 1
ADVERSE EVENTS REQUIRING
MEDICAL EVALUATION 5 2 7
3 g ’ K1\MISC\B5-046-2.ABS, 03/22/90 SPS




BENEFICIAL EFFECTS
* FENTANYL SERUM LEVEL
* Study: CAPLAN

25

2.0

Fentanyl Serum 1.54
Concentration

3/21/90

(ng/ml) 1.0- /
054 .
Patch On Patch Off
0.0 J | I ; I
0 6 12 18 24 30 36
Hours Post TTS Application
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BENEFICIAL EFFECTS
CUMULATIVE USE OF RESCUE MEDICATION
' Study: CAPLAN
e .
Patch On Ipatch off
50 4
Cumulative
Morphine
(Mg) g |
-
0 T T T 1 T T
0 6 12 18 24 30 36
_______ ,E?;’é;‘gg' Hours Post TTS Application
| ] I R 1 I i
FENTANYL
y 1Mean 37 97 13.0 157 175 21.7
SD 36 6.8 98 13.1 152 195
N 20 20 20 20 20 20
PLACEBO
Mean 6.1 17.8 25.1 30.3 35.0 41.0
SD 56 102 134 156 17.7 21.2
N 20 20 20 20 .20 20
DIFFERENCE
Mean 23 81 122 146 175 193
SE 15 27 37 46 52 64
P 0.12 <0.01 <0.01 <0.01 <0.01 <0.01
1 i 1 1 4 3 |
40




BENEFICIAL EFFECTS

. PAIN INTENSITY RATINGS

Worst Possible Pain

Study: CAPLAN

3/21/90

. Patch On Patch Off
6.
3
No Pain O~ 1 l l :
0 6 12 18 24 30 36
_______ gfgéggg' Hours Post TTS Application
i 1 ¥ i 1B 1 1
' |FENTANYL 0-36
Mean 3.1 34 26 24 18 20 2.5
SD 27 20 19 z2 17 1.8 1.7
N 17 20 20 20 20 20 20
PLACEBO
Mean 47 47 47 40 35 34 4.1
SD 26 18 20 17 22 1.9 1.5
N 19 20 20 20 20 20 20
DIFFERENCE
Mean 16 13 21 16 1.7 14 1.6
SE 09 06 06 06 06 06 0.5
P 0.07 0.04 <0.01 0.01 0.01 0.02 <0.01
i | i 1 ] 1
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ADVERSE EFFECTS
RESPIRATORY RATE
Study: CAPLAN
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)
Patch On Patch Off
20
Respiratory Rate | i ‘
(breaths/min) 14 _ S . '/“
. s
12 | i i 1
_ 6 12 18 24 30 36
_______ ;?angébﬂng' Hours Post TTS Application
( B 1 1 1 I i 1
* |FENTANYL 0-36
‘Mean 16.6 15.7 14.0 145 150 16.2| 15.1
SD 18 18 32 33 28 25| 23
N 18 20 20 20 .20 20 20
PLACEBO
Mean 18.0 16.6 16.3 16.2 167 16.5| 16.5
SD 24 15 13 18 17 24 1.2
N 19 20 20 20 20 20 20
DIFFERENCE
Mean 13 09 24 17 -16 04| -14
| SE 07 05 08 08 07 08| 06
L P 0.07 0.09 <0.01 .0.04 0.03 0.62| 0.02
i ] 1 ] 1 |
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| ADVERSE EFFECTS
( _ SEDATION
Study: CAPLAN

Only Awakened 4
When Aroused Patch On Patch Off

Mostly Sleeping 4-

Dozing Intermittently 3

Drowsy 24 4/ | 0 e
Wide Awake 1 : , .
0 12 18 24 30 3.
_______ Fentanyl Hours Post TTS Application
i 1 1 { I 1
FENTANYL 0-36
Mean 14 29 37 34 27 23 2.9
SD 06 0. 10 08 10 1.1 0.5
N 18 20 20 20 20 20 20
PLACEBO
Mean 19 28 37 29 20 23 2.7
SD i1 11 08 09 05 11 0.6
N 19 20 20 20 20 20 20
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| ADVERSE EFFECTS i :
. 'ADVERSE EVENTS CURVES Y
' Study: CAPLAN
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- 754

Percent of Patients
‘Who Have Had At 50
Least One Symptom

25-

. [
0 6 12 18 24 30 36
_______ Eg‘cfggg Hours Post TTS Application |
‘,— i i T i 1 1 {
) FENTANYL
Mean 0.0 55.0 80.0 80. 850 90.0 95.0 |
95% Cl - 3377 62-98 62-98 69-100 77-100 85-100
N 20 20 20 20 20 20 20
PLACEBO
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P - 011 029 047 043 021 0.15° |
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ITS - Fentanyl
SCN 428

SCN 440
SCN 444

SCN 447

SCN 451

Placebo

' SCN 411

SCN 417

Caplan

Adverse Events Requiring
Medical Evaluation or Intervention

Hemoptysis evaluated by physician. No treatment.

Physician called to evaluate RR of 8. No action required.

Chest heaviness. RR of 5. Physician called. Patient
vomited. ABG’s drawn. pCO, 41. No action required.

RR 7. Sleeping soundly. Respiration slow and occassionaliy
shallow. Physician called. No action taken.

Patient extremely agitated, tense, pale. Describes herself
as "feeling weird.” Calmed down and relaxed after

conversation with physician.

Hypotension related to hypovolemia from blood 1oss and
possible requirement for steroid replacement. Head lowered,

1V increased, hemovac 100 cc.

Shortness of breath and chest pain. Chest x-ray. ABG’s;
medical test and 0,. Physician called to evaluate.

Attributed to anxiety.




85-031-02 McLesky 50 ug/h TTS Fentanyl
Abstract

* -
This is a 54 patient randomized, double-blind, placebo-controlled study
of TTS Fentanyl in the relief of post-operative pain in women following
gynecologic surgery. Each patient had a 50 ug/hr or placebo system
applied 2 hours before surgery, received a 100 ug operative fenitanyl
bolus, and was followed for 24 hours of system application and an
additional 24 hours after system removal. The investigators found
significantly better pain control in 26 fentanyl patients cver 24 placebo
patients as measured by lower pain intensity ratings , less supplemental
morphine use, and higher global pain control ratings in the fentanyl
group. Mean blood levels of fentanyl ranged from 0.86-1.0 ng/ml from
12-24 h after system application and no patients withdrew from the
study by reason of adverse events.

This study was a 54-patient, randomized, double-biinid, placebo-
controlled, parailel-group study of TTS-50 vrs placebo-system carried out
by Charles McLeskey of the University of Texas between July 1986 and
April of 1987. The all-female study group had a median age of 43.5 years
and weight of 72 kilos, was comprised of 26 whites, 16 blacks and 12

; Hispanic women, and consisted of elective hysterectomies (52 of 54

| patients). All paiients had an active or a placebo system applied two
hours before the induction of general anesthesia along with a dose of 10
mg oral diazepam. Induction of anesiliesia was accomplished with a
100pg fentanyl bolus (both groups) and 4 mg/kg thiopental, following
which anesthesia was maintained with nitrous, enflurane and a muscle
relaxant if required. Post-operative analgesia was available to both
groups as morphine sulfate 2 mg IV Q 2 hour PRN in the post-anesthetic
recovery room (PAR) and up to 5 mg IM Q 2 hour thereafter. All patients
were monitored for the 24 hours of system application and for 24 hours
thereafter using the following efficacy and safety variables.

Efficacy Variables Safety Variables
Respiratory rate

Supplemental morphine use Sedation scores

Pain intensity scores Blood levels of fentanyl

Global pain control scores Adverse effect counts
Withdrawals for cause
Episodes of respiratory depression

The study hypothesis was that patients who had a TTS-50 system
applied 2 hours before induction of anesthesia would have better

analgesia and require less supplemental morphine in the 24 hours
following system application than a placebo-system group.

{ Patients who dropped out pre or intra-operatively were excluded from
~ efficacy analysis but included in the safety data.




{ _ Selection , Withdrawals, and Mistakes

This study provides information regarding the use of this medication in
healthy women undergoing elective gynecological surgery with
benzodiazepine pre-medication. It is a young, healthy, female study
group, with 54 of 54 ASA class I&Il. Fentanyl and control groups differed
in the number of vaginal hysterectomies (8,28 fentany! v. 2/26 placebo),
age (4 fentanyl v. 37 placebo), and height (fentanyl 160 cm v. placebo
163 cm). These differences would not be expected to significantly alter
the results, although a case could be made that vaginal hysterectomy is
potentally iess painful than trans-abdominal hysterectomy.

Of the 54 patients who were randomized to two groups of 28 (fentanyl)
and 26 (placebo) , two patients in each group were ineligible due to last
minute alterations or cancellations of the proposed surgery. Since the
patienis had no surgery the systems were removed and these subjects
were not included in the intent-to-treat analysis.

The investigators had 5 violations of protocol in 54 patients. These
consisted mostly of single doses of unapproved analgesics (i.e. Tyle:iel #3,
Demerol 75) given after the TTS had been removed and were handtei by
the investigator's converting the dose to an equianalgesic dose of
morphine according to a fixed set of equivalencies provided by the
company, and adding it to the patient's total morphine use. These

] violations would be expected to have no effect on the analysis of the

; period of system application.

Results and Analysis

The results of the study are shown on the next few pa%:as. The first graph
shows the cumulative use of rescue morphine by placebo and by the
fentanyl %roup. Both the placebo and the fentanyl groups used morphine
at a nearly constant rate (constant slope) for the first 36 hours of the
trial, and the rate of use of morphine in the fentanyl group was
significantly lower than in the placebo group. This finding is sufficient to
establish efficacy, but when the morphine use is contrasted witi the next
graph showing pain intensity ratings, it can be seen that the fentatyl
group not only used less morphine but experienced less pain while doing
so. The ﬁndm%s seen in the pain intensity ratings are similar to those
seen in the glohal ratings which are shown in the next graph. At all
times the fentanyl group is reported as having better pain relief on global
as well as interval ratings.

The fourth graph shows the blood levels of fentanyl for the active group
during the study period, and shows that the group mean fentanyl level
was within the therapeutic range for hours 12-36 of the trial, and
anaigesic efficacy might reasonably be expected. The finding of increased
analgesic efficacy is also reasonable in light of the next figure which
shows that the fentanyl t%roup had a lower respiratory rate and a slightly
higher level of sedation than the placebo group. The most reasonable

’ interpretation is that the fentanyl group received a larger total dose
{ (fentanyl + morphine) than the placebo group, and that this is reflected
in higher levels of all optoid effects, including analgesia.




Adverse Events

The simultaneous use of morphine and fentanyl in this trial makes it
difficult to interpret the pattern of adverse effects since both drugs have
exactly the’same- profile of side effects in the doses used. Pure mu agonist
drugs inevitably produce additive dose-related side effects such as
anxiety, pruritis, insomnia, back & muscle ache, nausea, and urinary
retention. Review of the pattern of side effects reported in the study
shows: that fentanyl patients had 43 adverse events while placebo
patients had 25. These events were all consistent with narcotic side
effects and reflected a general increase of all events rather than a large

increase in one particular type.

There were no episodes of significant respiratory depression or excessive
sedation in any patient in this study.

Adverse topical effects from the system were limited to mild erythema and
pruritis for several hours after system removal. These effects were seen in
both fentanyl and placebo system groups. There were no reported
episodes of delayed hypersensitivify or system allergy.

Pharmacologic Performance

Observed blood levels at 24 hours ranged from 0.3 ng/ml to 2.0 ng/ml
across the fentanyl group, and the individual case reports for several of
the patients with high values and low values were reviewed. Cases 716 &
720 had low fentanyl levels (0.3 & 0.5 ng/ml), were 73 & 100 kg
respectively, and both had a hysterectomy. Patient 716 had adequate
relief as shown by pain scores of 2-4, while patient 720 had poor relief
with scores of 7-9. Cases 713 & 739 had high blood levels (2.0 & 1.9
ng/ml), were 59 & 77 kg respectively, and had a hysterectomy and a laser
ablation of the vulva respectively. Neither reported significant pain
{scores 0-2) or used morphine supplementation to any appreciable extent.

Conclusion
This study shows that post-operative pain in patients who wore TTS 50
fentanyl systems was lower than that experienced by controls, both by
self-report and by the measurement of morphine demand. Fentanyl is
clearly absorbed in amounts adequate to cause both beneficial and
adverse opiate effects, with the frequency of these effects being related to
the total dose of opioid drugs rather than just to fentanyl. It is likely
that any improved pain relief seen in the fentanyl group was due to a
larger total narcotic dose rather than a specific fentanyl effect.

The TTS 50 p%/ h group in this experiment had better pain relief with
lower fentanyl blood levels than did the patients with TTS 100 pg/h
systems in other studies. This study group was different in that it
studied young, healihy, low-risk women recovering from modestly painful
proceedures with excellent prognoses. It may be that the TTS system does
a better job of relieving pain than relieving apprehension or suffering and
Is of most use when a strong psychic component of relief is not needed.

This study supports the efficacy of TTS fentanyl.




Study Type: Postoperative
C-85-051, ll: TTS (fentanyl)-50 (20 cm?)

- MCLESKEY

This is a 54 patient randomized, double-blind, single dose level study of TTS fentanyl (50 ug/hr) in the relief
of post-operative paig-in women f{ollowing gynecologic surgery. Each patient had a 50 pg/hr or placebo
patch applied two hours before surgery, received a 100 ug operative fentanyl bolus, and was followed for
24 hours of patch application and an additional 24 hours 2fter patch removal. The 26 fentanyl patients
experienced significantly better pain control as compared to 24 placebo patients as measured by lower pain
intensity ratings (fentanyl 2.5/placebo 4.2), less supplemental morphine use (fentanyl 13.5/ptacebo 35.5) and
better global pain control ratings {fentanyl 1.8/placebo 2.9) in the fentanyl group. Mean blood levels of
fentanyl ranged from 0.75-1.0 ng/ml during patch application and no patients withdrew from the study by

reason of adverse events.

FENTANYL PLACEBO TOTAL
n=28 n=26 n=54
SEX '
MALES ) 0 0
FEMALES 28 26 54
SURGERY
GYNECOLOGIC 28 26 54
ANESTHETIC ’
NITROUS/NARCOTIC 27 25 52
TIME_(MEAN HOURS)
TTS APPLICATION TO INDUCTION 2.4 2.5
SURGICAL PROCEDURE 3.2 3.6
CONCOMITANT MEDICATIONS
PREMEDICATIONS - DIAZEPAM 28 26 54
- OTHER 0 0 0
INTRAOPERATIVE NARCOTIC - FENTANYL 100 pg 27 25 52
ADJUNCTIVE MEDS - ANTI-EMETIC 15 g9 24
- SEDATIVE/TRANQUILIZER 1 0 1
USE OF RESCUE ANALGESIC - MORPHINE 17 24 41
DROPQUTS
PRE-SURGERY 1 1 2
DURING SURGERY 0 0 0
PROTOCOL VIOLATION 0 0 )
LACK OF EFFICACY 0 0 0
ADVERSE EVENTS 0 0 0
1 1 2

TOTAL

ADVERSE EVENTS REQUIRING
2 3 5

MEDICAL EVALUATION

K1\MISC\85-051-2.A8S, 03/22/90 SPS
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BENEFICIAL EFFECTS
FENTANYL SERUM LEVEL
Study: MCLESKEY
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,‘ BENEFICIAL EFFECTS '
~ CUMULATIVE USE OF RESCUE MEDICATION ¥
‘ ‘Study: MCLESKEY
75
Patch On IPatch off
504
Cumulative :
Morphine ,
(mg) 5 | ; » ; __________ f
0 i T T T
o 6 12 18 24 30 36
_______ gf;égggi Hours Post TTS Application
( ) T T T T T T T
FENTANYL
TMean 0.8 38 50 71 92 135
SD 18 46 7.0 99 125 151
N 26 26 26 26 26 26
PLACEBO
Mean 1.0 9.2 16.8 23.4 30.0 35.5
SD ‘ 20 52 76 108 13.8 16.8
N 24 24 24 24 24 24
DIFFERENCE
Mean : 01 54 118 163 208 22.0
. SE 05 14 21 29 37 45
P 0.84 <0.01 <0.01 <0.01 <0.01 <0.01
] } | )] | 1 i
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BENEFICIAL EFFECTS
- PAIN INTENSITY RATINGS
Study: MCLESKEY

4
Worst Possible Pain 9

i Patch On Patch Off
6.
3
No Pain O— . 1 : ,
0 6 12 18 '24‘ 79 36
. = ;?anéeﬁl Hours Post TTS Application
(; [} 1 1 1 1 1
FENTANYL 0-36
Mean 37 45 23 2.1 19 1.8 2.5
SD 39 22 17 20 17 14 1.4
N 19 26 26 26 26 26 26
PLACEBO
Mean 56 59 43 40 37 30| 4.2
SD 36 18 19 17 19 1.6 1.6
N 15 24 24 24 24 24 24
DIFFERENCE
Mean 19 15 20 19 19 1.2 1.7
( SE 13 06 05 05 05 04 04
P 0.15 0.01 <0.01 <0.01 <0.01 <0.01]| <0.01
! 1 L { 1 !
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ADVERSE EFFECTS
RESPIRATORY RATE
Study: MCLESKEY

3/21/90

20 : : :
: . 35@39@_91 j\ Patch Off
200 ‘ | [
. 18. I ' I f ...... A+‘
Respiratory Rate : '
(breaths/min) (g |
14 4
12 1 1§ { |
6 12 18 24 30 36
_______ gg\égfb‘gl Hours Post TTS Application
( T | T T T T
~ |FENTANYL 0-36
TMean 186 186 18.7 186 185 18.7| 18.6
SD 23 22 19 20 15 0.8 1.1
N 23 26 26 26 26 26 26
PLACEBO
Mean 19.8 21.0 208 194 189 18.7 | 19.7
SD 30 21 27 23 i1 1.2 1.2
N 19 24 24 24 24 24 24
DIFFERENCE
Mean 12 24 20 -08 -04 -00]| -1.1
( SE 08 06 07 06 04 03| 03
P 0.16 <0.01 <0.01 0.18 0.32 0.99 | <0.01
i 1 1 { 1 {

53




i
)
21/ .
| ADVERSE EFFECTS R
o SEDATION
Study: MCLESKEY
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( ADVERSE EFFECTS
| - -ADVERSE EVENTS CURVES
Study: MCLESKEY

100 —
Patch On IPatch 0
N M
Percent of Patients , o | _
Who Have Had At 50+ P e
Least One Symptom
25 ]
0 I: i i § | 1
0 6 12 18 24 30 36
_______ g’eancfggg' Hours Post TTS Application
(. T T T ! T =T T
FENTANYL
Mean 0.0 7.7 269 50.0 53.8 84.6 92.3
95% Cl - 0-18 10-44 31-69 35-73 71-98 82-100
N 26 26 26 26 26 26 26
PLACEBO
Mean 0.0 83 375 500 50.0 542 54.2
95% Cl - 0-19 18-57 30-70 30-70 34-74 34-74
N 24 24 24 24 24 24 24
DIFFERENCE
¢ |P - 093 042 1.00 079 0.02 <0.01
{ { | { | ! |




ITS - Fentanyl
SCN 728

SCN 732

Placebo
SCN 718

SCN 729
SCN 737

McLeskey

Adverse Events Requiring .
Medical Evaluation or Intervention

Decreased hematocrit. Atropine administered. Blood
transfusions. Bemadryl given.

Increased blood pressure. 0.1 mg clonidine given.

Vagina was repacked; secondary bleeding; blood transfusion.

ABG's drawn for hematocrit determination. Low p0,.

Physician notified of increased urinary output.




Supportive Studies in Postoperative Pain

C-85-047-02 Plezia
Abstract

# -
This is a 43 patient randomized, double-blind, placebo-controlled study
of TTS Fentanyl 75 in the relief of post-operative pain in men and women
follo a mixture of orthopedic and abdominal surgeries. Each patient
had a 75 pug/hr or placebo system applied 2 hours before surgery, all
received a 260 ug bolus of fentanyl at induction, and ali were followed
for 24 hours of system application and for an additional 24 hours after
system removal. Pain relief and adverse events were monitored hourly by
the investigators using the following efficacy and safety variables:

Efficacy Safety
Blood levels of fentanyl
Supplemental morphine use Sedation scores
Pain intensity scores . Adverse effect counts
" Global pain control scores Withdrawals for cattse
Respiration

The investigators found a clinically but not statistically significant trend
toward better pain control in 16 fentanyl patients over 21 placebo
patients as measured by less supplemental morphine use. Mean blood
levels of fentanyl ranged from 0.6-1.5 ng/ml during system application,
for the magnitude of the surgeries seen in this study. The marginal
performance of the TTS system in this study probably represents a
combination of a low dose, an unacceptable number of drop-outs,
multiple adverse events and high intra-subject variability.

Resume
This study was a 43-patient, randomized, double-blind, placebo-
controlled, parallel-group study of TTS-75 vrs placebo, carried out by
Patricia Plezia of the University of Arizona between February 1986 and
September of 1986. The study group consisted of patients undergoing a
mixture of orthopedic and abdominal procedures of varying severity
under general anesthesia.

The subjects were stratified by surgery type, then randomized.
Unfortunately, while the mixture of subjects for thc entire group was
nearly 50-50 male female (20/23), and each group started balanced, a
disparate number of withdrawals unbalanced the final groups to
fentanyl - 6 male/10 female, and placebo-12 male/9 female. This posed a
problem in the later interpretation of the study, since there has been a
trend across ali studies for women to have a greater fentanyl - placebo
discrimination than men. Other than this gender difference, there were
little difference between the groups .

All patients had an active or a placebo system applied 2 hours before the
induction of anesthesia with a 200 mg fentanyl bolus and 4 mg/kg
thiopental. Anesthesia was maintained by nitrous - isoflurane, with




muscle relaxation by atracurium as needed. Post-operative analgesia was

available to both groups in the post anesthetic recovery room (PAR) as 2

% morphine sulfate IV every 5-10 minutes, and as 5 mg morphine suifate
every 2 hours thereafter.

This systerdt provided a maximal rate (upper limit) of morphine infusion of
12-24 mg/hr in the PAR, and 2.5 mg/hr thereafter. Actual usage rates
were about 5 mg/hr in the PAR and 1.C mg/hr on the ward.

The study nypothesis was that patients who had a TTS-75 system
applied 2 hours before induction of anesthesia would have better
analgesia and require less supplemental morphine in the 24 hours
following system application than a placebo-system group.

Ali data were analyzed for the entire period, and patients who dropped
out pre or intra-operatively due to alterations in time or type of surgery
were excluded from efficacy analysis but included in the safety data.

Selection , Withdrawals, and Mistakes

This study provides information regarding the use of this medication in a
mixture of elective surgeries in a 40 year old, 60-75 kg patient group. It
is a more seriously ill group than many other studies, containing 15 ASA
class I patients, 15 ASA class II patients , and 6 ASA class III.

The 43 patients were stratified as to surgical type (orthopedic or
abdominal) and randomized to one group of 22 (fentanyl) and a second
group of 21 (placebo). Four patients in the fentanyl group were
eliminated perioperatively for reasons not due to the medications (change
in surgical procedure, intra-operative death from hemorrhage,surgery
postponed, anesthesiologist altered technique) , and two additional were
eliminated for respiratory depression on extubation which was treated
with naloxone. Post-operatively one fentanyl patient was removed for
inadequate analgesia, one for operative bleeding, and one for generalized
pruritus. Three subjects in the placebo greup were dropped, two for
inadequate analgesia and one for respiratory depression requiring
naloxone. Of these complications only the two respiratory depressions
and the generalized pruritus are likely to be fentanyl effects as discussed
below in the integrated safety summary.

The final numbers of subjects completing the protocol were 13 of a
possible 22 in the fentanyl group, and 18 of 21 in the placebo group.
These losses greatly diminished the worth of the study

Protocol violations were numerous and significant. Five of the remaining
patients received doses of fentanyl at induction other than the 200 ug
required by the protocol, ranging from 100-250 %i In addition, six
patients received non-protocol narcotics during the study period which
were converted to a "morphine equivalent” and added to the total
morphine used. The conversion factors were approximate and taken from
an article by Kathleen Foley in the NEJM (313:84-95, 1985).

The unbalanced gender ratios, the extensive drop-outs, and these
protocol violations are likely to have biased the results in an




unpredictable fashion, raised the variability and thus lowered the power
of the study.

Results and Analysis

The primar& outcome variable for this study is the amount of morphine -
used in each interval and the total amount used in each group from hour
0 to hour 36. This is shown in tabular and graphic form. As may be seen,
there is a small but consistent reduction in hourly morphine use for all
periods and a clear divergence of the slopes of the cumulative morphine
use plots. While the trend is clear, there is lack of statistical significance
is due to small numbers and high variability as discussed above.

The pain experience of each group shows no clear advantage to either
group for any time period, but does show marked parallelism of pain
plots. Each group rated their pain at about 5 on a 10 point scale, with a
modest decline in mean intensity over the first 36 hours post-operatively.
There is a modest increase in pain relief in the placebo group from system
removal to the end of the trial, which represents 3-4 placebo patients
who had an unexplained improvement in pain control.

The investigators have shown that there is a consistent reduction in the
morphine demand of fentanyl treated patients over placebs controls, but
lacked the power to demonstrate statistical significance. Neither the
placebo nor the fentanyl group achieved better than moderate pain relief,
and neither group were particularly satisfied with their analgesia as
shown by the nearly uniform distribution of global pain relief scores.

TTS Fentanyl 75 seems not to have delivered sufficiently improved
analgesia to enable the differentiation from placebo in this trial.

Adverse Events

Review of the npattern of side effects reported in the study shows that
nearly all adverse cvents were "opioid" or narcotic side effects. The
fentanyl patients had 26 such adverse events while placebo patients had
18, with the excess events occurring during the period of system wearing.

Three fentanyl patients developed significant respiratory depression with
blood levels of fentany! >2.0 ng/ml. One placebo patient developed
significant peri-operative respiratory depression from morphine and
required naloxone reversal. -

The fentanyl group had the consistent and modest reduction in mean
respiratory rate as shown, but had no increase in sedation over the
placebo system wearers.

Adverse topical effects from the system were limited to mild erythema and
pruritis for several hours after system removal. These effects were seen in
both fentanyl and placebo system groups. There were nc reported
episodes of delayed hypersensitivity or system allergy.




Pharmacologic Performance

Observed blood levels at 24 hours ranged from 0.2 ng/ml to 3.00 ng/ml,
and the case reports for several of the patients with high values and low
values were reviewed. Cases 536 & 538 had low fentanyl levels (0.2 & 0.6
ng/ml), and were 64 & 81 kg respectively. Patient 536 had average

relief as shown by pain scores of 4-6 and low morphine use , while
patient 538 had poor relief with scores of 5-9 and high use of rescue

medication.

Cases 513 & 515 had high blood levels (2.9 & 3.0 ng/ml), were 49.9 &
44.5 kg respectively, both reported average pain relief (scores 4-7), and
both used morphine supplementation at the group rate.

The system delivered fentanyl in a fashion consistent with the sponsor's
claims, and resulted in an analgesic blood level of fentanyl (1.0-2.0
ng/ml) in the 12-24 hour interval in 11 of 18 patients wearing the system

for that long.
Conclusion

This study did net have adequate statistical power to demonstrate the
effect of TTS fentanyl, due to a combination of excessive patient
wariabliiity, drop-outs, protocol errors, small samiple size, and a s}lgmﬁcant
number of patients who failed to achieve analgesic blood levels. The trial
is inconclusive, not negative, since it failed for lack of power. Fentanyl
was clearly absorbed by most patients in pharmacologic amounts, and
the separaticn between the groups favored fentanyl, but the trial lacked
enough statistical power to demonstrate statistical significance.

The significance of the episodcs of respiratory depression at extubation is
unknown, for they most likely reflect the combination of the intra-
operative fentanyl bolus and isoflurane rather than the system. There
was one such case of respiratory depression in each group, and the
causative role of fentanyl in this is unproven. The fentanyl group clearly
received more opioid drug than the placebo group, as shown by more
opioid side effects, but did not show any clinically important increases in

morbidity.

The sponsor’s clinical hypothesis was not supported in this study, and
wf?ﬂe the the system was shown to be safe, it was not shown to be
effective.
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TABLE M. NUMBER OF PATIENTS WITH ADVERSE EXPERIENCES BY BODY SYSTEM
(A Enrolled Patients)
FENTANYL (n=22) PLACEBO (n=21)
WARD- . AFTER OR/PAR  WARD- AFTER
PAR  REMOVAL REMOVAL REMOVAL REMOVAL
NEUROLOGIC
Headache 0 0 ] 0 0 1 (5%)
f. vivid dreams 0 1 (5%) 0 0 0 0
r Dizziness 0 0 0 0 0 1 (5%)
Thick speech 1 (5%) O 0 0 0 0
GASTROINTESTINAL
Nausea/
Vomiting 2 ( 9%) 8 (36%) 3 (14%) 0 (0% 5 (24%) 4 (19%)
CARDIOVASCULAR
Asymptomatic
( hypotension 0 0 1 (5%) 0 0 0 )
Premature ’
yentricular
contractions 0 0 0 0 1 (5% O
RESPIRATORY
Respiratory
depression 2 (9%) 1 ( 5%) 0 ( 0%) o (0% 1( 5%) 0 ( 0%)
GENITOURINARY 1
Urinary
retention 0 (0% 1 5%) 1 ( 5%) 0 (0% 2 (10%) 0 ( 0%)
SKIN & APPENDAGES
Pruritus 1 (5%) 1 (5%) 1 (5%) 0, 0 0
Urticaria 0 ke 0 1(5% O 0 i
Bleeding 0 1 (5%) O 0 0 0 ;
BODY AS A WHOLE - ,
Flushing 0 0 0 0 0 1 (5%)
Diaphoresis 0 0 1 (5%) 0 0 ], (5%) ‘

7

. \
* The investigator attributed this reaction, which occurred at the IV
- site, to a morphine sulfate allergy.
Bleeding at the operative site was not related to study treatment
per investigator. Refer to Appendix I.
REFERENCE: Appendix I
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Table 7
Serum Fentanyl Concentration (ng/ml)
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(Summary statistics exclude non-analyzable patients)
N 16 16 16 14 13 13 12
Mean 0.06 0.64 1.15 1.31 1.52 1.47
SD 0.06 0.60 0.90 0.8 0.85 0.72
SE 0.01 0.15 0.22 0.22 24 .20
Minimum 0.05 0.05 o0.05 9.1
Naximum 0.2 2.5 3.3 2.8

+ Codes: E indicates TTS removed prior to 24 hours
N indicates non-anslyzable patient

+ Values less than 0.1 ng/ml, the sensitivity of the assay,

are reported as 0.05 ng/sl )
* Values not included in summary statistics: patient had TTS

removad early
4 Value is the average of 0.4 ng/ml (3.0 hours) and 0.4 ng/aml (4.0 hours)
b Value is the average of 1.5 ng/ml (4.0 hours) and 2.4 ng/al (5.7 hours)
h Slightly hemolyzed
B Hemolyzed
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43.3.4 Respiration

Respiratory Depression: One fentanyl patient (SCN 514)
and 1 placebo patient (SCN 523) experienced respiratory
depression postoperatively, defined as a respiratory rate
of less than or equal to 8 breaths per minute and a pC02
greater than 55 mm Hg (Table 10). Both patients had
received supplemental morphine doses prior to respiratory
depression. Two additional fentanyl patients (SCN 574
and 573) experienced respiratory depression upon
extubation in the operating room. These patients are
discussed in detail below.

