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Sucmission Date: Novempber 8, 1296
NDA REVIEW
EV. ATION OF P OLOGY TOXICOLOGY DATA

Drug: Alprostadil Alphadex, (Prostaglandin E,-Alpha-cyclodextrin
inclusion ccmplex;, SPM 651

Chemical Name: (1R, 2R, 3R)-3-Hydroxy-2-{(9E)-(3S)-3-hydroxy-l-octenyl]-
S-oxocvclopentane heptancic acid

CAS # 93591-00-5

Structure: R

PGE,

Alpha-cyclodextrin

Molecular Formula: C..H..0. (2GE.! and <. H.2.. (alpha-cyclodextrin)

Molecular weight: ?GzZ M.W. = 354.5; x-CD M.W. = 972.9

Formulation: 5, 10, 2C or 40 micrograms {(ug) PGE, with alpha-
cvyclodextrin and lactose tO be dissolved in 1 ml sterile water for
noection.

mem -
STConent

Ut

:l’ Yo

10 =z 20 ug 40 ug
':- stadil {u
_IZadex ug}

; z=D>se Anhvdrous NI

Y
e

\

Ye)

Category: “/asodilazor
Indication: Zrec=tile Zvysfuncticn (EC,

Related INDs/NDAs:

IND

p

NDR 20-319 o-s5an/Fnamazia; 2GE irm-c-czrzavernosall for =srectile
dvsiusnzeizon

NDR 20-700 "..vus; PIZ



NDA 20-649 2
Alprostadil Alphadex

TABLE OF CONTENTS

STUDIES PREVIOUSLY REVIEWED

I. IND
Acucte Toxiclty in Mice and Rats o 8-9
30-Day Intravencus Toxlclty 1n Rats (Ono 81/9) cec 10-11
3C-Day IV/ IP Toxizity 1n Rats (Cno 80/8) e 12-15
13i-Week Intravencus Toxicity 1n 2ats (LPT 5020/2/88) cc 16-18
¢ Month Intrapericcneal Toxicity 1n Rats (Ono 80/11) op 19-22
3C-lavy Intra-artserial Toxici:y in Dogs (Ono 80/10) oo 22-24
27-Ae=x Intravenzcus Toxicity in Dogs (LPT 5018/2/88) co 24-26
Specia. ToxXigity
Lczal Tolerance!ilw, i1a, im) in Rabbits- (LPT 5415/1/89; c 27
Ccmpazabillity witn Human Blood (12T 5419/1/89) 2 27
AmTlzsnicity and Sensitization 1 Mice, Rabbits o 28
and Guirnez Figs (Ono 80/1:%:
Cernttox LTy
2mas Assay (LPT 2222/83) o 28
Tnrcmcsome Abercztiocns in Human _ymphocytes (LPTS5023/83) p 29
Ir iz Micronuclsus Test in Rats (LPT 5024/88: o 30
Cnrcomosome Aperrations in CHO Cells (LPT 5197/89) o 31
kecrcoczucoive TOXicCiTy
Terzlllzy/Repreoductive Performance 1n Rats (Zno 81/13} op 33-35
Tar-lllty/Reprcd. Ferformance irn Rats (LPT 5021/1/88) op 35-38
Ta2rzt>logy Stucdy in Rats {(Ono 81/14) oo 39-40
Tsratology Study in Rabbits (Onc 31/15) oo 41-42
Par:~- and Postnazal Toxicity irn 2ats (Ono 21/1%) oo 43-44
_z22 T=zal Develcrment in Guinea Pigs (LPT 3401/2/89) cp 45-46
Im-razvenous Fetotoxicity in Monkays (HLD 699-001) op 47-48

< Ituzil2s wizth an Crnc % were conductzad by

Studiss with an LP2T # w=2r2 conductad by the
Studiss with an
=_.2 = were ccnzuzzed by
IT IND
oo rzczveErnnsal Toswe oo -
-Iz, Inmtrapern.le Toxicity . Monxeys LPT 34l3/71/2%v o 2
zow IntTrarvenile Toxicioy orn Monkevs LPT 3974790 o 3-4

BEST POSSIBLE Copy



NDA 20-649
Alprostadil Alphadex

TABLE OF CONTENTS
III. Contents of NDA Review =

Bharmacology
o) ki .

