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L Rssommsndations

A. Recommendation on approvability
Approval (AP), pending acceptance of recommended labeling changes.

B. Recommendation for nonclinical studies
Additional nonclinical studies are not required for approval of the NDA.

C. Recommendations on labeling )
Recommended labeling changes have been appended to this Review (see pages 19-21),

A, Bﬁefovmiewofmclﬁimlﬁadin;s

Nonclinical pharmacology, ADME and toxicology studies were reviewed upon submission of
the original NDA 20-866 (1997).

Phanmacology

Bromocriptine can affect dopaminergic as well as non-dopsminergic pathways. Interference
with a central dopaminergically controlled diurnal pattern of prolactin action and body
metabolism may explain the effect of the compound on glycemic control and lipogenesis.

In rat and monkey there was moderate but rapid absorption, high first-pass metabolism,
distribution to various tissues, and mainly biliary excretion of metabolites.

In the rat target organs included CNS, cardiovascular system, skin (hair), adrenal, pituitary,
ovary and uterus. In the dog effects were observed in CNS, thymus, liver, kidacy, sexual skin,
mpmm.nmmmmeumomy CNS effects and pituitary lesions wee

andmyanmd)inﬁcmdudhighdmwoups Thomeuucnspmbablyduﬂothc
suppression of prolactin-stimulated progesterone secretion from the corpus luteum in the aging
rat leading to estrogen dominance and endometrial stimulation. The effect is unlikely to be
relevant for humans.

(S SR Gt . AR ICOTOY

In rats, there was a decrease in implantstion and increase in resorptions in pregnant females
probably due to a rat-specific pharmacologic effect. A reduction in offspring viability in a
male rat fertility study at 24 to 120-fold human dose multiples (mg/m’ basis) was also
observed. In rabbits, there was a low incidence of fetal abnormalities and embryolethality at
maternally toxic doses but there were no fetal abnosmalities at up to 140-fold human dose
W(M’M)mmmﬁqwmmwwobm&ianmn
monkeys studies.



Animal data suggest a very low risk to the fetus. Data from human observatior
indicate fetal harm. Thus, a Pregnancy Category B is justified. The Parlodel label for
mmmhmmmofhmwmmwm:
disease also includes a Pregnancy Category B.

Impurities
lmpmnummmhammddemumdmgmmnmm:ﬁdmmﬁmw
studies. There were no impurities in the drug substance that excesded the qualification
threshold of 0.15%. For the Cycloset drug product, the specification limit for bromocriptinine
(NMT—— exceeded the qualification threshold and was ———han the limit in
Bromocriptinine Mesylate Tablets USP (NMT-— " This is, however, acceptable since
products manufactured in compliance with USP guidelines have been on the market for
approximately 30 years at recommended dosages up to 100 mg/day or 20 times the propesed
dose of 4.8 mg/day, rendering bromocriptinine essentially qualified.

B. Pharmacologic activity

Bromocriptine is a potent dopamine receptor D, agonist and a D1 receptor antagonist. The
effect of bromocriptine on glycemic control is thought to be mediated by activation of central
mmm%mwwmmmwwwmmmmnof
carbohydrate and lipid metabolism. Suppmfor&uhypmhhubemmmm
mvuiommmalspma(rodmt,swmc,hmy

studies donot -

b(4)

b(4)



2.6 PHARMACOLOGY/TOXICOLOGY REVIEW
2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 20-866
Submission date: April 13, 2008
Amendment # . 29
Type of submission: N
Information to Sponsor: Yes (x) (Labeling comments)
Sponsor: Veroscience LLC, RI b(4)
Manufacturer for drug substance: — - : S
Marufacturer of drug product: Patheon Pharmaceutical Inc.
Reviewer name: Gemma Kuijpers
Division name: : Division of Metabolism and Endocrmology
Products (DMEP, HFD-5 10)
Review completion date: Oct 9, 2008
Drug:
Trade name: Cycloset™
Chemical name: - Bromocriptine mesylate
Laboratory Codes: CB-154
CAS registry number: 22260-51-1
Molecular formula: Ci2HioBNsOs.CH SO,
Molecular weight: 750.7
Structure:

ne J%cw.

CagHuBrNgO5*CHSO; Mol wt m.rz

b(4)
Relevant IND/NDA/DMF: IND 34,661/NDA 17-962/DMF ————
Drug category: Dopamine D, agonist
Indication: Adjunct to diet and exercise, with or without other
hypoglycemic agents, to improve glycemic control
_ in patients with type 2 diabetes
Clinical formulation: Tablet



Route of administration: Oral

Dosage form: Tablet

Tablet strengths: 0.8 mg

Proposed clinical dose: 1.6-4.8 mg/day

Proposed use: Once daily

Clinical study: 165-AD-04-03-US-1 (safety trial)
Clinical Program

As requested by the Division in the approvable letter of October 15, 1999, sponsor
conducted a new placebo-controlled cardiovascular safety trial in patients with Type 2
diabetes.

Previous Humaa Experience

Bromocriptine is on the market under the name Parlodel™ (Novartis) for various
indications. The dose form is oral (2.5 mg tablets or 5 mg capsules). Therapeutic dosage
ranges from 2.5-15 mg/day (hyperprolactinemic indications), 20-30 mg/dey (acromegaly),
and a 2.5 mg/day multiple (Parkinson’s disease). The maximum dose for
acromegaly and Parkinson’s for which safety has been demmmated is 100 mg/day. The
indication of suppression of postpartum lactation was removed in 1995, due to concerns
of an increased risk of hypertension, heart attack, seizures and stroke in the target
population. Side effects reported for Parlodel in hyperprolactinemic patients include
drowsiness, hypounsion-.