SCN 514 (fentanyl); a 68-year-old female, ASA class III,
who underwent Morion’s neuroma removal of the right knee,
was sedated throughout the study and experienced
respiratory depression at study hour 24. Her fentanyl
serum concentrations were 2.1 and 1.9 ng/ml, respectively
at 12 and 24 hours post-application., She received a 5
mg morphine sulfate dose less than an hour before her
respiratory rate fell to 7 at study -hour 24. (Her total
morphine dose was 10 mg.) Her respiratory status and
vital signs improved within an hour following TTS removal
without treatment. The investigator’s letter in Appendix
I1 provides a detailed explanation of this patient’s
event.

SCN 523 (placebo), a 67-year-old female, ASA class I, who
underwent a right total hip revision, had received 16 mg
morphine sulfate in the PAR shortly before her transfer
to the ward. Upon arrival in the ward, her respiratory
rate fell to 4 breaths per minute. HNaloxone was
administered with good response.

SCN 574 (fentanyl), a 38-year-old female, ASA class I,
was breathing only on command and had a PC02 of 64
following extubation after cholecystectomy.
Intraoperatively, this patient received a lower fentanyl
bolus (50 mcg) than that specified in the protocol (200
mcg) and a higher dose of thispental (5.2 mg/kg rather
than the specified 4.0 mg/kg); the investigator noted
that this was done to avoid biliary sphincter spasm.
Naloxone (0.15 mg) was administered in the OR, after
which the patient’s respiration rate increased to 24 and
she became combative. Because the investigator felt that
the dose of fentanyi used was Tow and was not consistent

LT
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with the apparent response, the TTS was left in
place. The anesthesiologist administered 50 mg :
thiopental (5.8 mg/kg) to treat the combativeness,
and the patient was transfered to the PAR with a
respiratory rate of 24. Thirty-five minutes after
arriving in the PAR, the patient’s respirations
decreased to 14 breaths per minute. The TTS was
removed and the patient’s respiratory rate increased
to 16-20 breaths per minute. SCN 574’s serum
fentanyl concentration was 2.4 ng/ml, at the time of
TTS removal (5.9 hours after application; 2.0 hours
following the fentanyl bolus). (Refer to Appendix II
for the investigator’s Tetter of explanaiion and the
patient’s anesthesia record.)

SCN 578 (fentanyl), a 22-year-old female, ASA class II,
failed to breathe following extubation in the OR. She
had undergone an exploratory laparotomy with

resection of a Meckles diverticulum and appendectomy.
The anesthesiologist administered naloxone (0.12 mg)
and removed the TTS, and the patient was admitted to
the PAR in stable condition with a respiratory rate

of 12. Her 8 hour serum fentanyl concentration (2 hr
after TTS removal) was 1.4 ng/ml. (Rei:r to Appendix
II for the investigator’s letter of expi:ration and
the patient’s anesthesia record.)

Respiratory Rate: There were no statistically
significant differences in mean respiratory rate
between fentanyl and placebo groups during any time
period except 12-24 hours (p=0.02). During that
period, occurring during the night for most patients,
the placebo group had a mean respiratory rate

of 18.7 breaths per minute, versus the fentanyl group’s
mean rate of 16.1. (Table M and Figure 7).

Oxygen Saturation: Oxygen saturation was monitored
continuousiy as a safety precaution. These data are
Tisted by patient in Appendix 1. .
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85-005-02 Stanski 100 pg/h TTS Fentanyl
Abstract

This is a double-blind, placebo-controlled, randomized study of the
efficacy of TTS fentanyl 100 in relief of post-operative pain following
inhaiational anesthesia. Systems were applied 2 hours before surgery and
supplemented in both experimental and control groups with a 300 g
intra-operative fentanyl bolus. There were better global pain control
scores and less morphine use in the fentanyl group, but the differences
did not reach statistically significance. Mean blood levels of fentanyl
ranged from a low of 0.9 at four hours to a high of 1.8 ng/ml at 28 hours,
with no observed differences in adverse events between groups.

This study was a 46-patient, randomized, double-blind, placebo-
controlled, parallel-group efficacy study of TTS fentanyl 100 vrs placebo
system. It was carried out by Donald R. Stanski at Stanford between
Jan-Nov 1986 on a predominantly male (43 male/3 female) group of ASA
class II & III patients who were undergoing abdominal (20), thoracic (9),
lumbar{15), and orthopedic (2) surgeries. The study hypothesis was that
patients who had a TTS 100 system applied 2 hours before induction of
anesthesia with 300 pg fentanyl & 2-4 mg/kg thiopental (subsequent
technique was nitrous-enflurane) would require less morphine analgesia
in the 24 hours following system application than placebo. The outcome
variables were identical to other studies in this series.

Efficacy Safety
iratory rate
Supplemental morphine use Blood levels of fentanyl
Pain intensity scores Adverse effect counts
Giobal pain control scores Withdrawals for cause
Episodes of respiratory depression
Sedation scores

Outcome variables were assessed hourly for 24 hours of TTS application
and for 12 hours after removal. Seruru levels of fentanyl! were taken at

0,4,8,12, & 24 hours after system applicatior: and 4,8,12,&24 hours after
removal. Global pain ratings were done for 0-24, 24-36, and 36-48 hours
after TTS application. The TTS skin site was examined at 1,6,& 24 hours

after application.

Six patients dropped out pre or intra-operatively and were excluded
from efficacy analysis but included in the safety data. In all cases this
"drop-out” was due to changes in surgical type or intra-operative events
which made the patients unsuitable for the trial.

Bias from Selection and Withdrawals

The inital group of 46 patients was randomized to two groups of 23,
with 4 fentanyl patents and 6 placebo patients withdrawing from the




study after randomization. This left 19 fentanyl and 17 placebo patients
in the study.

The subjects were typical for the predominantly male VA patient
population, with a mean age of 52 years, weight of 80-83 kg, and ASA

class II. AS a group, this population has a higher degree of alcohol and
drug use and anesthetic and analgesic tolerance than other sub-samples
of the population, and this would be expected to reduce the difference
between the fentanyl and placebo group by altering the
pharmacodynamics of fentanyl.

As the system was applied pre-operatively, an "intent-to-treat" analysis
should include all patients, but the 3 subjects in the fentanyl group who
were withdrawn all had non-drug related protocol changes or surgical
cancellations. The same was true of the 3 peri-operative placebo
withdrawals. In consequence, the most unbiased method of handling. the.

patients who had systems but no surgery is not to extrapolate their
values, the method used by the sponsor.

The same cannot be said for the 1 placebo patient who was removed for
respiratory depression and 2 placebo patients who dropped out for
inadequate analgesia as well. No predictable bias was likely to have been
introduced by these withdrawals, but they do degrade the power of the

trial.
Results and Analysis

The results of the study are shown on the accompanying pages. As may be
seen from the plot of morphine use, the use of rescue medication in the
erimental and control group differed to the greatest extent in the first

&xp
hours of the trial, and while the use of morphine was always less in the active
ificant

system group, this difference was never siguificant. While a signifi
differenice favoring the TTS system was seen in 0-24 hour global pain ratings,
hourly pain ratings and observer ratings did not differ to any appreciable

extent.
Safety

Review of the pattern of side effects reported in the study shows no
obvious pattern other than a higher incidence of urinary retention (5
fentanyl vrs 2 placebo) and of anxiety (2 fentanyl vrs 0 placebo).

There were three patients in the study who had episodes of serious
respiratory depression :

SCN 170, a fentanyl patient, had an episcde of apnea after extubation in
the PAR (fentanyl level 1.85) and required naloxone.

SCN 125, placebo, had hypercarbia after pulmonary lobectomy and
receiving 16 mg morphine.

SCN 130, fentanyl, had an episode of hypopnea after receiving 50 mg
diphenhydramine IV for hives (fentanyl level 0.61).




None of these episodes appeared related to TTS fentanyl overdosage, but
did seem related to the residua of anethesia, use of narcotic analgesics
or the combination of narcotics with sedatives.

Topical effects from the system were as expected. Both fentanyl and |
placebo syftem patients had mild erythema lasting 24 hours post system
removal, while one patient had mild irritant dermatitis with pustules
lasting over 24 hours.

Pharmacologic Performance

There was considerable variation in peak blocd level, Tmax, and 24 hour
dose in this study. Examination of the group mean revealed that it
required about 4-8 hours for the patients to reach analgesic blood levels
of fentanyl even with the bolus dose, and th= peak level was not reached
until 2 hours after the system was removed at 24 hours (hour 26).

Case reports for two of the individuals with the lowest blood levels and
two with the highest blood levels were reviewed to examine the
pharmacokinetic exceptions. Subjects 115 & 127 had low blood levels of
fentanyl and were found to be males who weighed 108.9 and 104.3 kilos
respectively, who were having a total knee repair (3.5 hr) and a
cholecystectomy(4.5 hr) respectively. Cases 122 & 174 (who had high
blood levels) were also male, 90 & 85 kg respectively, and having a low
anterior resection (4.5 hr) and a Knodt rod fusion (5.5 hr). No satisfactory
explanation for the differences other than the 20 % weight difference and
its probable relationship to clearance could be discerned.

Reviewer's Evaluation

The investigator failed to show any difference between TTS 100 and
placebo on any of the major outcome variables in the study. Although
TTS 100 fentanul did consistently outperform placebo in both
supplemental morphine requirements and pain intensity scores, the
difference was not of a magnitude such as to reach statistical
significance given the power of the study. The safety findings are
consistent with the efficacy outcoine, and both seem to reflect the lack of
sufficiently high blood levels of fentanyl to produce either analgesia or
adverse effects. The claim of improved overall pain relief in the 0-24 hour
ratings is not sufficiently robust to be accepted owing-to the multiplicity
of secondary variables.

Conclusion

This study gives useful information about the kinetics of the drug, but
provides no information regarding either an analgesic effect or lack of
toxicity in analgesic doses.
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SUMMARY (F DEMOGRAPHICS, ALL ENROLLED PAfIENTS

Treatment N Mean SD SE
Fentanyl 23 174.7 9.7 2.0
Placebo 23 180.9 6.5 1.4
Fentanyl 23 76.9 16.1 3.4
Placebo 23 82.5 12.3 2.6
. Body Mass Fentanyl 23 25.0 3.9 0.8
Index, Placebo’ 23 25.2 3.2 0.7
(kg/m")
Age Fentanyl 23 53.2 11.7 2.4
(Yrs) Placebo 23 50.2 13.8 2.9
Number of Fentanyl 23 2.0 1.3 0.3
Previous Placebo 17 2.3 1.4 0.3
Surgeries
Fentanyl Placebo p-value
N % N %
Sex
Male 20 ( 87.0) 23 (100.0) o
Female 3 (13.0) 0( 0.0) 0.23
Racz
Caucasian 16 { 69.8) 17 { 73.9)
Hispanic 4 {17.4) 1( 4.4)
Black 3 ( 13.0) 5{ 21.7) 0.31+
ASA Rating
I 3 ( 13.0) 5 (22.7)
II 12 ( 52.2) 12 ( 54.6) +
111 8 ( 34.8) 5 ( 22.7) 0.56
Surgery Type
Orthopedic 2 { 8.7) 0 ( 0.0)
Abdominal 9 ( 39.1) 9 ( 39.1)
Thoracic 3 { 13.§) 5 (21.7)
Lumbar 8 { 34.9) 7 ( 30.4) +
Cancelled 1{ 4.9) Z2{ 8.7) 0.58
* t test ** Fisher’s Exact Test +Chi sduar
RCTERENCE: Table 1; Appendix I
19
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pulmonary bypass for repair. The stu&y code was
sbroken and the study terminated.

5.3.3 Adverse Experiences

The overall adverse experience rates were quite
comparable between groups during the
postanesthetic recovery period, and only slightly
higher in the fentanyl group following patient
transfer to the ward and during the post-removal

period. (Table K)

9 -
} X. NUMBER (%) OF PATIYNTS WITH ADVERSE EXPERIENCES
(A11 Enrolled Patients)

FENTANYL PLACEBO
(n=23) (n=23)
OR/PAR 4 (17%) 5 (22%)
'WARD-REMOYAL 10 (43%) 6 (26%)
AFTER REMOVAL 7 (30%) 4 (17%)

patients are counted in more than one time period.

Table L summarizes the number of patients
experiencing each type of adverse reaction by body
system. Nausea/vomiting was the most frequent
adverse effect reported, occurring with equal
frequency in the two treatment groups. Respiratory
depression was noted in one patient on placebo, and 2

on TTS (fentanyl).

For the purpose of analysis, adverse experiences have
been tabulated as described in Section 2.10, Statis-
tical Analysis. Appendix 1, the Case Report Form
Tabulation, Tists ali adverse experiences by patient
at the actual time of occurrence. (Adverse
experiences are highlighted with a black vertical
bar.) These -events, therefore, can be reviewed
within the context of all other events occurring .
before, during, and after the adverse experience.

(Note: Sedation and topical effects are analyzed
separately in Sections 3.3.5 and 3.4.)
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=3 systemic Safety

3.3.1 Extent of Exposure

¢ A1l 45 patients enrolled in the study have been
included in the safety analysis, including 23
patients on TTS (fentanyl)-100 and 23 patients on
placebo.
3.3.2 Early Removals Due to Adverse Experiences

One (1) patient in the fentanyl group and 2 in the
placebo group discontinued the study before the end
of the 24-hour wearing period because of adverse
reactions. ’

SCN 170 (fentanyl), a 42-year-old female, 156 cm tall
and 49.9 kg in weight, failed to breathe upon
extubation in the operating room following Tumbar
Taminectomy with Knodt rod fusion. Her PCO2 was 52
mm Hg. After naloxone administration (0.04 mg IV),
the patient began' to breathe spontaneously. The TTS
(fentanyl)-100 was removed, and 9.5 hours later, the
patient was alert enough that continuous study nurse
monitoring was no longer required. Her serum
fentanyl concentrations were between 1.8 and 1.9
ng/ml at the time of TTS removal. (SCN 170’s
anesthesia record is included in Appendix II.)

SCN 125 (placebo) was a 64-year-old male, 171 cm in
height and 92.5 kg in weight, who underwent pulmonary
lobectomy. Whiie in the postanesthetic recovery
room, the patient recived a total of 16 mg morphine
sulfate IV and his PCO2 measurements were elevated
(61 - 68 mm Hg). The TTS was removed at 12.7 hours
post-application, when the PCO2 was 56 mm Hg. No
treatment was administered. The investigator noted
that this patient had chronic obstructive lung
disease. (SCN 125’s anesthesia record is included in
Appendix I1.)

SCH 118 {placebo), a 43-year-old male, i73 em in
height and 72.1 kg in weight, discontined the study
during surgery due o surgical complications of the
pneumonectomy procecdure. The clamp holding the
right pulmonary veir made a tear in the patient’s
heart, with massive bleeding requiring cardio-

29

Y0 1.

» ALZA CORPORATION, PALO ALTO, CA 943030802

|

|

rad,




—

TTS Fentanyl in Postoperative Pain- European Studies

(The following studies were performed in Europe and provide useful
informationj regarding the clinical use of the TTS Fentanyl system, but
are not diréctly comparable to earlier studies due to intrinsic design

differences).

85-053-00 Muller 75 ug/h TTS Fentanyl
Abstract

This is a randomized, double-blind, parallel-group, placebo-controlied
study of TTS Fentanyl 75 in the relief of post-operative pain. The subjects
were 43 older men and women who had undergone elective total hip
replacement under epidural anesthesia. Each patient had a 75 pg/hr or
placebo system applied before surgery, no additional fentanyl was
given, and all were followed for 24 hours of cystem application and for
12 hours after system removal. Pain intensity and adverse events were
monitored for 24 hours by the investigators using the following efficacy
and safety variables:

Efficacy Sqfety

Hourly and total meperidine use Arterial blood gas results
Pain intensity at 24 hours Pulmonary function testing
Blood levels of fentanyl 24 hr Adverse effect counts

The study showed better pain control in 20 fentanyl patients over 19
placebo patients as measured by less supplemental analgesic use and
better pain conirol scores. Mean blood levels of fentanyl ranged from 0.2-
1.1 ng/ml during system application, taking 8-12 hours to rise to
analgesic levels.

The strengths of this study were that it involved an older population, a
painful but uniform surgery, and that information was available on the
concomitant use: of droperidol and midazolam.

A major weakness of the study was the failure of randomization causing
a serious imbalance in the male-female ratio between the groups, and a
four-step categorica! pain rating scale which makes direct comparison
with other studies sising 100 mm VAS scri=s difficult.

This study was a randomized, double-blind, placebe-controlled, parallel-
group study of TTS-75 vrs an equivalent placebo-system. It was carried
out by Professor Hermann Muller of the University of Gieben in the FDR
in 1988-1989. The study group (based on irtent-to-treat) consisted of a
group of 17 men and 24 women with a mear: age of 60-62 years of age
whe were having electve total hip replacements.

All patients had an active or a placebo system applied at the time of the
commencement of epidural anesthesia, and received no other fentanyl




during the procedure. Regional anesthetic was by bupivicaine (0.75%)
epidurally, with the failure of regional analgesia being an exclusion
criteria for the study. Significant concurrent medications included pre-
operative midazolam and prn droperidol for nausea, adding a component

of "neurolept” anaigesia te both groups.

+ . U
Post-operative analgesia was by meperidine (Pethidine) injection which*
was available prn at a rate of 50 mg IM every iwo hours to both groups.
Observations for pain relief were made on a 4 point interval scale every
12 hours during system application.

The study hypothesis was that pailerits who had a TTS-75 system
applied at induction of epidural anesthesia would have better analgesia
and require less supplemental morphine in the 24 hours following system

application than a placebo-system group.
Selection , Withdrawals, and Mistakes

This study provides information regarding the use of this medication in
maior bone surgery in a 60 year old patient group. No information was
«iven regarding the ASA class of the patients, but serious heart disease
other than angina, pulmonary insufficiency, and serious renal or hepatic

disease were disqualifying.

There was a significant failure of randomization resulting in a fentanyl
group consisting of 13 men and 7 women, while the placebo group
consisted of 4 men and 17 women. This was both unlikely and
unexplained (p<.004) and suggests that there was non-random allocaticn

of patients .

Information from other studies suggests that men and women report
different degrees of analgesia from the systems, and this study cannot
yield an unbiased estimate of the efficacy of the system. Nevertheless, it
is of value as it provides information regarding the interactiorn of the
system with droperidol and midazolam, as well as significantly extending
the experience with the system to an older surgical popwiation.

Two patients were scheduled for admission to the study but did not
actually participate. These patients (4 and 34 ) were randomized into the
fentanyl group but never received any drug and wcre replaced by two
sequentiaily admitted patients at the end of the study. An additional
patient (SCN G-10) suffered an episode of respiratory depression with a
fentanyl ievel > 2.0 ng/ml, was continued in the study, but was analyzed
separatcely (see safety update for details). Two additional fentanyl
patients were withdraw, one for failure of the epidural and a second for
an episcde of angiua pectoris wilich was probably unrelated to system
application. One placebo patient withdrew from the study for inadequaie

analgesia.

There were thus 20 reported fentanyl subjects aud 19 placebo subjects
who completed the study. No information was given regardir:g protocol
violations other than those above.




Results and Analysis

The primary outcome varfable for this study is the amount of meperidine
used in each group is as shown. As may be seen,.there is reduced
meperidine,use for the fentanyl group fer both the 0-24 hour interval and
the post system period {25-36 ') ., as well as a clear divergence of the °
slopes of the cumulative meperidine use plots. The subjects wearing
fentanyl systems used about half the amount of meperidine rescue
medication in the first post-operative dzay as the placebo-system wearess,
and réported about half as much pain {0.4 vrs 1.1 on a 0-3 scale) at 24

hours.

The investigators have shown that there was a reduction in the
meperidine demand of fentanyl treated patients over placebo controls,
but have not addressed the problem of the unbalanced gender ratios and
the non-randem utilization of droperidol (prescribed for nausea) durin,
the post-operative period. Both the midazolam and the droperidol weould
be expected to aiter the pharmacodynantic effects of fentanyl {(as in the
neurolept analgetic cerabination Innovar), and these effects would
interact with age and gender. This interaction was explored in our
analysis and is discussed below.

Adverse Events

Adverse events were monitored both during system application and at
exit as shown in the enclosures. One patient in each group had chest
pain during the trial and this event was not judged to be related to TT3
fentanyl. No episodes of respiratory depression occuured in the group as
analyzed, although the fentanyl system group had a consistent but
modest increase in PaCO2, but no increase in sedation over the placeba
system wearers. One subject was withdrawn for an episade of slowed
respirations, but continued to wear the TTs system for 24 hours (see

safety update).

Adverse topical effects from the system were limited to mild erythema and
pruritis for several hours after system removal. These effects were seen in
both fentanyl ard placebo system groups. There were no reported
episodes of delaved hypersensitivity or cutaneous allergy.

Pharmacologic Performance

The blood level profiles for the fentanyl patients are as shown, and reveal
that a full 24 hours was required to achieve plateau values for the
system, while significant amounts of fentanyl were still present in the
blood twelve hours after system removal. Blood levels for the %roup
oyezrzlll ranged from a low of 0.7 ng/ml at 12 hours to a high of 1.1 ng/ml
at 24 hours.

Additional Analyses

A number of post-hoc analvses were done using this investigator's data
to attempt to understand tiis trial.




The first finding was that the irial was sensitive to the amount of
fentanyl delivered by the system, as there was a graded and predictable
fall in"the amount of rescue medication used with increasing blood levels
of fentanyl. The analgesic effects of the system became apparent when the
patients achieved blood ievels above 0.5 ng/ml, but maximal analgesia
was r&ache;l abtout 1.5 ng/ml for the group as a whole.

The second linding was that there was a probable interaction with
Gruparidel. Thiv interaction with droperidol is speculative, as the drug
way prescribzd on a pm basis for nausea during the postoperadve pericd
aud not given int an orderly fashion. As shown , the patients who
received droperidol for nausea had no greater blood levels of fentanyl
than thosk who did not, and droperidol use was not related to fentanyl
blood levels. When the four possible drug combinations were related to
pain scores and meperidine use, the combination of fentanyl and
droperidol was more effective than fentanyl alone in relieving pain and
much more effective than droperidol alone.

Althougi: post-hoc and not statistically significant due to multiplicity,
there was a clear and consistent falling trend in both pain scores and
use of rescue meperidine in the order Placebo = Droperidol > Fentanyl
TTS > Fentanyl & Droperidol.

Conclusion

This study cunnot be considered te prove a superior analgetic effect for
TTS fentanyl, due to the failure of randomization, signiticant bias from
unbalariced genders in the study groups, confounding by other
medicatiozis and a sigrificant number of patients who failed to achieve
analgesic blocd levels. The trial is not negative, since it showed better
analgesia for TTS fentanyl, but must be considered to be only supportive
due to the aforementiored bias and confounding.

The major finding of the study is that preoperative use of a
benzodiazepine con:bined with postoperative use of the neurolept anti-
emetic Droperidol may make the system more effective in relieving pain
and may reduce the frequency of subjeciive adverse effects. Investigation
of an orderly sequence of premedication, system application, and use of
synergistic medication may be appropriate to develop a clinically sound
strategy for the use of this product in postoperative pain.
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CONFIDENTIAL

Table 4

MEAN SERUM FENTANYL CONCENTRATION (NG/ML)

at time from TTS-Appl/cation
bours after TTS-Application *

0 $ 2 24 30 36
Mean 001 02 07 L2 08 064
_SD 000 027 05T 049 029 024
SE 000 006 013 011 006 006
Median 001 015 060 120 050 060
Minimum ** 001 001 001 010 040 020
Maximom 001 050 19 210 130 100
N 19 20 2 20 20 19

* TTS was removed at 24 hours
** Values less than 0.1 ng/mi, the sensitivity of the assay,
are reported as 0.01 ng/ici.

- 26~ K 14.3/026
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Table 5
Number (%) of Patients in Double-blind Study With Adverse
Experiences by Body System During TTS Application .
TTS (FENTANYL) TTS (PLACEBO)
I (n = 20) (n = 20%)
Patients with adverse
experiences 13 (65%) 16 (80%)
CARDIOVASCULAR:
Chest Pain 0 ( 0%) 1 ( 5%)
A
. GASTROINTESTINAL: ) ) -
Q Nausea 8 (40%) . 5 {45%; lJ\
. Vomiting 6 (30%) 6 (30%) ¥
P GENITOURINARY: \(J
Urinary Retention 7 (35%) 8 (40%) >
)
NEUROLGGICAL: [—(‘ "4
Lethargy . 1 ( 5%) 0 ( 0%)
OTHER:
Dry Mouth 1 ( 5%) 0 { 0%)
* Patient 17 was withdrawn after 20 minutes because of lack !
4
of anesthetic effect. . 3
4.3/028
~ 28 - CtO 14.
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In an exit questionnaire at the end of the study (12 hours
patients were asked which of the

after TTS removal),
The results are

specified side effects they experienced.
presented in table 7 below.

Table 7
Patient Reported Side Effects for 36-hour Study Period

TTS (FENTANYL) TTS (PLACEBO)

Side effects
-
Headache 1 1 ]
-
Itching 1 0 =
Dizziness 1 1 ﬁv
Nausea 12 12
Vomiting 7 7
Numbness 9 8
Tiredness 17 13
Cramp in Leg 1 2
Micturition Difficulties 10 7
Vision Defect . 0 0
Ear Buzzing . 0 0
Restlessness 1 2
Anxiety 2 2
Weak Legs 3 3
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C-87-04- Latasch
Abstract

This is a 60 patient, randomized, double-blind, parallel-group, placebo-
controlied study of TTS Fentanyl 75 in the relief of post-operative pain in
men and women following hip or knee surgery under bupivicaine
epidural anesthesia. Fifty-seven patients completed the protocol, 28 in
the placebo group and 29 in the fentanyl group. Each patient had a 75
pg/hr or placebo system applied at the time of surgery, no fentanyl bolus
was given, and all were followed for 24 hours of system application and
for an additional 12 hours after system removal. Analgesic efficacy and
adverse events were monitored for 24 hours by the investigators using
use of rescue medication, global efficacy ratings every 12 hours, vital
signs and serial blood gas imeasurements.

The investigatcrs reported better pain control in the fentanyl patients as
measured by less supplemental analgesic use and better global ratings.
Mean blood levels of fentanyl rose slowly to between 0. 75 and 5.8 ng/ml
at 24 hours after system application. Tae patients required 8-10 hours
of system application to build up to analgesic levels of fentanyl, findings
similar to other studies where no loading dose of fentanyl was given.

The strengths of this study were that it tested the efficacy of the TTS
system in a group of relatively uniform surgeries under regional
anesthesia using pre-medications and protocols such as might actually
be used in clinical practice. A major weakness of the study was the
dissimilarity to the American trials which makes comparison with other
studies difficult.

Res:nne

This study was a 60-patient, randomized, zouble-blind, placebo-
controlled, parallel-group study of TTS-75 vrs placebo-system. It was
carried out by Dr Latash in the FDR in 1988-1989. The study group
consisted of a group of 40 men and 20 women, 18-50 years of age who
were having elective hip and knee surgery under epidural anesthesia
with bupivicaine.

There were no significant differences between the treatment groups after
randcmization with the majority of both groups (fentanyl 19/28, placebo
21/29) being males with an average weight between 70-80 kg. All
patents received a premedication of atropine (0. 5 mg), meperidine (50
mg), and promethazine (50 mg), then had an active or a placebo system
applied at the time of the commencement of epidural anesthesia, While
sixty patients were randomized three patients received a bolus of
narcotic during the procedure and were excluded from the protacol and

the subsequent analysis.

Reglonal anesthesia was obtained by epidural bupivicaine (G. 50%) with
the failure of regional analgesia being an exclusion criteria for the study.




Post-operative analgesia was by intravenous injection of the synthetic
narcotic piritramid (Dipidolor) which was available at a rate of 7. 5 mg
IV every two hours to both groups. Observation for pain relief was
specified to be done at 24 hours after system application by
questionnaire. All patients were monitored for the 24 hours of system
applicatiornwand for 12 hours thereafter.

The study hypothesis was that patients who had a TTS-75 system
applied at induction of epidural anesthesia would have better analgesia
and require less supplemental pain medication than a placebo-system

group.

All data were analyzed for the 24 héurs of system application as specified
in the protocol, using relief wedication dose and subjective pain relief at

24 hours as the major efficacy variables.

Selection , Withdrawals, sind Mistakes

This study provides information regarding the use of this medication in a
painful type of elective surgery. No information was given regarding the
ASA class of the patients, although all were screened for significant
cardiac, hepatic, or renal disease. Like other trials of this type, it tests
the hypothesis that patients who receive TTs fentanyl will require less
suplemental analgesia than those who wear a placebo system.

The two study groups were balanced for gender, age, weight, and type of
surgery, and there were but three withdrawals out of 60, due to intra-
operative narcotic adrainistration as described above. )

There were no reported late violations of protocol other than the failure
of two TTS fentanyl patients to complete the postoperative pain global .
rating questionnaire given on the second postoperative day.

Results and Analysis

. The primary outcome variable for this study is the amount of rescue
narcotic used in each group from hour 12 to hour 24. This is as shown.
As may be seen, the use of rescue medication by both groups is
equivalent during the first 12 hours of system application, followed by
markedly reduced use during the 12-24 hour period (0. 94 mg fentanyl
group vrs 5. 95 mg placebo group).