Distribution of *‘C-a-Cyclodextrin in Monkeys
(IRI #154,346)

 cologi .
Labeli Review



NDA 20-649 ' L 4 A
Alprostadil Alphadex

PHARMACOLOGY

prostaglandin E, (alprostadil) is one of the best characterized
preaaglandins. PGE. is marketed for .use in neonates with neart
defects to maintain patency of the ductus arteriosus (Prostin_VR;
Upjohn). PGE, has also been approved for intracavernosal injection for
the treatment of erectile dysfunction (Caverject NDA 20-379;
Upjohn/Pharmacia). Schwarz Pharma markets Prostavasin (PGE.-x-CD) in
cme countries for peripheral arterial occlusive disease (PAOD).
Schwarz Pharma’s NDA 20-546 for the indication of PAOD was not
approved by the FDA due to inability to demonstrate clinical efficacy.

SPM 691 consists of alprostadil  (PGE,) in an a-cyclodextrin (a-CD)
inclusion complex. The a-cyclodextrin inclusion complex improwves the
stability of the PGE,. After reconstitution, the alprostadil -
immediately dissociates from the a-CD inclusion complex.

The prostaglandins (eicosanoids) are cyclic derivatives of certain_
unsaturated fatty acids having 20 carbon atoms. Alprostadil and the
other menoeinoic acids are derived from dihomo-gamma-linolieic
acid {DHLA), whereas dienoic eizosanoids (including PGE. }are 'er*ved
Irom arachidonic acid by interaction with prostaglandin synthe i
zhe tissues. In man, most tissues can synthesize alprostadil frcm
CELA. Prostaglandins act close o their site of biosynthesis arnd
modulate the activity ©f nearby cells.

Sharmacodynamic effects related to the proposed indication are
discussecd below.

The -relaxant effect of alprostadil on penile smooth muscle hes been

de2monstrated in numerous in vitro studies. Relaxation of penile

ratractor muscle by alprostadil {2 to 300nM ) has been demonstrated in

‘ssae from the dog, cat, hcrse, ram and bull. In additicn,

laxa izn of the corpus cavernosum urethra from macaque, rakbit,

@a p.3, dog, cat and horse is procduced in vitro by alprostadil

Lﬂ's concentration range (Acta Physiol Scand 100: 354, 1977).
ions of human corpus cavernosum, corpus spongiosum and

-~

us artery are also relaxed by alprostadil (J.Urol. 131:273, =

JLUNE RIS I e
B S T

b
\ll [{V R S X
ay < (D et b

£ W :!"'J

in
arat
rne
1) .

" oyl Tarye v 18
vivs ralaxant effects of al prostadil 5, 10 or 20 ug) on cavernous
n mus<tle have been demonstrarted in anesthetized pigtail monkeys.

ocT

mnTracavarnaous injectians of 3, 1Y or 29 ug PGE. produced a decrease in
_amracavarnous pressure and an incr2ase 1n intracavernosal tlcod flow.
The veturn of intracavarnssal pressures To pre-alprostadil lavels was
moniToz2t o35 3 ipdicaztr € alsrzistadil zliminatisn.  Intracivernosal
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presshres returned t7 oaseiine values 13, 20 and 20 minutes after the
s, 10, and 15 ug PGE, dose ,respectively. ((Int J Impotence Res 1l: 211,
1989). Intracaverncsal injection of alprostadil (1.25, 2.5, 5 ug) to
cynomolgus monkeys (n =3) twice a weex for 6 months resulted in penile
elangation or tumescence following dosing (Eur Urol 20: 301, 1991).
Numerous clinical studies have established the efficacy of
intracavernosal injection of alprostadil (2.5 -40 ug) in the treatment
of male erectile dysfunction. Upjohn/Pharmacia has an approved NDA
20-379 for intracaverncsal PGE, for use in erectile dysfunction.

