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‘qualification and has not been testéd for potential genetic toxicity. However,

EXECUTIVE SUMMARY
Recommendations
A. -Recommendation on approvability
From a nonclinical pharmacology toxicology perspective, NDA 21-947 may be approved.
B. Recommendation for nonclinical studies

One impurity in the drug substance,

, exceeds ICHQ3A threshold for

~—— does not contain a structural alert for mutagenicity, has similar pharmacodynamlc

and toxicologic effects as fentanyl, s -=ov
—_— , and has been present in the fentanyl drug substance used for the

Acth product controlled with a specification of NMT ~———As such, the specification of
NMT ™ does not raise significant safety concems; however, the Sponsor should
either reduce the specification to NMT or provide a minimal genetic toxicology
screen to confirm safety for the current specxﬁcatton This can be completed post-
approval.

C. Recommendations on labeling

Deletions are indicated by strikeouts
Additions are indicated by blue and underlired.
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Reviewer: L.S. Leshin, DVM, PhD : NDA 21-94’7/

II.  Summary of nonclinical findings
A. Brief overview of nonclinical findings

Cephalon submitted three safety pharmacology studies completed after the approval of the
Actiq® NDA and genetic toxicology studies for three drug substance impurities .
containing structural alerts for mutagenicity. All other nonclinical information necessary
to support the safety of the proposed drug product was provided via cross-reference to the
data in Cephalon’s NDA for Actigq. <

Neurological Effects: Subcutaneous administration of 0.003 mg/kg fentanyl citrate to the

rat produced no significant behavioral or physiological changes compared to the vehicle
control group. The 0.03 mg/kg dose produced signs of stereotypic behavior, cage licking,

30 minutes after administration, .but no other behavioral or physiological changes. The 0.3
mg/kg dose produced signs that were indicative of a generalized depression of the central
nervous system. Changes in neurological function were evident from altered posture, body
tone, grip strength, body carriage and gait, with the rats showing a flattened body position
and extended rigid limbs, with catalepsy, paralysis and some impairment of the righting
reflex. Altered sensorimotor responses included increased ease of handling and removal
from cage, decreased touch response, decreased fearfulness and decreased pain response. %
Altered autonomic functioning included exophthalmos, abnormal pupil response,

salivation, decreased pinna/corneal responses, slowed respiration rate and reduced body
temperature. Some stereotyped behavior emerged by 3 h postdose, compulsive licking,
probably coinciding with recovery from the initial depression of locomotor response. The
effects observed following administration of 0.3 mg/kg-fentanyl citrate were transient with 7
signs of recovery having occurred approximately 5 hours postdose and complete recovery
approximately 24 hours postdose. :

Cardiovascular Effects: Subcutaneous administration of 0.001 and 0.01 mg/kg fentanyl
citrate to conscious,-telemetered beagle dogs had no effect on arterial blood pressure, heart
rate or lead [I ECG parameters. Administration of 0.5 mg/kg fentanyl citrate reduced heart
rates between 15 and 45 minutes postdose, and increased diastolic, systolic and mean
blood pressure at 5, 15, 60, 180 and 360 min postdose, with the maximal.increase at S

min. The RR interval was briefly faster at 5 min, but slower at 30 and 45 min postdose.
There was no effect on PR or QRS intervals. There was an initial deciease in both
corrected QT intervals (QTcF and QTcQ) at 15 and 30 min, followed by a prolonged
increased corrected QT interval from 60 to 360 postdose. The mean maximal increase in
corrected QT interval was +34 ms for QTcF and +30 ms for QTcQ. The high doses of
fentanyl lead to altered conduction within the heart evidenced by an increased incidence of
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sinus pauses >2.5 s duration, and increase incidence of escape complexes associated with
the period of decrease heart rate and possibly increased escape focus excitability.

Respiratory Effects: A subcutaneous dose of 0.3 mg/kg fentanyl citrate to the rat
decreased respiration rate at 30 minutes and 5 hours postdose and decreased tidal volume
at 30 min postdose compared to the vehicle control group. These responses were similar to
that of morphine. Lower doses of 0.003 and 0.03 mg/kg fentanyl produced no respiratory
changes.

Genetic Toxicology: In vitro bacterial mutagenicity and in vitro clastogenicity studies
were conducted on three impurities or degradants from fentanyl citrate supplied by
The three compounds are listed below:

o /

All three impurities or degradants at concentrations of up to 5000 pg/plate were negative
for induction of mutations in Salmonella typhimurium and Escherichia coli with and
without metabolic activation. These impurities did not induce structural or numerical
chromosome aberrations in the in vitro cytogenetic assay of human peripheral blood
lymphocytes in the presence or absence of metabolic activation at concentrations that -
produced up to 50% cytotoxncnty

B. Pharmacologic activity .
Fentanyl citrate, the active ingredient in fentanyl effervescent buccal tablets, is a potent k3
opioid analgesic with pharmacological effects similar to morphine. This application seeks
approval of an effervescent fentanyl tablet that is designed to be retained in the oral cavity
during disintegration, with absorption of fentanyl across the oral mucosa. The Sponsor
claims that effervescence, combined with controlled disintegration, enhances absorption of
fentanyl across the oral mucosa compared the currently available formulations. There was

one in vitro nonclinical published report to support this concept, but no ir vivo studies. '

C. Nonclinical safety issues relevant to clinical use

The most prominent adverse effect of high doses of fentanyl, as with all opioids in
general, is respiratory depression, a known extension of the pharmacological action of
-opioids. As indicated in the table below, the maximal indicated human dose is less than 2-
- fold of a dose eliciting adverse respiratory, cardlovascular or neurologlcal effects in
- animal studies. Sooen

The following studies are suggested to fill knowledgeable gaps in the use of this product.
They are not essential for the proposed indication of the treatment of breakthrough pain in
cancer patients, since the product is critical for pain relief in this population. ———

T ——
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. max. dose)
Human minimum = 100 pg - 100 ug
: Maximum® = 1600 pg 1600 pg
Neurological ‘
CNS Depression ‘Rat 'NOAEL = 0.03 mg/kg 290 pg 0.18
Altered Sensorimotor
Responses AE =0.3 mg/kg 2900 pg i.8
Altered Autonomic '
Function
Cardiovascular
Delayed Occurrence (>60 Dog, beagle NOAEL = 0.01 mg/kg 330 pg 0.21
min) of QT Prolongation
[rregular thythms AE =0.05 mg/kg 1680 pg 1.05
Escape complexes . . :
Respiratory - .
Decreased Respiratory Rat NOAEL = 0.03 mg/kg . 290 pg 0.18
Rate
"Decreased Tidal Volume AE =03 mgkg 2900 jig 1.8
Genetic Toxicology ) ME - '
Cytotoxicity (in vitro) of Human 50% toxicity at Human
Impurities Lymphocytes | minimum concentration in vivo
=266 pg/mL respiratory 13,300"
depression:
. ~2-4 ng/mL
Reproduction .
Impaired Fertility . Rat 30 pg/kg IV 290 pg 0.18

: 160 pg/kg SC 1550 pg 0.97
AE = dose at which adverse event occurred ’ .

* two 800 pg tablets, 30 min apart

* based on 60 kg person . “

* (266 pg/mL)A(2 ng/mL)

APPEARS THIS WAY
0N ORIGINAL
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2.6 PHARMACOLOGY/TOXYCOLOGYREVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21-947
Review number: - 1 .
Sequence/date/type of submission: 000/Aug 31, 2005/Commercial, 505(b)(2)
‘Information to sponsor: Yes
Sponsor and/or agent: Cephalon, Inc., Frazer, PA 19355
Manufacturer for drug substance: —_—
Reviewer name: L. S. Leshin
Division name: Division of Anesthesia, Analgesia, and
o : * Rheumatalogy Products
HFD : , 170
Review completion date: June 22, 2006
< Drug
%& Trade name: Not determined as of completion of this review.
i Generic name: N Fentanyl effervescent buccal tablets,
- ' Fentanyl Citrate
{ Chemical name: Propanamide, N-phenyl-N-[(1-(2-phenylethyl)-4- -piperidinyl]-, 2-

hydroxy-1,2,3- propanetrlcarboxylate(l 1);

N-(1-Phenethyl-4-piperidyl) propionanilide citrate (1:1)

CAS registry number: 990-73-8
Molecular formula: CaHasN,0 - CgHO;
Molecular weight: 336.48 (free base)
: . 528.59 (+citrate salt)
Structure: _ :
CH;CH;CON‘@MCH,CH; ‘f”zcoo"
HO-C-COO0it
- ' (lIH_,C()OJl
9
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Relevant INDs/NDAs/DMFs

NDA 20-747 Actiq® (oral transmucosal fentanyl citrate; Anesta Corp., approved
11/13/1997; the Referenced Listed Drug for nonclinical information)

IND 65,447 OraVescent fentanyl citrate (CIMA Labs, Inc.; a wholly owned subsidiary
of Cephalon as of 8/12/04)

NDA 20-195 Fentanyl Troche Lozenge (Anesta Corp., approved 8/28/1991)

IND 27,428 Oral Transmucosal Fentanyl Citrate

NDA 16-619 Sublimaze Injection (fentanyl citrate; McNeil Laboratorles approved
9/06/1967)

IND 487 Fentanyl (McNeil Laboratories) '

NDA 16-049 Innovar Injection (fentanyl! citrate + droperidol; McNeil Laboratories;
approved 1/31/1968; withdrawn 10/13/1995 voluntarily by Janssen
Research Foundation) '

IND 421 Innovar (McNeil Laboratories)

NDA 19-101 Fentanyl Citrate Injectable (Elkins Sinn, 7/11/ 1984)

NDA 19-813 Duragesic® Transdermal Fentanyl Patch (ALZA Corp., approved
8/7/1990)

DMF e~  Fentanyl Citrate

Drug class Opioid Agonist, Narcotic

. Intended clinical population Cancer patients with breakthrough pain who are

already receiving and who are tolerant to opiate
therapy for their underlying persistent pain

Clinical formulation

Effervescent fentanyl tablets will be available at dosage strengths of 100, 200, 400, 600, and 800
ng (based on the weight of fentanyl free base) for oral administration with buccal transmucosal
absorption. The sponsor planned to market doses of OraVescent® that are pharmacokinetically
comparable to Actiq®. The components, quantitative composition, compendial status and
function of the ingredients for all dosage strengths are provided in the Sponsor’s Table 2, below. -

All of the above excipients are found in approved drug or food products within approved ranges.

The tablets are not swallowed, but rather placed in the buccal cavity (above a rear molar between
the upper cheek and gum). The tablet should not be sucked, chewed or swallowed, as this will
result in lower plasma concentrations. The' tablet should bc left between the cheek and gum until

from the OraVescent tablet remain, they may be swallowed w1th a glass of water
OraVescent is designed to increase the absorption of fentanyl across the mucus membranes by the

addition of effervescence and pH-adjusting — . Effervescence is
thought to promote absorption via several mechanisms: by opening up t1ght junctions, by

10
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increasing the hydrophobicity of the cell membranes and by thinning of the mucus layer
(Eichman and Robinson, 1998).

Table 2: ‘ Quaatitative Composition of Proposed Commercial Fentanyl Effervescent Buccal Tablets

160 pg 200 g aopg A g Wopg -
. - (M in. tablet)  (SA6im. tablet) (V16 im. tabler) (/16 im. cablet) (516 im. tablct)
Component Reference to Fuuction mg/tablet gftablct mgftablet mg/tablet mgftablot
quality steadard * o —_—
~— feotanyl USPPh Eur. Active . N
Citrshe Ingredient
Meanitdd ~ ~— USP/Ph Eur.
Citric Acid, USP/Pb.Far. /
P
Sodium Carbonate, NE/Ph.Eur.
Sodium Starch NF/Ph.Bor.
Glycolate
Magnesiurty Stearate, NF/Ph.Eur.
Noa- Bovine —
Ll .
Target Tablet Weight - N 100 mg 200 mg 200mg 200 mg 200 mg
2 Product manufitctured for US will be tested to USPANF ouly. e

b N/A ~Not Applicable

ad

Impurities:

The potential known and unknown impurities in fentanyl citrate were described in the =
~ _ DMF <7 Chemical structures provided by o— _ are shown in Figure 1,

below. Three impurities L —

‘e ) are monitored as specified impurities. All other impuritiés are monitored as
unspecified impurities and controlled to NMT ~¢—"

Limits on Specified Impurities

l Impurity | Limits ] Chemical Name

The Sponsor stated that they have not detected values above the current —
for — i any batches of fentanyl citrate manufactured to date. In

11
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this submission, they provide safety and genetic toxicology studies with Impurities =~~~

Reviewer Comment: During previous internal discussions, the three compounds studied in this
NDA submission for genetic toxicity were selected for study based-upon potential “structural

~ alerts” for mutagenicity and carcinoegenicity. The : — 5 were not

assayed for potential genetic toxicology since they lacked “structural alerts.” The
pharmacodynamics and toxicity of =———  but not genetic toxicology, was studied under
NDA 16-619 due to concerns raised associated with a manufacturing change (see Toxicology
section). However, the bioactivity of the other compounds have not been studied and their toxicity
characterization remains unknown.

Figure 1: Drug Substance Impurities -  ~——

12
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Route of administration: Oral transmucosal :
(Buccal/sublingual absorption)

* Regulatory History

The Referenced Drug for nonclinical information is Actiq® (oral transmucosal fentanyl citrate,
NDA 20-747, Anesta, approved 11/13/1997; currently owned by Cephalon). Actiq® is currently
the only opioid analgesic approved in the United States for breakthrough pain (BTP) in patients
with cancer receiving opioids as their therapy for persistent pain. Fentanyl citrate is currently
approved for parenteral, oral transmucosal, and transdermal administration. Parenteral fentanyl is
used as a sedative and analgesic premedicant, sole and supplemental anesthetic and postoperative
analgesic. Transdermal and transmucosal fentanyl is used for treating patients with chronic pain
and break through cancer pain, respectively. This 505(b)(2) application seeks approval of an -
effervescent fentanyl tablet that is designed to be retained in the oral cavity during disintegration
and absorption of the therapeutically useful amount of fentanyl across the oral mucosa. .
Effervescence, combined with controlled disintegration, enhances absorption.of fentanyl across
the oral mucosa compared the currently available formulations. _

For (b)(2) applications:
e Data Reliance: Except as specifically identified below, all data and information discussed below
and necessary for approval of NDA 21-947 are owned by Cephalon, Inc. or are data for which
Cephalon, Inc. has obtained a'written right of reference. Any information or data necessary for
approval of NDA 21-947 that Cephalon, Inc. does not own or have a written right to reference
constitutes one of the following: (1) published literature, or (2) a prior FDA finding of safety or
effectiveness for a listed drug, as described in the drug’s approved labeling. Any data or '
information described or referenced below from a previously approved application that Cephalon,
Inc. does not own (or from FDA reviews or summaries of a previously approved application) is
for descriptive purposes only and is not relied-upon for approval of NDA 21-947.

s

Studies reviewed within this submission: N .

* . The studies listed below were conducted under IND 65,447 (Oraves_cen‘t Fentanyl;b

CIMA/Cephalon).
Study Number/eCTD Location | ' Study Title
Safety Pharmacology : :
DS-2005-014 The Characterization of Fentanyl Citrate in the Functional
eCTD SN-000, Pharmtox, Pharm Observational Battery Test in Rats o e
DS-2005-013 Cardiovascular Effects of Fentany! Citrate in-Conscious, - -
¢CTD SN-000, Pharmtox, Pharm Telemetered Beagle Dogs - R .
DS-2005-015 Effects of Fentanyl Citrate on Respiration Rate and Tidal Volume in

eCTD SN-000, Pharmtox, Pharm Rats

Genotoxicity (of impurities)
DS-2005-007 In Vitro Mammalian Chromosome Aberration Test Fentany!
eCTD SN-000, Pharmtox, Tox —- o , Lot RS-04019

13

i



Reviewer: L.S. Leshin, DVM, PhD NDA 21—947/’

DS-2005-008 In Vitro Mammalian Chromosome Aberration Test |-
eCTD SN-000, Pharmtox, Tox Fentany! -—— ~—
——— Lot RS03027
DS-2005-009 ‘In Vitro Mammalian Chromosome Aberration Test
eCTD SN-000, Pharmtox, Tox === [ ot RS-02016-3
DS-2005-010 Bacterial Reverse Mutation Assay .
eCTD SN-000, Pharmtox, Tox Fentanyl ——— ——— , Lot RS-
) 04019 - ) K :
DS-2005-011 Bacterial Reverse Mutation Assay-
eCTD SN-000, Pharmtox, Tox. Fentanvi —
_ —— Lot RS03027
DS-2005-012 : I Bacterial Reverse Mutation Assay
eCTD SN-000, Pharmtox, Tox S — Lot RS 02016-3

s

L e

Studies_not reviewed within this submission:

All submitted studies were reviewed.

N

Additional studies used for review, not submitted by the Sponsor:

Cephalon has cross-referenced NDA 20- 747 (Acth) for the following nonclinical information to
support the current NDA:

Refer to NDA 20-747 for information concerning
Pharmacology '

Primary Pharmacodynamics

Secondary Pharmacodynamics’

Pharmacodynamic Drug [nteractions ~
Pharmacokinetics '
Toxicology

Single-Dose Toxicity

Repeat-Dose Toxicity Carcmogemcny

Reproductive and Developmental Toxicity

Local Tolerance
Literature References .

Not Applicable (indicated by Sponsor)
Dependence
Metabolites
Impurities
Other Toxicity Studies
Antigenicity
[mmunotoxicity

NDA 20-747 (Actiq®) contained three genetlc toxicology studies and a metabolism study. The
remaining information was provided by cross-referenced to NDA 20-195 (Oralét®, Fentanyl
lozenge, oral transmucosal fentanyl citrate; Anesta Coip.).. There were'tio nonclinical
pharmacology or toxicology studies submitted in support of NDA 20-195, which contained
published scientific literature (references are indicated in the Appendix).

14
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Disclaimer: Tabular and graphical information are constructed by the reviewer unless cited

otherwise.
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2.6.2 PHARMACOLOGY

2:.6.2.1 Brief summary

Fentanyl is a phenylpiperidine analgesic that, depending on the species and the methods used to .
measure antinociception, is approximately 80 to 290 times more potent than morphine.
Fentany! is an opioid agonist, with activity at M-, k-, and 3-receptors. It has a higher binding
affinity for p, as compared to k- and 3- receptors. Fentanyl may also bind to a lesser extent with
central and peripheral (vascular) a-adrenergic and muscarinic (M3) receptors. In addition to
analgesia, p-opioid agonists such as fentanyl produce drowsiness and sedation, changes in mood,
respiratory depression, decreased gastrointestinal motility, muscle rigidity, euphoria, miosis,
nausea, vomiting and alterations in the endocrine and autonomic nervous system. However,
compared to morphine, fentanyl has a more favorable safety margin towards cardiovascular,
neurological and metabolic effects. Adding other central nervous system depressants, with or
without intrinsic analgesic properties can change the pharmacodynamics of fentanyl. As with all
p-opioid agonists, fentanyl has abuse potential.

Unique to this product is the rapid dissolution of the effervescent tablets with oral transmucosal
absorption. Drug that is not absorbed by surfaces in the oral cavity will eventually be absorbed as
it traverses the gastrointestinal tract. Theoretically, this should eliminate a substantial amount of
first-pass liver metabolism, providing active drug at higher concentrations and with faster onset to
pain relief than a comparable dose absorbed only after swallowing. Fentanyl is more lipid soluble
than morphine, resulting in a more rapid onset but shorter duration of action than morphine.
Fentanyl equilibrates rapidly between plasma and CSF. Binding sites within the central nervous
system in sequentially decreasing order include the midbrain and striatum, hypothalamus, cerebral _
cortex, hippocampus, brainstem, spinal cord and cerebellum. :

The safety concerns of fentanyl pertaining to the submitted NDA are similar to those following
systemic administration of potent opioids. The major concerns are respiratory depression and the
potential for abuse. The respiratory depressant effects are often of long duration and may exhibit
a biphasic pattern, due to the significant amount of fentanyl sequestered in peripheral tissues,
which must then reenter the plasma before elimination. The concentration of fentanyl in plasma
and CSF correlates.closely with the intensity of respiratory depression. Repeated injections of
fentanyl lead to accumulation with increased ventilatory depression. Fentanyl is a basic drug such
that an increase in plasma pH shifts the equilibrium to favor the un-ionized moiety. This increases
the proportion of fentanyl available for diffusion across the blood-brain barrier. -Although opioids
such as fentanyl can have significant safety concerns if used improperly, the effects are well
known.

2.6.2.2 Prim-ary pharmacodynamics

Analgesia, the primary pharmacodynamic effect of fentanyl citrate was described in NDA 20-747.
No additional primary pharmacodynamic studies were conducted by the Sponsor for the current

. NDA.

16
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As noted in the Pharmacology/T oxicology review of NDA 20-747, the Sponsor provided no

preclinical data supporting the efficacy of oral transmucosal fentanyl citrate, because there was no

suitable animal model for this route of administration. However, the analgesic efficacy of
fentanyl citrate by other routes in animals was well established in the literature. A summary of
previously submitted studies of analgesia is presented in the Primary Pharmacodynamics section
of the Pharmacology Tabulated Summary of Section 2.6.3. ‘ '

12.6.2.3 Secondary pharmacodynamics

The secondary pharmacodynamics of fentany! citrate were described in NDA 20-747. No
additional secondary pharmacodynamic studies were conducted by the Sponsor for the current
NDA.

- As noted in the Pharmacology/Toxicology review of NDA 20-747, these secondary effects are

typical p-opioid effects and are reversible by nalorphine. In mice at doses of 10-1000 pg/kg SC,
they included dose-related increased spontaneous motor activity and response to touch, circling,
Straub tail reaction, increased muscle tone, and mydriasis. In dogs, at 12.5-1000 pngkg IM,
clinical signs included decreased motor activity, ataxia, depressed responsiveness to auditory and
painful stimuli, bradycardia, respiratory depression, salivation and defecation. In humans,
common fentanyl adverse effects are respiratory depression, hypotension, bradycardia, muscle
and chest wall rigidity, pruritus, nausea and vomiting,

2.6.2.4 Safety bpharmacology

%
Three safety pharmacology studies were submitted in support of the current NDA submission.
These studies provide additional characterization of the effects of fentanyl on the central nervous
system function, cardiovascular system and respiratory system. The safety of fentanyl
administration pertaining to the submitted NDA is similar to those following systemic A
administration of potent opioids. The major concern is respiratory depression, which can occur in _
humans at plasma concentrations between 2 to 4 ng/mL.

Neurological Effects: Subcutaneous administration of 0.003 mg/kg fentanyl citrate to the rat

- produced no significant behavioral or physiological changes compared to the vehicle control

group. The 0.03 mg/kg dose produced signs of stereotypic behavior, cage licking, 30 minutes

- after administration, but no other behavioral or physiological changes. The 0.3 mg/kg dose

produced signs that were indicative of a generalized depression of the central nervous system.
Changes in neurological function were evident from altered posture, body tone, grip strength,

~ body carriage and gait, with the rats showing a flattened body position and extended rigid limbs,

with catalepsy, paralysis and some impairment of the righting reflex. Altered sensorimotor
responses included increased ease of handling and removal from cage, decreased touch response,
decreased fearfulness and decreased pain response. Altered autonomic functioning included
exophthalmos, abnormal pupil response, salivation, decreased pinna/corneal responses, slowed
respiration rate and réduced body temperature. Some stereotyped behavior emerged by 3 h

17



.

Reviewer: L.S. Leshin, DVM, PhD . NDA 21947

postdose, compulsive licking, probably coinciding with recovery from the initial depression of
locomotor response. The effects observed following administration of 0.3 mg/kg fentany! citrate
were transient with signs of recovery having occurred approximately 5 hours postdose and
complete recovery approximately 24 hours postdose.

Cardiovascular Effects: Subcutaneous ‘administration of 0.001 and 0.01 mg/kg fentanyl citrate to
conscious, telemetered beagle dogs had no effect on arterial blood pressure, heart rate or lead I[I'
ECG parameters. Administration of 0.5 mg/kg fentanyl citrate reduced heart rates between 15 and
45 minutes postdose, and increased diastolic, systolic and mean blood pressure at 5, 15, 60, 180

and 360 min postdose, with the maximal increase at 5 min. The RR interval was shortened at 5

min, but lengthened at 30 and 45 min postdose. There was no effect on PR or QRS intervals.

“There was an initial decrease in both corrected QT intervals (QTcF and QTcQ) at 15 and 30 min,

followed by a prolonged increased corrected QT interval from 60 to 360 postdose. The mean
maximal increase in corrected QT interval was +34 ms for QTcF and +30 ms for QTcQ. The high
doses of fentanyl lead to altered conduction within the heart evidenced by an increased incidence
of sinus pauses >2.5 s duration, and increase incidence of escape complexes associated with the
period of decrease heart rate and possibly increased escape focus excitability.

Respiratory Effects: A subcutaneous dose of 0.3 mg/kg fentanyl citrate to the rat decreased
respiration rate at 30 minutes and 5 hours postdose, and decreased tidal volume at 30 min
postdose compared to the vehicle control group. These responses were similar to that of
morphine. Lower doses of 0.003 and 0.03 mg/kg fentanyl produced no respiratory changes.

