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1. Introduction

On August 18, 1997, ErgoScience submitted a new drug application (NDA) for bromocriptine
mesylate (previously proposed tradename Ergoset; currently proposed tradename Cycloset) to
obtain an indication for the treatment of type 2 diabetes. This NDA was discussed at a meeting
of the Metabolic and Endocrinologic Drugs Advisory Comittce on May 14, 1998 where
panel members unanimously recommended that the NDA not be approved. A summary of the
reasons put forth by the panel members for why this NDA should not be approved is included
in Dr. Robert Misbin’s clinical review and in Section 9 of this memorandum.

On November 20, 1998, the Division issued a Not Approvable (NA) letter to the sponsor. The
deficiencies listed in that letter related to the small treatment effect seen in the phase 3 clinical
trials and a safety concern for cardiac events based on an imbalance in the incidence of
myocardial infarction reported in the Ergoset diabetes trials (3 cases with Ergoset vs. 1 case
with placebo) in light of historical events (the voluntary withdrawal of the postpartum breast
engorgement indication for Parlodel, another bromocriptine formulation, due to reports of
myocardial infarction, strokes, and seizures in postpartum women). The NA letter did not
suggest a remedy for these deficiencies. .

On April 183, 1999, the company submitted a formal appeal of the NA letter. Senior CDER
officials determined that the sponsor had demonstrated sufficient glycemic efficacy for
Ergoset. However, it was determined that the sponsor would need to conduct a placebo-
controlled, clinical trial to address the potential cardiovascular signal before Ergoset could be
approved, particularly in light of its modest efficacy.

Dr. John Jenkins, then Director of Office of Drug Evaluation II, wrote a memorandum, dated
October 15, 1999 summarizing the complex administrative history of the NDA, a review of the
Sponsor’s Complete Response to the NA letter, and the basis for subsequently changing the
NA action to an Approvable action. Dr. Jenkins stated that the sponsor will not be required to
conduct any additional efficacy studies prior to approval and that the NDA can be approved if
the remaining question regarding cardiovascular safety can be adequately addressed.

Subsequently, the Division issued an Approvable letter on October 15, 1999 requesting that
the company conduct a new, placebo-controlled trial of Cycloset in patients with type 2
diabetes that is powered to evaluate the potential for a significant increase in the risk of serious
cardiac adverse events. The Approvable letter included deficiencies related to development of
- nd a scored 0.8 mg tablet but these deficiencies are no longer applicable -
because the sponsor is no longer proposingthe — -~ —— A b(4)
pharmacology/toxicology deficiency related to qualification o mpurities has also been
deemed to be no longer applicable because of bromocriptine’s extensive marketing experience
(see the Pharmacology/Toxicology section of this memorandum).
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The Approvable letter requested that the pregnancy class be C. The letter also stated that the
proposed tradename, Ergoset, was unacceptable because of potential for confusion with sound-
alike names, Ergostat and Percocet. The sponsor has subsequently proposed the tradename
Cycloset, which the Division of Medication Errors and Prevention (DMEPA) has found to be

acceptable.

The focus of the current memorandum is to review the Complete Response to the October 15,
1999 Approvable letter. Please see the original reviews for further details.

2. Background

In pre-submission regulatory meetings, the Division stated that the safety trial should consist
of a minimum of 2,000 Cycloset-treated patients and 1,000 placebo-treated patients treated for
6 months to 1 year. The Division requested that patients in the safety trial be representative of
the broad type 2 diabetes population who will use Cycloset, if approved. The Division also
recommended that the sponsor consider conducting a phase 4 trial to study the addition of
Cycloset to metformin because the original Ergoset trials were conducted before metformin
was approved in the United States.

On February 2, 2007, the Division met with VeroScience, the new sponsor for Cycloset. At

that meeting, several outstanding issues were discussed including:

¢ Valvulopathy as a new potential safety signal. The Division recommended that the sponsor
include data on valvulopathy in the Complete Response to the 1999 Approvable letter.

e The sponsor proposed a subgroup analysis of patients treated with metformin and
sulfonylurea in the safety trial to provide information on the efficacy and safety of
Cycloset in patients concomitantly treated with metformin. The Division stated that the
adequacy of such an approach will be a review issue.

e There are 3 different versions of the drug product — one used for the original clinical trials
(conducted by ErgoScience, the original sponsor for the Ergoset NDA), another used in the
safety trial that is the focus of this memorandum (conducted by Pliva, the subsequent
sponsor for the Cycloset NDA), and a third, which is the to-be-marketed formulation
(developed by VeroScience, the current sponsor of the Cycloset NDA). The sponsor agreed
to conduct a bioequivalence study comparing the drug product from the safety trial with
the to-be-marketed formulation. Because the drug product used for the original NDA is no
longer being manufactired, the Division recommended a clinical efficacy bridge between
the data from the original NDA and the data in the safety trial. However, the medical and
statistical reviewers expressed concemn that the confounding effects of background therapy
or study design will not permit a reliable estimate of efficacy. The Division stated that the
adequacy of a clinical efficacy bridge using the safety trial will be a review issue.
Alternatively, the sponsor was given the option of conducting an efficacy study of
Cycloset in combination with metformin. »
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3.CMC

The chemistry reviewers recommend approval of the NDA. Please see Dr. Xavier Ysern’s
chemistry review for details. Relevant chemistry findings are summarized below.

As discussed above, the Cycloset IND and NDA have transferred ownership 3 times. In May
2006, the IND and NDA were transferred to VeroScience, LLC, which is the current sponsor
of the Cycloset NDA. With transfer, Pathoen Pharmaceuticals will be the manufacturer of the
to-be-marketed Cycloset tablets. Per Dr. Ysem, Pathoen’s manufacturing process does not
differ appreciably from the manufacturing processes used by the prior 2 sponsors. The office
of Compliance has issued an acceptable recommendation for the manufacturing facilities.

Cycloset is manufactured as an immediate-release tablet. The Cycloset tablet from all 3 of the
above-mentioned manufacturers is identical.

Per Dr. Ysern, the Cycloset specifications comply with the USP monograph for bromocriptine

mesylate tablets except for bromocriptinine, which is the main degradation product of

bromocriptine. The specification for bromocriptinine in Cycloset is not more than (NMT) ‘
——— compared to NMT 3.0% for approved bromocriptine products. However, the level ofthis  D(4}

impurity is acceptable per pharmacology-toxicology (see below).

4. Nonclinical Phamacologyrroxicology

The pharmacology-toxicology review of the original NDA was based on published studies and
determined to be adequats. The Complm Response does not contain new non-clinical studies.
The pharmacology-toxicology reviewers recommend approval of the NDA. Please see Dr.
Kuijpers’ review for details. Relevant pharmacology-toxicology findings are summarized
below.

BmmannadommmrDZagmmm:DIWmugonmm
mechanism by which bromocriptine i improves glycemic control has been postulated to be
mediated by activation of central dopaminergi pahways,bmhnnmbomdcﬁnmvely
elucidated.

There was no evidence of tumorigenicity in the 74-week mouse carcinogenicity study. In the
lOO-weckratcmmogcmeﬂysmdy there was an increase in malignant endometrial and
myometrial tumors in the mid- and hngh—doac groups. The pharmacology-toxicology reviewers
have attributed this finding to suppression of prolactin-stimulated progesterone secretion in the
aging rat, resulting in endometrial stimulation. Because prolactin does not play a role in human
progesterone production, this finding is unlikely to be clinically relevant, but will be labeled.

The pharmacology-toxicology reviewers initially requested that the Pregnancy Category be
listed as C (because of fetal and pup death in a male rat fertility study). However, the
reviewers have subsequently determined that Pregnancy Category B is acceptable based on
very low risk to the fetus from animal data (no-observed-adverse-event-levels are multiples of
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the clinical dose), reassuring data from human observational studies, and the Pregnancy
Category B classification for Parlodel (another formulation of bromocriptine mesylate that
relies on the same animal fertility and pregnancy studies referenced for Cycloset).

As mentioned above, the specification for bromocriptinine, the main degradation product of
bromocriptine in Cycloset is NM™~———:ompared to NM™ —or the approved .
bromocriptine mesylate products. The pharmacology-toxicology reviewers have determined
that this level of bromocriptinine impurity in Cycloset is acceptable because approved
bromocriptine products (which have the NMT—pecification) are dosed at 5-20 times the
proposed dose of Cycloset and have extensive clinical experience.