Doses of 10 to 20 ug of PGE produce full erections in 70 to 80 % of

men with erectile dysfunction.

; - Acti

Relaxation of corporal smooth muscle is the_ key event in penil%?'
erection. In the non-erect penis, the corporal smooth muscie is in a
state of tonic contrac:tion maintained by underlying sympathetic tone.
Cavernosal smooth musc.e relaxation a:lows engorgement of the _
sinusoidal spaces whils simultaneous arterial vascular smooth muscle
relaxation results in increased venils arterial inflow. The penile
velns between the sinusoids and tunica aibuginea are compressed ,
retarding venous outflisw from the cargoral bhodies. Penile tumescence
rograssing to a rigid ereczion resul:zs as inflow exceeds outflow in
he penis. Alprostadil binds to PGE. receptors on smooth muscle
‘mocdifies_adenylyl cyclase activity and initiates a cascade of
intracellular events that iead to vascular smooth muscle relaxation.

Alproscadil is a poten: vasodilator in most vascular beds of animals
and man. Systemic blcod pressure generally falls in response to
systemic alprostadil administratiosn and blood flow is increased to
most organs. PGE. increases cardiac output. PGE, is also a mediator of
the vascular symptoms =f acute inflammation.

zadil 1s a poten:t inhibitor of platelet aggregation. *
tadil has been shown to stimuia:tz bicarbonate and mucous

tion in the stomach of laboratcry anlnals and can have gastric
cteztive effects against many gastric irritants. Alprostadil
.30 increase intestinal! motilityv and fluid secretion.
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dil produces diiaticn of pronchial smooth muscle, relaxation
egnant human uta2rus, and uterine contraction in pregnant

r discussicn >f ,the genera. pharmacology of alprostadil see
al pharmacol:ay review Sor 1D 31,660 (appended).
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PHARMACOKINETICS

Zndogenous levels of alproscadil (PGE.). are low in both mammalian
r*ssyes and plasma. Alprostadil is not biologically active after oral
administration. Systemic absorption, distribution, metabolism and
excretion(ADME) data for alprostadil in animals and man have been
cdetermined primarily after intravenous administration of alprostadil.
Intravenous ADME data for the rat are reviewed under IND 31, 660
Review #1, appended). Systemically administered prostaglandins are
rapidly metabolized in the lungs of most species including man (95% of
acdministered dose mezabolized during first pass through lungs).

PGE, and a-cyclodextrin rapidly dissociate upon reconstitution and the
TwO moities exnlblh their own specific pharmacokinetic -
characteristics. he main metabolite of .BGE, -in the serum of mlce or
rats afcer lnt*aven us or intraperitoneal dosing is 13,14-dihydro-15-
xetoPGE.. No studies have been performed in animals to"investigate the
pharmacokinetics oI PGE, or SPM 691 after intracavernous dosing in
animals. The distribution of a-cyclodextrin after intracavernous
dosing was studied in cynomolgus monkeys. The study is reviewed
celow.

e Tj e Dij i ion ' iv
Mon win v ini i 4oy —a- xtrin
Study IRI 154346) ’

The study was conducted according to GLP at Inveresk Research
international, Tranent, Scotland.

Male cynomolgus mcheys {n = 4) received a single intracavernosal
injection of 650 ug -‘C-a-cyclodextrin. One animal was killed at 1, 6,
24, and 168 hours post dose and the tissue distribution of
radioactivity was determined. (Tissues were combusted and
radiocactivity was measured by liquid scintillation counting). Levels
2 total radioactivity were also measured in urine and fec%s.

diocactivity was excreted primarily in the urine (86-91%) for all
Radioactivity retained in the carcass ranged from 6% at-6
nzurs to 13 at 165 hours. Tissue levsls of radioactivity are
summarized in Tarlsa I on the nex:t zage.