Abuse Liability: The DEA has classified fentanyl as a schedule II drug (DEA number 9801). No
new nonclinical abuse liability studies were submitted with this NDA. NDA 20-747 for Actiq®

contained some studies on the tolerance and dependence of fentanyl, and also relied upon findings .
¥

of safety in NDA 20-195 for Oralet and published literature. The Oralet NDA also lacks drug
addiction and withdrawal data, and relies on prior FDA findings. The FDA’s prior findings of
safety are based on studies conducted by McNeil Laboratories(Fort Washington, PA) in support
of NDA 16-619 for Sublimaze (fentanyl citrate) Injection and NDA 16-049 for Innovar (fentanyl
and droperidol) Injection. These studies are summarized in the Safety Pharmacology Tables of the
Pharmacology Tabulated Summary-in Section 2.6.3. '
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NEUROLOGICAL EEFECTS

Study title: The Characterization of Fentanyl Citrate in the Functional Observational
Battery Test in Rats

Key study findings: - Subcutaneous administration of 0.003 mg/kg fentanyl citrate to the rat
produced no significant behavioral or physiological changes compared to the vehicle control
group. The 0.03 mg/kg dose produced signs of stereotypic behavior and cage licking, 30 minutes
after administration, but no other behavioral or physiological changes. The 0.3 mg/kg dose
produced signs that were indicative of a generalized depression of the central nervous system.
Changes in neurological function were evident from altered posture, body tone, grip strength,
body carriage and gait, with the rats showing a flattened body position and extended rigid limbs,
with catalepsy, paralysis and some impairment of the righting reflex. Altered sensorimotor

-~ responses included increased ease of handling and removal from cage, decreased touch response,

decreased fearfulness and decreased pain response. Altered autonomic functioning included
exophthalmos, abnorznal pupil response, salivation, decreased pinna/corneal responses, slowed -
respiration rate, and reduced body temperature. Some stereotyped behavior emerged by 3 h
postdose, compulsive licking, probably coinciding with recovery from the initial depression of
locomotor response. The effects observed following administration of 0.3 mg/kg fentanyl citrate
were transient with signs of recovery having occurred approximately 5 hours postdose-and
complete recovery approximately 24 hours postdose. -

Study no.: DS-2005-014
e¢CTD: SN-000, Pharmtox, Pharmacology, Module 4.2.1.3.2

Conducting laboratory and location: . , / '
i/

Date of study initiation: Sept 23, 2004

GLP compliance: yes

QA report: yes

Drug, lot #, and % purity: X
Fentanyl citrate, batch 67H1732, purity > T
Vehicle: saline

All fentanyl citrate formulation samples were within 2 ~  of the theoretical. No fentany! citrate
was detected in the vehicle samples.

Methods

Male Sprague-Dawley rats (~7 weeks-of age and ~ 200-244 grams at dosing) and-were
administered a single subcutaneous injection at doses of 0 (sterile saline);-0.003, 0.03 or 0.3
mg/kg fentanyl citrate (n=6/group) at a dose volume of 1.0 mL/kg. The parameters defined in the
Irwin test were systematically evaluated for each rat prior to dosing and at 0.5,'5 and 24 hours

~ post-dosing. ‘
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These parameters included measures of home cage and open field activity as well as tests of
reflexive, physiologic and neuromuscular function. The observations were scored on an integer
scale from | to 4 or 1 to 5. Factors that were present in normal animals (e.g. alertness, locomotor
activity etc.) were scored as 3 (nocmal); potentiation or depression of these factors by the test
treatment were scored as higher or lower integers, respectively. Observations that are normally
absent in normal animals were arbitrarily scored from 1 (normal) to 4. Exceptions were pupil
response, which was scored as 1 - present or 2 - absent, and fecal pellets, urine pools and rearing
which were numerically counted. Miscellaneous observations were also noted. In addition to the
observational parameters, fore and hind limb grip strength, hind limb splay and body temperature
were also measured.

Results
Effect of 1 ml/kg Vehicle (Sterile Saline): - Rats treated subcutaneously with I ml/kg vehicle -

(sterile saline) exhibited passivity. Other changes from normal were limited to [ of 6 rats and
were not considered to be pharmacologically relevant.«

Incidence of Occurrence (n=6/dose group)

Fentanyl citrate (mg/kg, SC) vehicle

Predose/Time postdose (hours) | predose | 0.5 5 24

Characteristic

e

passivity’ 6 5 6 6

Effects of 0.003 mg/kg Fentanyl| Citrate: Subcutaneous administration of 0.003 mg/kg:fentanyl
citrate produced no significant behavioral or physiological changes compared to the concurrent
vehicle control group. Passivity and exophthalmos were the only changes from normal. Any

other changes from normal were limited to 1 of 6 rats and were not considered to be o
pharmacologlcally relevant. Fentanyl citrate treatment at 0.003 mg/kg SC showed no 51gn1ﬁcant B+
effects on body temperature or hind limb splay at any of the time points tested. Animals from this
group showed significantly higher hind limb grip strength and a significantly lower forelimb grip
strength during pre-dose testing when compared to the vehicle group, but this was not thought to

be pharmacologically relevant as the rats had not been dosed at this point. '

Incidence of Occurrence (n=6/dose group)

Fentanyl citrate 0.003 mg/kg, SC

Predose/Time postdose (hours) | predose | 0.5 5 24
Characteristic

passivity 4 5 6 6 -

exophthalmos 6 2

Effects of 0.03 mg/kg Fentanyl Citrate: Rats treated with fentanyl citrate-at-0.03 mg/kg, SC,
exhibited the following changes from normal: exophthalmos, stereotyped behavior of licking the
cage; and passivity. Any other changes from normal were limited to 1:9f 6 rats and were not
considered to be pharmacologically relevant. Fentanyl citrate treatment at 0.03 mg/kg, SC,
showed no significant effects on body temperature or hind limb splay at any of the time points
tested. Animals from this group showed significantly higher hind limb grip strength during pre-
dose testing when compared to the vehicle group, but this was not thought to be
pharmacologically relevant, as the rats had not been dosed at this point.
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Incidence of Occurrence (n=6/dose group) '

Fentanyl citrate 0.03 mg/kg, SC

Predose/Time postdose (hours) ‘predose | 0.5 5 24
Characteristic .

stereotypic behaVlor (cage 3

licking)

passivity - 6 61 6 6

exophthalmos 6 2

Fae

e,

o

Effects of 0.3 mg/kg Fentanyl Citrate: Following administration of the high dose, 0.3 mg/kg
fentanyl citrate, signs associated with a generalized depression of the central nervous system were
observed. These observations included flattened posture, decreased alertness, increased ease of
handling and removal from cage, decreased touch response, decreased fearfulness, decreased
body tone, exophthalmos, decreased corneal reflex, salivation, piloerection, decreased locomotor
activity, slowed respiration, decreased startle response, catalepsy, passivity, and decreased
righting reflex. The effects observed following administration of 0.3 mg/kg fentanyl citrate were
transient with signs of recovery observed approximately 5 hours post-dosing and complete
recovery approximately 24 hours post-dosing. Other changes from normal were limited to 1 of 6 rats
and were not considered to be pharmacologically relevant.

Rearing was reduced in all animals dosed with 0.3 mg/kg fentanyl citrate at 0.5 h post-dose but the
animals showed normal rearing behavior by 5 h post-dose. There was no effect on fecal pellets or
urine production. Straub tail was observed immediately post-dose in all animals treated with 0.3
mg/kg fentanyl citrate and all of these animals were licking the cage in a stereotypical manner at 3 h
post-dose.

Fentany! citrate treatment at 0.3 mg/kg, SC, showed a significant decrease in body temperature at 0.5 5
h postdose (34.7 £ 0.48°C) compared to the vehicle group (37.8 + 0.08°C). This was accompanied by "
a decrease in fore limb grip strength (0.503 + 0.097 kg) compared to vehicle (1.105+ 0.037 kg) at 0.5
h postdose. There was a significant decrease in hind limb grip strength at 5 h post-dose (0.214 + 0.018
kg) compared to vehicle (0.517 4 0.063 kg). Hind limb splay was not measured at the 0.5 h time

point, since the rats were too sedated to be dropped from any height.
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Summary-' Text Table 1b
Fentanyli Citrate s.c. - Mean FOB Observations

Grlp su—ep_gg

Feataayl H _ " Rere o

W gty O | Swem et MR e
peeDese 9 8 694066 3171016 mszto.azs“ 104t io.oz'r‘
a0a c 611069  376%0.14 0508 +:0.034 0.853 £ G.044

0.03 D 554047 C 314%012 0449 £0.29“ 0.869 £ 0.057

o3 A s8£021 31T+0.43 02541 0.023 1.063 £0.023

as . B 63£0.73 3781008 0248 + 0.044 1.105 £0.057
0,003 c TELOET . 3741017 02160016 1,108 +0.029

0.3 D 724053 3161014 0184+ 0,022 1.102£0.016

a3 -A NA: - M7:048™ 01331 6.023 0.503 £ 0.097°

5 . B 631057 . 36940.14. 0517 £0.063 1.019.40.065
2.003 C 761076 31.140.10 04931 0.03 0.97716.014

a0 D 6ltes: - 32013 038710048  0976£0.029

a3 A 70£072 3644059 0214 £0018%  1.03840.027
u e B ] 6.94: 0.44 3684009 .. 0.281+0.040 L1104£6.036
0.003 c 735053 369£0.17 0.343 £ 0.060 1.103 £0.016

e D 661068 3701009 0.343 £ 0.052 1.040 +0.027

o3 A 79+ 0.74 3684012 0352 £0.038 1.066 £0.045

Statistical analyses were performed on hind limb splay, body temperature and grip strength measurements.
NA — Due (0 the heavy sedation of the mimalz, hindlimb splay measurements could not be obtained.
£P<0.05and ™ P<0.01 compared to vehicle (Kraskz|-Wallis and Duap's test).
P<001mpaed(ovehmle(ANOVAandDmneﬁst«tat)

n — 6-animals per group. W

Data are mean + SEM.

APPEARS THIS WAY
ON ORIGINAL ¢ -
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Incidence of Occurrence (n=6/dose group)

Fentanyl citrate

0.3 mg/k

, SC

Predose/Time postdose (hours)

Characteristic

predose

0.5

24

posture (flattened)

6

asleep

abnormal carriage (flattened)

6 -

decreased alertness

[=

increased ease of handling and

temoval from the cage

o

decreased touch response

decreased fearfulness

decreased body tone

exophthalmos

decreased pinna response

decreased corneal reflex

[SSARVR K= R ALY B OS] § ]

increased pupil diameter

decreased pupil diameter

abnormal pupil response

salivation

piloerection

decreased locomotor activity

extended rigid limbs

slowed respiration

decreased approach response

decreased startle response

‘paralysis

catalepsy

NN NS NN PSEN NI EN I ST ENES

passivity

decreased righting reflex

N

abnormal flexor reflex

(=)

decreased pain response

(=)

increased vocalization

APPEARS THIS WAY
ON ORIGINAL
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CARDIOVASCULAR EFFECTS

Study title: Cardiovascular Effects of Fentanyl Citrate in Conscious,-Telemetered
Beagle Dogs

Key study findings: Subcutaneous administration of 0.001 and 0.01 mg/kg fentanyl citrate had

- no effect on arterial blood pressure, heart rate or lead Il ECG parameters. Administration of 0.5

mg/kg fentanyl citrate reduced heart rates between 15 and 45 minutes postdosing, and increased
diastolic, systolic and mean blood pressure at 5, 15, 60, 180 and 360 min postdose, with the
maximal increase at 5 min. The RR interval was briefly faster at 5 min, but slower at 30 and 45
min postdose. There was no effect on PR or QRS intervals. There was an initial decrease in both
corrected QT intervals (QTcF and QTcQ) at 15 and 30 min, followed by a prolonged increased
corrected QT interval from 60 to 360 postdose. The mean maximal increase in corrected QT
interval was +34 ms for QTcF and +30 ms for QTcQ. The high doses of fentanyl lead to altered
conduction within the heart evidenced by an increased incidence of sinus pauses >2.5 s duration,
and increase incidence of escapeicomplexes associated with the period of decrease heart rate and
possibly increased escape focus excitability.

Reviewers Comment: The Sponsor stated that heart rates were lower for the -15 minute predose
value in all fentanyl citrate groups than the vehicle group. They interpret this to indicate that the
dogs were still acclimating to the dosing procedure. If the dogs were not yet acclimated to the
procedures during the study, then the design and 1mp[ementat10n of the study and/or analysis of
the study was inappropriate. The analysis by comparison to the time-matched vehicle-treated
control was not appropriate. The original data was not provided, only the mean values for each

* parameter for each dog. Therefore, it was not possible to accurately recalculate statistical

differences. Reinterpretation of the Sponsor’s results were based on estimated comparison to o
predose values rather than vehicle-treated values performed obtained separately, days earlier. %

5

Study no.: DS-2005-013
eCTD: SN-000, Pharmtox, Pharmacology, Module 4.2.1.3.1
Conducting laboratory and location:

Date of study initiation: Sept 16, 2004
GLP compliance: yes
QA report: yes
Drug, lot #, and % purity:

Fentanyl citrate, Lot 052K1537, Punty - (HPLC)

Vehicle: Saline e
All fentanyl citrate formulation samples were within + = f the expected concentration. No
fentanyl citrate was detected in the vehicle samples.
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Methods

Males beagle dogs (n=4 12.2-16.7 kg, 11-12 months of age), with previously implanted telemetry
transducers for arterial blood pressure and lead Il ECG, were acclimated to the restraint procedure
on 3 occasions, then administered escalating subcutaneous doses of 0, 0.001, 0.01 or 0.5 mg/kg
fentanyl citrate (O 3 ml/kg) separated by at least 3 days.

Experimental Design (Sponsor table modified by reviewer)

7

Day of Treatment 1 4 ] 8 | 11
Treatment ' Vehicle . Fentanyl citrate

Dose (mg/kg) 0 0.001 0.01 005
No. of Animals (n) 4 4 - 4 4

Measurements of systolic arterial blood pressure (SBP) diastolic arterial blood pressure (DBP),

heart rate (HR) and the lead Il ECG variables ( for determination of RR interval, PR interval,

QRS duration, and QT, QTeF and QTcQ intervals) were acquired continuously from

. approximately 30 min prior to until approximately 6 h following administration. Time points

used for analysis included -15 (pre—dose) +5, 15, 30, 45, 60, 120, 180, 270 and 360 minutes post-
dose. Arterial blood pressure (SBP, DBP, MAP) and heart rate at the selected time points were an

average of 60 seconds of data at that time point whenever possible. Lead [I ECG data at these time

points were an average of at least 10 complexes of data at that time point whenever possible. All

acquired ECG waveforms were inspected visually for disturbances in rhythm and waveform
morphology. Mean arterial blood pressure (MAP) was calculated as DBP + 1/3(SBP-DBP). QTcF
interval was calculated using Fridericia’s formula (QTcF = QT/VRR). In addition, QTcQ interval
was calculated as QTcQ = QT + #(1-RR) where # corresponds to a correction factor specificto -
each individual dog as it represents the slope of the line from a plot of QT against RR interval o
generated over a range of heart rates on the day of vehicle administration. The data generated on
the fentanyl treatment days were compared to the corresponding time point following vehicle ”
treatment using a one-way analysis of variance (ANOV A) with repeated measures, followed by a
Dunnett’s post-hoc test. Data in the tables below are presented as mean + standard error of the

mean. Changes were considered to be statistically significant when £< 0.05.

kY

Results:_

General Observations: No clinical observations were noted following vehicle or 0.001 mg/kg,
SC, fentanyl citrate. Doses of 0.01 mg/kg resulted in loose feces in one animal (#1849) and an
unsteady gait and slight sedation in another animal (#1803). Doses of 0.05 mg/kg resulted in
 sedation, abnormal gait/difficulty standing, decreased respiration, cold extremities and pale
gums/tongues.

Heart Rate: Heart rates were reduced at 15, 30, and 45 minutes after admmlstratlon of 0.05
mg/kg fentanyl, compared to the time-matched vehicle treated group. ‘Heart rates were also
reduced compared to the pre-dose baseline value for the 0.05 mg/kg dose. The effects noted at
0.01 mg/kg fentanyl dose were probably not physiologically significant, although statistical
‘significance was obtained. This was due to the elevated heart rates in the predose values in the
vehicle and 0.001 mg/kg groups and at most post-dose time points in the vehicle group.
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The Effects of Vehlcle and Fent@ﬂz;:sho: Heart Rata fa Conscloas, Telamatared
n_«gle Dags
Heart Rate (beats per minuta)
Time Vehikcle Fentanyl | Fentamyl Featanyl
(min) 03 mlkg Cttrate Citrate Citrate
. 0.001 mpfkg .01 mpikg 005 my/kg
-15 104+:9 B4L6 171+6 N+L7*
s 10246 101 £ 10 13+4 919
15 120:6 9111 76 +10*% 50 £ B¢+
30 104412 Gt +13 T8+10 43 £ 4%
45 $548 §9+0 - 69+ 5% 51 £4%
@ g1+4 8810 7448 6548
120 4£S 83+0 |13 £7+3
180 96+8 71 £3 C 64412 §8+9
z70 8314 9349 6244% 68+5
360 9517 10047 69+ 2% 69 +T*

NDA 21-949°

Mean Arterial Pressure: In consideration of the comments above concerning the analysis, the
Sponsor’s findings of increased mean blood pressure at 60 and 270 minutes in the 0.05 mg/kg
fentanyl dose group were due to an isolated decrease in mean blood pressure at 60 and 270 minutes in
the vehicle-treated group. However, compared to the predose value, increased mean blood pressure
occurred-at 5, 15, 60 and180 and 360 minutes after 0.05 mg/kg fentanyl administration, with a
maximal mean increase occurring at the 5 minutes (+23 mmHg). There were no effects at lower
fentany! doses. These increases were due to increases in systolic and diastolic blood pressures at the
same time points (5, 15, 60, 180, and 360 minutes), with the maximum systolic and diastolic increases
at 5 minutes (systolic: +31 mm Hg, diastolic: +20 mm Hg). E

APPEARS THIS WAY
ON ORIGINAL
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The Effacts of Vehicle and Fentmylgtl;‘:t: a1 Mean Arterial Blood Pressure fn
. Coazcdous, Telemetered Heagle Dogs
M&ummoodﬂtmun(mﬂﬂ

Time Velkie v Featanyl Fetamyl Fentanyl
(uidn) 03 mlkg Clirate Clrate Citrate

" 0,001 mgAcg o;&lmglng' 0.05 mefkg
KT 19+7 12247 11023 1155
5 13346 13448 12046 138 i@
15 13549 12746 124+ 10 13248
30 126£3 12847 [E+9 3 £4
45 1224 12848 1H8£3 C1E347
& 1144 1304 8¢ HS+3 1208
120 I3 45 12749 1H5£4 118 +4
180 T 1I8£2 1217 10£3 13044
70 1083 135 12+2 121420
360 16+3 1204 .. 12345 13245

Table 1

The Effects of Vehicle and Featanyl Cltrate ¢o Systolic Arterial Hload Pressure in

Conscdous, Talemetered Baagle Dogs

NDA 21-947°

SystoHic Artorfad Hlood &eﬂm (mmHg)

Time Velikcle Featanyi Featanyl Fentanyl
@ | _ 03mikg Citrate Citrate Citrate

_ W00lmpke | 001mgAp | 0.05mgke
15 16149 1659 7Y 6257
5 1807 180 + 11 1658 193 +11
15 183412 §7419 11413 185 £11
E"s 17347 17429 164+ 11 16417
45 17046 172412 6643 160+ 14
60 18545 176 £12 16E 4 182+ 10¢
120 17249 172410 16646 16727
180 16844 16449 1587 181+ 7¢
e 15145 15243 “156£3 177 £ 5%¢
360 160 £1 16145 16847 17T+ 18
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Tabla2
Thie Effects of Vehicle siid Fentaiyl Citrite on Diastolic Arterisl Bload Pressure ln

Consdoens, Telomotered Beagle Tags

NDA 21-947"

__ Diastolic Arterial Blood Pressure (mmHg)
Time Vehj;io . Fenhuyl ‘ Faiunyl Fentanyt
(min) 03 mike Cttrate Cltrate Cltrate
o 000t mghg | 00imghy | 005 meke
a5 W6 10026 o613 | 9iz4
5 110 £6 1126 | 9725 | 1140
15 1M1 +8 103£5 99+9 105 +£7
30 1032 10547 - | 9448 884 4¢
4 812 | . 105+7 9413 L4
60 88£3 1077 g91+3 103 £8
120 9914 1049 904" 9344
180 971 9916 8642 105+3
170 | 8742 36 |+ %0+2 |, 94xl
360 94+4 | 10123 9944 1094

Lead [I ECG: In consideration of the comments above concerning the heart rate analysis, the
Sponsor’s analysis by comparison with vehicle-treated controls was inappropriate. Predose values for
the fentanyl dose groups (0.001, 0.01 and 0.05 mg/kg), had higher RR and PR intervals and QRS -
durations compared with the predose values obtained for vehicle-treated on the first experimental day.

RR Interval: In consideration of the comments above concerning the heart rate analysis, the _
Sponsor’s analysis by comparison with vehicle-treated controls was inappropriate. In the 0.05 mg/kg
fentanyl group, comparison to predose values indicated that the mean RR interval may have been o
reduced at 5 minutes, followed by an increased duration at 30 and 45 after fentany! administration. )
For the RR interval, there were probably no changes in the 0.001 and 0.01 dose groups.

APPEARS THIS WAY
ON ORIGINAL
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The Effects of Vehicle and Fentanyl a::tzl:: RR Interval in Conscleus, Telemetored
Beagle Dags
RR Iterval (mis)
Tima Vehicle Featanyl Fentanyl éentmyl
{min} 0.3 mlkg Cltxate Cltrate Clirate
. 0.001 mg/kg 0.01 mgAg 0.05 mofkg
15 764.4L41.6 89194940 | 92951677 | 10333+ 1185
.5 - 6508+239 | 693.0+100L0-| $31.2+360 | 76671685
s 6350+103.1 | 759341520 | 842.7+124.1 | 1275.1 + 401
0 TO£1602 | S0S0£120.1 | 9082+ 150.7 | 14481 & 148.1%
45 | 796504971 | 67504852 | 9902£752 [133.241263¢
& 862.7+ 5.1 827.6+850 | 090.7+106.1 | 1069.6+ 1662
120 | 1971463 | 9054+796 | 0335£1067 | 75884195
180 8240+352 | OGB.6+835 | N402+ 1566 | 83714823
770 | gsers683 | 7asgs 0.5 | 1717 1880+ -10013 £35.6
60 73324500 | 63084624 | 064.9+282% | 11069 £ FGT G

PR Interval: In consideration of the comments above concerning the heart rate analysis, the Sponsor’s
analysis by comparison with vehicle-treated controls was inappropriate. There were no effects of
fentanyl compared to predose values on the PR interval. '

.

L3

P

g : . The EM af Vehick and Featanyl Clt}:::?l: PR Interval in Consclous, Telemetered
T Beagle Dags
PR Intecval (ms)
Tima Vehicle " Rentanyl Fentanyl Fentanyl
(min) 0.3 mikg Citrate Cltrate Clirate
' 000lmghy | 0Oimghg | 0.05mekg
-5 1042419 LA+ 78 1149197 116.1 £08
5 0854 4.5 1060£45 | 1874535 | 1056471
~ 15 £00.5+5.6 104.7+8.6 1139192 FIST£7.3¢
30 L7 £ 115 160.6 + 1.4 113.7+62 1169082
45 1016431 115104 HLT£66 | 139+77
[ 109.7£83 1096462 1103 +5.0 1075 £36
120 1928 +59 104455 103.1 £ 2.8 105.6 £7.4
180 HIZ£56 1152 £6.1 108.2 £ 5.1 103.9 £ 6.0
1m0 1126496 11L.0£6.7 USO£103 | 1087446
360 102.7 £6.1 HI374016 1095£45 | ro7s<62 |-

ORS duration: In consideration of the comments above concerning the heart rate analysis, the
Sponsor’s analysis by comparison with vehicle-treated controls was inappropriate. There were no
effects of fentanyl compared to predose values on' QRS interval.
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The Effects of Velﬂdu and Feaml;ag;:m on QRS Duration in Consdous,
Telemetered Beagle Dogs
. . QRS Daration (ms)
Time Vehicle Featanyl Featanyl Fontanyl
- (oin) 0.3 mlkg Citrate Citrate Clirate
' . 6001 mg/kg | - 0.01 mgikg 0.05 mgrkg -
a5 | AA=13 09123 | BIizd BoxL7
s 407419 416420 25+26 418+28
1s 401113 42.6+21 44628 443437
30 Q0+25 41417 458429 450436
45 4140+1.7 428423 455430 454+20%
0 £14+19 425123 454+ 3.1 459 +28%
120 28420 421420 453432 479443
180 G116 481420 445425 46834
m | @922 | @7:24 | a3se21 44911
3 | w19 424227 4831+23 445221

NDA 21-947

QT Interval: In consideration of the comments above concerning the heart rate analysis, the
Sponsor’s analysis by comparison with vehicle-treated controls was inappropriate. Compared to
predose values, both the 0.01 and 0.05 mg/kg fentanyl groups were longer than the predose values of
the vehicle-treated group. For the 0.05 mg/kg fentanyl group, there was an initial shorter uncorrected
QT interval at five minutes postdose, but was prolonged at 30 minutes to 360 minutes. A similar
pattern occurred for the 0.01 mg/kg dose, although the interval was not prolonged until 45 minutes

postdose.