Regulatory History

Ergoscience, the original sponsor of IND 34,661 and NDA 20-866, submitted NDA 20-
866 on August 18, 1997, for Ergoset (bromocriptine mesylate) for the improvement of
glyeemic control in patients whose hyperglycemia cannot be managed by diet alone.
Proposed dose was 0.8-4.8 mg/day. The NDA was given an “AE”. In the approvable
letter dated October 15, 1999, DMEP requested additional clinical and biopharmaceutical
data. Regarding pharmacology/toxicalogy, responses were requested to three issues: (1)
impurity qualification, (2) labeling, (3) Pregnancy Category. ,

For the original NDA 20-866 submission, Ergoscience referenced the nonclinical studies
that had been conducted previously to support the marketing of Parlodel (NDA 17-962,
AP June 28, 1978) with some additional studies. The pharmacology/toxicology review of
NDA 20-866 concluded that the nonclinical data were adequate and supported the use of
Ergoset tabiets at a dose of 0.8-4.8 mg/day for the proposed indication.

In November 2003, ownership of IND 34,661 and NDA 20-866 was transferred from
Ergoscience to Pliva d.d. (PLIVA), and PLIVA became the new manufacturer of
Cycloset™ for ongoing clinical studies. In May 2006, the ownership of the IND and
NDA for Cycloset™ (bromocriptine mesylate) tablets was transferred from PLIVA to
VeroScience LLC (VeroScience). A new contract manufacturer, Patheon Pharmaceuticals
Inc. (Patheon) is manufacturing the drug product for Veroscience.



On April 13, 2008 Veroscience submitted a complete response (NDA 20-866,
Amendment 29) and addressed the issucs outlined in the approvable letter. Data from a
placebo controlled safety trial were submitted. No new nonclinical studies were
performed. New draft labeling was submitted.

Changes to the nonclinical sections of the label included a desription of the nonclinical
studies in relevant sections. While the Division requested Sponsor maintained Pregnancy
Category B as indicated in the labeling for Parlodel. A justification was provided.

Repmducttve toxicity studies in rats and nbb:ts were reviewed for NDA17-962 and NDA
20-866. At the time of the original submission of NDA 20-866 by Ergoscience, sponsor
d:dnotaincyCaegoryfermelabeling. For the current NDA submission,
sponsor proposes a Category B. Parlodel™ (Novartis) is currently also labeled Pregnancy
Category B. Sponsors rely on the same reprotoxicity studies for these two NDA’s. NDA
17-962 supplements S-063 and S-064 (Novartis) were approved on Nov 9, 2005 (DRUP).
The nonelinical sections of the approved Parlodel labeling are attached to this review.

ReprmanysmdydaumdhemyszoryforCyelommdmusedmm
Toxmlogyueﬂonofﬂmmm

h&elﬂ”wabhlmnwumumemdmspmmuwbof
impurities should be carried out according to ICH guidances. Qualification of the related
substance bromocriptinine in the Cycloset product is discussed in the Toxicology section
of this review.



2.6.2. PHARMACOLOGY .

The alkaloid bromocriptine is a potent dopamine receptor D, agonist and an antagonist at
the D, receptor. Bromocriptine interacts with dopamine receptors in the CNS,
cardiovascular system, hypothalamo-pituitary axis and GI tract. Bromocriptine is well
known as an inhibitor of pituitary hormone (prolactin, growth hormone) secretion. Ergot
alkaloids have long been known as potent uterine stimulants.

Non-insulin-dependent diabetes mellitus is characterized by hyperglycemia, resulting
from both an impaired insulin secretory response to glucose and decreased insulin
cffectiveness (insulin resistance). Prolactin secretion appears to be shifted in subjects with
altered glucose tolerance, body fat stores and insulin sensitivity. Hypothalamic dopamine
activities are thought to be linked to pituitary prolactin secretion and lipogenesis. Sponsor
contends that timed daily bromocriptine administration resets a dopamine-dependent
circadian neurosecretory mechanism, producing an improvement and/or normalization of
the diumal serum prolactin concentrations and a shift in metabolism from the obese,

insulin-resistant condition to the lean, insulin-sensitive state, thereby reducing body fat
stores and enhancing glycemic control. ,

2.6.6 TOXICOLOGY
The toxicity data reviewed previously for NDA 20-866 were from published studies. The
literature publications did not specify the exact deug formulation.

CARCINOGENICITY
| Dose (mg/kg/day) | Human dose
| 0,1.8,9.9,44.5 0,4.4,24,106
0, 2, 10, 50 - 10,.23,12,58

In a 78-week study in OF } mice, with oral dietary doses of 0, 2, 10, 50 mg/kg/day, there
was no evidence of tumorigenieity in any organ including uterus.

In a 100-week study in rats, at oral dietary doses of 0, 1.8, 9.9, 44.5 mg/kg/day, there was
a dose-dependent increase in malignant uterine tumors (endometrial and myometrial) at
4.3, 24, 106x the human dose of 4.8 mg, based on body surface area mg/m2 comparison.
There were also endometrial inflammatory and plastic changes in treated groups. The
endometrial changes and uterine tumors in the rat are believed to be the result of
bromocriptine-induced inhibition of prolactin-stimulated progesterone secretion from the
corpus luteum in the aging rat, leading to estrogen dominance and endometrial
stimulation. Prolactin plays a critical role in corpus luteum maintenance and progesterone
production in rodents (Risk & Gibori 2001), but not in other mammals. Thus, the human
relevance of this finding is likely to be low.