U
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1 Hour: 40% of radiocactivity yas,:ec:vered in the carcass and 16% in
-ne 2xcreta (Remainder of radioactivity presumed to be in urine which

was not retained). Radigactivity was rapidly distributed with less
zhaz T..% of the dose recovered in the penis at 1 hour post dose. The
~.zhes- lavels =f :ad;oac*"-“v wara observed in the genitourinary
Tract cvrvostate > bladder, kxidney > penis), consistent with the site
2I 3dm Lstration znd route :f avsra2Tlon.,

6 Hours: H_yn=237 -il:si2 leveis we:- mrasent in nne kidney and penis.
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‘

Tissue levels of total radioactivity cintinued to decrease at
subsequent measurement times and were _2ss than plasma levels in all
tissues except the kidney and injecticn site. R

-
* -
I’A!LE g
. Tissue Levels of Total Radicactivity
llowing Singte Intracavernous Aaministration of (14C)-3-Cyclodextrin to Monxeys
Target Oose Level 650 ug per animal :
Results expressed as ug equiv.g '
H "Animal (Sacrifice Time)
; Tissue . -
5 10 (1) | 20 (6 M) | 30 (2¢ h)|eor (168 h) - .
! carcass 0.081 0.011 0.003 0.002
| ADRENALS 0.092 0.0 0.010 0.006 -
; BLADDER 0.883 0.029 : 0.007 0.006
| soME mamm 0.055 0.0%% |  0.008 0.002
, BONE MIN 0.009 0.002 | 0.002 *0.000 =
© BRAIN 0.025 0.012 | 0.004 0.003
' EPIDIDYMUS 0.138 0.01S 0.006 0.002
*EYE 1 0.027 0.006 . 0.002 0.001
Peve 2 0.028 0.005 ;  0.001 |  0.001
| FAT WMITE 0.749 0.009 , 0.003 | - 0.00&
GALL 3LADOD 0.099 0.021 : 0.008 0.003
| HEART 0.072 0.019 0.004 0.002
i KIDNEYS 0.732 0.312 - 0.203 0.0M
| Liver . 0.078 0.026 ., 0.016 0.007
— . LUNGS 0.128 0.017 ! 0.00S 0.003
. LYMPH MES 0.229 0.020 0.013 0.012
! MUsCLE 0.037 0.005 ! 0.007 0.001
| PANCREAS 0.056 0.014 0.004 0.003
. PITUITARY 0.085 £.030 ° 0.016 0.003
i PLASMA 0.262 0.016 . 0.003 0.002
| PENLS 0.377 , 0.127 . 0.050 0.046
| PROSTATE 1.170 0.064 0.005% 0.002
i SALIV GLAN 0.065 0.021 ° 0.007 0.003
| SKIN 0.179 0.014 | 0.006 0.005
i SPINAL COR 0.018 0.008 | 0.003 0.002
| spLees 0.0S7 0.017 :  0.012 0.00S
| TESTES 0.065 0.016 | 0.007 0.004
L : THYMUS 0.052 0.015 - 0.008 0.005
= ' THYROID 0.044 0.008 : 0.002 0.006
' TONGUE 0.119 4 9.025 0.008 0.003 N
; wWH 8LOCO 0.152 ; 0.010 0.002 0.001
103
® = Mesn includes results calculatea from data less than 30 d.p.a.
Conclusion: Radiocactivity was rapidly Zistributed after
azracavernosal dosing with less tran ..l3% of the dose present in the

one hour after dosing. The hignest levels of radioactivity at

time point were observed in Tne senitourinary tract (prostate,

v, bladder) ccnsistent with =rne rzutes of elimination and

tion. Radicac:tivity was exzrez27 almost exclusively in the urine
b

oy 6 hrs peos: Jdose;j.

'
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TOXICOLOGIC EFFECTS

~he majority of the toxicology studies-were performed to s: spport the
safety of systemic use of PGE. for perlpberal arterial occiWgive
iisease. Small, short-iived increases in PGE, and a-cyclocextrin are
ccserved after intracavernosal administration of the low dcsg levels
of SPM 691 utilized for impotence, therefore, no systemic toxicity
would be expected . No systemic toxicity has been observed in the
monkey intracavernosal toxicity studies with PGE, alone or PGE.-a-CD.
Toxic effects observed in the multidose systemic toxicity studies are
summarized in Appendix I, pages 49-33.