The investigator chose to analyze the pain raﬁngs as categorical
variables, presenting the following table for the 24 hour pain resuits;

Fentanyl group Placebo Grdup
No Pain 3 0
Siight Pain 7 - 0
Moderate Pain 11 7
Intolerable Pain 5 22

(P<. 001)




-

TTS Fentanyl 75 delivered sufficiently improved analgesia to enable the
differentiation from placebo in this trial, and to have provided better
analgesia thar» prn narcotics alcne,

’ Adverse Evients

Examination of the number and severity of adverse events reported by
the investigator shows that rnio adverse events were reported by the
placebo group, while seven patients in the fentanyl group reported opioid
side effects. The lack of gny adverse events in the placebo group reveals
that the patients were either very stoic or the trial was insensitive to
adverse events, strengthening the presiimed relationship between TTS
fentanyl and the adverse events seen in the 7 TTS patients.

The adversé€ events in the patients in the TTS group were nausea,
nervousness, pruritis, and other opioid side eftects which did not require
treatment, with two cases of transient hypotension which required
atropine and/or fluids. A causal relationship cannot be established as
two cases of post-operative hypotension out of 28 cases performed is
reasonable in the setting of epidural anesthesia, IV narcotics, major joint
surgery, and common use of narcotic rescue medication.

No cases of respiratory depression accurred, and there were no medically
si%niﬁcant alterations in blood gases, pulmonary function test results,
laboratory tests, or cardiovascular parameters. There was an apparent
increase in PaCO2 in the fentanyl group from hours 12-24, suggesting
that the fentanyl group probably received a greater total opioid effect
than the placebo group, a finding that is consistent with less reported

pain.

Adverse topical effects from the system were limited to mild erythema and
pruritis for several hours after system removal. These effects were seen in
both fentanyl and placebo system groups. There were no reported
episodes of delayed hypersensitivity or system allergy.

Pharmacologic Periormance

The fentanyl group did not achieve anaigesic blood levels (0.6-0.75 ng ml)
for at ieast 6-10 hours after system application. In this single dose
study, with removal of the system at 24 hours, the group had no drop in
blood fentanyl levels for six hours after system removal, and it took 12
heurs after system removal for blood levels to fall to 66% cf the 24 hour

maximuim value.
Conclusion

This study provides some evidence that the system provides improved
analgesia and patient satisfaction over prn dosing. The most
parsimonious explanation for this effect is that the combination of PRN
analgesic & system provides a greater total dose of narcotic than prn
dosing alone. The improved analgesia in the TTS fentanyl group was not
associated with serlously increased risk of adverse effects in this study.
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4 Measure Treatment N Mean Sb SE Median Min Max p-value ¢
. Height  Fedtanyl ;Mw 167.1 95 22 1665 148 18 | >04
'y (cm) ", Phcebo 2 166.1 84 19 165.5 150 180
4 u 1 m....v
i M Weight Fentanyl 19 na 122 28 7 50 100 > 04 o
h § (kg) Placebo 21 74.1 114 25 75 57 9 >
A i 2 -
) e Body Masy index Fentanyl _arw 25.59 252 059 2502 20.28 2891 > 04 T
" 3 (kg/m?) Placebo 20 2%.97 363. 081 BT 227 3733 —
) ’ O
m m Age Fentanyl 2 . 613 19 18 61 " 7 > 04 m
S S (Yrs) Placebo 21 61.1 9.1 26 61 41 ] =
- ’ w, b ) ) '
i PO Duration of Fentanyl 0(;) 1054 300 6.1 1095 55 155 > 04 -4
, leg ssrgery (min) Placcbo 20 1304 59.6 133 1140 50 256 W
o3 e
S >
T ; , M.w ) Fentsayl Placebo p-value e
_ . *Sex N % N % ,..l ¢|.I.
& p R
Male 3 ®30) 4 (19.0) “
- Female 7 (35.0) 17 (81.0) B =<
& Tolal 2 (100.0) 21 (100.0) 0.004 N \\G/
o 0 =5
-~ . | . e WH‘I \\
: Wu Two-sample Rank Sum Test (Wilcoxon, Mann a. Whitney) Fisher's Exact Test {
‘ m Nissing data from (1) cr (2) putient(s)
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Table 2

SUPPLEMENTARY PETHIDINE USE (MG)

Study Period (hours since TTS-Application)
0to24 251036 0to 36
FENTANYL

Mean . 525 125 850
SD " 186 319 975
SE 17.6 71 218
Median 25 0 50
Minimum 0 0 0
Maximum 300 100 400
N 20 20 2

PLACEBO
Mean 1484 316 1800
SD 849 “us 112
SE 195 103 256
iedian 125 0 150
Minimum 0 0 0
Maximum 350 150 400
N 19 19 19
p-vaiue**® < 001 0.17 < 001

{ ® TTS removed at 24 hrs
*= Two-sample Rank Sum Test (Wileoxon, Macn a. Whitaey)
- 22 - 0C .
' \ 14.3/022
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General Comments on the Efficacy of TTS Fentanyl in Postoperative Pain

Systematic Bias- Fentanyl has a very large apparent volume of
distributiofi at steady state (4-6 1/kg), consistent with it's high lipid
solubility. In consequence, it has been used in anesthesia in the same
fashion as thiopental, using frequent bolus doses to obtain precise
control over drug effects due to transient high CNS levels of the drug
with the advantage of a short apparent half-life due to.rapid
redistribution. The clinical studies clearly show that if no fentanyl is
given by bolus, that it takes 3-5 half-lives of system application {12-24
hours) to reach stable blood levels and 2-3 haif-lives (8-12 hours) to
reach analgesic blood levels. At the Cmax for the system, the total
amount of drug in the body will be approximated by the blood level times
the apparent volume of distribution. For a 100 pg/h system in the
Hotchlkiss study this is 1.9 ng/ml X 393 liters = 756 ug/70 kg. Since this
is more than twice the usual beius dose of fentanyl given in the studies
{300 ug), it is clear that most of the patients had a trough 'in their
fentanyl! blood levels which occurred in the first 8 hours of the trial.
Every one of these trials may be expected to show a bias or confounding
which would tend to underestimate the true difference between the
groups. This is because pain ratings and use of rescue medication data
was collected on the fentanyl patients during a period in which it was
pharmacokinetically impossible for them to have reached maximal drug
effect. If this system is to be of maximal benefit in the posicperative
setting then either a second bolus dose of fentanyl might be given after
the procedure, or the system might be applied earlier than two hours

prior to surgery. -

Lack of Positive Controls- At least four of the clinical studies of this
drug show statistically significant improvements in pain relief and
reduced use of rescue medications, and all of the clinical trials show at
least a irend toward such an effect. Unfortunately, none of the trials of
this drug compared it to a fixed dose of a known analgesic, so that the
magnitude of the pain relief offered by the system is unknown. It is clear
from the trials that the application of the system reduced the total
amount of morphine used by the patient by 25-75%, but it is not clear
that the analgesia provided by the system is equal to either an
equivalent dose of fentanyl given IV or IM, or to the decrement in the
amount of morphine used administered over a like period. The sponsor
has been asked to address the issue of the analgesic strength of the
system , but these results are not yet available. .

Proof cf Efficacy- In the case of a known molecular entity such as
fentanyl, which is being given in a new way, proof of the system's
efficacy must be both p?xarmacokinetic and pharmacodynamic. While
there is no need to show that fentanyl is an analgesic, the sponsor must
prove that the system is able to deliver analgesic blood levels of fentanyl,
and that the analgesic effects of fentanyl so delivered are not eliminated
by the development of tolerance. Once these objectives have been
reached, as they have with TTS fentanyl, then the sponsor needs not to
continue to demonstrate efficacy in a series of pain models, but to
demonstrate the collection of a sufficient body of experience with the




drug in different clinical settings to allow for appropriate estimations
regarding it's safety and clinical utility.

Proof of Safety- As has been mentioned above, all of the TTS Fentanyl
trials have peen conducted with the concomitant'administration of
oploid resclie medication as an outcome measure in the desi%;m. In
consequence, the safety of the system cannot be determined by the
emergence of adverse effects, but by the relative frequency of adverse
events considered in proportion to the beneficial outcomes. In most of the
trials in this series the degree of pain relief experienced by the patients
receiving the fentanyl system has been greater than that experienced by
the placebo group. This is almost undoubtedly due to the fact that they
received more active opioid drug than the controls, and in consequence
they experienced a greater frequency and severity of opioid side effects
such as anxiety, restlessness, nausea & vomiting.

In consequence, the measure of safety in these trials can best be
determined by the relative frequency of serious adverse events the most
common of which is respiratory depression. Initial review of the data
suggests that of the seventeen episodes of respiratory depression which
occurred among the 332 patents in the initial series of trials, eight could
be attributed to the effects of underlyin% disease or surgery,
coadministered medications other than fentanyl, or anesthetic technique.

In the nine patients where some combination of fentanyl system and
rescue medication resulted in the need for evaluation, system removal, or
naloxone reversal the role of the system is complicated by the presence of

the rescue narcotic. The sponsor has been asked to re-analyze this data
using a pharmacodynamic analysis to attempt to discern a relationship
between the blood level produced by the system and the probability of an
adverse respiratory event. (see safety review vol. 4)




Studies of TTS Fentanyl in Cancer Pain-

The initial impetus for the development of the TTS fentanyl system was
the probler of analgesia in chronic cancer pain. Despite the clinical . -
utility of high dose oral morphines, there is a substantial population of
cancer patients who are either intolerant of high oral doses of opiates or
who do not achieve a sufficient duration of action by the oral route. In
these cases, PCA analgesia with IV or intra-dermal fentanyl has been
shown to be an effective alternative, but has the disadvantage of
parenteral administration. When the sponsor first approached the agency
with the proposal for a transdermal fentanyl dosage form, it was agreed
by both sides that it had been unequivocally shown that fentanyl was
effective as an analgesic, and that it would not be necessary to re-
establish that fact. It would, however, he necessary to conduct clinical
trials in a sufficient number of cancer patients to establish that:

1. The system provided pharmacologically active doses of fentanyl in a
consistent, dose-proportional, and predictable fashion to almost every
patient who received it in an appropriate dose.

2. That an appropriately sized system could be selected for initial therapy
based on the patient's clinical history and/or clinical presentation.

‘3. That the majority (or an identifiable minority) of patients obtained
satisfactory analgesia as measured by subjective and objective ratings,
withdrawals, and subsequent clinical course.

4. That the system provided analgesia without an unacceptable rate of
symptoms, adverse events, or undue development of opioid tolerance.

In response to this guidance the sponsor conducted several trials of the
clinical utility of the system in chronic cancer pain, incorporating a
placebo-controlled cross-over and a pharmacodynamic analysis into the
better of the two. These are reported below.

Study # 86-003-01 Levy
Abstract

This is a muilti-center, variable-dose, double-blind, randomized clinical
trial of TTS fentanyl system anaigesia utilizing a two-week placebo-
controlled cross over design in cancer patients requiring chronic narcotic
analgesia. The trial consisted of a period of conversion to TTS fentanyl
system analgesia with prn oral morphine rescue, random assignment to a
treatment group, 2 week of TTS or TTS-placebo, then cross over to the
other Hmb. Efficacy sutcome variables included self-reports of rescue
medication use, pain intensity scores, nurse ratings of pain by
standardized rating scales, and patient global ratings.

Safety was followed by physiologic measures (vital signs), subjective, and
caretaker ratings.




The study claimed but failed to prove improved efficacy over placebo due
to excessive drop-outs and missing data (of 46 patients only 10
completed the cross-over design with complete pain intensity ratings),
and a clear pattern of under-daslng resulting in sub-therapeutic serum
fentanyl lewels in 7 of 12 paiienis for whom such data were available.

While the study did not succeed as a cross-over trial due to insufficient
power and under-dosing, post-hoc pharmacodynamic analysis ipr those
patients in which therapeutic fentanyl levels were achieved showed
superior analgesia (pain ratings of 1.4 on TTS v 1.8 on placebo) whereas
patients with sub-therapeutic blood levels did not ( pain ratings of 2.5
on TTS v 2.5 on placebo).

The trial supports the clinical utility of TTS fentanyl in cancer pain.
Resume

This was a 46 patient, multi-center trial under the direction »f Dr.
Sandra M. Levy of the Pittsburgh Cancer Institute. It involved Montifiore
Hospital (17 patients), Presbyterian Hospital (5 patients), Eye & Ear
Hospital (3 patients), Forbes Hospice (6 patierts), and the Pittsbigh VA
Hospital (15 patients). Patients were admitted to the study during the
latter months of 1986, converted to an individualized dose of TTS
fentanyl, participated in a two-week cross-over trial, and then continued
on TTS Fentanyl until death, discontinuation of the drug, or discharge
from the trial. -

The inclusion criteria for the study were terminal illness (<6 months life
expectancy) from non-localized intermediate stage malignancy with
severe pain requiring narcotic analgesics for control. Patients were to
have normal hepatic, renal, and pulmonary function , no history of
narcotic allergy, CO2 retention, drug abuse, or active skin disease.

Patients were given sequential case numbers and randomized in blocks of
10 to avoid imbalance among the centers. Supplies of TTS and placebo
were prepared weekly, with only the safety monitor at each facility
having access to the randomization codes in case of adverse reactions.
The study plan was to admit the subjects to the hospital, convert the
subjects from their pre-study medications to TTS fentanyl, titrate them to
an individualized stable dose, then enter them as outpatients into one of
two limbs of a two week cross-over with either TTS or TTS placebo
systems. Following completion of the cross-over all patients could remain
on TTS fentanyl at the discretion of their physician.

Each patient completed several self-rating scales, was observed by the
visiting nurse, and had blood drawn for fentanyl levels and serum
chemistries during the cross-over and open-label use of fentanyl. The
patients completed the Present Pain Intensity Index as well as the Pain
Rating Index of the McGill Pain Questionnaire, the Profile of Mood
States, and the Manitoba Quality of Life Scale on a daily basis. The
study nurses visited the subjects at home fwice a week during the cross-
over phase of the study, completing a pain behaviors instrument and
reviewing the patient's diary of use of oral vrescue morphine. Physician




B 2 ix——-

evaluation in addition to the weekly visits by the study nurses were
individualized, but were as frequent as every 24 hours when dosage
adjustment was required or adverse events were encountered.

The PC-SAS Generalized Linear Model (GLM) procedure was used to
analyze the pain scores and supplemental morphine use, using a three- .
term model with patient, treatment, and patient-treatment interaction

terms.

The study hypothesis was that patients in the TTS fentanyl imb of the
cross-over would report less pain and use less supplemental morphine
than in the TTS placebo limb.

Selection , Withdrawals, and Mistakes

The 46 patients selected for the study were older (median age 61, ranaie
21-81), most were terminal {(29/46 died during the study) , were equally
divided by gender (25 males/21 females), and a variety of metastatic
cancers. Most were taking oral morphine (12), methadone (10), or
oxycodone (23) for pain. Narcotic demand of the patients who completed
the transition to TTS fentanyl was low, with 3/46 taking less than 60
mé oral morphine per day, 12/46 taking between 60-120 mg, and only
15/46 taking more than the equivalent of 120 m%gral morphine per day
(patients who did not complete the transition to TTS fentanyl were

excluded).

The patients did not spend a fixed amount of time in the stabilization
period prior to starting the cross-over. Some spent only a week, while
others were on TTS fentanyl for almost a month before starting the study.
The reason for these delays were usually due to contemporary medical
events due to the patient's serious medical conditions.

Because of the serious illness of most of the study participants there was
considerable attrition during the study. Of the 46 patients randomized,
only 23 completed both limbs of the cross-over, and of those that did do
so, only 15 had compleie information (most of the missing data was self-
report inventories which these seriously ill patients tended not to keep
on days they were not visited by the nurse). Of those who did not
complete the protocol:

-2 withdrew within 3 days of starting TTS due to death or disability.
-4 withdrew due to adverse experiences from TTS (chiefly nausea)

-3 withdrew due to inadequate pain control from TTS

-2 withdrew due to unrelated complications of cancer.

-1 withdrew due to unwillingness to participate

-6 died prior to completing the cross-over

-5 Withdrew due to protocol violations

23 withdrawals prior to completing crossover.

Of possibly greater concern than a high (but expected) drop-out rate, was
the number of patients who had TTS doses that were clearly too low
applied during the trial. The patients admitted to the trials were taking a




variety of pain medications, but were converted to TTS fentanyl based on
predicted 24 hour oral morphine demand and use of rescue medication
during the titration: phase of the study.

No attempt,was made by the sponsor to perform a pharmacodynamic
evaluatioi: ‘of the probable effects of tolerance on the dose-effect
relationship for fentanyl. In consequence, it is difficult to determine the
adequacy of the dosing of these patients from the blood level data. In
consequence, it was necessary to make some (conservative) assumptions
regarding the development of opioid tolerance in these chronic opiate

users.

For purposes of analysis it was assumed that an cpioid naive individual
would obtain adequate analgesia from fentanyl levels above 1 ng/ml,
that an individual taking the equivalent of 60-120 mg of Jong-acting oral
morphine a day would require about twice as much or 2 ng/ml for
analgesia, and that an individual taking over 120 mg oral morphine a
day would require at least 3 ng/ml for a like effect. Using these
estimates, in the 15 subjects for which complete data are available, the
Tgs systems prescribed provided subtherapeutic blood levels for 5 of the
15.

Review of the individual case report forms suggests that there may have
been an unpredictable reporting bias in the patient's diaries of morphine
use. In at least one case there are explicit comments that the subject had
not been keeping an accurate morphine diary. Since there was no
objective check (pill counts, PCA device, recording pill-box, etc.) it is
possible that any of several kinds of error could occur undetected. The
most likely forms that this could take would be fixed dosing with pm
medication by the companion or the patient's recording of inaccurate
amounts. In either case the bias would be in the direction of washing out
the differences between treatment groups.

A reasonable conclusion regarding possible bias in the study is that the
high drop-out rate, high percentage of subjects with subtherapeutic
blood levels, and the variable length of stabilization on TTS fentanyl
have introduced biase s that would be expected to reduce the apparent
effectiveness of TTS fentanyl.

Results

The observed pain intensity scores and oral morphine use data are
provided. As may be seen in the mean scores, there was no observed
difference between self-reports of oral morphine use for the fentanyl and
the placebo weeks. There is a difference between the daily mean pain
scores, but the observed difference is very small (mean pain intensity
scores fentanyl week 2.1, placebo week 1.8). if the patients are stratified
by prior narcotic use and thus by probable tolerance and pharmaco-
dynamic response the following results are seen:

Mean Pain Intensity Scores
Fentanyl Week Placebo Week

Patients with subtherapeutic fentanyl levels 25 2.
Patents with therapeutic fentanyl levels 14 1.

o e X311
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The probable interpretation is that the observed effect size of 15%
reduction in pain scores (2.1-1.8/1.95) is actually low, and the more
likely effect size for the system. prescribed in an appropriate size, is at |

least 25% (1.8-1.4/1.6).

Adverse Events

The real wealth of these studies lies in the availability of data for the
patients who stayed on different doses of the systems for extended
periods of time. This study utilized doses of up to five simultaneous 100
pg/hr systems, and involved blood levels of up 35 ng/ml of fentanyl. The
forty-six patients in the study wore the systems for a total of 5500
patent-days. Of the 29 deaths during that period there were none that
were not expected from the patient's underlying disease and no episodes
of respiratory depression requiring naloxone reversal. Of the nine
withdrawals for inadequate pain control or adverse events, four were for
nausea and /or vomiting which was probably related to the TTS fentanyl,
tvvo were for drowsiness or confusion attributed to a combination of
fzoianyl and rescue medication, and three for inadequate pain control. \
|

The remainder of the adverse events were reviewed to detect any unusual
of frequent toxicities, and. are presented. The adverse effect profile is
appropriate for a combination of fentanyl and rescue medication and ‘
presents a typical mu-agonist set of CNS, GI, pulmonary, and

dermatologic symptoms.
Pharmacologic and Pharmacodynamic Analyses

There was a definite relationship between system size and blood

fentanyl level, even though the samples were taken at variable intervals

after the last system application. These results are showa along with the

degree of variation observed in the dose-blood level relationship as well
e of doses employed (doses are absolute, not mg/kg). In

as the x'ant%l
addition, there was a definite trend in both prescribed fentanyl system
size and blood levels over the first two weeks of therapy, during the ‘

open-label stabilization period. As pain ratings were not collected in a

consistent manner untl after the patient was stabilized on the system,

the time course of the pharmacodynamic relationship of pain relief to

blood levels cannot be determined from this data. A
|

Post-crossover data was available for fourteen patients who were
maintained on the fentanyl systeras for open dosing periods of as long as
three months, and are as shown. Of these fourteen patients, nine showed
the unequivocal pattern of escalating duse shown, with a probable rate
of dose escalation of 25-75% per month. Of the five patients who did not
show this escalation in dose, two were taking high escalating doses-of
morphine (1061,1216), one had recetved radiation therapy with good !
results ( 1218) , one had a low level of pain and used little medication ‘
during the entire trial (1065), and one showed no escalation in use of

either oral or system analgesics (1214).




Conclusion

This study is strongly supportive of the clinical utility of TTS Fentanyl
for pain control by cancer patients. The study revealed no unexpected
hazards of the drug, and had a rate of adverse events requiring
discontinugtion of the drug of 5 per 100 patient-months and a rate of
dose increase batween 25-75% per month of therapy. There was evidence’
of accumulation of the drug with multiple dosing consistent with it's
known kinetics, with approximately five to seven days being required to
establish a plateau following a change in system size.

Both clinically and statistically the cross-over portion of the study

lacked the power to demonstrate that TTS fentanyl was superior to

placebe due to excessive dropouts, use of rescue medication in both
‘oups, probable under-dosing, and a cross-over design that had no

wash-in" period to allow the subjects to establish plateau levels of drug.
It is also possible that these opioid-experienced patients dropped-out

after breaking the blind and realizing they were on placebo.
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PROTOCOL C-86-003-01, STUDY II, FINAL REPORT

table A: Patient Demographics

Total No. of Patients

Age (years
<36
>36 - <47
>47 - <59
>59 - <69
>69

Sex
Male
Female

Caucasian
Black
Asian

H {cm
no data
<163
>163-<170
>170-<179
>179

Weight {kg}
no data
<63
>63-<74
>74-<83
>83

St f Di at Entr
Intermediate

Terminal

Unknown

Diagnosis
Sarcomas or AIDS

Head and Neck Cancers

Lung Cancer

Ereast Cancer
Gastrointestinal Malignancies
Prostatic Cancer

Other Solid Tumors
Hematologic Cancers

w167

Patients
46 (%)
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Patient-Months of Observation
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Table 3

Sumnary of Daily Supplemental Morphine Use (mg £O) by Study Perfod
Patients Who Cospleted the Double Blind Period

‘o
in Mospital Stabilization Active Week Placebo Week
Titration
SCN MEAN SO HWIN  MAX MEAN S8 MIN MAX MEAN SO MIN  MAX MEAK SO MIN  MAX
1061 19 28 0 60 2 H 0 15 17 22 0 s 40 28 15 90
. 1062 0 0 0 0 0 0 e () 0 0 o 13 1 0 30
x 1063 g 41 s 120 30 13 15 45 4 1% 15 60 61 21 30 90
o 1065 10 10 10 15 15 15 87 " 60 e 45 26 15 90
) 1066 144 69 20 270 159 29 120 180 171 15 150 180 148 46 s 210
, 1071 10 10 10 10 2 0 20 13 18 0 s 9 15 0 40
0 1074 205 244 15 540 92 24 60 135 7 10 60 90 56 35 15 120
: 1675 17 H 10 20 13 10 0 30 15 13 (] 30 3% 17 15 60
y 1077 9 6 5 14 0 0 0 0 ] 0 0 0 0 0 0 0
mw 1M1 37 2 10 60 62 37 30 120 133 31 90 165 .88 53 30 185
z 1112 48 27 30 90 50 15 30 60 116 32 90 180 116 38 90 180
¥ 1211 20 20 20 47 8 40 80 81 40 10 135 . 31 23 0 60
g 1213 37 29 20 70 7 8 10 30 37 10 20 50 68 10 60 80
0 — 1214 0 (1] 0 (1 0 0 ¢ 0 (] 0 [} 1 2 0 5
z 1 1216 20 10 10 30 30 8 20 40 43 48 6 100 54 24 10 80
8 1218 10 10 0 20 4 8 0 20 (] 0 0 0 0 [ 0 0
4 1219 79 41 20 180 163 2 150 210 159 23 120 180 154 21 120 180
1Y 1220 31 21 [} 60 0 9 2 0 6 8 0 15 6 - 8 (] 15
1221 15. 15 0 30 13 34 [ 90 47 4 10 12 43 10 30 40
1222 20 o 20 - 20 13 8 10 30 0 0 (] ] 59 45 g 120
1224 95 44 40 140 10 1 0 20 10 ° 0 20 20 0 20 20
1225 a7 12, 80 100 20 0 20 20 20 0 20 20 20 o 20 20
1265 15 0 15 15 11 7 0 15 1 7 ] 15 ,
MEAN 43 33 a6 L8
sD 50 46 53 45
,A.'.«Clm d
g AMEND .NDA/LEVY/EFFICACY/LEVYEFF2.TBL
| — 04/29/88 $FS p. 3
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SCH MEAN
1011 29
1012 38
1013 35
1014 15
1084 36
1067

1068 40
1069 14
1070 62
1072 200
1073 15
1076 38
113 29
114 138
1115 140
1212 48
1215

1217 15
1261 29
1262 114
1263 20
1264

MEAN 56
o 53

In Rospital

Titration
S0 MIN
24 ]
13 30
18 10

7 10
17 15
31 15

H 5
53 18

138 20

0 15
15 30
19 15

109 60
28 120
25 16
15

16 15
29 72
1% 10

Summary of Daily Supplemental Morphine Use (mg PO per day) by Study Period
Patients Not Completing the Double Blind Period

AMEND . NDA/LEVY/EFFICACY/LEVYEFF2.T8L
04/29/88 SPS p.

2

MEAN
15

3 3 3

133
10
43

12

45
35

Stabil{zation
$0 L3
17 0
35 15
3 15
14 10
16 45
22 60
12 15

30

13 15
62 30
8 (1]
10

1 20
113 55
4 10

Table 4

30

150

MEAN
19

43
72
115

30

106
146

45

20
149

Active Week
S L]
8 15
18 30
38 10
” 30
15 15
40 45
195 20
23 15
20

53 72
3 0

MAX

180

45

165
540

20
216

10

-
Piacebo Week

.

MEAN SO HIN MAX

43 18 20 60
108 54 36 180

302 307 10 804

151
135
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1011
1012
1013
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1064
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1069
1070
1072
1073
1076
113
1114
115
1212
1215
1217
1223
1261
1262
1263
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in Nospital

Titration
$0 L]
1.1 .0
0.8 4.0
0.9 .0
0.8 Q.G
1.4 6.0
0.8 1.0
0.6 0.0
2.0 0.0
0.9 3.0
1.2 1.0
1.2 0.0
1.5 0.0
1.4 0.0
0.0 0.0
1.7 1.0
1.1 1.0
0.9 0.0
0.8 0.0
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AMEND . NDA/LEVY/EFFICACY/LEVYEFF2.T8L

04/29/88 SPS p. 4

on
NN

Stabilization
SO MIN
1.3 0.0
0.6 1.0
1.5 0.0
1.0 1.0
0.7 3.0
.8 1.0
1.0 1.0
0.9 1.0
0.8 2.0
0.5 2.0
0.7 1.0
0.8 1.0

Table 8

MAX

3.0

MEAN

3.0

2.8
2.3

3.6
2.0
2.9
3.5

Summery of Pain Scores by Study Perjod
Patients Not Compieting the Double B{ind Period

Active Week

SO

0.4
2.1

1.0

2.0
2%

1.0
2.0
2.0
2.0

MAX

i
.

4.0

5.0
3.0

5.0
2.0
3.0
5.0

Placebo Week

.- '

sb MIN HAX

0.3 2.0 3.0
0.5 2.0 3.5
3.0 3.0




Qutcome

Death

Discontinuation of Treatment
Adverse Experience
Inadequate Pain Control
Personal Reasons Unrelated

to Study

Protocol Violation

Continuing Treatment

Reference: Appendix VI

3.3 Initial TTS (fentanyl) Dose

If a patient’s previous narcotic regimen was inadequate to control
pain, a TTS (fentanyl) dose higher than the calculated equianal-
gesic dose was prescribed. A table in Appendix III illustrates
the methodology used to convert each patient to their initial TTS
(fentanyl) .dose. This table includes the following:

a. prior narcotic use;

b. an equivalent IM morphine sulfate dose [based upon an
equianalgesic drug chart derived from Foley (1), and
included in Appendix III];

c. the calculated conversion dose to TTS (fentanyl).
The worksheet used for this calculation is also included.

TTS (fentanyl) doses were titrated within hospital surroundings
over a period of three days.

If three days proved to be insufficient for a particular patient,
the titration phase could be extended as long as necessary to
achieve adequate dosage. During titration, study investigators
were instructed to use an analgesic equivdlency worksheet to cal-
culate appropriate TTS (fentanyl) doses based on patients’ prior
narcotic use.

Guidelines given to study personnel included a recommendation to
increase or decrease TTS (fentanyl) dosage in 25 mcg/hr increments
as often as every 48 hours until adequate pain control was achiev-
ed. However, the final decision regarding titration schedules was
left to the investigator’s clinical judgment and dose changes were
made as frequently as every 24 hours.

The TTS (fentanyl) doses on initiation of treatment ranged frbm 25
mcg/hr to 200 mcg/hr with the 50 and 75 mcg/hr doses being the

16 \\L
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participants as of February 1, 1988. Appendices VI and VII des-
cribe reasons for individual patient terminations in detail.

3.5.1 Continuing TTS (fentanyl) Treatment

Four patients remained on TTS (fentanyl) as of February 1,
1988 (Table D). A1l have been using TTS (fentanyl) contin-
uously for over one year and one patient has been receiving
treatment for more than 1-1/2 years.

Table D
Summary of Patients Continuing Use of TTS (fentanyl)

SCN TIS Dose (mcg/hr) Days on
Entry Cuirent Therapy
1067 50 125 536
1074 75 175 439
1218 50 50 576
1265 50 50 401

3.5.2 Patient Termination of TTS (fentanyl) Treatment

Table E below displays patient withdrawals by time in
treatment.

Table E
Patient Withdrawals by Treatment Period

1-3  4-15 16-30 31-60 61-90 91-120 Over 120
Days Days Days Days Days Days Days

No of 2 10 6 8 3 4 9
pts.
{n=42)

Only 2 (4%) of the patients were withdrawn from treatment
within the first 3 days of TTS (fentanyl) wearing. They are
discussed in detail below:

A 66 year-old female (SCM 1115) with a uterine sarcoma, who
was classified as terminal at the time of study entry, dis-
continued the study on study day 2 due te increased pain,
rapid respirations, and hypotension which culminated in

8 7 )
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(26%), constipation (26%), pulmonary congestion (22%), con-
- fusion (22%), and anx1ety/ag\tat1on (20%). .