GENOTOXICITY
In Vitro Assays

Bromocriptine tested negative in the Ames bacterial mutation assay with or without
metabolic activation: Compound A and B, two impurities in the drug substance ( — -

b(4)

=== ), respectively, did not have mutagenic activity in the mouse lymphoma assay
with or without metabolic activation.

In Vivo Assays

Bromocriptine was not muugeniemmebonemmowmnmnuelm test in CD-1 mice

and Chinese hamsters, or in a bone marrow chromosomal aberration test in Chinese

mmecmmmwmmmmmhmcnl mwemdncmdthat
ptine had no effect on male germ cells of CD-1 mice. Br

cmrepmduenvecapaeﬁymtmfcmﬂcmm, mdlmmgnoonfmale

germ cells.

REPRODUCTIVE TOXICITY

 Study Type

M

(my/kg/day)

m‘ &gmm,xe'

| b

[Pty
H'(Q)

oral (gavage)

d14 ac-GD13/LD2}

0,13

1o,24,72

z f

Fcnhty

470 2¢-GD13

0,2, 10, 50

0,4.8, 24, 120

l©
Terstology .

GD6-GDIS;or
single 10 mk dose
aDs

10

0,3, 10,30;

0,7.2,24, 72;
2

| Terstology

GD6-GD1$, GDS-
GD1s

0,3, 10,30

0,72,24,72

| GD$,6,7.89 or 10;

GD10-GDIS

0,2

0.30,1@

Peri- and

| ap1s-GD20

'0,3,10,30

0,712,212

Rabbit (¥S)

GDé-GD1s

0,3, 10, 30, 106;
300, 1000

0, 14, 48, 140, 480;

and NZW)

'W(ysf ,

—

GD6-GD18

0, 100, 300

0, 480, 1400

RM(YS

GD1-GDé

——

9, 100, 300

0,430, 1400

0,03

up to GD3U/GDS0 Jo14
GD20/24-GDY9 2 10

| Teratology




*based on human dose of 4.8 mg, ie 6.07 mg/kg (63 kg human)

In female rats treated with 0, 1, 3 mg/kg/day, there was no effect on fertility. NOAEL was
3 mkd (HDM = 7x)

In male rats treated with 0, 2, 10, 50 mg/kg/day, there was a significant decrease in body
weight gain in the 50 mkd male group. Festility (copulation or fertility indices) was not
statistically significantly affected.

Pre- and perinatal mortality was increased significantly (3x control) in dams mated with
50 mg/kg/d males and litter size was reduced although not significantly in the high dose

group.
Postnatal mortality (pup loss PPD 0-21) was increased (9-11% vs. control of 4.3%) in all
three treatment groups in non-dose-dependent manner. The effect was statistically :

significant at 10 and 50 mkd (NDA 17-962m1cw) Pup loss in the female rat fertility
study was 4.3%-12.7% (range in control and dosed groups) and was not increased in
dosc-dependent manner. There was no effect on F1 pup weight gain. NOAEL is 2-10
mg/kg/day (HDM 5-24x)

Sponsors (Parodel NDA 17-962, Ergosct NDA 20-866) have argued that in view of the
toxxcxtymﬂaeSOmkdmalaﬂtemdcr&cmmmpn-andperi:malmomhty(?ox

control) in this group is not considered relevant. In a publication describing these
findings the effects in the 50 mkd group were attributed to a LH and prolactin inhibition
in the treated males affocting fertility and offspring viability. However, this is speculative.
Patemal toxicity may have contributed to decreased offspring viability (pre/peri/postnatal
mortality) in the 50 mkd group (HDM=120x). The cause and significance of postnatal
pup loss m&elomsﬁmkdmups(lmu-%x-l%x) is unclear. Postnatal pup loss
. was increased vs control but in non-dose-dependent manner in all dose group and was
w:thmthcmgeobservedmmofhafemalemfuuhtystwy

Current sponsor commcmdﬂmmthemmtwwlamdbmompnuwell(z, 10
mg/kg)thmmmadvmeﬂ'wuoammyormmmmm«lopmm

Monkey
In female monkeys dosed with 0.3 mg/kg/day, fertility (cycle length, ovulation,
conception) was not affected. NOAEL = 0.3 mkd (HDM 1.4x)

In the first study (albino rats; oral doses 0, 3, 10, 30 mg/kg GD6-15, or single 10 mg/kg
dose GDS), implantation was inhibited in dams treated with 10 mkd (single dose GD$)
and 30 mkd (doses GD6-15) (reflected by reduction in % pregnant dams). An increase in
the incidence of fused sternebrae was seen in the GDS single dose 10 mg/kg group only.
NOAEL = 3 mkd (HDM 7.2x)

10



In a second study (OFA rats; oral doses 0, 3, 10, 30 mg/kg GD6-15, or 0, 3, 10, 30 mg/kg
GD8-15), body weight gain in dams was reduced at 30 mg/kg/day partly due to reduced
litters. Implantation was markedly inhibited (% pregnant reduced) in dams treated with 10
and 30 mkd from GD6-185, but not in dams treated from GD8-15. An increase in prenatal
mortality (resorptions) was observed at 10 mg/kg (GD6-15) (NDA 17-962) and 30 mkd
(GD8-15) (NDA 17,962 and Parlodel™ label). The Parlodel label also mentions the
finding of one anomaly i.c. aplasia of spinal vertebrae and ribs, in the group of 262
fetuses derived from dams with 30 mg/kg/day. However, according to NDA 17-
962 review, abnormalities were within normal limits. NOAEL = 3mkd (HDM 7.2x)

In a third study (single sc doses of 2 mg/kg on GD 5,6,7,8,9 or 10; or repeat sc doses of 0,
50, 100 mg/kg/day on GD10-15) rats dosed with a single 2 mg/kg sc dose on GDS, 6, 7,
or 8 had abortions and reduced numbers of implantations. This confirms the finding in the
above two studies on implantation inhibition. Multiple sc doses of 50 or 100 mkd on
GD10-15 had no effect on implantation, fetal viability, postimplantation loss or fetal
weight. Teratogenicity was not evaluated. .