&

5. Clinical Pharmacology/Biopharmaceutics

As explained above, there have been 3 manufacturers of Cycloset tablets. The drug product
used in-the major clinical trials in the original NDA is no longer available. Therefore, the
sponsor has been required to provide an efficacy bridge between that drug product and the
drug product used in the 52-week safety trial. Please see the clinical and statistical sections of
this memorandum for further details.

In addition, the sponsor performed a pivotal bioequivalence study to bridge the drug product
from the 52-week safety trial with the to-be-marketed formulation. The clinical pharmacology
reviewers recommend approval of the NDA based on the results from this study and the
accompanying favorable inspection by the Division of Scientific Investigations (see Dr. Gopa
Biswas’ review). Relevant findings from this bioequivalence study are summarized below.

The sponsor performed a single center, randomized, single-dose crossover study in 63 healthy
subjects under fed conditions comparing 4.8 mg of the drug product from the 52-week safety
trial to 4.8 mg of the to-be-marketed formulation. There was a washout period of at least 7
days between treatments. Dr. Jayabharathi Vaidyanathan, the clinical pharmacology reviewer,
concurs with the sponsor that these products are bioequivalent because the 90% confidence
intervals were within 80-125% for the ratio of log-transformed area under the time-
concentration curve (AUC) and Cmax (Table 1). The median Tmax was 1.5 hours for both
formulations. Please see Dr. Vaidyanathan’s review for further details.
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Table 1. Comparison of pharmacokinetic parameters for the drug product
used in the S2-week safety trial and the to-be-marketed formulation
(adapted from Dr. Vaidyanathan’s review)

_ S M

Geometric LS .
Parameter | Ratio (90% confidence interval)
Cmax (pg/mL) 95.6 (86.6-105.4)
AUCq. (pg*/mL) 99.1 (92.7-105.9)
AUCoim (pg*mL) ‘ 96.9 (90.2-104.0)
6. Clinical Microbiology
Not applicable.

7. Clinical/Statistical- Efficacy

This section will focus on the 52-week safety trial submitted as a Complste Response to the
1999 Approvable letter.

Stugdy Design: This was a double-blind, placebo-controlled, 52-week trial. Patients 30-80 years
old with type 2 diabetes and HbAlc <10% were randomized 2:1 to Cycloset or placebo.
lomization was stratified by study site. To beehmble for the trial, patients were required
to be on a stable (>4 weeks) anti-diabetic regimen consisting of diet, up to 2 oral anti-diabetic
medications, or insulin with up to 1 oral anti-diabetic medication. Investigators were instructed
to not add new anti-diabetic medications during the first 3 months of the trial. During the
course of the trial, including the first 3 months, investigators were permitted to adjust dosages
of concomitant anti-diabetic agents to avoid hypoglycemia and to achieve the glycemic targets
defined by the 2004 American Diabetes Association clinical practice guidelines. '

During the first 6-weeks of the trial, the study drug was uptitrated, as tolerated, from an initial

daily dose of 0.8 mg of Cycloset or placebo to a maximum dose of 4.8 mg, taken at 8 a.m. with
breakfast. Dose increments of 0.8 mg occurred on a weekly basis. Patients who did not tolerate
dose escalation to 4.8 mg were permitted to continue in the trial on a lower dose, provided that
the tolerated daily dose was at least 1.6 mg.

Sympathomnnehc dmgs within 7 d&ys prior to screening or =10 days during the trial
Ergot derivatives or triptans for migraines

Pregnant or lactating women

Women of childbearing potentisl not using adequate contraception

Stroke or acute coronary syndrome within the preceding 6 months

New York Heart Association (NYHA) class 111 or IV heart failure

1.
2.
3
4,
s.
6.
7.
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8. Orthostatic hypotension

9. Renal impairment for metformin-treated patients; serum creatinine >1.6 mg/dL for
patients not on metformin .

10. Serum transaminases >3x the upper limit of normal (ULN)

int: Time-to-first serious adverse event

For this primary endpoint, the sponsor used the standard regulatory definition for serious
adverse events. Therefore, an adverse event was classified as serious if it resulted in death, was
considered life-threatening or medically important, required inpatient hospitalization or
prolongation of existing hospitalization, resulted in persistent or significant disability, or was a
congenital anomaly.

Serious adverse events were required to be reported through the last follow-up visit or 30 days
after the last administration of study drug, whichever came later.

B ) Composxte of serious cardiovascular adverse events (myocardial infarction, stroke,
inpatient hospitalization for heart failure or angina, and revascularization surgery)
2. Serious adverse event rates for the individual components of the above-described
composite.

Adverse events were coded using MedDRA version 7.0. An independent Event Adjudication
- Committee (2 cardiologists and 1 endocrinologist) blindly adjudicated all serious adverse
events. Consensus was obtained when 2 of the 3 adjudicators agreed.

An indepcndent Data Safety Monitoring Board established prior to study initiation monitored
the serious adverse events and performed interim and futility analyses to provide
recommendations regarding study continuance.

i ndpoints: Thepurposeofﬂncﬁcwymﬂymmthnafctymdwuwhﬂpbndge
efﬁcacy bctween the no longer available bromocriptine formulation used in the original
clinical trials and the to-be-marketed formulation. The primary efficacy endpoint was the
placebo-subtracted change in HbAlc from baseline to Weck 24 among pre-specified
subgroups (see below). Although post-hoc subgroup analyses are considered hypothesis-
generating, the statistical reviewers accepted the proposed subgroup analyses for the goal of
bridging efficacy because these analyses were specified prior to unblinding and agreed upon
by FDA.

Although this was a 52-weck trial, the sponsor pre-specified that these efficacy analyses would
be conducted at Week 24 because of the likelihood that background anti-diabetic medications
would change due to the progressive nature of type 2 diabetes. This is a typical timepoint for
efficacy analyses of trials evaluating the effectiveness of therapies for type 2 diabetes.

The pre-specified subgroups for the efficacy bridging analyses were:
1. Patients taking metformin + sulfonylurea with baseline HbA 1¢ >7.5%
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Patients taking at least one oral anti-diabetic agent with baseline HbA1c >7.5%
Patients taking metformin alone or in combination with other oral anti-diabetic agents
with baseline HbAlc >7.5%

4. Patients taking sulfonylurea alone or in combination with other oral anti-diabetic
agents with baseline HbAlc 27.5%

wr

The first subgroup listed above was pre-specified as the primary population for the bridging
efficacy analysis. As discussed by Dr. Lee Pian, the statistical reviewer, the other subgroups
listed above have overlapping patients (e.g., a patient on metformin + sulfonylurea would be
counted in all 4 of the above listed subgroups). Therefore, in addition to these analyses, Dr.
Pian also conducted analyses of disjoint subgroups. Plcase see Dr. Pian’s statistical review for
further details.

The primary population for the safety endpoints was the intent-to-treat dataset, consisting of
all patients who received at least 1 dose of study medication.

The primary and secondary safety endpoints were tested using a non-inferiority hypothesis
witha pre-mcnﬁed non-inferiority margin of 1.5. The scientific basis for this non-inferiority
margin is unclear. The statistical test used a Cox regression model with treatment and center
effects and reported a one-sided 96.1% confidence interval for the hazard ratio comparing
Cycloset to placebo. The wider-than-usual confidence interval took into account one interim
analysis, which was conducted after the last enrolled patient had completed 6 months of study
treatment and tested whether the non-inferiority hypothesis for the primary endpoint had been
met. To control the type 1 error rate, the interim analysis was tested at an alpha of 0.04068 and
the final analysis was tested at an alpha of 0.03938.

For the bridging efficacy analyses, the sponsor used an ANCOVA model adjusting for
baseline HbA lc and center effect. The last-observation-carried-forward method was used for
missing data due to premature discontinuation from the trial.

For the primary safety endpoint, the sponsor estimated that a sample size of 2,991 patients will
provide 90% power at the one-sided alpha = 0.05 level with a non-inferiority margin of 1.5,
assuming a placebo event rate of 8%.

For the composite cardiovascular endpoint, a sample size of 3,000 patients would provnde 62%
power at the one-sided alpha = 0.05 level with a non-inferiority margin of 1.5, assuming an
event rate of 3.43%.

This section will focus on the efficacy findings. The primary and secondary safety endpoints
mdiacumdintheSafetymﬁonofthismcmomdm.