~

For the 0.05 mg/kg dose, both QTcF and QTcQ correction method indicated a shortened interval

at 15 and 30 minutes and lengthened interval at >60 minutes postdose. There was probably no
effect at the 0.01 mg/kg dose with the corrected method of calculation.

APPEARS THIS way
ON ORIGINAL
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The Effects of Vehicle and Fomtany! Cﬂ;'r:t:l:: QT Interval in Cansclous, Telemetored
Heaglo Dogs
" QT Interval (ms)
Time | Vehkle - Feutanyl Featanyl Fentanyl
(min) €3 mlrkg Citrate Cltrata Cltrate
i 0.001 mpfkg 0.01 mgfkg 0.05 mg/kg
-15 C200+£46 2278164 2388453 2356+72
5 : 208.1._:& 83 2065+6.9 2248+ 1.5 208.9 + 14.9
i5 200.1 +£7.1 2134493 2324 £33 240.4 4 7.4%*
3 21324136 Z1I0£01.7 2403454 250.0 + 6.5*
45 219.5+83 -2183 £10.6 2532 4+ 6.0%* 2527 £ 1.7%*
60 2282 4+6.1 2178+ 8.9 2524439 250.F £ 118
120 1263463 2264454 2478 +£38 2448477
180 2343 +£8.7 2435+30 2533 +£0.8 247.1+50
27a Bl.§£7.9 231450 ) 2543+ 1.8¢ 255.1 +8.8*
360 231.5+03 219.1+ 99 2385435 | 2587 £2 5%
- Table 9@
The Effscts of Vehicle and Feutanyl Cltrate on. GTcF Interval o Consclous,
. Telametered Heagle Dogs
QTcF Interval (ms)
Time Vehkle Featanyl Feutanyl Fentanyl
(aln) 03 mlikg Cltrate Cltrate Citrate
' €00l mpkg | 00Lmghe | 0.05mgke
.15 241170 BIIL59 2466+ 753 ‘2344 £39
5 240.5 +8.4 235.74+49 2304437 2316 +5.7
15 236.6 £ 13.6 23334+ 128 249.G+ 9.0 2250458
30 2313 £33 2283+ 68 515+94 v 2222+63
45 23893023 2463+ 46 2544+99 Z3ER 4T
Ly 407473 826435 2555 +£120 | 2474+100
126 2400494 134816 156.0 +109 268.4 L R.4**
180 2499+73 C245.T+74 2463 +13.8 264.1 1553
270 2446 +:2.1 2598 £ 100 242.1+69 2550 £7.1
360 2482450 2494438 2415+4.1 2514 +£60
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Tha Effects of Vehicle and -Fenlxn’:"la.g;rllota an QT luterval m Consclous,
Telemetered Heagle Dogs
QT Interval {ms)

Tune Vehkls Feﬁhnyl - Fentanyl Fentanyl

(mim) 03 milkg Citrata Clirate Citrate
0001 mpfky | 0.01 mg/kg 005 mg/kg

S5 | B12+4S 236344 2423+ 68 733.1 446
5 2318465 2209428 2207 & 1.8 2412
15 2254493 2312487 | 2432456 22231478
0 230.7+£2.6 2256+42 2467+19 | 217.6+95
45 | 2347188 2300436 | 2524401 2208 4+9.7
0 21392470 | 2313+25 | 2528490 | 2449+104
120 2310 £3.4 2331+ L1 2520472% | 2627 +60%
180 U77+71 | 2438467 | 24174113 | 2589277
M0 | 2424131 2531462 | 20r+84 2551472
360 | 2429+53 | 2421455 | 2409138 | 2409166

NDA 2 1-945~°

ECG waveforms: A table of results from the visual inspection for disturbances in rhythm and

waveform morphology is presented below. There appears to be an increase in sinus pause of >2.5
s duration with higher fentanyl doses, although none were noted for dog 1803 at 0.05 mg/kg and

dog 1669 had a high incidence of events at all doses of fentanyl. There was a small increase in the

incidence of bradycardia at high fentanyl doses in 2 dogs. Three dogs, 1813, 1849 and 1803, had
increased numbers of escape complexes at higher fentanyl doses, mostly between 11 and 33

‘minutes after 0.05 mg/kg fentanyl. The escape complexes were frequently associated with non-

conducted P-waves that occurred immediately before, superimposed on or following these escape
beats. There was an occasional idioventricular or idiojunctional rhythm present, with non-
conducted P-waves interspersed between the escape complexes giving rise to periods of apparent
third degree atrioventricular block and causing complete atrioventricular disassociation.

An increase in escape complex nunibers may occur as a tesult of either a decrease in heart rate or
an increase in escape focus excitability. All three animals had lower heart rates following ‘
administration of 0.05 mg/kg, in comparison to following vehicle administration. In addition,
animals 1813 and 1849 showed evidence of an increase in their escape focus rate following
fentanyl administration; this escape focus rate was noted to decrease slightly over time following
0.05. mg/kg fentanyl administration. Animals 1813 and 1849 also had prolonged sinus pauses,
longer than their escape focus RR interval, that were not interrupted by escape beats after this
period, suggesting a further reduction in escape focus excitability had occurred. The Sponsor
concludes that these animals had an increase in escape focus excitability and hence rate during
this period due to the effects of fentanyl. This increase in excitability and-therefore rate may
represent the direct effect of fentanyl at the escape focus site or may reflect an increase in
sympathetic tone. '
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PULMONARY EFFECTS

Study title: Effects of Fentanyl Citrate on Respiration Rate and Tidal Volume in Rats

Key study findings: A subcutaneous dose of 0.3 mg/kg fentanyl citrate to the rat decreased
respiration rate at 30 minutes and 5 hours postdose, and decreased tidal volume at 30 min
postdose compared to the vehicle control group. These responses were similar to that of
morphine. Lower doses of 0.003 and 0.03 mg/kg fentanyl produced no respiratory changes.

Study no.: DS-2005-015 _ :
eCTD: SN-000, Pharmtox, Pharmacology, Module 4.2.1.3.3
Conducting laboratory and location: | [ l

[

Date of study initiation: Sept 23, 2004

GLP compliance: yes ' :

QA report: yes

Drug, lot #, and % purity:
Fentanyl citrate, Lot 067H1732, Purity > —
Morphine hydrochloride, batch 02-00805
Vehicle: Saline

~

Analysis of the stock preparations of the fentanyl indicated that they were within — of the

. expected concentrations. The vehicle contained no detectable fentanyl.

Methods

Male Sprague-Dawley rats (265-332 g; approximately 8-10 weeks old) were acclimatized to
plethysmography chambers prior to the study day. Respiration rates and tidal volumes for each
animal were recorded at approximately 15 min after entering the chamber. The tidal volumes
obtained from the final acclimatization period were ranked and animals randomly allocated to -
treatment groups in such a manner that the mean baseline tidal volumes for each group were
similar. Animals with inconsistent recordings or vocalizations were excluded from the study.

Data was obtained approximately 15 minutes after placement into plethysmography chambers,
corresponding to predose of -10 minutes and then 0.5, 5 and 24 hours postdose. The treatments
are listed in the table below (N=8/group). Each rat received a single subcutaneous dose of fentanyl
or vehicle, by injection in the dorsal cervical region (dose volume = 1 ml/kg). Morphine was used as
a reference control and administered intravenously (tail vein; 2 mL/kg). - .- ’

Treatments ' o
_ Compound Dose Route
Saline vehicle 1 ml/kg SC
Fentanyl citrate 0.003 mg/kg SC
Fentanyl citrate 0.03 mg/kg SC
Fentanyl citrate 0.3 mg/kg SC
Morphine - 20 mg/kg v
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Statistical analysis consisted of either parametric tests (ANOVA and Dunnett’s test) or
nonparametric tests (Kruskal-Wallis and Dunn’s test), dependent on the homogeneity of variance
criterion evaluated by the Levene Mean test. Since the positive control, morphine, was
administered by different route, all morphine postdose data were compared to predose data by
paired, Student’s ¢-test

Results

Respiration Rate: A subcutaneous dose of 0.3 mg/kg fentanyl citrate produced a significant
decrease in respiration rate at 30 minutes and 5 hours post-dosing compared to the vehicle control
group. Administration of 0.003 and 0.03 mg/kg had no effects on respiration rate. Intravenous
administration of the reference substance, morphine, caused a significant decrease in respiration
rate at 30 min. : ' oo o

Tidal Volume: A subcutaneous dose of 0.3 mg/kg fentanyl citrate caused a significant decrease in
tidal volume at 30 min post-dos€ when compared to véhicle. Administration of 0.003 and 0.03
mg/kg fentanyl citrate did not significantly affect the tidal volume. Morphine caused a significant
decrease in tidal volume at 30 min post-dose. ' ;

Effects of Fentanyl Citrate on Respiration Rate and Tidal Volume in Rats {mean + Sem)

ot

R

?Dr:i) Respiration Rate (breaths/min) Tidal Volume (mL)

Pre- 1 36 min 5h 24 h Pre-- | 34 min 5h 24h

Dose Dose
Vehicle 14271 | 12342 | 117.20 | 140.58 1.83 1.80 1.86 1.90
(1 mL/kg, SC) +875 | £571 | 625 | £491 | +006 | 008 | +008 | +006
Fentanyl Citrate 12894 | 12325 | 12003 | 13655 1.92 181 |- 197 | 187
(0.003 mg/ke, SC) +731 | +755 | +662 | 1082 | o011 | £009 | £006 | £0.14
Fentanyl Citrate 14526 | 9922 | 11845 | 133.04 1.78 | 156 211 2.01
(0.03 mg/kg, SC) +1566 | £1004 | £599 | £694 | +oa1 | +0.13 | 0.1 | +0.13
Fentanyl Citrate 12118 | 7608 - | 9322 | 14422 196 | 135 2.00 1.67
(0.3 mg/kg, SC) £379 | £4.48% | £3.09% | £851 | +009 |x013%| £009 | +008
Morphine 13602 | 7747 | 11701 | 11610 | 1.87 7| o091 1.68 203 .
(20 mg/kg, IV) £949 | £10.00% | +259 | £3.76* | £007 | £0.06% | £0.07° | +£0.12

* P<0.05 and **P<0.0lwhen compared to vehicle group data (ANOVA and Dunnett’s.test)
# P<0.05 and ¥ P<0.001 when compared to pre-dose values (paired, Student’s ¢test)
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2.6.2.5 Pharmacodynamic drug interactions

NDA 21-947°

Fentanyl citrate pharmacodynamic drug interactions were described in NDA 20-747. No
additional drug interaction studies were conducted by the Sponsor for this NDA submission. A

table indicating drug interactions (from scientific publications) with fentanyl, from the review of

NDA 20-747, is reproduced below.

Drug Interactions .

Selected examples from literature repdrts of dm'g'interac_tions. with fentanyl in animals are
presented below. For references, see NDA 20-747, Vol. 9/54, pp. 5-19 through 5-129.

Additive/Synergistic ktersctions :

Rat 15 pg/kg SC * Calciuin channet blockers clonidine (100 ugfka
oo $Cl and verapamit (10 pgfkg SC)

Rat Vadsbls with

A. a2-edrensrgic sgonists daxmedatomidine
{variable] or medatomidine (200, 300 ugig IP)

300 ughkg 1P with  B. a2-adrenargic sntagonist atipamezoie (1
other drugs mgikg Pl + g-apicid sntagonist natbughine (2
. mmlﬂwxwhmﬂ(o.l»mlﬂ
Rat 20 ugfq SC A. N-type calcium chaanel blocker K8-2796 (1,
5. 15 mgfkg SC)
8. L-type calcium chancel sganist 8ay K 8644
(0.25, 0.5, 1 mgrkg SC
Rabbit . 15 pgfikg IV Midazolem (700 ugfkg V) )
Rabbit . ED50, 2xEDSO, Tricydlic antidepressant imipeamine (1, 2.1, 3.2
€080 IV mgkg iVl __ ,
Dog 1V loading dose mMmmmmé.ms.e.
. tollowed by ] 28.8 pgikgiming .
. constant infusion -
- at 0.02, 0.05 .
moglgimin - .
Cat w Non-degolarizing neuromuscular blocking sgent:
wecuroniom derivative ORG 9426
Lambs - 3mggV - Peatobutitel (8 malkg IV)
{newbom} >
Sheep _vakglv {Dopaminargic} neuroleptic drugs droperidol {5

ugfkg IV} or zuclopenthixol (100 ugfkg IV}
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NDA 21-947"

Speci F v Dose
PK interactions

" Rats & | Varisble
Ratibitz

m
Rt (male 100 pfig IV
Spague- o
Dawdeyl

. Rat 25. 100 pghg v
Oog 40 ugikg vV

" Oog 0.4 mgfkg IM
Dog

60 parig V

Liposoma! {phasphatidyichofine sad cholesterol
carriers '

AL hmdn(clmhbdur 50 250
so/kg V) ’

. B vmmmm 1.15. 2.3

mgig V)

Atropine {sntimuscarinic agent, 0.1 ulqllqM

Naloxone (0.01, 0.1, 1.0, 10 ingfkg V)
Ooxapcsm (S mgfkg (V) ’

N

Naloxane (0.4 mg V)

APPEARSTHISWAY — ~ =
ONORIGINAL
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NDA 21-997°

2.6.3 PHARMACOLOGY TABULATED SUMMARY

PRIMARY PHARMACOP YNAMICS

Fentanyl Citrate Analgesic Mbdels, EDso, and Plasma Concentrations

Species/ Nociceptive Model or Analgesic Plasma Comments
Reference Effect EDsy/ Concentrations
Route (ng/ml)
(ng/kg, median
dose or range)
Mouse ‘
Acetic acid-induced 1.5
writhing
Tail Immersion 94
Phenylquinone-induced 34
writhing N
Formalin-induced hand 50
paw pain
IND 421 Tail clamp 80 SC Analgesia:
Attachment 6a-5 (morphine = SC administration:
15000 SC) onset 4 min
peak 10-15 min
duration 30 min
NDA 16-049 Hot plate test~ Fentany! faster onset, faster
Exhibit (1.a.iii)-A- time to peak response and
134, Amend No. 1 shorter duration than
meperidine or morphine
Rat .
NDA 16-049 Warm water tail SC fentanyl 269 times more
Exhibit (1.a.iv)-1 | withdrawal potent than morphine
Oral fentanyl 400 times more
Janssen et al 1963 potent than morphine
Fentanyl faster acting and
‘ . shorter acting than morphine
Carlsson et al, Tail clamp ” 5-50 1V Completely abolished pain
1982 - resporise at 25 pg/kg
Antibradykinin - 8
Rabbit v
NDA 16-619 Tooth pulp stimulation, 11351V Prevented desynchronization
Exhibit (1.a.iii}-9, | (trigeminal nerve of EEG, increased cortical
Vol. 2 stimulation) potentials interpreted to reflect
depréssion of the cortical
Zattoni and Giunta activating system
1965 Analgesia duration 26 min
Dog S
Not described in review 30 For maximal analgesia
IV Anesthetic range 70-300 30-400

8. .
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NDA 21-927

Species/ Nociceptive Model or Analgesic Plasma Comments
Reference ~ Effect EDso/ Concentrations
Route {ng/ml)
(pg/kg, median '
dose or range)
Monkey, rhesus ) ) )
Not described in review' 434 For maximal analgesia -
Respiratory and Analgesic 3 Minimal effective dose
Effects
. Lamb, neonatal .
Yaster et al. Pain (not described in Cumulative Retained normal pain response
1987 summary) . doses up to1000
‘nelkg, IV
4400 pg/kg, IV 646 + 95 4 of 10 fully responsive to

pain

APPEARS THIS WAY

* ON ORIGINAL
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SAFETY PHARMACOLOGY

Neurological Safety
Report, Species/ .
Location Strain Doses : Key Findings
DS-2005-014 Rat Fentanyl citrate, SC, 0.003 mg/kg: ‘
Sprague-Dawley | 0.003, 0.03, 0.3 mg/kg | No behavioral or physiological changes
GLP study '
N=6/group 0.03 mg/kg: '
Stereotypic behavior: cage licking
0.3 mg/kg:

Generalized CNS depression with complete
recovery between 5 to 24 hours '
Altered neurological function:
flattened position, extended rigid limbs,
catalepsy, paralysis, | grip strength,
4 -« . | righting reflex, altered gait
' Altered sensorimotor response:
T ease of handling, | touch response,
| fearfulness, | pain response
Altered autonomic functioning:
exophthalmos, abnormal pupil response,
"7 salivation, | pinna and corneal
responses, | body temperature
~ Stereotypic behavior:
compulsive licking during recovery

APPEARS THIS WAY
ON ORIGINAL
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Cardiovascular Safety

NDA 21-997

Report, Species/ .
Location Strain Doses Key Fiildingsv
DS-2005-013 | Dog, Beagle Fentanyl citrate, SC, :
_ males . 0.001, 0.01, 0.05 0.001 mg/kg:
GLP study N=d/group mg/kg ' No effect on heart rate, blood pressure, or
conscious, . EKG parameters
telemetry study
0.01 mg/ke:

Slight sedation and unsteady gait
No effect on heart rate or blood pressure

0.05 mg/kg: )
Generalized sedation, abnormal gait, |
respiration, cold extremities and pale
gums/tongue
* " | heart rate 15 to 45 min postdose
1 diastolic, systolic, and mean arterial
blood pressure at 5, 15, 60, 180, 360 min
‘postdose
(maximum increases at 5 min postdose)
| RR interval at 5 min , T at 30 and 45 min
‘No effect on PR or QRS intervals

1 QTcF and QTcQ interval at 15 to 30 min
postdosing (mean maximal decrease’ = -12
for QTcF and -17 for QTcQ)

1 QTcF and QTcQ interval at 60 to 360
min postdosing (mean maximal increase =
+34 ms for QTcF and +30 ms for QTcQ)

Altered electrical conductivity of the heart

1 incidences of sinus pauses of >2.5 s
duration -

1 incidence of bradycardia

T-incidénce of escape complexes
associated the decreased heart rate and

42

increased escape focus excitabilty



Reviewer: L.S. Leshin, DVM, PhD

NDA 21-947"

Results from previously reviewed studies of NDA 20-747 are presented in the following table:

Previous Findings of Cardiovascular Effects of Fentanyl

1000, 2000 pgrkg
v

Study Species Dose Findings
IND 421 Dog, anesthetized Up to 5 pug/kg, IV | Only slight effect on heart rate and blood
Attachment 6a-5 pressure
- Fentanyl 10, 20, .
Gardocki and 40 pg/kg; IV At equianalgesic doses, vasodepressor effect
Yelnosky, 1964 Morphine 500,

of fentanyl was less than that of morphine

Bradycardia produced by fentanyl reversed by
atropine

100 pg/kg, IV; at
5 min intervals

10 or 50 pg/kg :
intraarterial No effect on femoral blood flow
, 200 pg/kg Decreased vascular resistance
IND 421 Dog -+ . | Fentanyl caused vasodepression as does
Attachment 6a-5 morphine
Cabinoxamine maleate, an antihistamine
Gardocki and blocks morphine induced vasodepressor effect
Yelnosky, 1964 , but not that caused by fentanyl
TRR-146 Dog blood 0.05,0.1,0.25, In vitro hemolysis study
0.5,0.75.0r 1.0
NDA 16-049 mL of 0.01% At 1:1 dilution (greatest amount of fentanyl
Exhibit (1.a.i)-16 ~ Fentanyl solution { added), there was 7% hemolysis
Amendment No. 1 Added to 1.0 ml (for comparison, Nembutal at 0.75 ml per ml
of dog blood of blood resulted in 6% hemolysis
Blair et la., 1986 Dog Fentanyl prolongs cardiac action potential
duration by prolonging ventricular
repolarization '
Arndt et al 1984 Dog 2.5, 5,20, 40, 30 ng/mL plasma conc (cumulative dose of

67.5 pglkg over 20 min) produced maximum
cardiovascular effects on sleep-like behavior,
analgesia, decreased respiratory rate, cardiac
output, heart rate and arterial oxygen tension,

‘suggesting

saturation of opiate receptors

gt

McPerson and
Traystman 1984

Dog, anesthetized

25 or 100 pg/kg,

v

Fentanyl did not alter lower or upper limits of
cerebrovascular autoregulation

No effects on hypoxia or hypercapnia-induced
alterations in cerebral vascular responsweness
and blood flow

Carlsson et al
1982

Rat

25-400 pg/kg, IV

At analgesic dose of 25 pg/kg; there was no
change in blood pressure

Dose-related effects: up to,

1 at 100. pg/kg {maximal effcct)

- 35% decrease in cerebral blood flow,
50% decrease in cerebral oxygen
metabolism
25% had seizures after 200-400 pig/kg
Effects blocked by naloxone

Yaster et al 1987

Sheep,

' cumulative dose

43
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Neonatal lamb, of 4.4 mg/kg, IV | Decreased renal blood flow
mechanically ventilated
Increased arterial carbon diox_ide tension

No effect on: cardiac output,
heart rate
mean arterial blood pressure

there were regional, naloxone-reversible
decreases in blood flow to the spinal cord,
cerebellum, medulla, diencephalon and
subcortical white matter.

APPEARS THIS WAY
ON ORIGINAL
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Pulmonary Safety
Study Species Dose F indings
DS-2005-015 Rat, Fent-ahyl citrate,SC, Respiration Rate

GLP study

Sprague-Dawley

male

{(N=8/group)

20 mg/kg

0.003, 0.03, 0.3 mg/kg

positive control:
Morphine, IV,

<0.03 mg/kg: No significant effect
0.3 mg/kg: | in respiration rate
Tidal Volume

<0.03 mg/kg: No significant effect

0.3 mg/ke: | in tidal volume
at 0.5 hour post-dose

volume

at 0.5, 5 or 24 hours post-dose

at 0.5 and 5 hours post-dose

at 0.5, 5 or 24 hours post—dose

Morphine: | in respiration rate and tidal

Results from previously reviewed studies of NDA 20-747 are presented in the following table:

Previous Findings of Pulmonary Effects of Fentanyl

,'.\.z.?{' :l

Study Species Dose Findings
Carlsson et al Rat 25-400 pg/kg, IV | At analgesnc dose of 25 pg/kg, there was no change in respiration;
1982 ’ Apneic at 50 ng/kg
IND 421 Dog 10-49 pg/kg, IV | Decreased respiratory minute volume (up to 98%), (dose-
Attach. 6a-5 dependent), max effect at | min, recovery over 5 min
_ Decreased respiratory rate
Gardocki and Decreased tidal volume
Yelnosky, ' .
1964 _ .
Hug and Dog *H-fentanyl Fast equilibration between plasma and cerebrospinal fluid
Murphy 1979 10 pg/kg, IV Close relationship between respiratory depression and CSF and -
plasma concentrations
Repeated injections led to accumulation and mcreased ventilatory
depression
) Increased end-tidal COZ from 43 to 79 torr over 10 min,
h " complete recovery at 180 min
Reversed with controlled/assisted ventilation and with naloxone
: | administration
Arndt et al Dog 2.5,5,20,40, 30 ng/mL plasma conc (cumulative dose of 67.5 ug/kg over 20
1984 100 pg/kg, [V; at | min) produced maximum cardiovascular effects on sleep-like
5 min intervals | behavior, analgesia, decreased respiratory rate, cardiac output,
heart rate and arterial oxygen terision, suggesting
‘ saturation of opiate receptors
Nussmeier et Rhesus 2,4,16,64,128 | 2 ug/ke: significant reduction in resplratory rate
al 1991 monkeys, | pg/kg, IV; as 4 pg/kg: onset of analgesia )
adult sequential significant increase in PaCOZ
males boluses, 10 min plasma conc 2.7 + 0.9 ng/mL
intervals all became apneic

64 pnglke:
- mean arterial blood pressure decreased

cardiac output decreased

maximal analgesic effect
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plasma conc 43.4 + 26 ng/mL

Plasma conc of 40 ng/mL sufficient to produce maximum CV,
respiratory and analgesic effects.
Effects were similar to those previously reported in
humans.