The inhibition of implantation when rats were dosed on or from GD5 or GD6 was probably
due to the effect of bromocriptine on prolactin secretion resulting in dysfunction of the corpora
lutes. In the rat, implantation which takes place on GD6-8, is dependent on prolactin

intaining the function of the corpora lutea preparing the endometrium for implantation. In -
humans, implantation is dependent on pituitary LH and the effect in rats is ualikely to be

Rabbit

In a first study in female Yellow Silver rabbits (oral doses 0, 3, 10, 30, 100 mg/kg/day
GD 6—18 or 300-1000 mg/kg/day GD6-18), there was maternal toxicity (body weight
n at >10 mkd, mortality at 2300 mkd) and increased prenatal mortality
(posﬁmphamm loss/early resorptions) at 210 mg/kg/day. Cleft palate was observed in
1 control fetus and in 3 fetuses from the 100 mkd group, portions of vertebral segments
were missing in 1 each of 30 and 100 mg/kg fetuses. Hydrocephalus was seen in 1
control, one (1) 3mkd and two (2) 100mkd fetuses, skeletal retardations in three (3) 300
mkd fetuses. NOAEL = 3 mkd (HDM 14x)

In a second study in Yellow Silver and New Zealand rabbits (oral doses 0, 100, 300
mg/kg/day, GD6-18) there was materal toxicity (reduced body weight) at 100-300 mkd,
reduced implantations and increased preimplantation loss at 300 mkd (NZW), increased
postimplantation loss at 100-300 mkd (NZW) and 300mkd (YS). There were 2 fetuses
from one litter with cleft palate in the 300 mkd Yellow Silver group, and a fetus with
missing caudal vertebral column in the 100 mkd group (Review NDA 17-962). In New
Zealand white rabbits cleft palate did not occur. NOAEL < 100 mkd (HDM 480x)

In a third study in Yellow Silver and New Zealand white rabbits (oral deses 0, 100, 300
mg/kg/day, GD 1-6), there was maternal toxicity (reduced body weight) in both strains at
100-300 mkd, and increased postimplantation loss in the NZ 300 mkd group. The latter
was possibly due to maternal toxicity. Implantation was not affected. There were no

11



obvious treatment-related fetal abnormalities. NOAEL < 100 mkd (HDM 480x)

Monkey
In stumptailed macaque monkeys given oral doses of 2 mg/kg/day (GD20-24 through
GD39) (N=6) no mbryolethahty or t&mtogemelty was observed. NOAEL = 2 mkd

(HDM 10x).

‘Doses of 0.3 mkd (oul, given during one or more cycles before pregnancy and through
GD30 or GD80) had no teratogenic effects. NOAEL = 0.3 mkd (HDM 1.4x) _

In female rats (doses 0, 3, 10, 30 mg/kg/day, GD 15-GD 20), there was a decrease in
maternal body weight gain during pregnancy and increased weight gain during lactation at
30 mg/kg/day. Increased postnatal pup mertality (2x control; Day 0-21) (stat sign) and
slightly decreased pup body weight gain (not stat sign) were seen at 30 mg/kg/day. The
decrease in pup BW gain latter may have beea due to impairment of lactation. There were
no developmental or behavioral effects in F1 or F2. NOAEL = 10 mkd (HDM 24x)

The Parlodel label states that no fetotoxic effects were found in offspring of dams treated
during the peri- and postnatal period.

CD-I mm(wmcl«/youp)wmmmdwnmsmglcdonsofloo 300 mg/kg. Males
were mated with untreated females. Fertility of males was determined by successful
mating frequency, and by pre- or post-implantation losses in females mates.

There was no effect on male fertility. Pre- or post-implantation losses were not affected as
indicated by number of total implants/pregnant female. Sponsor concluded that there was
noeﬂ’eetofbmmecnphneonthemhmcelhofmlmomunduthemt

Femakmmwmmmdomllywﬁamﬂcdouefﬁommbcfonmmngwnh
untrested males. Reproductive performance was monitored for 1 year.

The treatment had no effect on female fertility during the 1-year test period. Conclusion
by Sponsor is that there was no fertility-reducing effect of bromocriptine on female gorm
cells under the test conditions.

NSRS Y DML Y

¢ Reduction in offspring viability in male rat fertility study ‘

¢ Decrease in implantation and increase in resorptions in pregnant rats in absence of
maternal toxieity, possibly related to a rat-specific pharmacologic effect

¢ Low incidence of fotal abnormalities in pregnant YS and NZ rabbits at maternally
toxic doses

¢ No obvious treatment-related fetal abnormalities in rabbits at doses up to 140-fold
human dose (mg/m?2 basis).

12



e Postnatal pup mortality in pregnant rats dosed in late pregnancy at a maternally
toxic dose

o, No embryolethality or teratogenicity in monkeys (small number of animals)

e NOAEL levels in most studles at multiples of human dose (ms/m basis)

UponrcvxewofthelabelsubmmedforNDAm-MmI%S DMEP requested that
Ergoset be labeled as Pregnancy Category C instead of Category B which the sponsor had
proposed. This was mainly based on the finding of fetal and pup death in a male rat
fertility study. The request was communicated to the sponsor in the approvable letter of
October 15, 1999. Parlodel, which was originally approved in 1978, is assigned a
Pregnancy Category B. Category C communicates an unknown risk to the fetus based on
positive animal data, while Category B indicates a low risk based on a lack of animal
findings or animal findings in combination with safety shown in well controlled human
studies.