Patia ition: AtoulonOMpﬁm&wmnndommdmCyeleseundl023pau¢nts
were mdemmd to placebo. Although the intent-to-treat population comprised >99% of these
patients, only 53% of the Cycloset-treated patients and 68% of the placebo-treated patients
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completed the trial. The difference in completion rates between the treatment groups was
driven by withdrawals due to adverse events, which was the most common reason for
premature discontinuation from the trial, accounting for 24% of discontinuations in the
Cycloset arm and 11% of discontinuations in the placebo arm (please see the safety mtlon of
this memorandum for further details).

The average daily dose for Cycloset was 4.4 tablets. Based on tablet counting, >94% of
patients were at least 80% complaint with treatment.

Baseli graphics: The intent-to-treat population had a shght male predominance (57%).
Twe-thn'ds of the popnlatnon was Caucasian, and the remaining one-third was black or
Hispanic. Themeanagewasappmxnmately@ymmdﬂwmmbodymass index was
approximately 32 kg/m®. Most patients had been diagnosed with diabetes >1 year prior to
study start, and more than one-fourth of patients had diabetes for longer than 10 years. Three-
fourths of the population was treated with one or two oral anti-diabetic drugs, approximately
15% were using insulin, approximatoly 20% were using thiazolidinediones, and approximately
12% were treated with diet alone.

Two-thirds of the population had hypertension, two-thirds had hyperlipidemia, one-half were
current or past smokers, and one-third had a family history of cardiovascular disease. The
mean baseline LDL-cholesterol was approximately 100 mg/dL (approximately 60% of patients
were using statin therapy). )

HbAlg: As mentioned above, patients in the primary bridging efficacy population were treated
with background metformin + sulfonylurea therapy, had a baseline HbAlc >7 5%, and
received at least 1 dose of study medication. This subgroup consisted of 177 Cycloset-treated
patients (8.6% of the patients randomized to Cycloset) and 90 placebo-treated patients (8.9%
of the patients randomized to placebo). Approximately two-thirds of the patients in this subset
were men and the mean HbA 1¢ (£SD) was 8.3%0.7%. As shown in Table 2, the least-squares
(L'S) mean change from baseline in HbAlc at Week 24 was -0.5% with Cycloset and -0.1%
with placebo (LS mean difference -0.4; 95% CI -0.7 to <0.2; p<0.01). Similar findings were
noted in the subset of patients on 1-2 orsl anti-diabetic medications with baseline HbAlc
27.5% (n=560), although approximately one-haif of this subset was comprised of patients
from the metformin + sulfonylurea subset.

The LS mean difference in HbAlc with Cycloset relative to placebo was slightly larger in the
24-week completers population (-0.7% for the metformin + sulfonylurea subset and -0.5% for
the 1-2 oral anti-diabetic medication subset).

For the metformin + sulfonylurea bridging efficacy subset, background anti-diabetic therapy
was intensified in 16% of Cycloset-treated patients and 22% of placebo-treated patients. In
addition, there was a reduction in the intensity of background anti-diabetic therapy in 6% of
Cycloset-treated patients and 3% of placebo-treated patients. Therefore, as Dr. Misbin notes,
the observed treatment effect with Cycloset in this bridging efficacy subset is likely an
underestimate of the true effect.
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There was a small (0.2%) mean reduction in HbA 1c from baseline to Week 24 when the entire
intent-to-treat population was analyzed (Table 2). Although not a pre-specified efficacy
endpoint, this analysis is of interest because it incorporates all randomized patients who had a
baseline and at least 1 post-baseline HbA 1¢ measurement. This small treatment effect is most

likely due to the low baseline HbA 1¢ values in the overall trial (mean 7% in both treatment
groups). Nonetheless, this finding raises the question of utility of Cycloset in patients with

mild type 2 diabetes, and should be labeled.

Table 2. HbAlc (%) change from baseline to Week 24
(adapted from Dr. Lee Pian’s statistical review)

Cycloset Placebo
, N=2054 | N=1016
[ INTENT-TO-TREAT POPULATION (LAST-OBSERVATION-CARRIED-FORWARD)
Metformin+sulfonylurea with ba baseline HbAlc 27.5%* N=17‘7 . N=90
Baseline, mean+SD 8.320.7 8.320.8
Change, LSM+SE -0.540.1 -0.1£0.1
~ LSM difference: Cycloset-placebo (95% CI); p-value 0.4 (0.7, -0.2); p<0.01
1-2 oral anti-diabetic medications with baseline HbAle >7.5% N=376 N=183
Baseline, mean+SD 8.320.7 8.4+0.8
Change, LSM4SE <0.440.1 0.120.1
LSM difference: Cycloset-placebo (95% CI); p-value -0.4 (-0.6, -0.2); p<0.01
All randomized patients (regardiess of baseline HbAlc) N=2049 N=1015
Baseline, meantSD - 7.0+1.1 7.0x1.1
Change, LSMxSE : 0.0£0.0 0.240.0
L.SM difference: C closet-placebo (95% CI) 0.2 (0.3, -0.2)
TWi e :
Motbmiﬂnlfolylnm witll baseline HbAle >7.5% N=121 N=71
Baseline, mean+SD 8.320.7 8.320.8
Change, LSM 0.7 . 0.0
LSM difference: Cycloset-placebo (95% CI) -0.7 (-1.0, -0.4)
1-2 oral anti-disbetic medications with Imclilc HbAle 27.5% N=261 N=151
Baseline, meantSD 8.320.7 8.420.8
] 0.5 0.1
0.6 (-0.8, -0.4)

Dr. Pian summarized descriptive statistics for change from baseline in HbA1c at Week 24
according to other background anti-diabetic therapies in patients with baseline HbAlc 27.5%
(Table 3). Results for patients treated with background thiazolidinedione therapy were similar
to those for non-thiazolidinedione-treated patients, although there were only 41 Cycloset-
treated patients with baseline HbA 1¢c >7.5% treated with backgrqund thiazolidinedione

therapy, which limits conclusions. Cycloset appeared to have minimal effects in the subgroup
of patients with baseline HbA 1¢c 27.5% treated with insulin. Minimal, if any, treatment effects
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were also seen in the diet-only subgroup, but the small sample sizes (n=37 for Cycloset; n=13
for placebo) limit conclusions and emphasis should rather be placed on the results from the
dedicated monotherapy trial conducted for the original Ergoset NDA, which showed resuits for
monotherapy consistent with the primary bridging efficacy subgroup analysis (see below).

Table 3. Descriptive statistics (meanaSD) for HbAlc (%) change from bascline to Week 24
Intent-to-treat population with last»ohurvatlomrried—forward
Al patients with baselin 2. j :

: Cyelosct Placebo
 Baseline HbAle 27.5% | | N~=2054 N=1016
Thiazolidinediones N=4] N=30
Baseline 8.2+0.7 8.3x0.6
Change -0.3+1.2 0.1%1.3
No thiazolidinediones N=536 N=257
Baseline 8.440.7 . 8.5+0.8
- Change : -0.3x1.0 0.01.1
Diet only N=37 N=13
Baseline 8.320.8 8.3x1.0
Change <0.1+1.4 ~0.342.1
Insulin N=166 N=91
Baseline 8.5+0.7 8.6:0.8
Change - -0.1%1.2 -0.1£0.9
One oral anti-diabetic medication N=142 N=64
Baseline - 8.3:0.7 8.4+0.8
Change -0.3+0.9 0.1x1.3
Two oral anti-diabetic medications N=232 N=119
- Baseline ' 8.320.7 8.4:0.8

Change ' e , __ 05409 __0.0&1.1

ptvoul, muheem« donble’blmd, placcbo-eontrolled trials, whzch eompand bromocriptine to
placebo as monotherapy (Study M) or as add-on to stable sulfonylurea therapy (Studies K and
L) in patients with type 2 diabetes. All three trials used the same dosing regimen of
bromocriptine as described for the current safety trial. Each trial had a 2-week run-in period
anda24-wcekﬁemnmtpenod The primary efficacy analysis for all 3 trials was the change
in HbA l¢ from baseline to endpomt, pctformad on the intent-to-treat population using the last-
observation-carried forward for missing values.