RENAL SAFETY

Results from previously.r'eviewed studies of NDA 20-747 are presented in the following table:

Previous Findings of Renal Effects of Fentanyl

Study Species Dose ' Findings
| Hunter et al Dog 25 ug/kg, IV | Effects lasting 30 to 90 min post-infusion:
1980 anesthetized | infusions " decreased mean arterial blood pressure
and heart rate

over 10 min

decreased glomerular filtration rate
decreased renal blood flow
decreased urine volume

. increased renal vascular resistance

GASTROINTESTINAL SAFETY

~

Results from previously reviewed studies of NDA 20-747 are presented in the following table:

Previous Findings of Gastrointestinal Effects of Fentanyl

'| Gardocki and
Yelnosky, 1964

Study Species Dose Findings

IND 421 mouse Fentanyl has constipating effect
Attachment 6a-5
Gardocki and
Yelnosky 1964
Fasoulaki et al, Rats 15.6 pg/kg; IP; | Increased SGPT (=ALT)
1986 Once daily for 6 | No effect on.SGOT-(=AST)

~ days No liver necrosis .
IND 421 Dog 1.0,2.5mg/kg | Fentanyl devoid of emetic activity at doses in which morphine

' Attachment 6a-5 | N=4 M

produce emesis

A
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ABUSE LIABILITY

.Summary of Dependence and Tolerance of Fentanyl

Study

Species

Dose
Route

Findiags -

NDA 16-049 (from Phannaéologist review dated May 12, 1967)

Also referred to in

NDA 16-619 (from Phanﬁacologist review dated July 19, 1967)

IND 487 dog 200 pg/kg, 1P, fentanyl did not block abstinence syndrome
Attachment 6a-13 twice daily produced by morphine withdrawal in morphine-
addicted dogs

Depeadence study
BRR-161 monkey highest tolerable Withdrawal symptoms after 3.0 mg/kg of

— dose present in morphine were suppressed with 0.04 mg/kg of

—— study) [nnovar (this dose { fentanyl (1/75 the morphine dose), thus

was not fentanyl was estimated to be 75 times as potent

NDA 16-049 mentioned in the | as morphine sulfate;

Exhibit (1.a.i)-20
Amendment No. 1

Dependence study

reviews); .-

subcutaneous;
twice daily for2
weeks

Abstinence signs from fentanyl were very mild
when abruptly withdrawn (the term “very mild”
was not explained in the reviews)

NDA 20-747 (from Pharmacologist review dated Sept 24, 1998)

Withdrawal contractures induced by naloxone

Dependence study | guinea pig in vitro Guinea pigs made
preparation s of ileal | tolerant to added to the in vitro preparations
longitudinal muscle fentanyl
with myenteric {(dosing not
plexus described in
review)

Dependence study | dog -1.5-100 pg/kg; Increased arterial blood pressure responses to
IV; every 20 min | somatic nerve stimulation at 90 min after drug’
for 200 min withdrawal

rat 40 pg/ke; 1P; Hot water tail-flick assay
Tolerance once every 2 days Decreased analgesia with repeated
study for 10 days administration,
By day 10, similar response between fentanyl
and :
" control treated
_ N rat 0.01 mg/kg/h for 1 | Examined cross tolerance in tail flick response

Tolerance week; continuous Cross tolerance demonstrated for

study infusion to induce | buprenorphine,
tolerance but not for morphine, etorphine, methadone,

meperidine or levorphanol
dog 4 doses 30 min Hypotension following the first dose

Tolerance apart but little or no additional hypertensive effect

study (dosing not after
described in subsequent doses =~ -~
review) ' e )
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OTHER

Previous Findings of Muscular Effects of Fentanyl

e

Study Species | Dose _ B Findings
| NDA 16-619 Guinea pig . Fentanyl has spasmogenic effect on the sphincter of Oddi,
Exhibit (1.a.iii)-1, blocked by droperidol
Vol. 5 ) : '
Canellas et al
1965
Lui et al 1989 Rat 25,50, 100 Featanyl produces muscular rigidity (increase in EMG activity)
' pefke; IV in unanesthetized rats: '

Rigidity greater in gastrocnemius muscle than rectus abdominis

Hypoxemia, respiratory acidosis and hypercarbia also occurred
IND 421 Cats Fentanyl produces muscular rigidity, blocked by succinylcholine
Attachment 6a-5 . . ' (likely centrally acting) i
Gardocki and < 1 104160 Fentanyl has no effect on contraction of tibialis anterior muscle
Yelnosky 1964 pg/kg; IV in response to nerve stimulation, thus unlikely fentanyl affect

: ' o neuromuscular transmission
[ND 487 : Dogs Fentanyl + d-methorphan produces muscular rigidity
Attachment 6a-17
IND 487 Rabbits IM injection | fentanyl produced slight or no intramuscular irritation
Attachment 6a-7 i
APPEARS THIS WAy

ON ORIGINAL
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS
2.6.4.1 Brief summary

The absorption, distribution, metabolism, excretion and pharmacokinetics of fentanyl citrate were
described in NDA 20-747. No additional studies were conducted by the Sponsor. A summary of
the data is described here. ' B

Absorption:

OraVescent Fentanyl Citrate is an effervescent fentanyl buccal tablet designed for placement and
retention within the oral cavity for a period sufficient to allow disintegration of the tablet.
Effervescent disintegration is thought to enhance absorption of fentany! across the oral mucosa to .
maximize absorption. Uptake from the oral cavity would minimize first-pass metaboﬁs_m, and
allow delivery of therapeutically effective plasma fentanyl concentrations with administration of
lower fentanyl doses. ' : :

A study to verify this hypothesis used 6 mongrel dogs in which pharmacokinetic parameters were
-compared between fentanyl administered intravenously and through a special drug delivery cell to -

the buccal mucosa. The fentanyl buccal administered formulation was tested at pH 6.6, 7.2 and
7.7 and delivery was allowed for 60 minutes. Buccal delivered fentanyl was detected in plasma at
6 minutes with the Tyax occurring within 10 minutes for all pH formulations after terminating
drug administration. Buccal fentanyl absorption, bioavailability and permeability increased 3- to
5-fold with increased pH. Bioavailability ranged from approximately 20% (pH 6.6) to 57% (pH
7.7). Another study demonstrated that the absorption of buccal fentany!l entered the systemic
circulation with no depot effect, adsorption, or buccal mucosa metabolism. The terminal

elimination half-life was similar after intravenous (244 + 68 min) and buccal (205+89 to 196 + ;‘

48 min) administration.

Studies in humans compared OraVescent® Fentanyl Citrate to Actiq® formulations.
Approximately 25% of the total dose of fentanyl (Actiq®) was rapidly absorbed from the buccal
mucosa and became systemically available. Approximately 67% of the swallowed fentanyl (75%
of the total dose) undergoes hepatic and duodenal first pass metabolism. Approximately 33% of
the swallowed dose was absorbed. Thus, for Actiq®, 50% bioavailability of fentanyl was divided
equally between rapid transmucosal and slower GI absorption. '

The results of initial pharmacokinetic studies during the development of an effervescent fentanyl
formulation indicated that the positioning of the tablet either sublingually or bucally did not alter
the PK parameters. The effervescent products demonstrated an increased rate of absorption
compared to Actiq® (152% following sublingual placement and 160% foHewing buccal
placement). Data from these studies is presented in Section 2.6.4.10; the Comparative TK section.

Distribution:

Fentanyl was widely distributed in the body following administration. In a study in rats,
intravenously administered fentanyl was detected in brain, heart. and lung at equivalent
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concentrations with plasma fentanyl at 1.5 minutes. By 120 minutes, muscle and fat had
equivalent concentrations of fentanyl. Additionally, fentanyl was measured in liver, gastric
contents, small intestine, and kidneys. Muscle and brain affinities for fentanyl were 4:1 and 5:1
respectively, and affinity of fat for fentanyl was approximately 35:1. The high affinity of fat for
fentanyl suggested that fentanyl could accumulate with repeated administration, and be
reintroduced into circulation over time: Fentanyl crossed the placenta in rabbits and sheep with
resulting ratios of fetal:maternal plasma fentanyl levels of 0.3 in both species. :

Fentanyl is rapidly distributed after intravenous administration in humans to the brain, lung,
kidney, spleen and heart. The concentration-time curve in humans was best described by a three-
compartment model, with a rapid distribution phase half-life of approximately 1.7 minutes, slow
distribution phase half-life of 13 minutes, and terminal elimination half-life of 219 minutes.
Fentanyl crossed the human placenta resulting in a fetal:maternal plasma level ratio of 0.8. The
short duration of action of intravenous fentanyl (30-60 minutes) may be due to rapld
redistribution into tissues and not due to metabohsm :

Fentanyl plasma protein binding is variable among species, representing approximately 60%-80%
of unchanged drug in rabbits and dogs. In humans, 69-84% of fentanyl was protein bound with an
average volume of distribution of 3-5 L/kg. In humans fentanyl binds predominantly to a-1-acid
glycoprotein. Fentanyl crossed the blood-brain barrier and the placenta, and can be detected in
breast milk. The total plasma clearance of fentanyl was 0.5 L/hr/kg (range: 0.3-0.7 L/hr/kg, or 10-
20 m!/min/kg). The effective-elimination half-life of fentanyl was about 2-4 hours, with a longer
terminal elimination half-life of about 7 hours due to the slow elution from tissue sites.

Metabolism:

Fentanyl was metabolized primarily in the liver by oxidative N-dealkylation at the piperidine z'%
nitrogen, yielding phenylacetic acid and norfentanyl, and by aromatic and aliphatic hydroxylation
via cytochrome P450 3A4. Fentanyl metabolism also occurred in mouse and rat kidney and the
mouse adrenal gland. The major metabolites, phenylacetic acid and norfentanyl, and minor
metabolites, including pharmacologically active p-hydroxy (phenethyl) fentanyl, can be detected
in gastric contents, brain, heart, lung, liver, kidney, muscle and fat in rats. The major metabolic
pathway Tor fentanyl in rats is hepatic oxidative N-dealkylation to norfentanyl and phenylacetic
acid, and small amounts of pharmacologically active p- hydroxy-(phenethyl)fentanyl. Minor -
pathways in rats include amide hydrolysis, hydroxylation and conjugation. In humans, the
primary metabolite is norfentanyl. Fentanyl metabolites lack significant analgesic activity (see
table below).

Metabolic pathways of fentanyl in animals and man:
1: oxidative Ndealkylation, 2: aromatic para-phenyl hydroxylation, 3: aliphatic (x-phenylethyl

- oxidation, 4: aromatic aniline hydroxylation, 5: piperidine oxidation, 6: ahphatlc (co-1)- proplonyl

oxidation, 7: amide hydrolysns (minor pathway, if present), 8: 0- glucuromdatlon
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Analgesic Activity of Fentanyl and Its Metabolites and other Opiates

Compound Guinea-pig | Hot-plate test | Tail-withdrawal test
ileum (mouse) (rat)

bioassay | EDsp (ng/kg) EDso (mg/kg)
1Cs (nM)

Fentanyl 4 0.015 0.017

Morphine 50 35 3.25

Meperidine 1,300 20.0 11

o-Hydroxy-fentanyl 50

4-Hydroxy- 240 14

phenethyl-fentanyl _

Norfentanyl 3,800 inactive

Despropionyi- 12,000 ‘inactive

fentanyl

4-anilino-piperidin 120,000

Elimination:

Fentanyl is excreted predominantly as metabolites in urine, with only 10% representing the
unchanged drug, and to a lesser extent in feces, about 9% of the dose, primarily as metabolites.
Neither the skin, nor oral mucosa metabolized fentanyl that was absorbed transdermally or
through the oral mucosa. After intravenous administration in dogs, 32% [°H]-fentanyl was
excreted in urine, with 4%-6% excreted as unchanged fentanyl, during the first 6 hours. After
intravenous fentanyl administration in humans, less than 8% of the total dose was eliminated
unchanged (6% in urine and 1% in feces). Approximately 75% intravenous dose was excreted in
urine and 9% in feces as metabolites.

APPEARS THIS WAY

O ORIGINAL
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2.6.4.10 -~ Tables and figures to include comparative TK summary

During the development of this product, in IND 65,447, the “~————___ a maximal human
dose of 800 pg or 13.3 pg/kg QID (3200 pg/day or 53.2 pg/kg/day). The exposure of 800 pug QID
in humans had not been determined yet, but exposure had been shown to have a dose-dependent
linear increase in doses of 100-800 pug. At that time, the TK data the Sponsor provided was an
estimate based on dose-dependent linearity using data from a human study where 400 pg was
taken QID for 5 days. This PK data was doubled to get the Cmaxand AUC 0240 for an 800 1g

QID dose presented in-the table below. Note that the actual PK values from study 1027 were
substantially less than those obtained from extrapolation. Also in study 1029, repeated dosing at 6 °
hour intervals substantially increased both C,. and AUC. In actual use in opioid tolerant patients
a second dose could be administered 30 minutes after. the first dose. These values were used to
compare with repeated-dose range-finding studies in mice and rats for predicting safety margins
for identifiable toxicities. ' "

k]

Safety Margins from TK Analysis of Rats and Micé Repeated-Dose Range-Finding Studies

Species Dose Day Crax AUC,. 4, Safety Margin
] (ng/mL) | (ng-hr/mL) Crax AUC,.,4
Healthy 800 pug qid 5 354" 60.7"
volunteers (Study for 5 days*
C25608/1029/PK/
Us)
Adult healthy men 800 pug « 1 1.59 7.38
and women Single dose '
(Study 1027)
~ Label 800 ug 1.59 9.05°
Adult healthy men 800 pg 1 0.984 4.87.,
and women Single oral dose
(Study 1028)
Adult healthy men 400 pg :
and women Single dose day 1, | 0.88 4.90
(Study 1029) then every 6 hours 9 1.77 15.8
. day4to9

53

s



s

" Reviewer: L.S. Leshin, DVM, PhD ' "~ _NDA21-947

/ /

HUMAN

Pharmacokinetic parameters obtained from studies to support the therapeutic doses in relation to
the approved Actiq® dosing are presented in the two tables below. (Consult the €linical
Pharmacology review of NDA 20-747 for more detailed information).-Study 1028 was conducted
to assess the absolute and relative bioavailability of Oravescent fentanyl (OVF). The study
compared bioavailability of single dose of 400 ug OVF by the proposed buccal administration
against 800 pg OVF given orally, 800 pg Actig® given by the transmucosal route and 400 pg of

fentanyl given intravenously. Results of this study (Table 1 below) suggested that the fraction of
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the OVF dose absorbed transmucosally is approximately 50% of the total dose (fTM=0.48), and
the fraction of the Actiq® dose absorbed transmucosally is approximately 25% of the total dose
(fTM=0.22). As a result, OVF demonstrated a higher absolute bioavailability (FOVF=0.65) when -
compared with Actiq® (FACTIQ=0.47). Dose normalization to equal doses (400 pg) of

effervescent fentanyl demonstrated higher exposure compared with Actiq® (as measured by C

AUCh.00, and AUCy.tmax)-

maxs

Table 1: Mean (+/- SD) Pharmacokinetic Parameters of Fentanyl in Healthy Volunteers (N=26) Administered a
Single Dose of 400 g OVF or 800 pg Actiq® Transmucosally, 400 pug Fentanyl Intravenously, or 800 pg OVF

Orally .
ar | 4o T BMOVE(e) | SRACTIO
3000 LY o.qsit.é'q,m*j o -2:51"51-1_0.414
OTB(O3S00L  0AT[OOKOIS] ~E50[G68400] 151(0.584.00}

OIWACATE  L4ILOP . Ollo=ons 0:280'+0.101

AUCasy GigtimL) - 5.00¢ 1‘.14 s 1794185 4872 3.0 7314257

AUGy Gghdml) 5525243 0014279 SST24AS EATE3IT3

AUCan (nghofml) 5,79+ 2.50 9314275 sT6441s  8ms 369

AUCs., (nghomly 6484798 10292288 660+4.47 958391

de () 00565 £0,0364  0.0411500153 00703 £ 0057 0.04382 00195

tes (he)® 123 g9 oy t5g

CLotCUE (U 7106438 4072113 | (#4108 9504307

V, or V/E (L} 1481 £.493 1102 £ 332 2696 769 3345 1780

AUCEmap. (%) 132249 15453 35467 25553

[ NA Na GIIL 20031 NA

Eovr 0.648 + 0200 NA NA NA

Facisy NA NA NA 0.465 £0.105

Fru 04770318 Na NA 0224.£0.173

fo 0523£0318  Na A 0TT6£0.173

Fovene 1342639 NA .. NA ‘NA

Fovi 2322107 Na NA NA.

Face CNAL NA NA .80 £0.75

* Median {rarige]; ® Harmonic mean; NA =Not Applicable.

Fuvenes Fovergu Facis = Relative bisavailability of OVF o ACT[Q. OvFE tuoral OVP and

* ACTIQ to aral OVF, rospectively.
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Suramary of Single Dose Pharmacokinetics from Dose-Proportionality Study 1027

ORAVESCENT fentanyl
: » 100 mcg 200 mcg .~ 400 mecg 800 mcg

Variable (N=31) (N=31) (N=31) C(N=31)

AUC,id (ng hr/mL) 0.98+0.37 2.11£1.13 4.7241.95 9.05+3.72

AUCy, (nghe/ml) 0.80+0.26 1.39+0.46 . 2.90:092 527+1.85

AUC.34 (ng hr/ml) 0.960.41 1.85+0.80 3.98+1.37 7384271

AUC, 7 (ng hr/ml) 0.99+0.46 1.93+0.90 4.39+1.80 8.39+£3.59

AUC_gnac (ng hr/ml) 0.09+0.06 0.13+0.09 0.3440.23 0.52+0.38

AUC,. (ag h/ml) 0912042 1.79+0.82 4174172 8.1143.63

Cuax (ng/mL) 0.2540.14 T 04010.18 0.9740.53 1.59+0.90

tmec (min) 45.0 (25.0, 181.0) 40.0 (200, 180.0) 35.0(20.0,180.0)  40.0(25.0, 180.0).

ti2*" (hr) » 2.63(147,13.57) 4.43(1.85,20.76) 11.09(3.44,2059) 11.70(4.63, 28.63)
aNot all subjects’ data were extrapolated. For 100 mcg, n=25; for 200 mcg, n=27; for 400 mcg, n=29; and for 800
mcg, n=30. < 4 '

s Median (range) is presented for these variables. Mean + SD is presented for all other vartables
AUCO-1'= AUC from time zero to the last time point at which at least 75% of the subjects within all dose groups had
a measurable plasma concentration.

The following table is the sponsor's summary of the first experiment PK parameters:
Tabla 8.3: PK Oats Gensrated Iur CiMA's Fantany! Protocql 03908

Means and Ratiosof | AUC (04) | AUC (Gand] Connglml. [ TgHr | T Hr
LS Keans (ngml}he | (egfml) his (M=l (N=12 | (=123
. (N=t3) (N=E2) =

A: OmVeswent® | 1656 3.637 85412 3 0541
Ferdnnyl Citrade

B NE* B 1612 63986 EXT id
C: Alig® EE) 2116 0.4073 177 14
AB 1354 1294 REE-T - R
(90% C1} (114.3-150.3) | (103.2-162.2) | (130.3-175.4}
AN 1595 l'i%3a 1356 = .
@y {135.1-188.2) | (172.6-190.8) | (134.5-(39.0} o
BiIC M%7 | 14z {ax 4 - -
(9% CIy {100.1-139.5) | (9T.6-148.4) | (835-Us4)

Lmimﬂ-qf‘kwcﬁnt -

Fentanyl Protocol 099-08 / —_— Project 26609). This study also -

compared the effects of placement of the lozenge on PK parameters. A total-of 24 healthy study
participants were administered 200 pg of fentanyl in the form of OraVescent® sublmgually,
OraVescent® bucally, or the Actiq® formulation bucally.
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

No new toxicology studies were submitted for the current NDA. The toxicity of fentanyl is fairly
well characterized. Based upon extensive human experience with this drug, additional repeat-dose
toxicology studies were not required for this 505(b)(2) submission. During early meetings, the
Sponsor indicated "to the best of their knowledge, no suitable model for examining the
tolerability and toxicity of repeated administration via the oral transmucosal route has been
developed." In animal studies, doses were usually administered by subcutaneous administration to
attempt to miimic transmucosal absorption while avoiding first pass liver metabolism.

General Toxicology, Single Dose Studies:
NDA 20-747 for Actig® did not contain single-dose toxicology data, but relied upon findings of
safety in NDA 20-195 for Oralet, and published literature. The Oralet NDA also lacked single-
dose toxicology data, and relied on prior FDA. findings. The FDA’s prior findings of safety were
based on studies conducted by McNeil Laboratories (Fort Washington, PA) in support of NDA
16-619 for Sublimaze (fentanyl citrate) Injection and NDA 16-049 for Innovar (fentanyl and
droperidol) Injection. Those studies are summarized below:

Intravenous doses of 0, 10 and 20 mg/kg were administered to mice. The LDsg value, calculated
from survival data 14 days after intravenous injection, was12 mg/kg. Intravenous injections of
fentanyl were lethal for 1 out of 5 mice at 10 mg/kg and for all five mice at 20 mg/kg. Mortality
occurred within the first hour after dosing. The fentanyl mortality dose response curve in mice
was biphasic following both subcutaneous and intravenous dosing. The mechanism for this
biphasic response is not known, but the mortality observed at the low end of the dose-response
curve was considered associated with respiratory depression. Fentanyl produced some central
opioid-like actions, e.g. excitation, exophthalmos, Straub tail on arched back, corneal opacity,
dyspnea, loss of righting reflex, hypertonia and spasms. Mice also exhibited decreased activity or
decreased activity followed by mcreased activity. All survnvmg mice completely recovered within
6 hours after injection.

Intravenous doses of 0, 1.25, 2.5 and 5 mg/kg were administered to rats. The LDsq value,
calculated from survival data 14 days after intravenous injection, was 2.3 mg/kg. In rats, no
mortality occurred at a dosage of 1.25 mg/kg. At a dose of 2.5 mg/kg, three out of five rats died
immediately after dosing. At a dose of 5 mg/kg, all rats died immediately after administration of
fentanyl. Apart from mortality, the following clinical observations were noted 4t all doses:
blockade of cornea and pinna reflexes, dyspnea, loss of righting reflex, muscular rigidity,

“hypertonia, exophthalmos and salivation. Rats also exhibited decreased activity or decreased

activity followed by increased activity. The surviving rats recovered within 1 day after dosing. No
abnormalities were found at autopsy in mice or rats.
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Fentanyl was tested in dogs by subcutaneous (SC), intramuscular (IM), intra-arterial (IA) and
intragastric (IG) administration. Clinical responses were of central nervous system nature, i.e.
convulsions, tremors, loss of righting reflex, sedation and respiratory depression in dogs.

In a study of the potential manufacturing impurity or degradant, both fentanyl and ~ ~—~—
had similar pharmacodynamic and toxicity profiles in rats and mice.

General Toxicology, Repeated-Dose Studies:

The Pharmacology-Toxicology review of NDA 20-747 stated, that at the time of its submission
(Nov 1996) there were no long-term studies to assess fentanyl subchronic and chronic toxicity.
The NDA 20-747 for Actiq® did not contain repeat-dose toxicology data, but relied upon findings
of safety in NDA 20-195 for Oralet, and published literature. The Oralet NDA also lacks repeat-
dose toxicology data, and relies on prior FDA findings. The FDA’s prior findings of safety are
based on studies conducted by McNeil Laboratories (Fort Washington, PA) in support of NDA
16-619 for Sublimaze (fentanyl itrate) Injection and NDA 16-049 for Innovar (fentany! and
droperidol) Injection. _

/ f | J f B //

v

Genetic toxicology: In vitro bacterial mutagenicity and in vitro clastogenicity studies were
conducted on three impurities or degradants from fentany! citrate supplied by —
— The three compounds were:
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[

The three impurities listed above were identified by the Agency as containing a structural alert for
mutagenicity. All three impurities or degradants at concentrations of up to 5000 pg/plate were
negative for induction of mutations in Salmonella typhimurium and Escherichia coli with and
without metabolic activation. These impurities did not induce structural or numerical
chromosome aberrations in the in vitro cytogenetic assay of human peripheral blood lymphocytes
in the presence or absence of metabolic activation at concentrations that produced up to 50%
cytotoxicity. ' '

. Two additional impurities or degradants that do not contain the structural alert for mutagenicity
. are monitored as specified impurities.. One of the two compounds, T had

pharmacodynamic and toxicologic profile similar to fentanyl in acute studies in rats and mice.
The pharmacologic and toxicity of the other four compounds were not examined in this or
previous NDAs.

Carcinogenicity: Long—térm studies in animals to assess the carcinogenic potential of fentanyl
have not been completed.

Reproductive toxicology: Limited data describing the developmental and reproductive toxicityof
fentany! have been provided by the Sponsor. The current drug label lacks data describing the
potential effect of fentanyl on male fertility, teratogenicity in a second species, and peri- and post-
natal development. .

BT AN
g i

because the Sponsor was unable to obtain a suitable animal model for oral transmucosal defivery
of fentanyl. Local irritant effects and sensitization were to be evaluated in the clinical studies.