RETIRIE Y. LR S0 Y L)
Animal reproduction studies have failed to demonstrate a risk to the fetus and there are no
adequate and well-controlled studies in pregnant women OR Animal studies which have shown an
adverse effect, but adequate and well-controlled studies in pregnant women have failed to .
demonstrate a risk to the fetus in any trimester.

Mmalrcproﬁwﬂonmdmhawshownanadvcruqﬁ&ctonthcﬁwmdthcreanmadcquatc
and well-controlled studies in humans, but potential benefits may warrant use of the drug in

pregnant women despite potential risks.

In the submission of April 13, 2008, sponsor (Veroscience), sponsor argued that animal
and human data on bromocriptine during pregnancy support a Category B. Sponsor noted
that the same animal studies regarding festility and pregnancy are referenced in the
Cycloset label as in the Parlodel label which has a Pregnancy category B. As requested in
. the AE letter, the finding of fetal/pup death, which is also included in the Parlodel
package insert, was included in the Cycloset label. Sponsor also included in the label
information on human pregnancy outcomes part of which is also mentioned in the
Parlodel label. The human data are observational data rather than data from placebo-
controlled studies. Incidence of birth defects in 1109 live births from patients receiving
bromocriptine during pregnancy (mainly in first 8 weeks) is 3.3%. This falls within the
range in the population at large of 2-4.5%. The clinical data do not indicate bromocriptine
causes birth defects. Data on paternity of men on bromocriptine therapy were not
included in the label. A case report of patemnity with normal offspring upon bromocriptine
therapy has been published in the literature (Seigel and Federman, NEJM 311, 859,
1984).

In reprotoxicity studies with bromocriptine there were some adverse animal findings
while human studies did not show adverse effects. However, human studies were not well
controlled. This would warrant a Category B or C according to US regulatory guidelines
and a Category B1 or B3 according to Australian regulatory guidelines. Category B was

13



originally in the Parlodel label probably because the reviewer of NDA 17-962
(April 21, 1977) concluded that dose levels that were above clinical dosage had no
teratogenic effects in animals.

Reviewer concludes that a category B is acceptable because animal data indicate a low
risk to the fetus (NOAELS at multiples of human dose) and there has been no indication
of fetal harm in human observational studies.

APPEARS THIS WAY
ON ORIGINAL

14



IMPURITIES

The original sponsor’s (Ergoscience) drug substance for Ergoset tablets was

manufactured bv F and contained two impurities, Conipounds A

and B & ——d ———nmtwoeompemdsustednennve for genotoxicity. The b(4)
nature of the compounds isnotcleat ——————————————= _ :

- 1
‘

e ————

Formulations of bromocriptine tested in toxicity studies and submitted to the Parlodel
NDA 17-962 (1977) were not documented.

In the review of NDA 20-866 (1998) it was recommended that sponsor conduct a
bridging toxicity study, ¢.g., a 3-month toxicity study in rats with a formulation
containing these two impurities. However, this recommendation was later considered not
necessary because bromocrypine mesylate products with USP specifications limits up to
5% of total product related substances and 1% of individual related substances have been
marketed for a considerable amount of time and holding the sponsor to other standards
was not considered appropriate.

Drug substance and product specifications for Cycloset (April 13 2008 submission) are
shown below. ComyouudsAandanot included in the Cycloset drug substance
specifications. :

\1‘—‘3%00150 White 1o offowhile crystallin pwder b(4)
Ush <1t UV Soarrption
. USP<63I> mmmmmmwwm
© matchine buions A, B, and C.
USP <891> NMF
USP <231>, Method Il NMT = b@«)
UsP <2si> NFe —
gsvmts» ~
ISP 7 _ __(dried basis) b
. ! ________.—-———A
. (4




Drug Product Specification(s)

From CMC review (X. Ysern, 2008)
mwwmmqmmasmMmmmmwm
(two orthogonal methods), asssy, purity, dosage uniformity and dissolution. Specifications’ acceptance
criteria are given in Table P.5-1. The acceptance criterion for the content of the bromoeriptinine impurity
(NMT: ~differs from that of USP Bromocriptine Mesylate Tablets (NMT 3.0 %). For clarity, the

spnaﬁmomemompummylmtabluUSPmshowanablcPS-z

_Test Method - ' Spcw” peif ation
Deseription/ appearance - P14100 White round shaped tablet (fiat faced beveled edge) with one
side debossed “C” snd the other debossed “9”,
Identification (UV) 836500 The sample solution UV absorption spectrum matches the
anderd
Identification (HPLC) 836400 * The retention time of the main peak in the sample solution
chromatogram must maich to that of the standard solution

chromatogram .
Assay 836400 "-—tammompﬁnc]' - b@)
b(a
— b{4)
* Moots USP Dissalution Test 2. The conditions of the dizselusion sest 2 see: M!ﬁl.OlNHClt”'C.vommu
USPWZM).SOM
mmmdmm(aqmorm)hmumnl-x
D -
b(4)
- J
nmr.&u.mmw“m
o o TLC ' mmmmm
Dissolution® <N > 80 % (Q) in 60 mimates
Uniformity of Dosage Units <905> Current USP 23
Other Individuals — :

16



* The conditions of the USP dissolution test I ave: Medium, 0.1 N HCI at 37 °C, volame 500 ml.
USP Apparstus | (baskets), 120 rpm.