The HbA ¢ findings from the bridging efficacy analyses in the 52-week safoty trial are
consistent with the findings from the original Ergoset pivotal clinical trials (Table 4).
Noteworthy findings include the higher mean baseline HbA lc in the original clinical trials
(8.8-9.5%) compared to the bridging cfficacy subset of the safety trial (8.3%), treatment
effects in Studies K and M predominaatly due to worsening of HbA 1¢ in the placebo group,
and borderline statistical significance in Study M, which had the smallest sample sizes.
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Please see Dr. Misbin’s clinical review for 2 summary of othér data from the original clinical

trials.
Table 4. HbAlc (%) change from baseline in the original Ergoset clinical trials
(intent-to-treat population; hst—obsemﬂomrrled—fomrd)
ada stical rcngw) —
, . Placebo
Study K (add-on to sulfonylum) N=1 14 N=122
Baseline, means+SE 9.3x0.1 9.440.1
Change, LSM+SE 0.0x0.1 0.5+0.1
LSM difference: Ergoset-placebo; p-value* <0.5; p=0.001
Stady L (add-on to sulfonylurea) N=114 N=123
Baseline, mean:SE 9.3:0.1 9.5+0.1
Change, LSM<SE -0.4£0.1 0.2+0.1
LSM difference: Ergoset-placebo; p-value* -0.6; p<0.001
Study M (monotherapy) N=74 N=74
Baseline, mean+SE 9.0+0.2 8.8£0.2
Chmse, LSM:#SE 0.0£0.2 0.44:0.2
nt effect was not reported in the 1998 statistical review

i int: The primary endpoint of the 52-week safety trial was the time-to-first
serious advem event with Cycloset relative to placebo. A total of 176 Cycloset-treated
patients (8.6%) and 98 placebo-treated paticnts (9.6%) experienced a serious adverse event. As
discussed by Dr. Pian, the hazard ratio (with one-sided 96% confidence interval) for the
primary endpoint was 1.02 (0.82-1.27) using the intent-to-treat population and 1.10 (0.84-1.50)
using the per-protocol population. The upper bound of the 95% confidence interval was below
the pre-specified non-inferiority margin of 1.50 for the intent-to-treat population and was equal
to the non-inferiority margin for the per-protocol population.

OWrﬂnfunpmof&emmmuewuasﬁgmmanofkapmm«
curves for time-to-first serious adverse event, with findings favoring placebo. However, over
the latter part of the trial, the Kaplan-Meier curves forCyclosaandplaccbowm
superimposabic (Figure 1). The sponsor did not analyze the time course of different types of
non-cardiac serious adverse events. However, as discussed below, the syncopal serious adverse
events associated with Cycloset therapy typically occurred shortly after treatment initiation or
dose escalation.

Page 12 0f29 . 12



Cross Discipline Team Leader Review

Figure 1. Kaplan-Meier curves for time-to-first serious adverse event: intent-to-treat
population (from Dr. Lee Pian’s statistical review) ,

b

a without Event
o

Treatment:
o Bromocriptine
w~w = Placebo

0.8% 00 200 300 400
Day

Table 5 and Figure 2, adapted from Dr. Pian’s review, summarize the results for the secondary
cardiovascular endpoints. A total of 31 Cycloset-treated patients (1.5%) and 30 placebo-treated
patients (3.0%) experienced the pre-specified composite cardiovascular endpoint. The hazard
ratio (with 95% two-sided confidence interval) for this composite comparing Cycloset to
placebo was 0.58 (0.35-0.96). The hazard ratios for each of the individual components of the
composite were below 1.0 although these components had wide confidence intervals
(reflecting the small number of events) with all upper bounds exceeding 1.0.

The high differential dropout rate (47% in the Cycloset group and 31% in the placebo group)
limits the ability to estimate without bias the true hazard ratios for these cardiovascular

endpoints. In addition, cardiovascular outcomes were pre-specified as secondary, not primary
endpoints. Therefore, I agree with Dr. Pian that the sponsor’s proposed — -
- ——__ hould not be included labeling.

Of note, the upper bound of the two-sided 95% confidence interval for the hazard ratio for the
composite cardiovascular endpoint is less than 1.3 with a reassuring point estimate. Therefore,
no additional assessment of cardiovascular safety is needed based on the recommendations in
the final guidance issued in December 2008 entitled Diabetes Mellitus — Evaluating
Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes. According to
the biostatistics review team, this conclusion is valid despite the high differential dropout rates.

The guidance states that trials longer than 3-6 months will typically be needed to assess
cardiovascular safety. Although the guidance provides an example of a minimum 2-year
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duration for such trials, I view the completed 1-year safety trial to be sufficient for several
reasons. Firstly, the initial concern of cardiovascular safety with bromocriptine emerged from
a relatively healthy, younger patient population (postpartum women) compared to the patients
with diabetes enrolled in the safety trial (diabetes is considered a coronary artery discase
equivalent). Secondly, the 1-year duration of treatment in the safety trial is longer than the
expected treatment duration for the (now withdrawn) postpartum indication. Finally, the upper
bound of the two-sided 95% confidence interval for the hazard ratio for the composite
cardiovascular endpoint was not close to 1.3 (in fact, it was <1.0) with Kaplan-Meier curves
that continued to diverge over the course of the trial, providing further reassurance.

_Table 5. Secondary endpoint (adapted frou_zhn review)

Cycloset Hazard Ratio (95%

_ . : B (%) ) (‘/-) confide _
Cardiovascular composite 31(1.5) 30(3.0) 0.58 (0 35-0. 96)

Individual components of the composite

Myocardial infarction 6(0.3) 8(0.8) 0.44 (0.15-1.26)
Stroke 4(0.2) 6 (0.6) 0.37 (0.10-1.32)
Inpatient hospitalization for angina 9(0.9) 9(0.9) 0.55 (0.22-1.38)
Inpatient hospxuhzauon for heart failure 7(0.3) 5(0.5) 0.81 (0.26-2.57)
) 9(0.4) 6 (0.6) 0.85 (0.30-2.40)

Figure 2. Time-to-first serious composite cardiovascular adverse event (from Dr. Pian’s

review)
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M;.Thcnwm 12 reported deaths during the course of the trial (9 Cycloset; 3 placebo).
Six of these deaths occurred more than 30 days after stopping study medication (5 Cyclosat; 1
pm)mdwmnmcmmmmmmmmmemnmnguﬂu4mnmd
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with Cycloset and 2 occurred with placebo, which is consistent with the 2:1 randomization
scheme. :

The 4 treatment-emergent deaths in the Cycloset group were due to:
e Completed suicide on Day 192 (no history of depression but spouse had died 1 year
prior and the patient reportedly had financial and health problems)
o Fatal car accident on Day 121 (also treated with glyburide; cause of accident unknown)
e Found dead (history of stroke)
e Cardiopulmonary arrest

Both treatment-emergent deaths in the placebo group were determined to be cardiac-related by
the adjudication committee.

The non-treatment-emergent deaths (i.c., deaths occurring >30 days after the last dose of study
medication) in the Cycloset group were due to hepatocellular carcinoma, glioblastoma, lung
cancer, septicemia from endocarditis, and one unknown cause of death that occurred 209 days
after stopping Cycloset. The 1 non-treatment-emergent death in the placebo group was due to

i verse events: As discussed above, serious adverse events were reported in 176
Cycloset-mated patients (8.6%) and in 98 placebo-treated patients (9.6%). Table 6
summarizes the serious adverse events occurring in more than 1 Cycloset-treated patient and
occurring more frequently with Cycloset than with placebo. Of note, none of these serious
adverse events occurred more than 0.2 percentage points higher with Cycloset compared to
placebo.

Serious adverse events of interest are those potentially related to the centrally-acting effocts of
Cycloset, specifically syncope and psychiatric events. In addition, serious adverse events
related to cardiac arrhythmia are discussed below because of the apparent imbalance favoring

Vhypa i gygnis: Syncope as a serious adverse event was
rcportedm 13 (0 6%) Cycloset»trmdpamaaadﬂﬂ.‘z%) placebo-treated patients (Table
6). For one of the 13 Cycloset cases, syncope was reported in the narrative but was not coded
to a preferred term. This patient experienced syncope 5 days after uptitrating to 3 Cycloset
tablets daily. Cardiopulmonary resuscitation was performed. The narrative notes that the
patient developed electromechanical dissociation. Myocardial infarction and pulmonary

embolism were excluded. The patient survived but had mental nnpcmncnt:tthctunehe was
transferred to a long-term care facility.

Ten of these 13 Cycloset cases occurred within 7 days after starting a new dose of Cycloset
and 6 occurred within 1 day of the new dose. In contrast, the placebo cases occurred more than
100 days into the treatment period. Twelve of the 13 Cycloset patients were taking
concomitant anti-hypertensive medication(s). Two of the Cycloset cases specifically state the
syncopal episode occurred in the setting of postural changes and 2 cases had documented
hypotension around the time of the event. Some of the Cycloset cases were confounded. For
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example, 1 patient had undergone cardiac stenting earlier the same day, 1 patient subsequently
had a pacemaker placed, 1 patient was diagnosed with metastatic lung cancer 14 days later,
and 1 patient reported several months of vomiting.