2.6.6.2 Single-dose toxicity

Single-dose (acute) toxicity studies with fentanyl citrate were described in NDA 20-747. No
additional single-dose toxicity studies were conducted for this submission. NDA 20-747 for
Actiq® does not contain single-dose toxicology data, but relies upon findings of safety in NDA
20-195 for Oralet and published literature. The Oralet NDA also lacks single-dose toxicology
data, and relies on prior FDA findings. The FDA’s prior findings of safety are based on studies
conducted by McNeil Laboratories (Fort Washington, PA) in support of NDA 16-619 for
Sublimaze (fentanyl citrate) Injection and NDA 16-049 for Innovar (fentanyl and droperidol)

Injection . These studies are summarized in the table below. £ =

Studies in Mice: _ :

Doses of 0, 10 and 20 mg/kg were administered to mice. The LDs value, calculated 14 days after
the intravenous injection, was 12 mg/kg. Intravenous injections of fentanyl were lethal for 1 out
of 5 mice at 10 mg/kg and for all five mice at 20 mg/kg. Mortality occurred within the first hour
after dosing. The fentanyl mortality dose response curve in mice was biphasic following both
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subcutaneous and intravenous dosing. The mechanism for this biphasic response is not known,

" but the mortality observed at the low end of the dose-response curve was considered to be

associated with réspiratory depression. Fentanyl produced some central opioid-like actions, e.g.
excitation, exophthalmos, Straub tail on arched back, corneal opacity, dyspnea, loss of righting
reflex, hypertonia and spasms. Mice also exhibited decreased activity or decreased activity
followed by increased activity. All survwmg mice completely recovered w1thm 6 hours after
injection.

Studies in Rats:

Doses of 1 .25, 5, and 10 mg/kg fentanyl were administered via the intravenous route to rats. The

- LDsp values, calculated 14 days after the intravenous injection was 2.3 mg/kg. In rats, no

mortality occurred at a dosage of 1.25 mg/kg. At a dose of 2.5 mg/kg, three out of five rats died
immediately after dosing, At a dose of 5 mg/kg, all rats died immediately after administration of
fentanyl. Apart from mortality, the following clinical observations were noted-at all doses:
blockade of cornea and pinna reflexes, dyspnea, loss of righting reflex, muscular rigidity,
hypertonia, exophthalmos and salivation. Rats also exhibited decreased activity or decreased
activity followed by increased activity. The surviving rats recovered within 1 day after dosing. No
abnormalities were fourid at autopsy in mice or rats.

Studies in Dogs:

Fentanyl was tested in dogs (SC), intramuscular (IM), intra-arterial (IA) and intragastric (IG)
administration. Clinical responses consistent with central nervous system toxicity, included
convulsions, tremors, loss of righting reflex, sedation and respiratory depression.

~

Summary of Single Dose Toxicity of Fentanyl ,
~ Study Species and Dose ' o Findings
Number of |. Route '
) Animals )
NDA 16-049 (from Pharmacologist review dated May 12, 1967)
TRR 143 - Dogs 0.3 mg/kg Convulsion (n=1)
. n=4 Intra-arterial | | activity -
Exhibit (1.a.i)-18 v Bradycardia
Amendment No. 1 : : Loss of righting reflex
_ : Recovery within 24 hours
TRR 104 Newborn 4; 8, 16, 32, LDso =20 mg/kg
rat pups 75, 100 mg/kg (95% confidence interval = 14-29 mg/ke)
n=9/dose intragastric | | weight of survivors (dose related)
NDA 16-619 (from pharmacologist review dated July 19, 1967)
TRR-143 | - ' ’ See NDA 16-049 - :
TRR-18 ‘rabbit 0.05 mg; None to slight lmtatlon at mjectlon Sltc after 72 hours
n=4 intramuscular - . B RS
(0.5 mt of 0.1 : [
-| mg/ml) . S
BRR-172 monkey infravenous, Marked analgesia and apnea produced,
: n=5 dose not Reversed within 2 minutes by intravenous Nalline,
providedin - | (nalorphine) in 4 monkeys and intramuscular Nalline in
review one monkey -
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" LDy, (mg/kg) base (from NDA 16-619)

Species Route of Administration
v IM SC PO | IG
Mouse 7.1 39.5 120
Rat .. }23 I {95 18
Dog 14 30 112
Hamster 8 .
Guinea 3% 65
pig
Cat 1
Monkey .03 .
Newborn | 20
rat pup
* LDoo B ' 4

from NDA 16- 619 Exhlblt(l al)-l Vol. 2

EY

Single-dose studies of impurities or degradants: =~

The Chemistry review (7/5/91) of NDA 16-619, Suppl 21, (submitted 9/27/88), and the
PharmTox review (3/21/96) of Supplement 30 (Annual Report submitted 4/20/95), both included
review of 4 nonclinical reports of - -+ ----, and fentanyl (identified as
R 4263) conducted by Janssen Research Foundatlon Beerse Belgium, in association with
changes in manufacturing.

Both fentany! and ~————had similar pharmacodynamic and toxicity profiles in rats and
mice. A suminary table of the findings is included below.

Structure of —
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Comparison of Acute Toxicity of Fentanyl (R 4263) and — in Rats
Study Species Dose Findings '
100503 Rat, Wistar; 0, 1.25,2.5, 5mgkg; | Toxicity of ~ — ——
100506 - adult males; intravenous; See Table 4 below
n=5/dose single dose; Opiate-like effects:
monitor for 14 days blockade of cornea and pinna reflexes,
dyspnea
loss of righting reflex
muscular rigidity
hypertonia
exophthalmos
salivation

all surviving animals recovered completely

within 1 day :

deaths occurred immediately after lnjCCth[l '
(2.5 mg/kg: n=3; 5 mg/kg: n=5)

no gross pathological abnormalities were

observed

LDjs, mean (95% confidence interval)

Fentanyl (R 4263) =23 (1.7-3.2) mg/kg

. S =3.1(2.1-4.6) mg/kg

Rat toxicity studies of R 4263 (fentanyl) and

mmmcmmrtmzmpmcmmotumw

ahnomulmn

——

Behaviaral abno,mtmm - Compound

Test dose, EDgg (95% C.L.}

(mgfkg, tv) (mg/kg, W}
1.25 2.6 6.0 oo~
abamdeptmannex ' A 4283 5 6§ 5 T <125
- 5 § 8 <125
Blockada comea reflex R 4263 § 6 & <125
: - 5§ & 6 <125
ophthaimos R42¢3 5 O 0 <125
& — 3 0 Q .S 125_\‘
Muscutar fiypartonia or rigidty R 4263 § & 6 . <128
o . — [ 5 8 <128
fghling reflex R4263 5 & 6 <128
Loss of gt " s & & ‘<125
Dyspnea : R 4263 s 3 5 <125
, : — ¢ 3 5 23(17-32)
Safivation R 4263 1 2 a -
- o 1 o0 -
Mortality R 4263 e 8 S 23(17-32) .
' 6o 2 4 31(21-46)
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Study

Title

100503

A comparison of the acute [V toxicity of the narcotic analgesic fentanyl (R
4263) and its potential impurity ~ in male rats. A. The toxicity of fentanyl
(R 4263)

100506

A comparison of the acute v toxtcnty of the narcotic analgesic fentanyl (R
4263) and its potential impurity __tn male rats. B. The toxicity of e

Comparison of Acute Toxicity of Fentanyl (R 4263) and

. in Mice
Study Species _ Dose Findings
100504 Mouse, Swiss; 0, 10, 20 mg/kg; Toxicity of —
100505 adult males; intravenous; - See Table 4 below
n=5/dose single dose; Opiate-like effects:
monitored for 14 days Excitation
' exophthalmos
Straub tail on arched back
dyspnea

loss of righting reflex
. hypertonia (only with fentanyl)

spasms (only with fentanyl)

corneal opacity
all surviving animals recovered completely
within 6 hrs
deaths occurred immediately after injection
> (20 mg/kg: n=4)
no gross. pathological abnormalities were
observed
LDs, mean (95% confidence interval)
Fentanyl (R"4263) = 12 (9.1-17) mg/kg

— v=16 (12-22) mg/kg
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Mouse toxicity studies of R 4263 (fentanyl) an

e data for the 2 compounds: lncidence of behaviorat

" abnarmatitias

e —

Behavioral abnrowmalitias

Compound Test dose

EDgo (95% C.lfl

- (megrkg, v} (ngrkg, W)
10. 20 o
a [ 510
Corheal opacily R 4263 y, 1 - <10
spae 426 1 s  12'@1-1m
Oysprea Rus 0 5 14 (it - 18
. 4 ) <10
Excitation R 4263 s 5. <10
s 0 <10
Exaphthaimos R ff H : b
Hypertonia R4263 4. o g
- ] ) >20
- - 3, 8 13 <10, .
Loss of righting reflex R “ﬁa t 9 5 14 (11 - 1§
’ 4 0 <18
Arched back R gﬂ P 1 c10
Straub phenomenon /4263 4 0 <10
—— [3 1 <10
R 4263 2 Q -
Spasms = o s N
R . 1 5 12 (31 - 17)
Modalty 2 1 16 (12 - 22)
Study Title
100504 A comparison of the acute IV toxicity of the narcotic analgesic fentanyl (R
4263) and its potential impurity == . male mice. B. The toxicity of ~—
100505

fentanyl (R 4263)

A comparison of the acute IV toxicity of the narcotic analgesic fentanyl
(R4263) and its potential impurity —— in male mice. A. The toxicity of : E

2.6.6.3 Repeat-dose toxicity

Repeat-dose toxicity studies with féntanyl citrate were déscribéd in NDA 20-747. No additional
repeat-dose toxicity studies were conducted.

The PharmTox review of NDA 20-747 stated, that at the time of its submission (Nov 1996) there
were no long-term studies to assess fentanyl subchronic and chronic toxicity. The NDA 20-747
for Actig® does not contain repeat-dose toxicology data, but relies upon findings of safety in
NDA 20-195 for Oralet and published literature. The Oralet NDA also lacks repeat-dose
toxicology data, and relies on prior FDA findings. The FDA’s prior findings of safety are based

on studies conducted by McNeil Laboratories (Fort Washington, PA) in support-of NDA 16-619 '
for Sublimaze (fentanyl citrate) Injection and NDA 16-049 for Innovar (fentanyl and droperidol)
Injection . These studies are summarized in the table below.
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Summary of Repeat Dose Toxicity of Fentanyl

- Study

Species and

Number of Animals

Dose
Route

Findings

NDA 16-049 (from Pharmacologist review dated May 12, 1967)

TRR 9 Rats, 0,0.1, 0.4 mg/kg; T Deaths (dose related)
n=30/dose intramuscular 0.4 mg/kg: 27% (7 males, 1 female)
Also in IND 487 once daily for 30 days 0.1 mg/kg: 13% (4 males, 0 female)
Attachment 6a-4 | Body weight (dose related)
Hematology: normal
Organ weight and histology: normal
TRR 126 Rats; 0, 0.01, 0.02, 0.03, Dose-related increase in deaths
n=20/dose; 0.05, 0.075, 0.10 (0.02. mg/kg = 10%, 0.10 mg/kg = 83%)
Also in males and mg/kg; >0.02 1 SGOT (=AST)
NDA 16-049 females intravenous; No gross abnormalities among survivors
Exhibit (1.a.i)-10 once daily for 30 days | (Cardiac lesion not dose related, thought to be due
Amendment No. 1 ; : ___| to bleeding by cardiac puncture)
TRR 9 Dogs, -0, 0.1, 0.4 mg/kg 1 Body weight (dose related)

Also in IND 487
Attachment 6a-14

n=10 control
n=12 fentanyl

intramuscular

once daily for 30 days

Hématology: normal

Organ weight and histology: normal

TRR108

‘Also in IND 487
Attachment 6a-14

Dogs
n=3/sex/dose

0,0.1,0.3, 1.0 mg/kg;
intravenous; once daily
for 30 days

No deaths
Dose related convulsions (incidence not stated)
Sedation
| Body weight at 1.0 mg/kg
{ spleen and gonad weight (dose related)
Gross necropsy: normal
Histopathology, 1.0 mg/kg:
liver: . possibly mild cholestasis
~ kidney: few cast in lumen of collecting
tubules of and vacuolar alteration

N

NDA 16-619 (from

harmacologist review dated J uly 19, 1967)

BRR-130 Rats 5, 10, 20, 40, 80, 160, | Deaths at dose >10 mg/kg/day
Also in n=2/sex/dose 320, mg/kg/day; Body weight loss >20 mg/kg/day
IND 487 Oral (mixed with Surviving rats-at 40 and 160 mg/kg/day had blood
Attachment food); around mouth, bloody urine, and bloody diarrhea
6a-3 “once daily for 14 days | during’the first week
TRR=9 See NDA 16-049, above
TRR-108 See NDA 16-049, above

S
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2.6.6.4 Genetic toxicology |

Fentanyl was previous studied for genotoxic potential in NDA 20-747 for Actig®. It was found to
be non-mutagenic at concentrations up to 5000 pg/plate with or without metabolic activation in
the bacterial reverse mutation assay using S. fyphimurium and E coli strains. Fentanyl was also
non-mutagenic in the either in the presence (at 100-500-pg/mL) or absence (at 50-600 pg/mL) of
metabolic activation in the in vitro L5178 Y/TK+ mouse lymphoma mutagenesis assay. Fentanyl
was found to be negative for clastogenicity at doses up to 48 mg/kg, IP, in the in vivo mouse
micronucleus assay ‘

In vitro bacterial mutagenicity and in vitro clastogenicity studies were conducted on three
impurities from fentanyl citrate supplied by e ' . The three isolated impurities
were identified as -~

/ Y

Y - w

All three of these isolated impurities at concentrations of up to 5000 pg/plate were found to-be
negative for induction of mutations in Salmonella typhimurium and Escherichia coli with or
without metabolic activation. These impurities did not induce structural or numerical
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chromosome aberrations in the in vitro cytogenetic assay of human peripheral blood lymphocytes
in the presence or absence of metabolic activation at concentrations that produced up to 50%

s

cytotoxicity. Note that these concentrations are at least 10,000-fold higher than analgesic -
concentrations of fentany! in the 10 ng/mL range.

Impurity/Degradant-Cytotoxicity to Human Lymphocytes

Impurity or Dose at 50% Human Lymphocyte
Degradant Cytotoxicity
Incubation time + metabolic
activation :
20 hr -S89 4 hr -S9 4:hr +S9
— ~528
' __pg/mL :
| — ~280 840 pg/mL 840 pg/mL
pg/ml,
— ~266" 2660 pg/mL | 798 pg/mL
L pg/mL '

Genetic Toxicology Studies of Fentanyl

In NDA 20-747, there were three genotoxicity studies performed summarized in the table

below.

~

Genetic Toxicology Studies of Fentanyl (from NDA 20- 747)

Study Type and Assay or Animal Dose of Findings
Number Fentanyl citrate ]
Bacterial Reverse | S. typhimurium Up to 5000 pg/plate £ S9 Not mutagenic

Mutation Assay

TA98

TA100
#RA/FC/96/002 TA1535 (Batch B0030-950701,
(from IND 65,447 ‘TA1537 ~ purity)
in support of NDA | E. coli .
20-747 for Actiq) WP2 uvrA - - - >
In vitro mouse mice ‘ 100 to 500 pg/mL - S9 Not mutagenic

| (L5178Y TK +/-)
| lymphoma assay

thymidine kinase

50 to 600 pg/mL + S9 -

locus of L5178Y {Batch B0030-950701,
#RA/FC/96/001 lymphoma cells — purity)
In ﬁivo Mice, ICR, 0to 48 mg/kg, P Not clastogenic
micronucleus male and females

cytogenetic assay

H#RA/FC/96/003

n=5/sex/dose,

bone marrow
erythrocytes

Clinical signs (during initial 48
hrs)
at MTD = 48 mg/kg
hyperacthlty, prostration,
lethargy

In a 1993 review of NDA 16-049 Suppl 27 (submitted 6/11/92) for Innovar, studies were
genotoxicology studies were performed by Janssen Research Foundation. They were also
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mentioned in the Review of the Annual Report for NDA 16-619 (1991-1992). These studies, an
Ames bacteria mutation assay #N79258 and a micronucleus assay in mice #N80793, both gave
negative results. Without obtaining the original study reports, no further information w
available about these studies. '

BACTERIAL REVERSE MUTATION ASSAYS

Studies DS-2005-010, DS-2005-011 and DS-2005-012
The following methods were common to the three bacterial reverse mutation assays.

Methods

Strains/species/cell line: Salmonella typhimurium TA98, TA100, TA1535 and TA1537
Escherichia coli WP2 uvrA '

Doses used in definitive study: 59, 150, 500, 1500 and*5000 pg/plate

Negative controls: d.imethyl sulfoxide (DMSO)

Positive controls:

S9 activation | Strain Positive Control Dose (ug/plate)

yes - Salmonella typhimurium : :

TA98 2-aminoanthracene 1.0

. TA100 - 2-aminoanthracene 1.0

TA1535 2-aminoanthracene 1.0

TA1537 2-aminoanthracene 1.0 —
yes Escherichia coli : ”g,

WP2 uvrA : 2-aminoanthracene 10.0 » =
no Salmorella typhimurium

TA98 2-nitrofluorene 1.0

TA100 sodium azide 1.0

TAL1535 . . sodium azide . 1.0
- TA1537 ‘ 9-aminoacridine 75
no Escherichia coli ) ‘

WP2 uvrA methyl methanesulfonate 1000

Incubation and sampling times:

An initial assay established a dose-range for the confirmatory mutagenicity assay and provided a
preliminary mutagenicity evaluation. Vehicle control, positive controls and eight dose levels of -
the test article were plated, two plates per dose, with overnight cultures of TA98; TA100,
TA1535, TA1537 and WP2 uvrA on selective minimal agar in the présence and absence of
Aroclor-induced rat liver S9. :

The confirmatory mutagenicity assay evaluated and confirmed the mutagenic potential of the test
article. Five dose levels of test article along with appropriate vehicle control and positive controls
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were plated with overnight cultures of TA98, TA100, TA1535, TA1537 and WP2-uvrA on
selective minimal agar in the presence and absénce of Aroclor-induced rat hver S9 metabolic
activation system. -

The S9 was prepared from male Sprague-Dawley rats induced with a single intraperitoneal
injection of Aroclor 1254, 500 mg/kg, five days prior to sacrifice. Each bulk preparation of S9
was assayed for its ability to metabolize 2-arninoanthracene and 7,12- dlmethylbenz(a)anthracene
to forms mutagenic to Salmonella typhzmurzum TA100.

The plates were inverted and incubated for approximately 48 to 72 hours at 37+2°C. The
condition of the bacterial background lawn was evaluated for evidence of test article toxicity by
using a dissecting microscope. Precipitate was evaluated by visual examination without
magmﬁcatlon Toxicity and degree of precipitation were scored relative to the vehicle control
plate using the codes shown in the table below. For each replicate, the mean and standard
deviation of the number of;everﬁtants per plate were determined.

For the test article to be evaluated positive, it must cause a dose-related increase in the mean
revertants per plate of at least one tester strain over a minimum of two increasing concentrations
of test article. Data sets for tester strains TA1535 and TA1537 were judged positive if the increase
in mean revertants at the peak of the dose response was equal to or greater than 3-times the mean
vehicle control value. Data sets for tester strains TA98, TA100 and WP2 uvrA were judged
positive if the increase in mean revertants at the peak of the dose response was equal to or greater
than 2-times the mean vehicle control value. An equivocal response was a biologically relevant
increase in a revertant count that partially meets the criteria for evaluation as positive. This could
be a dose-responsive increase that does not achieve the respective threshold cited above or a non-
dose responsive increase that is-equal to or greater than the respective threshold cited. A response
was evaluated as negative, if it was neither positive nor equivocal.

APPEARS THIS WAY
OH ORIGINAL
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Plate Scoring of Toxicity and Degree of Precipitation

Code Description ) Characteristics
1 Normal Distingnished by a healthy microcolony lawn.
Stightly Distinguished by a naticeabie thinning of the microcolony lawn
-2 Reduced and possibly a slight increase in the size of the microcolonies
comypiared to the veliicle control plate.

Moderately Distinguished by a marked thimning of the microcolony lawn
Redaced resulting in a pronounced increasé in the size of the microcolonies
: compared to the veliicle control plate:
- Dlsungmshedbyanexueme!hinnmgofﬂmmmwolonylawn
4 Extremely | resulting in an increase in the size of the microcolonies compared
Reduced |to the vehicle controf plate such thiat the ‘microcolony lawn is
visible to the unaidéd eys as isolated colonies,
5 Absert - Distiriguished by a-completc lack of any. microcolony lawn over
vt thanorequalto90%oftheglatc .
Obscured by | The hackground bacterial lawnmmtbea.ecm'atelyevalmddne
Particulate | to microscopic test article particuilate. - :
Dlstmgmshedbypiecrpmicontheplatethatlsmbleto the
naked eye but any precipitate particles detected by thie automated
colony counter total less than or equal to 10% of the revertant
colony count (e.g., lessmmorequnltonamcleson&pLaemﬂl
30 revertants).
Distinguished by prec:pltate on the plate that is visible to the
Interferi naked eye and any precipitate particlés detected by the automated
. “:‘g colotty counter exceed 10% of the revertant colany court (e.g.,
: I greater than 3 particles on a plate with 30 revertants). These plates
are counted manually.

Non-Interfering

~

Study validity (comment on replicates, counting method, criteria for positive results, etc.):
The following criteria must have been met for a valid assay:"

All Salmonella strains must demonstrate the presence of the deep rough mutation (#fa) and the
deletion in the uvrB gene.
1) Strains TA98 and TAI00 must demonstrate the presence of the pKM 101 plasmid R-factor.
2) All WP2 uvrA cultures must demonstrate the deletion in the uvrA gene.

3) All cultures must demonstrate the characteristic mean number of spontaneous revertants in

thee vehicle controls as follows (inclusive): TA98, 10 - 50; TA 100, 80 - 240; TAI535,5 -
45; TA1537,3 - 21 ; WP2 uvrA, 10 - 60.

4) Strain culture titers must be greater than or equal to 0.3 x 10° cells/mL, to ensure that
appropriate numbers of bacteria are plated. '

5) The mean of each positive control must exhibit at least a 3.0-fold i increase in the number
of revertants over the mean value of the respective vehicle control. ,

6) A minimum of three non-toxic dose levels is required to eva[uate assay data.

A dose level was considered toxic if one or both of the following’ crltcrla were met:

1) A >50% reduction in the mean number of revertants per plate as compared to the mean
vehicle control value. This reduction must be accompanied by an abrupt dose-
dependent drop in the revertant count.

2) At least a moderate reduction in the background lawn (background code 3, 4 or 5).
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For the test article to be evaluated positive:

1) It must cause a dose-related increase in the mean revertants per plate of at least one tester
strain over a minimum of two increasing concentrations of test article.

2) Strains TA1535 and TA1537 were judged positive if the increase in mean revertants at the
peak of the dose response was equal to-or greater than 3-times the mean vehicle control
value. Strains TA98, TA100 and WP2 uvrA were judged positive if the increase in mean
revertants at the peak of the dose response-was equal to or greater than 2-times the mean
vehicle control value..

3) An equivocal response is a biologically relevant increase in a revertant count that partially
meets the criteria for evaluation as positive. This could be a dose- responswe increase that
does not achieve the respective threshold cited above or a non-dose responsive increase
that is equal to or greater than the respective threshold cited.

4) A response will be evaluated as negative, if it is neither positive nor equivocal.

Study title: Bacterial Reverse Mutation Assay
for’

Key findings: e — . , up to 5000
pg/plate, did not induce mutatlons in the reverse mutation assay using Salmonella typhtmurtum
strains TA98, TA100, TA1535 and TA1537 and Escherichia coli strain WP2 uvrA in the
presence and absence of metabolic activation with rat liver S9.

. Reviewer’s Comment: This was a valid study.

Study no.: DS-2005-010

e-submission: N i 00012005- 08- 3l\pharmt0x\tox1cology

Conducting laboratory and location: . _ ~——
Date of study initiation: June 20, 2005

GLP compliance: yes .

QA reports: yes

Drug, lot #, and % purity: o ' ¥

) S Lot RS-04019,
: Purity — )
Vehicle: dimethylsulfoxide (DMSQO)
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The concentration of = w—— stock solution was ~— , of the expected
concentration (see Table 1 belpow). :

Basis of dose selection:

The results of the.initial toxicity-mutation assay are summarized in Table 21, below. The dose

levels tested were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000 pg/plate. Precipitate was observed at *;
5000 pg/plate, but no appreciable toxicity was observed. Based on the findings of the initial
toxicity-mutation assay, the maximum dose plated in the confirmatory mutagenicity assay was

5000 pg/plate. ’

Results Lo - >

Study outcome:

The test article formed a soluble and clear solution in dimethy| sulfoxide (DMSO) at a maximum
concentration of 100 mg/mL. No contaminant colonies were observed on the sterility plates for

~ the vehicle control, the test article dilutions and the S9 and Sham mixes.

- The results of the initial toxicity-mutation assay were summarized in Table 21, beélow. No

positive mutagenic responses were observed with any of the tester strains-in either the presence or
absence of S9 activation up to 5000 pg/plate. Precipitate was observed at 5000 pg/plate, but no
appreciable toxicity was observed. Based on the findings of the initial toxicity-mutation assay, the
maximum dose plated in the confirmatory mutagenicity assay was 5000 pg/plate.
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The results of the confirmatory mutagenicity assay were summarized in Table 22. No positive
mutagenic responses were observed with any of the tester strains in either the presence or absence
of S9 activation up to 5000 pg/plate. Precipitate was observed at 5000 pg/plate. No appreciable

toxicity was observed.