The quallﬁeatxon threshold for impurities in a new drug substance is 0.15% (dose <2
g/day). The qualification threshold for related substances (degradants) in a new drug
product is 1% (dose <10 mg/day) (ICH Guidances Q3A and Q3B).

The threshold of 0.15% for impurities in the drug substance used for Cycloset is exceeded
for bromocriptinine (NM?7 —— . Qualification of this impurity is not a significant issue
since the Cycloset and Parlodel marketed products indicate higher limits (NM"‘———and
NM™ =—or this related substance (see below).

DmgmductspcmﬁcaﬁomcomplywnththeUSPmonwhfoereeﬂpum
Mesylate Tables with the
Bmmocnpﬂnmautheepmerofbmmoenptmﬁ&!mdthemdcmm
of bromocriptine. The specification for bromocriptinine is NMT——_ instead of NMT

- 3.0 % by USP. OthermdmdmlsubstanmmspeenﬁedatNMI‘-\andsumofrehwd
substances at NM'——JSP specifications for marketed product list bromoer: )

NMT 3%, individual substances NMT——and sum related substances NMT—. The
NMT == limit for bromocriptine in Cycloset tablets was proposed using the more
specific HPLC methodology = the maximum dose of bromocriptinine would be-——

Sponsor noted that the qualification threshold for bromocriptinine is exceeded (>1%).
Sponsor argues that qualification is not needed since two previously approved
bromocriptine mesylate products (Parlodel oral tablets and caplets) have been in world-
wide clinical use for approximately 30 years ————— person years of exposure to
drug) and there is a long history of safety with these products. Parlodel 2,5mg tablets and
Smg capsules are for chironic use in the treatment of Parkinson’s discase and acromegaly
and the recommended dosages are 20-30 mg/day with a maximum dose not to exceed 100
mg/day. A specification of 3% for bromocriptinine translates to ca. 750 ug/day for the
dose range of 20-30 mg/day and 3000 ug/day for the dose of 100 mg/day. This is 3-12 -
times more than the maximum administered amount at the 4.8 mg daily dose of Cycloset
with the NMT -~ impurity limit.

Rcvnew« eoncludesﬁutthﬂemon ofbromocnptinme in nonclinical studies to support
the specification of NMT—— . the drug product is not needed. ICH guidances Q3A and
Q3B are applicable to new drug substances and new drug products net previously
registered for marketing (Q3A p.1, Q3B p.1). As pointed out by sponsor, approved
bromocriptine mesylate products with a limit of NMT 3% for other indications at ——
lngherdom(upto-—-mg/day)thanthedmepmpoudmthecummNDAmendmcnt
(5 4.3 mg) have been on the market for a considerable amount of time. Thus, Reviewer
believes that qualification of bromocriptinine in nonclinical safety studies is not needed
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as such studies are unlikely to provide useful additional information. Bromocriptinine has
essentially been qualified by clinical use.

His
ON ORigyp, Y
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Ergoset™ (Bromocriptine mesylate)

PHARMACOLOGY AND TOXICOLOGY REVIEW
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Bmmenpunemhtbﬂspmhemw»mdmmmmmltuanmng
emetic in dogs, and has an effect on various dopaminergic as well as non-dopaminergic
pathways in the rodent CNS. It can cause a decrease in blood pressure and heart rate in
various species. It can interact in an inkibitory manner with various neurotransmitter or
hormone receptor-mediated events, and can interfere with the release of several pituitary
Mnmmﬁoweva,xtwnmammwmthenbb&RMovmmuh
and adrenal steroidogenesis in the rat. The effect of bromocriptine on glycemic control
whmbywumofmhmmmmlvdmmm
control of prolactin release and regulation of carbohydrate and lipid metabolism. '

Rat, Monkey

hmm,wmnmofoﬂdoanmmwwSWefdos Thus, 60-70%
of dose is not absorbed and excreted in feces.
Ahaoluubnuvnmbﬂﬂyofmwdmcn%mm&dnyofm
drug is ca. 6%, and has large varisbility among animals: Thus, of the absorbed drug, 80+
85% is first-pass metabolized.

Biotransformation takes place for a large part (100%>x>50-60%) in the liver.

Tissue distribution studies after radioactive oral dose show high levels of activity in liver
and bile, in both rat and monkey.

In rats, most tissue radioactivity is remsoved within 24h. Data from Study 1 suggest
slower elimination from brain then from other tissues.

Major route of elimination is biliary (fecal), and minor route is renel.

Plasma climination half-life of ynchanged drug is 1-2 b in rat, in monkey unknown. In
rat, sccumulation of parent is therefore unlikely.
Bmmmh&ofmuﬁﬁ&yawwum:um.aémmm

Because of the uncertainty in AUC/exposure in snimals va. humans, expeession of animal
doses in texms of buman dose multiples for the toxicity studies will be based on surface
ares comparison. |

y



General Toxicity

Rat, Monkey, Dog . e

Spesies #/sex/dose | Durstion | Route Dose (mg/kg/dsy) | Human dose
group multiple (rag/m’

Rt 5 dweeks | orsl (diey 0, 10,30, 100 0,24, 72,240 '

Rt 1 Bweeks |orsi(die, | 0,19 0, 46

Rat Jis  |siweks [emiq@ie 05200 0,12,48,197

‘Moskey |2 13weeks | oral 0,2,8,32 0,95,38, 152
5 ] | (suspension) 1

‘Dog 1 4weeks |ersi(geistin | 0,1,4,16 0.7.1,29, L14

Dog |3 | oaweeks |omiaien fo,13,10 0,7.1,21,71

Rat: In the 4-week rat study, NOAEL was 10 mkd, disregarding body weight effect. At
doses of 30 and 100 mkd toxicities were excitability, bhair loss, diuresis, erection, and

In the 13-weeks study with 19 mkd, most changes were similar to the ones seen in the 53-
week study with 20 mkd. '

In the $3-week study, NOAEL was <Smkd. At all doses, thers were sex-dependent effects
mwmmmwwmw«hmmmmmmnm
mmmmw«a«ummxmmm
were adrenal and pituitary weight changes and ovario-utering effects in females, and
Wofmw&yhmmhﬁqumwﬂwm
reversed in § weeks.