The 2 reports of hypotension in Table 6 were (a) attributed to overdxmesxs in one patient and
(b) described as orthostatic symptoms in a second patient when blood pressure declined from
104/42 mmHg on sitting to 90/40 mmHg on standing at the Week 36 clinic visit.

Based on these findings, I agree with the sponsor’ s proposal to add language to the Warnings
and Precautions section of the labél to inform healthcare providers about the risk of orthostatic
hypotension and syncope, particularly when Cycloset is initiated or if there is dose escalation.

ious ad snts: The report of completed suicide in the Cycloset group is
descnbedahovemthcsechonondcaxhs One of the 2 reports coded as depression with
bromocriptine was actually a suicide attempt. This patient had a history of depression (no prior
suicide attempts) and was taking Prozac, Effexor, and Ultram. Appwxuna;ely 10 months after
starting bromocriptine, the panent wrote a suicide note and started a car in her closed garage.
Neighbors heard the loud engine and called the police who found the patient with a Glasgow
Coma Score of 3. Her carboxyhemoglobin was elevated and a toxicology screen was positive
for benzodiazepines and oxycodone. Study medication was discontinued.

In total, the Cycloset group had 1 report of completed suicide, 1 report of attempted suicide, 1
report of depression in a patient with no history of depression, and 1 report of bipolar disorder
mapatxentwnhahxstory ofamnctyanddeprmm In the placebo group, there was 1 report
of worsening depression and re suicidal ideation in a patient with a history of
depremon The 2 smcndc-rclated serious adverse events with Cycloset and the 1 suicide-
related serious adverse event with placebo are consistent with the 2:1 randomization scheme
(ofnote,therewasasecond suicide attemptmthephcebomupdxatwasnotrepomdasa
senous adverse event - see below).

himia seriolls gvents: As shown in Table 6, the sponsor calculated that the
Cyclosetgrouphad4smousrepomofatmlﬂmnmonandmeousnpoﬂsmhof
atrioventricular block, bradycardu. and supraventricular tachycardia. The placebo group had 1
report of atrial fibrillation.

However, 1 have reviewed the narratives for serious adverse events and have identified a total
of 6 patients in the Cycloset group and 3 patients in the placebo group who developed
treatment-emergent atrial fibrillation (2 narratives for Cycloset and 2 narratives for placebo
reported atrial fibrillation, but this event was not coded to a preferred term). This corrected
count for atrial fibrillation is consistent with the randomization scheme of 2:1.

Review of the narratives for serious adverse events identified 3 Cycloset-treated patients and 2
placebo-treated patients with atrioventricular block, which is consistent with the randomization
scheme of 2:1. All 5 patients were appropriately coded to atrioventricular block. Therefore, it
is unclear why some of these patients were not included in the tally in the table below.
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In summary, the available data on serious adverse events do not support an arrhythmia safety

signal.

Table 6. Scrious adverse events occurring in more than 1 Cycloset-trntcd patient and occurring

more frequently with Cycloset than witl
Placebo
N=1016
, , n (%)
At least 1 serious adverse event 176 (8.6) 98 (9.6)
Cardiac disorders 51(2.5) 37 (3.6)
Atrial fibrillation 4(0.2) 1(0.1)
Syncope 4(0.2) 0
Atrioventricular block 2(0.1) 0
Bradycardia 2(0.1) 0
Supraventricular tachycardia 2(0.1) 0
Infections and infestations 27(1.3) 13 (1.3)
Pneumonia 9(0.4) 3(0.3)
Urinary tract infection 2(0.1) 0
Nervous system disorders 26 (1.3) 140149
Syncope 8 (04) 2(0.2)
Syncope vasovagal 1(<0.1) 0
Loss of consciousness 3¢0.1) 1(0.1)
Vascular disorders 10 (0.5) 8(0.9)
Carotid artery occlusion 2(0.1) 0
Hypotension 2(0.1) 0
Respiratory, thoracic and mediastinal disorders 13 (0.6) 3(0.3)
Chronic obstructive airways disease exacerbated 5(0.2) 1(0.1)
Chronic obstructive airways disease 2(0.1) 0
Injury, poisoning and procedural complications 12 (0.6) 3(0.3)
Multiple fractures 2(0.1) 0
Accidental overdose* (accidently injected Humalog instead of Lantus) 1(<0.1) 0
Mausculoskeletal and connective tissue disorders 11 (0.5) 4(04)
Localized osteoarthritis 2(0.1) 0
Metabolism and nutrition disorders 7(0.3) 2(0.2)
Dehydration 5(0.2) 2(0.2)
Psychiatric disorders 4(02) 1(0.1)
Depression 2(0.1) 0
Bipolar 1 disorder* 1(<0.1) 0
Completed suicide* 1(<0.1) 0
Suicide attempt* 0 1¢0.1)
Reproductive system and bmst dnorders 4(0.2) 0
Benign prostatic hyperplasia 2(0.1) 0

| treated patient) because Cycloset is a centrally-acting medication.

*These events of special interest are included in the table (even though they occur in only 0-1 Cycloset-
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jue & gnts: Approximately 30% of Cycloset-treated patients and 12%
of placebo-treated patxents reported an adverse event leading to premature treatment
discontinuation (Table 7). This difference between treatment groups is driven predominantly
by gastrointestinal and nervous system events, particularly nausea (8.7% vs. 1.0%), vomiting
(2.1% vs. 0.4%), dizziness (3.4% vs. 0.8%), and headache (2.5% vs. 0.6%). A mqponty of
these events were classified as mild or moderate by the study investigators.

Table 7 also summarizes less frequent, but potentially important adverse events leading to
treatment discontinuation.

¢ Syncope and hypotension causing premature discontinuation from the trial were more
ﬁequent with Cycloset than with placebo consistent with the findings described above for
serious adverse events,

s Three Cycloset-treated patients and 1 placebo-treated patient discontinued due to “liver
function test abnormal”: One of these Cycloset-treated patients had an increase in alanine
aminotransferase (ALT) from 54 U/L at screening to 80 U/L at Week 6, prompting
discontinuation of Cycloset. Subsequent ALT measurements (all off Cycloset) from Weeks
12-36 ranged from 97-189 U/L. The second Cycloset-treated patient was reported to have
an elevated ALT at the time of hospitalization for dehydration. However, ALT values
reported from this hospitalization and all ALT measurements obtained during the study
were normal. The third Cycloset-treated patient had a normal ALT at baseline and elevated
ALT of 310 U/L at Week 6 that was attributed to a two-week course of clindamycin for a
tooth abscess. Cycloset was discontinued on Day 44. Repeat ALT measurements were 600
U/L approximately 1 week later and 303 U/L at Week 12. The placebo-treated patient with -
“liver function test abnormal” had normal baseline liver tests but ALT of 155 U/L and total
bilirubin 2.3 mg/dL on Day 256 (during a hospitalization for chest pain) attributed to
fluvastatin. Two Cycloset-treated patients discontinued due to “alanine aminotransferase
increased”. One of these petients had an ALT of 106 U/L at Week 12; however, the
screening value was 93 U/L. The second patient was erroneously reported to have an
elevated ALT of 90 U/L, but his actual ALT was normal. Severe liver toxicity is not a
known adverse effect of bromocriptine therapy although the currently approved Parlodel
label mentions the possibility of transaminase elevations that are usually transient and not
clinically significant. Despite millions of prescriptions for bromocriptine products over
decades of use, there is only one crude count of hepatic failure and one crude count of
hepatitis fulminant in the Adverse Event Reporting System (AERS).

¢ Two Cycloset-treated patients were discontinued due to blood creatinine increased. One of
these patients terminated at Week 6 for a serum creatinine of 1.4 mg/dL; however, the
patient’s scresning serum creatinine was also 1.4 mg/dL. The second patient had an
increase in serum creatinine from 1.4 mg/dL to 1.7 mg/dL after 6 days of treatment
associated with nausea, dizziness, and hypotension. The objective laboratory data from the
ufetymaldonotndennfyarenalufetyslgmlmﬂaCyclout(mbelow)

. The patient with “swelling face” was also treated with an ACE inhibitor (unknown
duration) and developed generalized swelling of the face, hands, legs, and feet 2 days after
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starting Cycloset. However, the patient continued study medication for 15 more days
before withdrawing from the trial and on the day of discontinuation, the symptoms were
described as mild. Hypersensitivity reactions have been reported with bromocriptine
products, and a history of a severe reaction is listed as a contraindication in the proposed
label.