Intracavernosal Toxicity

The effects of repeated intracavernosal administration of 3IzM 91
{PGE.-aCC) were assessed in l14-Day and Z6-Week-studies in cvncmolgus
monk2ys. See Appendix II for the complete reviews of these ‘studies.

In the l4-day study, male monkeys (n = 2/dose) were adminiszered 20,
:J and 30 ug SPM 691 daily for 14 days. There were no clinical signs
changes in body weight, food consumption or organ weights
indizative of systemic toxicity. Histopathologic evaluati:cn of
s revealed inflammatory reactions in the cavernous body and
and minimai inflammation of tihe urethra in all animals.

e was no control group {vehicle or o-CD), it is Impessible
ne 1Z these ‘observations wers due to drug or simply the
ction procedure. Mild inflammation and fibrosis rave been
with comparable frequency in control and treated monkeys

v tTo the injesction procedure in other monkey intrarpenile
studies.
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In the 2%-Week intracavernous toxicity study, male monkeys (n =6/dose)
were administered 0, 20, and 40 ug PGz. (as the a-CD inclusion complex)
daily for 6 months. Fcur animals per dose were killed after 26 weeks,
Z/3os= were killed after an B week recovery period. There were no
drugz-raiated signs, or effects on tody weight, blcod pressire,
sgv, clinical chemistry, urinaliysis or organ wexght:. A
e nistologic evaluation was pe:formed on z2ll animals. There
drug-related gross or microscsopic findings except in the -
z2nis. Zlight inflammation of the urezhral mucosa and muccsa of the
anis were Observed in all monrkeys including cont*o.~ and was-
d <o be secondary to the daily injection procedure.
E:azulsma:ous infiammation was observed with increased incidence in.
nkeys (03 C, 30% LD, 6C% MD, 30 3 HD). The :inZlammation
nz in monkeys tfeated with 40 ug after the 3 week
fibrosis was obsesrved in any monkev. *be results
M 691 are not significantiy differen:t Zrom those
reated Scr 6 monzths or one year with F3E. alone,
s r week in Upiohn's rtoxicity stIu
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human’ use since no sijnificant pathology was observed despit
Lrequent administratisn in the toxicity study (daily vs tysi
per week use in impotant men ). In addition, human experien
10,000 subjects suppcrts the safety of intracavernosal admip.

QLPGE: in impotent men. ‘ )

al once
e in over
istration

e
~
-
-
S
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PGE.-a-cyclodextrin was tested in 3 in vitro and one in viwvo
genotoxicity assays. SPM 691 was not nutagenic in the Ames test or
the in vivo rat micronucleus test. SPM 691 was not clastcgenic in
chromosome aberration assays conducted with human peripheral
lymphocytes or Chiness hamster ovary cells.

R ! ive Toxici .
. - .
Two Segment I fertili<v and reproductive performance studises were
conducted. These stugies Ono 81/13 and LPT 502:/1/88 are -eviewed
under IND 31,660 (Aprendix I). In study 81/13 two experiments were
performed as follows:
I- females were treated with 0, 2, 20 and 200 ug PGE -
aCD/kg/day,ip £zr 2 weeks prior t2 mating, during ths =ac
period , and during the first seven days ‘¢cf{ gestaticn znd mated
with untreated males.
II- males were trsared for 60 davs prior tc and during matin
with 0, 2, 20 arZ 200 ug SPM-6%91/kg/day, ip and mated with
untreated females.

In experiment I, female rats in the highest dose group of 290
ug/kg/day had signifizant decreases in the number of implan:zation
sites ad the number oI live fertuses. There were no other Zdrug-related
effects. In experiment II, doses of S2M 691 up to 200 ug,xg/day (6-
ug/kg/day PGE,) had no effects on male fertility or reproductive
performance. In addizicn, no histologic changes were observed in the
testes or epididymes 2>f SPM 691 treated rats.