.5 4%, pdaigilshaipad. W H el )

Table L:

Total

Neurological System

Sedation
Confusion
Anxiety/Agitation
Headache
Dizziness
Depression
Euphoria
Lethargy
Hallucinations
Vivid dreams
Trembling
Ataxic gait

Nausea/Vomiting
Constipation
Diarrhea
Flatulence
Hiccoughs

Gas pain

Respiratory

Pulmonary congestion
Shortness of breath
Irregular breathing
Hemoptysis

Rapid respirations

Paroxysmal coughing
Sleep apnea

27

Adverse Experiences by Body System

No.{%) Patients with
Adverse Experiences
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Table 2,- continued

Cardiovascular

4 Chest pain A ( 9%)
Tachycardia 2 ( 4%)
Hypotension 2 ( 4%)
Irregular Heart Beat 2 { 4%)
Bradycardia 1 ( 2%)
Atrial fibrillation 1 ( 2%)
Cerebrovascular accident 1 ( 2%)
Skin_ & Appendages
Pruritis §& ( 9%)
Urticaria 1 (2%)
Genjtourinary
Urinary retention 4 ( 9%)
Body as a Whole
Diaphoresis 4 (9%)
Flushing 1 (2%)
Other
Dry mouth/throat C 5 (11%)
Sore throat 1 ( 2%)

Reference: Appendix VIII

3.7.2 Respiratory Rates

Mean respiratory rates remained within clinically acceptable
ranges for the period beginning with in-hospital titratien
and ending approximateiy three weeks after discharge from
the hospital for both double-blind compieters {Tabie 9) and
patients who did not complete the double-blind trial (Table
10). No patient discontinued the study as a result of res-
piratory problems attributable te TTS (fentanyl).

3.7.3 Sedation

No patient terminated use of TTS (fentany!) as a result of
of over-sedation. Mean sedation ratings ringed from 1.1
(wide awake) to 2.0 (drowsy) among all 46 putients for the

\ AN P O
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Study # 87-010-01 Payne
Abstract

This multi-center, dose-ranging, open-label trial of the safety and
acceptability of TTS Fentanyl was performed in pre-terminal cancer -
patients. Fifty-four patients were drawr.from the clinic populations of
four major cancer centers (18,21,8 & 7 patients per group), converted to
an individualized dose of oral morphine solution, then crossed over to an
individualized dose of Fentanyl TTS. The patients were kept on TTS
Fentanyl until they died, could not comply with the requirements of the
trial, were discontinued due to inadequate pain control or dropped out
due to adverse effects. Outcomes for this study included the ease of
convession to TTS Fentanyl, trend in the patient’s pain intensity scores,
trend in fentanyl dose, withdrawals for lack of efficacy and adverse
events, and rate of adverse effects over time.

Of the 59 patients screened 54 were eligible for the trial and were
followed for 224 patient-months of observation. Doses of oral morphine

ed from 6-1320 mg/day at the onset of the trial, with TTS Fentanyl
doses ranging from 25-600 ug/hr. Seventy percent (70%) of the patients
were abie to obtain analgesia eqis'valent to oral morphine (Pain Intensity
ratings 2.5-4.5 on a 10 cm visual analog scale), and to continue on TTS
fentanyl until death or the end of the trial. The dose of TTS fentanyl

for satisfactory anaigesia increased over time during the trial,

with a doubling of the dose after a month of therapy.

Adverse events were typical for high-dose opioid therapy and were
mainly neurologic (confusion, excessive sedation, nervousness) and
dermatologic (redness, stinging, & irritation of the system site.). The rate
of all adverse events was relatively constant at 20-30 events per 10C
patieni-months, with a rate of events requiring medical evaluation or
intervention of 8-10 per 100 patient-months of treatment.

Resume

This study was a multi-center open trial of the therapeutic utility of TTS
fentanyl carried out at the University of Cincinnati, The Milton S.
Hershey Medical Center, The Pittsburgh Cancer Institute, and M.D.
Anderson in Houston. The investigational plan was to select 50-60
cancer patients who required narcotics for pain control, to convert them
to oral morphine analgesia, and from thence to TTS feritanyl. This was
one of several such trials in cancer patients which represent the first use
of the system in multiple applications in man. This open trial was
planned to investigate the acceptability and safety of the system in
chronic cancer pain.

The inclusion criteria for the study were that the patients be taking
narcotics for cancer pain, be able to communicate effectively, live with a
constant caretaker, and achieve adequate pain control with oral
morphine in the pre-study period. Patients expected to live less than a
month, prior severe respiratory disorder, narcotic abuse, active skin




disease, mental disorder or liable to become pregnant were excluded.
Fifty-nine patients were screened for the study and fifty-four were
accepted into the protocol.

The patients were moderately ili at entry with a variety of tumors and
tumor sited. All were taking oral or parénteral narcotics in doses ranging
from 6 mg to 1300 mg of oral morphine equivalents a day. The patients
were converted to oral morphine by the equivalencies provided, and had
a median requirement for oral morphine between 120-240 mg/day.

Following stabilization on oral morphine the patients were switched to
TTS Fentanyl using the formula: 360 mg/day oral morphine = TTS 100
ug/hr. TTS systems were re-applied every three days, and the dose was
adjusted by the treating physician based on the patient's use of oral
morphine rescue medication and reported pain relief. Included in the
enclosures is the dosing experience of the group, showing that 35-65% of
the patients increased their dose from visit to visit when the median
dose was less than 200 pg/hr.

The patients were seen at 3 days, 7 days, and then monthly, with weekly
telephone monitoring by the study nurses. Laboratory studies (chemistry
& hematology) were done at baseline, one week, 1, 3, 6, &12 months after
induction in the study. Pain control was assessed by weekly 10 cm visual
analog ratings and global ratings by the clinicians at monitoring visits.
There was no restriction on concomitant medication and the majority of
patients were taking minor tranquilizers, anti-nauseants, and hypnotics.

The study hypothesis was that patients could be adequately stabilized
on oral morphine and then converted to TTS Fentanyl with an acceptable
frequency of adverse effects and analgesia satisfactory to treating
clinician and patient.

Selection , Withdrawals, and Mistakes

The fifty-four patients in the study were grouped into the following
treatment centers:

University of Cincinnatl 18
Hershey Medical Center 21
Pittsburgh Cancer Institute 8
M. D. Andersen 7

The group inchkided 30 males and 24 females, with breast cancer {13),
lung camncer (12), and gastrointestinal cancer (11) being the most common
diagnoses. The clinical status of each patients was by the Eastern
Cooperative Oncology Group rating with 30% of the patients bed-ridden
50-100% of the time , and 54 % arbulatory with symptoms. Over half
(54%) of the patients were on active chemotherapy during the trial with
13% receiving radiotherapy.




Seven patients did not complete the seven day period of stabilizatiocn on
oral morphine specified in the protocol. Two patients (406&402) could not
tolerate the high oral doses of morphine and were converted to TTS
fentanyl without completing the week on oral morphine. Five patients
were converted from their prior pain medication to TTS fentanyl directly
on the basjs that the clinicians felt that such conversion would provide

the best arialgesia for the patient.

At least half (24/54) of the subjects started at a higher dose of TTS
Fentanyl than calculated from the 360 mg morphine = 100 ug TTS
formula. This was done at the clinical judgement of the investigators
who felt that the subjects were not taking enough prn morphine (over
40% of the patients had a a mean baseline VAS pain rating of greater
than five out of ten and rated their analgesia on oral morphine as fair to
poor). This finding is consistent with the later finding that 31 of the 54
patients required increased doses of TIS Fentanyl within one week of

application.

There were five discontinuations which do not appear to be TTS Fentanyl
related. Patient 404 persistently removed the system as part of a genemi
pattern of non-compliance and was discontinued after less than 24
hours. Patient 104 requested discontinuation aftev l¢ss than three days
as ne preferred his old medications and thus had no ciance to be
titrated. Patient 211 developed gram negative sepsis within & days of
system application and had the system removed, and patient 107 felt he
did not need narcotics and requested system removal. The last patient,
patient 105, had multiple family problems which included conflict over
the systems and the study and which were resolved by withdrawing from

the study.

Eight patients withdrew specifically due to problems with the TTS system
system. Patients 202, 315, 320, 321, 402, & 404 all had to be switched to
parenteral opioids after periods on TTS fentanyl. Maximal doses of the
systems prior to discontinuation ranged from 200-600 ug/hr, and suggest
that subjects who require doses above 250-500 pg/hr have exceeded that
useful delivery range of the system.

Two subjects discontinued the system for adverse reactions. Patient 305
was withdrawn at the behest of the spouse from TTS 75, due to
increasing ccafusion (subjective rating by spouse). Patient 101 stopped
the system due to complaints of itching or burning after system removal
{100ug/TTS), although no objective redness or skin injury was observed
by the treating physician.

The cumulative effect of bias is difficult to establish. Fifty-fout of fifty-
nine patients seen were selected, the %‘oups were balanced by gender,
cancer type, severity, and test site. The withdrawals unrelated to TTS

Fentanyl (5/54) were reasonable, but the protocol violations with respect
to dose ranging (31/54) were not. The clinicians chose to use clinical
judgement rather than the formula to establish dose, suggesting that the
prn oral morphine stabilization dose converted into fentanyl (360
mg/day/ 100 pg/hr) does not adequately reflect the analgesic need of the
patients. This will be discussed further below.




Results and Analysis

Since this is an open trial, it is exposed to the criticism that it may be
biased by expectation effects on the part of both clinician and patient.
This is mitfgated by the fact that these were experienced narcotic users, .
most of whom had a substantial degree of physical dependence on
narcotics. If TTS fentanyl had not delivered appropriate levels of narcotic
these patients would be expected to promptly drop out as has been seen
in trials of mixed agonist-anagonist narcotics in this setting. The
enclosed plots show the cumulative experience of the group expressed as
the probability of withdrawing from-the trial as estimated by life table
analysis (the raw data is biased by the large number of patient deaths).
Patients who died from their underlying disease were withdrawn from
the life tables without prejudice in all cases, while the two tables and

aphs show the cumulated rate for discontinuation due to all causes,
and for discontinuation due to adverse events. As may be seen, roughly
2% per month dropped out of treatment with TTS fentanyl, with an
estimated 75% of patients persisting in adequate pain relief for one year
of treatment. This is only an estimate, since the high mortality rate in the
study group meant that many patients died while still on TTS fentanyl,
but it suggests that this treatment is acceptable for most patients.

Also shown is the trend in pain scores over the pericd in which the
majority of patients were on the therapy (eight weeks). As may be seen,
the-TTS system did not abolish the patient’s pain, but did result in VAS
pain scores at or below baseline pain ratings on oral morphine for the
entire 8 weeks of the study.

The trend in TTS dose over time is confounded by the fact that half of
the patients were started at doses that required immediate upward
adjustment by the second dose. Nevertheless, there was a consistent
trend over time toward increasing doses as shown. The time required to
double the dose of TTS Fentanyl was about iwo months, with most
patients requiring a gradual increase, a few 1naintaining a stable dose,
and five or six rapidly escalating to very high doses (£00-600, pg/hr) and
having to be taken off the system as described above.

TTS Fentanyl in doses of 100-250 ug/hr was acceptable to the majority of
patients in this trial and provided them with pain relief which they rated
as similar to or slightly better than that provided by oral morphine.

Adverse Events

Enclosed are the rate of adverse events by body system expressed as raw
counts and as rates per 100 patent-months on the therapy. These were
plotted as both the raw data, and as mean-smoothed trends in order to
try to observe any trends toward more adverse events at either the onset
or later phases of therapy. As may be seen, the total number of adverse
events shows a trend toward an increased number at the onset of
therapy, but about half of the adverse events reported in the first few
months are dermatologic (itching, burning, redness) , while the rates of
the more serious CNS adverse events (confusion, agitation, "spaced-out")
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remain constant. Serious adverse events (requiring medical evaluation or
dosage adjustment) occurred at a rate of 8-10 per 100 patient-months,
and had occurred in about half the patients by the end of the study.

The investigators & sponsor did not feel that any of the serfous adverse
events were directly related to the TTS Fentanyl, but review of the case .
report forms revealed a number of probable associations {(in many cases
the evaluating physician removed the system or adjusted the dose as the

therapeutic intervention).

Patient 202- Hospitalized on day 46 for confusion, slurred speech & poor
memory. System removed. .

Patient 203- Hospitalized day 8 agitation, confusion, hallucinations.
System removed.

Patient 205- Nausea, dizziness, mental confusion, fall at home, urinary
retention. TTS continued.

Patient 209- Dose increased day 40, one day episode of emesis, dyspnea,
weakness. TTS continued.

Patient 214- Mild confusion and disorientation during a period when
TTS dose increased rapidly from 100-300 pg/hr. TTS continued.

Patient 215- Somnolence, woozy, shaky, unsteady gait, dizzy when TTS
increased to 100. TTS reduced to 50.

Patient 218- Dysphoria, "weird spaced-out feeling" when TTS increased
to 450 pg/hr. TTS reduced.

Patient 302- Increased sieepiness when dose increased to 300 ug/hr. TTS
reduced.

Patient 315- Nausea & vomiting when TTS increased to 75. TTS removed.

These patients represent 9 of 54 for a total serious adverse reaction rate

of 15-20%. Ne patient suffered any permanent injury or death
- -attributable to TTS fentanyl, none suffered respiratory depression or was
treated with naloxone, arid all skin reactions resolved with system

removal.

Laboratory screening data was available for most individuals during the

period of TTS application, but much of it was abnormal due to prior
disease. Scatter-plots of this data revsaled no consistent trend signifying

medication induced abnormalities.
Pharmacologic Performance
No pharmacokinetic or pharmacodynamic data were collected.
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Additional Analyses

This study-used two methods of predicting analgesic demand, predicted
demand based on the patient's reported use of analgesics, and actual 24
hours usage raies of oral morphine while under observation. The
enclosed sgatterplots show the predicted v. actual morphine demand, and
the relationiship of TTS dose to observed morphine use at the initial -
applicaticn of the TTS and after one week. Since TTS dose was set by the
observed use of morphine in the stabilization period in the protocol, there
should be a strong relationship between that two, and this is, in: fact,
observed. After a week in which the dose is adjusted to best analgesia,
the doses of TTS are higher, with the relationship 300 mg/24 h oral
morphine (50 mg/24 hour parenteral morphine) = 100 ug/hr TTS fentanyl.
This probably represents a more accurate reflection of the analgetic
relationship.

Conclusion

This study establishes the acceptability of TTS Fentanyl for pain control
by cancer patients and suggests that that ratio of oral morphine to TTS
Fentanyl for conversion to TTS fentanyl lies between 75-125 ug/hr TTS
fentanyl per 360 mg/24 h oral morphine demand. Tk study revealed no
unexpected clinical or laboratory hazards of the drug, a serious adverse
events rate (mostly opioid side effects on the CNS) of 10 per 100 patient
months, and a rate of dose increase of approximately 50% per month of

therapy.




Scatterplot of VAS Pain Ratings at Entry
and After One Month of TTS Use
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tistribution of Age, Sex, and Race "

&

Patients
Demographic Variable No. (X)
(n = 54)
Age (yrs):
<37 4 ( 7.4
37-47 1 ¢ 20.4)
48-59 12 ( 22.2)
60-69 16 ( 29.6)
> 70 11 ( 20.4)
Mean 57.2
Median 59.5
Range 33-78
Sex:
Male 30 ¢ 55.6)
Female 24 ( 44.4)
Race:
Caucasian 46 ¢ 85.2)
Black ( 14.8)

Native American
Asian

Other

Q0 ©O O o

* from screening visit.
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TABLE 6 :
: Y

pistribution of Primary Cancer Diagnoses

Primary Diagnosis Patients
No. (%)
Bladder 1 « 1.9
Breast Cancer ’ 13 (24.1)
Colon Cancer 8 ( 14.8)
Head & Neck 5 ¢ 9.3
Kidney Cancer 1 « 1.9
Lung Cancer 12 { 22.2)
Malignant .Melanoma 1 « 1.9
Pancreas Cancer 1 « 1.9
Prostate Cancer 4 « 7.0
Unknown Primary Cancer 2 ( 3.7)
Other
Adenocarcinoma of the Appendix 1 ( 1.9
Carcinoid 1 ( 1.9
Fibrous Histiocytoma 1 ¢ 1.9
Metastatic Runal Cell 1 1.9
Ovarian 1 ( 1.9
Thyroid Cancer 1 ( 1.9
Total 54 (100.5)
* From screening visit.
10/6/8¢  1BL6 -
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TABLE 8

Distribution of ECOG Performance Status "

ECOG Status Patients
(%)

Normal Activity

Ambulatory with Symptoms
Bedridden 50X of Time
Bedridden 75X of Time

100X Bedridden

* ECOG = Eastern Cooperative Oncology Group status st study
screening visit.

10/6/89 18i5
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TABLE 18

Sumary of Morphine Sulfate Stabilization Dose *

. 4 HS Stabilization Pati‘ents %
Dose (mg/day) No. X . :;
!
<45 0 i
45 - 134 23 (43.0) ‘
135 - 224 ) 9 (17.6) :
225 - 314 9 ( 17.0)
- 315 - 404 ) H « 9.4
. 405 - 494 2 ¢ 3.8
495 - 584 1 « .,
585 - 674 0
675 - 764 2+ « 3.8
2 > 764 2 ™ ( 3.8
Total . 53 www (100.1)

* Patient 406 received 720 mg/day morphine ecquivslents of
' injectable Dilaudid pretreatment snd wes switched to oral NS
as the rescue analgesic at TTS (fentanyl) initiation. Patient
could not tolerate high dose NS, but could tolerate low dose
PO morphine.

=t patient 321 received 1,320 mg/day morphine equivalents of
sustained release morphine and Dilaudid prior to TTS
(fentanyl) therapy. The patient was prescribed 180 mg of
immediate release MS during titration. Patient 104 received
768 mg/day morphine equivalent of Dilaudid (Hydromorphone)
pretreatment. Patient 104 did not do well with change so was
not switched to MS for titration. -

**= patient 318's stabilization dose was not available.

10/6/8¢9 MSDOSE
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TABLE 24

Distribution of Patient Reported Pain Control Retings by Visit

‘-
. Pretreatment Follow-up Visit
’ Pain Pre-Screening Morphine Sulfate 1 Week 1 Month 3 Months é Months 9 Months * 12 Months
Control Period Stabilization
Rating Period
No. (X) Ho. (X) No. (X) No. () Mo. (X) Ho. (X) Mo, (%) Mo.  (X)
Wxnon::n 3 ( 5.% 4 ( 7.4) 1 ( 2.1) {4 ( 10.0) |1 ( 3.8 |1 « 9.1 |o 0 0 a
Very Good 6 1.1 11 ( 20.4) 9 (19.2) |8 (20.0) |2 « 7.7y {2 €18.27 |1 €167y | 1 ¢ 33.3)
6o0d 14 ¢ 25.9) 14 € 25.9) j19 ( 40.4) {18 € 45.0) |15 (57.7y |7 (63.6) |3 { 50.0) |1 ( 33.3)
Fair 19 ¢ 35.2) 21 16 ( 36.0) |7 C17.5) {3 € 11.5) |1 (.9.1) |2 (333 11 ¢ 33.3
ﬂ poor 12 c22.2 | 4 2 a3 s |5 (19.2 |o 0 0 0 o 0
— Subtotal 54 €100.0) 4 7 (100.0) %o €100.0) R4 € 99.9) |11 (100.0) {6 (100.0) |3 ( 99.9)
Not Reported 0 0 1 2 0 0 (] 0
Total 54 54 L8 o2 26 1 é 3

10/6/89  1BL24
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Table 25 A
{ Distribution of Patient Visual Anaiogue Pain Score Prestudy *
) . . vs. 1 Honth TTS (fentanyl) Follow-up Interval
+ - Visual Analogue Pain Score at 1 donth
visual Analogue Pain 1T (fenteayl) Follow-up Visit
Scaore at Screening
(cm) Not
0-2.5 2.6-5.0 5.1-7.5 7.6-10.0 Reported Total
8- 2.5 5 1 0 0 3 <
2.6~ 5.0 [ 2 Q ] 4 12
. 5.1~ 7.8 3 1 1 1 3 9
H 7.6-10.0 1 1 2 ] 2 é
3 Not Reported 1 1 1 0 3 5
Total 16 [ 4 1 15 &2
No. (X)
. Patients with Inyroved Visuail Analogue Pain Score 17 ¢ 63.0)
Patients with No Change in Visual Analogue Pain Score 8 ( 29.6)
( Patients with Worsened Visual Analogue Pain Score 2 L T8
Total . 27 €100.0)
1 Month T1S
R Visual Analogue Pain Score Screening (fentanyl)
N 36 27
Meen 4.70 2.87
Standard Deviation 2.64 2.42
Rangie 0.2-9.9 0.1-9.3

* Visual Analogue Pain Scora recorded a2 the 1 month ITS (fentanyl) visit.

10/6/89 TeL26
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TABLE 30
Summary of Patient Biscontinuations by Study Intervel * .
'S '
Study Interval (days)
Resson for 1-3 4-15 16-30 21-60 61-90 91-120 h21-180 181-270 271-360 >360 mO«»r
. Discontinuation (n=54) | (n=52) (n=45) (n=b4) (n=38) (n=29) (n=25) (n=14) {n=9) (n=4)
. No. (X) Ko. (X} No. (X) No. (X) No. (%) No. (X) No. (X)) No. (X) Mo. (X) Ho. (X No. - (X)
v Pt. no longer required
narcotics 0 0 ] 0 0 1¢(3.5]0 1} 0 0 1 1.9
Patient non-complisnt 2(3.7}o 0 0 0 0 0 0 0 (1] 2 ( 3D
Petient/Investigator/ .
I Careteker Decision 0 1Ciyitc2.2l1¢2.5]o 0 o 0 0 [} 3 ¢ 5.6)
/L/ﬁ Inadequate Psin Controtl |0 1(1.9}0 1T¢CaM i1t 2.6 (0 3 (12.0) |o 0 0 6 (1.1
> Concomitant Event ) 1¢1.9]0 0 0 0 0 0 0 ) 1 ¢ 1.9
Death 0 4CT.0i0 4 C9.1) 7 (18.4) 3 (10.3) {7 (28.0) |2 €14:.33 11 (11.1) |2 ( 50.0){30 ¢ 55.6)
Study Closure [} (/] [} 0 1¢2.6)]0 1€ 4.0) I3 (21.4) 14 (44.4) |2 ¢ 50.0) | 11 ¢ 20.4)
Total 2 (3.7 (13511 ¢ 2.2 |6 (13.6) |9 (23.7) 14 (13.8) 1 44.0) |5 (35.7) 15 (55.5) {4 (100.0) 154 (100.2)
—

¥ See Appendix X111 for a listing of patient discontinuations by reason,

10716789
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TABLE 34

Distribution of Patients with Concomitant Events with

= Possible or Unknown Relationship to TTS (fentanyl) by Gody System *

Patients Reperting at Least One Event

Patients
4 ~ Concomitant Event No. (X)
Neurological
Confusion 3 ( 14.8)
Sedation 3 ( 7.8)
Abnormal Thinking 3 ( 5.6)
Dizziness 2 ¢ 3.0
Agitation . 2 ( 3.7)
Ataxia 2 ( 3.7
Dysphoria 2 ( 3.7
Anxjety 1 ( 1.9
Lethargy 1 « 1.9
Hatlucinations 1 ( 1.9
Syncope 1 « 1.9
Aphasia 1 ( 1.9
Thick Speech 1 ¢ 1.9)
Weakness i ¢ 1.9
Gastrointestinal
Nausea and Voniting 3 ( 5.6)
Gas Pain 2 ¢ 3.7
vomiting 1 « 1.9
Constipstion 1 « 1.9
Abdomina! Distention 1 « 1.9
biarrhes 1 ¢ 1.9
Respiratory
Respiratory Depression 1 « 1.
Shortness of Breath 1 « .9
Dyspnea 1 ¢« 1.9
Skin and Appendages
Local Skin Reaction S ¢ 9.2)
Dermatitis 2 ( 3.7
Special Senses
Visual Disturbances 1 ( 1.9
Body as a Whole
Diaphoresis 2 ¢« 3.0
Other
Ory Mouth 1 G )
Fall at Home 1 « 1.9
23 ( 42.6)

10/9/89  TeL34

¥ See Appendix X1V for Concomitant Events Coding System.




ALZA Corporation
- Protocol C-87-010-01

TABLE 35

4 Distcibution of Patients with Concomitant Events with
Possible or Unknown Relationship to TTS (fentanyl) and an Incidence
of at Least Two Percent by Descending Order of Frequency

Patients
Concomitant Event No. (¢9]
Confusion 8 ¢ 14.8)
Local Skin Reaction -5 ¢ 9.2)
Sedation 4 ( 7.4)
Abnormal Thinking 3 ¢ 5.6)
Nausea and Vomiting 3 ( 5.6)
Agitation 2 ( 3.7
Ataxia 2 « 3.1
Dermatitis 2 ¢ 3.7 .
Disphoresis 2 « 3.7
‘Dizziness 2 ¢ 3.0
Dysphoria 2 ¢ 3.7
Gas Pain 2 ¢ 3.7

10/9/8¢ 18L35
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Concluding Comments

The pharmacologic studies presented in the NDA for TTS fentanyl
unequivocdlly demonstrate that the system is able to introduce fentanyl
into the body in effective doses, and that the rate of delivery is dose-
proportional, reproducible, and predictable to the degree required for
safety. The clinical studies show that TTS fentanyl produces a definite
morphine-sparing effect in postoperative clinical trials and is accepted as
adequate analgesia by chronic cancer patients, their custodians, and
physicians. Although the full safety. profile of the drug will be discussed
in a separate review, the system has been shown to provide patients with
a greater total narcotic delivery resultix;xgr in improved anal%lesia without
marked increase in serious opjoid side effects. In seitings where there is

clinically relevant under-dosing with opioid analgesics, the combination
of TTS fentanyl system will provide superior analgesia to PRN dosing..

While the studies provided do demonstrate that the product is effective,
they also show that it has all of the toxicity of a potent narcotic, and is
of acceptable risk only if the clinical situation warrants the use of a
potent opioid analgesic. This system is a delivery system which will
deliver the pharmacologic equivalent of a continuous infusion of a
potent narcotic at a nearly constant rate for up to 72 hours after
application. Since it is a genuinely new product, and is likely to be the
first of many such products, it is essential to comment on the studies

which the sponsor has not conducted:

1. There are no studies of use of the product for "same-day" surgery,
despite the apparent usefulness of the prnduct in such settings.

2. There are no controlled studies of the interaction of the product with
commonly used concomitant analgesic medication (NSAID's,
benzodiazepines, phenothiazine anti-nauseants), despite evidence in the
clinical trials that the concomitant use of these agents improves the
efficacy and decreases the frequency of adverse events associated with
the use of the system.

3. There are no studies of the use of the system in patients with chronic
impairment of pulmonary function, or of the effect of the system on CO2
sensitivity in volunteers.

4. There are no studies of the system in patients who have significant co-
morbidity other than the cancer studies, and in those studies many of
the patients were taken off the system during severe intercurrent illness.

5. The design of the clinical studies did not provide a positive
comparison which would an estimate of the analgesic potency of the
system, and there are only statistical estimates of the pain relief
provided by each dose level. “.
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In the opinion of the reviewer the system is approvable, but will require
Phase IV obligations to be placed on the sponsor to ensure that the
introduction of the aystem into clinical practice is not accompanied by
extensive improper use and consequent morbidity and mortality.

The availaBle data shows that use of the TTS fentanyl system will result.
in an increased total opioid dose to the patient over PRN dosing, which
is a major advantage in clinical situations where under-dosing is the
norm. If TTS fentanyl use is extended to clinical situations where this is
not the case, opiate over-dosage is likely to occur. As use of the system
spreads beyond the post-operative period and the "healthy" cancer
patient it will be given to patients who are receiving concomitant
medications which affect respirations and serious adverse events due to
drug and drug-disease interactions will occur. It is not possible on
the basis of the available data to predict the probable frequency or
severity of these reactions, but the advertising and detailing of the
system will be critical in preventing overdose attributable to its use.

The fentanyl system is not a routine analgesic in exactly the same way
that phenylbutazone is not a routine anti-inflammatory or chlor-
amphenacol a routine anti-infective. All require particilar cautions in
their use and should be labeled so as to restrict their use to clinical
settings where they are genuinely indicated. Fuller discussion of the
clinical utility of the patch will be found in the safety review in volume

4.
s
Curtis Wright MDMPH '

Medical Review Officer
PDES (HFD-007)
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Medical Officer Review

- NDA #: 19,813
Alza Corporation

TTS Fentanyl
(Transdermal Therapeutic System)

Volume 2 - Pharmacokinetics & Pharmacodynamics

Executive Summary

This amendment was requested of the sponsor by HFD-007 in May 1990 in
order to address concerns ahout the pharmacokinetic performance of the TTS
system and to clarify the pharmacodynamics of fentanyl at blood levels
between 0-5 ng/ml The submission consists of a mixture of material from the
open literature and new data from the sponsor. It shows that while the
manufacturing controls and in-vitro performance of the TTS system are
acceptable, there is a large variation in the blood level of the drug supplied by
the system in clinical trials and that not all of this variation is due to
individual variation in clearance. The data provided support a Ctox for
opioid-naive postoperative patients of 3.0 ng/ml ( 2.0 ng/ml for patients with
one or more respiratory risk factors such as chest surgery; concomitant
administration of CNS depressants, poor ASA status, lung disease), and a
MEC of 0.6 ng/mL

Bleod Jevels for patients wearing the TTS 50 system (50ug/hr) will be below
the Minimum Effective Concentration (0.6 ng/ml) for 15%, hit the target zone
(0.6-2.0 ng/ml ) for 83% of the patients, be toxic (2.0-2.99 ) for 2% of
vuinerables, but will not exceed 3.0 ng/mlL Of the three systems tested in
clinical trials it is both safe and effective.

The 75 & 100 pg/hr systems both provide too much fentanyl (3% =nd 11%
above 30 ng/ml) for unrestricted postoperative use and the sponsor has been
advised that approval will depend on the adequacy of the labeling in
identifving postoperative patients who shouid and should not be prescribed the
larger systems, and the adequacy of carton/package/system warnings.

All systems (25,50,75,100) are reliatie enough so that they will not dose-

-~-dump (Cmax < 5 ng/ml) and should not be toxic for opioid-tolerant

individuals in the cancer pain indication.

* Submitted: 5/16/90
Reviewed: 5/31/90 t0 6/6/90
Curtis Wright MD,MPE.