Withdrawals due to psychiatric adverse events occurred in 21 (1.0%) Cycloset-treated patients
and 5 (0.5%) placebo-treated patients. Several preferred terms (¢.g., nightmare, sleep disorder,
stress symptoms, disorientation, communication disorder) were each reported in only 1 _
Cycloset-treated patient and none of the placebo-treated patients. There were 10 instances of
preferred terms consistent with mood disorder (e.g., depression, anxiety, mood swings, bipolar
I disorder, crying, mood altered) reported among the Cycloset-treated patients compared to 4
such reports among the placebo-treated patients, which is generally consistent with the 2: 1
randomization scheme.

Table 7. Adverse events leading (o treatw

GutrointutinlAdhorders“ o
Nausea

Nervous system disorders
Dizzi
" Headache
Gcnenl disorders and administration site conditions

¢ events: Table 8 summarizes advem events occurring in >5% of Cycloset-
Mm&mmmgmemqmﬂywmmmﬂMWanm Nausea, a
well-known side effect of bromocriptine agonists, occurred much more frequently with
Cycloset (32%) than with placebo (8%) Other common adverse events reported more
frequently with Cycloset than with placebo included vomiting (8% vs. 3%), dizziness (15% vs.
9% - please see discussion of hypotension below), headache (11% vs. 8%), fatigue (14% vs.
~ 7%), and hypoglycemia (7% vs. 5% - please sce discussion of hypoglycemia below).
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Table 8. Common adverse cvents occurring in more than 5% of Cyclosct-treated patients and

Cycloset
N=2054 N=1016
: n(%) B (%)
At least 1 adverse event 1832 (89.2) 840 (82.7)
Gastrointestinal disorders 1048 (51.0) 316 31.1)
Nausea 661 (32.2) 77(1.6)
Diarrhea 167 (8.1) 81 (8.0)
Vomiting 167 (8.1) 32@3.1)
Constipation 119 (5.8) 52 (5.1)
Nervous system disorders 688 (33.5) 258 (25.9)
Dizziness 303 (14.8) 93 (9.2)
Headache 235(11.4) 84 (8.3)
General disorders and administration site conditions 537 (26.1) 197 (19.49)
Fatigue 285 (13.9) 68 (6.7)
Endocrine disorders 194 (9.4) 97 (9.5)
Hypoglycemia __ _141(69) _34(3.3)

ww Hypotension was reported as an adverse event by 45 (2.2%) Cycloset-treated
pattents and 8 (0.8%) placebo-treated patients. Because none of these events were reported as
serious, there are limited data (e.g., no blood pressure readings) available at the time of the
event. Most of these Cycloset-treated patients did not have hypotension at the clinic visits
closest to the reported adverse event of hypotension. Of note, 29/45 (64%) Cycloset-treated
patients reported that the hypotensive event occurred within the first 8 weeks of the treatment
period compared to 3/8 (38%) placebo-treated patients. Only 1 of these 53 patients (received
Cycloset) was not taking antihypertensive medication. Most of the remaining 52 patients were

taking 2-3 antibypertensive medications.

ts: Bromocriptine has central nervous system effects; therefore, it is

poas’ble tlm bromoer:ptmc may affect mood or have unintended psychiatric effects. Although
the safety trial was not prospectively designed to assess specific psychiatric events, it is
noteworthy that a numerically smaller proportion of Cycloset-treated patients reported
psychiatric disorders compared to placebo-treated patients (5.6% vs. 6.0%). The Cycloset
group had a similar frequency (or numerically lower frequency) of preferred terms consistent
w:thmoodabnormalmoscompuedtoﬂuphcebogrwp Completed suicide occurred in 1

Cycloset-treated patient. Suicide attempt occurred in 1 Cycloset-treated patient and 2 placebo-
treated patients.

Other adverse ¢vents potentially consistent with self-inflicted injury were also reviewed (Table

9). Narratives for these adverse events were requested and none supported suicidal activity (a
description of the events in Cycloset-treated patients is listed next to each preferred term in the
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table). One Cycloset-treated patient with the preferred term “injury” was reported to have had
a wound to her left arm from scissors requiring treatment in an emergency room. No other
details are available, but even if this is related to suicidal activity, the proportion of such events

with Cycloset still compares favorably to that with placebo.

™ Table 9. Selected psychiatrie adverse mnts iuclnding potntial psycbiatric—related events in the

Injury/Poisoning/Procedural € : popuiation) ‘
Cyclout Placebo _
N=2054 N=1016
n (%) (%)
Psychiatric disorders 116 (5.6) 61 (6.0)
Insomnia 44 (2.1 25 2.9
Depression (one of these Cyclosat-h'eatod patients attempted suicide) 13 (0.6) 12(1.2)
Anxiety 13 (0.6) 8(0.8)
Nervousness 7(0.3) 4(04)
Irritability 6(0.3) 3(03)
Stress symptoms 6(0.3) 2002
Mood swings 3.1 1(0.1)
Abnormal dreams 3(0.1) 0
Depressed mood 2(0.1) 1(0.1)
Emotional distress 2(0.1) 1(0.1)
Agitation 1 (<0.1) 1(0.1)
Suicide attempt 0 2002
Bipolar I disorder 1(<0.1) 0
Completed suicide 1(<0.1) .0
Imjury, poisonill and procedural eompllutiou* 146 (7.1) 77(7.6)
Foreign body trauma ~ staple to finger; glass in foot; trauma to eyes 3(0.1) 0
Injury - fall; rib sprain; stab wound to left arm from scissors 3(0.1) 0
Face injury — assault 1 (<0.1) 1(0.1)
Road traffic accident - >100 days after stopping drug; knee injury 2(0.1) 0
Accidental overdose — ~ wrong uuulm mjmd 1(<0.1) 0
__Ergot poisoning — verbatim term 1 (<0.1) 0

venis: Thmwmmcamofnlwhrﬁbmm,u&opmtomdﬁbmsns,orpmnl
ﬁbmsnsrcpomd in the Cycloset safety trial. One Cycloset-treated patient was diagnosed with

pulmonary fibrosis on Day 280. This patient had a chronic productive cough, was a former
smoker, and did not have a report of confirmatory chest x-ray. Please see the postmarketing
section below for further discussion of fibrotic events associated with bromocriptine therapy.

4. Hypoglycemia: To be classified as a hypoglycemic event, the patient was required to cither
have classic symptoms of hypoglycemia (if a glucose value was not available, the protocol
required prompt resolution with food, glucagon, or intravenous glucose; if a glucose value was
available, the protocol required a measurement <60 mg/dL) or a documented glucose <50
mg/dL (with or without symptoms). For hypoglycemia to be classified as severe, the protocol
required that the patient be unable to seif-treat neurological symptoms consistent with
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hypoglycemia in the setting of a blood glucose <50 mg/dL (or evidence of prompt resolution
of symptoms with glucose or glucagon if there was no available glucose measurement).

A greater proportion of Cycloset-treated patients than placebo-treated patients reported
hypoglycemia as an adverse event (6.9% vs. 5.3%), although both treatment groups had a
similar incidence of serious hypoglycemia (0.2% vs. 0.4%), severe hypoglycemia (0.5% vs.

l .0%), and hypoglycemia leading to treatment discontinuation (0.1% vs. 0.3%). '

.aboratory data: Liver tests, serum chemistries, and urinalysis were obtained at Weeks <2, 6,
24 and 52. Hematology labs, fasting lipids, clectrocardiograms, and body weight were '
obtained at Weeks -2, 24, and 52.

There were no clinically meaningful differences between treatment groups with regard to mean
changes from baseline or shifts from normal at basecline to abnormal at endpomt for any of the
standard hematology, chemistry, or urinalysis parameters.

Alert values included serum transaminases >3x ULN, total bilirubin >2x ULN, and serum
creatinine >2x ULN. None of the Cycloset or placebo-treated patients developed a serum
creatinine alert value. A total of 3 (0.2%) Cycloset-treated patients and no placebo-treated
panentshadanALTal«tvalueatearlytemmahonorWuk 52. One of these patients had a
screening ALT of 158 U/L (2.9x ULN) that was 141 U/L on Week 6 and 210 U/L (3.8x ULN)
on Day 150. Of note, this patient had discontinued study drug 58 days prior to the Day 150
measurement. The second patient had transaminitis attributed to clindamycin (see the section
above on discontinuations associated with adverse events). The last patient had a screening
ALT of 27 U/L, a Week 24 ALT of 29 U/L, and a Week 52 ALT of 215 U/L (3.9x ULN). The
sponsor reports that this patient had a repeat ALT measurement of 52 U/L and that the

» mvuugaormbuwdﬂnmnnlabmmlmammmwhbom:ym :

_ml_nm There were no clinically meaningful differences between treatment groups with
ngatdtomean changes from baseline to endpoint for any of the vital signs. The mean increase
in body weight from baseline to Week 52 was 1.1 kg with Cycloset and 0.7 kg with placebo.