Dog: -
mammmqmmmumwmmmhm*
week and 63-week study at at all doses included emesis and excessive salivation,
sedation, mydriasis (dilation of pupil), prolapse of nictitating membeane, snd ECG
am.bukm*mdyﬁmmmmﬁmuﬂmmulA
and 16 mkd. In the 62-weeks study, there was alopecis, thyreid hyperactivity, melanosis
dmﬂ&wuzﬁmﬁa“wﬁa“ut,ﬁ,aﬂ&mﬁm
m.m,mhammmmmumw Histopathology
masuﬂmmmmmm:m

\AEL in the monkey was <2 mkd for the 13-week study. Excitability and weight loss
was seen st all doses. Anemnia was seen at 32 mkd. Spleen, prostate snd testis weight
were decreased at 8 and 32 mkd. Pituitery cysts occurred at 32 mid.

Carcinogenicity



Rat, Mouse

Species | Wisexidose | Durstion | Route Dose (mghg/day) | Human doss
Rat 50 100weeks | oral (diet) | 0,18,99,44.5 | 0,4.3,24, 106
Mouse |50 - [Taweks |omiliey |0,2,105  [029,147
Rat

In the 100-week study in rats, findings at all doses included decrease of body weight,
excitability, decrease of plasma cholesterol and triglyceride and increased urinary cations.
Incidence of nephropathy and polyateritis nodosa was reduced dose-dependently. In all
fermnale dose groups there was a similar, markedly increased incidence of endometrial
inflammatory and plastic changes and reduced luteal tissue.

Tumeor findings included a dose-dependent increase in incidence of malignant uterine
tumeors (0,2,7,9). However, incidences of adrenal tumors in males, and of pituitary and
mammaery tumnors in females were clearly and dose-dependently reduced.

The increased uterine tumor incidence occurred at 3.6, 20 and 90 times the human dose
multiple, on basis of surface area.

The rat endometrial changes and uterine tumors are thought to be the result of
bromoctiptine-induced inhibition of prolactin-stimulated progesterone secretion from the
corpus luteum in the aging rat, leading to prolonged estrogen dominance and eadometrial
stimulation. The absence of prolactin control of the corpus luteum in humans makes
clinical relevance of this tumor finding unlikely.

Mowse
mmv&mmmmmuwwmmmmaw
weight, piloerection, excitability and decreased leukocytes.

Tumeot incidences were unaffected in lung, lymphoreticular, liver, uterine, vaginal or
other sites.

Reproductive Toxicity
Duration Route Stady Type mc-wm
dthse asel ety [ 0.1,3 muvz
-| GDIVLERE *W_ - _ _
[ @9 eanrs | ot  foetliey () | 0,2, 10,50 To,48,2¢ 120
= —jeme) | _ it _ :
GDGGD1S; | oned terntslogy | 0,3,10,30; Imz.u.m
- | oesingie10 .| cgavage) |10 T4
mkhuem“ o
Rat Mls. orsl termology 0,3,10,30 0,72,24, 12
Rat GBIMM‘ onal peri- and 03,1030 0,72,24,727
(savage) | posmatal | _




Rat GDS,6,7,8.9,0 | s.c. single; | reprotoxicity | 0,2; 0,43;
S T multiple " |o, 50,100 0, 120, 240
| GD10-GD1S | | B
Rabbit | GD6-GDIS | oral teratology | 0,3,10,30,100; | 0, 14, 48, 140,
s) | (gavage) 300, 1000 430; 1400, 4300
Rabbit | GD6-GDIS | oral serstology | 0, 100,300 0, 480, 1400
(¥Sand (gavage) h ' .
NZW) | _
Rabbit | GDI-GDS: | omal peoimplantsti | 0, 100, 300 0, 430, 1400 -
(YSand (gavage) | om
Menkey | GD20/24- oral terstology 2 0,10
GD39 (gelatin
. capsule) ,
Moakey |uwto oral repeotoxicity | 0,0.3 0, 1.4
GDIVGDSO | | | )
Mouse | singledose | oral reproductive | 350 500
| (s0) capacity
E m" it
Rt

In the fomale rat, there was no effect on festility at l-SMhﬁtmm.myvm
unaffected at-2-50 mkd. However, dams mated with 50 mkd males had increased pro-,
peri- and postaatal mortality.

Monkey
Fertility in monkeys was not affected at 0.3 mkd.