WRITTEN CWIV - 6/6/90
PEER REVIEWED RD- 6/18/90
SPONSOR'S COMMENTS MS -6/19/90




General Comments Regarding the PK-PD Amendment

One of the fagtors which has prolonged the review ¢ dcess for TTS
fentanyl was a nearly universal concern about safety on the part of the
regulatory staff who reviewed the original submission. This discomfort
was due, in part, to the novelty of transdermal administration of a
potent opioid, but was also the result of concerns about the
pharmacokinetic reliability of this method of delivery of fentanyl. As a
direct result, the sponsor was asked to examine the pharmacokinetics of
the TTS systems in_detall and to develop additional pharmacodynamic
information about the pharmacodynamics of fentanyl in the 0-5 ng/ml
range deifvered by the system. This amendment is their response to this

request.

Oryesview of the Amendment & Review

The snbmission consists of a serfes of discussions of the performance of
the TTS system and a combination of new and old data which defines
the system and evaluates the probable causes of variation in its

pharmacokinetic performance.

Item Topics Review Orig.
Page page
System Variables Rate Limiting Membrane 3 3
Ethenol Flux 4 3
Skin Variaiies Skin Site 5 8
Skin Temperature 8 . 9
Blood Flow 8 10
Pharmacokinetics Dose Proportionality 9 14
Body Weight Effects 23 15
Average Blood Level Profiles 10 19
Skin-Depot Effects 11 21
Repeated Dosing 11 3
Liver/Renal discase 12 26
Obesity 12 27
Elderly 12 28
TTS System Modeling Pharmacokiae:i; Model 12 31
Physio-chemical Model 13 35
TTS Variability Release Rate 14 38
Skin Permeability 15 38
o - Clearance 16 39
Pbarmacodynamics Cardiovascular 18 41
Ventilatory 16 41
Analgesic 17 42
Hysteresis 20 48
Adverse Effects 21 48
Reviewer's conclusions 21
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Variability it the TTS System

The TTS system consists of a reservoir containing a geiled ethanolic
solution of fentanyl, a membrane, and a silicone adhesive layer. While
the adhesive holds no fentanyl at manufacture, during the first. week
after production about 10-12% of the reservoir dose¢ migrates iuto the
adhesive and is immediately available to the skin site at application. %
Immediately following application of the system to the skin, a flux of
fentanyl from the adhesive and from the reservoir through the membrane
bgﬁ!ns to load the stratum corneum under the system and after a
sufficient gadient is formed the drug begins to pass through the vital
layers of the skin into the blood. Keratinocytes do not metabolize
fentanyl in-vitro, and no skin metabolism of the drug has been seen in
bio-availability studies which contrasted the fentanyl lost from the
system with absorbed drug. Given these elements in TTS system
functioning, each was investigated in turn to estimate its variability.

In-Vitro Delivery

The membrane-adhesive layer couple acts to limit diffusion from the
reservoir and is measured by the in-vitre testing procedure which
examines the release rate of a system djschargmg into a large test
volume for 24 hours. Fificen lots of TTS fentanyl 25-100 u§/ systeres
were examined and found to deliver a large initial flux (256-972 pug/hr)
followed by a slower release in hours 2-12 (50-190 pg/hr) and a slower
still 12-24 hour phase (39-128 pg/hr).
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The foll tabi» shows the mean, standard deviation, and coefficient
of variation 1or in-vitro delivery of drug from the systems jor all four 1
1002/ tr TTS®aoduction batches used in the clinical trials: .

|

Lot Number C-2 hours 2-12 hours 12-24 hours 24 hour total

178 (SD=12) 125(SD=10) 4670 SD=325

1 691 (SD=86)
2 972 (SD=33) 190(SD=14) 121(SD=6) 5301 SD=190
3 797 (SD=20) 156(SD=7) 102(SD=7) 43865D=178 ‘
4 656 (SD=13) 139(SD=3) 101(SD=4) 3925 SD=97
|

112(SD=13) 4570 SD=546 ;|

Across all  779(SD=132) 166 (SD=22)
(CV=11%)  (CV=12%)

100ug lots (CV=17%) (CV=13%)

It is Hkely that the variaton in early release (0-2 hr) represents
variability in the thickness and composition of the adhesive layer and
that the late release rate (12-24 hr) represents variation in the reservoir- ’

membrane assembly. Examination of the data shows a within-lot
variation of 5% in early, late, and total delivery rates and an across-lot
variation of three times as much or about 15%. The manufac ‘
controls for the protoiype systems produce a product with a 24 hour in-
vitro delivery of fentanyl of 4.57 +/- 0.54 mg, a clinically acceptable

content uniformity.

Ethanol Flux ] ‘

The TTS system reservoir contains a gelled aqueous solution of ethanol

which acts to solubilize the fentanyl in the reservoir and alter the ‘

permeability of the stratum corneum under the system. The sponsor

presents data which shows that there is a non-linear (probably first-

order) loss of ethanol from the system during application with an inital ‘
30 ug/hr cm2 after 60-72

ethanol flux of 85 ug/hr cm2 which falls to
hours of system application. Since the permeability of the skin doubles

(0.75 to 1.4 ug/cm2/hr) as a function of the ethanol flux, it is probable
that the fall-off in ethanol in the system over time is related to the
decline in the fentanyl flux observed after 24 hours of TTS system
application.
|
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Fanlanyl fiux as a funcion of Ethanol fux
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Variability in Skin Sites

Skin permeability differences to water or scopalamine of 10-fold and
alterations in regjonal blcod flow of 2-3 fold have been observed in
normal humans. Both of these factors are expected to alter the flux
through the skin along with alteration in skin temperature which affect
blood flow, skin permeability, and functioning of the rate limiting
membrane in the system. Each of these will be discussed in turn.

The driving force for fentanyl diffusion through the stratum corneum is
the concentration gradient which is maximal just under the adhesive
layer and minimal in the vascular dermal layers. The fiux across the skin
* -~ will be proportional to the size of this gradient, the area, and the
permeability of the skin site. This is diagrammed on the next page:

-
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When a drug solution is applied to a skin with & lower drug
permeability (thicker) , the drug concentrationr gradient (per mm
thickness) across the skin will be less for a thicker skin than a thinner
skin because the same magnitude of concentration difference is -
established across a longer total distance (epithelial surface to basal
layers). This lower gradient results in a decreased flux. If a solution
applied to thick skin is to acheive the fiux of a similar solution applied
to thin skin, the total trans-epithelial ¢oncentration difference must be
greater than for thinner <kin. In thie case of the TTS fentanyl system, the
applicaton of the system to thicker and thinner skin will result in an
interaction between the rate limiting memtrane and the skin “depot” of °
fentanyl to damp out large fiuctuations in {ransepithelial Hux.

Application of the system to skin with Iowes permeability (thicker) will
result in the need for a higher concentration under the system to
achieve the same total flux. In such a case the flux through the
membrane will exceed the fux inio the bicz:sid and the trans-epitheliat
gradient will build up untl +he flux acress tie skin equals the flux
across the membrane. As fenianyl is very soluble in both the ethanolic
soluton and the lipophilic lamellae the gra:dient can build to the
required levels, and the flux across thicker skin will be expected to rise
to nearly the levels of thinner skin. Even if the system is applied to raw
...or abraded thin skin the maximal flux cannot exceed the in-vitro rate i
delivery-of the system. .

The difference between skin sites will be seen as a difference in the
amount of time needed to establisii a meaningful trans-epidermal flux, or
more simply, in the lag between system application and the entry of
fentanyl into the blood. The effects of such aiteration in lag time have
been modeled, and as may be seen in the accompanying figures will shift
the onset of analgesia but have little effect on Cmax and Tmax. This is
not true of failure of adhesion or partial application of the system which
will alter the performance of the sysiem in direct proportion to the
degree of adhesion (few problems were observed with adhesion- see
clinical trials review).




Pharmacokinetics

C 2o
All of the initial pharmacokinetic evaluation of the TTS systems was
done in patients in clinical studies due to company concern over
possible risks of application of the mgfxer strength systems to normal
volunteers. Mean data from such studies is provided in this amendment
(as was done in the initial application) and while such studies provide
reasonable assurance that the products are dose proportional and have
controlled release characteristics, the degree of variability observed and
the confoundjn%,ot peri-operative administration of fentanyl has led the
division of Biopharmaceutics to request additional studies which are

currently pending.

SINGLE AFPLICATION TTS (fentanyl) 75 mcg/hr FGR THREE DAYS
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Simulated Serum Fentanyl Concentrations for TTS (fentanyl) - 100, 24 hour Application
Effect of Changes ins Absorption Rale Constant
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Temperature

One slgniﬂcant and poorly evaluated potentii 1 ¢ Ject on system
performance is temperature. In-vitro, the transdermal delivery of the
system is doubled from 1.5 pg/cm2/hr to 3 ug/cm2/hr by a temperature
chantﬁc from 32 to 37 Centigrade. The sponsor has shown that in
healthy volunteers the truncal skin temperature does not vary, but as
yet has no data on the frequency of altered skin temperatire in
postoperative patients. Since anesthetic drugs, hypovolemia, peri-
operative chilling, dressings, and postoperative temperature elevations
are frequent, the effect of skin temperature.on system delivery in clinical
use should be investigated and commented on in the labeling. In a
similar fashion the effects of sweating on system performance are not yet

known, either with respect to adhesion or permeability.

Another aspect of skin physiology is dermal blood flow. It is the
sponsor's contention that in the case of this lipophilic drug that

baseline dermal blood flow can clear 30-40 times the amount of dru,

that can penetrate the stratum corneum, and that this functional excess
minimizes the effects of such flow on system. It is the opinion of the
reviewer that dermal blood flow, skin hydration, and skin temperature
are functionally and physiologically inseparable in man and that altered
blood flow means altered temperature, and altered hydration of the
dermal layers due to sweating. These variables are very probably related
to system performance and answers to these questions should be sought
as possible explanations of the variability in system performance.

IN VITRO TRANS-EPIDERMAL FENTANYL FLUX
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TTS (fenitanyl) SINGLE 24 hr APPLICATION

MEAN
M (SE) DOSE OF DRUG DELIVERED (from RESIDUAL CONTENT)

»~

4.07
s.ot
a -
&
s.ot
w
o
o
a e
1.0T
0.0 { 4 4 3 s
L ® @ = Ry ]
TIS Area (cm sQq)
— ——— - -
IT8 (fentanyl) SINGLE 24 hr APPLICATION

MEAN (SE) MAXIMAL SERUM

»
e

'y

’

SERUM CONC (ng/ml)

DRUG CONCENTRATION

Y715 Arsa (cm sqQ)




TTS {(fentanyl) SINGLE 24 hr APPLICATION
MEAN (SE) AUC for 0-36 hr SERUM DRUG PROFILE
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SERUM CONC ing/m1)

Serum fentanyl concentrations during and afte
of & Single TIS (fentanyl)-75 for 72 hours En;?:ﬂ)

wearing

Tzz:}‘ HEAN S0 SE N Minimum Maximum
0.0 0.24  0.26 0.10 7 0.05 0.8
2.0 038 335 005 7 0.05 1. ineti i
4.0 . N3 - : Summary of Pharmacokinetic Parameters during and
6.0 ggg é%; g?; g g; %g After the Wearing of a single TTS (fentanyl)-75 for 72 °F
12.0 110 044 016 8 06 1.8
;ig i;é g.n 0.21 7 0.9 2.8 .
. . .54 0,
32.0 1.25  0.33 g%; S 83 f? CMAX TMAX AuC 0OSE
40.0 111 038 013 8 0.7 L8 {ng/m)  (hr)  (hr*ng/mi} (mg)
8.0 Hg g;; 0.15 8 0.7 1.8 N 8 8 8 7
#o 1ol o 02 8 o5 3 MEN L B SO
72.0 1.6 108 038 8 0.5 38 : : : 0.26
6.8 091 036 013 8 C.6 1.6 SE 030 7.8 % UE
80.9 0.78  0.36 . : . HAX 3.8 7 194.5 .
84.0 0.68  0.27 gig : 3:3 {; HIN 1.0 12 §7.7  3.54
88.0 0.5 ©0.28 0.10 8 0.1 0.9
96.0 0.41 0.24 0.09 8 0.1 0.8
108.0 0.33 014 006 6§ 0.2 0.5
120.0 0.19 017 0.06 7 0.05 0.5
Critical inspection of the material provided shows that the system does
not deliver fentanyl at a pseudo-first order rate but that the system has
a definite lag, 24 hour Cmax, and a fall-off during hours 24-72 as shown
on the enclosed figures. This supposition is confirmed by the data frcm a
few studies where systems were replaced at 24 hour intervals, resulting
in a average Cmax for the first system of 1.61 ng/ml at 24 hours, 2.0 -
ng/mi for the second system at 48 hours, and 3.0 ng/mil for the last
system at 72 hours. This is consistent with a slnil,e system delive
approximately 50% of its dose in the first day, 30 % in the next, and 20
% In the last. Such a profile gives the peak at 24 hours seen in the
appended study of eight patients who wore a single 75ug/hr system for
three days, is consistent with the known chemistry of the TTS system,
and explains the cumulation seen with daily patch application.
| (TTS (fentanyl) 75 mcg/hr qD FOR YHREE DAYS TIME
il MEAN (SE) SEAUM CONCENTRATION N=i1 (hr) MEAN SO SE N
+ 0 0.050 11
4 2.891 5.753 1.735 11
8 0.991 0.362 0.109 11
10 0.900 1
12 0.770 0.416 0.132 10
18 0.800 1
+ 24 1.282 0.735 0.221 1
30 1.605 0.73¢ 0.221 11
36.1.918 0.959 0.289 11
42 1.736 0.870 0.262 11
48 1.891 0.812 0.245 11
54 2.500 1.452 0.459 10
60 3.110 1.635 0.536 10
66 2.480 1.401 0.443 10
72 2.870 2.385 0.754 10
Cele e N
A e 963 1.439 0.
BB Mmooz olese om0l 0.283 8

778 08

TIME (HRS) ressved

Intectioe

(3




Famad

(ng/mL)

Mceans Serum Concentrationa

Removal of the system results in an apparent half-life of 17 hours for
fentanyl in tf€ clinical studies, consistent with the resorptior. of the 10-
30 pg/cm?2 of fentanyl (0.5-1.5 mg) which was loaded into the statum
corneum to produce the concentration gradient. The pharmacokinetic
consequences of this are seen in the single-dose.curves which show that

analgetic blood levels are maintained for 6-12 hours after system
removal.

Pharmacokinetics in Hepato-Renal Disorders

The sponscr performed no studies in vulnerable sub-populations,
submitting data from the dgenex'al literature on fentanyl in liver and
the elderly. The studies of hepato-renal

renal disease, obesity, an
disease and obesity showed little effect on Vd, Vss, Cl and t1/2,

consistent with the view that fentanyl blood levels from the system are
related to fentanyl clearance and not to volume of distribution. The
sponsor has provided three mutually contradictory articles on the effects

of fentanyl in the elderly, which argue that aging does and does not
reduce clearance and that the elderly have altered pharmacodynamic

responses to fentanyl.

TTS System Modeling

The sponsor has provided two alternative kinetic models for the TTS
fentanyl system. The first uses the known in-vitro release rate of the
system, makes that assumption of first-order dermal absorption, and
adjusts for the establishment of a skin depot by mcludlni:llag aeirm in
adient.

which the adhesive layer and the initial flux set up the s
This model was set up on SAS 6.03 PROC NLIN and used to derive

estimated pharmacokinetic parameters for the system based on the
clinical data.

Mean (SE) Predicted and Observed Seruiii Fentanyl Concentrations
Using One Compartment Open Model with Two Absorption Rate constants
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The second model was adapted from a model presented to the company
by HFD-007-and modelled on STELLA T 'is model provides a graphic
unodel of the compartmental interactions among:the reservoir, adhesive,
dermal and central compartments and was used to estimate the effects of
alterations in adhesive layer, rate controlling membrane, and skin - -
permeability.

The results of this modeling are included, and show that alterations in
.__the adhestve layer, dermal permeability, the patient's appareat volume of
distribution and/or the ethanol flux would be expected (o dispiace the

blood concentration profile in time, but not alter the Cmax tu acy
appreciable extent. Alterations in temperature, the pernieabllity of the
rate control membrane, and/or the patient's clearance of the drug would
be expected to affect both Cmax and Tmax.
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time= 0.1h

time= 6h

time= 24h
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The sponsors did investig the kinetics of fentanyl in a limited number
of patients using 2 tri-exponential model of IV infusion with the
following results:
Subject c Vss Cl MRT
Liters Liters Liters/hr Hours
950 352 731 747 9.7
951 155 330 824 40
952 229 268 324 82
953 105 198 44.1 44
954 184 285 418 6.8
955 69 377 -7 173
956 8.0 549 427 12.8
957 9.1 446 30.5 146
Mean 158 398 46.3 9.7
SD 102 185 228 5.1
Ccv 84% 46% 49% 52%
If this data %cneranzable (N=8),-and since the blood level at pseudo-
steady state be determined by the relationship between the flux into
the body and the clearance of the drug, the observed 50% C\V for the
clearance of fentanl sug%ests that the best that the system could
L achieve is a target cod Jevel +/- 50%. This corrcs%glpsds to the
- following distribution for 100 patients wearing the 75 system,

REST PASSIRLE CO¥Y
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assuming that the only variability was ‘lue to the clearance and the
ideal target blood level was 1.5 ng/ml.

Blood Level Esdmated Observed
Distribution " Distribution
(n=8j . (n>450)

0-0.49 8% : 6 %
0.5-0.99 14 % 26 %
1.0-1.49 22 % 36 %
1.5-1.99 23 % 12%
2.0-2.49 19%" 10%
2.5-2.99 9% 6%
>3.0 5% 4 %

The observed variability in clearance is 50%, the inter-lot variability in
in-vitro delivery is 15%, and there 1s a theoretical variability (not
experimentally determined in vivo) in delivery of 50% with a 5 degree
ccnﬂgade alteration in skin temperature. Given this data the observed
varjability in blood level in the clinical trials is most likely due to
individual differences in clearance, with lesser effects from differences
in skin temperature and inter & intra-lot diiferences in the permeability
of the membrane-adhesive layer.

Pharmacodynamics

The sponsor has collected a number of papers from the literature which
discuss various aspects of fentanyl pharmacedynamics which will be
summerized. The initial papers discuss the cardiovascular effects of
fentanyl which are known to be minimal (other than the occurrence of
postural syncope in opioid-naive volunteers who ambulate after
receiving any opioid). The respiratory effects are discussed at length,
with the following summary of IV fentanyl clata:

Author Measure Blood Level Response
Hill 1989 CO2 response 0.753.0 equivalent to
. morphine in
equianalgesic
dose
Fung & Eisele = CO2 response 4.6 ng/mi 50% reduction
in CO2 response
-~Cartwright 1983 CO2response 2.0 ng/mi 50% reduction
: in CO2 response
Andrews 1982  CO2 response 3.1 ng/mi 50% reduction
: in CO2 response

The data presented makes a strong case that a fentanyl blood level of 2-
4 ng/ml will cause a 50% reduction in CO2 sensitivity in normal
volunteers, and is likely to produce clinically significant respiratory
depression in post-operative patients.

17




Relative Potency, Tirne of

onset, Analgesic Strength

The relative analgesic potency of IV bolus fentanyl has been estimated at
50-100 times that of morphine, based on a humber of studies of the drug
in animals and man. The sponsor has provided data from Hill et al.
(1989) which shows the ablation of dental pulp pain by both morphine
and fentanyl track in parallel curves with a relative potency of 1/50.
While the dental pulp stimulation model is not a good model for the
Pam of inflammation, the data presented argues that blood fentanyl
evels of 0.75-3.0 span the safe analgetic range in healthy volunteers in

direct experiments.
ALFENTANL FENTANYL MORPHINE
: 1 e
20 1 f\\‘
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This equivalency was also examined in the clinical trials of the drug.
The desi%;::)f the majority of the TTS fentanyl trials was to determine

- -. the morp
placebo-wearing control

grou
nearg' every study as may be seen by the enclosed charts of pain

e sparing produced by the system when contrasted with a

up. The hypothesis of these trials was that
the TTS group and the Placebo group wculd titrate themselves to
equivalent pain relief and the "morphine-sparing" would provide the
analgesic equivalents directly. This did not occur since the placebo
had substantially less pain relief that the TTS fentan:

group in

intensity ratings. Since direct comparison of morphine use in two
parallel groups which had different levels of analgesia would serfously

underestimate the potency of the TTS system, it became necessary

to

adjust the raw data to provide a useful estimate of relattve potency.

18




This was done by three different methods in an attempt to find a robust
and unbiased way of adjusting the data. All use the placebe group
scores by estimating the group mean morphine demand fur - ae placebo
group, fiiiing a linear relationship for the placebo group of the form:

PAIN SCORE = K*MORPHINE USE + C

and then adjusting the morphine use data of the placebo group so as to
determine what their morphine use would have to hiave been to give
them the same degree of analgesia as the parallel group who recetved
both morphine and TTS. This fit was done for the cumulative data
(application to removal), the interval data (6 hour intervals), and the
period from 12 hours to 24 hours. Both the six hour interval data and
the 0-24 hour cumulative data gave similar results, while the 12-24 hour
interval data resuited in a somewhat greater estimated morphine sparing
across the trials. Using this technique the mean adjusted morphine
sparing was 1.6 mg morphine per hour corresponding to a 24 hour
morphine dose of 39 mg { range 30-50 mg/24 hr). This data gives a
relative potency of 1.8 mg fentanyl/24 hours = 39 mg morphine /24
Lours = 20:1. This 15 consistent with the Jower limit for studies of IV
fentanyl, but may not be directly comparable since it includes the effects
of a lax&;: intra-operative fentanyl bolus, data from the perjod {0-8 hr) in
which the system had not built up adequate fentanyl levels, and the
confoun effects of residual anesthetics. It does reflect the "as-used"
potency of the TTS system and is the best current estimate of the
analgesic strength of the system.

Comparison of TTS (fentanyl) to Morphine at Doses Estimated
to Produce Equivalent Pain Intensity Scores
Mjustment Sased on Irterpolated Cumulative Data Analysis

Post Surgery to TTS Remcval -

Morphine {mg)
T8 Betwean
Dose Group Ru:{
Investigator {mcg/hr) Actual Adjusted® Difference Hour
N 100 13.53
- Placebo ° 49.67 . 66.83 32.9 1.6
Hotchkiss 100 9.46 '
: . Placebo 28.3% 44.28 43 2.0
Caplan 75 - 17.10
wi Placebo 3249 ° “u.0 7.0 1.3
Mcleske s0 9.53
¥ Placebo 25.5% 38.75 3.2 1.6
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Comparison of TTS (fentanyl) to Morphine at Doses Estimated

to Produce Equivalent Pain Intensity Scores
Adjustment Based on Cumulative Data Analyzed by Six-Hour Intervals
Post Surgery to TTS Removal

hin

#
T18 . Between
Dose ) Group Rate/ -~
Investigator {mcg/hr) Actual Adjusted® Difference  Hour
Nismo 100 32.74
Placebo 48.58 62.41 9.7 1.5
Hotchkiss 109 ’ 7.85
Placebo 25.90 41.09 33.2 1.9
Caplan 15 15.70
Placedbo 30.28 45.03 29.3 1.4
Mcleskey S0 1.12
. Placedo 23.38 32.83 25.7 1.4
Comparison of TTS (fentanyl) to Morphine at Doses Estimated
to Produce Equivalent Pain Intensity Scores
. Adjustment Based on the 12-24 Hour Interval
Post TTS Application
in
s Between
Dose Group Rate/
Investigator (ncg/hr)  Actuad®  Adjusted® Difference  Hour®
Nimmo 100 10.00
Placedbe 19.50 26.00 16.00 1.3
Hotchkiss 100 0.00
Placeto 14.00 25.20 25.20 2.1
N Caplan L 5.00
c Flacedo 12.50 19.12 14.12 1.2
Mcleskey S0 0.00
- Placebo 15.00 26.47 .47 2.2

The sponsor's submission discussed the onset of analgesia following the
application of the system in terms of time (3-7 hours) to reach a known

MEC of 0.6-0.75

ng/ml using a combination of intra-operative fentanyl

bolus and concurrerit system application. While this is adequate to
describe the conjoint use, most of the trials did not allow the estimation
of onset of analgesfa in the absence of such bolus. Data from trials in
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which a bolus was not %ven (Stanski & Plezia) shows that a MEC of 0.6 *
ng/ml is.reached at 5-8 hours after application of a TIS 75 & 100.

Hysteresis, Tolerance, and Blood Fentanyl Level.

The sponsor was asked to select patients who did not require additional
morphine and to atterapt to plot the time course of pain scores against
time. This was not a truze hysteresis study since each such patient had
received an initial bolus of fentanyl at the time of surgery which would
obscure any early rapid (< 1-2 hours) alterations in response. As this
was the only data available on acute tolerance effects, the loops were
calculated and prepared. (Since pain scores are inversely related to
fentanyl blood levels, the normal sense of hysteresis curves are reversed.)
Of the 29 subjects the majority (18/24) had clockwise hysteresis loops,
suggesting the the effect-site concentration lags the blood level and that
significant acute tclerance does not occur. While not definitive, the
hysteresis plots suggest that at least up until 24 hours there is no shift
in analgesic effects due to constant exposure to the drug at levels of 0-3
ng/ml, and no probable shift in the pharmacodynamic effect curve.

Pharmacodynamics of Adverse Effects

The sponsor discusses the 18 episcdes of respiratory depression which
occurred in the clinical trials and correctly reason that the frequency of
these events rise from less than 3% at blood levels under 2 ng/mi to
7/65 or 11% for patients with blood levels over 2 n%/ ml. TTS fentanyl
induced respiratory depression (see safety summary) becomes
unacceptably frequent at blood levels over 2 ng/ml and is most likely to
occur in individuals who are subject to respiratory compromise for
another reason (thoracotomy, concurrent medical iliness, poor ASA
status, etc.) For these reasons the adverse effect level for respiratory
depression should be set at 2 ng/ml for susceptible individuals.

The sponsor was also asked to do a pharmacodynamic analysis of
nausea, vomiting, and adverse CNS effects. These results are presented,
and show that vomiting begins to emerge at blood levels above 2 ng/ml,
and all such effects are unacceptably frequent at levels above 3 ng/ml.
Number of Adverse Experiences/Number of Patients

70% by Maximum Serum Fentanyl Concentration .

5 6% _:"| | NS Effects
"""" g 50% — Nausea
o 40% ‘ Vomiting
5 . 7N
30% :@ Respirctory Depression © * 2% - N
20% g% :
2N
10% N
N
0 N | AR
Placebo/Morphine < 1.0 >1.0-2.0 >2.0-3.0 >3.0-4.0 > 4.0
Cumulative Number ot Risk:  (n=235) (n=286) (n=200) (n=65) (n=16) (n=3)
Number in Interval: (n=235) (n=86) (n=135) (n=49) (n=13) (n=3)

Maximum Serum Fentanyl Concentration (ag/mi)




The reviewer concluded that the absolute adverse effect level for
fentanyl for postoperative analgesia in oploid-natve patients was 3.0
ng/ml, and the adverse effect level for susceptible individuals was 2.0 |
ng./ml. The cumnulative percentage afsroﬂles for the Cmax observed for
each system size in the clinical trials are appended and show that for

each system the following pharmacokinetic performance is expected:

System %0.00-0.60 % 0.6-1.99 % 2.0-2.99 % above 3.0
Size (ineffective) (Target Level) (Toxictosome) [Joxic to alll

TIS25 50% (EST}  50% {(EST) 0% %
TTS 50 15 % 83% 2% %
TTS 75 7% 78% 12% 3%
TTS 100 1% 58% 30% 11%

Mean Serum Fentanyl Concentrations After Diuragesic Application
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Reviewer's Conclusions

This amendment provides a more rational explanation of the
pharmacokinetic performance of the TTS fentanyl system than the
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Serum Drug Level vs Body Weight
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In conclusion, this amendment describes:
1.How variations in skin permeability, ethanol flux, thickness of the
adhesive layer, and the Vd of the patient may be expected to
significantly alter the lag time between application and the achievement )
of analgetic blood levels, but not Cmax. N
W

2. How variations in skin temperature, function of the rate control .
-—membrane, and individual clearance of fentanyl will alter both the '
timing of peak effect and Cmax.

3. How the TTS system proportions the delivery of fentanyl over 72
hours (imprecisely), and why repeated applications of new TTS systems .
at 24 hour intervals results in an increase in Cmax over application of a

single system for the same period.

4. That the manufacturing controls (as established by in-viiro testing)
K are adequate to control the product to within an in-vitro CV of 20%.

5. That the major determinant of the performance of the TTS system is
indtvidual variability in clearance of fentanyl. -
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6. That the probable role of variations of truncal skin temperature with
fever, hypovolemia, and surgical chilling is likely to ! 2 significant, but

its magnitude is unknown.

7. That the Ctox for the general patient popuiatloh is likely to be 3.0
ng/ml and the Ctox for (opioid-naive) vulnerable patients 1s 2.0 ng/ml.

8. That the MEC for fentanyl in opioid-naive patients is approximately

0.6 ng/ml.
9. That the proposed 75 & 100 pg/ hr TTS fentanyl system sizes are
capable of delivering toxic doses of fentanyl to a significant fraction of

the clinical populaiton and that labeling must provide sufficient
information to allow physicians to prevent, identify, and manage such

cases.

It is the opinion of the reviewer, based on the performance of the systems
in the clinical trials, that the TTS 50 is the largest size system which can
gnificant fraction of

be applied without exceeding the toxic level for a si
atients. If the sponsor can clarify how to select the system

vulnerable 1p
size safely for post-operative pain, based on skin temperature (fever),
estimated clearance, lean body mass, body weight, surgical or anesthetic

risk factors, or other means the 75 pg/hr system may be approvable for
this indication.
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General Comments Regarding the Analysis

The Problem
Five of the studies submitted with the NDA (Stanski, Hotchkiss,

McLeskey, Plezia and Caplan) had nearly identical design, and were
intended to be directly compared and contrasted in the course of the
analysis. Several studies (Nimmo, Muller, Latasch) were similar, but used
different routes of administration (PCA) or different rescue medications
(meperidine) and may not be directly compared with the others. All of
the five pivotal studies followed a common design:

1. Patients were selected and randomized.

2. A TTS system or placebo system was applied.

3. TTS dose (system size, fentanyl flux) was pot varied by weight.

4. Anesthesia was induced and a bolus dose of fentanyl was given.

5. Perioc:lic assessments of Pain Intensity (VAS) were performed for 36 hr.

6. Periodic serum fentanyl levels were drawn for 36 hr.

7. Morphine was given to both groups prn for 36 hr.
" 8. The TTS and placebo systems were removed at 24 hours.
9. Cumulative morphine use for each treatment group was then analyzed

Using this technique the investigators found that in all cases the TTS
up and had lower

ing
wearers used less PRN morphine than the placebo
mean VAS pain scores. When the results obtained for each TTS size in

each trial were then compared, the following resuits were obtained:




—

One Factor ANOVA X1: TTS SYSTEM SIZE Y1: Morphine Used
Analysis of Variance Table

Source: DF: Sum Squares:  Mean Square: F-test:
Between groups |3 3112.07 1037.359 28.113
Within groups {581 ° $1438.966 36.9 p = .0001
Total 584 24551.042

Group: NO. OF PATIENTS MEANMS USE __ Std. Dev.: Std. Errot:
PLACEBO 99 8.193 6.866 398
TTS SOug/hr 26 2.09 . 3.739 .423
TTS 75ug/hr 33 4.192 4674 AT
TTS 100ug/hr 37 4.766 6.229 .591

As may be seen, the placebo patients required 8 xgl%uMS /q6hr, the
TTS 50 2mg, the TTS 75 4 mg, and the TTS 100 4.7 mg. This lack of
correspondence between size and analgesic effectiveness was
unexpected, but is clearly shown in the data.