Bacterial Mutation Assay .
Summary of Results - Imitial Toxicity-Mutation Assay

Test Article Id H /’

Study Numbexr

.

Table 21

7

/

DAB4CK. 503 . BTL

7

K4

Experiment No : Bl

Average Revertants Per Plate t Standard Deviatiom

Liver Microsomes: None

Dogse {pg/plate) TA98 TAL100 TA153S5 TA1537 WP2 uvri
Vehicle . 16 ¢ 4 128 £+ 12 17 % 7 9 1 17 3 1
1.5 18 £ 6 132 ¢+ 11 13-+ 4 4+ 4 12+ S
5.0 18 + 0 138 & 24 15 ¢ 1 4 ¢ 4 13 & [
15 15 + € 131 ¢+ 10 15 ¢ S 7 = 4 12 ¢ 2
50 17 & 4 125 ¢ 13 20+ 8 6 t 1 13 % 8
150 21+ 7 143+ 6 18+ 1 7+ . 3 11 & 7
500 15 1 4 136 6 21 ¢ 8 5t 0 11 4
1500 23 + S 131 + 42 21 t 4 7 ¢ 4 16 £ 7
5000 25 + 8 119 + 17 35 ¢ 2 7°¢ 3 11 ¢ 1
Positive 166 £+ 10 428 £+ 27 324 + 16 S49 + 26 122 3 3
Liver Microsomes: Rat liver S9 .

Dose (ug/plate) TAS8 TA100 TA153S ., TA1537 WP2 uvrA
Vehicle 25 ¢ 2 130 + 25 8 ++ 4 9 % 1 15 % 1
1.5 25 £+ 1 136 + 13 10 + 3 10 + ] 15 ¢ 1
5.0 ' 30 ¢ 4 120 1 13 ¢ 1 6 + 1 14 ¢ 1
15 30+ 2 159 ¢ 2 15+ 1 3+ 0 15¢ 1
50 30 + 11 134 ¢ 22 9 ¢+ 4 3+ 3 16+ 1
150 27 ¢ 6 160 ¢+ 30 12 + 1 8 2 17 % 1
500 314 5 158 + 25 8+ O 6+ 1 103 1
1500 32 &+ 4 135 ¢ 7 11 & S 8 + 2 12 2
$000 28 t 6 136 % 1 15 + 3 8 + 2 10 ¢ 1
Positive S71 4 S7 711 &+ 34 113 % R 8 85 + 1 368 ¢+ 39

~ Vehicle = Vehicle Control .
Positive = Positive Control (50 gL plating aliquot)

Plating aliquot: 100 pL
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Bacterial Mutatiom Assay
Summary of Results - Confirmatory Mutagenicity Assay

Table 232
Test Article Id
. e
Study Number : AAS4CK.S503.BTL Bxperiment No : B2

- Ayerage Revertants Per Plate i Standard Deviation
Liver Microsomes: None

Dose (ug/plate)  TA98 TAL0Q TA1535 TALS537  WP2 uvza
‘Vehicle 14 £ 2 125 ¢ 19 1S + 4 S+ 2 12 ¢ 1
50 12 £+ 2 124 ¢+ 6 20+ 6 6+ 1 14+ 3
150 11+ 2 130 ¢+ 12 16 + 2 4+ 2 1831 2
500 14+ 4 132 £ 13 19 + 3 4+ 2 124 2
1500 13 ¢ 4 130 £+ 13 19+ 2 5+ 2 13+ 3
5000 94+ 7 130%x 2 22+ 6 6+ 2 124 3
Positive 160 + 35 483 + 52 3680 + 14 637 + 118 180 & 22

Liver Microsomes: Rat liver S9

Dose (pg/plate) . TA98 TA100 TA1535 _ TALS37  Wp2

uvrA
Vehicle T 21y 6 151+ 4 10F 3 6+ 1 16 4% S
S0 25 ¢ 4 156 ¢ 22 1S ¢ 4 9 % 2 16 + 3
150 26 + 13 146 &+ 30 14 & 7 6 & 2 15 ¢ 1
500 18 + 6 148 ¢ 12 13 ¢ 4 S¢ 2 13 % 2
1500 ’ 30 + 5 139 & 17 14 £ 2 4+ 1 13 ¢ 3
5000 23+ 4 151 ¢ 5§ 15+ § 7+ 4 11% S
Positive 899 & 186 948 + 235 117 + 28. 65 3 29 505 ¢ 108

Vehicle = Vehicle Control
Positive = Positive Control (50 gL plating aliquot)
Plating aliquot:. 100 uL

- RPPEARS TH!{W’W
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Key findings:

Reviewer: L.S. Leshin, DVM, PhD . NDA 21- 947

Study title: Bacterial Reverse Mutation Assay
for — '

— , up to 5000 pg/plate did not induce mutations in the reverse mutation assay using _
Salmonella typhimurium strains TA98, TA100, TA1535 and TA1537 and Escherichia coli strain
WP2 uvrA in the presence and absence of metabolic activation with rat liver S9. '

Reviewer’s Comment: This was a valid study.

Study no.: DS-2005-011

_e-submissibn N_000\2005-08-3 1\pharmtox\toxicology

Conducting laboratory and location: =~ —

Date of study initiation: June 20, 2005 )

GLP compliance: yes

QA reports: yes

Drug, lot #, and % purity:

R
Lot RS-03027, Purity  —

Vehicle: dimethylsulfoxide (DMSO) )

i

Thé_ concentration of —— —_— stock solution 'we_re - -
& of the expected concentration.

Basis of dose selection:
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[n the initial toxicity-mutation assay, no positive mutagenic response was observed (see Sponsor’s
table 21 reproduced below). The dose levels tested were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000
pg/plate. No precipitate was observed but toxicity was observed beginning at 1500 or at 5000 pg
per plate. Based on the findings of the initial toxicity-mutation assay, the maximum dose plated in
the confirmatory’ mutagenicity assay was 5000 pg/plate.

Results

Study outcome:

The test article formed a soluble and clear solution in dimethyl sulfoxide (DMSO) at a maximum
concentration of 100 mg/mL. No contaminant colonies were observed on the sterility plates for

the vehicle control, the test article dilutions and the S9 and Sham mixes.

The results of the confirmatory mutagenicity assay are summarized in Table 22, reproduced from
the study report. No positive mutagenic responses weré observed with any of the tester strains in

either the presence or absence of S9 activation up to 5000 pg/plate. No precipitate was observed,
but toxicity was observed beginning at 1500 or at 5000 pg/plate with most test conditions.

Bacterial Mutatiom Assay’
Summary of Results - Initial Toxicity-Mutation Agsay

Table 21
~
Test Article 1d
s ——————
Study FNumber :_ARB4CL.S503.BTL - Experiment No : Bl

Average Revertants Per Plate ¢ Standard Deviation
Liver Microsomes: None . .
~

Dose (ug/plate)  Ta9e TA100 TALS3S - TAIS37  WP2 uvrA
Vehicle 1€+ 0 1283 8 3173 1 6+ 1 164 4 %
1.5 17+ 1 101+ 11 254 o 3+ 1 163% 4 o
5.0 20 ¢ 6 118 + 11 22 ¢ 1 8 ¢ [} 14 ¢ 4
s 16 + 4 115+ 8 18.+4 2 6¢+ 4 12+ 3
so 17 ¢ S5 117+ 8 19: 2 . 6¢ 1 13 ¢+ 6
150 17 ¢ ¢ 126 8 19 ¢ 1 7 & [+] 16 ¢ S
500 14 + 4 128 3+ 23 20.x 7 6+ 3 9+ 4
1500 26+ 0 122+ 10 16+ 1 s 1 2+ 1
5000 0+ o 0+ o 2+ 2 0t 0 13 1
Positive 196 + 48 463 + 28 272 +,.22 764 &+ 9 124 &+ 4

_ Liver Microsomes: Rat liver 'S9

Dose {(pg/plate) TA98 TR100 TA1S3S TA1S37  WP2 uvrd
Vehicle 37+ 3 165 8 17+ 2 0t 8 14% 1
1.8 27+ 0 131t S5 14 3: 4 4 0 173z 3
5.0 31 ¢ 4 140 £+ 10 12 ¢ 4 11 ¢ 3 15 1
1s 25 ¢+ 11 135+ 17 10 ¢ 1 St 0 15+ 12
S0 30 ¢+ 11 123 3 4 12 ¢ 4 7 ¢+ 2 14 ¢ 6
150 26 + 4 123+ 9 134 4 7¢ 2 18t 4
500 . 30 £ 0 149+ 2 10¢ 1 5S¢ 2 104t 4
1500 23 £+ € 182 t 34 8+ 3 7+ 2 5+ 1
5000 S+ 7 3731 S2 2+ 2 . 2% 1 2 2
Poglitive 297 + 62 630 % [3 69 ¢ 2 46 & S 352 ¢ 8

Vehicle = Vehicle Coatrol . ’ - T-
Positive = Positive Control {50 uL plating aliquot) o :
Plating aliquot: 100 gL - RN
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Bacterial Mutation Assay .
Summary of Regults - Confirmatory Mutagenicity Assay

Table 22
Test Article Id : — e ——
Study Nuwmber : AAB4CL.503.BTL Experiment No : B2

Average Revertants Per Plate t+ Standard Deviation
Liver Microsomes: None

Dose {pg/plate) ‘TA98 TA100 TA1S3S TALS37 WP2 uvrid
Vehicle 15 ¢ 3 113 & 22 21 6 8 ¢ 3 17 ¢ 1
1s 127 £ 13 17 ¢ s 7 % 3 16 + 4
50 14 ¢ 3 138 + 10 21 & S 8+ 2 13 ¢ 2
150 16+ 2 136 & 26 223 § 9+ 3 134 1
500 10 2 121+ 8 16 % 3 6 £ 2 10 3
1000 12 ¢+ 3 ’ .
1500 13+ S5 104+ 8 15 % 2 6+ 1 6+ 2
1800 13 +. 4 ; - ’

5000 v 6 t 2 62 t 7 10 £ 2 2 £ 1 3z 3
Positive 142 + 14 S04 + 35 408 ¢+ 71 444 + 29 166 + 24
Liver Microsomes: Rat liver s9

Dose {(ug/plate) TA98 ‘TA100 TA153S " TA1537 WP2 uvrA
Vehicle 19 ¢ 1 143 & 17 13 ¢ 3 4 3 1 17 = 3
15 22 ¢ 2 148 ¢+ 18 14 . 4 T £ 4 16 + 3
S0 17 + 7 138 9 11 ¢+ 4 6 + 1 19 £ 8
150 24 + S 113 % 8 13 ¢ 6 L 2 15 ¢ 3
500 Y17 ¢ 4 135 £+ 2¢ 11+ 1 st 1 9 . 2
1500 21+ 4 144 £ 21 8s 6 4+ 4 "S'g 1
5000 17 ¢ 1 84 ¢+ 10 9 t 4 3 2 1 % 1
Pogitive 502 &£ 106 817 + 155 111 % - 12 50 + 13 428 + 42

Vehicle = Vehicle Control ~ .
Positive = Positive Control (S0 puL plating aliquot)
Plating aliquot: 100 ul
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Study title: Bacterial Reverse Mutation Assay v
for impurity - T

Key findings: — Jp to 5000 ug/plate, did not induce mutations in the reverse
mutation assay using Salmonella typhimurium strains TA98, TA100, TA1535 and TA1537 and
Escherichia coli strain WP2 uvrA in the presence and absence of metabolic activation with rat
liver S9. i

Reviewer’s Comment: This was a valid study.

Study no.: DS-2005-012
e-submission: N_000\2005-08- 31\pharmtox\tox1cology
Conductmg laboratory and location: —
Date of study.initiation: June 20, 2005
GLP compliance: yes - * .
QA reports: yes
Drug, lot #, and % purity:
~ ot RS-02016-3, Purity
Vehicle: dimethylsulfoxide (DMSO) '

F

The concentration of — stock solution was ——0f the expected
concentration. :

~ Methods

Basis of dose selection:
The results of the initial toxicity-mutation assay are summarized in Table 21. The maximum dose

tested was 5000 pg/plate. The dose levels tested were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000
pug/plate. No precipitate was observed, but toxwlty was observed beginning at 1500 or at 5000
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ng/plate. Based on the findings of the initial toxicity-mutation assay, the maximum dose plated in
the conﬁrmatory mutagemclty assay was 5000 pg/plate.

" APPEARS THIS WAY
ON ommm
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Reviewer: L.S. Leshin, DVM, PhD - NDA 21-947

Results

N

Study outcomie:

The test article formed a soluble and clear solution in dimethyl sulfoxide (DMSO) at a maximum
concentration of 100 mg/mL. No contaminant colonies were observed on the sterility plates for
the vehicle control, the test article dilutions and the S9 and Sham mixes.

The results of the confirmatory mutagenicity assay were summarized in Table 22. No positive
mutagenic responses were observed with any of the tester strains in either the presence or absence
of S9 activation up to 5000 pg/plate. No precipitate was observed, but toxicity was observed

beginning at 1500 or at 5000 pg/plate.

Bacterial Mutation Assay
Summary of Results - Inltial Toxicity- Mutatxon Assay

v “

Table 21,
_Test Article Id : -
Study Number : ARS4CM.S03.BTL. Experiment No : Bl

Average Revertants Per Plate i Standard Deviation
Liver Microsomes: None

Dose (pg/plate) TA98 TA100 TA1535 TA1537 WP2 uvrA
Vehicle 2L+ 5 122+ 6 22+ 1 9+ 2 14+ 1
1.5 16 + 4 130+ 4 17+ O 4+ 1 14 &+ 1
5.0 12 & 3 133 ¢ 11 19 x 4 9+ 2 15+ 3
15 25 + 4 132 ¢ 13 25+ 4 . .7+ 3 19 + 4
50 22 & 4 138 t+ 18 24 ¢ 1 T ¢ 6 10 £ 3
150 20+ 1 140 £ 16 20 + 4 S+ 3 13 % 5
500 22+ 6 138+ 8 21 + 10 6+ 2 13 £+ 3
1500 ’ . 16 + 3 119 + 3 14 ¢ 2 6 £ 4 11 ¢+ 4
5000 0+ 0 0o+ 0 0+ 0 0+ O 0+ 0
Pogitive 193 + 18 411 3+ 45 356 + S1 376 + 44 130 + 13
Liver Microsomes: Rat liver S9

Dose (pug/plate) TA98 TA100 . Ta1s3s TA1537 WP2 uvrh
Vehicle 45 £+~ 5 161+ 1 18% 1° 11+ 1 21 ¢+ 13

- 1.5 - 31 ¢ 6 168 £ 16 16 ¢ 1 5S¢ 6 15 % 1
5.0 32 4 172+ 30 10 + 4 8+ 3 17 + 4
15 36 + 3 176 ¢+ 18 12+ 1 11+ 8 15 & S
50 38 £ 13 178 £ 11 11 & 1 7+ 4 17+ 8
150 32+ 1 18 ¢ 19 10 + 1 9+ 0 18 + 8
500 39+ 2 152+ B 14+ € S+ 2 12+ 1
1500 31+ 6 155 ¢ 35 13+ § g+ 4 11+ 2
5000 .0 ¢ Q 0 3+ 0 0 £ [} 0 3 0 0 + Q
Positive 401 + 62 510 +# 22 124 + 14 97 % 2. 452 + 255

Vehicle = Vehicle Control o amee
Positive = Positive Control (50 gL plating aliquot) } -l
Plating aliquot: 100 gL ‘ .
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Reviewer: L.S. Leshin, DVM, PhD NDA 21-947
Bacterial Mutation Assay
Summary of Results - Confirmatory Mutagenicity Assay
Table 22
Test Article Id  : —
study MNumber : AAB4CM.S503.BTL Experiment No : B2
» Average Revertants Per Plate i Standard Deviation

Liver Microsomes: None T

Dose (ug/plate) TA98 TA100 ) “TA1535 TA1537 WP2 uvri
vehicle 26 ¢+ 13 1406 ¢+ 17 33': 9 9« 6 204 3
1s T 28 % 2 126 8 22 % S 9 t 2 19 £ 6
SO 30 ¢ 3 133 ¢ 22 22 ¢ 2 1 £ 1 21 2
150 294 4 129+ 6 20 % 3 6+ 3 18+ 3
500 25 ¢ € 118 £+ 12 21 ¢+ 4 "9 % S 17 ¢ 3
1500 10 ¢ 3 147 ¢+ 20 24 ¢ 8 8 ¢ 2 14 £ 2
5000 o 0+ O 0t O 0+ © 03 O 0+ ©
Pogitive 195 ¢ 1S .588 £ 22 387 + 48 706 ¢ 212 185 i+ 30
Liver Microsomes: Rat liver S§9 o

- EY . ' e

Doge (pg/plate) TA98 TA100 TA153S TA1537 WP2 uviA
Vehicle 30+ 3 1331 ¢ 16 16 + 2 6+ 1 16+ 3
15 19 + 6 122 + 19 11 + 3 6 + 2 21 ¢ 2
50 36 ¢+ 5 115 + 11 15 % 4 7 £ 3 19 & 4
150 31 ¢+ 3 104 ¢ 1t 14 3 8 + 1 21 % 1
500 25 + 3 127 + 14 11 ¢ 6 7 £ 1 18 % 3
1500 26 + 6 124 + 18 11 + s 6 t 1 12 + 1
5000 0+ O 0 O ot O o+ 0 o+ O
Positive 615 + 139 552 & 49 82 ¢ 8 42 £ S 533.+ 99
Vehicle = Vehicle Control .
Positive = Positive Comtrol (50 uL plating aliquot)

Plating aliquot: 100

gl

*#

APPEARS THIS WAY
ON ORIGINAL
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Reviewer: L.S. Leshin, DVM. PkD NDA 21-9¢7"°

© IN VITRO MAMMALIAN CHROMOSOME ABERRATION ASSAYS

Studies DS-2005-007, DS-2005-008 and DS2005-009
The following methods were common to all three studies using the in vitro mammalian
chromosome aberration assay:

Strains/species/cell line: Peripheral blood lymphocytes were obtained from a healthy non--
smoking 28-year old adult female for the. preliminary toxicity assay and from the same donor for
the definitive assay. The donor had no recent history of radiotherapy, viral infection or the
administration of drugs.

Reviewer Comments: Blood lymphocytes were obtained from lor 2 individuals, although not
stated, it seems this individual provided cells for all lymphocyte assays for each impurity.

Negative controls: :
Dimethyl sulfoxide, solvent vehicle for the test articles; was used as the solvent control at the
same concentration as that found in the test article-treated groups.

Positive controls:

Mitomycin C (MMC) was used as the positive control in the non-activated study at final
concentrations of 0.3 and 0.6 pg/mL. Cyclophosphamide (CPa) was used as the positive control
in the S9-activated study at figal concentrations of 20 and 40 pg/mL. For both positive controls
one dose level exhibiting a sufficient number of scorable metaphase cells was selected for
analysis. S

Incubation and sampling times:

Human peripheral blood lymphocytes were treated in the absence and presence of rat liver S9

~activation system for 4 hours, or treated in the absence of S9 activation for 20 hours.

Aroclor 1254-induced rat liver S9 was used as the metabolic activation system. S9 was prepared

- from male Sprague-Dawley rats induced with a single intraperitoneal injection of Aroclor 1254,

500 mg/kg, five days prior to sacrifice. Each bulk ;_ireparation of S9 was assayed for its ability to
metabolize 2-aminoanthracene and 7,12-dimethyl-benz(a)anthracene to forms mutagenic to
Salmonella typhimurium TA 100.

A toxicity test was pérformed to evaluate the test article effect on mitotic index. The cells were

* cultured in RPMI-1640 complete medium supplemented with 1% phytohemagglutinin (PHA) and

exposed to solvent alone and to nine concentrations of the test article for 4 hours in both the
presence and absence of S9 activation, and for 20 hours continuously in the absence of S9
activation. The cells were incubated at 37£1°C in a humidified atmosphere of 5+1%-CO, in air.
At the completion of the 4-hour exposure period, the treatment medium was removed, the cells
washed with calcium and magnesium-free phosphate buffered saline (CMF-PBS), refed with
RPMI-1640 complete medium and incubated an additional 16 hours. Two hours priorto the
scheduled cell harvest, Colcemid® was added to the cultures at a final concentration of 0.1
pg/mL. Cells were collected by centrifugation, treated with hypotonic potassium chloride (0.075
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M KCl), fixed (methanol:glacial acetic acid, 3:1 v/v) and stained (5% Giemsa). The number of
cells in mitosis per 500 cells scored was determined to evaluate test article effect on mitotic index.

The chromosome aberration assay was performed by exposing duplicate cultures of human
peripheral blood lymphocytes (HPBL) to at least 4 concentrations of the test article, and positive
and solvent controls. In the non-S9-activated study, the cells were exposed for 4 or 20 hours. In
the S9-activated study, the cells were exposed for 4 hours. The dividing cells were harvested af
approximately 20 hours from the initiation of treatment, two hours after Colcemid® treatment.

Study validity:

The selection of dose levels for analysis of chromosome aberrations in HPBL was based upon
toxicity of the test article in the non-activated 20-hour exposure group. The highest dose level

selected for evaluation was the dose which induced at least 50% toxicity, as measuréd by mitotic - |

inhibition, relative to the solvent control, with a sufficient number of scorable metaphase cells.

Metaphase cells with 46 centromeres were examined under oil immersion without prior
knowledge of treatment groups. Whenever possible, a minimum of 200 metaphase spreads (100
per duplicate treatment condition) were examined and scored for chromatid-type and
chromosome-type aberrations. The number of metaphase spreads that were examined and scored.
per duplicate flask was reduced when the percentage of aberrant cells reached a statistically
significant level before 100 cells are scored. Chromatid-type aberrations include chromatid and
isochromatid breaks and exchange figures such as quadriradials (symmetrical and asymmetrical
interchanges), triradials, and complex rearrangements. Chromosome-type aberrations include
chromosome breaks and exchange figures such as dicentrics and rings. Fragments (chromatid or
acentric) observed in the absence of any exchange figure were scored as a break (chromatid or
chromosome).

Frag_nients observed with an exchange figure were considered part of the incomplete exchange.

Pulverized chromosome(s), pulverized cells and severely damaged cells (2-10 aberrations) also

were recorded. Chromatid and isochromatid gaps were recorded but not included in the analysis.
The mitotic index was recorded as the percentage of cells in mmitosis per 500 cells counted. The
percent polyploid and endoreduplicated cells were evaluated per 100 cells.

The toxic effects of treatment are based upon mitotic inhibition relative to the solvent-treated
control and are presented for the preliminary toxicity test and the chromosome aberration assay..
The number and types of aberrations per cell, the percentage of structurally and numerically
damaged cells (percent aberrant cells), and the frequency of structural aberrations per cell (mean
aberrations per cell) in the total population of cells examined was calculated and reported for each

~ treatment group. Chromatid and isochromatid gaps are presented in the data but-are not included .

in the total percentage of cells with one or more aberrations or in the frequency of structural
aberrations per cell. T T s

Statistical analysis of the percent aberrant cells was performed using the Fisher's exact test to

compare pairwise the percent aberrant cells of each treatment group with that of the solvent
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~control. In the event of a positive Fisher's exact test at any test article dose level, the Cochran-
Armitage test was used to measure dose-responsiveness. '

The test article was considered to induce a positive response when the percentages of cells with
aberrations were increased in a dose-responsive manner with one or more concentrations being
statistically elevated relative to the solvent control group (p<0.05). A reproducible significant
increase at the high dose only with no dose response or a reproducible significant increase at one
dose level other than the high dose with no dose response will be considered positive. The test
article was concluded to be negative if no statistically significant increase was observed relative
to the solvent control. :

For a valid test the frequency of cells with structural chromosome aberrations in the solvent

controls must be within the historical range for solvent controls. The percentage of cells with .
chromosome aberrations in the positive control must be statistically increased (p<0.05, Fisher's
exact test) relative to the solvent control. -

-

Study title: In Vitro Mammalian Chromosome Aberration Test

- Lot RS-04019

Key findings: ) L —— did not induce

structural and numerical chromosome aberrations in the in vitro mammalian chromosome

aberration test with human peripheral blood lymphocytes, in the presence and absence of
metabolic activation. Thus this impurity was not clastogenic. '

~

Reviewer’s Comment: This was a valid study.

Study no.: DS-2005-007
e-submission: N_000\2005-08-3 1\pharmtox\toxicology
Conducting laboratory and location: :
Date of study initiation: June 17, 2005
GLP compliance: yes -
QA reports: yes
Drug, lot #, and % purity:
———

, Lot RS-04019,
Purity —
Vehicle: dimethylsulfoxide (DMSO)
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Reviewer: L.S. Leshin, DVM, PhD

The stock solution from which dllutlons were prepared was

(see Table | below).