Postmarketing data: Bromocriptine mesylate (¢.g., Parlodel) is approved ferthctrcatmentof
hyperprolactinemia, acromegaly, and Parkinson’s disease (the postpartum breast engorgement
indication was withdrawn because of postmarketing reports of stroke, some of which were

fatal). Dr. Misbin notes that the sponsor estimates -——————patient-years of worldwide b(4)

exposure to bromocriptine through 2006.

A typical therapeutic daily dose of bromocriptine in adults for hyperprolactinemia is 2.5-15
mg but dsily doses up to 100 mg can be used in patients with acromegaly and Parkinson’s
disease. Therefore, findings from the postmarketing database may not necessarily apply to the
lower doses developed for the diabetes indication (0.8-4.8 mg).

Using data mining techniques, Dr. Joslyn Swaan (Office of Surveillance and Epidemiology)

identified postmarketing reports associated with bromocriptine based on the commonly used
“EBO0S >2” criterion (Appendix 1). An event meeting the EB0S >2 criterion occurs at least
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twice the expected rate (with 95% confidence) when considering other drugs and events in the
AERS database. This analysis identifies potential associations and signals for further
investigation but cannot be used to assess causality or conclude that the event occurs with an
increased relative risk.

Table 10 summarizes potentially relevant postmarketing reports with bromocriptine based on
the EBOS >2 criterion. Of note, all of these events are already included in the label for Parlodel
(another bromocriptine mesylate formulation), with the exception of pathological gambling
(which is included in the Cabergoline label). Most of these events (except pathological
gambling, neuroleptic malignant syndrome upon abrupt withdrawal, pericardial effusion, and
delusion) are included in the proposed label for Cycloset. During labeling discussions, the
sponsor will be asked to add these other 4 events to the Cycloset label or provide a rationale
for why these should not be included.

Table 10. Potcntially nlevaat postmatkcﬁng nports in the AERS |
Reu'opentoncal ﬁbrosns 34 432
Pericarditis constrictive 6 42.5
Pathological gambling 11 369
Pleural fibrosis 7 212
Neuroleptic malignant syndrome 45 14.0
Pleural effusion 75 102
Pericarditis 24 8.8
Pulmonary fibrosis 32 6.7
Delusion 24 54
Hallucination 107 5.1

.| Psychotic disorder 50 42
Orthostatic hypotension 21 2.6
Pericardial effusion 12 2.3
Syncope 74 23

Cycloset is an ergot-derived bromocriptine agonist like Pergolide, Cabergoline, and Parlodel.
In 2007, articles in the New England Journal of Medicine reported an association of valvular
heart disease with Pergolide and Cabergoline, the only 2 dopamine agonists that are potent
agonists of serotonin receptor S-HT2a, like other drugs associated with valvulopathy (5-HT2s
receptors are plentiful mhumancudwvalmmdmﬂnngmtommﬂ for normal
cardiac development).' Subsequently, Pergolide (used to treat Parkinson®s disease) was
voluntarily withdrawn. Cabergoline is approved for hyperprolactinemia (but not for
Parkinson’s disease) and remains on the market because there appears to be little possibility of
valvulopathy at the lower doses typically used to treat hyperprolactinemia. Parlodel (a

'MBL Dmpmdvalwhthmm NEIM. 2007; 356: 6-9.

Schade R, ot al. Dopamine agonists and the risk of cardiac-valve regurgitation. NEJM. 2007; 356: 29-38.
Zamettini R, ot al. Valvular heart disease and the use of dopamine agonists for Parkinson’s disease. NEIM.
2007; 356: 39-46.
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formulation of bromocriptine mesylate, like Cycloset) is not labeled for valvulopathy (there
was no association between Parlodel and valvulopathy and F l does not have 5-HT2p
activity).

Of note, there are very few postmarketing reports in AERS of valvular disease associated with
bromocriptine (4 cases of aortic valve incompetence, 2 cases of aortic valve sclerosis, 2 cases
of cardiac valve disease, 1 case of heart valve incompetence, 1 case of heart valve stenosis, 2
cases of mitral valve disease, 4 cases of mitral valve incompetence, 1 case of mitral valve
sclerosis, 1 cases of mitral valve stenosis, 1 case of pulmonary valve incompetence, 1 case of
tricuspid valve disease, and 3 cases of tricuspid valve incompetence) (Appendix 2).

Based on the findings above, Cycloset is not likely to have an association with valvulopathy.
The proposed label for Cycloset states the following (which is acceptable): “Among several
studies investigating a possible relation between bromocriptine exposure and cardiac
valvulopathy, some events of cardiac valvulopathy have been reported, but no definitive
association between bromocriptine use and chmcaﬂy significant (moderate to severe) cardiac
valvulopathy could be concluded.”

9. Advisory Committee Meeting

This complete response was not taken to advisory committee meeting because the sponsor has
definitively addressed the deficiencies identified in the 1999 Approvable letter. As mentioned
previously, the original NDA was discussed at an advisory committee meeting in 1998. Please
see Dr. Misbin’s clinical review for further details. Briefly, the committee voted unanimously
against approval. Reasons cited included:

. Modcstefﬁcacy Thecommeenotedthatbromocnptmepmentedthem in HbAlc
seen with placebo but did not lower HbA ¢ relative to baseline values, raising questions
about whether bromocriptine would treat hyperglycemia. However, in randomized clinical
trials, efficacy should be judged based on placebo-corrected treatment effects rather than
within-group treatment effects becauss the placebo effect represents what would have
happened had the treatment group not received study drug. :

¢ Possible imbalance in the risk of myocardial infarction in the Ergoset trials in light of the
voluntary withdrawal in 1994 of the indication to suppress postpartum lactation due to
reports of myocardial infarction and stroke in otherwise healthy young women. The
complete response has resolved this concern for the diabetes indication.

¢ Lack of long-term data and no data on durability of effect. The complete response has
provided reassuring, controlled, safety data to 1-year in a reasonable number of patients.
Although durability of treatment effect has not been rigorously assessed beyond Month 6,
this meets current approval standards for drugs developed for the treatment of diabetes. It
is well known that diabetes is a progressive disorder and most patients will require
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10.  Pediatrics

The Pediatric Review Committee (PeRC) agrees with a waiver for children <10 years of age
and a deferral for children and adolescents >10 years of age, which is consistent with our
approach to other oral treatments for type 2 diabetes.

The sponsor’s pediatric plan was presented to PeRC on January 28, 2009. The sponsor is
proposing to first perform a clinical pharmacology trial to evaluate safety, tolerability, and
standard pharmacokinetic parameters of a single 4.8 mg dose of Cycloset in children with type
2 diabetes aged 10-16 years old. Next, the sponsor proposes conducting a 16-week,
randomized, feasibility trial comparing Cycloset (titrated to 3.2 mg) to placebo in 80 children
and adolescents aged 10-16 years old treated with diet alone or background metformin therapy.
Based on the results from these trials, the sponsor will design a randomized, double-blind,
placebo-controlled efficacy and safety trial of at least 6 months duration testing Cycloset vs.
placebo in children and adolescents with type 2 diabetes. Because of the centrally-acting
effects of Cycloset and the potential vulnerability of this younger populatwn to psychiatric
events, the sponsor plans to administer psychiatric questionnaires in the multiple-dose studies

~ described above.

PeRC agreed with the overall approach but recommended that the sponsor meorpome dose-
finding in the feasibility trial. PeRC also recommended a head-to-head comparison with
metformin (the only recommended oral antidiabetic therapy for children and adoleseents) ifthe
sponsor asks for a Written Request.

The sponsor is proposing the following timelines for protocol submission, study initiation, and
submission of study reports (Table 11). These timelines are relative to the approval date of the
NDA. I recommend that the pediatric timelines be revised for the approval letter. For example,
under the current proposal, the feasibility trial protocol would be submitted around the time
when the clinical pharmacology trial will be initiated, which is not ideal because results from
the first trial could substantiaily impact on the design of the feasibility trial. Table 11 includes
my suggestions for the revised timelines.