In the fertility and -ceproductive performance study conducted by LPT
(#5021/1/33), female rats were treated with 0, 40, 400 ancd 4000
ug/kg/day SPM 691, iv for 2 weeks prior to and during mating,

gestaticn and lactaticn. Females were mated with untreatad males.
Females administered the nhigh dose 2f 4200 ug $2M 691/kg, iv (120 ug.-
PGEZ.} had decreased bcdy weight gain 722-13%), an increased rate of
resorptions {13.5%), and :ecrea;ed feral birth weights (13 As a
result cf the increasad resorpticn rats, there was also a Zaecrease in
the number of live fe:zusa2s in the litters of HD dams. Druz -reatment
nhad rne elfect on the Zervility, cestation, viabllity, or .actation

indlices.

d rapbits (se2 Appendix I

Terartclcgy studies wer2 me2rformed in zzTs an
Inr cmplet2 reviews In the ra:z teraIology study, dose _avels of
2052, .2, 2 and 5 ma ka1 a2y, iv wers adminisrtersd tn jestation days
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hro ugh 17 (Note: SPM 891 is oniy 33 PGE,, therefore, dose levelis of
GE, were 0.6, 6, 60 and 150 ug/kg/day). The highest dose of 5 mg/kg
°M 691 decreased maternal weights and food consumption (ll-12%; and
_eﬁreased fetal weights, SPM 691 was no: teratogenic in rars.

-

Tn the rabbit teratology study, dose levels of 0. 02, 0.2, 2_and 5
mg/kg/day SPM 691, iv were administered on gestation days 6 through
13. (Again dose levels of PGE. were 0.6, 6, 60 and 150 ug/kg/day).
Crug treatment had no effect on the number of corpora lutea or
implantations but the highest dose of 5 mg/kg produced a 2-fold
increase in fetal mortality. There were no drug-related effects on
the rate of visceral or skeletal malformations. SPM 391 at dcse levels
up to 5 mg/kg (150 ug/kg PGE,)was not teratogenic in rabbits.

'U (1

In the peri- and postnatal toxicity study, female rats were :tresated
with 0.02, 0.2, 2 and 5 mg/kg/day SPM 691, iv from day 17 of Zestation
through day 20 of lactation. Body weight ‘and fcod consumpticn were
reduced in dams receiving the two hignest dose levels. “The index of
live pups was slightly reduced in the littérs of high dose dams. _
There were no significant effects on the behavior, growth, fartility
o *eproau:tlve function in the F. offsoring of SPM-treated Zamzles

-

re
-
ge

LABELING REVIEW

abeling misrepresents the exposure comparisons ctetween
s utilized in the recdent Segment I studies and exposures

3

ic dose levels. The labeling should be revised as

tho2 (1)

Carcinogenesis, Mutagenesis, Impairment of Fertility

_cng-term carcinogenicity studies have not peen conducted. SPM 691
snhowed no evidence of mutagenicity in three in vitro assays including
Zn& Ames pacterial reverse mutation assay, Chinese hamster ovary
Isrzward gene mutation assay, and a chromosome acerrations 2ssay in
Znines namster lung {V79) cells. 5?24 221 did nct produce damags to
chromosomes or the mitotic apparatus in the in vivo rat micronucleus
~=2s"

ZzM4 591 did not cause any adverse effzaccts on fertility or general
c2proguctive performance when adminiscered intra peritoneally to male
>r female rats at dose levels from 40 <o 200 mcg/kg/day (2 ts 10 times
~ne maximum recommended human dose of 40 mcg PGE on a body weight
22515, ’

T2 ot lliwing czmment should b2 compunicatad I T2 SpoOnNsor To SUpport
i owerisizn I the exposure ::rpa:iec's -
Tooesooam L= 0T 2700 2g 3PM A5 o ouny IInT AL 232, aguivalant co
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© mcg'/kg/day dose of PGE,.

S By £ oAV v i s e v T
B0 adGhee Lol o T e S Sy

The maximum recommended human dose (MRHD)

contains 40 mcg of PGE, or approximately 0.6 mcg/kg/day (MRHD is 40 mcg

and the calculation assumes a mean

human body weight of 60 kg).

Therefore, the high dose of 200 ug SPM 691/kg/day (6 ug PGEW is about
1-9-at imes the maximum human dose on a tody weight basis.
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