In the fomale rat implantation was inhibited at 10 mkd (single dose GDS) and 30 mkd
(GD6-15). Fused sternebras ware seen at 10 mkd (single dose GDS). In s second study in
femalc rats implantation was inhibited at 10 and 30 mkd (GD6-19). No embeyolethal or
teratogenic effects were reported in the submission. However, review of NDA 17,962 and
the label for Parlodel™ mention increased prenatal mortality (resorption) at 10 mikd

- (GD6-15) and 30 mkd (GDS-15). Also, NDA review mentions fetal ossification delay at
doses 23 mkd, and label mentions aplasia of vertebeae and ribs at 30 mied (GDS-15). Rats
dosed with a single 2 mkd sc dose on GDS, 6, 7, or 8 had abestions and reduced numbers
of implantations. Multiple 50 or 100 mkd s.c. doses on GD10-15 had no effect on

mmu.mmw WM«MW'waM

Rabbit
In female Yellow Silver rabbits, maternal toxicity, prenatal mortality and increased
incidences of fetal abnormalities were soen at doses 230 mkd (GD6-18). Cleft palate was



observed in 1 control fetus and in 3 fetuses at 100 mkd. In another study with the same
breed of rabbits cleft palate was also seen at 100 mkd (GD6-18). In New Zealand white
rabbits cleft palate did not occur at these doses. Treatment of New Zealand white rabbits,
but not of Yellow Silver rabbits, with 300 mkd (GD 1-6) caused embryolethality and
matemal toxicity. . ' :

Monkey

No mortality or teratogenicity was obssrved in monkeys at 2 mkd (GD 20-39). Doses of
0.3 mkd (one or more cycles) also did not cause teratogenic effects.

mmfmmiwm,m-mwmmwmuwmmms-
delivery).

Genotoxicity

In Vitro Assays
Bmmmmwmmmwmww«m
mmmmquammm&amwmﬂmm
¢ ——— ;oncentrations, respectively, did not have mutagenic activity in the (4}
meouse lymphoma assay with or without metabelic activation. (4)
In Vivo Assays .
Bromocriptine Was not mutagenic in the bone marrow miczonucleus test in CD-1 mice
and Chinese hamsters, of in a bone marrow chromosomal aberration test in Chinese
hamsters. Negative results from the dominant lethal test in male CD-1 mice indicated that
bromocriptizse had no effect on male germ cells of CD-1 mice. Bromoceiptine also tested
. mhammﬁvcapnkymhmmweﬂsmcﬁenmm
germ cells.

Pharmacology studies have shown thet bromacriptine can affect dopamsinergic as well as
diuenal patters of prolactia action aad body metabolistn mey explain the effoct of the
compound on glycemic control and lipegenesis.

MM«&&MMWWWWWW&M@&
metabelism by the liver, diswibution to various tissues, and primarily biliary ie fecal
excretion of mainly metasbolites. Elimination of metabolites is slower than of pareat drug.
The effest of the metabolites are unknown.

mmmummmwwwmcwm
effects; hair loss, diuresis, éndocrine éffects) were soen at doses 220 ralkd (48x the buenan
WWmemmmm@m»mm
adrenal, pituitary and ovary-uterus occusved at Joses 25 mkd (12x HDM).
mwmmmmmmamzmmmmw
Mhﬁymﬁm.ﬁ“y.mﬂﬁ&mmdo%mma&moﬂ-w :
mkd (7-114x HDM). Pituitary, stomach and adrensl abniormalities wers seen at 10 mkd



(71x HDM). In the monkey, CNS effects occurred at 22mkd (9.5x HDM), organ weight
changes at 28 mkd (38x HDM), and pituitary lesions at 32 mkd (152x HDM).

Carcinogenicity studies in rat and mouse, except for the rat malignant uterine tumors at
doses = 1.8 mkd (4.3x HDM), were negative. However, the uterine tnors in the rat were
probably caused by the inhibition of bromocriptine of prolactin-induced activation of the
corpus luteum, resulting in prolonged estrogen dominance in the aging rat. This is
unlikely to occur in humans since the corpus luteum is not uader the influence of
bromocriptine.

Reproductive toxicity studies in the rat indicated reduced viability of the offspring of
male rats treated with 50 mkd (120x HDM). Implantation was inhibited upon dosing at
GD6-15 at 10,30 mkd (24,72x HDM), and skeletal abnormnalities were observed at 23
mkd (7.2 x HDM), and upon single dosing on GDS at 10 mkd (24x HDM). Prenatal
mortality was increased at 10 mkd (GD6-15) and 30 mkd (GDS-15).

In the rabbit, treated on GD6-18, maternal toxicity and prenatal mortality were observed
at doses 230 mkd (140x HDM). Fetal abnonmalities wete scen at doses 230 mkd , and
cleft palate was seen specifically in Yellow Silver rabbits at 100 mkd (480x HDM). In
New Zealand white rabbits, treated on GD1-6, maternal toxicity and emberyolethality was
seen at 300 mkd (1400 x HDM).

In the monkey, 2 mkd (10x HDM) on GD20-39 was not embryotoxic ot teratogenic.

Mwmmwmmumwmymmma‘mmmm
intended human dose of 4.8 mg. Experience with the marketed drug (Parlodel) indicates
that in humans, the most common side effects are nsuses, headache, dizziness, fatigue,
and hypotension. Thus, some animal CNS toxicity findings (eg emesis) that occurred at a
relatively low HDM (human dose multiple on basis of body surface ares) were predictive,
but not all toxicities seen in the animals have been obasrved in man, not even at the
marketed multiples of the cusrently proposed 4.8 mg dose. Animal histopathology
changes that occurred at relatively low HDM’s (advenal, pituitary, ovary, liver, kiduey)
mmuwhmmm&mmmywumef
long-term adverse events.
‘mmwmquahMMme
be irrelevast for the clinical situstion. Use of Paslodel during early pregnancy in women
has not revealed abortions or birth defects. This is in agreement with the generally high
HDM's for positive animal reprotoxicity findings. Neverthelass, since the safety of
bromocriptine has not been established in pregnent and postpartum womens, and since in

- these women serious CNS and cardiovasculer toxicities have besa obeerved, use of

bromocriptine should be avoided during pregasncy and lactation. Takén together, the
studies support the safety of bromocriptine at the intended 4.3 mg doss for the proposed
indication.
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