Feasibility study “\7months | *20months |  *40months |
.8 3 -_\
Clinical efficacy and safety trial 40 N *52 hs ;zg m:

‘remed tlmehnes proposed by this reviewer
1 if there is a 6-month extension trial to the core clinical efficacy and safety trial
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11.  Other Relevant Regulatory Issues

The Division of Medication Errors and Prevention (DMEPA) reviewed the tradename
“Cycloset” within 90 days of the anticipated approval date and found it to be acceptable.

The Division of Scientific Investigations (DSI) investigated 3 study sites that were selected on
the basis of enrollment of large numbers of patients (total of 369 of the 3,070 randomized
patients or 12%). DSI concluded that the data generated from these clinical sites were
acceptable. One patient was dispensed placebo in error rather than study drug but findings
from this patient would not affect conclusions of this ~3,000 patient trial.

Dr. Misbin has reviewed the application for potential conflicts of interest and did not identify
anything of concern. .

12. Labeling

Please sec the labeling attached to the approval letter for the final version agreed upon by the
Division and sponsor. The label is formatted according to the Physician Labeling Rule.
Relevant safety findings from Parlodel (another formulation of bromocriptine mesylate) and
safety concerns identified in the safety section of this memorandum have been adequately
incorporated into the Cycloset label.

The Division of Risk Management reviewed and revised the proposed patient package insert
(PPI). Please see Ms. Nancy Carothers’ review for further details.

The sponsor adequately revised the container labels as requested by DMEPA (please see
Melina Griffis’ review for further details).

The Division’s safety reviewer, Dr. Amy Egan, reviewed the potential safety concems
associated with Cycloset and determined that these concerns are adequately conveyed in the
package insert and PPI without the need for a Medication Guide. Please see Dr. Egan’s review
for further details. Dr. Egan is recommending that the potential for neuropsychiatric adverse
cvents be addressed by asking the sponsor to submit all such adverse events as 15-day reports
and to review these adverse events in the quarterly Periodic Safety Update Reports (PSURs).
However, my review has not identified a specific psychiatric safety concern. Therefore, I do
not recommend 15-day reports for psychiatric adverse events, particularly because individual
cases will be difficult to interpret in isolation. Because of the centrally-acting effects of
Cycloset, it is reasonable to ask for a summary of psychiatric effects in the PSURs, as
recommended by Dr. Egan. We could begin requesting 15-day reports for select events if a
potential psychiatric safety signal emerges based on the PSUR data. I have discussed this
approach with Dr. Egan who concurs.

Dr. Bruce Schneider, now in the Center for Biologics Evaluation and Research (CBER),
reviewed a small euglycemic hyperinsulinemic clamp study at the time of the original NDA
submissionr L— - b (4)
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—

L

Specific labeling comments based on my review of the data should include:

The sponsor has limited data supporting efficacy of Cycloset as add-on to background
thiazolidinedione therapy. None of the original pivotal clinical trials tested Cycloset in this
sctting and only 41 Cycloset-treated patients with baseline HbA 1¢ >7.5% were treated with
a thiazolidinedione in the safety trial. In addition, there is no evidence of efficacy in
combination with insulin therapy as demonstrated by the mean 0.1% reduction in HbAlc
in both the Cycloset and placebo subgroup of patients treated with background insulin
therapy (this was a descriptive analysis that was not prespecified). Therefore, I recommend
including these ﬁndmgs under Important Limitations of Use and recommend as a
postmarketing commitment that the sponsor study Cycloset in these 2 settings.

In the safety trial, Cycloset had limited efficacy in the overall trial with baseline HbAlc
7%. This finding raises the question of utility of Cycloset in patients with mild type 2
diabetes, and should be noted in labeling.

The sponsor proposes not to include information on drug interactions with -
sympathomimetic drugs in the label based on an analysis of patients taking anilides in the -
safety trial. However, there are limited data on symMcmimctic drugs in the safety trial
because patients taking sympathomimetic drugs within 7 days prior to screening or for >10
days during the trial were excluded. Thcnfore,thc information on drug interactions with
sympathomimetic drugs should remain in the label.

Some postmarketing events in the Parlodel label, (¢.g. neuroleptic malignant syndrome
upon abrupt withdrawal, pericardial effusion, and delusion) are not included in the
Cycloset label. In addition, pathological gambling has been identified in the AERS
database as a possible association with bromocriptine based on data mining techniques.
The sponsor will be asked to add these cvents to the Cycloset label or to provide a rationale
for why these events should not be included.

13. Recommendations/Risk Benefit Assessment

I recommend APPROVAL of the Cycloset NDA for treatment of type 2 diabetes pending
agreement on labeling.

o Risk Benefit Assessment

Cycloset has modest glyc«mc efficacy (approximately 0.5% relative to placebo) similar to the
efficacy seen with WelChol, another recently approved oral antidiabetic medication.

Concerns about cardiovascular safety have been adequately addressed with the 52-week trial

included in the complete response.
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— - - do not support a b(4)

——— claim. | _ |
Bromocriptine agonists have been widely used over decades for the treatment of other
conditions and adverse effects (including rare events such as fibrotic complications) are well
known and adequately labeled.

¢ Recommendation for Postmarketing Risk Management Activities

As discussed above, there is no need for additional risk management activities other that
standard labeling, which includes a package insert and patient package insert. Because of the -
centrally-acting effects of Cycloset, it is reasonable to ask for a summary of psychiatric effects
in the PSURs, as recommended by Dr. Egan.

o Recommendation for other Postmarketing Study Commitments

Dr. Misbin, Dr. Egan, and I have not identified any safety concems that require further study
as a postmarketing requirement under the FDA Amendments Act. The upper bound of the 95%
confidence interval for the hazard ratio for major cardiovascular events was less than the 1.3
criterion discussed in the recently published diabetes cardiovascular guidance. Therefore, no
additional assessment of cardiovascular safety is needed.

I agree with the pediatric deferral (210 years) and waiver (<10 years) as requested by the
sponsor. Please see Section 10 for recommendations regarding the pediatric study plans and
revisions to the pediatric study timelines.

As discussed above under the labeling section, I recommend postmarketing commitments for
the study of Cycloset as add-on to thiazelidinedione therapy and as add-on to insulin therapy.-

Of note, the sponsor plans to conduct a claims database study focusing on hypotension and
syncope, fibrotic complications (c.g., retroperitoneal fibresis), and liver and renal impairment.
Dr. Misbin recommends that the sponsor add valvular heart disease and psychiatric diagnoses
to this study and that pharmacovigilance include disorientation/confusion (confusion is already
included in the proposed Cycloset label) and schizophirenia. Dr. Misbin’s recommendation for
monitoring schizophrenia is based on & case report of 8 53-year old man without prior history
of psychosis who developed schizophrenia 4 days after starting low-dose bromocriptine for a
macroprolactinoma. Please ses Dr. Misbin’s review for details. Based on review of the
available data, I do not sec a reason for FDA to require the claims database study. However,
there is no reason to discourage the sponsor from conducting such a study ecither.
Pharmacovigilance for disorientation/confusion and schizophrenia can be evaluated in the
- summary of psychiatric events included in PSURs. .

Dr.Mhbhdsomommmds(bMdounﬁuquim)Mﬁuspommid«apommeﬁng

cardiovascular outcomes trial (for benefit) comparing Cycloset to placebo in patients with
HbA 1¢ <7% because the greatest cardiovascular protection appeared to occur in this subset.
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Such a finding is hypothesis-generating, but I’agree with Dr. Misbin that further study should
not be required.

e Recommended Comments to Applicant

None (besides labeling discussions).
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Interveation

21

3

\Drug

Libido Decreased

H

Major Depression

Male Orgasmic

10

12

14

Mental Disorder
Mood Altered
Mood

To A Genesal

Mood Swings
Nesvousness

Obmsivg-

Disorder

ilia

Panic Attack

Panic Disorder

Panic Reaction

17

13

13

32

Personality Disorder
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Crystalluria

10

12

12

My

P

Polyuria

Renal Colic

Renal Disorder

Renal Failure

16
15
10

10

12

Renal Failure Acute

Renal

Renal Infarct
Renal Pain

Pain
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Total Case/Event Serious

Usine Al

Breast Engorgement
Breast Enlargement
Breast Induration
Breast Pain

Reproductive System Amenorrthoca

And Breast Disorders Breast Atrophy
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