One possible reason for the inconsistencies across the trials is the
difference between the pain mcdels used in testing each system size. As
may be seen from the foll table, two doses of TTS were never tested
against each other in any single trial. Thus, the analyst is left to
compare the degree of morphine spa.rm§ of the TTS 50 in gynecologic
surgery (Mcleskey) with a similar test of TTS 100 in a predominantly

e thoracotomy trial (Hotchkiss ). The analytical problem is that the
design is incomplete, which tends to confound dose size, trial
conditions, gender, and pain model. As the placebo group is present in
all the trials it may be used to attempt to overcome this difficulty.

Number of Patients for Each TTS size by Trial

Clinical Trial Name

TS size MCLE CAPL PLEZ HOTC STAN  Totals:
W 24 19 18 21 17 99
TTS sopa"n;r 26 ()} 0 o 0 26
TTS 75ugihr ] 20 13 0 0 33
TTS 100pug/hr 0 0 0 18 19 a7

Totals: 50 39 31 39 36 195




One Solution for Cross-Study Metanalysis

Since the outcome variable is continuous (mg of morphine sulfate
used per 6 hour period), and since each trial had a placebo group, then
it is possible to look for trial z:ad pain model effects across the placebo
groups, and to attempt to adjust the values for the TTS groups and make
use of the values so developed. The actual mechanics of this analysis
were developed jointly by the sponsor, this reviewer, and Richard Stein
(HFD-007 Biometrics). Highlights of the analysis follow, and computer
diskettes containing the actual spreadsheets (5 1/4=MSDOS, 3 1/2 =
MAC) are attached to the inner cover of this review.

(DATA SET #1- "EFFICACY" ON THE DISKETTE)

The data set was provided by the sponsor, and consisted of the
raw data on 195 patients (96 TTS & 99 controls) from the five named
trials divided by six hour time periods from TTS agplicatlon. Since it was
known prior to the analysis that it takes about 6-8 hours after system
application for the average patient to reach esic serum levels, and
the TTS systems were removed at 24 hours, the 6-24 hour interval was
selected for analysis. While it would be more kinetically appropriate to
select the 12-24 hour interval for analysis as more nearly reflecting the
steady state, the sponsor is interested in the 6-12 hour interval for
labeling claims and it was included in the analysis for that reason.

The 6-24 hour interval was divided up into three intervals, and
the times of 9,15 & 21 hours were taken as the midpoints of those six
hour segments . Each patient in this initial data set has three values,
one at 9,15, & 21 hours. In all cases where a serum fentanyl level was
not drawn at the midpoint of an interval the appropriate value was
interpolated from the two adjacent lmown values. Each line of the
spreadsheet consists of one of 3 observations for each subject, with the

following variables.
Subject Age Gender Height{cm)  Weight(kg)

Investigator TTS size Treatment Surgery Type
Time ;. MS=mg/q6hr Pain=VAS Serum Fentanyl=ng/ml

{in all tables in this section the count is the actual number of patients,
but the degrees of freedom may reflect the number of observations)

AGE

As a first step each patient variable was regressed aga{lnst

morphine use to identify possible adjustments to be made. Of the

variables Age, Gender, Height, Weight, Investigator, Surgery Type, and
)

Time, the variables AGE, GERY E. & STIGATOR
were significant by univariate analysis. An adjustment strategy of
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partial regression (as opposed to fitting all adjustinents "en-bloc") go
from the most independent variables (presumably least corfounded g
toward the more highly confounded ones was then selected.

Using this strategy the first adfustment was performed using the placebo
group and regressing age against MS usage:

Morphine Use v. Age
Pooled Placebo Group

y = -.056x + 10.747, r2 = .014
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Age
{(* each patient has a value at 9,15 & 21 houwrs)

As may be seen, there is a small age effect in the trials, which
accounts for less than 1-2% of the variance, and corresponds to a
hypothetical 7.5 mg/q6hr morphine demand for a 20 year old declining
to a 5 mg/q6hr morphine demand for an cl%hty year-old. This finding is
consistent with altered pharmacodynamics for opioids with aging, the
magnitude of the adjustment is small.

The values for morphine use for the entire data-set were thus
adjusted to the grand-mean for age, subtracm% 0.055 mg/q6hr for every
year below the mean age of 46 and ad 0.056 mg/q6hr for every year
above age 46:-for every data-point. This adjustment was then rechecked
against the original variable and the adjustment was found to have
collapsed the age effect as intended.

Checking the effect of the adjustment on the data, the effects are barely
perceptible.
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Resuits of Age Adjustment
- One Factor ANOVA X1: TTS SYSTEM Yi: MS(AGE)
Group: Count: Mean: Std. Dev.: Std. Error:
PLACEBO 99 8.167 6.818 .396
TTS 50ug/hr 26 1.939 3.722 .421

TTS 75pgihr 33 3.91 4.605 463

TTS 100pgihr |37 5.164 6.159 .585

TIME

The next adjustment applied to this data is for time, since it was
reasonable to assume that there was likely to be either a circadian or a
trend effect resulting in a change in morphine use over time (as these
were all elective cases in academic centers the surgeries all started in
the mornings and time effects are nearly synchronous). Regressing time

against morphine use:

y = -274x + 12.281, 12 = .039
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This finding suggests that morphine requirements are maximal in
the first interval, falling from a mean of 10 %Gh at six hours to a
ggojectcd mean of 7.0 mg/q6hr at 24 hours. trend is reasonable in
th magnitude and direction and may be adjusted for by subtracting
0.274 mg for every hour before 15 hours and adding 0.274 for every hour
after 15 hours in the data set. The adjustment was then checked by re-
checking against the initial variable (time) as before.
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GENDER

Despite a perception that there might be a gender effect, no
difference was seen between the sexes in the pooled placebo group.

Relationship of Gender to Morphine Use 3 ‘
Pooled Placebo Group Adjusted for (Age & Time) =
One Factor ANOVA X1: GENDER Y1: MS(AGE,TIME)
Analysis of Variance Table
Source: DF: Sum Squares: Mean Square: F-test:
Between groups | 1 .639 .639 .014 .
Within groups {98 13223.588 44.826 p = .9051
Total 99 13224.226
N
Group: Count: Mean MS USE!  gyg. pev.: Std. Error: i ‘
F 44 8.115 ’ 5.186 451
M 55, 8.208 7.691 .599
& SURGERY

The next adjustment is for surgical type. The following table
shows how this is problematic, since there is a highly non-uniform

- distribution of surgery types among investigators:

Surgery Type by Investigator
Observed Frequency Table -4

GYN ORTHO ABD-Il CHEST H&N ABD-l Totals:
MOLE 50 0 0 () 0 (] 50

CAPL () 39 0 ) ) 0 39 ‘
. * |

PLEZ 4 25 2 0 0 0 31 b
HOTC 1 0 8 24 6 0 39 |
STAN ) 15 14 6 0] 1 36 1

A&

Totals: 55 79 24 30 6 1 195
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In view of the observed non-random distribution of surgical type by trial
there is built in confounding between investigator-specific effects and
pain-model effects in this analysis. Since the adjustments are made
sequentally it may be that some of the observed pain-model (surgical
type) effects are actually trial effects, but as both effects will be adjusted
out the net effect is the same no matter what the order of regression. The~

observed effects were:

Ad]uste‘d Morphine Usage by Surgery Type

X1: SURGERY TYPE Yi: MS{AGE,TIME)

One Factor ANOVA
Analysis of Variance Table

Source: DF: Sum Squares: Mean Square: F-test:
Between groups {4 721.993 180.498 4.216
Within groups [292 12502.233 42.816 p = .0025
Total 296 13224.226
Group: Count: Mean: Std. Dev.: Std. Error:
GYN 27 7.359 4.835 .537
ORTHO 38 8.847 7.612 713
( ABD-lI 15 7.361 6.593 .983
CHEST 15 10.234 6.463 .963
H&N 4 2.431 5.513 1.591

The observed effect of surgical model on postoperative morphine
st effect seen so far, with a rank order of EENT< GYN<

use is the stro;
ABDOMINAL< ORTHO< CHEST. In order to get an independent
evaluation of this rank order, the analgesic reviewers in HFD-007 were
asked to complete a visual analog scale rating of their estimates of the
relative analgesic requirements of these surgeries which is shown below
plotted against the results of the regression.

i .
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As there was good agreement between raters and data the ranking and
magnitude of the adjustment was accepted and it was deemed
reasonable to adjust the morphine use based on the observed differences
between the means for different types of surgery. Each TTS value was
then adjusted by the difference between the average values for each
surgery and the overall mean for the placebo group of 8.167. The
mﬁtude of the adjustment was less than 1 mg/q6hr for all but

CHEST (-1.9) and HEENT (5.6).

This adjustment had a considerable effect on the relative TTS
performance as shown, and clearly shows how the TTS 50 values were
all drawn from gyn surgeries:

Results of Adjustment for Age, Time, and Surgery Type

One Factor ANOVA Xi: TTS SYSTEM Y1: MS{AGE,TIME,SURGERY)

Group: : Count: Mean: Std. Dev.: Std. Error:
PLACEBO »%. o1 |99 8.167 6.499 ar7
TS somm‘r' 26 2.747 3.834 434
TTS 75ug/hr 33 3.275 4.38 44
TTS t00pg/hr |37 4.632 6.774 643




INVESTIGATOR

The next (and final) adjustment was to take the values which had been
adjusted for type of surgery and examine them for investigator effect
(conditons of trial). This was done by fin the mean adjusted
morphine use for each investigator (MS(Age,Time,Surg) as follows:

One Factor ANOVA X1: INVESTIGATOR Yi;: MS(AGE,TIME,SURGERY)

Group: Count: Mean: Std. Dev.: Std. Error:
MCLE 72 7.821 4.634 .546
CAPL 57 7.248 §.765 T54
PLEZ 54 7.958 8.105 1.103
HOTC 63 8.333 6.151 775
STAN 51 9.699 7.884 1.104

This analysis showed that there was a small site effect as seen in
the mean use of morphine for each investigator's patients as seen above
(min=CAPL=7.2, max=STAN=9.6). The differences between each site's
placebo mean and the placebo group mean of 8.167 were subtracted from
the scores for each site's fentanyl and placebo group to achieve a data
set which was adjusted for patient age, time after surgery, type of
surgery, and conditions of the trial,

Further univariate regressions showed that there
were no further useful adjustmenis to be done and the values obtained
in this step were used in all later analyses.

OUTCOME OF ADJUSTMENT

The direction and magnitude of the adjustment were then re-
examined for reasonableness as follows :

The raw data was first adjusted for age, using the observed relationship
in the placebo group that a 70 year-old patient would require 1/3 less
morphine than a 20 year-old patient; an adjustment that is reasonable
in direction and magnitude.

The raw data was then adjusted usin% the observation that the
morphine requirement of the "mean" placebo patient would fall by 1/3
between the first six hours postoperatively and the beginning of the

second postoperative day.

‘The third adjustment was that the morphine requirements after different
surgeries wouid be expected to be different, with cholecystectomy,
thoracotomy and major joint procedures taking 8-11 mg morphine /
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q6hr, and lower abdominal, gyn, and head & neck procedures taking 3-7
mg morphine / q6hr. .

The final adjustment was that the conditions of the trials differed, such
that McLeskey, Caplan & Plezia's patients used an average of 7.3-7.7
mg/q6hr, while Hotchkiss & Stanski's patients used 8.2-9.6 mg/q6h.

ADJUSTED TTS EFFECTS

The most important result was that there was a clear distinction
between TTS fentanyl and placebo for the adjusted data:

One Factor ANOVA X1: TREATMENT  Y1i: MS(AGE,TIMZ,SURGERY,INVESTIGA...
Analysis of Variance Table

Source: OF: Sum Squares:  Mean Square: F-test:
Betweer groups | 1 3003.876 3003.876 87.222
Within groups |194 20078.178 34.439 p = .0001
Total 195 23082.053

Group: - Count: " Mean: Std. Dev.: Std. Error:
Placebo 99 8.165 6.452 374
All TTS Systems | 96 3.633 5.199 .306

The mean amount of morphine used by the placebo group from 6- ’
?4 tlzlgxuylis was 8.1 mg/ é16hr. /whﬂe the mean :gﬁ)gunt used by mtII:e TS
en group was 3. g6hr, correspon to a morphine sparing
(for a mixture of all three sizes) of 4.50 mg/q6hr (18 mg/24 hours).

Examined by TTS system size:

Final ANOVA of TTS System Size versus Adjusted Morphine Use

One Factor ANOVA X1: TTS SYSTEM Y1: MS(AGE,TIME,SURGERY,INVESTIG...
Analysis of Variance Table

Source: DF: Sum Squares:  Mean Square: F-test:
Betwesn groups |3 3036.906 1012.302 29.341
5 ol 581 20045.147 34.501 p = .0001
Total::" 584 23082.053
Group: Count: Mean MS USE g6hr:  Sid. Dev.: Std. Error:
PLACEBO 99 8.165 6.452 374
TTS S0ug/hr 26 3.087 3.834 434
TTS 75ugihr a3 3.915 4.363 438
TTS 100ug/hr |37 3.765 6.555 622
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Dose Response for Fentanyl TTS
Based on Adjusted Morphine Sparing
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This analysis shows that while the placebo gxoup is significantly
different from the TTS fentanyl groups, the TTS 50,75 & 100 do not
distinguish each from the other. Based on the data presented in the
bioavailability studies in the NDA a hLypothesis was proposed that the
pharmacokinetic variability between patients was sufficiently great to
wash out the dose-response relationship. If this was true, then such a

hypothesis could be tested lookm(f for a pharmacodynamic relationship
an

between serum fentanyl levels the q6hr morphine use in the

. adjusted data set.

Relationship Between Categoricali Fentanyl Use

and Adjusted Morphine Use in mg/q6hr
One Factor ANOVA X1: CAT 2 FEN  Y1: MS(AGE,TIME,SURGERY,INVESTIGAT...

Analysis of Variance Table

Source: DF: Sum Squares:  Mean Square:  F-test:
Between groups |4 3074.461 768.615 22.282
| Within groups | 579 _|19972.417 34.495 p = .0001
Totadwies: 583 23046.878

(1N '..

Group: “~ " Count: Mean: Std. Dev.: Std. Error:
none 99 8.165 6.452 374

0.0-0.5 16 4.801 5.488 .784

0.5-1.0 28 3.699 4.292 .468

1.0-2.0 36 3.164 5.667 543

Over 2.0 15 3.451 5.24 781




This analysis shows that there is a consistent and significant
relationship between serum-level of fentanyl collected in the clinical
trials and the amount of rescue morphine used. This relationship may be
checked by dong a similar analysis for the UN-ARJUSTED or "RAW"
morphine use data to see if the same relationship is seen.

w

Relationship Between Fentanyl Serum Level Category
and UNADJUSTED Morphine Use

One Factor ANOVA Xt1: CAT 2 FEN Y1: Morphine Used
Analysis.of Variance Table

Source: DF: Sum Squares: Mean Square: F-tesf:
Between groups |4 2923.236 730.809 19.598
Within groups |579 21591.119 37.29 p = .0001
Total 583 24514.355
Group: Count: Mean: Std. Dev.: Std. Error:
none 99 8.183 6.866 .398
0.0-0.5 16 5.49 6.062 .866
0.5-1.0 28 3.583 4.529 494
1.0-2.0 36 3.248 5.37 514
Over 2.0 is 4.087 4.901 .731

This Table shows how the pharamcodynamic relationship is sufficiently
as to be seen even in the raw data confounded by differences

in pain model and trial site.

The relationship may be transformed into a more usual form by re-
expressing the "Y" axis as a percentage of the maximal effect. Since the
maximum morphine use is 8 ;naig/ q6hr and the minimum is 0 n;%/ q6hr,
then the amount of r2scue medication may be transformed as
effect=((8,086-Observed MS) /8.096) x100.

=
Sty
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The plot suggests that in the pain models tested, fentanyl has
reached half-maximal activity at serum levels below 1 ng/ml. If this is
true, then the difference between 1 nglgn;ll and 3 ng/ml in terms of -
efficacy will be slight, and it may exp. the inabtility to show dose

/hr systems, since the observed

effects between the TTS 50,75 & 100 pg
mean and 95% CI for each systein size is as follows: :

1.i0ng/ml  (0.1-2.1 ng/ml)

TTS 50 g
TTS 75 1.45ng/ml  (0.2-3.0 ng/ml)
TTS 100 2.05ng/ml  (0.3-3.6 ng/ml)

Another way of looking at the pharmacodynamics of 1a in
the clinical trials is to plot the percentage of patients in each serum level
strata who use little or no morphine. For this analysis patients who took

hine at a rate

less than 2 mg/q6hr were considered to have used mo;
clearly different from that used by the placebo group ( level was
chosen as:it was more than one standard deviation below the placebo
group mean): These were plotted along with the data obtained above in
order to see the agreement between alternative estimates of the PD effect

curve :
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In each case, the linear portion of the sigmoid effect curve is below
1 ng/ml, with the curve reaching toward an asymtote above 1.5 ng/ml.
This suggests that regardless of upward or downward shifts due to
differences in the definition of "successful” analgesia, that the
pharmacodynamic effect curve rolls over in the vicinity of 0.75- 1.0
ng/ml. In consequence, in the opfoid-natve individual in the post-
operative setting who has not developed tolerance, increasing the serum
fentanyl level above 1.0-1.5 ng/ml affords litile increase in anralgesia.

The percentage of various adverse reactions were plotted versus
serum fentanyl level. This provided an estimate of the effect curves for
adverse reactions for fentanyl when given with rescue morphine as done
in the trials. In order to place the analgesic effects in perspective, the
curves for nausea and vomiting, CNS effects (anxiety, nervousness) and
hypoventilation (hypercarbia, resp. rate < 8, unresponsive) were plotted
along with the upper and lower bounds for the analgesic effect.
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.-Fentanyl Blood Level- Effect Relationships
in Trials of Duragesic in Postoperative Pain
801

Percentage with Effect

Fentanyl Blood Level (ng/mi)

Pharmacokinetics of SAFETY for the Different Strengths

Since the TTS systems are labeled to be used in conjunction with
rescue medication, and since the most serlous adverse effect is
hypoventilaton, it would be most desirable to find a way to use the
sysizms that provides analgesia to most of the patients and does not
‘expose more than 5% of the patients to serum levels that are associated
with hypoventilation. In the safety review it was noted that in the
-observed cases of hypoventilation in the clinical trials (n=12 as we do
not have the serum fentanyl level for patient G-10, see safety summarys},
all cases took place at serum levels between 1.8-3.5. Half of such cases
were associated with known pulmonary risk factors (thoracotomy, RUQ
incisfon, ASA status > III, concurrent medical iliness) and somewhat less
than half were probably due to a mixture of high fentanyl levels and
concurrent morphine administration. Given these factors and the known
pharmacodynamics of fentanyl in normals (50% reduction in ventilation
at serum levels of 3-4 ng/ml), a reasonable Ctox for fentanyl in the non-
tolerant patient is probably 2.5 ng/ml, although the data could support
a Ctox o&2.0-and a Ctox of 3.0 equally well. .

The minimum effective concentration is more difficult to determine.
In the studies submitted with the NDA the MEC is about 0.5-0.75, while
in the clinical trials the lowest fentanyl strata (0-0.50 ng/ml) had
significantly reduced morphine use (on a population, not individual,
basis). Under these circumstances a MEC for fentanyl could be chosen
anywhere between 0.250-0.750 ng/ml, but is most likely to be 0.5 ng/ml.

With Ctox & MEC estimated, it is possible to look at all the clinical and

pharmacokinetic trials and estimate the percentages of the population
which fall within, above, and below the therapeutic range.
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'FTS Size and Serum Fentanyl Levels

—a8 Tested in the Clinical Trials
TIS25 TISs0 TIS75  TTS 100 Totals:

BELOWSs | 0 4 5 3 12

0.52.0] » Y 78 8s 228

2025 | 3 BRT 7 21

2.5-3.0 0 1 5 7 2 8

ovERa | 0 4 0 4

Totals: 71 103 97

273
(NEW DATA SET - FILE #2 "SAFETY' ON THE DISKETTE)

The sponsor did not adjust the dose of TTS according to the
atient's' weight in the clinical trials, since a definite relationship
tween weight and serum fentanyl was only seen after the ,aggm'gatc

data was collected. In an attempt to improve the safety profile of the
system, it was decided to look at the possibility of adjusting dose by
weight. To examine this question, the sponsor provided a data set
consis of a total 273 applications of TTS fentanyl systems across all
- studies which included all reported cases of hypoventilation.
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Composition of the SAFETY DATASET

118 28 TTS 50 TTS 18 TTS 100

Msther-E 2 13 4

Jackeor-E 4

Mleskey-E 26

Jackson-P 8
Mcleskey-P 8-

Mether-P 2 10 4

Staneld-P 10

Phezia € 14

Caplan-E , 20

Swda 1€ N 19
Hotchides-P 1 ’ 4

Caplanp 10

Flezia-P 7

Lacian 1 , | 10

Larijani 1 8

Staneld-E : 20
m;-.e 22
Nimeo-18-P 10
“Nimwo-€ ) 22
HimmolA-P 10
Swneid BA 8

Totals
2 71 . 108 97
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Using this data set, serum fentanyl level was then regressed
against patient weight, lean body mass, ideai body mass, surface area,
bcdy mass index, and total body water. All regressions were sj cant,
but no derived measure was sufficlently better than weight in kilos to
warrent their increased complexity and weight was used in subsequent -
calculations. The sponsocr did a similar exploration using the data from
the Stanski BA study in which fentanyl clearance was measured
direcily. The relationships they observed were:

Stanski BA study
IV Fentanyl
Clearance v. Demographic Variables

Variable F Value R-Square p-Value
Weight 4.561 0559 0359
Height 5.025 0491 0279
Surface Area M sq. 5.666 0685 .0198
Lean body Mass (Peck) 5.216 ’ 0634 0251
Age 0.000 0.000 999
Body Mass Index 922 0118 3398
Ideal Body Weight 5.171 0629 0258
Lean Body Mass (H20) 5.368 0652 0232

The scatterplots for each TTS size by body weight are as shown:

19
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Thus there is a relationship between patient weight and fentanyl
serum levelfor all three TTS systems tested. This observed relationship
aliows the TTS 50, TTS 75, & TTS 100 groups to be adjusted for between-
E{;up,diﬁ'cmnces in patient weight by using the observed relationship (1

o heavier results in a 0.012 ng/ml drop in serum fentanyl level for a

given TTS system).

The data-set was then adjusted to a common mean weight of 70
kilos, and the mean 6-24 hours fentanyl serum level was determined for

each TTS size:
Refationship of Adjusted Serum Fentanyl Level to TTS Size

One Factor ANOVA X1: TTSDOSE  Yi: MEAN FENTANYL (KG)
Analysis of Variance Table

Source: DF: Sum Squares: -Mean Square: F-test:
Between groups |3 27.659 9.22 27.043
Within groups 268 91.369 .341 p = .0001
Total 271 119.029
Group: Count: Mean: Std. Dev.: 'Std. Error:
TTS 50 71 .886 404 .048
TS 75 1102 1.098 .636 .063
TTS 100 97 1.625 .638 .065

The observed values show dose proportionality in mean serum
fentanyl level for the 6-24 hour period, with an inter-subject coefficient
-of variation of 45% for the TTS 50, 58% for the TTS 75, and 39% for the

TTS 100.

There is no-currently approved 72 hour analgesic product, and
thus there is no pre-existing standard against which to judge this
product. The most similar kind of products are the oral morphines, which

are used in cancer ana]ﬁ::sia. To allow the reader to put the
‘pharmacokinetic variability of the TTS systems in perspective the

follo h is offered in which the data for TTS is plotted on the
same axiewith data from a typical oral morphine. In using the figure for
comparisoft:please remember that the TTS data is for all patients in all
trials and the morphine data is for 20 healthy males of normal body
weight in a single kinetic study.
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Mean & SD Oral Morphine
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There is little data in the NDA suppo: the use of the TTS
system for 72 hours for post-operative pain, although there is a lot of
supporting evidence in the oncology trials. One trial (Larfjani-II), did
follow the serum levels of eight patients for 72 hours following a single
application of a TTS 75. The data for this trial are as follows:

LARIJANI II DATA ON EIGHT PAITENTS
WEARING A SINGLE TTS FOR 72 HOURS

..2 1911
E 1912
,:3 1913
E 1914
g 1916
" 1918
1919
N
z L
E 0= AESE SNSRI RSN S S A S Sy RS . T
0 12 24 36 48 60 72 84

TIME
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Althougli not conclusive, this small trial does support the
pharmacokinetic modeling and projections previously reported and
suﬁ%tx:xsts that the TTS system does reach a steady-state serum level
wi 12 hours and hold it for 72. :

Dosage Recommendations

With a known MEC, a known Ctox, and the assumption that no
more than 5% of the patients should be above Ctox nor more than 20%
below MEC, it is possible to plot the intersection of Ctox and MEC with
the band which reflects the 20th to 95th percentiles of the serum levels
seen in patients of different weights receiving each TTS size. In domf
this analysis it was assumed that anaigesic efficacyis best predicted by
mean serum level, while toxicity is best predicted by peak blood level. In
consedquence, it is important to know if mean and peak blood level are
related in the observations:

Mean Serum Fentanyl 6-24 hours
Versus
Maximai Serum Fentanyl 6-24 hours

y = 1.142x + .197, r2 = .899¢

P

n

oW »
XX

CMAX 6-24
sL o = b

-

e

1 15 2 25 3 35 4
CMEAN 6-24

While this analysis suggests good agreement, it must be confirmed by a
followup analysis where the Cmax is compared with the Cmean for all
points other than Cmax. This analysis will be done before NDA DAY but
is not available in this packet. Accepﬁn%'thc hypothesis that there is
good agreement between the Cmax and Cmean for the serum fentanyl
values, it becomes even more certain that the inter-patient variability is
much larger than the intra-patient variability .

4
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<
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Given the closeness of the Cmax & Cmean, I have chosen to use the
Cmax for the following graphical analysis of the TTS 50, TTS 75, & TTS
100 systems, since lack of safety at the high end is of more concern than
loss of efficacy at the low end for a product intended to be used with

rescue medication.

Graphicai Analysis of TTS 50 Weight Range

9

4 TTS 50

n=71

Ctox

CMAX 6-24

F95th
“i Percentile

EAN

v v ——r v . - v —l20th Percentile

30 40 50 60 70 80 S0 100 110 120
WEIGHT

The 20-55th percentiles for TTS 50 are in zone for patients who weigh
50-75 kilos, with two subjects having serum levels in the toxic range.

Grephical Analysis of TTS 75 Weight Range
5. i A 'VA 2. " i A A n -

TTS 75

Percentile

30 40 S50 60 70 80 90 100 110 120
WEIGHT
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The 20-95th percentiles for TTS 75 intersect the Ctox & MEC at about
90-100 kilos, sugges that some patienis will have blood levels in the
75 is applied to patients under 100 kilos,

toxic range when the
while more than 20% will have reduced efficacy if it is applied to .
patients over that weighit. ‘

Graphical Analysis of TTS 100 Weight Range ’
511\4 A A. - s 2 i A, A gg |
TTS 100 |

\‘
| . |

* 3% 395th

g & JPercentile N \‘

= R ‘

o 3 |

JMEAN s‘

1' B “A
20th i

-MEG Percentile f
0 |
|

70 80 90 100 110 120
WEIGHT ‘

30 40 S0 60

The application of the TTS 100 system to a population of opioid-
naive patients will a wide range of clearances result in overdose for

those whe. weight below 105-110 kilos, but will underdose half of of
those abuve weight g.“nfe;,m consequence, the TTS 100 system will
probably only be us and safe in-situations where dose-can be
individually titrated and not in the postoperative setting. i

The TTS 25 was not tested in clinical trials, but it's performance can be
estimated from the performance of TTS 50 and the trend established by |

TTS 50,75, & 100:
1

25




Mean and SD of TTS Fentanyl Clinical Data
(.6-24 hours following a single application)
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‘While TTS 25 is in zone for patients under 40 kilos, no patients under 40

kilos were tested in the trials, and no pediatric trials were performed. It's

usefulness is limited pending such tests. although it is a useful titration
( dose for oncology patients, and may be of use in 25-50 kilo patients, or
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patients with known or suspected pulmonary risk factors or known
sensitivity to dpiates.

Conclusions

A

‘The metanalysis was performed in an attempt to understand the
lack of dose-response seen in the clinical trials by analysis of the blood -
level data from the clinical triais. The systems are very likely to deliver
fentanyl in the stated amount and in a dose-proportional fashion, but
the achieved serum level is likely to exhibit considerable intra-
individual variation. So much intra-individual variation in the mean
and peak blood level after system application was observed that only
systems 50 ug/hr and under were "safe" in the post-operative trials
-conducted by the sponsor. This result is, in part, the consequence of the
assignment of TTS size by surgical type, not by weight, in the original
research design. Post-hoc ysis of the data shows that the 75 ug/hr
system is likely to be safe for individuals who weight above 75 kilos, but
such a dosing schedule has not been tested.

The dosing recommendations proposed by the sponsor are to use
TTS 25-on patients weij 25-49 kilos, the TTS 50 on patients
we. '50-74 kilos, and the TTS 75 on patients weighing 75 kilos or
more. dosing schedule can be tested on the whole patient data-set.