Methods

— of the expected concentration

Strains/species/cell line: Peripheral blood lymphocytes were OBtained from a healthy non-

smoking 28-year old adult female for the preliminary toxicity assay and from the same donor for
the definitive assay. The donor had no recent history of radiotherapy, viral infection or the
administration of drugs. - :

Doses used in deﬁnitive study:

Treatment Treatment | Recovery | Dose fevels-
Condition Time Time (ng/mL)
Nom-activated Abr 16k | 220,440, 880, 1760
20hr obr | 100,200, 400,450, 500, 550, 600
S9-activated 4l 16hr | 220,440,380, 1760

Basis of dose selection:

- ©

In a preliminary study, the. maximum dose tested was 1760 pg/mL (10 mM) produced at least
50% reduction in mitotic index relative to the solvent control; however, this reduction in mitotic
index was not observed at any dose in either the non-activated or S9-activated 4-hour exposure
groups. Substantial toxicity was observed at dose levels > 528 pg/mL in the non-activated 20-
hour exposure group. Based on these findings, the doses chosen for the chromosome aberration

- assay ranged from 220 to 1760 pg/mL for both the non- actlvated and the S9-activated 4-hour

exposure groups, and from 100 to 600 pg/mL for the non-activated 20- hour exposure group.
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Treatment | Recovery | Harvest | S9 | Mitotic. Inde'x LED’ for | LED*for
Timie. Time | Time Reduction' at { Structural | Numesical
(hours) | (hours) | -(hiours) highestdose | Aberrations Abemuons
scored (ng/ml) (ug/mL)
: _ (ugmL) .
4 16 20 ~ 40%at 1760 None Ngne
20 [} 20 - 55%:at 550 ‘None ‘None
4 16 20 + | 40%at 1760 Noie ‘Non¢

! relative to: the solvent control at hgh dose evaluated for clwomasoe aberations

} LED = lowest effctive dase level

Results

Study outcome:

Lymphocytes were first exposed to nine concentrations of
ranging from 0.176_pg/mL to 1760 ug/mL (10 mM) as well

D e S

NDA 217917'

as solvent controls, in both the absence and presence of an Aroclor-induced S9 activation system
for 4 hours, or continuously for 20 hours in the absence of S9 activation. The test article was
soluble in DMSO and in the treatment medium at all concentrations tested. At the conclusion of
the treatment period, hemolysis was observed at dose levels >528 pg/mL in all treatment groups.
The osmolality in treatment medium of the highest concentration tested, 1760 pg/mL, was 407
mmol/kg. The osmolality of the solvent DMSO in the treatment medium was 426 mmol/kg. In
order to maintain neutral pH, the pH of dose levels 176, 528 and 1760 pg/mL was adjusted to

approximately 7.5 with 1 N HCL

Non-59-activated 4-hour exposure group: At the highest test concentration evaluated

microscopically for chromosome aberrations, 1760 pg/mL, mitotic inhibition was 40%, relative to
the solvent control. The dose levels selected for analysis of chromosome aberrations were 440,
880 and 1760 ng/mL. The percentage of cells with structural or numerical aberrations in the test

article-treated group was not significantly increased above that of the solvent control at any dose

level p>0.05, Fisher's exact test). The percentage of structurally damaged cells in the MMC

(positive control) group was statistically significant (19.0%).

S9-activated group: At the highest test concentration evaluated microscopically for chromosome

aberrations, 1760 pg/mL, mitotic inhibition was 40%, relative to the solvent control. The dose
levels selected for analysis of chromosome aberrations were 440, 880 and 1760 pg/mL. The
percentage of cells with structural or numerical aberrations in the test article-treated group was
not significantly increased above that of the solvent control at any dose lével (p>0.05, Fisher's
exact test). The percentage of structurally damaged cells in the CP (posmve control) group was
statistically significant (23.0%). :

Non-activated 20-hour exposure group: At the highest test conéentrétioﬁr-évaluatcd

microscopically for chromosome aberrations, 550 pg/mL, mitotic inhibition was 55%, relative to
the solvent control. The dese levels selected for analysis of chromosome aberrations were 100,
450 and 550 pg/mL. The percentage of cells with structural or numerical aberrations in the test
article-treated group was not significantly increased above that of the solvent control at any dose
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level p>0.05, Fisher's exact test). The percentage of structurally damaged cells in the MMC
(positive control) group was statistically significant (20.0%). '

The percentage of cells with structural or numerical aberrations in the test article-treated groups
was not significantly increased above that of the solvent control at any dose level (p>0.05,

Fisher’s exact test).

TABLE?
SUMMARY

Treatment 39 Treatment  Mitotic ] Per Cell drocrica

pgml - Acivatisn  Time hdex -~Nooerical Stocioal  QMcan +-SD) ) o

"DMSO TS Iy 0 20 20 000 30000 40 60

“aag. 5 % e 600 200 #0000 a0 ‘40

2880 52 4 93 200 200 20000 00 Q.

1760 -S9 £ 63 200 206 071 ao 65

MMC, -s9 & 9 200 190 8190 40394 oo 190%

06

PMSO S9 4 10.7 200 200 0000 400000 00 0.0

e,

449 “isg 4 93 200 200 0000 £0.000- 00 09

350 +59 - 4 22 200 200 0000 40600 00 4g

1760 +S9 4 64 200 200 0000 40000 a0 6.0

ce, 459 4 3s 200 100 0290 40574 as 0"

20 -

DMSQ 89 10 0y 200 200 0000 0000 0O a0 o
Sy

190" 39 Fi 1O 200 200 0000 #0040 00 ao '

450. 59 20 15 200 200 0000  +0'000 00 a0

550 59 20 £9 300 100 6000 40000 0D a0

MMC, 59 20 59 200 100 G228 0484 00 206+

03

rrmmmwmmmwmmmmumummome

treatriten(s.

_AhmtﬂmperCeﬂ.chudydmgedcellsmmmds 10 sbedrations.

Perceat Aberraat Cells: %, p<0.05; *%; p<0.01; using the Fisher's exact fest.
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Reviewer: L.S. Leshin, DVM., PhD ‘ , NDA 2'1’-971’7/

Study title: In Vitro Mammalian Chromosome Aberration Test

7 — Lot RS03027
‘Vehicle: dimethylsulfoxide (DMSQ)

Key findings: — ' , did not
induce structural and numerica} chromosome aberrations in the in vitro mammalian chromosome
aberration test with human peripheral blood lymphocytes, in the presence and absence of
metabolic activation. Thus, this impurity was not clastogenic.

Reviewer’s Comment: This was a valid study.

Study no.: DS-2005-008

e-submission: N_000\2005-08- 31\pharmtox\tox1cology
- Conducting laboratory and location: ——

Date of study initiation: June 17 2005

GLP compliance: yes ’

QA reports: yes

Drug, lot #, and % purity:

— s

Lot RS-03027, Purity ~~——

&

Me_thods

Strains/species/cell line:
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Peripheral blood lymphocytes were obtained from a heélthy non- srﬁokiﬁg 28-year-old adult '
female on 20 June 2005 for the preliminary toxicity assay and from a healthy non- smokmg 24-

year-old adult female on 28 June 2005 for the definitive assay.

Doses used in definitive study:

Treatment

Treatment

Basis of dose selection:

Recovery Dose levels
Condition Time Time (pgfinl) v
4tr 6hr | 100, 150, 200, 250, 300, 350, 400, 450, 500
Non-activated
0h Otr | 12.5,25, 50, 100, 150, 200, 250, 300
S9-activated 4he 16k | 100, 150,200,250, 300, 350, 400, 450, 500

The test article was soluble’in DMSO at a concentration of 280 mg/mL, the maximum
concentration prepared in the assay. In the preliminary toxicity assay, the doses tested ranged
from 0.28 to 2800 pg/mL (10 mM). Visible precipitate was observed in treatment medium at
2800 pg/mL and dose levels < 840 pg/mL were soluble in treatment medium at the beginning and
conclusion of the treatment period. At the conclusion of the treatment period, hemolysis was

observed at dose levels > 280 pg/mL in all treatment groups.

Substantial toxicity (at least 50% reduction in mitotic index relative to the solvent control) was
observed at doses > 840 pg/mL in the non-activated and S9-activated 4-hour exposure groups.
Substantial toxicity was observed at dose levels > 280 pg/mL in the non-activated 20-hour
exposure group. Based on these findings, the doses chosen for the chromosome aberration assay
ranged from 100 to 500 pg/mL for both the non-activated and the S9-activated 4-hour exposure

groups, and from 12.5 to 300 pg/mL for the non-activated 20-hour exposure group.

Results

 Study outcome:

In the chromosome aberration assay, the cells were treated for 4 or 20 hours in the non-activated
test system and for 4 hours in the S9-activated test system. The percentage of cells with structural
or numerical aberrations in the test article-treated groups was not significantly increased above

that of the solvent control at any dose level (p>0.05, Fisher's exact test).

At the conclusion of the treatment period, hemolysis was observed at dose levels > 300 pg/mL in
all treatment groups. The osmolality in the treatment medium at the hlghest conicentration tested,
500 pg/mL, was 411 mmol/kg. The osmolality of the solvent (DMSO) in the treatment medium
was 402 mmol/kg. The pH of the highest concentration of test article in 'freatment medium was
approximately 7.0. '

Non-activated 4-hour exposure group: At the highest test concentration evaluated, 300 ug/mL,

mitotic inhibition was 56%, relative to the solvent control. The dose levels selected for analysis of
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chromosome aberrations were 100, 200 and 300 pg/mL. The percentage of cells with structural or
numerical aberrations in the test article-treated group was not significantly increased above that of
the solvent control at any dose level (p>0.05, Fisher's exact test). The percentage of structurally
damaged cells in the MMC (positive control) group was statistically significant (14.0%).

S9-activated group: At the highest te$t concentration, 300 pg/mL, mitotic inhibition was 55%,

relative to the solvent control. The dose levels selected for analysis of chromosome aberrations

were 100, 200 and 300 pg/mL. The percentage of cells with structural or numerical aberrations in
the test article-treated group was not significantly increased above that of the solvent control at
any dose level (p>0.05, Fisher's exact test). The percentage of structurally damaged cells in the
CP (positive control) group was statistically significant (17.0%). '

. Non-activated 20-hour €xposure group: The highest test concentration evaluated, 100 pg/mlL,

mitotic inhibition was.52%, relative to the solvent control. The dose levels selected for analysis of
chromosome aberrations were 25, 50 and 100 pg/mL. The percentage of cells with structural or
numerical aberrations in the test drticle-treated group Was not significantly increased above that of
the solvent control at any dose level (p>0.05, Fisher's exact test). The percentage of structurally
damaged cells in the MMC (positive control) group was statistically significant (15.0%).

A
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TABLEY

. S SUMMARY

Treatment s9 Treatmeat  Mitotic ParCell Numxrical  Structurat

ugfml Activation Time Index  Numcrical  Structursi (Mean ¢/- SD) %) %)

DMSC 3 4 ©o108 00 0000 200 0000 £0.000 08 0.0

—— R .

100 s9 4 . o9 200 200 0000 £0.000 ae a0

200 $9 - 4 29 200 200 0000  £0.000 00 a0

300 89 4 43 200 200 D00 40066 00 (Y]

MMC. S0 PR 200 00 040 £0349 00 140%e

06 . e

DMSO 4S9 4 -2 200 200 0000, . 20000 0O 00
. 100 +59 4 13 200 20 0000 #0000, 40 oo

200 +39 -4 103 200 200 0000 00" 00 00

300 489 v 4 56 . 200 200 Q000  £0.00- 0o (.11

ce, +59 4 93 200 100 oi7za 0378 00 17.0%¢

20 .

DMSO 59 20 1.1 200 200 0000 #0000 00 oo

—m,

2] -$9 w 09 200 200 Q000 0000 00 08

S0 59 ] 100 200 200 4000  20.000 00 a0

100 58 20 43 200 00 0900  10.000 0o ag

MMC, -s9 20 93 200 100 0160 #0395 00 150%°

e

Treatmeat: Cells from aff treatment conditions were harvested at 20 hours after the initiation of the
treatments. .

Aberrations per Cell: Severely damaged cells were counted ag 10 abenrations. .

Percent Aberrant Celts: *, p<0.05; *°, p<0.01; uslng the Fisher's exact test.

"“J:-"(-w’ ) '
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Study title: In Vitro Mammalian Chromosome Aberration Test
for impurit;

Key findings: Impurity —_— , did not induce
structural and numerical chromosome aberrations in the in vitro mammalian chromosome
aberration test with human perlphcral blood lymphocytes, in, the presence and absence of
metabolic activation. Thus, thls impurity was not clastogemc '

Reviewer’s Comment: This was a valid study.
Study ne.: DS2005-009. .

e-submission: N_00012005-08-3 I\pharmtox\toxicology
Conducting laboratory and location: — —_—
Date of study initiation: June 17, 2005
GLP compliance: yes ’ * S
QA reports: yes
Drug, lot #, and % purity:
—— ~ot RS-02016-3, Purity =
Vehicle: dimethylsulfoxide (DMSO)

/

The concentration of — stock solution was - of the expected
concentration.

Methods _ ' : =

Strains/species/cell line:

Peripheral blood lymphocytes were obtained from a healthy non- smokmg 24 year-old adult
female on 20 June 2005 for the prehmmary toxicity assay and from the same donor on 28 June
2005 for the definitive assay. The donor had no recent hlstory of radiotherapy, viral infection or
the administration of drugs.
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Doses used in definitive study:

16br | 313,625, £25, 250, 500, 750, 1000, 1250, 1500 |
Nog-activated : ,
206r obr | 125,25, 50,75, 106, 125, 150, 175, 200
S9-activated 4k 168 | 50,100, 200, 250, 300, 350, 400, 500

Basis of dose selection:

The selection of dose levels for analysis of chromosome aberrations in HPBL was based upon
precipitation of the test article in‘treatment medium atrd toxicity. In the presence of test article
precipitation in the treatment medium, the highest dose level evaluated was the lowest
precipitating dose level. In the absence of test article precipitation in the treatment medium, the
highest dose leve! selected for evaluation was the dose that induced at least 50% toxicity, as
measured by mitotic inhibition, relative to the solvent control, with a sufficient number of
scorable metaphase cells. At least two additional lower dose levels were included in the
evaluation. .

In the preliminary toxicity assay, the maximum dose tested was 2660 pg/mL (10 mM). Human
peripheral blood lymphocytes were treated in the absence and presence of an Aroclor-induced S9
activation system for 4 hours and continuously for 20 hours in the absence of S9 activation. The
test article was soluble in DMSO at all concentrations tested. Visible precipitate was observed in
treatment medium at dose levels > 266 pg/mL and dose levels <79.8 pg/mL were soluble in
treatment medium at the beginning and conclusion of the treatment period in all treatment groups,
except at the conclusion of the non-activated 20-hour treatment period, dose levels <266 pg/mL
were soluble in the treatment medium. Hemolysis was observed at dose levels > 266 pg/mL in all
treatment groups. * M -

Selection of dose levels for the chromosome aberration assay was based on a reduction in the
mitotic index relative to the solvent control. Substantial toxicity (at least 50% reduction in mitotic

-index relative to the solvent control) was observed at 2660 pg/mlL in the non-activated 4-hour

exposure group and at dose levels > 798 in the S9-activated 4-hour exposure group. Substantial
toxicity was observed at dose levels > 266 pg/mL in the non-activated 20-hour exposure group.

Results

The test article was soluble in DMSO at a concentration of 266 mg/mL, the-maximum
concentration prepared in the assay. In the chromosome aberration assay, the test article was
soluble in DMSO at all dose levels tested. Visible precipitate was observed in treatment medium
at dose levels > 250 pg/mL and dose levels < 200 pg/mL were soluble in treatment medium at
the beginning and conclusion of the treatment period. At the conclusion of the treatment period,
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hemolysis was observed at dose levels > 500 pg/mL in the non-activated and the S9-activated 4-
hour exposure groups. The osmolality in treatment medium of the highest concentration tested,
1500 pg/mL, was 413 mmol/kg. The osmolality in treatment medium of the lowest precipitating
concentration, 250 pg/mL, was 398 mmol/kg. The osmolality in treatment medium of the highest
soluble concentration, 200 pg/mL, was 385 mmol/kg. The osmolality of the solvent (DMSO) in
the treatment medium was 427 mmol/kg. The pH of the highest concentration of test article in
treatment medium was 7.5.

In the chromosome aberration assay, the cells were treated for 4 and 20 hours in the nonactivated
test system and for 4 hours in the S9-activated test system. The percentage of cells with structural
or numerical aberrations in the test article-treated groups was not significantly increased above
that of the solvent control at any dose level (p>0.05, Fisher's exact test).

Non-activated 4-hour exposure group: At the highest test concentration evaluated
microscopically for chromosome aberrations, 250 pg/mL, mitotic inhibition was 15%, relative to
the solvent control. The dosk levels selected for analysis of chromosome aberrations were 62.5,
125 and 250 pg/mL. The percentage of cells with structural or numerical aberrations in the test
article-treated group was not significantly increased above that of the solvent control at any dose
level (p>0.05, Fisher's exact test). The percentage of structurally damaged cells in the MMC
(positive control) group was statistically SIgmﬁcant (14.0%).

S9-activated group: At the highest test concentration evaluated microscopically for chromosome
aberrations, 250 pg/mL, mitotic inhibition was 10%, relative to the solvent control. The dose
levels selected for analysis of chromosome aberrations were 50, 100 and 250 pg/mL. The
percentage of cells with structural or numerical aberrations i in the test article-treated group was
not significantly increased above that of the solvent control at any dose level (p>0.05, Fisher's
exact test). The percentage of structurally damaged cells in the CP (positive control) group was
statistically significant (14.0%).

Non-activated 20-hour exposure group: At the highest test concentration evaluated 175 pg/mL,

mitotic inhibition was 53%, relative to the solvent control. The dose levels selected for analysis of
chromosome aberrations were 50, 100 and 175 pg/mL. The percentage of cells with structural or

numerical aberrations in the test article-treated group was not significantly increased above that of

the solvent control at any dose level (p>0.05, Fisher's exact test). The percentage of structurally
damaged cells in the MMC (positive control) group was statistically significant (16.0%).
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2.6.6.5 Carcinogenicity

The Sponsor has not performed long-term studies in animals to evaluate the carcinogenic
potential of fentanyl. Likewise, carcinogenicity studies were not performed in support of the
Referenced Fentanyl Product of NDA 20-747 at the time of its approval. Although
carcinogenicity data are not available for any fentanyl drug product, the policy in the Office of .
New Drugs (OND) is to request such data only in the event that the Sponsor’s to complete these
studies these studies in support of the safety of the drug product

Previous Division Advice and Sponsor Submissions

During the November 2001 pre-IND 65,447 meeting for OraVescent fentanyl citrate, the sponsor
was informed that.

YA L

_ The Division later infotied the Sponsor that carcinogenicity
studies would not be required to support the proposed indication of breakthrough cancer pain.

/ [/ //

Y

2.6.6.6 | Reproductive and developmental toxicology

e e m—— —

Reproductive and developmental toxicity studies with fentanyl citrate were described in NDA 20-
747. No additional studies were conducted in support of the current NDA.

NDA 20-747 for Actig® does not contain reproductive toxicology data, but references
information in NDA 20-195 for Oralet. The Oralet NDA also lacks reproductive toxicology data,
and refers to published literature. The information included in the Oralet and Actiq labels appear
to be based on studies conducted by McNeil Laboratories (Fort Washington, PA)-in support of
NDA 16-619 for Sublimaze (fentanyl citrate) Injection and NDA- 16-049 for Innovar (fentanyl
and droperidol) Injection. These studies are summarized in the table below.

As mentioned to the Sponsor at the time of the NDA for Actiq® (same Sponsor as this NDA 21-

947), studies characterizing the effects of fentanyl on male fertility are lacking. Since [CH S5A
recommends that Segment II studies be completed in two mammalian species (generally with the
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rabbit being the second species), therefore, an embryofetal development study in a second
species, and a segment III (peri- and post-natal development) study are also lacking from the
current label.

Summary of Reproductive Toxicity of Fentanyl in Pregnant Rats

Study

Dose
Route

Findings

NDA 16-049 (from pharmacologist review, 5/12/67)

TRR-142

0,0.5,2 mg/kg
intravenous;.

once daily;

day 6-18 of gestation

- n=10

(Current Reviewer’s Comments: There was no separate study of only the
Sentanyl component of [nnovar, therefore this study was not relevant to NDA
21-947).

NDA 16-619 (from pharmacologist review, 7/19/67, and medical officer review, )
TRR-111 0, 0.0.01, 0.03 mg/kg; | One-half of the animals were sacrificed.and examined on Day. 20.
' intravenous; - +l One-half were allowed to deliver naturally and were killed on postpartum day
once daily; 30. : . :
day 6-18 of gestation |
Day 20 rats:
u=25/dose No effect of fentanyl on pregnancy or litters
For rats allowed to deliver and raise pups: ,
0.03 mg/kg: Increased deaths for the first 24 hours after birth
Higher number of resorptions than other doses or groups
h There was no effect of fentanyl on occurrence of malformations
(Current Reviewer’s Comments: The expression of data in absolute
numbers, rather than per litter, makes interpretation of the data problematic].
- Deose N | Pregnant | Number Pup Pup Deaths | Resorptions | Malformations .
(mg/kg/day) of Pups | Weight ' %
' (average) 24 30
‘ hours | days
Day 20 Data .
0 13 10 109 1.92 - - 6 0
0.01 13 10 109 2.01 - - i1 0
0.03 13 10 106 2.08 - < 5 0
Natural Delivery data _
0 12 11 93 - 3 14 0 0
0.01 12 10 116 - 2 5 0 0
0.03 12 9 86 - 13 19 26 0
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A

- Study Dose Findings
Route : )
TRR-44 0, 0.04, 0.08, The dosing regimen was repeated for the second and third successive
0.16,0.31 mg/kg; | generations (G, and G;). ?
subcutaneous; .
once daily; Decreased number of pregnancies
day 6-18 of Increased number of stillborns
gestation ’
No effect on litter size
n=/dose No effect on the incidence of malformations
(Current Reviewer’s Comments: The expression of data in absolute
numbers, rather than per litter, makes interpretation of the data
] problematic).
Dose N | Pregnant | Deaths | Litter Birth | Stillborn.| Resorptions | Malformations
(mg/kg/day) _ Size Weight ’
(ave.) | (ave)
G,
0 100] 80 0 8.7 5.7 | 60/703 0 0
0.04 11 6 1 9.0 5.8 11/54 0 0
0.08 1 2 4 10.0 54 11/20 1 0
0.16 12 3 5 14.0 5.0 0/42 1 0
0.31 6 0 2 - - - - -
3 G,
0 50 44 0 10.2 56 | 24/449 0 0
0.04 6 4 v 2 13.0 5.7 5/52 0 0
0.08 6 3 2 12.0 5.6 3/36 0 0
i 0.16 3 2 0 11.5 52 123 0 0
. ek . _ .
0 200 180 3 11.3 3.1 13/2041 79 .7
0.04 3 3 0 9.7 - 3.9 _0/29 0 - 0
TRR-45 0,0.04,0.08, | Onday 22, pups were delivered by cesarean section.
0.16,0.31
mg/kg; Decreased number of pregnancies (dose-related)
subcutaneous; | Decreased average birthweight of pups (dose-related)
once daily; Greater percentage of resorptions (dese-related)
~ | day 1-21 of o
gestation No effect on litter size ‘
-| No effect on the incidence of malformations
n=/dose
{(Current Reviewer’s Comments: The expression of data in absolute numbers, rather
‘ than per litter, makes interpretation of the data problematic). :
- Dose N | Pregnant | Deaths | Weight | Litter Birth Still- -] Resorp--| Malform-
(mg/kg/day) _ _ change Size Weight |. bora ..}--tions ations
/dam (ave.) (ave). ...  {. &
0 200 180 3 62 1.3 {50 |7 32041 |. 79 7.
0.04 20 13 3 61. 116 45 - o015t |- 16 0
0.08 20 9 L 48 11.6 43 0/105 21 0
0.16 204 10 2 42 106 | 37 | o106 13 0
0.31 20 1 3 52 12.0 - 2.7 0/12 0 0
103
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Study ) Dose Findings
Route '
TR-45 0,0.16, 0.32,
Janssen 0.64,1.25 Decredsed number of pregnancies
mg/kg; Decreased average weight of pups
subcutaneous; Increased number of resorptions (doses-related)
once daily; ‘ :

n=200/control

day 1-21 of gestation

n=20/fentanyl dose

No effect on litter size

1.25 mg/kg dose..

(Current Reviewer Comment: No data in review, but this study may have
been the basis for label statements in Oralet label NDA 20-195, especially the

Fujinaga |0,0.01,0.1,0.5
et al. mg/kg;
(1986) subcutaneous;

once daily;

n=43/control

in previous reviews.)

- By - N

Doses were admlmstered 2 weeks prebreeding, during breeding, and Days 1-
21 of pregnancy for all  groups

(Currem Reviewer Comments: The results of tlus study were not presented

n=28/fentanyl dose

Published scientific studies:

Study/Reference

Methods

Findings/Conclusions

Fujinaga et al. (1986)

Would satisfy Segment [
(fertility) study in females
and the Segment II
(Embryo-fetal development)
requirements

female Sprague-Dawley rats

10, 100 or 500 pg/kg/day via mini
osmotic pumps

Treated beginning 2 weeks prior to
breeding and during the entire

" period of pregnancy

“fentanyl is devoid of adverse reproductive
effects in this strain of rats [Sprague-Dawley]
up to dosages of 500 pg/kg/day administered by
osmotic minipumps”

Fujinaga and Mazze, (1988)

adjunct to a Segment 2 study

" postnatal mortality of a single dose

of fentanyl (500 pg/kg/day),
subcutaneously via the mini-
osmotic pumps, continuously (24
hr/day)

treated from day 5 of gestation to
day 20, when cesarean sections
were performed.