'll'hilgbserved cases of hypoventilation occurred at the following serum
1evels:
Hypoventilation and Fentanyl Serum Level
Observations In the TTS Clinical Trials

No Hypo-
Hypoventilation Ventilation Totals:

eowts | 157 | o | 1s7
1520 | a9 | 1+ | so
2025 | 24 | E ] a2
253 | 1s s 21
ovErRs | 15 |  1 16
Totals: 261 12 273

The original dosing design gave the following numbers of cases:
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TTS Size and Serum Fentanyl Levels

as Tested in the Clinical Trials
TTS 25 TTS 50 TS 75  TTS 100 Totals:

BELOWS | © 4 5 s 12
0.5-20] o 63 78 asr 7 - 228
2025 o | a3 | 11 7 21
2.5-3.0 0 1 5 2 8
OVER3 | o () ¢ | o | 4
Totals: 7 2 ) 71 103 : 97

273

And the proposed dosmg> adjustmetn by weight (25,50,75) gives
the following projected values:

Predicted Distribution Based on

BELOWS | 3 17 | 26 1 4
os20 | 7 127 1 s 214
2025 | o | s 1 2 | e
2.5-3.0 B o 3 1 4
Totals: 19 152 o 212

Thisdo;qh_:gl:tvcdommendaﬁon can be expected to put 78% of the patients
-at a serum level likely to be analgesic, 16 % at a serum level likely not to
'be-analgesic (these patients will require pro-supplementation), 3 % at a
blood level with a 15% risk of hypoventilation (2-2.5ng/ml) and 1.5% at
-a serum level with a 25% risk of hypoventilation (2.5-3.0 ng/ml).
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, FIGURE 4 ] , o
Effect of 1TS (fentanyl) Dose on Plasma Fentanyl AUC
{Prolocol C-89-006-00, UK STUDY, Kenny)
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Effect of TTS (fentanyl) Dose on Fentanyl AUC
(72 hour Application) |
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General Comments Regarding the Safety of TTS Fentanyl

Fentanyl has been used in anesthetic practice for over 20 years. It has
been shown to be a safe and effective drug with predictable mu-agonist

narcotic properties whose only unexpected toxicity is chest-wall rigidity
occasionally seen when the drug is used in high dose as an anesthetic -
induction agent. Fentanyl has been used successfully as a solution for
patent-controlled analgesia for acute and chronic pain and has no %
known idiosyncratic toxicity in patients above 3 months of age. In

consequence, it is not necessary for the sponsor of TTS fentanyl to prove

the basic safety of the drug fentanyl, but only to prove the safety of the

delivery system for the drug. Establishing the safety of TTS fentanyl will

involve the sustained application of pharmacokinetic and

pharmacodynamic analysis.

As a pure mu opioid agonist, fentanyl will interact with another mu
oploid in a quantitative additive fashion. Since the TTS fentanyl system -
is planned for use in conjunction with concomitant opioid and non- ;
opioid analgesia, no attempt should be made to partition the adverse ¢
effects observed in the trials between the narcotic provided by the TTS

system and the narcotic provided by the rescue analgesic. If the TTS

fentanyl system is to be labeled for use with the simultaneous

-administration of ancther oploid analgesic, the safety of the

combination is the safety of the system under conditions of intended

use.

Mu Agonist Toxicity

Primary mu agonists such as fentanyl and morphine have an adverse
effect profile determined by their basic pharmacoiogic profile. Patients
receiving such drugs complain of nausea, vomiting, postural syncope,
nervousness. or "drive", itching, confusion, dizziness, altered breathing,
blurred vision, disordered micturition, constipation, and rare episodes of ‘
psychosis and/or hallucination. Serious toxicity is almost entirely -4
confined to injury from falls due to postural syncope, respiratory )
depression, and rare cases of acute allergic reactions or histamine f
sensitivity. Blood levels of cpioid agonists which are effective in
relieving pain are likely to cause the patient some degree of symptomatic
distress, and to cause respiratory depression in vulnerable patients. TTS
Fentanyl can be expected to cause nausea, vomiting, itching and some
degree of CNS disturbance, but should not cause an unacceptable

‘degreeof respiratory depression.

‘Fentanyl Induced Rigidity

Fentanyl, like other opioids, is able to interact with the dopaminergic
system to alter muscle tonus, cause muscular rigidity and alter chest ‘
wall compliance in patients who receive the drug rapidly for induction. 2
Discussion of this point at the anesthesia advisory committee meeting of

4/20/90 revealed a consensus that the phenomena begins to be seen

when IV fentanyl is delivered at rates above 1-2 pg/kg/min and would W
niot be expected with the 1-2 pg/kg/hr rates of delivery from the system. |
No episodes of muscular rigidity or respiratory paralysis were seen in

any study of TTS fentanyl. ‘.
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Overview (;f the TTS Fentanyl Studies

TTS fentanyl has been studied ir: 5-chironic use studies in 153 cancer
patients and in 24 postoperative studies involving 592 patients of which
357 receivéd TTS fentanyl. There were no patient deaths attributable to
fentanyl in either type of trial, and the withdrawals for ali causes are as

shown below:

Cancer Studies

Trial Total size Number of Withdrawals

(all causes except death)
84-011-01 5 5
85-018-01 10 o
- -86-003-01 57 19
) 86-003-01 (3} 7 2
87-010-01 54 13
88-008-00 20 o

TOTAL SIZE 153 WITHDRAWALS 39 (25.5%)

TTS Fentanyl Patients in Postoperative trials

) ( Trial Totalsize Number of Withdrawals
{all causes)
Pharmacokinetic 38 2
Uncontrolled Studies 76 4
Controlled Studies 243 28

‘TOTAL SIZE 357 WITHDRAWALS 32 (9.0%)

These 71 patients will be scrutinized in detail along with the adverse

effect profile for the patients-completing the trial.
Cancer Pain Trials

The enclosed figures-and tables shiow that the 153 cancer patients were
representative of the clinical population, covering a wide rang%%f ages,

weights, primary malignancy and functional status. Doses of

fentanyl rangedzfrom 5-600 micrograms an hour, applied for perieds of
from 1-866 days. Thirty-nine patients withdrew from the trials for the

following reasons:

Reason Number of Withdrawais:
Inadequate Pain control 11
Nausea & Vomi 7
{ ) Narcotic related side effects fli

CNS side Effects




Intercurrent Miness
Narcotics no longer required
Lack of compliance
Patient-Caretaker Decision
Admission to non-participating hospital
Protocol violation

=“NWWLWWwn

Table 16 gives the overall frequency of adverse experiences by order of
frequency, and shows a profile typical for high dose opioid drug
treatme:it simiiar to-oral high dose morphine. There is not enough data
16 support an aealysis of the comparative frequency of adverse effects or
for the-sponsor 0 make claims cf fewer side effects.

Major Siie Effect Frequency
(Percent)
Nausea . 23
Vomiting 22
Somnolence 17
Sweatix 14
Ccmtu;“ﬁ;m 14
Confusion 13
Dry Mouth 13
Asthenia 12
Anorexia 8
Dizziness 7
Lung Disease 7
Nervousness 6
Diarrhea 5
Dyspepsia 5
Dyspnea 4
_ Pruritis 4
Hypoventilation 4
Topical Reaction 4
Urinary retention 3
Apnca 3
Hallucinations 3
Respiratory Depreszion

Case 1- 57 y.o. W.M. with.metastatic pancreatic cancer started on 200
ug/hr TTS system, advanced to 275 ug/h and found to have a nocturnal
,,rcspiraéory rate of 6/min. TTS was reduced and respiratory depression
resolved.

Case 2- 68 y.o. WM. with metastatic prostate cancer started on TTS at
150 ug/hr and escalated over 5 montlis to 275 pg/hr. One episode of
depressed respirations while sleeping to -6 breaths/min. He was roused
w/a difficulty and TTS was continued with ro recurrence of respiratory
depression.

Case 3--67 y.0. male with metastatic smail cell of the lung started on TTS
at 125 ug/hr. The patent was advanced over a six week pericd to-500
ug/hr with morphine supplement {7.5-45 mg prn). TTS fentanyl was




reduced by 100 pg/hr after the patient was observed to have an episode
of bradypnea (6 /min). TTS was continued without difficulty up to the

time of the patients death from cancer.

Case 4- 66 y.o. male with metastatic bladder cancer started on TTS at
100ug/hr. TTS was maintained-at 100 pg/hr for two months when the
patient developed Cheyne-Stokes respirations and died from his cancer.
TTS was worn at the time of death but not implicated..

Case 5- 21 y.0. male with metastatic medulloblastoma was started on
TTS at 75 pg/hr and advanced -over six months to 200 pg/hr. By day
171 the patfent appeared terminal with Cheyne-Stokes respiration and

died the next day. TTS was not judged to be involved.

Case 6. 78 y.0. male with malignant carcinoid was started on TTS 50 and
advanced to TTS 100, remaining at that dose for 135 days. On day 136
he was obtunded and brought to the hospital where TTS was removed
and naloxone given. He became alert and was converted to IV morphine
which resulted in a return of obtundation. He was shown to have
decreased hepatic clearance due to disease progression and died on the
fifth hospital day. TTS was involved, but the respiratory depression was
judged to be due to altered clearance due to disease progression.

Of the six documented cases of TTS associated respiratory depreséion
three are probably due to TTS effect and three are probably due to

disease progressicn and cancer morbidity. :

Safety of Conversion to ‘I'TS Fentanyl

In the studies of TTS fentanylin cancer pain in this NDA the formula for
conversion of analgetic requirement to TTS dose was based on the prior
use of opiod drugs by the patient. One TTS 100-ug/h system was
considered to be the equivalent of 360 mg/day of oral morphine or €60
mg/day of parenteral drug. Post-hoc analysis of the data suggested that
the actual equivalerice was more likely to be 100 pg/h TTS:system = 300
mg/day oral morphine, but the 360 mg/day= 100 pg/hr ratio proved to
be cffective-without causing overdose. This may be seen by a review of
the withdrawals from TTS in the first three days of treatment (first TTs

application) which are reported below:

SCN 1115- 66 y.0. female hospice patient who started on TTS fentanyl
but died of her cancer within-3 days.

SCN 1223- 66 y.o. male with metastatic adenocarcinoma was started on
TTS fentanyl but withdrawn on the second day due to the absence of a.
caretaker as required by the protacol.

SCN-1051 57 y.o. female with metastatic breast cancer who was started
on TTS 50 pg/h and terminated on the second day due to nausea
related to chemotherapy. This patient re-entered the study and.
continued on TTS for 721 days.

SCN 21- 58 y.o0. male with lelomyosarcoma who was on TTS for only 3
days before he was withdrawn from the study to undergo surgery. -




SCN 403- 42 y.0. female with metastatic breast cancer who removed her
TTS within 12 hours of application and did not desire another.

SCN 1080- 64 y.o. female with small bowel cancer refused TTS aiter 9
hours due jo opioid side effects.

SCN 104- 55 y.0. male whose physician reported he was unable to cope
with the change from his previous pain medicine.

Of the seven subjects who terminated TTS during the first application of
the system 3 were withdrawn for reasons niot connected with the system,
1 withdrew by reason of adverse side effects, 2 withdrew for reasons
that were related to their disease and 1 withdrew for unlmown rcasons.
No patient withdrew for reasons of safety when converted at the 360
mg/day morphine = 100 ug/hr TTS ratio.

Cardiovascular and Laboratory Safety

No cardiovascular effects (other than a modest increase in liability to
postural syncope) or laboratory abnormalities were expected based on
the lmown safety profile of fentanyl, and none were found (other than
the expected increased frequency of abnormalities in pre-morbid
patients).

Conclusion Regarding Safety in Chronic Cancer Pain

The enclosed plots of adverse effect frequency as expressed in -terms of
the fentanyl dose delivered by the TTS and the duration of treatment
show that the highest frequency of adverse reactions occusred at the
initiation of treatment (lower doses & shorter times}, and that there was
no trend toward the emergence «f adverse effects at the higher dosage
levels and/or longer wearing times. This profile is consistent with a drug
whose adverse effects and desired,pharmacologie: effects occur in
concert, and it provides some assurance that the TTS-system has a low
level of non-opinid toxicity.

A sample size of 153 patients allows (at best) the detection of a single
very adverse event at the 1% level and a doubling of common adverse
events with a power of 80%. When the trial is condus:ted in a patient
population that is dying of intercurrent illness and the control group is
historical then all that can be said is that the patient population could
be converted to TTS sysiems, did not suffer any detectable carly
morbidity from over or under-dosage at a 360 mg oral morphine:100.ug
TTS system ratio, and experienced opioid side effects at a xrate which
might be expected for the population. Respiratory depression which was
probably related to the TTS system did occur in 4 of 153 patients, of
which one required naloxone therapy and three responded to
stimulation or reduction in the TTS dose.

TTS safety in Postoperative Analgesia




Subjects receiving TTS fentanyl in postoperative pain were nearly always
involved in 24 hour, single TTS application., controlled clinical trials
and received either TTS or placebo as shown in the following table:

Systern Size Numbes
& _ Fiacebo 235
. 25 2
50 73
73 177
100 < 105

Among these 357 TTS fentanyl wearers there were 32 TTS fentanyl
wearers who did not complete the study for the reasons shown in the
following table:

Reason Number
Respiratory Dzpression 10
Other Adverse Reaction 4
Inadequate Pain Control 2
Surgery Postponed or Altered 11
Surgical Complications 3
TTS removed in Error 2

Of the 32 withdrawals 16 were probably related to the TTS system for an
overall withdrawal rate of 16/357 or 4%.

TTS related Respiratory Depressicn

In addition to the 10 cases of respiratory depression which led to
withdrawal from the trials there were 8 other cases in which the subject
did not do so for a total of 18 total cases of respiratory depression. Of
these 18 cases four (#'s 578, 505, 602, 130) were cases in which
respiratory depression was seen only upon reversal of the anesthetic at &
time when the fentany! blood level < 1.0 ng/ml. These cases were judged
not to be related to the TTS system but to the anesth-tic technique. Of
the remaining 14 cases one (205) was an asthmatic alzcholic with
pneumorda who had bronchospasm unrelated to the 7TS system
(fentanyl blood level <1.0 ng/ml). Thus there were 13 patients who
experienced respiratory depression due to a combination of the TTS
system, morphine rescue medication, and/or routine postoperative anti-
nauseants & hypnotics.

SCN Weight Age Sex ASA TIS Time Blood Otler Factors

Dose Level
170 50 42 F I 100 7h 19 hypoibvrvidism
243 100 53 M ¥ 100 12h 27 Sl
249 53 34 F 14 100 12h 30 adrenal
insufficiency
255 54 5 F m 1100 6h 21 vohume

depletion




574

213
611
696
514
823
' 825
32
G10

77

57
60
73
61
60
82
57
57
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75

100
100
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6h

15h
16h
7h

23h
21h
20h
17h
15h

2.4

3.1
33
23
1.9
22
2.8
2.0
20

thiopental

none
none
none
none
none
none
none
none

Reference to the above table reveals that there were no episodes of
depressed respirations below a blood level of 2.0 ng/ml (excluding one
hypothyroid patient), and no cases involving the 50 pg/h TTS system.

The s

e major determinant of respiratory depression was the blood
level of fentanyl at the tilme of the event. Respiratory depression

observed in the fentanyl trials started six hours after TTS application
and could occur at any time up to the removal of the TTS at 24 hours.
Clinical synopses of the cases follow:

SCN 170- TTS-10( patient with prior history of hypothyroidism (not on
replacement) who underwsnt Knodt rod fusion and required TTS
removal and naloxone administration. for reversal at the conclusion of

surgery.

( SCN 213- TTS-100 patient s/p lobectorny had a respiratory rate of 8/min
) and pCO2 of 55 after 15 hours of TTS wearing. TTS removed and
naloxone given resulting in an uneventful recovery.

SCN 243- TTS 100 patient (ASA class IV) 12 hr s/p pneumonectomy
developed atrial arrythmia requiring 17.5 verapamil. One hour later the
patient developed a respiratory rate of 8/min and a pCO2 of 52. TTS
removed, naloxone given, recovery uneventful.

SCN 249- TTS 100 patient s/p lobectomy had had a prior bilateral
adrenalectomy but had not been given replacement at the time of

surgery. Five hours after surgery an attempt was made to correct for this

omission by giving 100 mg Lydrocortisone IV. One hour later the patient
had a respiratory rate of 4/min and a pCO2 of 60. TTS removed,

naloxone given, recovery nneventful thereafter.

SCN 255- TTS 100 patient s/p right lower lobectomy required naloxone
for reversal of anesthesia. Recovery room course troubled with pCO2 of
53 and hypotension. The TTS was removed at two hours, naloxcne was

given and recovery was uneventful.

SCN 514- TTS 75 patient s/p right total knee and Morton's neuroma
excision who received a dose of

mg rescue morphine 17 hours after

surgery. One hour after that dose of morphine the patient became groggy
with a repspiratory rate of 7/min. The patient was stimulated, followed
by uneventful recovery from the episode.




SCN 574- TTS 75 patient s/p cholecystectomy who required naloxone at
reversal of anesthesia (pCOZ2 64). Following naloxone administration the

patient became combative and was given IV thiopental and the
anesthesiologist requested the removal of the TTS system. Uneventful

recovery followed.

SCN 611- ‘fTS 100 patient s/p cholecystectomy who had "slow and noisy
respirations” 11 hours postoperatively. TTS removed, naloxone given,

uneventful recovery.

SCN 696- TTS 140 patient s/p hernia repair who had a respiratory rate
of 3/min six hours after surgery. TTS removed, naloxone given,
uneventful recovery.

SCN 823- TTS 75 patient s/p cholecystectomy who became sleepy with a
respiratory rate of 6-10 /min 19 hours after sm;%ery TTS replaced with
50 pg/h system which the patient wore for another 25 hours during an
otherwise uneventful recovery.

SCN 825- TTS 75 patient s/p cholecystectomy who had two episodes of
respiratory rates of 5-6 /min at 14 & 18 hours postoperatively. TTS dose
was reduced to 50 ug/h and a single dose of 0.1 mg naloxone was given.
The patient wore the smaller system for another 48 hours during an

uneventful recovery.

SCN 832- TTS 75 patieat s/p laparctomy who developed a bradypnea of
7-10 breaths /min 14 hours after surgery. TTS dose was reduced to 50
ug/h for the remainder of the study period, followed by uneventful

recoveryv.

SCN G 10- TTS 75 patient s/p hip arthroplasty whe became somnolent
15 hours after TTS application. ABG showed pO2 72 & pCO2 59. TTS left
in place and 2.6 mg naloxone given over 5 hours to allow the TTS system

to remain in place a full 24 hours as per protocol. No sequelae.

Of the cases who had respiratory depression, nine of thirteen (69%) had
had a combination of a procedure which impaired respiratory mechanics
and a biood fentanyl level above 2.0 ng/ml. Twenty five individuals
who wore TTS 100 pg/h systems had thoracic surgery, and four of those
had respiratory depression {4/25=16%). Eighty individuals wore TTS 100
ug/h systems had surgeries other than chest surgery and three had
respiratcry depression (3/80=4%). In the absence of additional data it is
presumed that the combination of impaired ventilatory mechanics and
the high dose {TTS 100) patch results in an unaccpetable frequency of

respiratory depression {Relative Risk = 4).
No individual information is available regarding the fentanyl clearance
D §

of the individuals who had adverse respiratory events, but the foll
table shows the relationship between body weight, TTS dose, blood level,

and the risk of respiratory depression.




Weight Number Casss of 75ug 100ug Frequency

Class At Risk Respiratory TTS TTS (Percent)
Depression
<63 kg 97 9 4 5 9%
64-74 kg - 1 0 1 1%
75-83 kg 83 2 2 0 2%
> 84 kg 77 1 0 1 1%

While such finding can only be suggestive when such small numbers are
involved, it seems that the combination of impaired respiration, small
habitus, possible reduced fentanyl clearance, and the TTS 100 may
result in an unacceptable high blood level of fentanyl and an
unacceptable frequency of respiratory depression. Such events, when
they occurred, were successfully treated in all cases by stimulation, TTS
removal and/or naioxone adminictration (if required). In 5/13 cases the
patients were continued on the TTS without a second episode of
respiratory problems. .

Opioid Side Effects

;I‘lﬁz adverse effect profile observed in the postoperative studies is as
follows:

Effect Count Placebo
. (TTS fentanyl)

Nauses 115 32% 26 %
Vomiting 80 22 % 12%
Urinary Retention 37 10% 9%
Pruritis 20 6% 3%
Sweating 18 5% 6%
Hypoventilation 17 5% <1%
Headache 13 4% 2%
Hypotension 11 3% 1%
Dizziness 9 25 % 3%
Confusion 5 1% 0%
Constipation 4 1% 2%
Dry Mouth 4 1% <1%
Hypertension 4 1% <1%
Nervousness 4 1% <1%
Rash 4 1% <1%

This pattern of adverse events is typical for an opioid agonist and is
probably related to the total dose of fentanyl ( system) and morphine




(rescue medication) given to each patient. The combination is more
likely to reflect the actual adverse effect profile in use than the TTS
system when given alone.

There was no clear trend in adverse effects across all doses, although

this was cgnfounded by the use of spinal anesthesia in the 75 pg/h
oup. There is a suggestion that confusion and hypoventilation are

dose related, but the numbers are too small to draw any definitive

conclusions.

TIS 50

Number at Risk 73

Nausea 36
Vomiting 22
Urinary 9
Retention

Pruritis 6
Sweating
Hypoventilation
Headache

Dizziness

1
0
6
Hypotension 3
2
Confusion o

Topical Safety

_TIS75 TTS 100
177 105
83 Neuraxial
94 General
61 17
47 10
25 3
12 2
17 0
8 b R
6 1
4 4
6 1
1 4+

The following is a tabular representation of the topical ch:servations
across 357 subjects in the postoperative studies.

Hours  Possible
after

Definite

Removal Erythema Erythema Red

1 87
6 64
24 13

27
12
3

Beet Edema Papules or Itch
Pustules

3 6 21 35

1 0 25 * 26

1 Q 16 7

The rapid fall-off of the initial untaﬁon‘suggests that there is a about a
5-10% frequency of moderate irritation (possibly related to the ethanol

permeability modifier) which results in itching

and a rapidly resolving

Irritant dermatitis. Since no patient with known skin disease was
entered into the trial, and since defatting agents such as ethanol are
known provocative agents in eczematoid illness, the risk of skin
frritation in vulnerable indivduals is unknown.




Omissions
The following is a tabular representation of the studies not done by the

sponsor in

Study

Kinetics in Hepatic/Renal
Disease

Pharmacodynamics of Respiratory
Depression in Normal Subjects

Cardiovascular Effects
Head Injury

Known Pulmonary Disease
Biliary Surgery

Use in Combination wiith other
CNS Drugs or ethanol.

Use in Combination with non-
narcotic analgesics (NSAIDS)

Use in Ambulatory Patients
Use in Labor and Delivery

Use in Nursing Mothers

Use in the Aged

Abuse Liability Testing In Man

e development of this dosage form:

Extent of
Current
Knowledge

‘Moderaie

Moderate

High
Low
Low
Low

Low
Low

None
Moderate
Low
Moderate

None

Studies Need for
In NDA Additional ¥
Information
None High
None Moderate
None None
None None
None High
None Moderate
Limited High
None High
Limited Higb
None Low
None Low
Limited Moderate
None Depends on
Scheduling

The opinion of the sponsor is that since the diug will be intended for
use in chronic cancer pain and acute postoperative analgesia in the in-

hospital se

. a full evaluation for the drug in outpatient settings

tting
and broad clinical use need not be performed. It is the opinion of the
reviewer that once the clinicians learn that the TTS fentanyl system can

provide continuous opioid analgesia through the night, that the system
will be used in a much broader clinical population intended. This
spread beyond the use which has been evaluated in clinical trials is
common to many drugs and represents an unknown hazard for all of
them. It is not unsafe, by itself, but the extent of such use should be
estimated, the risks identified, aud their management outlined.




Based on the probable widespread use of this convenient dosage form
the following phase IV studies should be considered:

1. Either find in the literature or perform an experimental study of the
volume of distribution and clearance of fentanyl in patients with hepatic
disorders resulting in impaired drug metabolism.

2. Performing an experimental study of the pharmacodynamic effects of
TTS or IV fentanyl on oxygen saturation, respiratory rate, paCO2 (or end
expiratory CO2}, and CO2 sensitivity in normal volunteers in the
presence and absence of a typical postoperative CNS sedative and/or
alcohol. It would be prudent to include some measure of the magnitude
of time course (hysteresis effects) in such a study.

3. Performing an experimental study of the pharmacodynamic effects of
TTS or IV fentanyl on oxygen saturation, respiratory rate, pCO2, and
CO2 sensitivity in patients with compensated COPD such as might
receive the patch for same day surgery.

4. Perform abuse liability testing in experienced dru%ausers if any
schedule other than CII is desired (CIII may be possible).

Safety Conclusions

Postoperative use

The TTS fentanyl system had been shown to have typical opioid safety
characteristics in clinical trials in postoperative pain. The most
significant side effect observed in the trials was the capacity of the
system to produce hypoventilation, hypercarbia, and hypoxia at times
when the patient was asleep. This effect was clearly related to blood
fentanyl level and did not occur at blood levels below approximately 2.0
né/ ml. In consequence, the 50 pg/h dose produced no such episodes, the
75 pg/h resulted in 6 episodes in 177 applications (3%}, and the 100
caused 7 in 105 applications (6%). Respiratory depression was more
common in patients who had had pulmonary surgery, received full doses
of concurrent CNS medication, ihad received large amounts of rescue

esic, who were under 63 kilos in weight, and who were ASA Class
II & higher. It may reasonably be expected that the frequency of this
adverse effect will increase should TTS use spread into more debilitated
populations on the medical services and into less well supervised
postoperative settings.

Until more is known about the pharmacodynamics of respiratcry
depression caused by low dose fentanyl it would be prudent to allow the
50 ug/h dose into general use, restrict the 75ug/h dose to clinical
settings which would allow immediate recognition of hypoventilation,
and restrict the postoperative use of the 100 pg/h dose to patents in
closely monitored settings who have known opioid tolerance, high
estimated clearance, or procedures known to cause several days of

intense pain.

Unanswered is the question as to how clinfcians should modify the
doses of other concurrent analgesic or CNS active medication in patents




wearing the patch (1/2 dose?, 1/3 dose ?, 1/4 dose ?). In the absence of

estion would be

experimental human or animal studies a tentative su
is area.

half the usual dose, but additional data is needed in

Cancer Pain

The clinicaf studies of TTS fentanyl in cancer patients supported its
safety when used in doses of 100ug/h = 360 mg oral morphine /day.
Clinicians should be advised of the desirability of starting at a low
patch dose and "fading-out" the use of rescue medication as the patch
dose in increased. Labeling should advise prescribers of the time course

1 opioid side effects seen with the system, which may be a frequent as
50% in the first month of treatment declining to 15-20% after 30-60
days. Close followup and individualized odsage adjustment during the
first few weeks of treatment with TTS fentanyl in these opioid tolerant
populations should allow for the clinical introduction of the TTS system
without undue risk. Clinicians should be advised of the probable
potentiations of respiratory depression due to common sedative drugs
(hydroxizine, diphenhydramine, benzodiazpines) in individuals wearing
the system and of the risk of precipitating withdrawal if naloxone must
be given to individuals tolerant to high dose TTS systems.




Frequency of Adverse Effects by Duration
of TTS Use (Mean Smoothed Frequency)

120: Ewo

100 —_—— N 3 22
80 ] o SMOOTH ADE o

1 ) - 50
60 ] " beo
] - 40
30
20 - 20
1 - 10

Number at Risk

40 ] s
< F

Smoothed Frequency

0l

LSS SRR SUNAN LA S A SRS A R { 0
30 60 90 120 150 180 270 270+
Duration of Therapy

Cumulative Frequency of Adverse Effects
Plotted by Duration of TTS Therapy

120 - - 100

N - 90

100 e
] CUM ADE RATE [ ®°

4 +
80 J _-70
' 60

T
n
o

60 .

Number at Risk
LA T

[

[e] o

T
N
o

ng

Cumulated ADE Frequency

T
-
[=]

Y
o

30 60 90 120 150 180 270 270+
Duration




. Sample Size and Frequency of
Adverse Experiences by Dosage
—— N
120 - o Percent ADR -100

1 . L 90
100 - 50

§0 F70
60
86 50

1 [ 40
40+ 30

Percent ADR

9

Number in Dosage Class

20 ] 20
.-10

0

50 100 150 250 500
Dose in ug/hr Fentanyl

Cumulated Frequency Of Adverse
Events According to TTS Size

—a-——Number At Risk
1204 ___ @ Cumulated ADE %

100
80

T

[e-]

o
Events

T
oa
o

60
40 ]
20

0

Number at Risk

T
n
o

T
Cumulated Adverse

50 100 150 250 500
Dosage Class Interva’




-

LTINS IR |

TR

.

TABLE 2
. PATIENT DEMOGRAPRICS

NUMBER (X) OF PATIENTS

{n=153)
Age (vears): .
<3 9 (5.9%)
37-47 19 (12.4%)
48-59 &7 (30.7X)
2 80 78 (51.0%)
Sex:
Male 7 (50.3%)
female 76 (49.7X)
Race/Ethnic Group:
Caucasian 135 (88.2%)
Slack 17 (11.1%)
Asian 1 ¢0.7%)
Weight (kg):
<63 65  (42.5%)
64-83 50 (32.7X)
28 23 (15.0%)
ND* 15 (9.8%)
Height (em):
< 183 35 (22.9%)
164-179 71 (66.4%)°
> 180 29 (19.0%)
RO* 18 (11.8%)
iagnosig: .

Gastrointestinal Kcli,noncioi 39 (25.5%)
Sreast Cancer 2% (19.0%)
tung Carcer 23 (15.0%)
Other Solid Tumors 21 (13.7X%)
Head and Neck Concers 17 €11.1X)
Prostatic Cancer 11 (7.2%)
Hematologic Cancers 9 (5.9

& 2.6X)

Sarcomss or AlDS
* ND = No Data Reported




TABLE 3
Patient Exposure by Initial TTS (fentanyl) Dose*
TTS (fentanyl) Dose Number of Patients

(mcg/hr) (n=153)
§§ 28 (18.3%)
& 75 50 (32.7%)
100 32 (20.9%)
125 18 (11.8%)
150 7 ( 4.6%)
175 9 (5.9%)
200 1 (0.7%)
225 5 (3.3%)
275 1 (0.7%)
300 1 (0.7%)
1 (0.7%)

* NOTE: W¥hen the requi
1 quired TTS (fentanyl) d
exceeded !00 meg/hr, multip]eyszstgég
were applied to achieve the appropriat
dalivery rate. priate

TABLE 4

puration of TTS !fen;anxl) Therapy*
g0 91-120 over 120

- 4-15 16-30 31-60 61-

éais Days Days Days Days Days ?ays
- -

5 43

No. of Pts. 153 136 94 85 65 52

(n=153)
55.6 42.5 34.0 28.1
R

100 88.9 61.4

y under compassionate use amendment.

percent (%)
* [ncludes days on therap

e —— T

TABLE 7
period

patient Withdrawals by Treatment
20 Over 120

1.3 4-15 16-30 31-60 61-90 91-1
Days Days Days

Days Rays Days Days .