There were no effects of fentanyl treatment on
postnatal mortality
No teratogenic effects

s

Mazze et al, (1987)

500 ug /kg/day continuously
infused via miniosmotic pumps -
from day 7 to 21 of gestation,
when cesarean sections were
performed

No reproductive or teratogenic effects in the
fentanyl only treated group

Bruce et al. 1983

Sea urchin eggs exposed to

"No adverse effects on fertilization or cell

fentanyl at coricentrations of 3.3 division
. and 33 nM -
Martin and Jurand, 1992 “Fetal mice exposed to fentanyl No teratogenic effects-- -

Anesthesia 47:473-476 Maternal doses 12-16 mg/kg, IP o
On gestation day 9 A e
Craft et al. 1983 Anesthesia | Sheep No effect on. uterme blood flow and uterine

- Analgesia 62:894-8.

50, 75, 100 ug IV on gestation
days 124 to 138
Cardiovascular parameters
measured for 2 hrs post-drug
administration

tone
No cardiovascular and acid-base effects in -
maternal or fetal sheep
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2.6.6.9 Discussion and Conclusions

No new toxicology studies were submitted in support of NDA 21-947. The toxicity of fentanyl is
fairly well characterized. Based upon extensive human experience with this drug, additional
repeat-dose toxicology studies were not required for this 505(b)(2) submission. During early
meetings, the Sponsor indicated “to the best of their knowledge, no suitable model for examining
the tolerability and toxicity of repeated administration via the oral transmucosal route has been
developed." In animal studies, doses were usually administered by subcutaneous administration to
attempt to mimic transmucosal absorption while avoiding first pass liver metabolism.

-General t‘oxicology; Single Dose Studies:

No additional single-dose toxnclty studies were conducted. NDA 20- 747 for Actiq® did not
contain single-dose toxicology data, but referenced information contained in NDA 20-195 for
‘Oralet and published literature. The Oralet NDA also lacked single-dose toxicology data, and

. therefore referenced data found in the published literature, including information found in the
product labels for NDA 16-619 for Sublimaze (fentany! citrate) Injection and NDA 16-049 for
Innovar (fentanyl and droperidol) Injection.

- Intravenous doses of 0, 10 and 20 mg/kg were administered to mice. The LDs, value, calculated
from survival data 14 days after intravenous injection, was 12 mg/kg. Intravenous injections of

- fentanyl were lethal for 1 out of 5 mice at 10 mg/kg and for all five mice at 20 mg/kg. Mortality
occurred within the first hour after dosing. The fentanyl mortality dose response curve in mice
was biphasic following both subcutaneous and intravenous dosing. The mechanism for this
biphasic response is not known, but the mortality observed at the low end of the dose-response
curve was considered associated with respiratory depression. Fentanyl produced some central
opioid-like actions, e.g. excitation, exophthalmos, Straub tail on arched back, corneal opacity,
dyspnea, loss of righting reflex, hypertonia and spasms. Mice also exhibited decreased activity or
decreased activity followed by increased activity. All surviving mice completely recovered within
6 hours after injection.

Intravenous doses of 0, 1.25, 2.5 and 5 mg/kg were administered to rats. The LDsg value,
calculated from survival data 14 days after intravenous injection, was 2.3 mg/kg. In rats, no
mortality occutred at a dosage of 1.25 mg/kg. At a dose of 2.5 mg/kg, three out of five rats died
immediately after dosing. At a dose of 5 mg/kg, all rats died immediately after administration of
fentanyl. Apart from mortality, the following clinical observations were noted at all doses:
‘blockade of cornea and pinna reflexes, dyspnea, loss of righting reflex, muscular rigidity,
hypertonia, exophthalmos and salivation. Rats also exhibited decreased activity or-decreased
activity followed by increased activity. The surviving rats recovered w1thm 1 day:after dosing. No
abnormalities were found at autopsy in mice or rats. RN

Fentanyl was tested in dogs by subcutaneous ('SC), intramuscular (IM), intra-arterial (IA) and

intragastric (IG) administration. Clinical responses were of central nervous system nature, i.e.
convulsions, tremors, loss of righting reflex, sedation and respiratory depression in dogs.
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In a study of the potential manufacturing impurity or degradant, both fentanyl and ~—
had similar pharmacodynamic and toxicity profiles in rats and mice.

.General Toxicology, Repeated-Dose Studies:

Repeat-dose toxicity studies with fentanyl citrate were described in NDA 20-747. No additional
repeat-dose toxicity studies were submitted in support of NDA 21-947.

The Pharmacology-Toxicology review of NDA 20-747 stated, that at the time of its submission
(Nov 1996) there were no long-term studies to assess fentanyl subchronic and chronic toxicity.
The NDA 20-747 for Actiq® did not contain repeat-dose toxicology data, but referenced
information contained in NDA 20-195 for Oralet, and published literature. The Oralet NDA also
lacks repeat-dose toxicology data, and references published literature, including the product labels
for Sublimaze (fentanyl citrate) Injection and Innovar (fentanyl and droperidol) Injection.

/

P

Genetic toxicology: In vitro bacterial mutagenicity and in vitro clastogénicity studies were
conducted on three impurities or degradants from fentanyl citrate supplied by "~

"~ Safety qualification for the three impurities was requested due to the presence of a structural
~ alert for mutagenicity. The three compounds and specifications are listed below:
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All three impurities or degradants at concentrations of up to 5000 pg/plate were negative for
induction of mutations in Salmorella typhimurium and Escherichia coli with and without
metabolic activation. These impurities did not induce structural or numerical chromosome
aberrations in the in vitro cytogenetic assay of human peripheral blood lymphocytes in the

presence or absence of metabolic activation at concentrations that produced up to 50%
cytot0x101ty As such, these three impurities are considered adequately qualified.

Two other drug substancevimpurities are listed by ~ ~— 7 . that do not contain structural
alerts for mutagenicity. These two are listed below:

—_ NMT —
- * NMT —
The impurity ~—— exceeds [CHQ3A threshold for qualification. However, of the five
impurities listed in the summary table below, only ———— ~ has been subjected to some
characterization. — ) . aas been shown to have a pharmacodynamic and toxicologic
profile similar to fentanyl in acute studies in rats and mice. LT
) - The
compound does not contain a structural alert for mutagenicity.
I Impurity Name ] Chemical Name Specification Comment
NMT Above [CHQ3A;

/' /

/
[ ]
. {
NMT — Below ICHQ3A
 NMT? ~— Structural Alert;
Negative genetic
toxicity data
NMT ' Structural Alert;
Negative genetic -
toxicity data

NMT  —~— Structural Alert;
Negative genetic

Carcinogenicity: No long-term animal studies have been completed to date to characterize the
carcinogenic potential of fentanyl. However, the compound has tested negative in the standard
battery of genetic toxicology assays, and a search of the published literature (rev1ewcr search), did
not produce evidence of hyperplasia following chronic administration. =~~~ e
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Reproductive toxicology: As mentioned to the Sponsor at the time of the NDA for Actig® (same

Sponsor as this NDA 21-947), there is still no evidence that male fertility studies have been
completed. e s .

ey aa

Special toxicology: Local irritation and sensitization studies were not conducted in animals
because the Sponsor was unable to obtain a suitable animal model for oral transmucosal delivery
of fentanyl. Local irritant effects were evaluated in the clinical studies, partlcularly in patients.
who have preexisting mucositis due to chemotherapy.

2.6.6.10  Tables and Fiéu’res
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

Fentanyl citrate, the active ingredient in fentanyl effervescent buccal tablets, is a potent opioid
analgesic with pharmacological effects similar to morphine. This application seeks approval of an
effervescent fentanyl tablet that is designed to be retained in the oral cavity during disintegration,
with absorption of fentanyl across the oral mucosa. The Sponsor claims that effervescence,
combined with controlled disintegration, enhances absorption of fentanyl across the oral mucosa
compared the currently available formulations. There was one in vitro nonclinical published
report to support this concept, but no in vivo studies.

The most prominent adverse effect of high doses of fentanyl, as with all opioids in general, is
respiratory depression, a known extension of the pharmacological action of opioids. As indicated
in the table below, the maximal indicated human dose is less than 2-fold of a dose eliciting
adverse respiratory, cardiovascular, or neurological effects in animal studies.

Cardiovascular studies in conscious dogs suggest that fentanyl does alter conductivity of heart
tissues and lengthens the QT interval, but not until 60 minutes after administration, and only at
the highest dose examined 0.05 mg/kg. A prolonged QT interval may lead to severe rhythm
abnormalities and death. The cardiovascular effects of fentanyl are not well characterized in
nonclinical studies. Most Sponsors relied on older approved fentanyl submissions for much of the
basic drug safety information. Those submissions for fentanyl were in settings that involved

- anesthesia and constant patient monitoring. As new approaches to pain relief have expanded the

use of fentanyl in non-hospital settings, the cardiovascular effects need to be more thoroughly -
elucidated, since the patient population for this product are frequently not under direct
observation during the use of this product. Although there does not appear to be a clinical safety
signal at this time, the data do not appear to raise concern to such a level that would prevent
approval of the NDA.

A genotoxicity program, consisting of an in vitro reverse bacterial mutagenicity study and an in
vitro mammalian chromosome aberration study, was performed on three isolated impurities or-

degradation products found in the fentanyl citrate API and/or fentanyl effervescent buccal tablets. .

Each impurity was found to be negative for mutagenicity and for clastogenicity when tested at
concentrations up to the limit of the assay. The chromosomal aberration assay used human
lymphocytes, and it was found that each of the impurities was toxic to the cultured cells, greatly
limiting the maximal dose of impurity that could be tested.

Genetic Toxicology: In vitro bacterial mutagenicity and in vitro clastogenicity studies were
conducted on three impurities or degradants from fentanyl citrate supphed by =
~— [he three compounds were =

Lo Y 4

All three 1mpurltles or degradants at concentrations of up to 5000 pg/plate were negative for -
induction of mutations in Salmonella typhimurium and Escherichia coli with and without
metabolic activation. These impurities did not induce structural or numerical chromosome
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aberrations in the in vifro cytogenetic assay of human peripheral blood lymphocytes in the
presence or absence of metabolic activation at concentrations that produced up to 50%
cytotoxicity.

Unresolved toxicology issues:

One impurity in the drug substance, = = " exceeds ICHQ3A threshold for
qualification and has not been tested for potential genetic toxicity. However, =

does not contain a structural alert for mutagenicity, has been shown.to have similar
pharmacodynamic and toxicologic effects as fentanyl, ,\”—\

.., and has been present in the fentanyl
drug substance used for the Acth product As such the specification of NMT —— does
not raise significant safety concerns, however the Sponsor should either reduce the
specification to NMT = or provide a minimal genetic tox1cology screen to confirm the
safety of the current specification. This can be completed post-approval.

A

Cardiovascular studies in conscious dogs suggested that fentanyl does alter conductivity of
heart tissues and lengthens the QT interval, but not until 60 minutes after administration,

and only at the highest dose examined 0.05 mg/kg. The Sponsor’s original analysis of the %y
data was inappropriate. Since only mean data was provided for each animal, a complete '
reanalvsis was not possible.

Ata pre-IND nteeting in Nov 2002 the Division raised concerns that the 'drug product may
produce local tissue irritation

o

—

Although the local tissue reaction has been addressed with clinical studies, it is not known
if there could be any drug product-related change in the rate of healing of these sites.
Should there be concerns raised regarding local tissue reactlons in- the future, prechmcal
models of wound healing may be considered.

Although fentanyl has been used clinically for many decades, reproductive studies
described in the label are incomplete. Studies of male fertility, embryofetal development in
a second species, and peri- and post-natal development have not been performed.  ——
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Suggested labeling:
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Recommendations:

From the nonclinical pharmacology and toxicology perspective, the NDA may be approved.

Deletions are indicated by strikeouts
Additions are‘indicated by blue.

112



| Page(s) Withheld

1rade Secret / Conﬁd_ential

_ :

Draft Labeling

_ Deliberative Process




s

Reviewer: L.S. Leshin, DVM, PhD —’ : e NDA 21-9717(

Reviewer Signature _L.S. Leshin
L.S. Leshin DVM, Ph.D.

Supervisor Signature__R. Daniel Mellon ~ Concurrence Yes X No

R. Daniel Mellon Ph.D.

- APPENDIX/ATTACHMENTS

References

Ainslie SG, Eisele JH Jr, Corkill G. 1979. Fentanyl concentrations in brain and serum during

respiratory acid-base changes in the dog. Anesthesiology 51: 1293,

Arndt, J. 0., Mikat, M., and Parasher, 1984. Fentany!’s analgesic, résplratory, and cardiovascular
actions in relatlon to dose and plasma concentration in unanesthetized dogs. Anesthesiology
61:355-61.

Bailey, P. L., Port, J. D Mclames, S ,etal 1987 Is fentanyl an anesthetic in the dog? Anes &
Anal 66:542-48.

Bailey, P. L., Stanley, T. H. 1994. Intravenous opioid anesthetics. InR D. Miller, ed , Anesthesia,
4th ed., 291 388 New York: Churchill Livingstone. =

Blair, J.R., Pruett, J.K., Adams, R.J., Crumrine, R.S. 1986. The elctrophyswloglcal effects of
opiates in canine cardiac purkinje ﬁbcrs Anesthesiology 65:A406.

Branson, K.R., M. E. Gross, N.H. Booth 1995. Opioid Agonists and Antagonists. pp 274-310 In
Adams, H. R., ed Veterinary Pharmiacology and Therapeutlcs 7th Ed., 1995 Jowa State
University Press, Ames, IA

 Brown JH, Pleuvry BJ. 198 1.Antagonism of the respiratory effects of alfentanil and fentanyl by

naloxone in the conscious rabbit. Br J Anaesth; 53: 1033.

Bruce, D.L., Hinkley, R., Norman, P.F. 1983. Fentanyl does not inhibit fertlllzatlon or early
development of sea urchin eggs. Anesthesia Analgesia 44:498-500.

Canellas J, RoquebertJ Dumartin A and Courtois P 1965. C. R. Soc. B(ol 159 1538 1539 (in

- French)

Carlsson C, Smith OS, Keykhah MM, Englebach I, Harp JR: The effects of high-dose fentanyl on

~ cerebral circulation and metabolism in rats. Anesthesiology 1982; 57:375-380.

114



P

Reviewer: L.S. Leshin, DVM, PhD NDA 21-997

Craft JB, Coaldrake LA, Bolan J, Mondino M, Mazel P, Gilman R, Shokes L, Woolf W: Placental
passage and uterine effects of fentanyl. Anesth Analg 1983; 62: 894-898.

de Castro J, Van De Water A, Wouters L, et al.: Comparative study of cardiovascular
neurological and metabolic side effects of eight narcotics in dogs. Acta Anaesthiol Belg 1979
30:5-99.

Eichman JD and Robinson JR 1998. Mechanistic studies on effervescent-mduced permeabrhty
enhancement. Pharm.Res. 15:925-930.

Fassoulakr A, Andreopoulou K, erhams G, Pateras C: The effect of single and repeated doses of
thiopentone and fentanyl on liver function in the rat. Anaesth Intens Care 1986;14:145-147.

Flecknell PA, Llles JH, Wootton R. Reversal of fentanyl/fluanisone neuroleptanalgesia in the
rabbit using mixed agomst/antagomst oprords Laboratory Animals 1989; 23: 147-155.

Fujinaga M and Mazze RI 1988 Teratogenic and postnatal developmental studies of morphine in
Sprague- Dawley rats. Teratology 38:401-410.

Fujinaga M, Stevenson JB, and Mazze RI 1986. Reproductive and teratogemc effects of fentanyl
in Sprague-Dawley rats. Teratology 34:51-57. '

Gardocki JF, Yelnosky J, Kuehn WF, and Gunster JC 1964. Toxic. Appl. Pharmacol 6:593-601.

Gardocki JF, Yelnosky J; A study of some of the pharmacologrc actions of fentanyl citrate.
Toxicol and App Pharmacol, 1964; 6:4.8-62.

Gibaldi M and Kanig J 1965 (Absorption of drugs through the oral mucosa. J. Oral Ther.
Pharmacol 1:440-450.

Green CJ. 1979. Animal anesthesia. London: Laboratory Animals Ltd.,

Gutstein"HB and Akil H 2002. Oprord Analgesics, in Goodman & Gilman's The Pharmacological’
Basis of Therapeutics (Hardman JG, Limbird LE, and Gilman AG eds) pp 569-619, McGraw-
Hill, New York.

Hatch RC, Jernigan AD, Wilson RC,Lipham LB,Booth NH,Clark JD, Brown J: Prompt arousal
from fentanyl-droperidol-pentobarbital anesthesia in dogs: a preliminary study. Can J Vet Res
1986; 50: 251-258.

Hess R, Herz A, Friedel K. Pharmacokinetics of fentanyl in rabbrts in view of the importance for
limiting the effect. Journal of Pharmacology and Experimental Therapeutrcs 1971; 179:474-484.

Horvath G, Benedek G, Szikszay M. Enhancement of fentanyl analgesia by clonidine plus
verapamil in rats. Anesth Analg 1990; 70: 284-288.

s



L e

Reviewer: L.S. Leshin, DVM, PhD _ ________NDA 21977

Horvath G, Szikszay M Rubicsek G and Benedek G.: An isobolographic analysis of the hypnotic
effects of dexmedetomidine with fentanyl or diazepam in rats. Life Sci 1992; 50:PL215-220.

Hu C, Flecknell PA and Liles JH.: Fentanyl and medetomidine anaesthesia in the rat and lts
reversal using atipamazole and either nalbuphine or butorphanol. Lab Animals 1992; 26:15-22.

Hug CC, Murphy MR, Fentanyl disposition in cerebrospinal fluid and plasma and its relatlonshlp
to ventllatory depression in the dog. Anesthesiology 1979; 50 342-349.

_Hunter JM, Jones RS, Utting JE. Effects of anaesthesia with nitrous oxide in oxygen and fentanyl

on renal function in the artificially ventilated dog. Br J Anaesth 1980; 52:343.

Jaffe, JH. Drug addiction and drug abuse. In Goodman and Gilman's The Pharmacological Basis
of Therapeutics, 8th ed, Gilman, AG, Rail, TW, Nies, AS and Taylor, P. eds. 1990, Pergamon
Press, Elmsford, N.Y, 522- 573. 7

Janssen PA; The development of new synthetic narcotics. In Opioids in Anesthesia, Estafanous,
FG, ed. 1984, Butterworth Publishers, Boston, 37-44.

Janssen, PAJ, Niemegeers CIJE, Donmy JGH 1963. Arzneimittel-Forschung 13:502-507.

Katchman, A.N., McGroary,K.A., Kilborn, M.J., Kornick,C.A., Manfredi,P.L., Woosley,R.L.,
Ebert,S.N. 2002. Inflience of opioid agonists on cardiac human ether-a-go-go-related gene K+

“currents. Journal of Pharmacology and Experimental Therapeutics 303:688-694.

Lindgren, L., Saarnivaara, and Klemola, U.M. 1987. Protection by Fentanyl against cardiac
dysrhythmias during induction of anesthesia. European J. Anaesthesiology 4:229-233.

Lui PW, Lee TY, Chan SHH. Fentanyl-induced muscular ridigity in unanesthetized and ketamine-
or thiopental-anesthetized rats. Anesthesiology 1989; 70:984-990.

Martin, L.V.H. and Jurand, A. 1992. The absence of teratogenic. effects of some analge51cs used
in anesthesia. Anaesthesia 47: 473-476.

Mazze, R.., Fujinaga,' M., and Baden, J.M. 1987. Reproductive and Teratogenic Effects of Nitrous
Oxide, Fentanyl and their Combination in Sprague—Dancy RatsQ Br. J. Anaesth. 59:1291-1297.

McLain, D. A., and Hug, C. C. 1980. Intravenous fentanyl kinetics. Clm Pharmacol Ther 22 106-
14. . ) o .

' McPherson RW, Traystman RJ. Fentany! and cerebral vascular responsi'{/ity' in dogs.

Anesthesiology 1984; 60:180-186

Montomura, S., Kissin, L., Aultman, D. F., and Reves, G. 1984. Effects of fentanyl and nitrous
oxide on contractility of blood-perfused papillary muscle the dog. Anes Analg 63:47-50.

116



",

;
i

s

Reviewer: L.S. Leshin, DVM, PhD _ _NDA21.9%7

Murphy M, Olson WA, Hug CC. Pharmacokinetics of 3H-fentanyl in the dog anesthetized with
enflurane. Anesthesiology 1979; 50:13-19.

Nassiri MR, Flynan GL and Shlpman C Jr. Inhibition of cell growth and DNA, RNA and protem

- synthesis in vitro by fentanyl, sufentanil and opiate analgesics. Pharmacol & Toxicol1991; 69:17-

21.

Nussmeier NA, Benthuysen JL, Steffey EP, et al.: Cardiovascular, respiratory and analgesic
effects of fentanyl in unanesthetized Rhesus monkeys. Anesth Analg 1991; 72:221-226.

Reves JG, Kissin [, Fournier SE,Smith LR: Additive negative iﬁotropic effect of a combination of

- diazepam and fentanyl. Anesth Anal 1984; 63: 97-100.

Sawyer, D. C. 1985. Neuroleptanalgesna and anesthe51a Proceedings, 2nd Int Congr Vet Anes
1985:1-4.

Schneider E, Brune K. Distribution of fentanyl in rats: an autoradiographic study. Archives of
Pharmacology 1985; 331 :359-363.

Schneider E, Brune K. Opioid activity and distribution of fentanyl metabolites. Archives of
Pharmacology 1986;334:267-274.

Schweiger IM, Hall RI, Szlam F, Hug CC.: Anesthetic interactions of midazolam and fentanyl: is
there acute tolerance to the opioid? Anesthesiology 1989; 70:667-671.

2

Schweiger IM, Hall RI and Hug CC.: Less than additive antinociceptive interaction b_etween &
midazolam and fentanyl in enflurane-anesthetized dogs. Anesthesiology 1991; 74:1060-1066.

Streisand JB, Zhang J, Niu S, McJames S, Natte R, and Pace NL 1995. Buccal absorption of
fentanyl is pH-dependent in dogs. Anesthesiology 82:759-764.

*

Tayeyama, C., Goto, H., Kohno, N,, et al. 1993. Effects of fentanyl, diazepam, and the -
combination of both on arterial baroreflex and sympathetic nerve activity in intact and baro-
denervated dogs. Anes & Analg 77:44-48.

Thurmon, J.C., W.J. Tranquilli, G.J. Benson, Eds. 1996. Preanesthetics and Anesthetic Adjuncts.
In: Lumb and Jones Veterinary Anesthesia, 3 ed. Williams and Wllkms Baltlmore MD Ed.

Tsou M-Y, Lui P-W, Lee T -V, Pan J- T,Chan SHH: leferentlal cffects of prazosm
and yohlmbme on fentanyl-induced muscular rigidity in rats. Neuropharmacology 1989; 28:-
1163-1168.

Vella LM, Knott C, Reynolds F. Transfer of fentanyl across the rabbit placenta:
effect of umbilical blood flow and concurrent drug administration. British Journal
of Anesthesiology 1986; 58: 49-54.

17



e

s

Reviewer: L.S. Leshin, DVM, PhD | | _ NDA21-977

Vaster M, Koehler RC, Traystman RJ. Effects of fentanyl on peripheral and cerebral
hemodynamics in neonatal fTambs. Anesthesiology 1987; 66:524-530.

Vaster M, Koehler RC, Traystman RJ. Interaction of fentanyl and pentobarbital on peripheral and
cerebral hemodynamics in newborn lambs. Anesthesiology 1989; 70: 461-469.

Yeager MP, Procopio MA, DeLeo JA; Arruda JL, Hildebrandt L, and Howell AL 2002.
Intravenous fentany! increases natural killer cell cytotoxicity and circulating CD16(+)
lymphocytes in humans. Anesth Analg. 94:94-9, table.

Zhang J, Streisand J, Niu S, et al.: Estlmation of buccal fentanyl absorption Bloavallablllty by
measuring drug depletion from vehicle solutions: valldatlon of the method in dogs. (abstract) .
Pharm Res 1992; 9 (Suppl):S-177. /

Zattoni J, Giunta F 1965. Minerva Anest 31:347 (Jtalian)

P

APPEA RS rms WAy

118



{ ; . Thisisa representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature. '

R.' Daniel Mellon

- 6/22/2006 05:53:32 PM
PHARMACOLOGIST _
I concur with Dr. Leshin’s recommendation that from the
nonclinical pharmacology toxicology perspective, NDA 21947 may be
approved. I have submitted Dr. Leshin’s review at '
his request and am signing on his behalf
and as the PharmTox Supervisor for DAARP.

AT
-