No. of Pts. 7 22 9 20 13 S 35
Terminating
Therapy

(n=115)
-

nm e




TABLE 16

ADVERSE EXPERIENCES WITN FREQUENCIES
>\ IN DESCENDING ORDER

Cancer Patienty

ADVERSE EXPERIENCE : NUMBER (X) OF PATIENTS
{n = 153)

ane
(2x)*
(17X)
(14X)*
313 3%
€15X)
(130
(1250
8%)*
(TX)*
(Tx)
(6%)
(SX%)*
(5%)°
({5 %)
(4X)*
&X)
(&%)
(3X)*
(3%)
(3X)
(3%)
[¢29]
¢3%)
(3%
3%)
2X)
(2X)
(%)
(2X)
(X
(2X)
(2X)
(1%)
1x)
Qax)
(41 3]
€1%)
11X}
«“x)
(12)
(1X)
(%)
(1%)
(1%)
(1X)

(1

Xauses
Vomiting
Somnolence
Sweating
Constipation
Confusion

Dry Mouth
Asthenia
Anorexia
Oizziness

tung Disease
Nervousness
Diarrhea
Oyspepsis
Oyspnes

Pruritis
Nypoventilation
Application Site Reaction
Urinary Retention
Apnes
Hallucinations
Anxiety

Gas Pain
Keadsche
Depression
Euphocis

Thinking Abnormal
Hemoptysis
Arpythmia
Coordiration Abnormal
Speech Disorder
Tremor
Pharyngitis
Flatulence
Tachycardia
Oreams Abnormst
Chest Pain

Ragh

Kiccoughs
Nypotension
Nurbness

Gait Abnormat
Agitation
Parasthesia
Amnesia
Hiccoughs
Paranvid Reaction

lUNNNNNNNNNNNNNMWUMHMMbl\l‘tﬂ\h\ﬂ\ﬂ\hhb&@s‘“
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T £ fuc

Abdominal
Orthopedic
Lumber
uretegic
Thorscic
vaginat

Heod and N3

Hasteciomy

ADVERSE EXPERTENCES WITH FREQUENCIES > IX IN
OESTENDING OADER DURING 0-26 WR PERICD®

Yo. of Pavients Jreatea:

Time 8% which Adverse
Experience Occured:

& -
“No. (X) of Patients with

Adverte Eaperiences:

A rse rrence:

Ksuses

vomiting
Urinary Reteation
Pruritus
Sweating
Hypoventilation
Neadache
Nypotengion
Dizziness
Confusion
Constipation
Ory Mouth

Nyper tansion
Nervousness

Rash

DEMOGRAPKICS AND TTPE OF SURGERY SUWRARY

1528t
xuroer cf

"ti(ﬂsj

E2)!
152
n
51
&0
10
?

1

Cancelied Surgeries 9

TABLE 9

ALL PATIENTS

Tresiment

H.iﬂ

TIS (fentanyl)

b1

0-26 hry*

1% {59.9%)

115 Placedo
23S

0+2& hrs*

107 (45.5%)

No. (%) Patients with Acverse Experience

TABLE 3
(page 2 of 2)

= 357

(32.2%)

(22.4%)

(10.4X)

(5.6%)
(5.0%)
(4.8%X)
(3.6X)
(3.1X)
(2.5%)
(1.6%)
€1.1%)
(1.1%}
(*.1%)
(1.1%)
{1.1%)

Numoer (%) of patients
lecuvmg 178 (fents

ayt)

1862 (£5.4%)
85 (23.83%)
& (12.3%)
% (1.3%)
28 (1.0%)

§ (2.2%)
2 (X}
¢ (<)
& (1x)

el (26.0%)

27 (11.5X)

22 (9.4%)
7 (3.0%)

1% (6.0%)
2 (<ixX)
5 (2.1X)
3 (1.3%)
8 (3.4X)
0
& (1.7X)
1 (<1X3
1 (<iX)
2 (<iX)
1 (<X}

87 TREATMENT ASSICNMENT

Nuroer (%) of Patients
Recarving 115 Placedo

N s 233

89 (37.9%)
67 €28.5%)
2T (11.5%3
28 €10.6%)
15 (6.4%)
2 (<X}
S (2.10)

c -
s (2.1X}

-

Y/

"-—\.-4
"-0‘,"--
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TABLE 1S
(Page 2 of ) )
ADVERSE EXPERIENCES DURING T1$ APPLIC
AT 4
(0-26 HRS) 8Y TTS (FENTANYL) DOSE nq’D‘ i i !
ALL PATIENTS () i ;‘{‘}!{
( v 4 15‘ ¢
118 (f 1 nr .
115-2% 115-50 118-75 118-100
Respirptory -
s : *
:mtilanm g 0 8 (5% 9 (X2
ool 4 0 1 (<1X) 0
Hemoptysis 0 g : P :
Hiccups bt
+  Infection g ° g o 0 g
n el
:t::m:‘ls. [} 1T (1% g D
reathing 0 0 1 (%) é e
kin A ages
Pruritus .
Aot g 6 (8%) 12 (™ 2. 2%
Swes 0 1 (% 17 (10%) 0
i Q 3 @x 1 (<1X)
Special Senges
Asbl yopi
yogis Q 1 0an 2 X% 0
rogenital
Urinary Retention
e O - T
oli i ’
guris ° 1O% ° : (ax .

WMSER (X) OF 115 C(FENTANYL) PATIENT-OAYS WITH 10PICAL EFFECTS
FOLLOVING Y73 REMOVAL COMPARED 10 PLACEBO
POUBLE-SLIND STUDIES
Nours Sacely
After Treatment perceptible Definite Beet Red Papules/
femoval Growp Erythems _(rylm Erythems fdens Paputes® pustules® Puuults", ftching***
1 Fertawl 42 (14X) 21 (X) 2 (<1%) 6 (%) 8 %) 1 (<1X) 6 (8%) 20 (8X)**°
(n = 256) .
Placebe 28 (11X) %W (% [} 8 (3X) 2 (W) 1 (<1X) 1 %) 2 (<1X)
(n = 256)
s fentanyl 33 (13%) 9 (%) 0 [] e X T 2 X s () 13 (5%)
(n = 252)
Placedo 22 (M) 10 (4X) ] [] 3 M 1 (<1X) 5 X 2 (<1X)
(n = 252)
28 Fentanyt 10 {4X) 3 (X [ ] [} 6 UX) 1 (<) 3 0 7T (3%
{n = 248)
Piacebo § X)) 2 {«1X) [} [] 2 % 1 (<X} 2 %) 2 (%)
(n = 236)

wr 32 fentaml - ns183  Hour §: Fentanyl - nel?9  Nour 2b: fentanyt - 10
Placedo - n=183 Placebo - N9 piscebc - re13
«s yry 10 3 Gersman stadies combined observations of poputes and pustules (N=73 for both fentanyl and placebo groupel.

LLLIS Fa 1 st poderate itching .
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( ALL PATIENTS IDENTIFIED WITH
RESPIRATORY DEPRESSION OR OVERSEDATION

Figure 3
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Serum Fentanyl Level (ng/ml)

CONTRIBUTING FACTOR GROUPS:

4 Contnbuting effect of an underlying medical condition

3 Contributing eifect of residual anesthésia or a concomitant non-narcotic
2 Contributing effect cf a concomitant narcotic

1 No obvious contnbuting factor (pnmary effect of TTS fentanyl)

n  Number of cases occunng within the specified interval
N Number of patierts st risk (see text)

% n/N (as percent)

s Denotes a serum fentanyl level that was obtained within 1"hour
of an episode ol respiratory depression

e Denotes the most proximate serum fentanyl levels before and
) after an episode¢ of respiratory depression, when naither was
) obtained within; 1 hour of the spisode

O [enctes a placebdo patient with an #pisode of respiratory
depression (no serum fentanyl level)
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4 Contnibuting effect of an underlying medical condition , ‘
3 Contrbuting effect of residual anssthes:a or a concomitant non-narcotic |
2 Contributing effect of a concomitant narcotic ‘
1 No obvious contnbuting factor {prmary eifect of TTS lentanyt)
n  Number of cases occuring within the specified interval ‘
|
N Number of patients at risk (sae text) .
% n/N (as percent) 4
s Denotes & serum fentanyl ievel that was obtained within 1"hour v ‘
of an episode of raspizatory depression
=3 Denotes the most proximate serum fentanyi levels before and

after an spisode of respiratory depression, when neither was
obtained within 1 hour of the episocs

Denctas a placebo patient with an spisode of respiratory
depression (no serum fentanyi level)
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TABLE 23
DEMOGRAPKICS AND TYPE OF SURGERY SUMMARY FOR TTS (FENTANYL)
PATIENTS WiTR RESPIZATORY DEPRESSION OURING WARD TO REMOVAL PERICO
Nuwber of TTS
(fentanyl) Patients with Percent (X) of
Respiratory Oepression Patients st Risk
(ne18) (n=357) ,
Age (veers): .
- :3‘ 7 8.2%
37-47 3 3.6x
48-59 3 3.2%
260 ] 5.7x
sox:
Male é 3.6%
Female 12 6.6%
Veight (kg): |
<43 10 10.3%
6483 [ 3.3%
( 28 2 2.6x
ASA ification®:
1 s 5.9% i
11 s 4.3%
1 3 6.4%
v h $0.0%
Iype of Surgery:
! Abdominat 9 S.6%
Orthopedic 3 3.5%
Lumber 1 2.3%
Theracic S 20.0%
Hesd and Neck [
Kastectomy 1]
Vaginal 0
113 (Fentermi) Doss
100 meg/hr - 40 cat ’ o
73 scg/te - 30 oo ’ S. 1%
50 scg/hr - 20 ca® 0
25 acg/hr - 10 o [ .
L]
: ® Mo Dats

e
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) _ TABLE 24 >
m NUMBER (X) OF PATIENTS WITH RESPIRATORY DEPRESSION OM 1TS (FEMTANYL)
! THERAPY BY MEIGHT, PATIENT LOCATION AND DOSE . .
b _ :
. Weight Group: < 83 Xg 64-74 kg 75-83 X9 > 84 Kg fotal
] S —
h 115 (fentenvi) '
_' '
' haber at Risk: 97 » 83 n 357 t
i
f Mard to Ward to vard to ward to Hais to
QR/PAR®  Removal®* OR(PAR  AResoval OR/PAR  Rewoval OR/PAR  Remoual OR/PAR  Removsl
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T \ 1S (fentanyl) - 100 2% 3 O0 [ 2 (%) ° 1 (1%) ° 1 Q%) 2 ¢axy 7 (X
I
_ - 113 4 (4% 10X 0 1A% 1 O%) v (x) o L Ox S X .
- ' 118 (fentanyl) - 50 ] 9 ] 9 9 9 g 9 ) 0 o n |
y .\U
_ Total 3N T (X 1O 20R% 1% 2(2%) 1ax 1 an 6 (%) 12 (3% |
f m =
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General Comments Regarding the Abuse Liability of TTS Fentanyl

The submission by this sponsor of an NDA for a new dosage form for
fentanyl posed a new regulatory problem. It was the first of many "non-
injection” parenteral delivery systems for older drugs, where
modification of the pharmacokinetics of the delivery of an agent reveals
a new dimension of the pharmacodynamic spectrum of the drug. Recent
experience with the enhancement of the addictive potential of intranasal
cocaine by its conversion to smoked cocaine or "crack”, stands as a
warning of the possibility of significantly altering the abuse pattern of a
known drug of abuse by a change in the dosage form. As our ability to
predict the abuse liability of drugs improves the relationship of the
pharmacokinetics of the delivery system to the pharmacodynamics oi
abuse has become an important dimension in the evaluation of both licit

and illicit narcotic drugs.

Fentanyl is not currently a drug of abuse for the general pepulation,
although the persistence of clandestine synthesis and illicit distribution
shows that it is a desirable drug of abuse. The current low prevalence of
abuse is probably due to the relative scarcity of access to the drug.

Among health care providers with high access to the drug
(anesthesiologists, operating room personnel, intensive care unit staff) it

remains a significant drug of abuse and is second only to meperidine in
total number of addicted health care professionals.

The TTS fentanyl system will be available from pharmacies, clinics, and
patient’s homes as well as the relatively controlled operating and
recovery room environment. In order to evaluate the abuse lability of
this new dosage form it will be necessary to answer the following

questions:

1. What is the abuse and dependence potential of the TTS system to the
Intended users when used as directed?

2. What is the risk of abuse and dependence of the TTS system to health
care providers handling the system?

3. What is the abuse and diversion potential of the intact TTS system?

4. What is the magnitude of the risk posed by the fentanyl in used or
removed patches and what measures should be taken to control such

risks?
In an attempt to answer these questions a meeting was held on the 21st
'of February 1990 between representatives of the sponsor, FDA, NIDA,

and DEA. The following is a review of that meeting and material
provided by DEA, NIDA, and the sponsor addressing these questions.

Risk of abuse of TTS When Used as Directed

There was universal agreement among the parties to the meeting that
the TTS system had pharmacokinetic properties which gave it less abuse
potsntal than IV or IM fentanyl when used as directed. The TTS system




provides a slow onset of narcotic effect (6-8 hours), sub-euphoric peak
levels {0.75-2.5 ng/ml), and a long duration cf action (>72 hours). This
profile is similar to phenobarbital which is not subject to frequent abuse.
When the TTS system is contrasted with the alternative drugs used in
both post-operative pain and in cancer pain (morphine, hydromorphone,
codeine, meperidine, pentazocine), the TTS system has a profile which
predicts a lower rate of de-novo abuse than similar mu agonist narcotics
with a more rapid onset and a higher peak-to-trough difference in the
magnitude of opioid effects.

In consequence, there was consensus that the TTS system, when used as
directed, poses no greater risk of abuse and addiction in the opioid-
naive user and nas less theoretical risk of abuse than current therapy.

Risk of Abuse and Diversion by Heslth Care Providers

Fentanyl is an attractive drug of abuse for health care providers with
established opioid drug dependence. Its abuse among the public is
cuwrrently limited by poor availability and is Frea*test in settings where
covert medical diversion by the impaired professional is easiest
(anesthesiologists, OR nurses, ICU staff). Fentanyl addiction is rare
outside of medical personnel with direct access to the drug in daily
practice owmg to the fact that use of the drug outside of the usual
settings would be extremely conspicuous and easily detected. A major
concern about TTS fentanyl would be if the system itself, or the contents
of the system could be used to provide a medical professional with an
abused dose of the drug.

Risk of Abuse by TTS Application- The sponsor made inquiries to
rehabilitation programs handling impaired professionals and determined
that the minimum abused dose of fentanyl was about 250 micrograms IM
or IV used 10-15 times a day. Fentanyl IV has been fit with tri-
exponential kinetic models with the duration of action controlled by
redistribution into a large Vss of 280 liters for a 70 kg adult. Given an
apparent central volume of 5-10 liters the probabie euphoric blood level
for IV abuse in the experienced and tolerant user is at least 25 and may
be as great as 50 ng/m! which require application of as many as 10-20
intact TTS systems to acheive this blood level. Given the controlled rate
of delivery of the system, abuse for euphoria of the intact system is not
Hkely, but it may be used by iipaired professionals who might use it to
control opiate withdrawal symptoms. Such usage poses no incressed risk
over diversion of other opiates available to such individuals.

. t L - The TTS system consists
of a gel-filled reservoir, a membrane, and a sticky adhesive-covered
surface. It was the opinion of the meeting that abuse by health care
providers would take the form of attempting to abuse the fentanyl gel in
the reservoir, rather than abusing the intact unit. This was verified by
interviews conducted by the sponsor with ten health professionals
undergoing treatment for oploid drug dependence, half of whom reported
they would attempt to recover the contents of a fentanyl system. To
investigate this possibility the sponsor and the DEA were set about
parallel investigations regarding the ease of recovery of abusable
fentanyl from the TTS.




ALZA DATA- The spcusor tried a variety of methods of remo the
fentanyl from new systems with a nominal initial drug content of 10 mg
(TTS 10Cj with the following results:

Technique Amount % of Daily
Recovered Addict Dose
Direct withdrawal by 24 ga. needle from None 0
adhesive side of patch (undetectable) {Too Viscous)

Withdrawal from upper surface via 19-ga
needle (Easily detected by inspection)

Single extraction 0.14mg 3%

Multiple extractons 2.20mg 58%
Cut corner-squeeze out gel 2.40 mg 64%
Inject water-withdraw with syringe 2.80 mg 74%
Inject water-cut and squeeze 3.90 mg 100%

Given a mean daily usage of 2.5-4.0 mg/day as 10-15 separate
injections the most that could be easily removed from a TTS system
without chemical extraction would be a single day's worth of fentanyl
for a single addict, and systems which had been subject to such
tampering would be easily detected in the hospital environment.

Diversion of Used Systems- A second concern involved the possible
diversion of used patches for their fentanyl content by hospital
personnel. This was addressed by the sponsor and DEA, with the
sponsor providing the following data on the 75 ug/h {7.5 mg } TTS

system.

Drug Distributisn Fentanyl (mg)
Total in TTS system at start 7.5mg
Remaininé after 72 hours 3.0mg
Held in adhesive 1.9 mg
Held in membrane 0.5mg

Free in reservoir 0.6 mg




It was the conclusion of the sponsor that no fentanyl remained free in
the system for direct withdrawal after use, and that methanol extraction
would be required te remove it from the adhesive layer. While such "re-
manufacture is possible and may be attractive if a criminal group has
access to a large number of systems, easy abuse by an individual addict

is unlikely.

S - Co

The data presented provides significant assurance that the new dosage
form of fentanyl does not provide widened, easy access to the drutgiin an
abusable form. There does not appear to be any increased risk to this
vulnerable population, owing chiefly to the fact that less than 25% of
the fentanyl may be recovere: withput using extractio.: techniques, and
only half of the interviewed addicts would consider ever attempting to
inject fentanyl removed from the systems.

Diversion- NIDA Perspective

Dr. Jim Cooper of NIDA reviewed the data on the TTS system and
provided an opinion that the recoverable fentanyl posed nc more of a2
threat of diversion than the usual post-operative analgesics in the
hospital environmert, and that TTS systems were less prone to diversion
than the currently used oral morphines and hydromorphone cancer

analgesics.

Safety and Handling of TTS systems

There was considerable discussion of the possible abuse of the TTS
system as well as a possible safety hazard if the reservoir was breached
and the contents were spread over a wide skin area. Investigation
showed that the skin permeability in the absence of the ethanolic
enhancer (0.75 ug/sq.cm/h) was about 1/2 of the flux observed under’
the system (1.4 pg/sqcm/h). It was also learned that the amount of
fentanyl required to establish a concentration gradient across the
stratum corneum was about 5 ug/cm2, and that a 1.0 ml volume of
thickened gel could be spread across 200-400 cmZ. These values for the
araount required to establish the gradient, the area, and the amount in
the gel, can predict the probable result of intentionz misuse of the
product. Of the 2.4 mg in the gel, 1.5 would be used up in
establishing the gradient and the probable peak flux would be 200-300
ug/h for 3 hours or so giving a peak blood level of below the euphoric or
analgesic range.

Of greater probable importance is the possibility of diversion of the new
or used systems and criminal "de-manufacture” to obtain the fentanyl
for resale. Mr. Howard McClain Jr. of DEA requested new and used TTS
systems to determine the ease of recovery by re-manufacture of fentanyl
from new or used systems and assessment of thie risk posed by the used
patches. The results of their analysis may not be available by NDA day.
but will allow them to prepare for possible criminal activity in this area.
The current DEA quoted median wholesale price of a kilo of heroin is
$60.000 establishing a wholesale floor price of $0.06/mg for heroin and a
wholesale price of $6.00 per 100 mg/day habit. If there is 9 mg of




recoverable fentanyl per new 100 ug/h system (90% extraction) and the
typical fentanyl habit is 3 mg/day (Galleges data) then if the cost of

obtaining the TTS system exceeds $18.00 heroin is more profitable.As the J
estimated wholesale price of the system exceeds $20/unit, wholesale
diversion will result in a net loss to the criminal and is unlikely.
Individual extracton and use remains possible, but its frequency will
depend on the complexity of the technique required to separate the
abusable fentanyl from the irritant carboxymethylcellulose in the
reservoir.

Manufacture of the TTS systems will require substantial increases in the
quota for fentanyl owing to the increased use. The current wholesale
price of fentanyl is $6000/kilo, and a kilo of fentanyl corresposnds to
about 20-30 kilos of heroin. Increased manufacture of the bulk drug will
make diversion more likely since diversion of a kilo of fentanyl
represents a potential profit at the wholesale level of approximately 2
million dollars. This was discussed with the representative of DEA who
said that such a risk was acceptable to the law enforcement community
if there was good evidence that the new product would serve a
legitimate medical need.

Disposal of Used Systems- Considerable time went into discussions of
how best to dispose of the used TTS which might contain significant
amounts of fentanyl. Discussions and proposals ranged from return to
the manufacturer, return to the hospital pharmacy, and on-site
destruction. Ultmately it was decided that the best method was to fold
the system in half, sticky sides together, and flush it down the toilet.
The sponsor was then asked for an environmental analysis and obtained

the following data.

According to the Association of Metropolitan Sewage agencles. the
Water Pollution Control Federation and the National Water Resources
Federation, the folded system (a 4 x 10 sq cm polyester plastic square)
would be treated as a skimmable non-biodegradeable similar to a
condom. Current wastewater system condom loading is 156 million
flushed per year, such that if the current projection of 4 million TTS
systems flushed per year the addition to the skimmables would be less
than 2%, which was deemed acceptable by those surveyed. None of those
surveyed felt that there was a real risk of anyonce attempling to recover
the TTS from among the skimmed material at the sewage treatment plant.
There was agreement that flushing should not be a routine
recommended measure of disposal for all transdermal systems, but that
to do so with producis subject to abuse would pose no problem.

‘Abuse and Diversion- Conclusion

Although the attendance at the meeting was evidence that there was

%%uﬁcant concern regarding the possibility of abuse associated with
fentanyl, the data presented by the sponsor sug%ests that the risk
to addicts, health care professionals, and the general public from the

new dosage form is minimal. There is no bar to the approval of TTS
fentanyl on the basis of excessive risk of abuse or diversion.




As fentanyl is currently a schedule II controlled substance no new

action need be taken to schedule the TTS system, although it might be

ar%:xed by the sponsor that the system should have a less-restrictive -
dule I classification. Consideration might be given to such an

action for the TTS dosage form of fentanyl as part of an ongoing policy

to enhiance the attractiveness of less abusable alte“'natives to parenteral

morphine in medical practice.

Curtls Wright MD
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ENVIRONMENTAL ASSESSMENT

TYPE 1 — PROPOSED URUG APPROVAL

PRODUCT: TTS (Fentanyl)

1. Data: 22 October 1987

2. Name of Applicant: ALZA Corporation

3. Address: ALZA Corporation
950 Page Mill Road
Palo Alto, CA 94304

4. Description of Proposed Action

The proposed action is approval of the New Drug Application (NDA) for TTS
(fentanyl). The NDA is needed in order to make available to the public
this medication for the treatment of moderate to severe pain. The product
will be used by consumers throughout the United States. Unused porticns of
the dosage form will be discarded by consumers.

The product will be manufactured, packaged and labeled by ALZA Corporation
at thelr Palo Alto, CA facility. This plant is located in the Stanford
Industrial Park, a short distance south of Stanford University. The area
is zoned Industrial and is primarily occupied by research oriented, light
industrial firms. A residential neighborhood is located a bleck away and
major building and site fwprovements have to receive approval from am
Architectural Review Committee.

Components of the dosage form may also be manufactured, under contract to 5
ALZA, by the following:

5. Identification of Drug Substance

Drug substance is fentanyl base.

Nomenclatuze: N — Phenyl —= N - [1 - (2 ~ phenylethyl) - 4 - piperidinyl}
propanamide

F ALZA CORPORATICN, 850 PAGE MILL ROAD, F.O. BOX 10950, PALO ALTO, CA 943030802  ($15)494-5000  TELEX 345526 1 .3 / 319
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TYPE 1 — PROPOSED DRUG APPROVAL

PRODUCT: TTS (Fentanyl)

1. Date: 22 October 1987

2. Name of Applicant: ALZA Corporation

3. Address: ALZA Corporation
950 Page Mill Road
Palo Alto, CA 94304

4, Description of Proposed Action

The proposed action is approval of the New Drug Application {NDA) for TTS
{fentanyl). The NDA 1is needed in order to make available to the public
this medication for the treatment of moderate to severe pain. The product
will be used by consumers throughout the United States. Unused portions of
the dosage form will be discarded by consumers.

The product wili be manufactured, packaged and labeled by ALZA Corporation
at their Palo Alto, CA facility. This plant 1s located iun the Stanford
Industrial Park, a short distance south of Stanford University. The area
is zoned Industrial and is primarily occupied by research oriented, light
industrial firms. A residential neighborhood is lccated « block away and
major building and site improvements have to receive approval from am
Architectural Review Committee.

Components of the dosage form may also be manufactured, under countract to
ALZA, by the following:

5. Identification of Drug Substance

Urug substance is fentanyl base.

Nomenclature: N — Phenyl — N - [1 - (2 - phenylethyl) — 4 ~ piperidinyl]
propanamide

b. ALZA CORPORATION, 950 PAGE MILL ROAD, PO. BCX 10950, PALO ALTO, CA 943030802 (415)494-5000  TELEX 345526 1 . 3/ 319
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CAS Registration Number: 437-38-7

Molecular Weight: 336.46

7

Physical Description: White to off-white
crystalline solid

Ezipirical Formula: C22K28N20

Structural Formulsz:

CH._,CH.,COlt N—CH,CH— Clg

6. Introduction of Substances into the Environment

The following substances may be emitted:
) formulation components
- defective or damaged dosage systemss
vaste paper
wvaste foil
trace amounts of solvent -~

The applicable Federal, State and Local emission regulations for the

Palo Alto Plant are:
" Federal Clean Afr Act
Federal Resource Conservation and Recovery Act (RCRA)

State of California Hazardcus Waste Control Law

Bay Area Air Quality Management District Regulations
San Francisco Regional Water Quality Control Board
City of Palo Alto Sewer Use Ordinance

The plant is in compliance with the applicable emission requirements.

Approval of the NDA will have no adverse effect upon compliance with
emfssfons regulations at the Palo Alto Plant.
\

For manufacturing sitas other than ALZA, see attached list of substances
that may be enmitted, along with a citation of applicable Federal, State,

and Local requirements for each site.

P‘ ALZA CORPORATION, PALO ALTO, CA 942030802 1 . 3 / 3 2 g
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7. Fate of Substances Emitted into the Environment

Non-hazardous items (spent air filters, solids from formulation components,
used cleaning implements, waste paper from packaging and labeling) will be
drummed for dispcsal in approved land fills or by fncineratlon, as
necessary. Sincz the active ingredient is a controlled substance, waste
drug and/or dojage systems will be delivered tc a regional office of the
Drug Eaforcement Agency far disposal.

Trace amounts of formulation components not trapped by filters and trace
amounts of solvent vapor not trapped by pollution abiatement equipment will
be 1iberated to the atmosphere.

As a result of equipment cleaning, trace amounts of formulation components,
after dilution, filtering, and neutralizing, will be fed to the sanitary

=:. v gystem,

8. Environmental Effects of Released Substances

Trace amounts of solvent will be emftted into the atr, in accordance with
applicable environmental regulaticns. The solvent will be at negligible
concentration in the air stream. Landfilling of the non-hazardous
components such as paper will not release signiffcant quantities of harmful
compounde into the ground.

9. Use of Resources and Energy

There will be minimum depletion of natural resources used to manufacture
componzats of this system. Energy will be used in the operation of the
equipment.

There will be no effect on any endangered species.

There will be no effect on any propercy listed in the National Register of
Historic Places.

10. Mitigation Measures

The handling measures outlined herein have been implemented as a measure to
mitigate the effect of this production process on the environment. No
further measure is required. The entire production operation will be
carried out under the supervision of qualified personnel, with training
provided for normal and emergency operations. .

- il. Alternative to Proposed Action

The alternative to approval of the NDA is to prevent this medication froa
being available to the public.

12. List of Preparers

Douglas S. Burhyte, Manager, Process Engineering, ALZA

F ALZA CORPORATICN, PALO ALTO, CA 843030502 1 3/ 3 2_?
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7. Fate of Substances Emitted into the Envirotment

Non-hazardous items {spent air filters, solids from formulation components,

used cleaning implements, waste paper from packaging and labeling) will be {
drummed for disposal ir approved land fills or by incineration, as

necessary. Since the active :ngredient is a controlled substance, waste

drug and/or dosage systems will be delivered to a regional office of the

Drug Enforcement Agency for disposal.

Trace amounts of formulation :omponents unot trapped by filters and trace
amounts of solvent vapor not trapped by pollution abatement equipment will
be liberated tc the atmosphara.

As a result of equipment cl2s2ing, trace amounts of formulatlon compoanents,
after dilution, filtering, ard neutralizing, will be fed to the sanitary ]

sewer system.

- 8. Environmental Effects of Released Substances

Trace amounts of soivent will be emitted into the air, in accordance with
applicable environmental regulations. The solvent will be at negligible
concentration in the air stream. Landfilling of the non-hazardous

components such as paper will not release significaat quanci:ies of harmful

compounds into the ground.

9. Use of Resources and Energy

There will be minimum depletion of natural resources ussd to manufacture
comporents of this system. Energy will be used in the operation of the

equipment. ‘

R

There will be no effect on any endangered species.
|

There will be no effect on any property listed in the National Register of
Historic Places.
\

10. Mitigation Measures

The haandling measures outlined herein have been implemented as a measure to
mitigate the effect of this production process on the environment. No
further measure is required. The entire production operation will be

carried out under the supervision of qualified personnel, with training 1

provided for normal and emargency cperations. .

- 11. Alternative to Proposed Action

The alternative to approval of the NDA is to prevent this medicatlon from
being available to the public.

12. Listc of Preparers

Douglas S. Burhyte, Manager., Process Engineering, ALZA

ALZA CGEFORATION, PALG AL, G 943030502 1.3/321
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13. The undersigned official certifies that the information prasentéd is true,
accurate, and complete to the best knowledge of the firm or agency
respousible for preparation of the environmental assessment.

/1./‘3 / %7 'ﬁw && e ———

Date Signaturé-of Responsible Jfficial

V. e

1

Title
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